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Impact of the immunogenic landscape of cancers on 
immunotherapy

KN03
Impact of the immunogenic landscape of cancers on 
immunotherapy

H.-G. Rammensee*
University Hospital Tübingen, Immunology, Tübingen, Germany

Cancer immunotherapy has experienced a breaktrough by the introduc-
tion of checkpoint inhibition with antibodies. Th is treatment induces the 
activation of T cells recognizing tumor specifi c peptide antigens presented 
by HLA molecules on the tumor cells. A fraction of patients with tumors 
of high mutation load, in particular melanoma and NSCLC, have shown 
longlasting tumor regression and survival. Response appears to be corre-
lated with mutation load. We have analyzed tumor samples of intermediate 
mutation load by mass spectrometry analysis for the identifi cation of neo-
antigens, that is, HLA ligands harbouring mutations. In no instance so far 
we were able to fi nd mutated peptides presented by tumor HLA molecules, 
although we had shown that the approach works with tumor cell lines, and 
other groups have shown that a few mutated HLA ligands can be found 
on tumors with high mutation load. We hypothezise that the frequency of 
HLA presented neoepitopes is less than 1% of the number of nonsynony-
mous mutations found by exome sequencing. Th us, it is to be assumed that 
many human tumors do not express mutated antigens visible for T cells. In 
contrast, in analyzing the entire detectable landscape of HLA ligands on 
tumor samples, consisting of 1000 through 5000 peptides per sample, we 
do fi nd dozens to hundreds of peptides in germline sequence with appar-
ently tumor specifi c expression, based on the absence of these peptides on 
adjacent autologous benign tissue and absence on a large number of nor-
mal tissue samples from all organs and tissue types available for analysis, 
all, of course, within the sensitivity limits of our technology. Th e popula-
tion of these tumor peptides is highly diff erent between patients. Many of 
these apparently tumor specifi c peptides are immunogenic, as tested by in 
vitro priming experiments with human T cells from healthy donors. We 
analyzed patients for the presence of antigen experienced T cells specif-
ic for these tumor peptides and not only found that such T cells exist in 
a fraction of patients but also that this fraction of patients shows a better 
overall survival. We conclude that germline sequence HLA ligands with 
tumor specifi c expression should be effi  cient as targets for personalized 
antigen specifi c immunotherapy and that vaccination with such antigens 
combined with checkpoint inhibition might be useful for those patients 
not responding to checkpoint inhibition alone.

Metabolomics and Cancer

KN06
Metabolomics and Cancer

M. Schwab*1, 2, P. Fisel1, E. Schaeff eler1

1Dr. Margarete Fischer-Bosch-Institute of Clinical Pharmacology (IKP), 
Stuttgart, Germany, 2Dept. Clininical Pharmacology, University Hospital, 
Tübingen, Germany

Reprogramming of cellular metabolism emerged as a hallmark of cancer 
development and progression in recent years. It is meanwhile well-estab-
lished that cancer cells need to adjust metabolic pathways in order to meet 
the excessive energy demand and to support anabolic requirements of cell 
growth and proliferation. Clear cell renal cell carcinoma (ccRCC), for in-
stance, the most common form of kidney cancer, is recognized as a met-
abolic disease due to the underlying molecular alterations in tumor cell 
metabolism, which lead to a metabolic shift  towards enhanced aerobic 
glycolysis and altered lipogenesis. Elucidation of these molecular mecha-
nisms underlying the pathogenesis of ccRCC led to the development and 
approval of targeted therapies, directly interfering with cellular pathways 
altered in ccRCC, which signifi cantly improved patient survival. Howev-
er, the prognosis for patients with advanced and metastatic disease is still 
poor. Th e identifi cation of tumor-associated markers, which are able to 
predict patient outcome and at best may serve as target for ccRCC thera-
py, is therefore of major interest. 
As metabolites represent the fi nal downstream product of gene expression 
and closely refl ect the actual phenotype, targeted and/or untargeted me-
tabolomics approaches currently represent attractive and powerful tools 
to gain insights into pathophysiological processes and are expected to sub-
stantially boost the identifi cation of key metabolic pathways that can be 
exploited as targets for therapy. While targeted metabolomics assays have 
been the gold standard for biomarker quantifi cation in biological samples 
within the last years, untargeted metabolomics is typically applied for dis-
covery-driven research using high-resolution mass spectrometry. Th e 
identifi cation of promising fi ndings might benefi t from integration of mul-
tiple omics-technologies, e. g. combination of metabolite profi ling with 
genomics and/or transcriptomics, to improve interpretation of the enor-
mous amount of data generated by ‘omics’-technologies.

Applications of genomics in management of sarcoma

KN07
Genomics, genetics and sarcoma

D. Thomas*
Garvan Institute of Medical Research, Darlinghurst, Austria

Sarcomas are a heterogeneous set of cancers that disproportionately af-
fect the young. We have recently described the patterns of heritability and 
germline genetic variation amongst the sarcoma population, fi nding that 
one in six patients belong to families fi tting criteria for hereditary cancer 
syndromes, while one in ten patients belong to families carrying excess 
cancer burden, outside known cancer syndromes. Over half of sarcoma 
patients in the clinic carry possibly pathogenic germline genetic variants, 
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distinct entities which comprise HPV-positive (usually oropharyngeal) 
and HPV-negative (usually oral, hypopharyngeal or laryngeal) squamous 
cell carcinoma. HPV-negative cancers are aggressive tumors with a pro-
pensity towards local metastatic spread and a remarkably heterogeneous 
prognosis and therapeutic response. With respect to conventional patho-
morphological parameters, specifi cally the currently revised TNM staging 
system is of importance. In addition, novel grading algorithms for these 
neoplasms might play a prominent role in the near future. Th e molecular 
hallmark of HPV-negative HNSCC are TP53 mutations and some other 
“classical” squamous cell carcinoma driver mutations. Clinically relevant 
molecular predictors, however, are not yet established in this tumor en-
tity. Th is may change in the near future when molecular determinants of 
tumor immune cell interactions specifi cally in the context of novel cancer 
immunotherapies emerge.

DGP20.03
Clinical and molecular pathology of HPV-positive squamous cell 
carcinoma of the head and neck

S. Ihrler*
Labor für Dermatohistologie und Oralpathologie, Munich, Germany

In 1921 Alexander Schmincke established the visionary concept of a new, 
clinically and histomorphologically defi ned carcinoma entity of diff er-
ent lymphoepithelial organs that he originally named “lymphoepitheli-
ale Geschwülste”. Th is concept of “lymphoepithelioma” nowadays main-
ly comprises the two virus-associated carcinomas of the head and neck, 
namely HPV-associated oropharyngeal and EBV-associated nasopharyn-
geal carcinoma. 
Common features of the two virus-associated carcinomas (in relation to 
conventional keratinizing carcinoma) are: development from lymphoep-
ithelial organs, mostly absence of nicotine and/or alcohol abuse, younger 
age on average, absence of fi eld cancerization, non-keratinizing histologi-
cal diff erentiation, oft en small submucosal and hence occult primary car-
cinomas, frequent and large lymph node metastases, frequent manifes-
tation as CUP, high degree of radiosensitivity, and favourable prognosis. 
On the other hand, there are also major diff erences between the two vi-
rus-associated carcinoma. HPV-associated oropharyngeal carcinoma are 
characterized by: preponderant topographical manifestation in palatinal 
tonsils and base of tongue, worldwide increasing incidence, predominant 
sexual transmission, frequent cystic character of lymph node metastases, 
great value of p16 as an immunohistological marker, great hope in vacci-
nation programs. 
EBV-associated carcinomas are chaacterized by: almost exclusive mani-
festation in the nasopharynx, presence of only one virus type, frequent bi-
lateral manifestation of lymph node metastases. Th e reasons for the pre-
ponderant diff erent topographical manifestation of both virus-associated 
carcinomas are still largely unknown. 
Severeal major disadvantages severely impair possible success of screening 
for early stages of both carcinoma types: extremely rare manifestation of 
precursor lesions (dysplasia/ca in situ), pure submucosal location of early 
carcinomas, and frequent early lymphatic metastazation. Alltogether, both 
cytology and/or serological tests are not recommended for general screen-
ing of HPV- or EBV-associated carcinoma. 
For the upcoming new WHO-classifi cation it has been suggested to no 
longer classify squamous cell carcinoma of the head and neck according 
to the heterogeneous histological diff erentiation, but instead according to 
etiopathogenetic criteria (HPV-related, EBV-related, nicotine- and alco-
hol-related). Th is classifi cation corresponds much better to prognosis and 
therapy.

while 1 in 5 patients harbour known or probably pathogenic variants. Al-
most 7 percent carry variants that appear to be clinically actionable, based 
on American College of Medical Genetics guidelines. Most of this varia-
tion was not associated with classical pedigree patterns, reinforcing the 
important idea that family history is not an accurate guide as to carriage 
of cancer-causing genetic variation. We observe specifi c enrichment for 
several genes, both expected (TP53) and novel (BRCA2, ATM, ATR, and 
ERCC2). We show for the fi rst time for any cancer a measurable contri-
bution of polygenic eff ects to sarcoma risk, both by case:control RVBA 
and age-of-onset eff ects. Finally, approximately a quarter of patients carry 
germline genetic variants that may infl uence therapy. We conclude that a 
relatively underappreciated burden of clinically important genetic varia-
tion exists amongst sarcoma patients and their relatives. Familial patterns 
are oft en inconsistent with underlying genotype, challenging the current 
approach of using clinical criteria to decide genetic testing, now we enter 
an era of cheap genomic panels. Th ese data suggest that integration of he-
reditary cancer expertise within multidisciplinary sarcoma management is 
clinically useful, as is now the case for breast and bowel cancer.

DGP-Hauptprogramm

Molecular pathology of head and neck cancers and 
Scull invaders

DGP01.01
Detection of tumor DNA in saliva and plasma of patients with 
head and neck squamous cell carcinoma

N. Agrawal*
University of Chicago, Chicago, IL, United States

To explore the potential of tumor-specifi c DNA as a biomarker for head 
and neck squamous cell carcinomas (HNSCC), we queried DNA from sa-
liva or plasma of 93 HNSCC patients. We searched for somatic mutations 
or human papillomavirus genes, collectively referred to as tumor DNA. 
When both plasma and saliva were tested, tumor DNA was detected in 
96% of 47 patients. Th e fractions of patients with detectable tumor DNA 
in early and late-stage disease were 100% (n = 10) and 95% (n = 37), respec-
tively. When segregated by site, tumor DNA was detected in 100% (n = 15), 
91% (n = 22), 100% (n = 7), and 100% (n = 3) of patients with tumors of the 
oral cavity, oropharynx, larynx, and hypopharynx, respectively. In saliva, 
tumor DNA was found in 100% of patients with oral cavity cancers and 
in 47 to 70% of patients with cancers of the other sites. In plasma, tumor 
DNA was found in 80% of patients with oral cavity cancers, and in 86 to 
100% of patients with cancers of the other sites. Th us, saliva is preferentially 
enriched for tumor DNA from the oral cavity, whereas plasma is preferen-
tially enriched for tumor DNA from the other sites. Tumor DNA in saliva 
was found post-surgically in three patients before clinical diagnosis of re-
currence, but in none of the fi ve patients without recurrence. Tumor DNA 
in the saliva and plasma appears to be a potentially valuable biomarker for 
detection of HNSCC.

Clinical pathology of head- and neck-tumors

DGP20.02
Clinical and molecular pathology of HPV-negative head and neck 
squamous cell carcinoma

W. Weichert*
Technical University Munich (TUM), Institute of Pathology, Munich, Germany

Based on etiology, biology and clinical behavior head and neck squa-
mous cell carcinoma (HNSCC) can be categorized into two completely 
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nest size. Our data may form the basis for a prognostically highly relevant 
SCC grading system broadly applicable in the aerodigestive tract.

DGP21.02
Is there evidence for the presence and relevance of the PD-1/
PD-L1 pathway in oral squamous cell carcinoma? Hints from an 
immunohistochemical study

M. Tröltzsch1, T. Woodlock1, A. Pianka1, S. Otto1, M. Troeltzsch1, M. Ehrenfeld1, 
T. Kirchner2, T. Knösel*2

1University Hospital (LMU), Department of Odontology, Munich, Germany, 
2University Hospital (LMU), Institute of Pathology, Munich, Germany

Background. To examine oral squamous cell carcinoma (OSCC) speci-
mens for programmed death ligand-1 (PD-L1) expression and presence 
of programmed death-1 (PD-1)–positive tumor-infi ltrating lymphocytes 
(TILs) and to determine possible clinicopathologic implications. It was 
hypothesized that PD-L1 expression and PD-1–positive TIL presence in 
OSCC would have no clinical relevance.
Methods. Th e authors implemented a retrospective cohort study design. 
Th e study cohort was chosen in compliance with predefi ned inclusion cri-
teria. Demographic, clinical, and histopathologic data were gathered. Tis-
sue microarrays were obtained from paraffi  n-embedded OSCC specimens 
and analyzed immunohistochemically for PD-L1 expression and PD-1–
positive TIL infi ltration. PD-L1 positivity of OSCC specimens served as 
the predictor variable and neck node metastasis served as the primary out-
come variable. Descriptive and inferential statistics were computed and the 
signifi cance level was set at a P value less than or equal to .05.
Results. Th e study sample was composed of 88 patients (48 men, 40 wom-
en; mean age, 61.34 yr). Marked PD-L1 expression was detected in 29% 
of OSCC specimens (26 of 88) and 83% of specimens (73 of 88) exhibited 
a high rate of PD-1–positive TIL infi ltration. PD-L1 positivity of OSCC 
samples was signifi cantly associated with the anatomic origin of OSCC 
(P = 0.039), presence of cervical metastasis (P = 0.039), and high PD-L1–
positive TIL infi ltration (P = 0.033).
Conclusion. A considerable proportion of OSCCs exhibited marked PD-
L1 expression. Th is could be associated with clinical parameters. PD-L1 
expression in OSCC might diff er depending on its anatomic origin. PD-1–
positive TILs could be detected in most OSCC specimens. Th ese fi ndings 
might indicate a potential role for the PD-1 and PD-L1 pathway in OSCC.

Open contributions head and neck pathology

DGP21.01
Tumor budding activity and cell nest size determine patient 
outcome in oral squamous cell carcinoma: Proposal for an 
adjusted grading system

M. Boxberg*1, M. Jesinghaus1, C. Dorfner2, C. Mogler1, E. Drecoll1, A. Warth3, 
K. Steiger1, C. Bollwein1, P. Meyer1, K. D. Wolff 2, A. Kolk2, W. Weichert1

1Technical University Munich, Institute of Pathology, Munich, Germany, 
2Technical University Munich, Department of Odontology, Munich, 
Germany, 3University Hospital Heidelberg, Institute of Pathology, 
Heidelberg, Germany

Background. Oral squamous cell carcinoma (OSCC) is a common malig-
nancy with a variable clinical course. One of the established survival pre-
dictors in carcinomas in routine practice is tumor grade – in OSCC howev-
er, grading according to WHO has no major prognostic impact. Recently, 
a high impact novel grading scheme associated with patient outcome has 
been proposed for pulmonary squamous cell carcinoma(SCC-L). Our aim 
was to probe whether this scheme could be applied to OSCC.
Methods. 157 therapy naive OSCCs, treated with primary surgery, with 
complete clinical data and standardized adjuvant treatment, were included. 
Full block HE-stained slides were evaluated by two pathologists. 30 ran-
domly selected cases were reassessed by a third pathologist. 
Conventional grading was performed following the WHO classifi cation. 
Th e “branching” of small tumor nests < 5 tumor cells into the surrounding 
tissue was defi ned as “tumor budding” and was assessed in 1 and 10HPFs. 
In 1HPF (10HPFs), low budding activity (BA) was defi ned as 1–4 (1–14), 
high BA as ≥5 (≥15) budding nests. Cell nests (CN) were defi ned as clus-
tered tumor cells surrounded by stroma. Clusters of >15 tumor cells were 
classifi ed as large, 5–15 tumor cells as intermediate, 2–4 tumor cells as 
small CN. Single cell invasion was stated for single tumor cells. CN size was 
assessed at the invasive margin and within tumor core. Extent of kerati-
nization and nuclear diameter were evaluated in three-tiered semi-quan-
titative systems. 
Stromal content was semi-quantitatively graded as very low, low, moderate 
or high. Mitotic count was assessed by counted in 10HPFs.
Results. Budding activity and cell nest size were correlated with shortened 
overall (OS), disease-specifi c (DSS) and disease-free survival (DFS). A 
three-tiered grading system based on a sum score of these two prognostic 
markers proved to be a strong stage-, age- and sex-independent prognos-
ticator for OS, DSS and DFS with a hazard ratio for OS of 2.1 for interme-
diately diff erentiated and 3.4 for poorly diff erentiated tumors compared 
to well diff erentiated tumors (p < 0.001). Cohen’s Kappa value was 0.7, in-
dicating substantial interobserver agreement.
Conclusion. In conclusion, we almost exactly recapitulated and validated 
the strong prognostic impact of a grading system proposed for SCC-L in 
OSCC based on the histopathological parameters tumor budding and cell 
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Methods. Immune and metabolic phenotypes of pretreatment tumor bi-
opsies were immunohistochemically characterized in a cohort of 73 HN-
SCC patients treated by defi nitive CRT, and correlated with survival. Th e 
prognostic signifi cance of gene expression changes in CD8A, GLUT1 and 
COX5B were analyzed within Th e Cancer Genome Atlas (TCGA) HNSCC 
database. UM-SCC-47 spheroids were co-cultured in vitro with CFSE-la-
beled human peripheral blood mononuclear cells (PBMC) in the presence 
or absence of the inhibitor of glycolysis 2-Deoxyglucose (DGL) and/or ra-
diation treatment, and PBMC chemotaxis was determined by fl uorescence 
microscopy. ROS production was measured by DCFDA assay.
Results. In the CRT-treated HNSCC cohort mitochondrial-rich (COX5B) 
metabolism correlated with increased, and glucose-dependent (GLUT1) 
metabolism with decreased, intratumoral CD8/CD4 ratios. High CD8/
CD4 together with mitochondrial-rich or glucose-independent metab-
olism was associated with signifi cantly improved short-term survival. 
TCGA analysis confi rmed that patients with a favorable immune and 
metabolic gene signature (high CD8A, high COX5B, low GLUT1) had 
improved short- and long-term survival. In vitro, DGL and radiation syn-
ergistically upregulated ROS-dependent PBMC chemotaxis in spheroid/
immune cell co-cultures.
Conclusion. Glucose-independent tumor metabolism is associated with a 
CD8-dominant anti-tumor immune response, and together these contrib-
ute to improved CRT response in HNSCC.

DGP21.05
Shallow whole genome sequencing of adenoid cystic carcinomas 
of the salivary glands to identify diff erent chromosomal 
aberrations between primary tumors and metastases

S. Küff er*1, R. Cordesmeyer2, H. Schliephake2, M. Canis3, R. Laskawi3, J. Beck4, 
K. Bornemann-Kolatzki4, E. Schütz4, P. Ströbel1, F. Bremmer1

1University Medical Center, Institute of Pathology, Göttingen, Germany, 
2University Medical Center, Department of Oral and Maxillofacial Surgery, 
Göttingen, Germany, 3University Medical Center, Department of Oto-
Rhino-Laryngology, Goettingen, Germany, 4Chronix Biomedical, Göttingen, 
Germany

Background. Salivary adenoid cystic carcinomas (ACC) are characterized 
by a slow but aggressive and destructive growth, frequent local recurrence 
and late distant metastasis. It accounts about 10% of all malignant tumors 
of the salivary glands and occurs in all ages. Because of their rarity and 
the poor response to traditional chemotherapies there are no treatment 
guidelines established. Th e radical surgical resection is the most signifi cant 
prognostic factor. Clinical investigations showed that a distant metastasis, 
mostly pulmonal, ranged from 35 to 50% in all cases and leads to a poor 
long-term survival rate. Follow-up investigations confi rmed that metasta-
sis is the main cause of death in ACC patients. To establish systemic thera-
pies a further understanding of the development and progression of ACC 
is necessary. Th e object of this study was to identify new molecular targets 
that can improve the patients’ survival.
Methods. Illumina paired-end libraries were generated using DNA ex-
tracted from 53 formalin fi xed and paraffi  n embedded ACC tissue sam-
ples. In brief, fragmented DNA was end-repaired, A-tailed and multiplex 
sequencing adapters were ligated (NEB). Aft er amplifi cation of adapter-li-
gated fragments (13 cycles) samples were size-selected for a mean length 
of 560 bp and subsequently sequenced on an Illumina NextSeq. To remove 
duplicate and low quality reads QC was performed using the PICARD tool. 
log2 normalized read count ratios were calculated in sliding windows be-
tween each tumor, local reoccurrence and metastasis (CNV-Seq) with win-
dows sizes set to either 20,000 or 100,000 bp. Th e signifi cance limits were 
set to a read count ratio of 0.1 and −0.1. Th ese values were used to color 
signifi cant copy-number imbalances in the Circos plots using the Circos 
soft ware. Comparative Depth of Coverage (DOC) Analysis was performed 
to calculate signifi cant copy-number gains and losses (FDR 0.01).
Results. Th e analysis of the major chromosomal aberrations in ACC re-
vealed an increased frequency of gains and losses on chromosomes 4, 12 

DGP21.03
PD-1 DNA methylation is associated with HPV status and predicts 
overall survival in HNSCC patients

D. Dietrich*1, 2, H. Gevensleben1, F. Bootz2, G. Kristiansen1, D. Goltz3

1Institute of Pathology, University Hospital Bonn, Bonn, Germany, 
2Department of Otolaryngology, Head and Neck Surgery, University Hospital 
Bonn, Bonn, Germany, 3Institute of Pathology, Cologne, Germany

Background. Immune checkpoints, e. g. the PD-1/PD-L1 immune check-
point axis, are eff ectively targeted by immunotherapies using therapeutic 
monoclonal antibodies (e. g. nivolumab, pembrolizumab). In addition, im-
mune checkpoints are promising prognostic biomarker candidates due to 
their relevance in tumor immune evasion. Biomarkers that allow for the 
prediction of disease outcome in squamous cell carcinoma of the head 
and neck (HNSCC) may enable physicians to personalize treatment, in 
particular in the context of immunotherapies. In the current study, DNA 
promoter methylation of programmed cell death 1 (PD-1) was evaluated 
as a prognostic biomarker in HNSCC patients.
Methods. Quantitative real-time PCR and Infi nium HumanMethylation 
BeadChip technology was used to assess PD-1 methylation retrospective-
ly in a training cohort of 120 HNSCC patients treated at the University 
Hospital Bonn and a testing cohort of 527 HNSCC cases analyzed by Th e 
Cancer Genome Atlas Research Network.
Results. PD-1 hypermethylation, as a surrogate marker for immune cell 
infi ltration, was signifi cantly associated with an adverse prognosis aft er 
surgical resection in both the training (HR = 2.24 [95%CI: 1.08–4.64], 
p = 0.029) and the testing cohort (HR = 1.54 [95%CI: 1.08–2.21], p = 0.017). 
In multivariate Cox proportional hazards analysis, PD-1 hypermethylation 
remained a signifi cant prognostic factor (HR = 2.14 [95%CI: 1.19–3.84], 
p = 0.011), adding independent prognostic information adjunct to patho-
logic tumor and nodal category. In addition, PD-1 methylation was strong-
ly associated with the human papilloma virus (HPV) status.
Conclusion. Th is study provides fi rst evidence that PD-1 promoter meth-
ylation predicts overall survival in HNSCC patients and is associated with 
a HPV-positivity, suggesting a major role of the PD-1 driven adaptive im-
mune resistance in this tumor subgroup. Accordingly, PD-1 hypermeth-
ylation might aid the identifi cation of HNSCC patients potentially bene-
fi tting from a radical or alternative treatment, particularly in the context 
of immunotherapies targeting PD-1/PD-L1.

DGP21.04
Immuno-metabolic determinants of chemoradiotherapy response 
and survival in head and neck squamous cell carcinoma

R. Krupar*1, 2, M. Hautmann3, R. Pathak2, I. Varier4, C. McLaren2, V. 
Sandulache2, D. Gaag5, C. Hellerbrand6, M. Evert5, S. Laban7, C. Idel8, S. Perner1, 
A. K. Bosserhoff 6, A. G. Sikora2

1Pathology of the University Medical Center Schleswig-Holstein, Campus 
Luebeck and Research Center Borstel, Leibniz Center for Medicine and 
Biosciences, Pathology, Luebeck, Germany, 2Baylor College of Medicine, 
Department of Otolaryngology – Head and Neck Surgery, Houston, United 
States, 3University Hospital Regensburg, Department of Radiatiotherapy, 
Regensburg, Germany, 4Tulane University, Department of Pediatrics, New 
Orleans, United States, 5University of Regensburg, Institute of Pathology, 
Regensburg, Germany, 6Friedrich-Alexander University Erlangen-Nuernberg, 
Institute of Biochemistry, Erlangen, Germany, 7University Medical Center 
Ulm, Department of Oto-Rhino-Laryngology, Head and Neck Surgery, Ulm, 
Germany, 8University Medical Center Schleswig-Holstein, Campus Luebeck, 
Department of Otorhinolaryngology, Luebeck, Germany

Background. Tumor immune microenvironment (TIME) and tumor me-
tabolism are major determinants of chemoradiotherapy (CRT) response. 
We assessed the interdependency and prognostic signifi cance of specifi c 
immune and metabolic phenotypes in head and neck squamous cell car-
cinoma (HNSCC) and evaluated changes in reactive oxygen species (ROS) 
as a potential underlying mechanism of treatment response in a tumor 
spheroid/immunocyte co-culture model.
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very active in detection of other colorectal cancer syndromes, which will 
be discussed in the meeting.

DGP08.02
Tumor spectrum and histologic fi ndings in constitutional 
mismatch repair defi ciency (cMMRD/„homozygous Lynch 
syndrome“)

H. Bläker*, A. Arnold
Institut of Pathologie, Charité, Berlin, Germany

Background. Constitutional mismatch repair defi ciency is an extremely 
rare hereditary disease, caused by biallelic germline mutations in one of 
the mismatch repair genes, mainly PMS2, and MSH6. Only few families 
worldwide have been reported so far.
Methods. Spectrum of cancers and histologic presentation were worked in 
three patients with cMMRD and compared to the fi ndings of already pub-
lished cases. Genetic analysis was performed and the immune infi ltrate of 
cancer and normal mucosa was investigated
Results. Our patients showed typical cMMRD lesions described in liter-
ature including Café au lait spots (all patients), lymphoma and leukemia 
(1 patient) as well as intestinal cancer that aff ected the duodenum in all 
cases, while involvement of the colon was found in 2 cases. Th e non- ne-
oplastic mucosal of the patients showed no architectural change but signs 
of chronic infl ammatory changes. T-cells were massively found below the 
epithelium reminiscent of but not identical to the T-cell response in celi-
ac disease. Numbers and types of T-cells diff ered strongly in the tumor as 
compared to the non-neoplastic mucosa.
Conclusion. Very early age at onset gastric, small or large bowel cancer 
should prompt to analyse for cMMRD, in particular when patients have a 
history of café au lait spots, brain tumors, lymphomas or leukemias. Find-
ings of MALT activation in cMMRD suggest active tumor surveillance by 
T-cells which is obviously escaped by cancer cells. Understanding tumor 
control in cMMRD may add to our understanding of tumor specifi c im-
mune evasion.

DGP08.03
Succinate dehydrogenase (SDHC) DNA methylation discriminates 
SDH-defi cient tumors of non-hereditary Carney triad and 
syndromal conditions with SDH germline mutations

E. Moskalev*, A. Hartmann, A. Agaimy, F. Haller
University Hospital Erlangen, Department of Pathology, Erlangen, Germany

Background. Approximately 6% of gastric gastrointestinal stromal tum-
ors (GISTs) and 50% of paragangliomas (PGLs) harbor a defi ciency of the 
succinate dehydrogenase complex (SDH). Collectively, these SDH-defi -
cient tumors are associated with such conditions as Carney triad (CT), 
Carney-Stratakis syndrome (CSS), and familial PGL syndromes. To dif-
ferentiate them, patients with SDH-defi cient tumors are directed to ge-
netic counseling and germline mutation analysis of genes encoding for 
subunits and assembly factors of the SDH complex. Th e diagnosis of CSS 
or familial PGL can be established on the basis of a germline mutation in 
correlation with the family history. In contrast, no known germline mu-
tations exist in CT, and this distinct condition is regarded non-hereditary. 
No specifi c diagnostic test has been developed, and the diagnosis of CT is 
established clinically. However, a majority of CT patients will develop two 
or all three tumors metachronically, and the time intervals between the 
occurrences of these diff erent tumors can be decades. We have previously 
performed DNA methylation analysis of genes coding for SDH subunits 
by using massively parallel sequencing and established SDHC hypermeth-
ylation in CT as a potential epigenetic mechanism for silencing of SDH 
complex. SDHC hypermethylation was specifi c for CT tumors, while ne-
oplasms with SDH germline mutations were essentially unmethylated at 
the interrogated locus.
Methods. In the current study, we present a novel bisulfi te pyrosequenc-
ing assay that is capable of quantifying the methylation degree of a single 

and 13 in patients with local reoccurrences and metastatic spreads com-
pared to patients with only local tumors.
Conclusion. With this method, it is possible to detect chromosomal chang-
es in ACC. Th ese chromosomal changes diff er in particular between pri-
mary ACC and their metastases. Specifi c screening for distinct genomic 
aberrations might predict disease progression and defi ne therapy options.

DGP21.06
Genetic alterations in salivary duct carcinoma

A. Agaimy*1, C. Scherl2, M. Haderlein3, E. A. Moskalev1, R. Fietkau3, H. Iro2, 
A. Hartmann1, F. Haller1

1University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
2University Hospital Erlangen, Department of Otorhinolaryngology – Head 
and Neck Surgery, Erlangen, Germany, 3University Hospital Erlangen, Clinic 
for Radiotherapy, Erlangen, Germany

Background. Salivary duct carcinoma accounts for ~10% of salivary gland 
malignancies, and resembles high-grade breast ductal carcinoma. Apart 
from amplifi cations of the ERBB2 (HER2) gene locus and alterations of 
the TP53 tumor suppressor gene, little is known about the genetic back-
ground of salivary duct carcinoma.
Methods. We employed a 160 gene next-generation sequencing panel 
(Comprehensive Cancer panel, Qiagen, Hilden) for a comprehensive char-
acterization of mutations and gene copy number alterations in a cohort of 
33 salivary duct carcinomas.
Results. Overall, 26 of 33 (78%) tumors harbored genetic aberrations, 
which could be grouped into three distinct categories. One group con-
sisting of 9 cases (27%) harbored amplifi cations and mutations of ERBB2 
(HER2), while the second group of also 9 cases displayed amplifi cations 
and mutations of HRAS. While the fi rst group had frequent co-amplifi ca-
tions of CDK12, the second group was characterized by frequent PIK3CA 
mutations. A third group showed alterations of NF1 or PTEN (15%). Only 
7 cases (21%) had alterations of the TP53 gene locus.
Conclusion. A substantial proportion of salivary duct carcinomas har-
bor ERBB2 alterations which provide a potential therapeutic target. Th ree 
groups of genetically distinct types of salivary duct carcinoma exist, which 
is of therapeutic and potentially also prognostic relevance.

Pathology of hereditary cancer

DGP06.01
Hereditary colorectal cancer

I. Nagtegaal*1, 2

1Institute for Molecular Life Sciences Radboud umc, Nijmegen, Netherlands, 
2Radboudumc, Pathology, Nijmegen, Netherlands

Background. Hereditary forms of cancer might be responsible for over 
10% of the total number of cancer patients, therefore this is a major health 
care problem. While some cancer syndromes have been known for many 
years, because of the dominant inheritance, consequent location of the 
tumors and full penetrance, other syndromes and their mechanisms are 
more recently discovered. 
While Lynch syndrome has originally been described as an hereditary 
colorectal cancer syndrome almost a century ago, recently more and more 
diff erent tumors are detected that are part of the spectrum. Th e expansion 
of the spectrum leads to increased detection of patients with Lynch syn-
drome, in which we can prevent cancer due to increased surveillance and 
preventive surgery. 
Originally, the detection of hereditary cancer families was dependent on 
observant clinicians and careful family history analysis. Recently we have 
shown that by focusing on individual patients with cancer by pathologists, 
investigation combinations of tumors within these patients, in combina-
tion with the age of onset of the cancers, we are able to detect many pa-
tients with Lynch syndrome. In addition, we, as pathologists, can also be 
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Basic principles of tumor immunology

DGP13.01
Basic principles of tumor immunology

M. Schmitz*
Institute for Immunology, Medical Faculty Carl Gustav Carus, TU Dresden, 
Dresden, Germany

T cells and antibodies are powerful components of the specifi c antitumor 
immune response. CD8+ cytotoxic T lymphocytes (CTLs) effi  ciently de-
stroy tumor cells. CD4+ T cells improve the antigen-presenting capacity 
of dendritic cells (DCs) and promote the expansion and activation of tu-
mor-reactive CTLs. Recent studies decipher the important role of infi ltrat-
ing T cells in regulating tumor growth. Th us, it has been demonstrated that 
high densities of CD45RO+ T helper 1 cells and CD8+ T cells are associ-
ated with improved survival of patients with various tumor types. Clinical 
trials focusing on the adoptive transfer of non-modifi ed T cells revealed tu-
mor regression in patients. Novel T-cell-based strategies comprise the gen-
eration of T-cell receptor- or chimeric antigen receptor-engineered T cells 
targeting tumor-associated antigens (TAAs). Th e administration of such 
modifi ed T cells into tumor patients also resulted in objective responses. 
DCs display an extraordinary capacity to induce and regulate T-cell re-
sponses. In addition, DCs effi  ciently improve the immunomodulatory and 
cytotoxic potential of natural killer cells, which also essentially contrib-
ute to tumor cell elimination. Based on these functional properties, DCs 
evolved as promising candidates for vaccination protocols in tumor thera-
py. Clinical trials revealed that the administration of TAA-loaded DCs into 
tumor patients can result in the induction of T-cell responses and tumor 
regression in patients. 
Monoclonal antibodies (mabs) targeting TAAs exhibit their antitumor 
eff ects via antibody-dependent cellular cytotoxicity, complement activa-
tion, and functional interference of biological pathways essential for tu-
mor growth. Furthermore, mabs effi  ciently inhibiting immune-checkpoint 
pathways have been developed that profoundly enhance T-cell-mediat-
ed antitumor activity. In addition to mabs, bispecifi c antibody constructs 
have been generated recognizing an appropriate antigen on tumor cells 
and an activating receptor on immune eff ector cells. Th ese antibody con-
structs signifi cantly engage immune eff ector cells for tumor cell lysis. Im-
mune-check point inhibitors and bispecifi c antibody constructs produced 
objective responses in a substantial proportion of tumor patients.

Immunotherapy

DGP14.02
The role of Pathology in the context of cancer immunotherapy 
with immune checkpoint inhibitors

W. Weichert*
Technical University Munich (TUM), Institute of Pathology, Munich, Germany

Due to the tremendous success of cancer immunotherapy in the treat-
ment of metastatic tumors, the interaction between tumor cells and the 
micromilieu has been propelled back into the center of cancer research. 
From the clinical viewpoint – apart from cellular immune therapy – spe-
cifi cally immune checkpoint inhibitors play the central role in this regard. 
However, although these drugs are highly eff ective in a broad variety of 
tumor entities, still a considerable number of patients – in most entities 
the majority – do not show prolonged responses to the treatment. Th ere-
fore, the scientifi c community, pharmaceutical companies and regulatory 
authorities are increasingly focusing on the validation and routine diag-
nostic implementation of biomarkers, which can be used to predict ther-
apy success in this context. Th e current immune biomarker blockbuster – 
without doubt – is PD-L1 expression measured by immunohistochemistry. 
But although a general validity of this biomarker is likely, the confusing 

CpG dinucleotide SDHC_+18 within the fi rst exon of SDHC. A total of 
40 tumor samples were included in the study that comprised CT (GISTs, 
PGL), CSS (GISTs, PGL) and KIT-mutant GISTs as sporadic controls. Bi-
sulfi te conversion was performed using the EZ DNA Methylation Gold Kit.
Results. Tumors of CT patients could be clearly discriminated from tu-
mors that harbored SDH germline mutations by applying a threshold of 
20% methylation at a target CpG dinucleotide SDHC_+18. Using the same 
threshold, GISTs and PGLs with SDH defi ciency and unknown or wild-
type germline status of the SDH genes were further correctly discriminat-
ed. Th is assay is rapid, cost effi  cient and applicable on DNA derived from 
formalin-fi xed and paraffi  n-embedded tumor tissue.
Conclusion. Pending further multicenter studies with larger patient co-
horts, this assay represents a simple and reliable tool to stratify patients 
with SDH-defi cient tumors for further diagnostic work-up.

DGP08.04
BRCA1 mutations detected by next-generation sequencing in 
sporadic breast cancer with medullary histological features 
correlate with hereditary disease

M. Rechsteiner1, K. Dedes2, D. Fink2, B. Pestalozzi3, H. Moch1, P. Wild1, 
Z. Varga*1

1University Hospital Zurich, Institut of Surgical Pathology, Zurich, 
Switzerland, 2University Hospital Zurich, Clinic of Gynecology, Zurich, 
Switzerland, 3University Hospital Zurich, Department of Medical Oncology, 
Zurich, Switzerland

Background. Th e role of somatic BRCA1/2 gene mutations in breast can-
cer is getting increasing attention in view of a hereditary disease. No strict 
histological criteria however exist for the selection of patients undergoing 
BRCA1/2 germline mutation testing in clinically sporadic breast cancer 
cases. Th e medullary phenotype and triple negative intrinsic subtypes are 
oft en but not exclusively encountered in BRCA1 germline mutated breast 
cancer, whilst for BRCA2 no association to specifi c histological features 
are reported. In this study, we addressed the question whether any rela-
tionship exists between morphological phenotype defi ned as medullary 
phenotype and BRCA1/2 somatic mutations in terms of hereditary breast 
cancer disease.
Methods. 32 clinically sporadic breast cancer cases with medullary features 
suggesting hereditary origin were analyzed for somatic BRCA1/2 muta-
tions (all coding exons) with next-generation sequencing (NGS) technol-
ogy. Paraffi  n embedded formalin fi xed breast cancer samples from all pa-
tients and normal breast tissue from one patient were analyzed.
Results. Th ree of 32 cases had defi nitely pathogenic alterations in the 
BRCA1 gene. Two of them exhibited deletions leading to frameshift  muta-
tions (p.Glu23fs, p.Val1234fs) whereas one SNV lead to a premature STOP 
codon (p.Glu60Ter) in the tumor tissue (9.38%). In one patient normal 
breast tissue was available where the same pathogenic BRCA1 mutation 
was detected (p.Glu23fs) as in the corresponding tumor tissue. Retrospec-
tive follow-up search in the other two patients revealed positive family an-
amnesis and recent records on germline BRCA1 mutation testing which 
confi rmed our fi ndings. 
Non-pathogenic alterations according to the ARUP and ClinVar databases 
were detected in fi ve patients. Additionally, one so far not reported muta-
tion in the BRCA1 gene was identifi ed (p.Leu2654Val) which was predict-
ed to alter the protein function using bioinformatics tools.
Conclusion. Pathogenic BRCA1 mutations in initial clinically sporadic 
breast cancer with medullary features were in retrospect associated with 
positive family anamnesis and/or BRCA1 germline mutations. Somatic 
BRCA1/2 mutation-assays can be tested on paraffi  n embedded tumor tis-
sues within the routine diagnostic service. In case of proven pathogenic 
somatic BRCA1 mutations without known positive family history of breast 
cancer this testing can deliver clinically relevant information in terms of 
genetic counseling, though further confi rmation of these data remains 
necessary.
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related signifi cantly with the Laurén phenotype, tumor localization, KRAS- 
and PIK3CA-mutational status. VISTA expression in tumor cells was sig-
nifi cantly enriched in PD-L1 positive GC (17.1 vs. 6.9%, p = 0.02), but was 
observed in only one microsatellite-instable GC and not in EBV-associ-
ated GCs. Moreover, the amount of VISTA positive immune cells signif-
icantly increased from tumor category pT1 to pT2 and signifi cantly de-
creased from pT2 to pT3. Th ere was no signifi cant correlation with patient 
outcome.
Conclusion. Th is is the fi rst evaluation of VISTA expression in a large co-
hort of GC and the fi rst description of VISTA expression in human tumor 
cells. We hereby show that VISTA expression changes during tumor pro-
gression. Th e coincidence of VISTA and PD-L1 expression in microsatel-
lite-stable and EBV-negative GCs indicates a dual immune evasion mech-
anism and makes GC an interesting target for novel combined immune 
checkpoint inhibitor treatments.

DGP15.02
Pan-cancer analysis of PD-L1 copy number alterations and of 
somatic mutations in anti-gene presentation and interferon-
gamma signaling pathways

J. Budczies*1, M. Bockmayr1, C. Denkert1, P. Schirmacher2, A. Stenzinger2

1Charité Hospital, Berlin, Germany, 2University Hospital Heidelberg, Institute 
of Pathology, Heidelberg, Germany

Background. Inhibition of the PD-L1/PD-1 axis has emerged as a powerful 
cancer therapy and there is an urgent need to identify cancer patients that 
benefi t from this approach and to detect and overcome possible mecha-
nisms of resistance. In this context, immunohistochemically quantifi ed 
PD-L1 protein expression can be a useful predictive biomarker, but so far 
the reached prediction sensitivities and specifi cities were limited.
Methods. To complement the immunohistological approach, we analyz-
ed diff erent kinds of tumor-genetic alterations in almost 10,000 treatment 
naïve tumors across 22 cancer types from TCGA including (1) somatic 
copy number alterations (CNAs) of PD-L1 [1] and (2) gene deletions and 
somatic mutations in the anti-gene presentation and the interferon-gam-
ma signaling pathways. Th e latter investigation included alterations in 
B2M, JAK1 and JAK2 that are hypothesized to mediate resistance to PD-1 
blockage [2].
Results. We observed a diverse landscape of PD-L1 CNAs, which aff ected 
focal regions, chromosome 9p or the entire chromosome 9. In more than 
80% of cases, focal amplifi cations included a core amplifi ed region of 7.8 
Mbp comprising 38 genes including PD-L2 and Janus kinase 2 (JAK2). 

number of antibody assays as well as entity-, assay- and treatment-depend-
ent diff ering scoring algorithms have sowed some doubts with respect to 
the practicability of this approach. Proposed alternative predictors include 
mutational load, RNA based Interferon gamma signatures, entity specifi c 
molecular subtypes, expression of other key components of the immune 
checkpoint family and many others. Until now, however, none of these 
alternative predictors have yet been implemented into broad clinical rou-
tine diagnostic testing.

Open contributions Immunopathology

DGP15.01
The immune checkpoint regulator VISTA is expressed in EBV-
negative and microsatellite-stable gastric carcinoma and 
correlates with PD-L1/PD-1: A new perspective for a combined 
gastric cancer therapy?

C. Böger*, S. Krüger, H.-M. Behrens, C. Röcken
Department of Pathology, Christian-Albrechts-University, Kiel, Germany

Background. V-domain immunoglobulin (Ig)-containing suppressor of 
T-cell activation (VISTA) is a immune checkpoint regulator that belongs to 
the B7 superfamily and is expressed predominantly on hematopoetic cells, 
e. g. myeloid, granulocytic and T cells. VISTA-induced T cell activation 
seems to be nonredundantly from the PD-1/PD-L1 pathway, which indi-
cates that a combined VISTA/PD-1 blockade might be a promising new 
cancer treatment option, as it was effi  cient in murine tumor models. We 
here aimed to evaluate VISTA expression in a large cohort of gastric can-
cer (GC), testing the following hypotheses: is VISTA expressed in GC, is it 
correlated with PD-L1/PD-1 and other molecular markers, is it putatively 
involved in GC biology and is VISTA expression prognostically relevant.
Methods. VISTA expression was analyzed on 464 GC samples and 14 cor-
responding liver metastases using immunohistochemistry (monoclonal 
rabbit antibody, clone D1L2G). Percentage, intensity and intracellular dis-
tribution of stained tumor cells and the amount of positive immune cells 
(e. g. lymphocytes, granulocytes, macrophages) were evaluated separately. 
Staining results were correlated with clinico-pathological characteristics, 
genetic alterations and survival.
Results. VISTA expression was detected in tumor cells of 41 GCs (8.8%) 
and 2 corresponding liver metastases (14.3%) respectively in immune cells 
of 388 GCs (83.6%) and 6 liver metastases (42.9%). VISTA expression cor-
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potentially not only in prostate cancer but also in malignancies with high 
response rates for nivolumab or pembrolizumab treatment.

DGP15.04
A multicenter comparison of PD-L1 protein and mRNA expression 
in urothelial bladder cancer by immunhistochemistry and a 
standardized RT-qPCR assay (Checkpoint-Typer ©): a round robin 
test by the BRIDGE-Consortium Germany

M. Eckstein*1, R. Wirtz2, S. Wach3, J. Breyer4, F. Erlmeier5, C. Günes6, 
M. Kriegmair7, S. Eidt8, W. Otto4, B. Keck3, C. Bolenz6, R. Stoehr9, W. Weichert5, 
P. Erben7, A. Hartmann1

1Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany, 2STRATIFYER Molecular Pathology GmbH, 
Cologne, Germany, 3University Hospital Erlangen, Department of Urology, 
Erlangen, Germany, 4University of Regensburg, Department of Urology, 
Regensburg, Germany, 5Klinikum rechts der Isar, Technical University, 
Institute of Pathology, Munich, Germany, 6University Hospital, Department 
of Urology, Ulm, Germany, 7University Medical Center Mannheim, 
Department of Urology, Mannheim, Germany, 8Institute of Pathology 
St. Elisabeth-Hospital, Cologne, Germany, 9University Hospital Erlangen, 
Department of Pathology, Erlangen, Germany

Background. PD-L1 targeted antibodies revealed promising responses in 
metastasized bladder cancer (BC), which mainly depend on the PD-L1 ex-
pression of peritumoral and tumor-infi ltrating immune cells (IC). Th era-
py selection by immunohistochemical (IHC) staining is susceptible to in-
ter-observer variance. Th erefore we conducted a multicenter round robin 
test to compare protein with standardized mRNA expression of PD-L1 
in BC.
Methods. mRNA levels of PD-L1 from 14 BC samples (pT1 n = 4 [G2 = 2; 
G3 = 2]; pT2: TUR n = 6, CX n = 4 [all G3]) were analyzed using a stand-
ardized RT-qPCR kit (Checkpoint-Typer©) in six centers and compared 
with cenral IHC staining (22c3, DAKO). PD-L1 expression of immune 
cells (IC) and tumor cells (TC) were separately analyzed by 2 experienced 
pathologists. Statistical analysis was performed with JMP SAS 11.0 to eval-
uate inter- and intra-site variabilities.
Results. PD-L1 mRNA expression of centrally extracted mRNA correlated 
well between all centres (r = 0.78–0.99, p < 0.0014). Measurement of inde-
pendent extractions of the same BC samples exhibited a good correlation 
with slightly higher inter-center variability (r = 0.53–0.93, p < 0.0014) For 
IHC scoring the inter-observer concordance (1% Cut-Off ) was higher for 
immune cells than for tumor cells. Interestingly, the TC and IC percentages 
for central assessment with the 22C3 antibody did correlate well (Spear-
man r = 0,8182; p = 0.0003). Th e inter-method comparison of IHC scoring 
(1% cut-off ) with the mRNA quantitation was 0.85 for the IC scoring and 
0.55 for TC scoring. Median inter-observer agreement was almost perfect 
for local PCR assessments from diff erent slices with central IHC scoring 
of one slice (median Kappa for IC 0,85 and TC 0,71).
Conclusion. Measurement of PD-L1 expression on mRNA level could eas-
ily be implemented with low inter-center and inter-device variability at lo-
cal testing sites. In urothelial cancer the RT-qPCR based quantitation ex-
hibits substantial to almost perfect agreement with both IC and TC scores 
by central 22C3 IHC staining. Th e agreement of local RT-qPCR with cen-
tral IHC is in the range or higher than inter-observer agreement of IHC 
observed in profi ciency testings for PD-L1 in NSCLC (Scheel et al. 2016). 
Th erefore PD-L1 assessment seems to be a suitable alternative for local 
stratifi cation of molecular guided therapies in the clinic.

PD-L1 focal amplifi cations had the highest incidence in ovarian cancer 
(10.7%), squamous cell lung cancer (9.8%), head and neck cancer (8.6%), 
bladder cancer (8.3%), sarcoma (8.2%), cervical cancer (7.1%), stomach 
cancer (6.8%) and breast cancer (5.3%). 
Furthermore, we detected B2M mutations in 1% of the tumors, B2M de-
letions in 1%, JAK1 mutations in 2.2%, JAK1 deletions in 0.9%, JAK2 mu-
tations in 1.5% and JAK2 deletions in 0.9% of the tumors. B2M alterations 
were most frequent in stomach adenocarcinoma (8%). JAK1 mutations 
were most frequent in uterine corpus endometrial carcinoma (12.4%) fol-
lowed by stomach adenocarcinoma (8%) and hepatocellular carcinoma 
(6.3%). JAK2 alterations were most frequent in uterine corpus endometrial 
carcinoma (5.8%) followed by melanoma (5.4%), stomach adenocarcino-
ma (4.8%), cervical cancer (4.5%), lung adenocarcinoma (4.3%) and lung 
squamous cell carcinoma (3.9%).
Conclusion. In summary, we investigated mutations and copy number al-
terations in genes related to the immune evasion in a large pan-cancer 
cohort. Th ese alterations should be further investigated concerning their 
impact on response to immune checkpoint blockage.
References
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DGP15.03
DNA methylation of the immune checkpoint gene PD-L1 predicts 
prostate-specifi c antigen (PSA)-recurrence in prostate carcinoma 
patients

D. Dietrich*1, 2, H. Gevensleben1, D. Goltz3, G. Kristiansen1

1Institute of Pathology, University Hospital Bonn, Bonn, Germany, 
2Department of Otolaryngology, Head and Neck Surgery, University Hospital 
Bonn, Bonn, Germany, 3Institute of Pathology, Cologne, Germany

Background. Th e success story of immune checkpoint inhibitors (e. g. 
nivolumab, pembrolizumab) targeting the PD-1/PD-L1 axis for the treat-
ment of various malignancies necessitates the co-development of predic-
tive biomarkers. Th e use of immunohistochemistry, which has been sug-
gested as a predictive biomarker, is impaired by several unresolved issues. 
Our study aimed at investigating the role of PD-L1 promoter methylation 
in gene silencing and its impact on biological tumor behavior.
Methods. PD-L1 methylation was analyzed in a cohort of 498 prostate can-
cer patients obtained from Th e Cancer Genome Atlas (training cohort). 
Results were subsequently validated in an independent cohort of 299 pros-
tate cancer patients (testing cohort) from the University Hospital Bonn. 
All patients had undergone radical treatment. DNA methylation was as-
sessed quantitatively by Infi nium HumanMethylation450 BeadChip tech-
nology (training cohort) and quantitative methylation-specifi c real-time 
PCR (testing cohort).
Results. In the training cohort, PD-L1 promoter methylation was shown to 
be inversely correlated with PD-L1 mRNA expression (p < 0.001). Detected 
methylation levels were signifi cantly higher in tumor tissue compared to 
normal adjacent tissue (p < 0.001). Furthermore, PD-L1 hypermethylation 
was associated with biochemical recurrence in Cox proportional hazards 
analysis (hazard ratio (HR) = 2.60 [95% confi dence interval (CI): 1.50–
4.51], p = 0.001). Th ese results were successfully validated in the independ-
ent testing cohort (HR = 1.24 [95%CI: 1.08–1.43], p = 0.002).
Conclusion. Our fi ndings indicate that PD-L1 methylation is associated 
with gene silencing and survival in prostate cancer. Th ese results conse-
quently provide a rationale for testing PD-L1 methylation as a predictive 
biomarker for the response to PD-1/PD-L1 targeting immunotherapies; 
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panel-sequencing with a total of 35 genes including POL-E on cases with 
high PD-L1 expression or MSI status.
Results. 41 of 465 (8,8%) tumours exhibited MSI. Th e mean immunoscore 
of the entire population was 0,61 (SD 0,99), while the immunoscore of the 
MSI-cancers was signifi cantly higher with a mean of 2,4 (SD 1,39). 16 can-
cers showed a PD-L1 expression of at least 1% of tumour cells, while only 
four of these had MSI-status. KRAS mutations were found in 184 patients 
(17 MSI and 165 MSS). BRAF and NRAS mutations were less frequent with 
a number of 46 (9 MSI and 35 MSS) and 12 (12 MSS) respectively. Th e eval-
uation of a panel sequencing including POL-E status is currently in progress.
Conclusion. MSI-status is accompanied by a higher degree of lymphocytic 
infi ltration. Our population did not show a correlation of MSI-status and 
increased PD-L1 expression: One possible explanation beside the small 
number of PD-L1 positive cases could be, that mainly advanced stages of 
colorectal cancers were examined in this study.

DGP15.07
Systematic identifi cation of cancer-specifi c immunogenic 
peptides in multiple cancers using RAVEN

M. Baldauf1, J. Gerke1, A. Kirschner2, F. Blaeschke3, M. Dallmayer1, 
R. Alba Rubio1, J. Musa1, A. Marchetto1, J. Li1, Y. Zhou1, S. Ohmura1, M. Knott1, 
G. Sannino1, M. Orth1, T. Feuchtinger3, U. Thiel2, T. Kirchner4, T. Grünewald*1

1Ludwig Maximilian University of Munich, Institute of Pathology, Max-Eder 
Research Group for Pediatric Sarcoma Biology, Munich, Germany, 2Technical 
University of Munich, Department of Pediatrics, Childrens Cancer Research 
Center, Munich, Germany, 3Ludwig-Maximilians University, Dr. von Hauner 
Children’s Hospital, Munich, Germany, 4University Hospital (LMU), Institute 
of Pathology, Munich, Germany

Background. Immunotherapy can revolutionize anti-cancer therapy if spe-
cifi c targets are available. Recurrent somatic mutations in the exome can 
create highly specifi c neo-antigens. However, many cancer genomes such 
as those of pediatric cancers are oligo-mutated and hardly exhibit recur-
rent neo-antigens. Th us, immunotherapy of such cancers relies on immu-
nogenic peptides encoded by cancer-specifi c genes (CSGs). 
Here, we describe an algorithm and provide a user-friendly soft ware named 
RAVEN (Rich Analysis of Variably Expressed genes in Numerous tissues), 
which enable the systematic, fast and automatized identifi cation of highly im-
munogenic and cancer-specifi c peptides starting from gene expression data.
Methods. We applied RAVEN to a data set assembled from publicly avail-
able gene expression microarrays comprising >2700 samples from 50 tu-
mor entities, with a focus on sarcomas and pediatric cancers, and 71 nor-
mal tissue types. All microarray data were generated on the same platform, 
rigorously quality-checked, annotated and normalized simultaneously.
Results. RAVEN performed a transcriptome-wide scan in each cancer 
entity for gender-specifi c CSGs. As a proof-of-concept we identifi ed es-
tablished tumor-associated antigens, but also many novel CSGs of which 
some appear suitable for targeting multiple tumor types. Th e specifi c ex-
pression of the most promising CSGs was validated by qRT-PCR in can-
cer cell lines and by immunohistochemistry in a tissue-microarray of pri-
mary tumors and normal tissues. Next, RAVEN identifi ed immunogenic 
peptides encoded by these transcripts by predicting the strength of their 
peptide-MHC-binding to HLA-A02:01. High-affi  nity peptides were auto-
matically crosschecked with protein-databases to exclude sequence simi-
larity with abundantly expressed proteins. Th e predicted affi  nity of these 
peptides was validated in T2-cell peptide-binding assays in which some 
showed similar kinetics like an extremely immunogenic infl uenza con-
trol peptide.
Conclusion. Collectively, we provide a comprehensive, exquisitely curat-
ed and validated catalogue of cancer-specifi c, immunogenic and high-af-
fi nity peptides across 50 cancer entities. In addition, we developed a us-
er-friendly soft ware to make our transcriptome data and immunogenic 
peptide libraries accessible to other researchers, and to easily apply our al-
gorithm to own gene expression data sets. We anticipate that our peptide 
libraries and soft ware will constitute a rich resource for further immuno-
therapy-development.

DGP15.05
PD-L1 positive tumor cells and intratumoral lymphocytes 
in urothelial carcinoma: Do they play a role in response to 
perioperative chemotherapy?

F. Erlmeier*1, 2, A. Seitz3, G. Hatzichristodoulou3, L. Stecher4, J. E. Gschwend3, 
W. Weichert1, 5, H. Kübler3, T. Horn3

1Klinikum rechts der Isar, Technical University, Institute of Pathology, 
Munich, Germany, 2German Renal Cell Tumor Consortium, Jena, Germany, 
3Technical University Munich, Department of Urology, Munich, Germany, 
4Klinikum rechts der Isar, Institute for medical statistics and epidemiology, 
Munich, Germany, 5German Cancer Consortium (DKTK), Heidelberg, 
Germany

Background. Th e eff ectiveness of conventional cytotoxic chemotherapy 
is signifi cantly infl uenced by immunological pathways. Th e PD-1/PD-L1 
pathway plays a decisive role for checkpoint inhibitors. Recently, check-
point inhibition of the PD-1/PD-L1 axis has been shown to be therapeu-
tically relevant in urothelial carcinoma. Up to now, the contribution of the 
PD-L1 status on tumor cells and the amount of CD8 positive intratumor-
al lymphocytes towards the prediction of the response to perioperative 
chemotherapy in urothelial cancer is unclear.
Methods. Tumor specimens of 49 patients with advanced urothelial cancer 
were analyzed by immunohistochemistry regarding PD-L1 expression on 
tumor cells and CD8 positive lymphocytes. Twenty-two patients received 
neoadjuvant chemotherapy, while 27 were treated in an adjuvant setting 
for locally advanced disease or lymph node metastases. Th e association 
between PD-L1 and CD8 immunohistochemistry with survival (adjuvant 
group) and response to chemotherapy (neoadjuvant group) was assessed.
Results. Our results did not provide signifi cant evidence of an association 
between PD-L1 status and overall survival (p = 0.59) in the adjuvant group. 
In this group 16 out of 27 patients (59.3%) had PD-L1 negative tumors and 
11 (40.7%) had PD-L1-positive tumors. Five out of 27 (18.5%) patients had 
a high infi ltration with CD8+ lymphocytes. Patients with high CD8+ status 
showed a trend towards better overall survival (p = 0.194). Furthermore, 
in the neoadjuvant group our results showed no clear associations with 
response. In this group, eight of the 22 (36.4%) patients were PD-L1 posi-
tive and seven (31.8%) had a high infi ltration with CD8+ lymphocytes. In 
the neoadjuvant group the pre-treatment expression of the immunologic 
markers was comparable to the post-treatment status.
Conclusion. Chemotherapy does not seem to infl uence the tumoral expres-
sion of PD-L1 in urothelial carcinoma. Th e PD-L1 status is not a useful 
marker, to predict the response rate to perioperative chemotherapy. Pa-
tients with a high density of intratumoral CD8+ lymphocytes may profi t 
more from adjuvant chemotherapy.

DGP15.06
Microsatellite instability, PD-L1 expression and RAS/BRAF 
mutational status in advanced colorectal cancer

H. Jütte*, K. Brunswicker, B. Verdoodt, I. Feder, A. Tannapfel
Ruhr-University, Institute of Pathology, Bochum, Germany

Background. Colorectal cancer develops along distinct pathways involving 
chromosomal instability (CIN) and microsatellite instability (MSI), which 
is caused by a defective mismatch repair gene system (dMMR). 
Recently, a signifi cant increase in mutational load in MSI cancers and a 
correlation of MSI status with PD-L1 expression and extent of immune in-
fi ltration defi ned by immunoscores was observed. In order to analyse MSI, 
RAS and immune infi ltration, this study was performed.
Methods. We analyzed a total of 465 samples of patients with colorec-
tal cancer. MSI-status was assessed by immunohistochemistry and sub-
sequent fragment length analysis in case of protein loss or incoherent re-
sults. Th e samples were further analyzed regarding their PD-L1 expression 
and extent of lymphocytic infi ltration (CD8 and CD45RO) in compliance 
with the Immunoscore concept by Galon et al. KRAS, NRAS and BRAF 
mutational status were evaluated using NGS. Additionally we performed 
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DGP15.09
Prognostic value of immune cell infi ltration and HLA class I 
antigen presentation in human papilloma virus (HPV)-negative 
oral squamous cell cancer

C. Wickenhauser*1, D. Bethmann1, 2, Z. Feng2, M. Kappler3, C. Ballesteros-
Merino2, A. Eckert3, B. Bell2, 4, J. Bukur5, B. Fox2, B. Seliger5

1Martin Luther University Halle-Wittenberg, Institute of Pathology, Halle 
(Saale), Germany, 2Robert W. Franz Cancer Research Center, Earle A. Chiles 
Research Institute, Portland, United States, Germany, 3Martin Luther 
University Halle-Wittenberg, Department of Oral and Maxillofacial Plastic 
Surgery, Halle (Saale), Germany, 4Oral, Head and Neck Cancer Program and 
Clinic, Providence Cancer Center, Portland, United States, 5Martin Luther 
University Halle-Wittenberg, Institute of Medical Immunology, Halle (Saale), 
Germany

Background. Tumors have developed diff erent strategies to escape immune 
responses including the development of an immune suppressive microen-
vironment as well as alterations of the HLA class I antigen processing and 
presentation machinery (APM). In colorectal cancer the frequency and 
localization of CD3+ and CD8+ lymphocytes within the tumor tissues led 
to precise prediction of the individual course of the patients’ disease. Fur-
thermore, downregulation of HLA class I antigens is oft en found in CRC. 
However, little information exists about the prognostic and therapeutic im-
pact of these parameters in human papilloma virus (HPV)-negative oral 
squamous cell cancer (OSCC).
Methods. Th erefore multispectral imaging (MSI) was employed for simul-
taneous characterization of peri- and intra-tumoral T cell subtypes (CD3, 
CD8, FoxP3, CD162) including their topographic localization and of PD-
L1 expression by tumor cells on sections from 119 patients with HPV-neg-
ative OSCC. In parallel the expression of β2-microglobulin (β2-m), MHC 
class I heavy chain (HC) and large multifunctional peptidase (LMP)10 was 
analyzed by conventional immunohisto-chemistry. Th e data obtained were 
correlated with clinical and prognostic parameters. Furthermore, a num-
ber of human OSCC cell lines were monitored for their constitutive and 
IFN-γ-regulated HLA class I APM component expression.
Results. A high number of peri-tumoral CD8+ T cells in close proximity to 
the tumor cells paired with the absence of surrounding FoxP3+ and/or PD-
L1+ tumor cells and low expression of β2-m, MHC class I HC and LMP10 
defi ned a tumor subgroup with prolonged overall survival (OS; P < 0.01). 
A multivariable cumulative “suppression index” scoring system allowed 
to separate OSCC patients with a 5-year overall survival rate of 90% and 
20%, respectively. Th e in situ data were strengthened by an altered HLA 
class I APM and PD-L1 expression in OSCC cell lines. Treatment of these 
cell lines with IFN-γ was able to upregulate these molecules.
Conclusion. To the best of our knowledge this is the fi rst application of 
(i) a combined analysis of immune cell infi ltration with immune escape 
mechanisms, (ii) application of MSI in OSCC lesions, (iii) description of 
the prognostic value of simultaneous evaluation of immune cell – tumor 
interactions in this disease and (iv) its improvement by parallel analysis 
of immune cell infi ltration and HLA class I APM component expression.

Future technologies: MALDI imaging mass 
spectrometry

DGP05.01
MALDI Imaging- Application in the fi eld of pathology

J. Kriegsmann*
MVZ für Histologie, Zytologie und Molekulare Diagnostik, Trier, Germany

Mass spectrometry has been successfully applied in microbiology, labora-
tory medicine and forensic medicine. Main applications are typing of mi-
croorganisms and detection of toxic substances and their metabolites. We 
apply mass spectrometry in routine molecular pathology for the detection 
of mutations in colonic cancer that are able to subclassify HPV viruses. Th e 

DGP15.08
Interobserver- and interlaboratory-concordance of PD-L1 IHC for 
NSCLC

A. H. Scheel*1, G. Bänfer2, G. Baretton3, M. Dietel4, R. Diezko2, T. Henkel2, 
L. C. Heukamp5, B. Jasani2, K. Jöhrens4, T. Kirchner6, F. Lasitschka7, I. Petersen8, 
S. Reu6, H.-U. Schildhaus9, P. Schirmacher7, K. Schwamborn10, U. Sommer3, 
O. Stoss2, M. Tiemann5, A. Warth7, W. Weichert10, J. Wolf11, R. Büttner1,
J. Rüschoff 12

1University Hospital Cologne, Institute of Pathology, Cologne, Germany, 
2Targos Molecular Pathology GmbH, Kassel, Germany, 3University Hospital 
Carl Gustav Carus, Institute of Pathology, Dresden, Germany, 4Charité 
Medical University Berlin, Institute of Pathology, Berlin, Germany, 5Institute 
for Hematopathology, Hamburg, Germany, 6Ludwig Maximilian University 
of Munich, Institute of Pathology, Laboratory for Pediatric Sarcoma Biology, 
Munich, Germany, 7Ruprecht-Karls University, Institute of Pathology, 
Heidelberg, Germany, 8Friedrich-Schiller-University, Institute of Pathology, 
Jena, Germany, 9University Medical Center, Institute of Pathology, 
Göttingen, Germany, 10Technical University Munich, Institute of Pathology, 
Munich, Germany, 11University Hospital Cologne, Department of Internal 
Medicine I, Cologne, Germany, 12Pathology Nordhessen, Institute of 
Pathology, Kassel, Germany

Background. Immunohistochemistry (IHC) of the PD-L1 protein has be-
come a mandatory diagnostic test for NSCLC. We conducted a two-step 
round robin test to analyze interobserver- and interlaboratory-concord-
ance of PD-L1 IHC and to compare four clinical trial assays (CTAs; 28–8, 
22C3, SP264, SP142) and laboratory-developed assays (LDAs).
Methods. 1.) Interobserver-concordance was tested by central IHC-stain-
ing of 2 × 15 NSCLC resection specimens that were scored independently 
by nine pathologists. 
2.) Interlaboratory-concordance was assessed by a centrally prepared tis-
sue-microarray containing 21 NSCLC specimens that was stained at ten 
sites using CTAs and LDAs. Assay-performance was evaluated with a sec-
ond tissue-microarray containing cell-lines with defi ned PD-L1 expression 
and central quality-control by image-analysis.
Results. 1.) Scoring of the carcinoma cells yielded moderate interobserv-
er-concordance coeffi  cients for a 6-step scoring system that integrates 
the clinically validated cut-off s (Light’s kappa = 0.47–0.50). Th e dichot-
omous cut-off s ≥1% and ≥50% showed substantial concordance coeffi  -
cients (κ = 0.6–0.8). Major challenges in PD-L1 scoring were cases with 
low staining-intensity and the diff erentiation of PD-L1 positive cancer and 
immune cells. 
2.) Th e CTAs yielded reproducible IHC-stainings at all sites while the 
results of the LDAs were mixed: Six protocols showed appropriate IHC 
quality with staining patterns similar to 22C3 and 28-8 CTAs, fi ve proto-
cols yielded less DAB-deposits and reduced staining intensity. Interlab-
oratory-concordance of carcinoma cell scoring using the 6-step system 
was moderate (κ = 0.43–0.69) while the included cut-off s ≥1% and ≥50% 
showed substantial concordance for the CTAs (κ = 0.73–0.89) and moder-
ate concordance for the laboratory-developed assays (κ = 0.50). 
In both tests, no diff erences in interobserver- and interlaboratory-con-
cordance were found among the CTAs. However, diff erences in the re-
sulting staining patterns were noticed: While 22C3 and 28–8 showed sim-
ilar staining patterns, SP263 showed minor diff erences in some cases and 
SP142 showed distinct patterns.
Conclusion. Taken together the data show that the PD-L1 CTAs can be re-
producibly employed and scored at diff erent sites. LDAs are possible yet 
have to be carefully calibrated to match the appropriate intensity-range. 
Th e choice of assay and the set-up of the IHC-protocol may strongly infl u-
ence the resulting staining. Standardized IHC-staining and interpretation 
both are prerequisites for reliable PD-L1 IHC.
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DGP05.04
Microproteomics of FFPE tissues: from biomarker discovery to 
routine molecular diagnosis

R. Longuespée*1, E. De Pauw2, M. Kriegsmann1, P. Schirmacher1, 
J. Kriegsmann3

1University Hospital Heidelberg, Institute of Pathology, Heidelberg, 
Germany, 2University of Liège, Mass Spectrometry Laboratory, Systems 
Biology and Chemical Biology, Liège, Belgium, 3Proteopath GmbH, Trier, 
Germany

Background. Given the large panel of biochemical mechanisms involved 
in the development of pathologies, methods for the overall analysis of bio-
compounds (“omics” methods) in tissues raise greater interest. Together 
with MALDI-imaging, approaches relying on shotgun proteomics may 
represent future directions for molecular pathology. Hereby, we present a 
laser microdissection (LMD)-based method for microproteomics of FFPE 
tissues and some applications for biomarker discovery. 
Methods. Th e method consists in the processing FFPE tissue pieces col-
lected by LMD. Th e workfl ow was designed to avoid any sample loss dur-
ing processing. It relies on heat-induced antigen retrieval using citric acid 
and on-tissue digestion of proteins using high concentrations of trypsin. 
Th e proteolytic digests are then analyzed by liquid-chromatography cou-
pled to mass spectrometry. Th e subsequent data are then processed for 
normalization and statistical analysis. 
Results. Th e method was developed on a breast cancer tissue model from 
which we could retrieve more than 1400 protein identifi cations from a 
single tissue piece containing less than 3000 cells. Th e method was ro-
bust enough to distinguish very similar tissue types on a proteomic basis. 
Th e fi rst application of the method consisted in comparing two types of 
anal carcinoma originating from diff erent locations in the anal canal (squa-
mous and transitional zones). Th e analysis of 5000 cells originating from 
10 cases of each tissue type allowed us to retrieve 4500 protein identifi ca-
tions and up to 500 markers with at least 2 fold changes. Th e ROC curves 
of the immunohistochemical validations showed that KRT7 and 19 were 
the most reliable markers, with an AUC of 97%. Th e two cancer types dis-
played diff erent overall survivals. 
A second application consisted in analyzing a human liver infected by 
Echinococcus granulosus (Eg). Th e results suggested the presence of pro-
teins related to Eg infection in the liver tissue itself, and specifi c immune 
mechanisms occurring in the cyst. Th ose markers will be of great interest 
for future diagnosis. 
Conclusions. Th e method we developed for microproteomics of FFPE tis-
sues have already been proved effi  cient and universal for biomarker dis-
covery in oncology and parasitology. It can now be applied to a wide panel 
of histopathological investigations to fi nd new biomarkers of pathologies 
that are diffi  cult to diagnose. In the near future, microproteomics could 
represent one of the cornerstones for molecular pathology.

main advantages of this technology are speed, precision, robustness and 
reliability as well as cost eff ectiveness. In the last few years, the fi rst applica-
tion of MALDI imaging in FFPE sections were developed in our laborato-
ry. MALDI imaging is a technology, which allows the detection of peptides 
in FFPE sections with high precision in various areas of the tissue. FFPE 
sections are deparaffi  nized, trypsinated and coated with a matrix solution 
for the crystallization of peptides. Th e next step is ionization of the pep-
tides by a laser shot and measurement of the fl ight times of these ions. Th e 
fi rst applications in our laboratory were based on objective discrimination 
of meniscus degeneration and answer the question for acute or chronic 
rupture. Furthermore, tumor classifi cation has been done by imaging mass 
spectrometry. We could discriminate colonic, lung, pancreatic and breast 
cancer with high specifi city and sensitivity. Squamous cell carcinoma of 
the lung could be discriminated from adenocarcinoma with a specifi city 
of more than 99%. Mass spectrometry will be an adjunct to immunohis-
tochemistry or it will be able to replace this technology, at least partially. 
Additionally, Prussian blue reaction (histochemistry) could be replaced 
mass spectrometry through the detection of ferritin light and heavy chains. 
Th e future of pathology will include various molecular and proteomic 
technologies. Mass spectrometry will be one of the latter.

DGP05.03
MALDI Imaging Mass Spectrometry – Applications in Pathology

K. Schwamborn*
Technical University Munich, Institute for General Pathology and 
Pathological Anatomy, Munich, Germany

Reliable markers for diagnostic purposes or markers that correlate with 
disease severity as well as prognosis and therapeutic response are needed 
in Pathology day to day practice. Since matrix assisted laser desorption 
ionization (MALDI) imaging mass spectrometry (IMS) goes far beyond 
microscopy and enables the assessment of spatial molecular arrangements 
in tissue sections it is ideal for this endeavor. MALDI IMS can measure 
hundreds of molecules at the cellular level with direct correlation to histo-
logical features. It generates molecular maps of tissue sections that can elu-
cidate the underlying biochemistry or provide information on how thera-
peutics or toxins infl uence the function or misfunction of an organ. Th us, 
it has the potential to overcome limitations of other approaches in the 
identifi cation and routine diagnostic measurement of new marker mol-
ecules/profi les. Tremendous progress regarding sample preparation and 
instrumentation has been made within the last decade. Th us – in theory 
– implementation of the technology in real time routine diagnostic work-
fl ows is now possible. However, studies proving the technology to be re-
liable in a clinical setting and establishing robust sample preparation and 
measurement strategies that show high agreement between diff erent lab-
oratories are still lacking. But recent studies did provide clinically relevant 
information and have shown the potential of MALDI IMS in Pathology.
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and aft erwards categorized resulting in coverage from hotspot areas to 
entire coding regions. High-throughput sequencing was performed using 
the Illumina MiSeq platform. A cohort of 62 formalin-fi xed, paraffi  n em-
bedded (FFPE) and fresh frozen (FF) PTCL were analyzed (AITL n = 32 
[18 FFPE, 14 FF]; AITL-PTCL-NOS borderline n = 1, PTCL-NOS n = 21, 
Lennerts lymphoma n = 8). 26 healthy donors were sequenced in parallel 
(12 FFPE, 14 FF).
Results. Aft er a considerably stringent fi ltering with the cut-off s: cov > 100×, 
Alternate Read Depth >20 and an Variant Frequency >5% and the exclu-
sion of synonymous variants. Our NGS amplicon panel-based results re-
fl ect an enormous heterogeneity within PTCL. Th erefore, no entity-related 
cluster formation was possible. Nevertheless, we confi rmed PTCL related 
and described recurrent mutations in DNMT3A, IDH2, RHOA and CD28.
Conclusion. PTCL is also molecularly a highly divers group of lymphomas, 
that can no further divide based on our sequencing analysis. Th e detected 
number of variants per patient is relatively small compared to other ma-
lignancies. Although there is a clear accumulation for RhoA mutations in 
AITL, this is not exclusive for this histologic subtype. Th us, other molecu-
lar alterations such as chromosomal aberrations or epigenetic events might 
be more important for PTCL than single nucleotide variants.

DGP09.02
Detection of microsatellite-instable colorectal cancers from 
routine NGS panel sequencing data

V. Endris*1, M. Kirchner1, M. Kloor2, A.-L. Volckmar1, R. Penzel1, 
M. von Knebel-Doeberitz2, P. Schirmacher1, A. Stenzinger1

1Ruprecht-Karls University, Institute of Pathology, Heidelberg, Germany, 
2Institute of Pathology, Department of Applied Tumor Biology, Heidelberg, 
Germany

Background. In about 15% of all colorectal cancers, microsatellite insta-
bility (MSI) caused by defects in the DNA mismatch repair machinery 
can be detected. MSI driven tumors have a better prognosis compared 
to microsatellite stable (MSS) tumors and show good response to drugs 
targeting the PD-1-PD-L1 axis. Current molecular diagnostic procedures 
for colorectal cancer are primarily focused on the detection of oncogen-
ic mutations in RAS family genes by either classical Sanger sequencing or 
next-generation sequencing. Routine testingof MSI status for therapeutic 
purposes is still rare and usually carried out by a diff erent array of meth-
ods including PCR and immunohistochemistry.
Methods. In our routine diagnostic CRC screening, we sequenced more 
than 600 colorectal tumors with an entity specifi c customized 180 am-
plicon NGS panel encompassing HotSpot regions of 31 genes. Th is pan-
el includes several homopolymeric regions of genes that are known to be 
aff ected by MSI. We retrospectively analysed this data set for MSI signa-
tures, including deletion/insertion mutations in 20 diff erent homopoly-
meric regions (>7) and mutations/deletions of MLH1, MSH3, MSH6 and 
TGFBR2. Cases with an MSI signature detected by panel sequencing were 
reevaluated by PCR-based screening (Bethesda panel).
Results. From the 20 homopolymeric regions analyzed, several loci 
showed deletion/insertion mutations in MSI-positive patients. Th e high-
est discriminatory power presented a homopolymeric region within the 
ACVR2A gene showing a high analytical sensitivity and specifi city towards 
MSI prediction. In combination with the readout of additional homopoly-
meric regions and the mutation status of MLH1, MSH3, MSH6 and TGF-
BR2, a sensitive and specifi c detection algorithm for MSI can be obtained 
from routine panel sequencing data.
Conclusion. In conclusion, using only one assay, this approach facilitates 
simultaneous detection of mutations in RAS genes (and other druggable 
targets) and the MSI status in CRC As the assay is tissue sparing and time 
saving it may be advantageous over classic test approaches that are cur-
rently being employed in routine diagnostics.

Future technologies: Ex-Vivo- and In-Vivo-optical 
molecular pathology

DGP07.01
Spectral Histopathology – Chances and limitations for clinical 
pathology!?

J. Popp*
Friedrich-Schiller Universität Jena, Leibniz Institute of Photonic Technology 
e. V. Institut für Physikale Chemie, Abbe Center of Photonics (ACP), Jena, 
Germany

Th e realization of label-free molecule specifi c imaging of morphology and 
chemical composition of tissue at subcellular spatial resolution in real time 
is crucial for many envisioned applications in medicine, e. g. non-invasive 
histopathologic examination of tissue. Th us, new approaches for a fast and 
reliable in vivo and near in vivo tissue characterization to supplement rou-
tine pathological diagnostics is needed. In this context, spectroscopic ap-
proaches are especially noteworthy, since they have the potential to pro-
vide a pathologist with adequate support in the form of clinically-relevant 
information under both ex vivo and in vivo conditions. 
Th is presentation reports about the spectroscopic detection of tissue 
pathologies, focusing on the determination of the tumor type and grade 
and a better delineation of tumor margins. It will be shown that the com-
bination of diff erent spectroscopic techniques in a multimodal imaging 
approach is very benefi cial for improving the diagnostic result. We will 
among others show that non-linear multimodal imaging by combining 
the three label-free modalities CARS (coherent anti-Stokes Raman-scatter-
ing), TPEF (two-photon excited autofl uorescence) and SHG (second har-
monic generation) yields a valuable diagnostic tool that complements con-
ventional staining protocols and can serve as fi lter in future clinical routine 
reducing the pathologist’s workload. It will be shown that the multimodal 
images yield information that can be translated into computational hema-
toxylin and eosin (HE) images by multivariate statistics. 
Overall, the presented examples show the potential of multi-contrast spec-
troscopy to potentially solve challenges currently faced by clinical pathol-
ogy.

Future technologies: Next generation sequencing

DGP09.01
Developing a NGS-based diagnostic gene panel for Peripheral 
T-Cell lymphoma

L. Burbat*1, I. Bonzheim2, S. Hartmann3, C. Döring3, A. Horn4, F. Fend2, 
M.-L. Hansmann3, B. Hirsch1, M. Hummel1

1Charité Medical University Berlin, Institute of Pathology, Berlin, Germany, 
2University Tübingen, Institut of Pathology and Neuropathology, Tübingen, 
Germany, 3Dr. Senckenberg Institute of Pathology, Medical School, Frankfurt 
am Main, Germany, 4University Hospital Freiburg, Center for Pediatrics and 
Adolecent Medicine University Hospital Freiburg, Laboratory of Clinical 
Biochemistry and Metabolism, Freiburg, Germany

Background. Peripheral T-Cell lymphoma (PTCL) is a rare and heterog-
enous group of malignant Non-Hodgkin lymphoma (NHL) originating 
from mature T-cells. Based on their histological and clinical character-
istics, PTCL subdivide in several subgroups such as PTCL-NOS, AITL, 
ALCL and Natural killer/ T-Cell lymphoma. In order to allow further mo-
lecular subclasssifi cation of these lymphoma subtypes, we generated and 
applied an amplicon T-NHL NGS panel to 88 T-NHL and non-disease 
tissue samples. Extensive (immune-) histopathological panel review war-
rants proper classifi cation of the cases according to the WHO guidelines.
Methods. We designed a NGS-amplicon T-NHL Panel comprising of 913 
amplicons to sequence parts of 53 T-NHL relevant genes using the Illumi-
na Design Studio. Th e genes were selected from publically available data 
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The genetic landscape of BCL2 break negative follicular 
lymphoma

A. Zamo1, J. Pischimarov1, M. Schlesner2, P. Rosenstiel3, R. Bomben4, C. Lopez5, 
A. Haake3, J. Richter6, T. Grieb1, T. Nedeva1, L. Trümper7, C. Lawerenz2, 
W. Klapper6, P. Möller8, M. Hummel9, D. Lenze9, M. Szczepanowski6, 
M. Schreder10, L. Flossback1, H. Horn11, V. Gattei4, G. Ott12, R. Siebert5, 
A. Rosenwald1, E. Leich*1

1University of Würzburg, Institute of Pathology, Wuerzburg, Germany, 
2German Cancer Research Center, Theoretical Bioinformatics, Heidelberg, 
Germany, 3Christian-Albrechts-University, Kiel, Germany, 4CENTRO DI 
RIFERIMENTO ONCOLOGICO, Aviano, Italy, 5Institute for Human Genetics, 
Ulm, Germany, 6University Hospital Schleswig-Holstein, Department of 
Pathology, Hematopathology Section, Kiel, Germany, 7University Medical 
Center, Department of Hematology and Oncology, Göttingen, Germany, 
8University of Ulm, Institute of Pathology, Ulm, Germany, 9Charité Medical 
University Berlin, Institute of Pathology, Berlin, Germany, 10University 
Hospital Würzburg, Poly Med II, Würzburg, Germany, 11Dr. Margarete Fischer 
Bosch, Institute of clinical pharmacology, Stuttgart, Germany, 12Robert-
Bosch-Hospital, Department of Clinical Pathology, Stuttgart, Germany

Background. Follicular lymphoma (FL) lack the t(14;18) in 15–50% of cas-
es depending on the clinical stage. Almost all FL, however, express BCL2 
protein, irrespective of the presence of the t(14;18). Studies in historical FL 
cohorts moreover revealed N-glycosylation in 79–100% of cases.
Methods. To investigate underlying genetic events that may trigger tumor-
igenesis in FL lacking the t(14;18), exonic SNV-profi les of 28 FL with and 
13 FL without t(14;18) were assessed by whole exome-sequencing and the 
integration of SNV-data provided by the ICGC. Moreover, SNV data of the 
whole-exome sequenced t(14;18)-negative FL were correlated with copy 
number and LOH(SNP 6.0) of the same cases and previously published 
gene-expression data. N-glycosylation was analyzed in t(14;18)-negative 
FL of the same and an independent cohort.
Results. Although SNVs in FL with and without t(14;18) aff ected diff er-
ent genes, they accumulated to a broad extent in the same or very simi-
lar pathways, e. g. apoptosis and epigenetic processes. Moreover, 40–50% 
of mutated genes showed a potential BCL2-association at high confi -
dence by String-network analysis in FL with and without t(14;18). On 
the other hand, a selective enrichment of mutations in genes associated 
with NFkB and N-glycosylation were observed in t(14;18)-negative FL 
and genes associated with immune response were more prominently af-
fected in this FL subgroup. Interestingly, 1/3 of genes selectively aff ected 
by SNVs in t(14;18)-negative FL also harbored copy number alterations 
and/or copy-neutral LOH and accumulated at sites frequently aff ected by 
genetic imbalances in FL. Moreover, 95 genes with SNVs were diff erential-
ly expressed between FL with and without t(14;18) (p < 0.01) and 48 were 
diff erentially expressed and aff ected by copy number alterations and/or 
copy-neutral LOH. N-glycosylation was less prominent in t(14;18)-nega-
tive FL as compared to results reported for historical FL cohorts.
Conclusion. Together with previous fi ndings, these results suggest a less 
specifi ed but more diverse and aberrant crosstalk with the microenviron-
ment that may compensate for the lower level of N-glycosylation. More-
over, a broad portfolio of previously undetected SNVs may contribute to 
the upregulation of BCL2 and FL pathogenesis in general in t(14;18)-neg-
ative FL.

DGP09.03
Comparison of gene fusion detection in non-small cell lung 
cancer and soft tissue tumors using diff erent next-generation 
sequencing approaches

F. Haller*, A. Agaimy, A. Hartmann, E. A. Moskalev
University Hospital Erlangen, Department of Pathology, Erlangen, Germany

Background. Detection of gene fusions is of increasing interest in solid 
tumors. In non-small cell lung cancer, gene fusions involving ALK, RET, 
ROS1 and NTRK1 are predictive for response to selective kinase inhibitors. 
In soft  tissue sarcomas, there is an increasing number of diagnostically rel-
evant gene fusions. Th e aim of our study was to compare several diff erent 
next-generation sequencing based approaches for reliability, accuracy and 
eff ectivity of detection of gene fusions in formalin-fi xed and paraffi  n-em-
bedded tissue (FFPE) specimens.
Methods. RNA was isolated from 12 FFPE tissue specimens using diff erent 
isolation methods (Qiagen, Ambion, Roche). RNA concentration and in-
tegrity was calculated with Nanodrop, Agilent Bioanalyzer, QiaExcel and 
qPCR based assays. Gene fusion analysis was performed on a MiSeq ma-
chine using the TruSight RNA Fusion Panel, Archer Fusion Plex, QIAseq 
Targeted RNAscan Panel, QuantideX NGS RNA Lung Cancer Kit. Th e 
nCounter Vantage Gene Fusion Panel was also used.
Results. Th ere was a high concordance in gene fusion detection compar-
ing diff erent next-generation sequencing approaches and nCounter tech-
nology. However, integrity of RNA was essential for correct identifi cation 
of gene fusions in individual samples. Th ere were specifi c advantages and 
disadvantages of the diff erent assays.
Conclusion. Next-generation sequencing is a useful method for detection 
of gene fusions in non-small cell lung cancer and soft  tissue tumors. Th e 
direct comparison of several assays using identical samples is a valuable 
approach to compare the performance of diff erent assays.

DGP09.04
Cancer Genome Phenotypes in the Prediction of Drug Sensitivity 
and Clinical Outcome

M. Kloth*, B. Ulmer, U. Koitzsch, M. Odenthal, R. Büttner
Institute of Pathology, Cologne, Germany

Background. To investigate the interaction of commonly detected cancer 
genome phenotypes – including chromosomal instability (CIN), micro-
satellite instability (MSI) and the ultramutated POLE phenotype – and 
gene expression in the prediction of drug responsivity and patient survival.
Methods. Quantitative estimates of the investigated phenotypes were cal-
culated from whole-exome sequencing and SNP array data in 172 cancer 
cell lines and 2238 TCGA samples across fi ve cancer types – including 
colorectal, gastric, ovarian and endometrial cancers and uterine carcino-
sarcoma. Gene expression profi ling was performed from RNA sequencing 
data. Prediction of drug responsivity was performed using elastic net reg-
ularization in training and test sets from the cancer cell line encyclopedia 
(CCLE) and genomics of drug sensitivity in cancer (GDSC). Cell culture 
experiments were used to validate the predicted responsivity.
Results. Elastic net regularization revealed an expression signature that 
is highly accurate in the prediction of microtubule-targeted vulnerability 
in training and test sets. Th e predictive model included, amongst others, 
crucial regulators of microtubule nucleation and members of the group of 
multi drug resistance proteins. Cancer genome phenotypes were signifi -
cantly associated with the identifi ed expression signature. Furthermore, 
cancer genome phenotypes and expression signature were shown to in-
fl uence prognostication in the investigated cancer types.
Conclusion. We characterized a microtubule-targeted vulnerability signa-
ture that is associated with commonly detected cancer genome pheno-
types, respectively. Our analyses revealed an overlapping role of the iden-
tifi ed signature and the ovarian proliferative/stem-a cancer subtype.
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developed blood collection tubes for the same purpose and entered the 
market. In our studies, we compared cell free DNA blood collection tubes 
obtained from three companies (A, B and C) regarding their sensitivity in 
detection of ct DNA in blood samples using a highly sensitive mutation 
detection technology (ARMS PCR).
Methods. Venous blood from healthy donors was collected in cf DNA 
BCTs obtained from supplier A, B and C. Samples were spiked for (1) dif-
ferent periods of time (0–7 days) or (2) with diff erent concentrations of 
ct DNA and stored at room temperature. Aft er plasma preparation and 
DNA extraction, the isolated ct DNA was analyzed using the real-time 
PCR-based AmoyDx® EGFR T790M Mutation Test Kit (Amoy Diagnos-
tics, Xiamen, China).
Results. (1) Mutant DNA, spiked at quantities of 3 or 1 ng (quantifi ed with 
Qubit™ 2.0 Fluorometer, Th ermo Fisher Scientifi c, Waltham, MA, USA) 
into blood samples from healthy donors, was still reliably detectable in all 
samples aft er 7 days of storage at room temperature. (2) DNA spiking at 
concentrations of 1 or 0.5 ng, respectively, showed diff erences in T790M 
mutation detection depending on the cf DNA BCTs: T790M could be de-
tected using ARMS PCR when tubes from supplier B or C, but not from 
supplier A were used for blood collection. At DNA concentrations < 0.5 ng, 
mutations could not been detected regardless of the tubes used for blood 
collection.
Conclusion. Cell free DNA blood collection tubes from supplier B and 
C are highly suitable for liquid biopsy testing, as even low DNA concen-
trations still allow the reliable detection of mutations, such as the EGFR 
T790M mutation. To determine if the sensitivity of mutation detection can 
be further elevated, future measurements using more sensitive methods for 
the detection of T790M mutation are under preparation.

DGP10.02
Comparison of parallel sequencing and digital droplet PCR for 
analysis of ctDNA from TKI resistant lung cancer patients

J. Fassunke*, E. Binot, C. Heydt, S. Schäfer, R. Büttner, S. Merkelbach-Bruse
Institute of Pathology, Cologne, Germany

Background. Lung cancer patients with a sensitizing EGFR mutation ac-
quire resistance aft er receiving tyrosine kinase inhibitors. Especially resist-
ance mutations in exon 20 of the EGFR gene are of importance. Circulating 
tumor DNA (ctDNA) analysis will probably play a major role in future as 
a supportive diagnostic tool. Th e present study compares the established 
parallel sequencing (NGS) method with digital droplet PCR (ddPCR) for 
detection of mutations in ctDNA from resistant lung cancer patients.
Methods. We analyzed blood samples shipped in cell-free BCT® DNA 
tubes (STRECK, Nebraska, USA) tubes for routine diagnostics. ctDNA 
was then extracted from plasma with the use of the Maxwell® system (Pro-
mega, Wisconsin, USA). Parallel sequencing was performed by using an 
Ion AmpliSeq Custom DNA Panel (Th ermo Fisher Scientifi c, Waltham, 
MA, USA) according to the Ion AmpliSeq Library Preparation User Guide 
(Th ermo Fisher Scientifi c). Constructed libraries were sequenced on the 
MiSeq (Illumina, San Diego, CA, USA) with a MiSeq reagent kit V2 (300 
cycles) (Illumina) following the manufacturer’s recommendations. Auto-
mated digital droplet PCR (AutoDG™ Digital Droplet System Bio-Rad, 
Munich) was performed on ctDNA samples using the ddPCR™ supermixes 
for Probes (No dUTP) and PrimePCR™ ddPCR Assays from Bio-Rad (Mu-
nich) for primary EGFR mutations and the resistance mutation T790M 
according to the manufacturer’s instructions.
Results. We analysed 60 ctDNA samples in total of which 20 showed nei-
ther the known primary mutation nor the resistance mutation. Th ose wild-
type samples included patients with the primary EGFR exon 21 muta-
tion L858R as well as patients with a primary EGFR exon 19 deletion. By 
using the ddPCR system we revealed positive results for L858R and the 
exon 19 deletion respectively. Five samples were not analyzable by NGS. 
In one of these patients an EGFR exon 19 deletion as well as the T790M 
mutation was detected by the ddPCR assay. Th e remaining four samples 
were wildtype.

DGP09.06
Tumour evolution of bladder cancer

A. Maurer*1, T. Heide1, M. Eipel2, K. Knoll3, R. Stoehr4, A. Hartmann4,
J. Altmueller5, J. Veeck1, R. Knuechel1, T. A. Graham6, N. T. Gaisa1

1RWTH Aachen University Hospital, Institute of Pathology, Aachen, 
Germany, 2RWTH Aachen University, Helmholtz-Institute for Biomedical 
Engineering, Stem Cell Biology and Cellular Engineering, Aachen, Germany, 
3Evotec AG, Hamburg, Germany, 4University Hospital Erlangen, Department 
of Pathology, Erlangen, Germany, 5University of Cologne, Cologne Center 
for Genomics, Cologne, Germany, 6Queen Mary University of London, Barts 
Cancer Institute, Evolution and Cancer Laboratory, London, United Kingdom

Background. Previous analysis of bulk tumour tissue revealed molecular 
alterations of two major tumour pathways in bladder cancer. In this study 
we used multi-region whole-exome sequencing (WES) to proof these con-
cepts by examining the timing and order of single nucleotide alterations 
(SNAs) and copy number alterations (CNAs).
Methods. WES (NimbleGen SeqCap EZ V2) was conducted on n = 62 sam-
ples of diff erent tumour regions of ten patients with radical cystectomies. 
In four patients a carcinoma in situ (CIS) sample was also included in the 
analysis. SNAs were detected with multiSNV (Version v2.3–9) and Plat-
ypus (Version 0.81), Indels determined with Scalpel (Version 0.5.3) and 
CNAs with Sequenza (Version 2.1.2) following adjustments of cellularity 
and ploidy based on Quadrupel FISH analysis and cellularity estimations.
Results. Phylogenetic analysis revealed the most recent common ancestor 
shared by all tumour samples of one patient. Also, each patient exhibit-
ed individual phylogenetic relationships between tumour areas. For three 
patients a clear separation of the tumour samples into two major clusters 
corresponding with tumour histomorphology (superfi cial papillary and 
diff use infi ltrative areas) was shown. Th e small number of shared muta-
tions between both regions indicated a parallel development from an early 
common ancestor instead of a secondary progression of the papillary tu-
mour part. Five patients with histologically more nodular superfi cial and 
deep infi ltrative invasive areas built a cluster sharing almost all clonal mu-
tations, corresponding with the invasive pathway. Four tumours with addi-
tional CIS samples contained about 20% clonal mutations in CIS and in the 
corresponding invasive tumours, proving CIS as the precursor lesion. One 
patient with a separate tumour nodule showed clonal mutations in both 
regions, corroborating the migration/seeding theory in bladder cancer. 
Tetraploidisation of tumour cells was confi rmed as an early event (9/10 tu-
mours) and loss of genetic material at chromosome 9p21 locus was evident 
(6/10 patients in all samples, one only in diff use invasive areas, one ho-
mozygous in diff use infi ltrative areas versus heterozygous in other areas).
Conclusion. Our multi-regional sequencing study confi rmed current de-
velopment models of urothelial carcinoma, however, we found evidence 
for an early parallel development in papillary-invasive tumours arguing 
against a secondary progression of the papillary tumour part.

Future Technologies: Liquid biopsies

DGP10.01
Comparison of cell free DNA blood collection tubes (cf DNA BCTs) 
from supplier A, B and C for liquid biopsy mutation testing

C. Alidousty*, C. Heydt, S. Wagener, M. Wittersheim, S. C. Schäfer, B. Holz, 
S. Merkelbach-Bruse, R. Büttner, J. Fassunke, A. M. Schultheis
University Hospital Cologne, Institute of Pathology, Cologne, Germany

Background. Th e improvement of sensitive techniques has allowed the de-
tection of tumor-specifi c aberrations such as mutations within oncogenes 
in circulating tumor DNA (ct DNA). ARMS (Amplifi cation-Refractory 
Mutation System) PCR has been used to detect mutations within the Epi-
dermal Growth Factor Receptor (e. g. EGFR T790M) in ct DNA from lung 
cancer patients. So far, tubes from supplier A have been widely used as 
standard cell free DNA blood collection tubes, but other companies have 
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of cfDNA by next-generation sequencing can be a valuable tool for anal-
ysis and detection of therapeutically relevant mutations. In our study, the 
GeneReader cfDNA workfl ow showed a suffi  cient sensitivity for further 
studies in the fi eld of cfDNA diagnostics.

DGP10.04
Multi institutional evaluation of a high sensitive NGS assay for 
liquid biopsy mutation detection in lung cancer

C. Vollbrecht*1, 2, 3, J. L. Costa4, R. Weren5, A. M. Rachiglio6, A. Maffi  cini7, 
H. Kurth8, A. Reimann9, A. Didelot10, A. Boag11, K. Nishio12, H. E. Feilotter11, 
P. Laurent-Puig10, O. Sheils13, A. Scarpa7, M. Ligtenberg5, I. A. Cree9, 
J. C. Machado4, N. Normanno14, M. Hummel1
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Faculty of Medicine, Osaka, Japan, 13Trinity Translational Medicine Institute, 
Department of Histopathology, Dublin, Ireland, 14Instituto Nazionale Tumori 
„Fondanzione G. Pascale“, Cell Biology and Biotherapy Unit, Neapel, Italy

Background. Th e detection of actionable mutations in lung cancer is still a 
major challenge due to the lack of tissue specimens for molecular profi ling 
of the tumor in approximately 25% of lung cancer patients. Th e cell-free 
DNA (cfDNA) isolated from plasma of cancer patients is an alternative, 
minimally invasive source of tumor DNA (ctDNA) that allows multiple 
determination of the mutational tumor status over time. However, the in-
trinsic low abundance of ctDNA makes the mutation detection and its 
quantifi cation in plasma a challenging task. Here we report a multi-insti-
tutional validation of the Oncomine cfDNA Lung assay for the analyses of 
cfDNA in molecular diagnsostics laboratories.
Methods. Th e assay is a multiplexed sequencing assay using molecular 
barcodes to tag each original DNA molecule used as input material. Th is 
enables the highly sensitive, quantitative and reproducible detection of low 

Conclusion. Genomic profi ling of resistant lung cancer patients is essen-
tial to provide a new therapeutic option for the patients. Liquid biopsies 
represent a non-invasive method for the identifi cation of individual so-
matic mutations. Due to the tiny amounts of extracted ctDNA the use of 
extremely sensitive methods is inevitable. In our study we could show that 
ddPCR is more reliable and sensitive than parallel sequencing.

DGP10.03
EGFR mutation analysis of cell-free tumor DNA (cdDNA) from 
patients with advanced EGFR-mutant NSCLC

J. Seitz*1, F. Fuchs2, A. Hartmann1, F. Haller1, E. A. Moskalev1

1University Hospital Erlangen, Department of Pathology, Erlangen, 
Germany, 2University Hospital Erlangen, Department of Internal Medicine 1 
– Gastroenterology, Penumology and Endocrinology, Erlangen, Germany

Background. Tyrosine kinase inhibitors (TKIs), which target the epidermal 
growth factor receptor (EGFR), have become an alternative treatment op-
tion for patients with NSCLC by now. It has been demonstrated by many 
studies that activating EGFR gene mutations are eff ective markers for EG-
FR-TKI sensitivity. Previously the reliable analysis of such mutations has 
only been possible in tumor tissue. But now the isolation of cfDNA (cir-
culating cell-free tumor DNA) from blood samples, the so called liquid 
biopsy, is an alternate and minimally invasive way of extracting DNA for 
mutation analysis. Th is approach even enables the analysis of tumor chang-
es in nearly real-time. Th e aim of this study was to evaluate the presence 
of EGFR mutations in cfDNA in a cohort of patients with advanced EG-
FR-mutant NSCLC using the Qiagen GeneReader workfl ow.
Methods. We evaluated the EGFR mutation status in cfDNA from 13 NS-
CLC patients with known primary EGFR mutations before or during TKI 
treatment using the Actionable Insights Tumor Panel and the Qiagen Ge-
neReader workfl ow.
Results. In cases with positive detection of EGFR mutations in cfDNA, 
there was 100% concordance with the specifi c EGFR mutation as deter-
mined previously in FFPE biopsies. In 6/13 cases the primary activating 
EGFR mutation could be detected in cfDNA, with an allele frequency 
ranging from 0.59% to 8.48% (mean. 3.69%; std. dev. 0.0288). Additional-
ly, a secondary EGFR T790M mutation with an allele frequency of 1.81% 
could be detected in one patient, indicating a resistance to TKI therapy 
and the need for therapy adjustment. Th is patient received a 3rd genera-
tion EGFR TKI and showed good partial response.
Conclusion. Our results suggest that this approach is of adequate diagnos-
tic accuracy, so we could fabricate a proof of concept for the detection of 
EGFR mutation by massively parallel sequencing of cfDNA. Th e analysis 
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Conclusion. Although next generation sequencing is highly sensitive for 
mutation detection, the low amount of input sample material limits valid 
mutation detection to allele frequencies of 1% and higher. Single molecule 
barcoding decreases artifact and contamination problems in ctDNA-based 
mutation detection.

DGP10.06
Molecular analysis of circulating free DNA (cfDNA) from lung 
cancer patients in routine laboratory practice: A cross-platform 
comparison of three diff erent molecular methods for mutation 
detection.

S. Bartels*, S. Persing, B. Hasemeier, E. Schipper, H. Kreipe, U. Lehmann
Hannover Medical School, Institute of Pathology, Hannover, Germany

Background. Cell free DNA (cfDNA), which is isolated from blood plasma, 
represents a noninvasive material for the detection of mutations confer-
ring resistance against EGFR tyrosine kinase inhibitors in non-small cell 
lung cancer (NSCLC) patients. In advanced disease stages, taking regular 
biopsies is oft en not possible because of the general health condition of 
the patients. Furthermore, a biopsy of a single tumor lesion or metastasis 
may not refl ect the heterogeneous genotype of the tumor and its metasta-
ses. To address these issues, cfDNA represents an alternative material for 
molecular monitoring of patients under therapy.
Methods. Th ree molecular approaches (digital PCR, NGS and qPCR) to 
detect clinically relevant EGFR mutations in cfDNA were validated with 
commercially available cfDNA reference material including known path-
ogenic mutations (5, 1, and 0.1% mutation frequency, respectively). Fur-
ther, we analyzed 49 cfDNA preparations from patients with lung cancer 
to compare reliability and sensitivity of the three methods under routine 
conditions.
Results. Digital PCR and NGS both detect reliably 0.1% allele frequency in 
the reference material. A limit of detection for mutation calling in digital 
PCR (5 counts) and NGS (20 reads) could be established. Only one patient 
showed inconsistent results in EGFR mutation profi ling in the comparison 
of the three molecular approaches. In total, 62.5% known primary EGFR 
mutations (0.1–60.4% allelic frequency) could successfully be detected in 
cfDNA. In 59% of the patients with detectable EGFR primary mutations, 
we could identify a p.T790M mutation, a known cause of resistance against 
fi rst-line EGFR tyrosine kinase inhibitor therapy (TKI).
Conclusion. Analyzing cfDNA from lung cancer patients is a useful tool 
for testing lung cancer patients under TKI therapy for upcoming resist-
ance mutations. But, limited amount of cfDNA and unknown DNA con-
tent from the tumor include a high risk of false-negative results, even if 
sensitive and well-validated molecular detection methods are used. Th ere-
fore, cfDNA analysis can support, but not replace tissue biopsy testing 
completely. For patients with known EGFR primary mutation under TKI 
therapy, analysis of cfDNA is a non-invasive alternative, with high sensi-
tivity to detect upcoming EGFR resistance mutations. If tumor cfDNA is 
present, which can be confi rmed by detecting the primary EGFR mutation, 
p.T790M mutation analysis can be performed with high sensitivity down 
to 0.1% in the blood plasma.

Molecular tumor board

DGP11.03
Center for Molecular Tumor Diagnostics Joint Forces between 
Pathology & Clinical Genetics – the Dresden model

D. Aust*1, 2, F. Zakrzewski2, K. Grützmann2, S. Zeugner1, S. Loos2, A. Krüger2, 
G. Baretton1, 2, E. Schröck2, 3, B. Klink2, 3

1University Hospital Carl Gustav Carus, Institute of Pathology, Dresden, 
Germany, 2NCT Dresden, Center for Molecular Tumor Diagnostics (CMTD), 
Dresden, Germany, 3Faculty of Medicine Carl Gustav Carus, Institute of 
Clinical Genetics, Dresden, Germany

frequency mutations providing an ideal assay for liquid biopsies. To en-
sure an unbiased and uniform evaluation of the assay, the human cell line 
Horizon DX cfDNA covering eight mutations in EGFR, KRAS, NRAS and 
PIK3CA at 5%, 1%, and 0.1% allele frequency and the wildtype allele was 
employed. Th e same batch of control samples was distributed to the partic-
ipating laboratories within the OncoNetwork Consortium. Samples were 
sequenced twice in each laboratory either using the Ion PGM or the Ion 
S5 system. Libraries were templated using the Ion Chef and multiplexed 
according to the sequencing system as four libraries on a 318/520 chip or 
eight libraries on a 530 chip. A bioinformatics pipeline within the Torrent 
Server soft ware allowed for automated variant calling.
Results. Th e laboratories were able to detect all 8 hotspot base changes and 
indels present in the reference samples at allele frequencies from 0.1% to 
5% with an average of 94.1% sensitivity (range 87.5–97.9%) and an aver-
age of 99.9% specifi city (range 99.5–100%). When only considering vari-
ants at the 0.1% allele frequency, the average sensitivity was 83.0% (range 
68.8–99.9%) and the average specifi city was 99.9% (range 99.7–99.9%). 
Notably, at 0.1% allele frequency, all laboratories accomplished to detect 
the challenging EGFR p.T790M variant, which is a marker of sensitivity 
to EGFR tyrosine kinase inhibitors.
Conclusion. Th ese data confi rm the potential of the Oncomine cfDNA 
lung assay for plasma genotyping, which allows for the noninvasive, mul-
tiplexed, sensitive and reliable detection of complex, targetable genomic 
alterations in lung cancer.

DGP10.05
Comparison of two NGS panels for genetic interrogation of 
circulating tumour DNA in routine diagnostics

A.-L. Volckmar*1, V. Endris1, R. Penzel1, R. Brandt1, M. Kirchner1, A. Warth1, 2, 3, 
P. Schirmacher1, A. Stenzinger1, 3, 4

1University Hospital Heidelberg, Institute of Pathology, Heidelberg, 
Germany, 2German Center for Lung Research (DZLF), Heidelberg, Germany, 
3National Center for Tumor Disases (NCT), Heidelberg, Germany, 4German 
Cancer Consortium (DKTK), Heidelberg, Germany

Background. Circulating tumor DNA (ctDNA) is a valid source for mu-
tational analysis in the context of targeted therapies, especially in patients 
without suitable tissue biopsies. During TKI inhibitor therapy, approx. 
50% of the adenocarcinoma of the lung patients develop resistance via 
EGFR p.T790M mutation. Here, we compare two NGS panels for ctDNA 
p.T790M mutation testing in a routine diagnostics setting.
Methods. Blood of 17 NSCLC patients with known primary EGFR muta-
tion status was collected in ccfDNA preserving tubes (BCT, Streck). Th e 
samples were extracted either with an automatic method (Maxwell RSC, 
Promega) or manually (MagMAX Cell-Free DNA Isolation Kit, Th ermo 
Fisher Scientifi c) and sequenced with the diagnostic LCPv2 targeted panel 
and the Oncomine Cell-Free DNA Assay (OCFA) using semi-conductor 
sequencing technology (Ion Torrent, Th ermo Fisher Scientifi c). For de-
termination of sensitivity and specifi city, commercially available cfDNA 
standards (Multiplex I cfDNA Reference Standard Set, Horizon Discov-
ery) were used.
Results. Both NGS panels revealed high sensitivity >80% and specifi ci-
ty >90% for the cfDNA standards in DNA concentrations comparable to 
our diagnostic samples (c = 0.5 ng/μl) depending on the expected allele 
frequency (AF). Below a threshold of 1% allele frequency, both sensitiv-
ity and specifi city were signifi cantly reduced. Hence, we established this 
threshold for routine diagnostic testing. 
Both panels detected the same EGFR activating mutations, although AFs 
were oft en lower with OCFA. OCFA detected low frequency primary 
EGFR mutations in 5 samples that were not detected with LCPv2. More-
over, compared with LCPv2, OCFA identifi ed two additional p.T790M 
positive patients. However, we observed one sample that was p.T790M 
negative in OCFA but positive in LCPv2. Low frequency (<0.3%) contam-
ination due to e. g. deamination processes was readily identifi ed by the use 
of molecular barcoding.
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ities (e. g. off -label drug, ongoing clinical studies). Whole genome or ex-
ome sequencing (WGS, WES) and/or RNA transcriptome analyses are 
performed in a research setting. Results are jointly discussed and a rec-
ommendation is provided to the treating physician and/or the organ-spe-
cifi c tumorboards.
Results. So far, in 41 MTB sessions 160 patients with various types of can-
cers (e. g. GI-tract tumors, cancer of unknown primary, soft  tissue tumors 
and others) were evaluated. Re-discussions were in 64% (102/160) of pa-
tients. Th e Institute of Surgical Pathology performed 575 analyses, includ-
ing n = 89 targeted NGS, n = 316 IHCs, n = 56 ISH and n = 27 MSI-analyses. 
Post WES analyses, 7% (3/42) of patients received a therapy recommen-
dation. Until now, 31% (26/84) patients received a therapy recommenda-
tion for immune checkpoint inhibition subsequent to PD-L1, PD1 and 
tumor-infi ltrating lymphocytes stainings and/or based on mutation load 
determined by WES. For 36% (15/42) cases, WES was replaced by tNGS 
due to insuffi  cient DNA concentration. To counter this problem, in-house 
WES is in further development to ensure successful analysis even with low 
DNA amounts originating from small biopsies. For breast and lung can-
cers, advanced diagnostic pathways were established and communicated 
to the organ boards.
Conclusion. Th e CCCF MTB is a valuable supportive interdisciplinary 
structure to optimize cancer patient management. Moreover, it contrib-
utes to the development and integration of novel molecular markers into 
routine diagnostic workfl ows and patient pathways as well as education of 
professionals working in the medical fi eld.

DGP11.06
Precision medicine for melanoma patients: Development of a 
Melanoma-specifi c gene panel for integrative molecular tumor 
boards

S. N. Freiberger*1, A. Irmisch2, N. Pornputtapong3, 4, P. Cheng2, R. Halaban5, 
R. Dummer2, M. Krauthammer3, 4, M. P. Levesque2

1University Hospital Zurich, Institut of Surgical Pathology, Zurich, 
Switzerland, 2University Hospital Zurich and University of Zurich, 
Department of Dermatology, Zurich, Switzerland, 3Yale University School 
of Medicine, Department of Pathology, New Haven, United States, 4Yale 
University School of Medicine, Department of Computational Biology 
and Bioinformatics, New Haven, United States, 5Yale University School of 
Medicine, Department of Dermatology, New Haven, United States

Background. Novel immune checkpoint inhibitors and targeted thera-
pies have remarkably improved progression-free and overall survival in 
patients with metastatic melanoma. For therapy stratifi cation, detection 
of specifi c mutations is needed. Commercially available gene panels cov-
er the most frequently mutated genes in melanoma (BRAF, NRAS, KIT, 
GNAQ, GNA11). However, additional genes can be useful to stratify pa-
tients for specifi c clinical trials or for off -label or compassionate therapy. 
Furthermore, the detection of certain mutations could serve as prognos-
tic markers. Th erefore, we designed a gene panel covering 190 genes play-
ing a specifi c role in melanoma. With this panel we aim to improve the 
choice of treatment and predict the disease progression of stage IV mel-
anoma patients.
Methods. We have designed a customized gene panel (“MelArray”), tai-
lored to the detection of frequent alterations in melanoma and covering 
about 190 genes with >3000 exons, including genes associated with FDA 
approved drugs, and drugs in clinical trials. Furthermore, the panel in-
cludes heterozygous SNPs across the genome for accurate estimation of 
CNVs. Library preparation and target capture is performed according to 
the user manual. Sequencing was performed on Illumina HiSeq machines.
Results. We have currently sequenced several cell lines and melanoma bi-
opsies by MelArray. Common mutations (BRAF, NRAS, KIT) were vali-
dated by Sanger sequencing. Furthermore, additional detected mutations 
and CNVs were compared to corresponding patient material sequenced 
by the Foundation Medicine panel. Fusions were validated by RNAseq. 
Five patients were both whole exome- and MelArray sequenced to com-
pare whether both methods would result in similar treatment options. Ad-

Background. Th e Institutes for Pathology and Clinical Genetics joined 
their certifi ed and accredited forces to establish the Center for Molecular 
Tumor Diagnostics (CMTD) at the NCT partner site Dresden.
Methods. Th e CMTD off ers high throughput analyses (e. g. next gener-
ation panel sequencing and RNA-sequencing) for molecular profi ling of 
sporadic and hereditary tumors.
Results. An important step is the validation of a comprehensive NGS-panel 
including about 160 genes and regions targeted by copy number changes 
relevant in brain tumors. Th e panel was designed in collaboration between 
Heidelberg and Dresden. Th is panel will be tested within a research pro-
ject of a unique and clinically well-characterized glioblastoma study cohort 
consisting of non-responders and responders to treatment with radiother-
apy in combination with temozolomide aiming to establish a stratifi cation 
algorithm for prediction of radio-resistance and identifi cation of patients 
suitable for new and innovative targeted therapies. 
We also provide our long-term experience with RNA-sequencing and the 
analyses of expression data in numerous collaboration projects. For exam-
ple, the CMTD takes part in a multi-disciplinary research project of mela-
noma brain metastasis (PIs: M. Muders, F. Meier), aiming to identify new 
biomarkers that predict treatment response and to uncover new mecha-
nisms for treatment resistance. We will perform RNA-sequencing of 27 
pairs of FFPE tissue from patients with matched extracranial and crani-
al melanoma metastases to identify expression signatures associated with 
brain metastases in melanoma.
Conclusion. In addition to commercially available and validated NGS-pan-
els, a major goal is the development and validation of new molecular diag-
nostic approaches in the frame of molecularly targeted clinical (NCT-)tri-
als.
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Background. Integration of advanced molecular diagnostics into the 
management of the broad spectrum of cancer patients beyond guideline 
treatment regimens requires multidisciplinary approaches. Th is need is 
addressed at the Comprehensive Cancer Center Freiburg (CCCF) by a mo-
lecular tumorboard (MTB), the experiences to be reported here.
Methods. Starting 03/2015, the CCCF MTB runs biweekly at 7:30 am, ac-
commodating requests for advice of all CCCF members beyond stand-
ard diagnostic testing otherwise decided in CCCF organ-specifi c tumor-
boards. Patients with rare tumor entities, unclassifi able tumor entities or 
patients with tumors under progress under standard or targeted therapy 
are included. Testing is based on interdisciplinary clinico-pathologically 
preselection according to histology and case-specifi c treatment possibil-
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Molecular tumor board

DGP17.01
Pulmonary neoplasm in a patient with hypopharyngeal carcinoma 
in the patient history: metastasis or second primary?

T. Daher*, B. Witte, J. P. Klußmann, W. Blau, D. Steiner, R. Engenhart-Cabillic, 
A. Bräuninger, S. Gattenlöhner
University Clinic of Gießen and Marburg, Gießen, Germany

Background. A pulmonary neoplasm of the upper lobe of the left  lung 
has been incidentally described in a 72-year-old male patient. Th e patient 
had been diagnosed with a hypopharingeal squamous cell carcinoma 54 
months earlier. Th e hypopharyngeal tumor had been successfully resected 
(Tumorstadium: pT2, pN2b (2/39), L0, V0, G3, R0). A CT-guided biop-
sy of the pulmonary neoplasm followed. On the biopsy material a squa-
mous cell carcinoma was diagnosed in an external institution. Th e thera-
py of choice was an upper lobe resection combined with regional lymph 
node dissection.
Methods. Using conventional histomorphological methods it was not to 
decide, whether it is a metastasis of the laryngeal carcinoma or a second 
primary squamous cell carcinoma of the lung. To fi nd it out, a compara-
tive HPV analysis and aft er that targeted next generation sequencing of the 
coding exones of the TP53 gene was carried out in both tumors.
Results. Th e mutation analysis showed the same mutations in the head 
and neck and in the lung tumor. Corresponding to this, nine months aft er 
the lung tumor resection further metastases were discovered in the con-
tralateral lung.
Conclusion. Th erapy of low stage primary squamous cell carcinoma and 
metastatic squamous cell carcinoma is drastically diff erent. In metastat-
ic cases a radical resection of the lung tumor is not indicated. In case of 
newly diagnosed pulmonary neoplasms in patients with head and neck 
squamous cell carcinoma in the patient history a molecular pathological 
analysis should be carried out already on the biopsy material before resec-
tion, if possible. Th is may help to diff erentiate between lung metastasis and 
second primary and help to guide therapeutic decisions.

DGP17.02
Diagnosis of a secondary acute myeloid leukemia mimicking an 
acute sigma diverticulitis by NGS based detection of MDS related 
mutations

A. Bräuninger1, T. Schwandner2, U. Grandel2, W. Blau3, M. Rummel3, 
S. Gattenlöhner*1

1University of Giessen, Institute of Pathology, Giessen, Germany, 2Asklepios 
clinic Lich, Lich, Germany, 3University of Giessen, Clinic for Hematology and 
Oncology, Giessen, Germany

Background. A 80 years old female patient suff ered from abdominal pain 
with characteristic symptoms of a sigma diverticultis. Th e patient under-
went resection of the colon sigmoideum and the specimen was sent for 
further histological investigation to our institute
Methods. We used conventional ezymehistochemistry, immunohisto-
chemistry and a next generation sequencing (NGS) based gene panel anal-
ysis for the detection of the most frequent and common recurrent muta-
tions in myelodysplastic syndromes (MDS).
Results. Histologically a moderate sigma diverticulosis and aspects of a 
purulent diverticulitis with a granulocytic infi ltrate but uncommon my-
eloid precursors were observed. Immunohistochemically these cells were 
positive for MPO and CD15, but no increase of CD34 positive blasts was 
detectable. Under the suspicion of a hematological neoplasia and for the 
diff erential diagnosis of reactive infl ammatory changes a NGS based anal-
ysis of the most frequent genes mutated in MDS was performed, namely 
IDH1, IDH2, RUNX1, SRSF2, SF3B1, U2AF1, TET2, DNMT3A, TP53, 
SRAG2, ASXL1, ZRSR2) with an average coverage of 2397 sequences. We 
detected mutations in STAG2, RUNX1, TET2, DNMT3A and U2AF1 and 
diagnosed a colon infi ltration of a MDS. Further hematological examina-

ditionally, we evaluated whether the MelArray could give an estimation 
about the mutational burden.
Conclusion. Th e MelArray can be a diagnostic tool for stage IV melanoma 
patients to determine the therapy type and to estimate disease progression. 
Th e panel provides a higher sequencing depth than WES which allows 
the detection of subclones within the tumor cell population. At early time 
points of stage IV disease, patients can be sequenced to stratify them for 
the best therapy according to their mutational profi le while the panel also 
off ers a chance for end-stage melanoma patients who have exhausted all 
treatment possibilities by searching for other mutations targetable by drugs 
(including off -label and compassionate use or clinical trials).

DGP11.07
Lung cancer organoids: experimental design and morpho-
molecular characterization

D. Treue1, M. Kühne2, M. von Laff ert1, J. Neudecker3, F. Klauschen*1

1Charité Medical University Berlin, Institute of Pathology, Berlin, Germany, 
2University of Potsdam, Potsdam, Germany, 3Charité, Thoracic surgery, 
Berlin, Germany

Background. Precision oncology relies on morpho-molecular diagnostics 
of fi xed tissue. However, despite the undisputable importance of this ap-
proach, the static view of molecular properties of cancer has its limita-
tions. Th e fact that the clinical implications of the complex mutational 
landscapes observed in many cancers oft en remain obscure calls for nov-
el ways to study their functional eff ects. We have previously established a 
systems biological approach that combines genomics, phosphoproteom-
ics and bioinformatics to unravel the functional mechanisms underlying 
tumor pathology. To translate this approach into clinical application, we 
established an organoid culture system for primary lung cancer samples.
Methods. NSCLC samples were collected at the Charité with the informed 
consent of all patients. Tumor tissue was enzymatically digested and disso-
ciated cells were fi ltered and seeded on Collagen I and Growth Factor Re-
duced Matrigel® coated dishes. Primary cells on collagen were cultured in 
PneumaCult™ Ex medium (Stem Cell) and cells seeded on top of Matrigel® 
were cultured in PneumaCult™ ALI medium supplemented with Y-27632 
and rhEGF. Organoids were passaged every 8–10 days. For medium test-
ing, base media was supplemented with FGF7, FGF10, Noggin or R-Spon-
din. DNA of organoids was extracted and subjected to library preparation 
with Ion AmpliSeq™ Exome RDY S5 Kit for Whole-Exome Sequencing. 
Phosphoproteins were prepared according to the protocol of the PathScan 
Antibody Array Kit.
Results. We were able to derive organoids with spheroidal shape and ex-
tended three-dimensional structures (>1 mm) from tumor patient samples 
and cultured them for up to 15 weeks. Organoid forming and culturing ap-
pears to be more effi  cient with primary cells previously expanded on col-
lagen. Comparison of FFPE embedded, H&E and IHC stained organoids 
displayed characteristics of the corresponding primary tumor tissue. Ad-
ditionally, whole exome sequencing and phosphoproteomic profi ling of 
cancer-related receptor tyrosine kinases were performed to characterize 
tumor-derived organoids.
Conclusion. We established an optimized 3D organoid culture system for 
patient-derived non-small cell lung cancer samples that models tumor pa-
thology on the morphological and proteogenomic level. We are current-
ly in the process of implementing our approach in the molecular tumor 
board at the Charité Comprehensive Cancer Center to identify function-
ally relevant molecular alterations in individual patients for precision ther-
apy selection.
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complete cure aft er transurethral resection, to tumour progression with need 
for cystectomy and/or perioperative chemotherapy or even the possibility 
of metastatic disease. Consequently, in pT1 UBC the risk of under- or over-
treatment is high and requires an optimized estimation of prognosis. We 
analyzed pT1 tumours using a novel, semiquantitative method of substag-
ing, a combination of immunohistochemical markers (p53, Cytokeratin 20 
and Ki-67) and the three-tiered WHO grading system of 1973 thereby im-
proving the risk assessment for recurrence, progression and survival in those 
tumours. Muscle-invasive UBC in general and most rare histological vari-
ants of UBC are characterized by aggressive behaviour. Th ey show frequent 
therapy failure despite aggressive platin-based chemotherapy regimens re-
sulting in a high demand for alternative therapeutic strategies. We investi-
gated the outcome of patients with UBC treated with radiochemotherapy ac-
cording to the “Erlanger Schema”. Patients with micropapillary UBC showed 
worse survival rates compared to patients with conventional UBC. Howev-
er, in our study patients treated with radiochemotherapy (“Erlanger Sche-
ma”) had a better median survival than patients from other studies treated 
with cystectomy and adjuvant chemotherapy alone. Furthermore, the fi nd-
ing of HER2-amplifi cations in a subset of micropapillary UBCs confi rms 
anti-HER2 therapies as a promising alternative treatment option.

DGP18.03
Molecular characterization and identifi cation of new prognostic 
markers in biliary tract cancers

B. Goeppert*
Institute of Pathology, University Hospital, Heidelberg, Germany

Human bile duct cancers (BTC) are highly aggressive, relatively rare ma-
lignant tumors with an extremely dismal prognosis. BTC can be subdivid-
ed according to anatomical aspects into intrahepatic (iCCA), extrahepatic 
cholangiocarcinomas (eCCA) and gallbladder carcinomas (GBC). CCA is 
the second most common liver malignancy aft er hepatocellular carcino-
ma (HCC). Th e etiology of BTC is mostly unclear in the western world. 
However, chronic infl ammatory processes of the biliary system seem to 
play a role in the development of these tumors. Molecular cholangiocar-
cinogenesis has only been systematically investigated recently. We were 
able to establish the fi rst genome-wide DNA methylation status in CCA, 
thereby describing the methylome in CCA showing drastic global meth-
ylation diff erences between CCA and corresponding non-neoplastic tis-
sue (matched-pair analyses). Moreover, signifi cant methylation diff erenc-
es between CCA subgroups (eCCA and iCCA) and the relevance of the 
Wnt signaling pathway in cholangiocarcinogenesis could be demonstrated. 
Concerning putative druggable genetic alterations in BTC, we have shown 
that BRAF V600E mutant tumors are reliably immunohistochemically de-
tectable. However, the actual BRAF V600E mutation rate is signifi cantly 
lower (1.3%) than described in the literature and BRAF V600E mutation 
was in our cohort restricted to iCCA (5/157, 3.2%). Moreover, we provided 
a comprehensive, subgroup-specifi c, qualitative and quantitative charac-
terization of the infl ammatory cell infi ltrate and the major histocompat-
ibility complex I (MHC I) immunoreactivity in BTC. Th is diff erentiated 
presentation of the quantity and quality of the tumor-infi ltrating immune 
cells, the correlation with MHC I expression on tumor cells and the strict 
subgroup diff erentiation provide decisive insights for future immunomod-
ulatory therapy approaches in BTC.

DGP18.04
Functional genomics of Ewing sarcoma

T. Grünewald*
Ludwig Maximilian University of Munich, Institute of Pathology, Max-Eder 
Research Group for Pediatric Sarcoma Biology, Munich, Germany

Ewing sarcoma was fi rst described in 1921 by the American pathologist 
James Ewing as endothelioma of bone. Although Ewing sarcoma cells ex-
hibit an abrogated endothelial and partial neuroectodermal diff erentiation, 
the precise cell or origin remains still elusive. 

tion ruled out a bone marrow infi ltration of a secondary acute myeloid 
leukemia AML M2 based on a preexisting MDS with characteristic cyto-
logical dysplasias and detection of the identical mutations as demonstrat-
ed in the colon resectate.
Conclusion. Our data show that mutational profi ling can confi rm the diag-
nosis of MDS and underlines previous reports that NGS based mutational 
analaysis can be used in a routine clinical setting.

Current habilitations

DGP18.01
Intratumoral heterogeneity and prediction of response to 
neoadjuvant chemotherapy based on miRNAs in breast cancer

S. Avril1, 2*
1Institut für Pathologie, Technische Universität München, Munich, Germany, 
2Case Western Reserve University School of Medicine, Department of 
Pathology, Cleveland, United States

Background. miRNAs have been linked to chemosensitivity of breast can-
cer cell lines in-vitro. In patients, however, there are no methods validated 
for predicting chemotherapy response. Th e aim of this study was to assess 
I) intratumoral heterogeneity of miRNA expression within primary breast 
cancers, and II) whether a specifi c pattern of miRNA expression in preth-
erapeutic biopsies can predict response to neoadjuvant chemotherapy. 
Methods. In part I) surgical specimens of 16 large (≥3 cm) primary inva-
sive breast cancers were prospectively collected and sampled in 8–10 dis-
tinct locations including the peripheral, intermediate, and central zone, 
and 2–5 axillary lymph node metastases. Th e intratumoral heterogene-
ity in the expression of 4 candidate miRNAs was determined by qPCR. 
In part II) 64 patients with newly diagnosed large or locally advanced pri-
mary breast cancers underwent neoadjuvant anthracycline/taxane-based 
chemotherapy. Relative expression of 10 miRNAs likely associated with 
chemotherapy response (miR-7,–21,–29a,–29b,–34a,–125b,–155,–
200c,–340,–451) was determined by qPCR. Pathologic complete response 
(pCR) defi ned by absence of invasive tumor served as reference standard. 
Results. Th ere was considerable intratumoral heterogeneity in the expres-
sion of 4 miRNA candidates with a mean coeffi  cient of variation (CV) of 
40% within primary breast cancers and between lymph node metastases 
of the same patient. In comparison, the variation amongst diff erent pa-
tients showed a mean CV of 80% for primary tumors and 103% for lymph 
node metastases. 
In the neoadjuvant study, high expression of miR-7 and low expression of 
miR-340 in pretherapeutic biopsies predicted pCR with a negative-predic-
tive-value of 96% and a specifi city of 86%. Low pretherapeutic expression 
of miR-200c and miR-155 was associated with increased overall survival 
(115 vs. 90 months, p ≤ 0.03). 
Conclusions. Intratumoral heterogeneity can lead to sampling bias and re-
liable assessment of miRNA profi les should include sampling of the pri-
mary tumor in several locations. In pretherapeutic breast cancer biopsies, 
a profi le of miR-7low and/or miR-340high identifi ed patients unlikely to 
achieve pCR following neoadjuvant chemotherapy and who might benefi t 
from alternative treatment options including earlier surgery.

DGP18.02
Histomorphological and molecular analyses in bladder cancer – 
prognostic and predictive factors

S. Bertz*
University Hospital Erlangen, Department of Pathology, Erlangen, Germany

Urothelial bladder cancer (UBC) is a highly heterogeneous malignancy with 
a wide range of clinical, histomorphological and molecular features. High re-
currence- and progression rates require lifetime follow-up examinations and 
expensive, time-consuming therapies which make UBC one of the most ex-
pensive malignancies. pT1 UBC show a wide range of clinical courses from 
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can override the G1/S and intra-S checkpoints (Poehlmann et al., 2013a, b). 
Moreover, we link Chk1 to these checkpoint bypasses (Reissig et al., Oxida-
tive Medicine and Cellular Longevity 2017, under review). Chk1 executes 
a dual function by suppressing DNA damage response and simultaneously 
inducing chromatin modulation; both these events trigger undetected DNA 
damage and increased proliferation. We also observed accumulation of ac-
tivated Chk1, Ac-H3, Ac-H4, and c-Jun on chromatin in AUC, which cor-
roborates the importance of Chk1-mediated chromatin modulation in vivo.

DGP18.06
Molecular carcinogenesis of pancreato-biliary neoplasms

A. M. Schlitter*
Institute of Pathology, Munich, Germany

Pancreatic ductal adenocarcinomas (PDACs) and cholangiocarcinomas 
(CCs) arise in close proximity and share similarities in their morpholo-
gy, molecular carcinogenesis and prognosis. Th e present work focuses on 
diff erent aspects of the pancreato-biliary carcinogenesis and their relation 
to morphology and patient prognosis. 
In the fi rst study, the association of the mutational status of KRAS, CDKN2A/
p16, TP53 and SMAD4 with histopathology and survival in a large cohort of 
resected PDACs was examined. Th e obtained results will further help to link 
molecular profi les to individual morphological features of PDAC. 
Th e second study highlighted the frequent expression of Claudin 18.2 in 
PDACs and thus suggests a potential use of a Claudin 18.2-targeting ap-
proach. 
In the second part, we present two studies on rare biliary precursor lesions, 
intraductal papillary neoplasms (IPNBs) and intraductal tubulo-papillary 
neoplasms (ITPNs). In detail, we performed a histomorphological study 
and molecular investigations of common oncogenic pathways in the car-
cinogenesis of the lesions. Based on the observed morphological, clinical 
and striking molecular diff erences between both entities, distinct pathways 
for the carcinogenesis of IPMNs and ITPNs are suggested.

DGP18.07
Molecular Pathology of diff erent renal cell carcinoma subtypes

C. Stöhr*
Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of Pathology, 
Erlangen, Germany

Renal cell carcinoma (RCC) is categorized into diff erent subtypes of distinct 
histomorphology and outcome. Due to high prevalence, clear cell (cc) RCC 
is the best characterized entity. Consequently, several targeted therapies 
having effi  cacy in cc RCC have emerged while their performance in other 
RCC subtypes remains unclear and is currently investigated in clinical stud-
ies. More insight is also needed in the tumour biology of non ccRCC-sub-
types to build a base for specifi cally targeted therapies. Hence, our aim was 
to investigate diff erent aspects of tumour biology in diff erent RCC subtypes. 
Genetic alterations in cancers may be caused by impaired DNA repair mecha-
nisms. We could demonstrate that there is a subtype-specifi c defi ciency of the 
mismatch repair (MMR) proteins human MUTL homologue 1 and human 
MutS homlogue 2. Nevertheless, microsatellite instability or elevated micro-
satellite alterations at selected tetranucleotide sites are rare events. Howev-
er, subtype specifi city of MMR defi ciency might infl uence tumour biology. 
On the genetic level we also looked at a single nucleotide polymorphism 
in the promoter of the mouse double minute 2 homolog gene and could 
demonstrate an association of a certain genotype (G/G) and signifi cantly 
younger age (13,5 years) at onset in female Caucasians. Th ere was no as-
sociation of genotype distribution and subtype. 
RCC is known for aberrations in the VEGF pathway, but other signalling 
pathways are also involved. We found subtype-specifi c loss of the tumour 
suppressor secreted frizzled-related protein 1 (SFRP1), which was caused 
by promoter hypermethylation. SFRP1 is a negative regulator of the Wnt 
signalling pathway which is known to mediate proliferation, diff erentia-
tion and migration of cells. 

Despite this histogenic uncertainty, Ewing sarcoma is genetically very well 
characterized: Most cases exhibit the pathognomonic chromosomal translo-
cations generating in-frame fusion oncogenes such as EWSR1-FLI1, which 
act as aberrant transcription factors. Th ese chimeric transcription factors, 
which preserve the DNA-binding domain of FLI1, bind in contrast to their 
non-translocated counterparts to GGAA-microsatellites. Th is converts 
these otherwise non-functional DNA sequences into potent enhancers. In 
fact, 40% of the EWSR1-ETS target genes are reported to be controlled via 
GGAA-microsatellites whose enhancer activity increases with the number 
of consecutive GGAA-repeats. Interestingly, while comprehensive sequenc-
ing studies revealed a remarkable paucity of other somatic mutations in Ew-
ing sarcoma, epidemiological studies and genome-wide association studies 
point to a strong contribution of specifi c germline variants to Ewing sarco-
ma susceptibility, which may also have a role in disease progression. 
Despite some advances have been achieved in past decades in treatment 
of localized disease, patients with advanced stages of this highly aggres-
sive cancer still have dismal outcome. Attempts to directly exploit the 
disease-defi ning fusion oncogenes as therapeutic drug targets were as 
yet mostly not successful, which is why the detailed analysis of the EW-
SR1-FLI1 induced transcriptomic changes may hold promise for identifi -
cation of novel and specifi c target structures. 
During past years, I have been extensively working on the functional and 
genetic characterization of Ewing sarcoma. Specifi cally, I discovered that 
Ewing sarcoma cells displaying an oxidative stress phenotype are more in-
vasive, functionally characterized several EWSR1-FLI1 target genes, pro-
vided a mechanistic explanation for the increased susceptibility of Cau-
casians for Ewing sarcoma, and exemplifi ed how a direct cooperation of a 
dominant somatic mutation and a germline susceptibility variant can pro-
mote tumorigenesis. My current research focuses on how germline varia-
bility and such oncogenic cooperation translate into diff erent clinical out-
comes of Ewing sarcoma patients and other fusion-positive solid cancers 
such as prostate carcinoma.

DGP18.05
Establishment of an experimental model of ulcerative colitis to 
investigate infl ammation-associated oxidative stress as colon 
tumor initiator

A. Pöhlmann-Nitsche*
Otto-von-Guericke-University, Institute of Pathology, Magdeburg, Germany

Ulcerative colitis (UC) is an infl ammatory bowel disease (IBD) character-
ized by recurrence-remission cycles with periods of mucosal ulceration ac-
companied by cell death and regeneration of the colonic mucosa. Little is 
known about the role of cell cycle arrest and its override in UC. Th e most 
important molecule involved in infl ammation in UC is hydrogen peroxide 
(H2O2). Th erefore, I established an experimental model of H2O2-associated 
colitis to investigate molecular mechanisms underlying UC. I generated the 
cellular in vitro model of UC by simulating its clinical course by exposing 
human colonic epithelial cells (HCEC) to repeated cycles (C) of H2O2 ex-
posures. In this way, ten C-cell cultures (C1-C10) were generated following 
repeated H2O2 treatment interspersed with a recovery period which display 
the quiescent chronic phase of UC. A single H2O2 treatment of HCEC or C 
cell cultures simulated the acute phase and the active chronic phase of UC, 
respectively. We hypothesize that an ineff ective JNK-dependent DNA dam-
age checkpoint control in the acute phase was responsible for undetected 
DNA damage and increased proliferation in the quiescent chronic phase, 
both hallmarks of neoplastic transformation and cancer. Cellular survival 
was based on a switch from cell cycle arrest in the acute phase to increased 
proliferation in the quiescent chronic phase. Th is suggested that override of 
the upstream cell cycle arrest has an important function in UC and UC-as-
sociated neoplasia. Our recent in vivo data propose that JNK-dependent 
cell cycle arrest is critical in active ulcerative colitis (AUC), while chron-
ic infl ammation causes inactivation of JNK2 in quiescent ulcerative colitis 
(QUC) that contributed to checkpoint bypass, thus supporting our hypoth-
esis (Lessel et al., Carcinogenesis, 2017, in revision). In the experimental 
model, we further revealed a non-apoptotic function for the caspases: they 
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phisms (SNP) on chromosome 8q24.21 interposed between MYC and the 
long non-coding RNA PVT1. Th e SNPs are associated with increased sus-
ceptibility for ccRCC. MYC is highly upregulated in ccRCC, but compared 
to other tumors amplifi cation of the MYC locus is rare. Hence, dysregula-
tion of MYC in ccRCC must be caused by other mechanisms.
Methods. We analysed TCGA data and an RCC tissue microarray for the 
expression of MYC and PVT1. Primary renal tubular cells and RCC cell 
lines were used for expression analyses, chromatin immunoprecipitations 
against HIF and chromatin conformation analyses. Allele specifi c qPCR 
assays were used to examine genotype specifi c eff ects.
Results. Hypoxia led to induction of MYC and PVT1 in primary tubular 
cells and VHL re-expressing ccRCC cell lines in a HIF-dependent manner. 
Strikingly, HIF-ChIP-seq experiments identifi ed HIF-binding events in a 
distal regulatory DNA element which encompasses the ccRCC associated 
SNPs. Moreover, hypoxic regulation of MYC and PVT1 RNA, HIF-bind-
ing and open chromatin at the 8q24.21 locus were highly cell type specif-
ic and restricted to cells of renal tubular origin. Physical and functional 
interaction of the distal enhancer with the MYC promotor was verifi ed 
by capture-c-assay and genome editing (CRISPR/Cas9). In cell lines het-
erozygous for the SNP, allele specifi c assays showed an increased activity 
of chromatin and HIF-binding for the risk haplotype.
Conclusion. In cells of tubular origin HIF regulate MYC and PVT1 ex-
pression through binding to a distal enhancer. Th erefore, in VHL-defec-
tive ccRCC unrestrained expression of HIF leads to overexpression of the 
oncogenes MYC and PVT1. We conclude that the ccRCC associated SNP 
on 8q24.21 promotes these eff ects by modifying accessibility and activi-
ty of this site.

DGP12.03
p21 loss triggers ZEB1-dependent chromatin alterations in EMT

P. Lennert*1, S. Paul2, J. Vera-Gonzalez2, H. Ahmed3, V. Mahadevan3, 
K. Erlenbach-Wünsch1, T. Brabletz4, H. Gali-Muhtasib5, M. Fatfat5, 
J. K. Muenzner1, C. Neufert6, A. Hartmann1, R. Schneider-Stock1

1Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany, 2Friedrich-Alexander-University of 
Erlangen-Nürnberg, Department of Dermatology, Systems Tumor 
Immunology, Erlangen, Germany, 3IBAB, Institute of Bioinformatics & 
Applied Biotechnology, Bangalore, India, 4Friedrich-Alexander-University 
of Erlangen-Nürnberg, Department of Experimental Medicine 1, Nikolaus-
Fiebiger-Center for Molecular Medicine, Erlangen, Germany, 5Department 
of Biology, and Department of Anatomy, Cell Biology and Physiological 
Sciences, American University of Beirut, Beirut, Lebanon, 6Friedrich-
Alexander-University of Erlangen-Nürnberg (FAU), First Department of 
Medicine, University Hospital, Erlangen, Germany

Background. Th e cell cycle regulator and cyclin-dependent kinase inhibi-
tor p21 has recently been identifi ed to inhibit epithelial-to-mesenchymal 
transition (EMT) via binding ZEB1 in a repressor complex. Recently, we 
provided evidence that p21 remarkably aff ects chromatin regulation. Since 
p21-/- cells have mesenchymal characteristics, we aimed to identify how 
p21 is able to control EMT. So far a link between ZEB1 and chromatin 
regulation has not been investigated. Here, we focused on the infl uence 
of p21 on ZEB1-mediated regulation of chromatin modifying enzymes in 
colorectal tumor cells.
Methods. Diff erent isogenic HCT116 cell lines were analyzed for chroma-
tin modifi ers and EMT markers using PCR Arrays. Bioinformatic analysis 
revealed overlapping gene clusters and pathways between the diff erent cell 
lines. siRNA and ChIP experiments for ZEB1 were performed to identify 
new ZEB1 target genes. Western Blot and RT-qPCR were used to confi rm 
the array data. ELISA, tube formation and proliferation assays were per-
formed to functionally characterize the gene eff ects. Th e chorioallantoic 
membrane (CAM) assay and a mouse xenograft  model were used to study 
the in vivo relevance of our fi ndings. Structural modelling was performed 
to investigate protein-protein interactions.
Results. We identifi ed a set of seven p21-dependent genes with ZEB1 re-
sponsible elements in their promoter. Two genes were found to be dysreg-

Th e survival of tumour cells is depending on their ability to escape from 
elimination by immune cells. Th rough the peptides they present on their 
surface, cells are recognized as own or alien/transformed and removed 
when required. We found aberrant and subtype-specifi c expression of dif-
ferent components of the antigen processing and presentation machinery. 
Aberrations in this process might lead to impaired cancer cell removal the 
extent of which might be also subtype specifi c. 
In conclusion, we found several aspects of tumour biology that are diff er-
ently pronounced dependent on tumour subtype and might be involved 
in tumour aggressiveness and therapy effi  cacy.

Best abstacts and thesis contributions 01

DGP12.01
Diff erential gene expression in solitary fi brous tumors (SFTs) with 
distinct NAB2-STAT6-fusion variants

F. Haller*1, E. A. Moskalev1, P. Ströbel2, E. Wardelmann3, A. Hartmann1, 
A. Agaimy1

1University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
2University Medical Center, Institute of Pathology, Göttingen, Germany, 
3University Hospital Münster, Institute of Pathology, Münster, Germany

Background. Recently, we showed that solitary fi brous tumors (SFTs) with 
specifi c variants of the NAB2-STAT6 gene fusion are characterized by dif-
ferent clinical and histomorphological features. Specifi cally, SFTs with the 
most common NAB2(exon 4)-STAT6(exon2) fusion variant were signifi -
cantly less aggressive and more oft en displayed the classical fi brous mor-
phology, whereas SFTs with the shorter NAB2(exon6)-STAT6(exon16) fu-
sion variant were more aggressive and showed a more cellular morphology 
resembling classical hemangioperictyome (HPC).
Methods. A cohort of 20 SFTs was analyzed by the TruSight RNA Pan-Can-
cer Panel for potential gene fusions and diff erential gene expression of 1385 
genes. Analysis of gene fusions and gene expression was performed with 
TopHat and Cuffl  inks, respectively.
Results. All NAB2-STAT6 gene fusions known from previous RT-PCR anal-
yses were correctly identifi ed. Using an unsupervised hierarchical cluster 
analysis, SFTs signifi cantly clustered according to their fusion variant. Th e 
direct comparison of SFTs with NAB2(exon 4)-STAT6(exon2) vs. NAB2(ex-
on6)-STAT6(exon16) fusion variants revealed 277 genes (20%) that were 
signifi cantly diff erentially expressed, including potential drug targets.
Conclusion. Quantitative gene expression analysis using next-generation 
sequencing reveals remarkable diff erences in SFTs with diff erent variants 
of the common NAB2-STAT6 gene fusion, providing a possible explana-
tion for the previously reported association of clinico-pathological param-
eters with the most common fusion variants.

DGP12.02
Genetic variation at the 8q24.21 renal cancer susceptibility locus 
aff ects HIF-binding to an enhancer of oncogenic MYC and PVT1 
expression

S. Grampp1, J. Platt2, V. Lauer1, R. Salama2, F. Kranz1, V. Neumann1, S. Wach3, 
C. Stöhr4, A. Hartmann4, K.-U. Eckardt1, P. Ratcliff e2, D. Mole2, J. Schödel*1

1Friedrich-Alexander-University of Erlangen-Nürnberg, Department of 
Medicine 4, Erlangen, Germany, 2University of Oxford, Henry Wellcome 
Building for Molecular Physiology, Oxford, United Kingdom, 3University 
Hospital Erlangen, Department of Urology, Erlangen, Germany, 4Friedrich-
Alexander-University of Erlangen-Nürnberg, Institute of Pathology, 
Erlangen, Germany

Background. Clear cell renal cell carcinoma (ccRCC) arises from tubular 
cells. It is characterized by loss of von Hippel-Lindau protein (VHL) and 
uncontrolled expression of hypoxia inducible transcription factors (HIF). 
A genome-wide association study identifi ed single nucleotide polymor-
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models does not only guide precision cancer care, it also fuels next gen-
eration research and has been implemented for clinical trial development 
in our Institution.

DGP12.05
Knockout of the carbohydrate responsive element binding protein 
(chREBP) alters insulin induced hepatocellular clear cell lesions 
after intraportal pancreatic islet transplantation in diabetic mice

S. Ribback*, J. Sonke, A. Hensel, J. Frohme, K. Peters, C. West, J. Holm, 
M. Peters, A. Cigliano, D. F. Calvisi, F. Dombrowski
Universitätsmedizin Greifswald, Greifswald, Germany

Background. Clear cell foci (CCF) of altered hepatocytes are constitutive 
pre-neoplastic lesions in experimental models of hepatocarcinogenesis, 
including the intraportal pancreatic islet transplantation model of diabet-
ic rats. In this insulin mediated model, activation of the protooncogen-
ic pathways of Akt/mTOR and Ras/raf-1 and upregulation of glycolysis 
and de-novo-lipogenesis, representing the lipogenic phenotype, have been 
described previously. Additionally, the transcription factor carbohydrate 
responsive element binding protein (chREBP), physiologically regulating 
hepatocellular glucose and lipid metabolism, was found to be activated 
during AKT/mTOR signaling in CCF.
Methods. We transferred the islet transplantation model to the mouse in 
combination with the knockout of chREBP. In short time experiments 
of one and four weeks, C57BL/6J Wild-type (WT) and chREBP-knock-
out (chREBP-KO) mice (n = 297) were matched to eight experimental and 
eight control groups, with or without prior Streptozotocine-induced dia-
betes. Experimental groups received an intraportal transplantation of 70–
100 isologous, isolated pancreatic islets. Liver tissue was examined using 
histology, morphometry, enzyme- and immunohistochemistry (incuding 
BrdU labeling index) and electron microscopy.
Results. CCF emerge at the downstream level of the islets, both in WT and 
even more frequently in chREBP-KO mice (WT vs. KO one week 67% 
vs. 95%, four weeks 45% vs. 82%, p < 0.05). In comparison to WT lesions, 
CCF of chREBP-KO reveal a higher degree of glycogen accumulation due 
to a reduced activity of the glycogenolytic enzyme glucose-6-phosphatase 
and decreased glycolysis (i. e. hexokinase II, aldolase). Lipid storage is al-
most missing due to reduced lipogenesis (i. e. fatty acid synthase). Prolif-
erative activity in CCF of knockout mice is halved in comparison to WT 
mice (BrdU labelling index of CCF aft er four weeks WT vs. chREBP-KO: 
11.34 ± 2.24 vs. 6.08 ± 0.70; p < 0.05). Simultaneously, signaling of the AKT/
mTOR and Ras/raf-1 cascade (i. e. p-Akt, p4EBP-1, IRS1 and pERK) is de-
pleted in CCF of chREBP-KO mice.
Conclusion. We suggest that chREBP is not only a physiological transcrip-
tion factor for glucose and lipid regulation in hepatocates but rather pro-
motes insulin resistance and is an essential protooncogenic component via 
establishment of the lipogenic phenotype in precursior lesions of hepato-
carcinogenesis.

DGP12.06
High CD3+ T-cell stroma infi ltration is associated with better 
survival in stage pT1 bladder cancer

S. Hülsen*1, E. Lippolis2, W. Otto3, C. Geppert1, L. Distel4, R. Fietkau4, J. Breyer3, 
M. Burger3, F. Ferrazzi2, A. Hartmann1

1Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany, 2Friedrich-Alexander-University of Erlangen-
Nürnberg, Institute of Human Genetics, Erlangen, Germany, 3St. Josef 
Medical Centre, Department of Urology, Regensburg, Germany, 4Friedrich-
Alexander-University of Erlangen-Nürnberg, Department of Radiation 
Oncology, Erlangen, Germany

Background. Stage pT1 bladder cancer (BC) is one of the most challeng-
ing subentities in uro-oncology. Up to one third of the patients develop 
muscle-invasive disease and the need for markers able to detect aggres-
sive features and stratify patients for early cystectomy vs. organ-preserving 

ulated in a p21- and ZEB1-dependent manner: the de novo methyltrans-
ferase 3b (DNMT3B) was downregulated and the histone methyltransferase 
SETD1B was upregulated when p21 was lost. Downregulation of ZEB1 by 
siRNA reversed these phenomena in the cells. While loss of DNMT3B 
did not alter the whole cell methylation status and promoter methylation 
of a few tested EMT markers the upregulation of SETD1B and its active 
histone mark H3K4me3 dramatically triggered the expression of down-
stream EMT targets. Indeed, tumors grown on the CAM showed a remark-
able increase in H3K4me3 protein expression. Our structural model iden-
tifi ed that the protein-protein-interaction between ZEB1 and SETD1B/
DNTM3B was impaired when p21 was docked into the complex.
Conclusion. Our data strongly suggest that p21 loss activates EMT in 
colorectal tumor cells through ZEB1-mediated induction of the chroma-
tin modifi er SETD1B. Th ese novel fi ndings provide insights on how chro-
matin modifi cation and EMT could be linked in colorectal tumors.

DGP12.04
The establishment of a living biobank to guide precision medicine

C. Pauli*1, 2, B. D. Hopkins3, R. Shaw4, V. Sailer2, A. Sboner5, O. Elemento5, 
H. Beltran2, 6, F. Dimichelis5, C. J. Kemp4, C. Grandori4, L. C. Cantley3, 
M. A. Rubin6, 7

1Institute for Pathology and Molecular Pathology USZ, Pathologie, Zurich, 
Switzerland, 2The Caryl and Israel Englander Institute for Precision Medicine, 
Weill Cornell Medicine and NewYork-Presbyterian Hospital, New York, 
United States, 3Meyer Cancer Center, Weill Cornell Medicine, Cancer Center, 
New York, United States, 4Cure First/SEngine Precision Medicine, Drug 
Screening, Seattle, United States, 5The Caryl and Israel Englander Institute 
for Precision Medicine, Weill Cornell Medicine and NewYork-Presbyterian 
Hospital, Computational Biology, New York, United States, 6Meyer Cancer 
Center, Cancer Center, New York, United States, 7The Caryl and Israel 
Englander Institute for Precision Medicine, Weill Cornell Medicine and 
NewYork-Presbyterian Hospital, Precision Medicine, New York, United States

Background. Precision oncology is a clinical approach aimed towards tai-
loring treatment strategies for patients based on the genetic profi le of each 
patient’s cancer. In our Institute we developed a robust Precision Cancer 
Care Program, which integrates whole exome sequencing (WES) with a 
living biobank, enabling high throughput drug screening on patient de-
rived tumor organoids (PDTO) and in vivo testing in patient derived xen-
ograft s (PDX). Th rough the development of a living biobank with patient 
derived samples we hope to facilitate the integration of genetic data with 
drug screening in order to help guide clinical decision-making, develop 
novel clinical trials and to fuel next generation research.
Methods. PDTOs are established from fresh tumor biopsies, resection 
specimens and body fl uids (e. g., ascites). Th ey are characterized accord-
ing to standardized cytology, histology and genomic platforms. Character-
ized PDTOs are expanded, biobanked, used for in vitro drug screening and 
implanted in nude mice for the in vivo testing of potential drug candidates.
Results. To date WES of 769 tumor-normal pairs, 56 tumor derived or-
ganoid cultures from 18 diff erent solid tumor types and 19 PDX models 
have been established. Mean success rate in generating PDTOs is 35%, 
depending on specimen quality and tumor type (e. g. endometrial can-
cer 70%, metastatic prostate cancer 5%) and 85% for PDX development 
from tumor organoids. Tumor morphology and molecular profi les show 
good concordance among PDTOs, PDTXs and native tumor tissues. We 
so far performed high throughput drug screening (up to 160 compounds 
exposed to 6–8 diff erent drug concentrations) on 8 PDTO lines. 7 of these 
lines were subjected to combination drug screens with candidate com-
pounds from the initial screens and/or compounds indicated by the ge-
netic data at their approximate IC30 dose. We nominated several targeted 
small molecules and novel combinations that have been tested in a corre-
sponding xenograft  model.
Conclusion. Th is precision medicine approach outlines the importance of 
a living biobank and nominates novel therapeutic opportunities for can-
cer patients who have exhausted standard of care options. Th e integration 
of genomic data with drug screening from personalized preclinical cancer 
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DGP12.08
A crucial FAKtor: focal adhesion kinase (FAK) as a regulator of cell 
adhesion and migration in Ewing sarcoma

K. Steinestel*1, 2, E.-P. Jansen1, U. Dirksen3, M. Trautmann1, J. Rehkämper1, 
J.-H. Mikesch4, T. G. P. Grünewald5, E. Wardelmann1, W. Hartmann1

1University Hospital Münster, Gerhard Domagk Institute of Pathology, 
Münster, Germany, 2Bundeswehrkrankenhaus Ulm, Institute of Pathology 
and Molecular Pathology, Ulm, Germany, 3University Hospital Münster, 
Pediatric Hematology and Oncology, Münster, Germany, 4University 
Hospital Münster, Clinic of Internal Medicine A, Münster, Germany, 5Ludwig 
Maximilian University of Munich, Max-Eder Junior Research Group for 
Pediatric Sarcoma Biology, Institute for Pathology, Munich, Germany

Background. Ewing sarcoma (ES), an aggressive bone tumor of childhood 
and adolescence, is characterized by a remarkably low number of somatic 
mutations and a nearly diploid genome. Its oncogenic potential is derived 
from pathognomonic chimeric fusions of the EWSR1 gene and various 
members of the ETS family transcription factors, with EWSR1-FLI1 rear-
rangements in 85% of cases. (Micro-)metastatic dissemination is the ma-
jor threat for ES patients, and earlier studies have shown that cytoskeletal 
rearrangements upon EWSR1-FLI1 oncoprotein expression contribute to 
a migratory phenotype in ES cells via dysregulation of proteins involved 
in focal adhesion (FA) complexes, such as Zyxin.
Methods. Using gene expression arrays and immunohistochemistry, we 
analyze the expression of various FA components on mRNA and protein 
level. By the use of 3 ES cell lines with diff erent EWSR/ETS fusion types as 
cellular tumor models, we analyze the role of expression and (auto-)phos-
phorylation of FA protein components during ES cell proliferation, adhe-
sion and migration. Finally, we investigate possible anti-invasive properties 
of Y15 (1,2,4,5- Benzenetetraamine tetrahydrochloride), a potent inhibitor 
of focal adhesion kinase (FAK) autophosphorylation, in vitro and in vivo.
Results. We show here that key tumorigenic properties of ES cells are de-
pendent on autophosphorylation of FAK on tyrosine 397, resulting in en-
hanced focal adhesion and stress fi ber formation as well as Rho-dependent 
cell migration along with impaired caspase-3- mediated anoikis (detach-
ment-induced cell death) in vitro. Accordingly, treatment of ES cells with 
the FAK inhibitor Y15 impaired cell migration and enhanced caspase-me-
diated apoptosis in vitro.
Conclusion. In conclusion, we show that FAK autophosphorylation is a 
crucial event in ES cell migration and evasion of apoptosis. Our results 
therefore provide a fi rst rationale for the use of FAK inhibitors to impair 
metastatic dissemination of ES.

DGP12.09
Preclinical characterization of three novel giant cell tumor cell 
systems and their growth inhibition by the WEE-1 inhibitor MK-
1775

C. Lübbehüsen*1, J. Lüke1, J. Schreiber1, D. Jäger1, A. von Baer2, M. Schultheiß2, 
R. Marienfeld1, S. Brüderlein1, P. Möller1, K. Mellert1, T. F. E. Barth1

1Ulm University, Institut of Pathology, Ulm, Germany, 2Ulm University, 
Department of Surgery, Ulm, Germany

Background. Giant-cell-tumour of the bone (GCTB) is a primary tumor 
of bones with a locally aggressive behaviour; metastasis may occur. GCTB 
is composed of multinucleated osteoclast-like giant cells and mononu-
clear stromal cells; the stromal cells are characterized by the H3F3A mu-
tation G34 W which is regarded as the driver of this neoplasia. Th e mon-
oclonal anti-RANKL antibody Denosumab is used as a treatment option 
for large or metastatic GCTB aiming at downstaging of tumor. Recently, 
long term use of Denosumab has been shown to be critical. Several case 
reports describe the emergence of high-grade sarcomas following Deno-
sumab treatment. Th erefore, there is a need for new therapy options. Th e 
small molecule MK-1775 is a selective WEE1 kinase inhibitor in use in 
clinical trials for pancreatic cancer, acute myeloid leukaemia, advanced 
glioblastoma, and other malignancies as single agent or in combination 
with DNA-damaging drugs.

therapies remains. Lymphocyte infi ltration was shown to be of prognos-
tic value in colorectal and other cancers and few studies have previously 
identifi ed lymphocyte infi ltration as potential prognostic factor in BC. Th e 
aim of this study was to develop methods to quantify immune reaction in 
transurethral bladder resection (TURB) specimens and correlate it with 
patient outcome in pT1 BC.
Methods. Specimens of 178 patients (79% male, median age 72 y) with pT1 
BC treated by TURB were stained with CD3 and CD8 antibodies. CD3+ 
and CD8+ T-cells in areas with the highest immune reaction found by his-
topathological assessment were counted digitally by BIOMAS®. 3 HPFs in 
stroma and tumor were analyzed separately. Furthermore lymph follicle 
(LF) and lymphocyte aggregates (LA) were quantifi ed. Clinicopathological 
data included various parameters, among which tumor grade (G2: n = 126; 
G3: n = 52) and overall survival. Statistical analyses were performed using 
Matlab v. R2014b. Results with p-value <0.05 were considered statistical-
ly signifi cant.
Results. Immune cell infi ltrate could be successfully quantifi ed. A separate 
quantifi cation for stroma und tumor, but not in relation to invasion front 
as used in Immunoscore (IS) in colorectal cancer, was possible. Higher 
values of stroma infi ltration appeared associated with longer overall sur-
vival time. Th ere were signifi cant diff erences in relation to tumor grade, 
with G3 patients showing poorer survival than G2 patients. In addition in-
fi ltrative growth, CIS and solid tumors were signifi cantly more present in 
G3. Furthermore, higher values for CD3+ tumor infi ltration, LA and LF 
were found in G3. In the light of the higher risk for worse outcome in pa-
tients with pT1G3 disease, we explored more in detail stroma infi ltration 
in G3 group. Two groups of patients (n = 63 each) identifi ed by a cluster-
ing approach were characterized by signifi cantly diff erent Kaplan-Meier 
curves, with higher stroma infi ltration associated with better survival. All 
mentioned statistically signifi cant results were found for CD3+ but not 
for CD8+ T-cells.
Conclusion. Taken together, higher stroma infi ltration of CD3+ T-cells is 
associated with better prognosis for stage pT1 BC.

DGP12.07
Multicolor lineage tracing reveals clonal dynamics in colon cancer

S. Lamprecht*, E. M. Schmidt, C. Blaj, H. Hermeking, A. Jung, T. Kirchner, 
D. Horst
Institute of Pathology, Munich, Germany

Background. Colon cancers are composed of phenotypically heterogene-
ous tumor cell subpopulations with variable expression of stem cell and 
diff erentiation antigens. While in normal colonic mucosa clonal repopula-
tion occurs among diff erentiation gradients from crypt base towards crypt 
apex, the clonal architecture of colon cancer and the relevance of tumor cell 
subpopulations for clonal outgrowth are poorly understood.
Methods. To assess clonal outgrowth in vivo, we developed a lentiviral tool 
for multicolor lineage tracing in colon cancer xenograft s. Aft er induction 
of multicolor labeling in individual tumor cells, we analyzed clonal out-
growth over time, and determined clonal dynamics and clone character-
istics. Moreover, we developed a computer model simulating clonal out-
growth.
Results. We demonstrate that clonal outgrowth in colon cancer is mainly 
driven by tumor cells located at the leading tumor edge with clonal axis 
formation towards the tumor center. Importantly, this axis formation is 
independent of the intratumoral distribution of stem cell antigens and 
diff erentiation gradients. Computer simulations suggested that tumor cell 
position and clonal competition at the leading tumor edge predominantly 
determine clonal outgrowth in colon cancer.
Conclusion. While our fi ndings are compatible with lineage outgrowth in 
a cancer stem cell model, they imply that in colon cancer tumor cell posi-
tion is more important for clonal outgrowth than tumor cell phenotype.
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DGP12.11
Single cell analysis of prostate cancer tissue using CyTOF

L. De Vargas Roditi*1, A. Jacobs2, C. Fankhauser1, K. Saba1, C. Poyet1, 
M. Claassen3, B. Bodenmiller2, P. Wild1

1USZ, Zurich, Switzerland, 2UZH, Zurich, Switzerland, 3ETHZ, Zurich, 
Switzerland

Background. Sequencing and proteome profi ling eff orts in the past few 
years have revealed widespread genetic and proteomic heterogeneity of 
solid tumors. Prostate cancer is characterized by multiple genomic altera-
tions leading to the complex nature and heterogeneity of the disease. Th e 
heterogeneity at the proteomic level is not yet well characterized. Intra-tu-
mor heterogeneity can impair precise molecular analysis of tumors and in-
terferes with biomarker qualifi cation, treatment personalization as well as 
drive therapy resistance, highlighting the importance of characterizing tu-
mor heterogeneity. Using single-cell mass cytometry data, we identify the 
proteomic changes that defi ne the diff erences between normal (adjacent 
non-tumor cells) versus tumor cell populations in prostate cancer patients.
Methods. Experiments with single-cell resolved read-outs, such as mass 
cytometry, provide dozens of parameters simultaneously at the single-cell 
level, for thousands of cells. However, the high dimensionality and the bi-
ologically induced variability of such data constitute a challenge for data 
visualization and analysis, which require mathematical and computational 
approaches for interpretation of the results.
Results. We analyze tissue sections from surgically removed prostates us-
ing mass cytometry with a comprehensive set of 40 antibodies to jointly 
identify surface markers, enzymes, transcription factors and functional 
readouts. Cells derived from prostatectomy specimens (tumor areas and 
adjacent non-tumor regions) were analyzed with mass cytometry and the 
read-out was the quantifi cation of dozens of proteins for hundreds of thou-
sands of single cells. Th is data was analyzed with machine learning tech-
niques to uncover the proteomic changes that characterize the tumor re-
gions from their normal counterpart.
Conclusion. Here, we present for the fi rst time an analysis of prostate tumor 
cell heterogeneity by mass cytometry coupled to a qualitative assessment 
of the diff erences between normal and tumor states. Our results show that 
immune cells, stromal cells and heterogeneous tumor cells can be com-
prehensively distinguished. Th is work demonstrates how single cell phe-
notypic profi les of prostate tumor and non-tumor cells, taken from surgi-
cally removed prostates, can be used to quantify the varying heterogeneity 
during tumor progression.

DGP12.12
Autophagy in tumor development

M. Rosenfeldt*1, J. O’ Prey2, O. Sansom2, J. Morton2, A. Rosenwald1, K. Ryan2

1University of Würzburg, Institute of Pathology, Würzburg, Germany, 
2University of Glasgow, Beatson Institute for Cancer Research, Glasgow, 
United Kingdom

Background. Autophagy is a rapidly modifi able degradation process that 
enables cells to maintain homeostasis in response to various intra- and 
extracellular cues. Upon induction of autophagy intracellular material is 
sequestered in specialized transport vesicles (autophagosomes) that then 
fuse with lysosomes for cargo degradation. As a result energy is produced 
and biosynthetic precursors for anabolic reactions are released into the cy-
toplasm. Despite ongoing clinical trials the impact of autophagy on tumor 
development is incompletely understood. Both tumor promoting and tu-
mor suppressive eff ects have been reported.
Methods. Kaplan-Meier survival analysis of diff erent genetically engi-
neered mouse models (pancreatic cancer (PDAC) and melanoma) that 
allow conditional deletion of autophagy. Functional analysis and correla-
tion to human tissue.

Methods. We investigated by MTS assays the eff ect of MK-1775, gemcit-
abine and the combination of both on three novel GCTB cell lines estab-
lished in our laboratory; Sanger sequencing was used for H3F3A mutation 
analyses; Western blotting and immunohistochemistry were applied for 
detection of the diff erent members of the WEE1 pathway.
Results. Th e stable GCTB cell lines U-GCT1, U-GCT2, and U-GCT3M all 
carry the H3F3A mutation. We show that the players of the WEE1 path-
way CDK1, RRM2, and H3K36me3 are expressed on the protein level in 
all three cell lines. All three cell lines show a strong reduction of a cell pro-
liferation aft er treatment with MK-1775 with IC50 values between 174–
414,43nM and gemcitabine treatment with IC50 values between 29.31–
74.98nM. Th e combination of both agents caused a signifi cant reduction 
of cell proliferation compared to the single-dose of the agents. By immu-
nohistochemical staining of paraffi  n sections of 12 GCTB samples we show 
that the members of the WEE1 pathway are expressed in GCTB in situ.
Conclusion. We conclude that inhibition of the WEE1 pathway may rep-
resent a new option for treatment of GCTB.

DGP12.10
Non-autonomous eff ects of oncogenic YAP in early phases of 
hepatocarcinogenesis

S. Marquard*1, S. Thomann1, S. Weiler1, C. Sticht2, N. Gretz2, P. Schirmacher1, 
K. Breuhahn1

1Institut of Pathology, Heidelberg, Germany, 2Medical Faculty Mannheim of 
the University of Heidelberg, Medical Research Centre, Mannheim, Germany

Background. Overexpression of the oncogene yes-associated protein (YAP) 
induces hepatomegaly eventually leading to liver cancer in a transgenic 
mouse model within 8–12 weeks. Next to the induction of tumour auton-
omous mechanisms that are associated with hepatocellular proliferation, 
YAP creates a tumour-supporting microenvironment characterized by an 
increased capillary vessel density. However, it is unknown how YAP aff ects 
non-parenchymal cells in a paracrine manner. We therefore aim to char-
acterize the most relevant YAP-dependent secreted factors in early phases 
of hepatocarcinogenesis.
Methods. Primary hepatocytes were isolated from wildtype mouse liv-
ers and animals with YAP-induced hepatomegaly (LAP-YAPS127A; age: 12 
weeks). Expression profi ling by the Aff ymetrix platform and the mouse 
XL cytokine antibody array (111 secreted factors; R&D Systems) were per-
formed. Cytokine amounts were confi rmed by ELISA. Th e siRNA-medi-
ated silencing of YAP was performed in murine Hepa1-6 cells or human 
SNU182 cells and transcript levels were measured by real-time PCR. Verte-
porfi n was used to inhibit the interaction between YAP and TEAD. Gene 
expression data of 242 hepatocellular carcinoma (HCC) patients were an-
alysed.
Results. Th e transcript abundance of 92 cytokines and respective receptors 
was signifi cantly increased in YAP-positive hepatocytes. At the protein lev-
el, YAP induced the secretion of several factors such as plasminogen acti-
vator inhibitor-1 (PAI-1) and platelet derived growth factor beta (PDGFB). 
Th ese candidates were also elevated in mouse tissues of YAP-mediated 
hepatomegaly and liver tumours. PAI-1 and PDGFB were downregulated 
aft er siRNA-mediated silencing of YAP and its binding partner TEAD4 
in diff erent HCC cell lines. Moreover, the disruption of transcriptionally 
active YAP/TEAD complexes by Verteporfi n led to a reduction of PAI-1 
and PDGFB mRNA levels. Transcriptome data derived from human HCC 
samples confi rmed that high level expression of PAI-1 and PDGFB was 
associated with poor overall patient survival and early tumour recurrence.
Conclusion. Th e oncogene YAP drives the expression of PAI-1 and PDG-
FB suggesting an intense paracrine cross talk between hepatocellular cells 
and non-parenchymal cells already in early phases of liver tumorigenesis. 
A detailed understanding of this regulatory network will allow the devel-
opment of specifi c perturbation approaches in a subgroup of HCC patients 
with YAP overexpression.
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A robust multigene-assay to predict endocrine sensitivity in 
hormone receptor-positive, HER2-negative metastatic breast 
cancer
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Background. Endocrine therapy is the foundation of palliative treatment 
in hormone receptor-positive, HER2-negative (HR+/HER2-) metastatic 
breast cancer (MBC). Th e selection of later lines of treatment can become 
challenging because secondary endocrine resistance may have developed. 
Th e aim of this study was to develop an index for gene expression related 
to estrogen (ESR1) and progesterone receptors (PGR) that is robust under 
diff erent pre-analytical and analytical conditions that could predict endo-
crine sensitivity in MBC.
Methods. We selected transcripts correlated with ESR1 and PGR in 389 
HR+ breast cancer samples (Aff ymetrix U133A microarrays). Candidate 
genes were then ranked according to their stability under diff erent pre-an-
alytical and analytical conditions. A summarized score for sensitivity to 
endocrine therapy, SETER/PR, was calculated based on the expression of 18 
target and 10 reference genes. We evaluated its theranostic potential in 
an independent dataset of 140 biopsies from distant metastases of HR+/
HER2- breast cancers and validated the technical performance in addition-
al datasets. SETER/PR was translated to a customized assay for formalin-fi xed 
and paraffi  n-embedded (FFPE) tissue.
Results. Patients with relapsed MBC receiving endocrine therapy had 
longer progression-free (PFS; 9 vs. 2 months) and overall survival (OS; 50 
vs. 19 months) when SETER/PR was high. SETER/PR was also associated with 
PFS in a multivariate model adjusted for PGR status, the presence of vis-
ceral metastases, number of previous relapse events and a prior history of 
endocrine sensitivity (HR 0.485, 95%CI 0.265–0.889, p = 0.019). SETER/PR 
was highly reproducible under diff erent pre-analytical (intratumoral het-
erogeneity, type of tissue, time of cold ischemic delay, host tissue con-
tamination) and analytical conditions (technical reproducibility, diff erent 
microarray platforms). Th e translated SETER/PR assay used a single 10 μM 
FFPE tissue section, did not require RNA purifi cation, and represented the 
microarray results from matched fresh samples with excellent agreement 
(correlation = 0.980, n = 31).
Conclusion. SETER/PR predicts PFS and OS for patients with HR+/HER2- 
MBC under endocrine therapy. Th e assay is applicable to FFPE tissue sec-
tions from small biopsies of metastases. Additional validation studies will 
be necessary to confi rm these results.

DGP12.15
Increasing tumor purity using a unique fl ow-sorting approach to 
decipher clonal evolution in matched samples of squamous cell 
carcinoma of the lung

A. Krause*1, T. Lorber1, V. Perrina1, T. Dietsche1, C. Ruiz1, M. T. Barrett2, 
L. Bubendorf1

1Pathologie, Forschung, Basel, Switzerland, 2Mayo Clinic Arizona, Scottsdale, 
United States

Background. Genomic intratumoral heterogeneity and clonal evolution in 
cancers are eminent for urging progression or recurrence of the disease. 
It is substantial to investigate pure tumor populations to study genomics 
at absolute scales. Especially squamous cell carcinomas of the lung (SCC) 
are – with a mean tumor cell purity of only 49%[1] – highly intermixed 

Results. In murine pancreatic cancer the tumor suppressors TP53 and 
PTEN determine the outcome of autophagy blockage in vivo. In the pres-
ence of TP53 and PTEN autophagy blockage completely prevents forma-
tion of PDAC. In contrast, if either TP53 or PTEN are lost then autophagy 
deletion causes a rapidly accelerated tumor onset. 
Th e situation is diff erent in a BRAF-driven murine melanoma model. Here 
autophagy deletion accelerates tumor onset in Trp53- and Pten- wildtype 
animals, whereas hemizygosity for Pten ablates this diff erence, i. e. tumor 
onset in autophagy-defi cient situations is now similar to autophagy-profi -
cient situations. Consistent with a tumor suppressive role for autophagy in 
Pten-wildtype melanoma human nevi accumulate more autophagosomes 
than melanoma cells.
Conclusion. Th e role of autophagy in tumor development depends on the 
type of cancer and on the genetic context within a given cancer entity. In 
pancreatic cancer the tumor suppressors TP53 and PTEN regulate if au-
tophagy ablation is tumor suppressive or, conversely, if it promotes tumor 
onset. A similar eff ect for PTEN is not seen in melanoma models. Here 
autophagy deletion accelerates tumor onset in the presence of PTEN. Con-
sistently, human nevi have display changes that are suggestive of increased 
autophagy compared to melanoma tissue. Further research is needed to 
understand the exact contribution of autophagy to tumor biology.

DGP12.13
Inhibition of focal adhesion kinase renders mantle cell lymphoma 
responsive to ibrutinib in the bone marrow microenvironment

M. Rudelius*1, M. Rosenfeldt2, E. Leich2, H. Rauert-Wunderlich2, A. Salimando3, 
A. Beilhack3, G. Ott4, A. Rosenwald5

1Universitätsklinik Düsseldorf, Düsseldorf, Germany, 2Universität Würzburg, 
Pathology, Würzburg, Germany, 3Universität Würzburg, Medizinische Klinik, 
Würzburg, Germany, 4Robert Bosch Krankenhaus Stuttgart, Pathologie, 
Stuttgart, Germany, 5Universität Würzburg, Pathologie, Würzburg,  Germany

Background. Mantle cell lymphoma (MCL) as well as other lymphoma 
subtypes oft en spread to the bone marrow and stromal interactions fre-
quently lead to survival and drug resistance. Focal adhesion kinase (FAK) 
is a key signaling molecule in stroma-mediated integrin- and adhesion 
signaling, and, therefore, we wanted to study the role of FAK in MCLs, es-
pecially in bone marrow infi ltrates.
Methods. We studied 30 cases of primary MCLs by immunohistochemis-
try and performed functional analysis with small-molecule-inhibitors and 
microRNA with MCL cell lines and primary MCLs.
Results. FAK was highly expressed in bone marrow infi ltrates of MCL 
and in MCL cell lines. Stromal-mediated activation of FAK led to acti-
vation of multiple kinases (AKT, p42/44 and NF-κB ), that are important 
for prosurvival and proliferation signaling. Interestingly, silencing of FAK 
(microRNA) or inhibition of FAK with small molecule inhibitors (FAKi) 
resulted in blockage of targeted cell invasion and induced apoptosis by 
inactivation of multiple signaling cascades, including the classical and al-
ternative NF-κB pathway. In addition, combination treatment of ibruti-
nib and FAK-inhibitor was highly synergistic and ibrutinib resistance of 
MCL could be overcome.
Conclusion. Th ese data demonstrate that FAK is important for stroma-me-
diated survival and drug-resistance in MCL providing indications for a 
targeted therapeutic strategy.



Der Pathologe · Suppl 1 · 2017S26

Abstracts

Junior Academy of the German Society of Pathology

DGP22.01
Participants’ feedback from the 2012 and 2014 Junior Academies 
of the German Society of Pathology

K. Steinestel*1, 2, P. Schirmacher3

1University Hospital Münster, Gerhard Domagk Institute of Pathology, 
Münster, Germany, 2Bundeswehrkrankenhaus Ulm, Institute of Pathology 
and Molecular Pathology, Ulm, Germany, 3Ruprecht-Karls University, 
Institute of Pathology, Heidelberg, Germany

Th e German Society of Pathology (DGP) has so far organized 3 Junior 
Academies (2012, 2014 and 2016)as workshops for young pathologists 
with a strong commitment to research and the potential to become lead-
ers in the fi eld. 
To evaluate the impact on the individual careers of former participants, an 
online-based survey was sent to the 2012 and 2014 participants. 
Follow-up was 62% with a 100% positive resumee from participating jun-
iors; all of the participants would fully recommend the Junior Academy 
to their fellow colleagues. Th e outcome of participants was remarkably 
positive in terms of career, grant application success and compatibility of 
career and family life. 
Th e Junior Academies created strong and long-lasting Networks, which 
will be further strengthened by future Alumni Meetings organized by the 
DGP. Th e detailed feedback from the participants will help to further im-
prove the design of the Workshop.

DGP22.02
Cellular senescence in colorectal cancer

S. Foersch*
Institute of Pathology, University Medical Center, Mainz, Germany

Malignant tumors of the gastrointestinal tract in general and colorectal 
carcinoma (CRC) in particular are among the top ten causes of death in in-
dustrialized countries and associated with signifi cant morbidity and mor-
tality. Despite increasing knowledge about this disease, further research 
deciphering the underlying cellular and molecular events during carcino-
genesis and metastasis formation is desperately needed. Diff erent mecha-
nisms have been shown to play a pivotal role in large bowel tumorigenesis, 
i. e. unchecked proliferation and resistance to apoptosis. Recently, cellular 
senescence has been proposed as an important barrier against tumor de-
velopment. Senescent cells undergo a mostly irreversible growth arrest, 
but remain within the tissue and do not die. Furthermore, they secret a 
variety of diff erent factors known as the senescence-associated secretory 
phenotype (SASP). Via the SASP they have profound eff ects on the tissue 
micromilieu. Data on cellular senescence in the pathophysiology of CRC 
are scarce. Additionally, the clinical implications of senescence induction, 
maintenance, and clearance of senescent tumor cells are largely unclear. 
Our research therefore aims at (I) testing novel markers of cellular senes-
cence as potential biomarkers in CRC, (II) investigating the interactions 
of senescent colorectal tumor cells and diff erent immune cell populations 
and (III) studying senescent colorectal tumor cells as potential target for 
therapeutic intervention.

DGP22.03
The role of nuclear Her2neu expression of hepatocytes in liver 
diseases

P. Döring*, G. M. Pilo, D. F. Calvisi, F. Dombrowski
University Medicine, Institute of Pathology, Greifswald, Germany

Background. Her2neu is a prominent member of the epidermal growth 
factor receptor superfamily, a group of transmembrane receptors that 
mainly attract attention as oncogenic drivers and therapeutic targets in 
cancer. Besides transmembrane signaling, Her2neu may also translocate 

with benign cells. In this study, we present a fl ow-sorting based approach 
to enrich tumor cells and to investigate the clonal relationship in 14 SCC 
patients with matched primary and metastatic tumors.
Methods. We implemented our multiparameter ploidy profi ling (MPP) ap-
proach with the aim to enrich for tumor cells. MPP comprises the extrac-
tion of nuclei from fresh frozen or formalin-fi xed paraffi  n-embedded tis-
sues. Extracted nuclei are fl ow-sorted by DNA content (ploidy) and by their 
expression of cytokeratins. Isolated, individual tumor populations were 
subjected to array comparative hybridization (aCGH) and targeted mas-
sive parallel sequencing (NGS, Ion Torrent Comprehensive Cancer Panel 
with all-exon coverage of 409 cancer genes) to detect somatic copy num-
ber aberrations (SCNA) and single nucleotide variants (SNV), respectively.
Results. MPP successfully purifi ed aneuploid and diploid tumor popula-
tions from bulk tissues. Private and shared SNVs and SCNAs implied the 
clonal relationship among isolated tumor cell populations from matched 
longitudinal tumor samples of individual patients. Our approach allowed 
the detection of SNVs with low allele frequencies that would have been 
missed by analysis of bulk. Additionally, cytokeratin-negative, diploid pop-
ulations can be used as germline controls.
Conclusion. In the present study we demonstrate how to enrich for tumor 
cells in samples with low tumor cellularity. Th e absence of contaminating 
stromal DNA increased the precision of genomic analyses. Both, SNVs and 
SCNAs, revealed the clonal relationship between matched tumor samples.
References
1. Zack TI (2013) Pan-cancer patterns of somatic copy number alteration. Nat Genet 

45:1134–1140

DGP12.16
Autophagy and lysosomes: promising new targets in pancreatic 
neuroendocrine tumor treatment

T. Wiedmer*, A. Blank, S. Pantasis, L. Normand, M. P. Tschan, I. Marinoni, 
A. Perren
Institute of Pathology, Bern, Switzerland

Background. Pancreatic neuroendocrine tumor (pNET) patients oft en dis-
play primary or secondary resistance to sunitinib, an anti-angiogenic mul-
ti-receptor tyrosine kinase inhibitor, which is approved for the treatment 
of late stage pNETs. Sunitinib targets mainly endothelial cells and peri-
cytes. However, subsets of pNETs show expression of target receptors not 
only in the vasculature but also in the tumor cells. Sunitinib accumulates 
in lysosomes and modulates autophagy in other cellular systems. Auto-
phagy can promote cell survival in unfavorable environments or upon 
treatment. We hypothesize that sunitinib induces autophagy in pNET as 
a pro-survival mechanism and that autophagy inhibition might increase 
therapy effi  cacy of sunitinib.
Methods. In vitro experiments were performed in pNET cell lines and 
in primary cells isolated from human pNET. Th e in vivo experiment was 
performed in the Rip1Tag2 transgenic mouse model of pNET. Mice were 
treated daily for three weeks with the autophagy inhibitor chloroquine 
(CQ), sunitinib or their combination.
Results. In vitro we found that sunitinib accumulated in lysosomes and in-
duced autophagy in pNET cell lines. Combining sunitinib with CQ signifi -
cantly reduced cell viability when compared to sunitinib treatment alone in 
cell lines and primary cells. In vivo in Rip1Tag2 mice, combined treatment 
with sunitinib and CQ increased the anti-tumor eff ect compared to single 
treatments. Importantly, combining sunitinib and autophagy inhibition 
reduced the recovery upon removal of the treatment by 50% compared to 
control treated cells. Th e combination treatment induced apoptosis, while 
sunitinib and chloroquine alone did not. Knocking down several auto-
phagy related proteins confi rmed that autophagy was directly involved in 
recovery aft er sunitinib treatment. We found that sunitinib induced lyso-
somal membrane permeabilization (LMP), which further increased upon 
combination with CQ, suggesting a lysosome-dependent mechanism of 
cell death induction.
Conclusion. Our data clearly indicate that autophagy inhibition in combi-
nation with sunitinib might be benefi cial for pNET treatment.
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to 38%). YAP induced the expression of proangiogenic placental growth 
factor (PGF) and osteopontin (OPN) in hyperplastic and tumor-bearing 
livers. YAP stimulated OPN expression via physical binding of the tran-
scription factor TEAD4 to the OPN promoter. Treatment of the endotheli-
al cell line SVEC 4–10 with PGF and OPN led to a concentration-depend-
ent increase of cell viability and spheroid sprouting. In human samples 
overexpression of PGF and OPN defi ned HCC patients with worse overall 
survival and earlier tumor recurrence. Expression profi ling of LSECs and 
CECs revealed dynamic changes of cytokine and receptor signatures sug-
gesting the presence of an intense paracrine cross-talk between endothelial 
subtypes in early and late phases of liver tumorigenesis.
Conclusion. Th e angiogenic switch in YAP-induced premalignant lesions 
and HCCs is partly induced by hepatocyte- and tumor cell-derived OPN 
and PGF. A deeper understanding of the dynamic interplay connecting 
parenchymal and endothelial cells might off er promising approaches for 
the specifi c inhibition of vascular remodelling in hepatocarcinogenesis.

Hungarian-German Cooperation Meeting

INT01.02
Two- and three-dimensional quantitative aspects of tumor 
budding in periampullary cancer

A. Csanadi*1, 2, E. Kocsmar1, 3, A. Kiss3, G. Lotz3, K. Enderle-Ammour1, 2, 
E. Stickeler4, P. Reiss5, M. Bader1, K. Franke6, S. Timme1, M. Kuehs1, 7, 
O. Schilling2, 8, B. Kulemann9, J. Höppner7, 9, T. Brabletz10, M. Werner1, 2, 7, 
U. F. Wellner11, P. Bronsert1, 2, 7
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Reconstructive Surgery Giessen, Gießen, Germany, 7University Medical 
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Holstein, Department of Surgery, Lübeck, Germany

Process and prognostic impact of tumor budding are refl ected by cell mor-
phology, migration and activation of the epithelial-mesenchymal transi-
tion (EMT) program. Interestingly, in the literature fundamental aspects 
of tumor budding, i. e. the structure or number of cells defi ning a tumor 
bud, are not discussed and taken for granted. In vivo data demonstrate that 
EMT is directly associated with tumor budding. As demonstrated previ-
ously the majority of tumor buds are not truly detached from but connect-
ed to a major tumor mass. Also, there is no region and/or entity reliable 
reference for the exact quantity of cells defi ning a tumor bud. 
For detailed insights into the two diff erent tumor-bud-types (connect-
ed = CTB, and not connected to the main tumor mass = ITB) and for tu-
mor budding cut off  calculation we quantifi ed tumor cells according to 
immunohistological EMT characteristics in eight high power fi elds. First, 
from four diff erent adenocarcinomas (pancreatic-, colorectal-, lung – and 
invasive ductal breast cancer) three-dimensional reconstruction, quantifi -
cation and qualifi cation for ZEB 1 and E-Cadherin (E-Cad) was performed 
as published. Tumor buds were classifi ed into main tumor mass (MTM), 
connected tumor buds (CTB) and isolated tumor buds (ITB). Secondly, 
in a cohort of periampullary cancer (166 patients) tumor cell formations 
were manually quantifi ed. 
EMT characteristics (ZEB1, E-Cad) between ITB and CTB demonstrat-
ed no signifi cances. Tumor-cell-count correlated signifi cantly with EMT 

into the nucleus and mediate distinct nuclear signaling eff ects, including 
DNA repair and cell cycle arrest. 
Methods. Th e immunohistochemical pattern of Her2neu staining and sev-
eral metabolic markers and signaling molecules were analyzed in more 
than 700 liver biopsy samples from patients with hepatic dysfunction. Ad-
ditionally, Her2neu expression upon ethanol exposure was tested in cell 
culture experiments. 
Results. We found a cytoplasmic and nuclear Her2neu expression in 
hepatocytes from diff erent disease conditions, with the strongest expres-
sion being detected in alcoholic steatohepatitis. Hepatocellular Her2neu 
expression was correlated with several histomorphological features of 
hepatocellular dysfunction and damage like fi brosis, chicken wire fi bro-
sis, cholestasis, hepatocellular ballooning and infl ammatory activity of ste-
atohepatitis. Th ese Her2neu overexpressing hepatocytes revealed pecu-
liar metabolic and hormonal changes: enhanced lipid turnover (increase 
of fatty acid synthase and acyl-CoA-dehydrogenase), downregulation of 
estrogen receptor, cell cycle alterations (increase of p21 and heat shock 
protein 27), and an increase of pSTAT3, a downstream eff ector of nuclear 
Her2neu signaling. Notably, ballooned hepatocytes, oft en interpreted as 
degenerative cells, exhibited a particularly strong Her2neu expression and 
appeared to be highly metabolically active as described above. Of note, an 
increased Her2neu expression was detected when HepG2 cells or cultivat-
ed Cynomolgus hepatocytes were subjected to 48-hour ethanol treatment. 
Discussion. Th ese novel observations on hepatocellular Her2neu expres-
sion with evidence of nuclear receptor signaling and metabolic alterations 
imply a so far unknown mechanism in hepatocytes upon cellular stress 
events, particularly ethanol exposure, presumably leading to resistance to 
cell death and metabolic reprogramming.

DGP22.04
Placental growth factor and osteopontin cooperatively induce 
endothelial capillarization in hepatocarcinogenesis

S. Thomann*1, S. Marquard1, S. Weiler1, M. Dittmer2, S. Roessler1, C. Sticht3, N. 
Gretz3, C. Mogler4, C. Ball5, H. Glimm5, 6, E. Ryschich7, P. Schirmacher1, 
K. Breuhahn1

1University Hospital Heidelberg, Institute of Pathology, Heidelberg, 
Germany, 2Institute of Parasitology, Heidelberg, Germany, 3Medical Faculty 
Mannheim of the University of Heidelberg, Medical Research Centre, 
Mannheim, Germany, 4Technical University Munich, Institute of Pathology, 
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Background. In diseased livers and hepatocarcinogenesis paracrine-act-
ing, proangiogenic factors induce reorganisation of the liver vasculature. 
Th is process of capillarization is characterized by a replacement of liver 
sinusoidal endothelial cells (LSECs) by capillary endothelial cells (CECs) 
and creates a tumor-supportive environment. However, underlying causes 
and precise molecular characteristics of capillarization have been poorly 
investigated so far.
Methods. Transgenic mice with hepatocyte-specifi c expression of constitu-
tively active yes-associated protein (YAPS127A) were used as tumor mod-
el. Blood vessels were detected by immunofl uorescence using the mark-
ers CD146 and Lyve-1. Chromatin-immunoprecipitation, transcriptome 
analysis, and proteome profi ling were performed with primary hepato-
cytes. FACS was used for cell quantifi cation and sorting of primary en-
dothelial cells isolated from normal, hyperplastic, and tumor-bearing liv-
ers. Gene expression data of 242 hepatocellular carcinoma (HCC) patients 
were analyzed.
Results. A progressive replacement of LSECs by CECs was observed in 
tissues of YAP-dependent liver overgrowth and tumors, illustrating liver 
capillarization. FACS analysis validated the selective expansion of CECs 
in normal liver (4 ± 2%), hyperplastic livers (37 ± 16%), and tumor-bear-
ing livers (61 ± 30%). Th e number of LSECS was reduced accordingly (95% 
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INT01.07
The loss of apical cell polarity factors induces the nuclear 
enrichment of oncogenic YAP in cell density-sensitive HCC cells

M. Tóth*, S. Wan, S. Weiler, P. Schirmacher, K. Breuhahn
Institute of Pathology, University Hospital, Heidelberg, Germany

Background. Overexpression of the Hippo pathway eff ector yes-associated 
protein (YAP) is detectable in about 60% of all hepatocellular carcinomas 
(HCCs). Nuclear YAP induces HCC cell proliferation and correlates with 
poor clinical outcome. Although cell-cell contact is considered to regulate 
Hippo/YAP pathway activity, the relevant molecular mechanisms inducing 
YAP translocation in polarized hepatocellular cells are not well understood.
Methods. HCC cell lines were tested for their ability to regulate YAP in 
a cell density-dependent manner (HepG2, HuH1, HuH6, HLE, HLF, 
Hep3B). Th e subcellular localization of YAP was analysed by immuno-
fl uorescence. To analyse the impact of diff erent cell polarity structures on 
YAP localization, an siRNA screening was performed containing custom-
ized siRNAs targeting 26 diff erent proteins involved in hepatocellular po-
larity (two independent siRNAs for each gene; factors of the apical Crumbs 
complex, the lateral Par complex, the basolateral Scribble complex, and 
tight junction proteins).
Results. Th e culture of HCC cells under four diff erent cell density condi-
tions revealed that three cell lines showed nuclear YAP enrichment in a cell 
confl uence-independent manner (HLE, HLF, Hep3B). In contrast, HepG2, 
HuH1, and HuH6 cells revealed a dynamic shuttling of YAP from the cyto-
plasm to the nucleus with decreasing confl uence. High cell density induced 
a nuclear YAP exclusion. Th e results of the siRNA screening in cell densi-
ty-sensing HepG2 cells showed that silencing of 12 out of 26 candidate pro-
teins resulted in a robust nuclear YAP enrichment under high cell density 
conditions. Notably, most positive candidates are part of the apical Crumbs 
complex (PATJ/INADL, Lin7c, AMOT, AMOTL2). Many of these factors 
were reduced in human HCC samples and their expression correlated with 
poor survival or early tumor recurrence (e. g. PATJ/INADL, Lin7c, AMOT, 
AMOTL2). In addition, Hippo pathway modifi ers such as NF2 and Sav1 
induced nuclear YAP enrichment. Interestingly other factors, which have 
been described to aff ect YAP localization and activity did not induce YAP 
translocation in this cell system (e. g. AMOTL1, E-cadherin).
Conclusion. Our results favor a model in which the loss of apical cell polar-
ity is causative for the induction of oncogenic YAP in hepatocellular cells 
that maintain cell sensing properties. Th e re-establishment of these polar-
ity features could protect from YAP activation and may therefore serve as 
a therapeutic approach in early phases of hepatocarcinogenesis.

Eff ect of lymph node status on the metastatic 
potential in colorectal cancer

AG01.01
Eff ect of lymph node status on the metastatic pattern in colorectal 
cancer

I. Nagtegaal*1, 2

1Institute for Molecular Life Sciences Radboud umc, Nijmegen, Netherlands, 
2Radboudumc, Pathology, Nijmegen, Netherlands

Regional lymph node metastases in colorectal cancer (CRC) decrease out-
come. Whether nodal metastases function as a biomarker, i. e. as a sign of 
advanced disease, or are in fact involved in the metastatic process is un-
clear. We evaluated metastatic patterns of CRC according to the lymph 
node status of the primary tumor.A retrospective review of 1393 patients 
with metastatic CRC who underwent autopsy in the Netherlands was per-
formed. Metastatic patterns of regional lymph node positive and negative 
CRC were compared and validated by population-based data from the Ein-
dhoven Cancer Registry (ECR).Patients with regional lymph node positive 
CRC more oft en developed peritoneal metastases (28% vs. 21%, p = 0.003) 
and distant lymph node metastases (25% vs. 15%, p < 0.001). Incidences of 

(p = <0.001) and histomorphological characteristics (p = <0.001). Regres-
sion curve analysis revealed initially a loss of membranous E-Cad (cut-
off  9 cells), followed by expression of cytoplasmic E-Cad (cutoff  8 cells) 
and subsequent an expression of nuclear ZEB1 (cutoff  4 cells). Tumor cell 
quantifi cation revealed a signifi cant impact onto overall survival at fi ve 
(ampullary = AMPAC and distal bile duct cancer = DBDC) and forty cells 
(PDAC) comprising a tumor bud. 
Our data demonstrate, that connected and isolated tumorbuds are equal 
concerning immunohistochemical EMT characteristics and histomor-
phology. While there is a notion that the EMT ZEB1 – E-Cad cascade is ini-
tiated by ZEB1 our results are quantitatively contrary. Furthermore we ver-
ify the number of tumor cells (n = 5) defi ning for tumor buds in AMPAC 
and DBDC but not for PDAC as multivariate signifi cant prognosticators.

INT01.05
Frequent ATM mutations and chromosomal instability in 
pancreatic intraductal papillary mucinous neoplasms of intestinal 
type

B. Neumayer1, M. Nieser1, G. Klöppel2, F. Bergmann3, N. Giese4, D. Aust5, 
R. Grützmann6, B. Sipos*1

1University Hospital of Tübingen, Institute of Pathology and 
Neuropathology, Tübingen, Germany, 2Technical University Munich, Institute 
for General Pathology and Pathological Anatomy, Munich, Germany, 
3University Hospital Heidelberg, Institute of Pathology, Heidelberg, 
Germany, 4University Hospital Heidelberg, Department of General and 
Transplant Surgery, Heidelberg, Germany, 5University Hospital Carl Gustav 
Carus, Institute of Pathology, Dresden, Germany, 6Surgical Clinic, Erlangen, 
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Background. Intestinal type intraductal papillary mucinous neoplasia (in-
tIPMN) of the pancreas follows an adenoma-carcinoma sequence that is 
phenotypically identical to the adenoma-carcinoma sequence in colorectal 
carcinomas. However, molecular alterations of invasive intIPMN are poor-
ly understood. We addressed the question whether there are unique molec-
ular alterations characterizing intIPMN. Th e molecular profi ling may aid 
in selecting targeted treatment options for this rare tumor type. 
Methods. Formalin-fi xed paraffi  n embedded tissues of 22 invasive intIP-
MN have been analyzed for the expression of lineage markers and tumor 
suppressor proteins by immunohistochemistry. Whole exome sequenc-
ing (WES) has been performed in ten intIPMN and targeted sequencing 
(Cancer Hotspot Panel + custom validation panel) in nine informative 
(good-quality) samples + two matching in-situ components. 10 cases have 
been analyzed for copy number variation by Oncoscan array. 
Results. Th e intestinal diff erentiation of invasive intIPMN has been shown 
by immunohistochemical detection of CK7 (18/22), CK20 (19/22), CDX2 
(19/22), and MUC2 (17/20). Loss of tumor suppressor proteins has been 
detected in 16% of the cases (SMAD4 (2/19); p16 (1/19)). IHC revealed 
aberrant expression of p53 in 11% (2/19) of the cases. 
Whole exome sequencing revealed 84 somatic variations; 89% (75/84) 
were confi rmed by targeted sequencing. Whole exome and targeted se-
quencing identifi ed GNAS as the most frequently mutated gene in 92% 
(10/11) of the invasive components of intIPMN. KRAS was mutated in 
55% (6/11) of the samples. TP53 was mutated in two samples (one with p53 
overexpression), ATM, BRAF and KIT in one sample, each. Surprising-
ly, 55% (6/11) of the samples also harbored germ line mutations in ATM. 
9/10 cases exhibited high chromosomal instability by the Oncoscan array. 
Th e in-situ components depicted the same mutational profi le as their re-
spective invasive components. No other alterations in 649 genes related to 
human carcinogenesis could be detected. 
Conclusion. Invasive intIPMN exhibits a unique molecular profi le, which 
is dominated by GNAS mutations (92%); followed by KRAS mutations 
(55%). Interestingly, 55% of the samples also harbored ATM germ line 
mutations, indicating that these patients may have a genetic susceptibility 
for pancreatic carcinoma. In line with possible loss of ATM function, most 
intIPMN harbor chromosomal instability.
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On the role of Src and Aurora A kinases in esophageal cancer

L. Schaefer*1, C. Fichter1, N. Herbener1, L. Fauth1, M. Werner1, 2, S. Laßmann1, 2

1Institute of Surgical Pathology, Medical Center – University of Freiburg, 
Freiburg, Germany, 2German Cancer Consortium (DKTK) and German Cancer 
Research Center (DKFZ) Heidelberg, Heidelberg, Germany

Background. Single studies indicate Src and Aurora kinase A dysregula-
tion in esophageal cancer. Recently, potential interaction of the two ki-
nases with infl uence on cell migration and invasion was shown in COS-7 
cells (non-human, kidney fi broblast derived). Here, we studied the role of 
Src, activated Src and Aurora kinase A in esophageal squamous cell car-
cinoma (ESCC) and esophageal adenocarcinoma (EAC) including their 
potential interaction.
Methods. Archival tissue specimens of ESCC (n = 35) and EAC (n = 33) 
were stained for Src, Src phosphorylated at Y416 (P-Src), Aurora kinase A 
and the mitotic marker Histone H3 phosphorylated at S10 (H3S10p). Th e 
three proteins were examined in 2 non-neoplastic esophageal epithelial, 3 
ESCC and 2 EAC cell lines by Western Blot. In situ proximity ligation as-
say (isPLA) was performed with ESCC (OE21) and EAC (OE33) cell lines 
to study potential Src and Aurora kinase A interaction.
Results. Src protein expression was detected in 68/68 (100%) cases and 
Aurora kinase A protein expression was detected in 42/67 (63%) cases, re-
vealing no diff erence between the two histotypes. P-Src protein expression 
was detected in 31/68 (46%) cases, whereby 12/35 (34%) ESCC and 19/33 
(57%) EAC were positive for P-Src. In 31/61 (51%) cases, Aurora kinase 
A expression corresponded to H3S10p levels. In 23/61 (38%) cases, Au-
rora kinase A expression exceeded H3S10p levels. Src, P-Src and Aruora 
kinase A levels were variable in all examined esophageal cell lines, except 
OE21 and OE33 displaying higher levels. In these two cell lines, isPLA re-
sults indicate that Src and Aurora kinase A indeed co-localize and inter-
act with each other.
Conclusion. Src and Aurora kinase A are frequently expressed in esoph-
ageal carcinomas, with similar patterns in ESCC and EAC. However, Src 
activation is more frequent in EACs. Moreover, Aurora kinase A appears 
to be up-regulated independent of cell proliferation, suggestive of an ad-
ditional function. Indeed, in vitro experiments suggest an interaction of 
Src and Aurora kinase A.

AG01.04
Predictive value of TFAP2E DNA Methylation for response 
to 5-FU based neoadjuvant chemotherapy in Esophageal 
Adenocarcinoma

J. Slotta-Huspenina*1, M. Tänzer2, R. Schellnegger2, R. Langer3, D. Horst1, 
M. Feith4, R. Schmid2, W. Weichert1, M. Quante2

1Institute of Pathology, Munich, Germany, 2Departement of Internal 
Medicine II, Munich, Germany, 3Institute of Pathology, Bern, Switzerland, 
4Departement of Surgery, Munich, Germany

Background. Esophageal adenocarcinoma (EAC) is one of few cancer en-
tities with rising indidence rates for decades and has still a very poor prog-
nosis. Neoadjuvant chemotherapy with cisplatin and 5-FU and/or taxol 
followed by surgery is the current standard approach in treating local and 
advanced EAC. However, a subset of patients does not respond to CTX. 
Th erefore, molecular predictors of response to systemic treatment are of 
greatest interest for the management of EAC. Specifi c DNA methylation 
patterns could serve as promising biomarkers and while genomic and epi-
genetic alterations of genes of the AP-2 family are common in human can-
cers, they have not been investigated in EAC so far. Th e AP-2 epsilon gene 
(TFAP2E) has been identifi ed as a mediator of 5-FU resistance in colorec-
tal and gastric cancer. Th erefore, we aimed to evaluate the role of TFAP2E 
as response predictor of EAC to 5-FU based chemotherapy.
Methods. We analyzed the methylation of the TFAP2E gene using a meth-
ylation sensitive high resolution methylation (MS-HRM) approach fol-
lowed by bisulfi te pyrosequencing in 58 formalin-fi xed and paraffi  n-em-
bedded tumors of locally advanced EAC prior to platin/5-fl uorouracil 

liver and lung metastases were comparable. Data from the ECR confi rmed 
our fi ndings regarding peritoneal (22.4% vs. 17.0%, p = 0.003) and distant 
lymph node metastases (15.8% vs. 9.7%, p < 0.001).Regional lymph node 
positive CRC show a slightly diff erent dissemination pattern, with higher 
rates of peritoneal and distant lymph nodes metastases. Comparable inci-
dences of liver and lung metastases support the hypothesis that dissemina-
tion to distant organs occurs independently of lymphatic spread.
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AG01.02
Lower PD-L1 levels in responding tumors after neoadjuvant 
CTX compared to non-responders or primary resected tumors 
– indicative of a dynamic regulation of PD-L1 expression 
or a potential tool for response prediction for esophageal 
adenocarcinomas

B. Dislich*1, A. Stein1, C. A. Seiler2, D. Kröll2, J. Slotta-Huspenina3, 
S. Berezowska1, M. Feith4, R. Langer1

1University of Bern, Institute of Pathology, Bern, Switzerland, 2Inselspital 
University Hospital Bern, Department of Visceral Surgery and Medicine, 
Bern, Switzerland, 3Technical University Munich, Institute of Pathology, 
Munich, Germany, 4Klinikum rechts der Isar, Technical University, 
Department of Surgery, Munich, Germany

Background. Analysis of PD-L1 may be helpful for cancer therapy guid-
ing of immune checkpoint inhibition. PD-L1 expression, however, may 
be infl uenced by extrinsic factors, such as chemotherapy or radiation. On 
the other hand, onco-immunological factors may also play a role in re-
sponse to conventional cytotoxic treatment. We analyzed PD-L1 expres-
sion in tumor cells (TC) and tumor associated infl ammatory cells (TIA) 
in locally advanced esophageal adenocarcinomas (EAC) aft er neoadjuvant 
chemotherapy (nCTX) in comparison with chemo-naïve primary resect-
ed tumors of all stages.
Methods. Tissue microarrays with 6 cores/tumor of 112 primary resect-
ed EAC, including 69 locally advanced tumors, and 104 EAC that had 
been treated by nCTX, including 48 tumors with histopathologic re-
sponse (<50% residual tumor) were stained for PD-L1 with two antibod-
ies (E1L3N and SP142). Additionally, counts of tumor infi ltrating lym-
phocytes (TILs) were determined. PD-L1 expression in TC and TIAs was 
compared within the two case collections and with clinico-pathologic pa-
rameters.
Results. Both antibodies showed comparable staining patterns (congru-
ence rate TC: 97%; TIA: 87%; p < 0.001 each). E1L3N was slightly more 
sensitive and used for further analysis. Overall, positivity for PD-L1 (cut 
off  1%) in TC was observed in 17/216 and in TIA in 108/216 cases (includ-
ing all cases with PD-L1 TC positivity). Positive PD-L1 status was associat-
ed with higher TIL counts (p < 0.001 each). PD-L1 rates of TC were com-
parable in early primary resected (1/43) and tumors treated with nCTX 
that showed response to treatment (0/48) with a striking low number of 
positive cases. In contrast, rates in nonresponding tumors were higher 
(5/51), but still lower compared to advanced tumors without treatment 
(11/58; p = 0.007). For TIA, PD-L1 rates were similar for early and ad-
vanced primary resected tumors (24/43; 40/69) and nonresponding tum-
ors aft er nCTX (32/56); in responding tumors, however, PD-L1 rates in 
TIAs were signifi cantly lower (12/48; p = 0.001). In none of the subgroups 
a signifi cant association between PD-L1 expression (TC/TIA) and overall 
survival was observed.
Conclusion. In EAC, PD-L1 expression can be detected mainly in TIA, 
and in a minority of cases in TC. nCTX may show a negative infl uence on 
PD-L1 expression in TIAs. On the other hand, the potential association 
with TC PD-L1 expression and non-response may help to identify patients 
that may benefi t from additional or alternative cancer immunotherapy.
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AG01.06
Loss of ARID1A expression in gastric cancer: heterogeneous 
expression patterns and correlation with clinico-pathological 
patient characteristics

J. Tober*, C. Böger, H.-M. Behrens, S. Krüger, C. Röcken
Institute of Pathology, Christian-Albrechts-University, Kiel, Germany

Background. Previous studies have correlated loss of ARID1A expression 
in diverse tumors with cancer progression, Epstein-Barr-virus (EBV)-in-
fection and microsatellite instability (MSI). In addition, recent whole-ge-
nome sequencing showed frequent mutations of ARID1A in GC. In this 
study of a large independent Central European GC cohort we evaluated the 
expression of ARID1A in whole tissue sections (WTS) of GC testing the 
following hypotheses: ARID1A shows intratumoral heterogeneity; ARI-
D1A-expression correlates with clinico-pathological patient characteris-
tics, including EBV- and MSI-status and patient outcome.
Methods. WTS from 450 GCs were stained immunohistochemically with 
an antibody directed against ARID1A. Immunostaining was evaluated dis-
tinguishing cases with complete loss of ARID1A expression (no evidence 
of staining) from cases with existing ARID1A expression (visible stain-
ing reaction of varying intensity). Cases of GC depicting a heterogeneous 
“black and white” expression pattern were identifi ed and marked separate-
ly. Complete loss of ARID1A expression and presence of a heterogeneous 
“black and white” expression pattern were correlated with sample age, di-
verse clinicopathological characteristics and patient survival.
Results. ARID1A was expressed heterogeneously in 23 (5.1%) GCs, de-
picting a “black and white” expression pattern of negative and positive tu-
mor-areas. Complete loss of ARID1A expression was found in 43 (9.6%) 
GCs. ARID1A-status correlated signifi cantly with tumor type according to 
Laurén, EBV- and MSI-status as well as nodal spread (N-category). Th ere 
was no signifi cant correlation with patient age or survival.
Conclusion. Partial or complete loss of ARID1A-expression occurs in 
14.7% of GCs and is associated with EBV- and MSI-status, as well as nodal 
spread. Interestingly, in some cases, ARID1A-loss is heterogeneous leading 
to the suggestion that ARID1A-mutations may be a later event in gastric 
carcinogenesis. In addition, the heterogeneous expression of ARID1A may 
impact its diagnostic utility as a predictive biomarker. Th is should be con-
sidered in future studies regarding ARID1A’s value as a therapeutic target.

AG01.07
Extra-capsular growth of lymph node metastasis correlates with 
poor prognosis and high SOX9 expression in gastric cancer

H. Link*1, M. Schüller1, P. Ganschow1, A. Bazhin1, M. Guba1, J. Werner1, 
T. Kirchner2, M. Angele1, J. Neumann2

1Medical Center of the University of Munich, Department of General, 
Visceral, Transplantation, Vascular and Thoracic Surgery, Munich, Germany, 
2University Hospital (LMU), Institute of Pathology, Munich, Germany

Background. Th e extra-capsular growth (ECG) describes the extension 
of neoplastic cells beyond the lymph node capsule into the perinodular 
soft  tissue. Since ECG is associated with poorer 5-year survival and ad-
vanced tumor stage it has been considered to be a prognostic marker in 
gastric cancer in addition to the established TNM classifi cation and UICC 
stage. Aim of this study was to investigate whether ECG is a morpholog-
ical marker for more aggressive tumor biology. Th erefore, nodal-positive 
gastric cancer patients with and without extra-capsular growth (ECG vs. 
ICG) were analyzed for protein expression of stem cell associated markers 
and markers for microsatellite instability.
Methods. Formalin fi xed and paraffi  n embedded specimens of 194 patients 
with nodal positive gastric cancer or adenocarcinoma of the esophage-
al-gastric junction (AEG) were stained for β-catenin, CD133, SOX2 and 
SOX9 as well as for MLH1 and MSH2. Seventeen nodal negative patients 
(T3/4, N0, M0) served as controls.
Results. Seventy-three patients (36.7%) showed ECG. Presence of ECG was 
associated with lower overall survival (p < 0.0001), advanced T (p = 0.03) 
and N (p < 0.0001) category and lymphovascular invasion (p = 0.014). In 

based CTX. TFAP2E methylation status was correlated with histopatho-
logical response.
Results. Mean TFAP2E methylation was signifi cantly higher in patients 
without histopathological response to chemotherapy with 34% to 22% 
(p < 0.0001). With a cut-off  value of 26,85% methylation ROC calculation 
showed an AUC of 0.7901 (p < 0.0001). In another step we were only con-
sidering 5 out of the 11 CpG islands, which have binding site characteris-
tics, and could improve the prediction rates in ROC analysis to an AUC 
of 0.8140 (p < 0.0001).
Conclusion. Our results suggest, that the established response marker 
TFAP2E, could predict chemotherapy response to 5-FU in EAC patients; 
in further analysis survival statistics can be used to proof clinical benefi t 
for the growing amount of patients suff ering from EAC. Validation anal-
yses of these results in a second cohort are ongoing.

AG01.05
An optimized multiplex microsatellite assay for the determination 
of chromosomal instability in gastric cancer

M. Kohlruß*1, M. Reiche1, L. Bauer1, M. Jesinghaus1, J. Slotta-Huspenina1, 
A. Novotny2, A. Hapfelmeier3, W. Weichert1, G. Keller1

1Institute of Pathology, Technical University of Munich, Munich, Germany, 
2Chirurgische Klinik, Klinikum rechts der Isar, Munich, Germany, 3Institute 
for medical Statistics and Epidemiology, Technical Universitiy of Munich, 
Munich, Germany

Background. Based on comprehensive molecular profi ling of gastric can-
cer, Th e Cancer Genome Atlas project described four molecular subgroups 
[1]: 1) tumors with microsatellite instability (MSI), 2) EBV positive tum-
ors, 3) genomic stable tumors and 4) tumors with chromosomal instability 
(CIN).Th e aim of our study was to establish an optimized microsatellite as-
say to determine the extent of allelic imbalance (AI) in gastric cancer (GC) 
as a surrogate for CIN and to correlate the results with clinic-pathological 
variables and prognosis of the patients.
Methods. A panel of 30 microsatellite markers from 14 chromosomal re-
gions harboring potential relevant genes for gastric carcinogenesis was 
initially selected. Th e soft ware Multiplex Manager 1.2 was used to design 
multiplex PCR reactions using fl uorescently labeled primers. Marker spe-
cifi c variation of allele amplifi cation was determined by comparing the al-
lele ratios of DNA isolated from 58 non-tumorous FFPE tissues from 11 
patients. Th is was used to determine individual marker thresholds for the 
defi nition of AI as described [2]. 11 markers with a high variation were 
excluded from further analysis. Th e fi nal assay consisted of four multiplex 
reactions with 19 markers. High CIN was tentatively defi ned if ≥8, medi-
um CIN if 3–7 and low CIN if ≤2 markers demonstrated AI. MSI was de-
termined using the fi ve markers of the NCI panel. Only tumors without 
MSI were evaluated for CIN. DNA isolated from manually microdissected 
non-tumorous and tumor FFPE tissues of 110 GC patients was then ana-
lyzed and results were correlated with the characteristics of the patients.
Results. MSI was detected in 11/110 (12%) of the tumors. CIN-H was 
found in 29/99 (29%) tumors, CIN-M in 52 (53%) and CIN-L in 18 (18%). 
Neither MSI nor the CIN-status were associated with survival. MSI and 
CIN-H occurred more frequently in intestinal type tumors (each p < 0.01) 
and CIN-L in tumors with a higher tumor grade (p = 0.001). Evaluating 
specifi c regions for AI showed that chromosome 9p21 (65%) and 18q21 
(52%) were most frequently altered.
Conclusion. An optimized, cost eff ective microsatellite assay was estab-
lished to characterize AI and CIN. Th e defi nition of CIN based on AI, 
however, has to be verifi ed by an additional method and our results will 
be compared to a genome wide analysis of copy number alterations in at 
least a subset of the tumors.
References
1. Cancer Genome Atlas Research Network (2014) Comprehensive molecular charac-

terization of gastric adenocarcinoma. Nature 513:202–207
2. Frigerio S et al (2007) Improved detection of bladder carcinoma cells in voided 

urine by standardized microsatellite analysis. Int J Cancer 121:329–338
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a GIST should initiate further tumor screening especially in the GI- and 
urogenital tract.

AG01.09
Discrimination of pancreatic and gastrointestinal neuroendocrine 
tumors by MALDI Imaging Mass Spectrometry

R. Casadonte*1, J. Kriegsmann1, 2, 3, A. Perren4, M. Kriegsmann5

1Proteopath GmbH, Trier, Germany, 2Center for Histology, Cytology and 
Molecular Diagnostics, Trier, Germany, 3Institute of Molecular Pathology, 
Trier, Germany, 4Institute of Pathology, University of Bern, Bern, Switzerland, 
5University Hospital Heidelberg, Institute of Pathology, Heidelberg, Germany

Background. Neuroendocrine tumors (NETs) are a heterogeneous group 
of diseases that can arise from neuroendocrine cells throughout the body, 
with gastrointestinal tract and pancreas being the most common prima-
ry sites. In the metastatic situation, primary site of the tumors is of spe-
cial interest. 
We use MALDI Imaging Mass Spectrometry (IMS) to identify a molecular 
signature capable to discriminate pancreatic from gastrointestinal NETs.
Methods. Formalin-fi xed paraffi  n-embedded tissue microarrays sections 
including gastrointestinal and pancreatic NETs tissue core specimens were 
subjected to in-situ digestion with trypsin. Digested tissues were sprayed 
with a matrix solution and subsequently analyzed by a Matix-Assisted 
Laser Desorption-Ionization (MALDI) mass spectrometer instrument 
(Bruker Daltonik GmbH, Bremen). Data were acquired at 150 μm spatial 
resolution, and visualized using FlexImaging soft ware (Bruker Daltonik 
GmbH, Bremen). Following MALDI analysis, matrix was rinsed off  with 
methanol, and hematoxylin and eosin (HE) staining was then performed 
on the same tissue for histological examination.
Results. A set of 205 samples including 126 pancreatic NET (pNET) and 
79 gastrointestinal NET (gasNET) randomized into either training or test-
ing cohorts were analyzed in this study. HE stained tissues were examined 
by a pathologist who digitally marked adequate area of interest. Th e an-
notated regions were superimposed with MALDI data, and mass spectra 
profi les were exported and loaded into SCiLS Lab soft ware (SCiLS, Bre-
men) for classifi cation analysis using a linear discriminant analysis (LDA) 
algorithm. LDA model predicted pNET and gasNET correctly with 100% 
sensitivity and specifi city in the training set, and 95% sensitivity and spec-
ifi city in the testing set.
Conclusion. We provided evidence that MALDI IMS technology can be 
used to rapidly distinguish pancreatic and gastrointestinal neuroendocrine 
tumors at the peptide level with high accuracy.

AG01.10
Placental growth factor and osteopontin cooperatively induce 
endothelial capillarization in hepatocarcinogenesis

S. Thomann*1, S. Marquard1, S. Weiler1, M. Dittmer2, S. Roessler1, C. Sticht3, 
N. Gretz3, C. Mogler4, C. Ball5, H. Glimm5, 6, E. Ryschich7, P. Schirmacher1, 
K. Breuhahn1

1University Hospital Heidelberg, Institute of Pathology, Heidelberg, 
Germany, 2Institute of Parasitology, Heidelberg, Germany, 3Medical Faculty 
Mannheim of the University of Heidelberg, Medical Research Centre, 
Mannheim, Germany, 4Technical University Munich, Institute of Pathology, 
Munich, Germany, 5German Cancer Research Center, Department of 
Translational Oncology, NCT and DKFZ, Heidelberg, Germany, 6German 
Cancer Consortium (DKTK), Heidelberg, Germany, 7Ruprecht-Karls-
University, Department of General and Visceral Surgery, Heidelberg, 
Germany

Background. In diseased livers and hepatocarcinogenesis paracrine-act-
ing, proangiogenic factors induce reorganisation of the liver vasculature. 
Th is process of capillarization is characterized by a replacement of liver 
sinusoidal endothelial cells (LSECs) by capillary endothelial cells (CECs) 
and creates a tumor-supportive environment. However, underlying causes 

multivariate analysis, ECG was found to be an independent prognostic 
factor (HR = 2.1; 95% KI 1.7–3.4; p = 0.001). SOX9 expression correlated 
signifi cantly with ECG (96% high positive in ECG patients vs. 79% high 
positive ICG patients; p = 0.002). Th e controls showed a signifi cantly lower 
SOX9 expression compared to the nodal positive carcinomas (nodal posi-
tive: 85% high positive; control: 59% (10/17); p = 0.006). All other markers 
showed no diff erence in protein expression.
Conclusion. In our study patients with ECG exhibit poorer prognosis. Mul-
tivariate analysis determined ECG to be an independent prognostic fac-
tor. Th us, ECG is a morphological marker for a more aggressive biological 
phenotype. Th e diff erentiation of nodal positive patients according to this 
parameter is important not only for prognostication but also for academic 
issues. Th e parameter ECG should be used for stratifi cation in order to re-
ceive homogeneous study populations. Against expectations, only the ex-
pression of the stem cell marker SOX9 showed signifi cant correlation with 
ECG. Further studies on a molecular level are required in order to analyze 
functional mechanisms of extra-capsular tumor growth.

AG01.08
GIST and additional syn-/metachronous malignancies: 
A retrospective study of 62 cases with molecular diagnosis 
of c-KIT and PDGFRA [preliminary data]

P. Mayr*1, B. Märkl1, A. Agaimy2, B. Kriening3, S. Dintner1, G. Schenkirsch4, 
R. Schneider-Stock2, 5

1Clinical Centre Augsburg, Institute of Pathology, Augsburg, Germany, 
2Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany, 3Clinical Centre Augsburg, Institute for 
Visceral Surgery, Augsburg, Germany, 4Clinical Centre Augsburg, Clinical 
and Population-Based Cancer Registry, Augsburg, Germany, 5Friedrich-
Alexander-University of Erlangen-Nürnberg, Institute of Experimental 
Tumorpathology, Erlangen, Germany

Background. Gastrointestinal stroma tumors (GIST) belong to the group 
of rare diseases. Nevertheless, they are the most common tumors of the 
GI tract with malignant potential. Th e driver mutations of this entity are 
found in about 85% in the KIT- and the PDGFR-alpha-gene. Recently, sev-
eral studies have been published reporting an increased association with 
other benign and malignant malignancies. Th ese neoplasms diff er not only 
in terms of dignity but also concerning their location and origin. Th ey can 
occur synchronously or metachronously. To evaluate whether the diff erent 
driver mutations are related with the occurrence of secondary malignant 
neoplasms we performed a retrospective analysis.
Methods. Patients with GISTs with and without syn- or metachronous ma-
lignancies were identifi ed from our fi les and from the clinical and popu-
lation based cancer registry Augsburg. In cases with unknown mutation 
status, mutation analyses were performed.
Results. From a total of 170 patients with confi rmed diagnosis of GIST, 62 
(36.5%) showed a secondary or tertiary malignant neoplasm. 45 of these 
GISTs were located in the stomach, 7 in the small intestine, 5 in the colon/
rectum and 5 locations were outside the GI tract or unknown, respectively. 
6 GISTs were classifi ed as high risk tumors according to Miettinen. Anal-
ysis of the genetic alterations (52 cases) revealed mutations in the c-KIT 
gene exon 11 (37, 71.2%), exon 9 (2, 3.8%), exon 13 (1, 1.9%). Mutations 
of the PDGFR-alpha gene were found in 6 cases (11.5%). C-KIT and PDG-
FR-alpha wild type status was found in 6 cases (11.5%). Analysis was not 
possible/performed in 10 cases. Th is distribution is similar to that of GISTs 
without secondary neoplasms. Th e neoplasms were cancers of the GI-tract 
(19 cases, 30.6%), the urogenital tract (17 cases, 27.4%), the gynecologic 
tract (13 cases, 21.0%), the hematologic system (4 cases, 6.5%), the skin (4 
cases, 6.5%), the thorax (3 cases, 4.8%), the soft  tissue (1 case, 1.6%) or of 
neuroendocrine origin (1 case, 1.6%).
Conclusion. Overall our data confi rm the high rate of other malignancies 
in patients with GIST. However, neither the diff erent well-known histo-
logical factors nor the genetic background of these tumors is associated 
with the occurrence or the type of the secondary neoplasms. An increased 
susceptibility for neoplasms might be suggested and thus the diagnosis of 
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Lipid droplet-associated proteins in alcoholic and non-alcoholic 
steatohepatitis in patients with polymorphisms in PNPLA3

B. K. Straub*1, H. R. Witzel1, L. M. Pawella2, V. Rausch3, S. Mueller3, 
J. M. Schattenberg4, P. Schirmacher2, W. Roth1
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of Pathology, University Hospital, Heidelberg, Germany, 3Department of 
Internal Medicine, Salem Medical Center, Heidelberg, Germany, 4University 
Hospital, Department of Internal Medicine I, Mainz, Germany

Background. Lipid droplets (LDs) play a crucial role in lipid homeostasis 
by tightly controlling fatty acid storage and release while preventing tox-
ic accumulation of cellular lipids. LD-associated proteins of the perilip-
in-family diff erentially regulate biogenesis, structural integrity, as well as 
degradation of LDs, and play a pivotal role in steatotic liver diseases such as 
alcoholic and non-alcoholic steatohepatitis (ASH, NASH). Th e polymor-
phism I148M in the patatin-like phospholipase domain containing protein 
3 (PNPLA3) has been shown to be associated with worsened prognosis in 
liver disease, especially in NASH.
Methods. Aim of this study was to analyze histology, perilipin-expression 
and clinical characteristics in a collective of 47 patients with ASH and 25 
patients with NASH and known PNPLA3-status.
Results. In steatohepatitis, irrespective of cause, perilipin 1 staining of-
ten appeared diminished when compared to bland steatosis. Perilipin 2 
and to a lesser degree also perilipins 3 and 5 marked ballooned cells in 
steatohepatitis, in which perilipin 1 was negative. With respect to PN-
PLA3-status, livers of PNPLA3 G/G carriers showed decreased steatosis 
(though comparable with respect to alcohol intake), but enhanced bal-
looning, acinar infl ammation, microgranulomas, and increased fi brosis, 
In contrast, PNPLA3 C/C patients showed a higher degree of steatosis and 
more lipogranulomas. Immunohistochemical analysis of perilipins 1–5 in 
G/G- versus C/C-patients demonstrated overall diminished staining for 
perilipin 1, although not statistically signifi cant, whereas perilipin 2 stain-
ing was more prominent, especially due to an increase of ballooned cells. 
Perilipin 3 did not show any diff erences among PNPLA3 genotypes. In-
terestingly, whereas perilipin 5 localized to LDs in hepatocytes of C/C-pa-
tients, it was localized diff usely cytoplasmic with partial localization to 
the nucleus in G/G-patients. In line with this fi nding, semi-quantitative 
real-time PCR analysis revealed a reduction of PLIN5 transcript levels in 
livers of G/G carriers.
Conclusion. In summary, the LD-associated perilipins are diff erentially ex-
pressed in bland steatosis versus steatohepatitis due to a diff erential locali-
zation of perilipins to ballooned cells, yet irrespective of cause. In patients 
with the PNPLA3-polymorphisms I148M, perilipin 5 expression in hepat-
ocytes is altered. Future studies need to further clarify the link between the 
lipase PNPLA3 and LDs and their associated proteins.

and precise molecular characteristics of capillarization have been poorly 
investigated so far.
Methods. Transgenic mice with hepatocyte-specifi c expression of constitu-
tively active yes-associated protein (YAPS127A) were used as tumor mod-
el. Blood vessels were detected by immunofl uorescence using the markers 
CD146 and Lyve-1. Chromatin-immunoprecipitation, transcriptome analy-
sis, and proteome profi ling were performed with primary hepatocytes. FACS 
was used for cell quantifi cation and sorting of primary endothelial cells iso-
lated from normal, hyperplastic, and tumor-bearing livers. Gene expres-
sion data of 242 hepatocellular carcinoma (HCC) patients were analyzed.
Results. A progressive replacement of LSECs by CECs was observed in 
tissues of YAP-dependent liver overgrowth and tumors, illustrating liver 
capillarization. FACS analysis validated the selective expansion of CECs 
in normal liver (4 ± 2%), hyperplastic livers (37 ± 16%), and tumor-bear-
ing livers (61 ± 30%). Th e number of LSECS was reduced accordingly (95% 
to 38%). YAP induced the expression of proangiogenic placental growth 
factor (PGF) and osteopontin (OPN) in hyperplastic and tumor-bearing 
livers. YAP stimulated OPN expression via physical binding of the tran-
scription factor TEAD4 to the OPN promoter. Treatment of the endotheli-
al cell line SVEC 4–10 with PGF and OPN led to a concentration-depend-
ent increase of cell viability and spheroid sprouting. In human samples 
overexpression of PGF and OPN defi ned HCC patients with worse overall 
survival and earlier tumor recurrence. Expression profi ling of LSECs and 
CECs revealed dynamic changes of cytokine and receptor signatures sug-
gesting the presence of an intense paracrine cross-talk between endothelial 
subtypes in early and late phases of liver tumorigenesis.
Conclusion. Th e angiogenic switch in YAP-induced premalignant lesions 
and HCCs is partly induced by hepatocyte- and tumor cell-derived OPN 
and PGF. A deeper understanding of the dynamic interplay connecting 
parenchymal and endothelial cells might off er promising approaches for 
the specifi c inhibition of vascular remodelling in hepatocarcinogenesis.

AG01.11
The second-generation pan-mTOR inhibitor MLN0128 eff ectively 
restrains the growth of a preclinical mouse model of intrahepatic 
cholangiocarcinoma

S. Zhang1, X. Song1, D. Chao1, L. Che1, M. Pilo2, A. Cigliano2, K. Evert3, 
S. Ribback2, F. Dombrowski2, D. F. Calvisi2, X. Chen1, M. Evert*3

1University of California, Department of Bioengineering and Therapeutic 
Sciences, San Francisco, United States, 2University Medicine, Institute of 
Pathology, Greifswald, Germany, 3Institute for Pathology, Regensburg, 
Germany

Background. Intrahepatic cholangiocarcinoma (ICC) is a lethal tumor 
type without eff ective treatment options. Here, we established a novel ICC 
mouse model via hydrodynamic transfection of activated forms of AKT 
(myr-AKT) and Yap (YapS127A) protooncogenes (that will be referred to 
as AKT-YapS127A mouse).
Methods. Th is model was subjected to treatment with MLN0128, a sec-
ond-generation ATP competitive pan-mTOR inhibitor. Gemcitabine and 
MLN0128 were administered in AKT/YapS127A tumor-bearing mice to 
study their anti-tumor effi  cacy in vivo. In addition, human HuCCT1 and 
KMCH ICC cell lines were used for in vitro experiments.
Results. We found that co-expression of myr-AKT and YapS127A pro-
motes ICC development in mice. Both mTORC1 and mTORC2 complexes 
were required for AKT/YapS127A ICC development. Gemcitabine had no 
effi  cacy in treating AKT/YapS127A ICC. In contrast, when MLN0128 was 
orally administered in the early stage of AKT/YapS127A carcinogenesis, 
it led to disease stabilization. Furthermore, partial tumor regression was 
achieved when MLN0128 was applied in the late stage of AKT/YapS127A 
cholangiocarcinogenesis. Mechanistically, MLN0128 was able to effi  ciently 
inhibit AKT/mTOR signaling both in vivo and in vitro, inducing strong 
ICC cell apoptosis and only marginally aff ecting proliferation.
Conclusion. Our study suggests that MLN0128 may be a superior drug 
than Gemcitabine for the treatment of ICC, especially with patients whose 
tumors exhibit activated AKT/mTOR cascade.



Der Pathologe · Suppl 1 · 2017 S33

Background. Hepatocellular carcinoma (HCC) is one of the most malig-
nant cancers and the third most common cause of cancer-related death 
worldwide. Th e high mortality rates are the result of tumor relapses and 
metastases that are suggested to be caused by so-called cancer stem cells 
(CSCs), a highly aggressive and resistant tumor cell subpopulation having 
tumor initiating and self-renewal capacity. Th us the establishment and de-
tailed characterization of CSC enriched subclones could have signifi cant 
impact on a better understanding of tumor heterogeneity and regulation 
of HCC and hence on new CSC targeted therapy approaches.
Methods. We generated several CSC-enriched subclones of the HepG2 
hepatocellular carcinoma cell line using the spheroid formation assay. In 
comparison to the parental HepG2 cells the CSC-enriched subclones were 
investigated concerning their morphology, proliferation rate, migratory 
activity, their drug resistance and their expression of liver specifi c, CSC as 
well as epithelial-to-mesenchymal transition (EMT) related proteins both 
in 2D and 3D cell culture systems. For this, light microscopy and immuno-
fl uorescence staining, various proliferation and migration assays, Western 
Blot and qPCR analysis were applied. Finally, the ability of the subclones to 
grow in vivo was investigated using the chorioallantoic membrane (CAM) 
assay and the 3D RAFTTM cell culture system (LONZA).
Results. We have established subclones from single cells and found that 
the created monoclonal subpopulations exhibited dramatic diff erences in 
terms of stemness, EMT potential, and enriched CSC fractions. We suc-
cessfully established 3 liver cancer cell subclones showing similar albumin 
secretion compared to the parental HepG2 cell line. Clone 5 was the most 
aggressive one showing signifi cantly higher proliferation and migration 
rates. Furthermore, it underwent an incomplete EMT expressing both ep-
ithelial and mesenchymal markers. Even though a slight drug resistance 
could only be detected at very high drug concentrations, the subclones 
showed an extremely aggressive and invasive potential in vitro by build-
ing up networks of tubular structures in matrigel and in vivo by form-
ing strongly vascularized tumors on the CAM with high tumor budding.
Conclusion. Spheroid-derived cancer cell subclones are suitable in vitro 
models for investigation of molecular mechanisms underlying tumor het-
erogeneity and CSC function in HCC.
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Background. Adenocarcinoma of Ampulla of Vater (AMPAC) account 
for 0.5% of all gastrointestinal malignancies. Th e best prognostic factor is 
UICC tumor stage. Histologically the most common tumor diff erentiation 
is an intestinal diff erentiation which shows the best prognosis. Pregnan-
cy-specifi c beta-1-glycoproteins (PSG) are mostly known to be excessive 
produced in placental tissue. A limited number of reports also describe 
PSG expression in malignant tumors. We present the fi rst immunohisto-
chemical investigation of PSG-1 expression in an AMPAC cohort.
Methods. 36 AMPAC resected at the Clinic for General and Visceral Sur-
gery and pathologically classifi ed at the Institute of Surgical Pathology, 
Medical University Freiburg were included in our study cohort. From each 
patient, one tumor slide was stained immunohistochemically for PSG-1 

AG01.13
Hepatitis E virus: Visualization of viral RNA and proteins in the 
human liver
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Background. Hepatitis E is one of the most common causes of acute hep-
atitis worldwide. However, so far little is known about the localization of 
hepatitis E virus (HEV) in the human liver. Th us, our aim was to visualize 
HEV RNA and proteins in situ.
Methods. Several antibodies against HEV open reading frame (ORF) 1–3 
proteins for immunohistochemistry (IHC) and two probes for in situ 
hybridization (ISH) were tested on formalin-fi xed, paraffi  n-embedded 
(FFPE) HEV protein expressing human hepatocellular carcinoma (Huh-
7) cells that were transfected with HEV ORF1-3 constructs. IHC (and part-
ly ISH) were subsequently applied to HEV replicating human hepatoblas-
toma (Hep293TT) cells and liver specimens from patients with hepatitis 
E (n = 20) and controls (n = 134).
Results. While ORF1-3 proteins were all detectable in HEV protein ex-
pressing cells, only ORF2 and 3 proteins were identifi ed in HEV replicating 
cells. In liver specimens from patients with hepatitis E, only the ORF2-en-
coded capsid protein was unequivocally detectable. IHC for ORF2 protein 
showed a patchy expression in individual or grouped hepatocytes, general-
ly broader and stronger in cases of chronic compared to acute hepatitis. In 
addition to cytoplasmic and canalicular, ORF2 protein also revealed a hith-
erto not described nuclear localization. Furthermore, positivity for ORF2 
protein in defi ned areas correlated with HEV RNA detection by ISH. IHC 
was specifi c and comparably sensitive as PCR for HEV RNA.
Conclusion. In livers from patients with hepatitis E, the ORF2 protein can 
be visualized reliably by IHC, allowing sensitive and specifi c detection of 
HEV in FFPE samples. Th erefore, HEV ORF2 IHC can be used as a rapid, 
handy and not expensive ancillary tool in histopathologic diagnostics of 
HEV. In addition, its variable subcellular distribution in individual hepat-
ocytes of the same liver suggests a redistribution of ORF2 protein during 
infection and thus an interaction with nuclear components.

AG01.14
Characterization of cancer stem cell enriched subclones of 
hepatocellular carcinoma cell line HepG2 in 2D and 3D culture
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Conclusion. NRP2 expression on macrophages has an important role in 
tumor growth. Th erefore, understanding the role of NRP2 in immune re-
sponses should give new insights in the complex network of immune reg-
ulation of tumor growth. Furthermore, NRP2 might emerge as an im-
portant therapeutic target to modulate immune responses to tumor cells.

AG01.17
Epigenetic and genetic characterization of pancreatic acinar cell 
carcinoma

C. Jäkel1, P. Schmezer1, C. Plass1, P. Schirmacher2, G. Klöppel3, F. Bergmann*2

1German Cancer Research Center, Heidelberg, Germany, 2Institute of 
Pathology, University Hospital, Heidelberg, Germany, 3Institute of Pathology, 
Technical University Munich, Munich, Germany

Background. Pancreatic acinar cell carcinomas are rare, aggressive neo-
plasms whose genetic background is poorly understood. Th erapeutic oOp-
tions are limited. In this study, we aimed for an integrative, genome-wide 
analysis of this tumor entity by investigating DNA methylation, copy num-
ber alterations and mutations. Th is will provide us with a comprehensive 
(epi-)genomic picture of this tumor entity and will help us to identify genes 
frequently altered to open new options for therapy.
Methods. We measured global DNA methylation and copy number alter-
ations in human pancreatic acinar cell carcinomas via Illumina’s Infi nium 
HumanMethylation450 BeadChip (450K array). For investigating muta-
tions and Indels, DNA is currently being sequenced. Top hits are validated 
via MassARRAY technology, quantitative PCR and Sanger sequencing, re-
spectively. For detecting aberrant changes in protein expression, immuno-
histochemistry was performed using a Tissue Microarray.
Results. Diff erences in DNA methylation were calculated and ranked for 
regulatory regions in the genome. We found aberrant methylation in 466 
promoters, 690 CpG islands, 608 gene bodies and 1375 enhancers in the 
discovery cohort. In the validation cohort we were able to confi rm 53%, 
60%, 44% and 56% of the respective regions. We further confi rmed top 
hits via MassARRAY. In addition, copy number alterations were calcu-
lated and mapped to genes. 882 commonly deleted genes and 273 am-
plifi ed genes were identifi ed and top hits were confi rmed via quantitative 
PCR. Combining hits in DNA methylation and copy number alterations 
revealed some regions which were found in a majority of tumor cases. 
Some of the altered genes were also confi rmed on the protein level via im-
munohistochemistry.
Conclusion. Target genes commonly changed in pancreatic acinar cell car-
cinoma can be identifi ed by integrating epigenetic and genetic alterations. 
Amongst our top candidates, we found druggable targets which could give 
rise to new treatment options for the patients.

AG01.18
Infl uence of cytotoxic tumour-infi ltrating T lymphocytes (TILs) on 
outcome in pancreatic ductal adenocarcinoma.

P. Lohneis*1, K. Jöhrens1, M. Sinn2, U. Pelzer2, H. Bläker1, H. Oettle3, H. Riess2, 
S. Bischoff 4, C. Denkert1, J. Striefl er2

1Charité Medical University Berlin, Institute of Pathology, Berlin, Germany, 
2Charité Medical University Berlin, Clinic for Hematology, Oncology 
and Tumorimmunology, CVK, Berlin, Germany, 3Hämatologische und 
Onkologische Schwerpunktpraxis, Friedrichshafen, Germany, 4Charité 
Medical University Berlin, CONKO studygroup, Berlin, Germany

Background. T lymphocytes are frequently found in the tumour microen-
vironment and their role on development and behavior of several solid tu-
mours is well recognized. For example studies on breast cancer and colon 
cancer showed the prognostic and predictive impact of tumour infi ltrating 
T lymphocytes while there is only limited data on the prognostic impact 
on pancreatic cancer until now.
Methods. We retrospectively evaluated the prognostic eff ect of CD8 pos-
itive lymphocytes using immunohistochemistry in a cohort of forma-
lin-fi xed paraffi  n-embedded (FFPE) tissue samples from the prospective 

(clone BAP3 (Aldevron GM-0507)). Th e histological and immunohisto-
logical slides were reviewed by two pathologists blinded for clinicopatho-
logical data. Immunohistological analyses included staining intensity 
(score 0–3) and percentage of positive tumor cells. Statistical analyses 
were performed using IBM SPSS Statistics Version 21. Signifi cance lev-
el was set to p < 0.05.
Results. A positive PSG-1 signal could be observed in all analyzed tumors 
(36). A weak signal was scored in 11/36 (30.6%) a moderate signal in 18/36 
(50%) and a strong signal in 7/36 (19.4%) tumors. Interestingly staining 
intensity (p = 0.021, Kaplan Meier Test) but not the percentage of PSG-1 
positive tumor cells (p = 0.266, Kaplan Meier Test) correlated with patient 
overall survival. Multivariate analysis revealed lymph node ratio and PSG-
1 intensity as independent prognosticators.
Conclusion. Our immunohistochemical study highlights PSG-1 as an 
overexpressed protein in AMPAC with worsened prognosis. Functional-
ly, PSGs are pleiotropic proteins, including a possible role in immuno-
modulation. Such functionality might be a trigger for shortened survival. 
Further investigations and studies are required to better understand the 
role of PSGs in tumor biology.

AG01.16
Targeting Neuropilin-2 on tumor associated macrophages reduces 
pancreatic cancer growth
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Background. Neuropilin-2 (NRP2) is one of two members of the neuropi-
lin protein family. It is a single transmembrane receptor glycoprotein with 
a special affi  nity to soluble semaphorins and vascular endothelial growth 
factors. Due to its short intracellular tail, it functions oft en as a co-recep-
tor for VEGFR and Plexins. 
In the last couple of years, NRP2 was identifi ed on many immune cells. 
Additionally, we found an important role of NRP2 in intracellular vesicle 
traffi  cking and autophagy. Phagocytosis is a process that is dependent on 
these cellular machineries that are controlled by NRP2. Th erefore, we in-
vestigated the role of NRP2 on tumor associated macrophages in a pan-
creatic cancer.
Methods. To evaluate the function of NRP2 in macrophages, mouse mod-
els with tamoxifen-inducible and non-inducible NRP2 knock out have 
been established (iCSF1R-cre; NRP2loxp/loxp and LysM-cre; NRP2loxp/
loxp). Th e murine pancreatic cancer cell line KC6141 (derived from a 
GEMM of pancreatic cancer) was used to elicit the function of NRP2 ex-
pression on macrophages on cancer growth. Th e expression of NRP2 on 
messenger and protein level were studied in human macrophages and mu-
rine bone marrow derived macrophages (BMDM) by standard molecu-
lar methods like qRT-PCR and Western blotting. Standard immunohis-
tochemistry was used to detect NRP2 on human tissue slides of ductal 
adenocarcinoma of the pancreas. Phagosomal maturation was tested by 
E-coli phagocytosis assays.
Results. We found a high expression of NRP2 in tumor associated mac-
rophages of ductal adenocarcinoma of the pancreas. NRP2 was also sig-
nifi cantly expressed on pro-infl ammatory macrophages (M1) and anti-in-
fl ammatory macrophages (M2). Knock-down of NRP2 in BMDM blocks 
phagosomal maturation inside macrophages. Preliminary in vivo results 
demonstrated that the growth of an established murine subcutaneous pan-
creatic cancer tumor nodule was signifi cantly reduced aft er tamoxifen in-
duced knock out of NRP2 in macrophages (using an inducible CSF1R-cre; 
NRP2loxp/loxp mouse model). In contrast, tumor growth was not aff ected 
in a non-inducible knock out of NRP2 in macrophages (using the LysM-
cre; NRP2loxp/loxp mouse model).
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Background. Over the last years, targeted therapies have become prom-
inent in anticancer drug development, e.g by interfering with pathways 
relevant for proliferation, migration, growth or angiogenesis. Neuropilins 
(NRP1, NRP2) are transmembrane glycoproteins that play important roles 
in immunology, angiogenesis and tumorgenesis. Acting as VEGF recep-
tors, their blockage inhibits several important signal transduction path-
ways. Neuropilin overexpression has been found in various tumor entities 
including ductal adenocarcinoma of the pancreas (PDAC) and correlated 
with aggressive phenotype and therapy resistance. Initial data also suggest 
therapeutic eff ects upon Neuropilin inhibition. Important for Neuropilin 
signaling is the GAIP interacting protein C-terminus (GIPC1/Synectin), 
acting as an essential adaptor protein. Th us, in this project we focus on the 
three diff erent targets, i. e. GIPC1/Synectin, NRP1 and NRP2, by exploring 
their combined inhibition.
Methods. RNA interference (RNAi) is a powerful strategy for the specif-
ic knockdown of any selected target gene, mediated by small interfering 
RNAs (siRNAs). We use this technology to deplete protein levels of NRP1, 
NRP2, and GIPC1/Synectin. Standard molecular assays are employed to 
test the eff ect of protein depletion on survival, colony formation, migra-
tion, 3D formation.
Results. We have extensively analyzed the eff ects of RNAi-based transient 
GIPC1/Synectin, NRP1 and NRP2 knockdown on the cellular and molec-
ular level. In various cell lines with diff erent expression levels of the genes 
of interest, knockdown leads to antiproliferative eff ects. Decreased colony 
numbers are observed in colony-forming assays, and spheroid assays for 
anchorage-independent growth show a diff erent spheroid shape and den-
sity aft er siRNA treatment. Scratch assays reveal reduced proliferation and/
or migration, as determined by decreased ability to close the scratch aft er 
GIPC1/Synectin and NRP1 knockdown. Th us, these targets are connected 
to migration and proliferation pathways. Notably, tumor cell inhibitory ef-
fects are increased upon treatment with siRNA combinations, and GIPC1/
NRP1/NRP2 functions were found to be not redundant.
Conclusion. Our data suggest that GIPC1/Synectin, NRP1 and NRP2 are 
promising target molecules in pancreatic cancer treatment, especially 
upon combined inhibition/knockdown. Upcoming experiments will ex-
plore nanoparticle-formulated siRNAs on tumors in vivo, by investigating 
their therapeutic eff ects in xenograft  mouse models.

AG01.21
IDO1 expression as prognostic biomarker in erlotinib-treated 
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Background. Pancreatic ductal adenocarcinoma (PDAC) is a devastating 
disease, with mortality rates almost equal to incidence rates. Indoleamine 
2,3-dioxygenase 1 (IDO1) is a key enzyme that catalyzes the rate-limiting 
step in the conversion of tryptophan to kynurenine. Th e depletion of tryp-
tophan and accumulation of kynurenine has been shown to induce eff ec-
tor T cell dysfunction and regulatory T cell induction, thus representing 
a possible mechanism of tumor derived immunosuppression. With the 
advent of clinically available IDO1 inhibitors, IDO1 expression may be a 
therapeutic target that has not been extensively studied in PDAC to date.

multicentered CONKO-001 study with pancreatic ductal adenocarcinoma 
treated with or not with adjuvant gemcitabine.
Results. A high number of CD8 positive lymphocytes was independently 
and signifi cantly associated with longer disease-free (DFS) and overall sur-
vival (OS) in the overall study population. For tumours with a low num-
ber of CD8 positive lymphocytes median DFS/OS were 7.4/18.1 months 
and 12.8/26.7 months for tumours with high numbers (p = 0.007/0.018). 
In subgroup analysis this eff ect was restricted to DFS of gemcitabine treat-
ed patients.
Conclusion. Our results suggest that the presence of TILs is important 
for prognosis in resected pancreatic ductal adenocarcinomas. However 
our results need further standardization and verifi cation by other studies.

AG01.19
Immune cell infi ltrates in the tumor microenvironment of 
pancreatic cancer (PDAC): „bud“ and good signatures
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Background. PDAC is considered a “non-immunigenic” neoplasm. Immu-
notherapies have failed to show signifi cant responses due to the complex 
tumor microenvironment (TME) that provides a barrier to immune cell 
infi ltration and function. Our aim is to map the localization and spatial 
distribution of lymphocytes in the PDAC-TME and identify specifi c pat-
terns indicating clinically relevant immune responses.
Methods. Tissue microarrays containing at leat 4 punches from tumor 
center and tumor front from a well characterized cohort of 120 PDACs 
were examined. Microsattelite unstable (MSI-H) tumors (5 cases) were 
excluded so that only MSS tumors were used for analysis. An algorithm 
for digital image analysis was created. CD3+, CD4+, CD8+ and CD20+ 
cells were counted in the intraepithelial and stromal compartment. Both 
arbitrary cutoff -values and raw scores were used for statistical analysis. Re-
sults were correlated with the clinicopathologic features (using the TNM 
8. 2017, including survival), the PD-L1 expression and the tumor budding 
scores, assessed by the 10-in-10 method and the one-hotspot-at 20x meth-
od. Our previous results concerning FOXP3-expression were integrated.
Results. In the tumor front clinicopathologic data were correlated with 
intraepithelial CD8- and stromal CD3- and CD20-counts. Reduced CD8-
counts correlated with poor outcome, while presence of tertiary lymphoid 
tissue (TLTs) correlated with better overall survival. Th ree immune phe-
notypes were identifi ed: a “quiescent”, T-cell-poor/B-cell-poor phenotype, 
characterized by aggressive features, including high-grade budding. Th ese 
PDACs may evade the host immune surveillance mostly through enrich-
ment in FOXP3-Tregs; a T-cell-rich/B-cell-rich phenotype without TLTs, 
characterized by less aggressive features, lower budding and better clini-
cal behavior; and a T-cell-rich/B-cell-rich phenotype with TLTs, charac-
terized by very low budding, favorable features and even better biological 
behavior. Th ese PDACs may evade the host immune surveillance mostly 
through an upregulation of PD-L1.
Conclusion. PDAC displays distinct immunophenotypes that correlate 
with the clinicopathologic features and clinical behavior. “Aggressive” 
PDAC has an immune-suppressive TME especially at the area surround-
ing the tumor buds. Immune cells seem to interact with stromal-, carcino-
ma- and other immune cells within the PDAC-TME. B-cells promise to be 
an essential element of the PDAC-TME and their spatial organization is a 
key regulator of their anti-tumor function.
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Results. Th e molecular subtypes of PDAC identifi ed by our method proved 
to be an independent prognostic factor in both investigated cohorts of pri-
mary resected PDAC (p-value 0.013 in PR1- and 0.009 in PR2-cohort) as 
the exocrine-like subtype showed the best, the QM-like subtype the worst 
and the classic subtype an intermediate survival in both cohorts. In the 
investigated primary chemotherapy (PC-)cohort the survival diff erence 
between the classic-like and the exocrine-like subtype was lost while the 
worse prognosis of patients with tumors of the QM-like subtype was re-
tained (p-value 0.021). Additionally patients with tumors of the QM-like 
subtype did not benefi t from FOLFIRINOX-therapy compared to Gem-
citabine-based therapies which seemed to be most benefi cial for patients 
with tumors of the exocrine-like subtype at least with respect to initial tu-
mor control (p-value 0.038).
Conclusion. In conclusion our method allows an easily applicable molecu-
lar subtyping of PDAC which can be used as a patient stratifi cator in future 
clinical and scientifi c practice.
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Desmoglein 3 as biomarker and potential therapy target in 
advanced pancreatic cancer

M. Günther*1, M. Haas2, S. Böck2, M. Orth1, T. Grünewald1, V. Heinemann2, 
T. Kirchner1, S. Ormanns1

1Institute of Pathology, Munich, Germany, 2Ludwig Maximilian University 
of Munich, Department of Internal Medicine III and Comprehensive Cancer 
Center, Munich, Germany

Background. Despite extensive eff orts in basic and clinical research in the 
last decades, pancreatic ductal adenocarcinoma (PDAC) is still a devastat-
ing disease, with mortality rates almost equal to incidence rates. Also, rele-
vant prognostic and predictive parameters are still lacking. We previously 
characterized the expression of the desmosomal proteins DSG1, DSG2 and 
DSG3 in 165 pancreatectomy specimens and identifi ed DSG3 as prognos-
tic biomarker. However the role of DSG3 in the majority of PDAC pts, i. e. 
in advanced pancreatic cancer remains elusive as well as the mechanistic 
implications of DSG3 expression in PDAC biology.
Methods. Using IHC on a TMA of 76 tumor samples from the well defi ned 
AOI-PK0104 study, we examined DSG3 expression in erlotinib treated aP-
DAC and its correlation to pts outcome in two subgroups. 
We characterized DSG3 expression in 12 PDAC cell lines and GSEA anal-
ysis was performed. Using a defi ned pool of 30 siRNAs directed against 
DSG3 (siPool), the eff ect of a DSG3 knockdown on proliferation, migra-
tion, invasion, colony formation and chemotherapy response was assessed.
Results. High DSG3 expression could be detected in 19% of patients and 
was signifi cantly associated with poor pts OS(8.2 vs 4.4 ms, p = 0.030)
but not PFS (3.3 vs 2.1 ms, p = 0.101). In subgroup analysis, this eff ect 
seemed to be limited to 1st line gemcitabine treated pts (OS 8.8 vs 3.1 ms, 
p = 0.0001; PFS 3.8 vs 1.7 ms, p = 0.002) as no prognostic eff ect of DSG ex-
pression was detected in the 1st line capecitabine subgroup (OS 7.2 vs 6.7 
ms, p = 0.992; PFS 2.4 vs 2.8 ms, p = 0.322). In GSE analysis, DSG3-high 
expression signature clustered with malignant trait profi les. Four PDAC 
cell lines displayed high DSG3 expression. DSG3 knockdown using siPool 
was highly effi  cient and reduced PDAC cell migration and invasion sig-
nifi cantly. However, the eff ects of DSG3 knockdown on proliferation and 
gemcitabine sensitivity were modest.
Conclusion. Similarly to resected PDAC, DSG3 is a negative prognostic bi-
omarker in erlotinib treated aPDAC pts. However, this eff ect seems to be 
limited to 1st line gemcitabine treated pts. In vitro experiments revealed 
a functional implication of DSG3 in migratory and invasive behaviour of 
PDAC cell lines and a potential role in increased chemoresistence. Th us, 
DSG3 and its associated signaling networks represent potential therapy 
targets in aPDAC. Further research will focus on the signal transduction 
networks around DSG3 and possible therapeutic interventions to over-
come therapy resistance.

Methods. IDO1 expression and the infi ltration of CD8+ and FoxP3+ T 
cells was assessed on a TMA of 66 tumor samples from erlotinib-treat-
ed advanced PDAC patients (pts) treated within the AOI-PK0104 phase 
III trial. Th e expression of each marker was correlated to each other and 
with overall survival (OS) as well as time to treatment failure of 1st-line 
chemotherapy (TTF1).
Results. IDO1 was detected in 10.6% of tumors and correlated with inferi-
or OS (3.2 vs 7.7 ms, p = 0.010) but not with TTF1. A high CD8+ infi ltrate 
was detected in 21.2% of PDAC tumors and correlated with improved OS 
(9.7 vs 6.4 ms, p = 0.026) and TTF1 (6.9 vs 2.5 ms, p = 0.010); 47.0% of the 
tumors either showed a strong or absent FoxP3+ infi ltrate, which was as-
sociated with inferior OS and TTF1 compared to tumors showing a mod-
erate FoxP3+ infi ltrate (OS 5.2 vs 9.3 ms, p = 0.001; TTF1 2.2 vs 3.6 ms, 
p = 0.010). Within multivariate Cox regression analyses (adjusting for tu-
mor grade, age and Karnofsky performance status [KPS]) IDO1 expression 
(p = 0.049), FoxP3+ infi ltrate (p = 0.001), high CD8+ infi ltrate (p = 0.005) 
and KPS (p = 0.018) were independent prognostic factors for OS. No statis-
tically signifi cant correlation between IDO1 expression, CD8+ or FoxP3+ 
infi ltrate was detected using cross tabulations.
Conclusion. Tumoral IDO1 expression, a strong or absent FoxP3+ infi l-
trate and high CD8+ T cell infi ltration are independent negative prog-
nostic factors in erlotinib-treated PDAC pts. Th ese fi ndings confi rm the 
importance of a properly regulated immune response in PDAC. Although 
only a limited subgroup of pts showed tumoral IDO1 expression, it may 
represent a potential mechanism of tumoral immune evasion which may 
be overcome using IDO1 inhibitors. Similarly to checkpoint inhibitors in 
other solid malignancies, this could be a promising treatment strategy for 
the subgroup of pts with IDO1 expressing tumors.

AG01.22
Molecular pancreatic ductal adenocarcinoma subtypes follow 
distinct clinical courses in the resectable and in the palliative 
setting

A. Muckenhuber*1, A. K. Berger2, K. Steiger1, M. Schlitter3, B. Konukiewitz1, 
A. Stenzinger4, M. Sprick5, C. Springfeld2, W. Weichert1

1Technical University Munich, Institute of Pathology, Munich, Germany, 
2National Center for Tumor Diseases (NCT) Heidelberg, Medical Oncology, 
Heidelberg, Germany, 3Technical University Munich, Institute for General 
Pathology and Pathological Anatomy, Munich, Germany, 4University 
Hospital Heidelberg, Institute of Pathology, Heidelberg, Germany, 
5German Cancer Research Center (DKFZ), Heidelberg Institute for Stem Cell 
Technology and Experimental Medicine (HI-STEM), Heidelberg, Germany

Background. Due to its poor prognosis and therapeutic response to current 
chemotherapy regimens patients suff ering of pancreatic ductal adenocar-
cinoma (PDAC) are in dire need of effi  cient pretherapeutic stratifi cation 
to maximize treatment effi  cacy and minimize adverse eff ects. Hallmark 
papers by Collison et al. and Bailey et al. have recently toppled the pri-
or believe that PDAC represents a biologically uniform entity by reveal-
ing distinct molecular subtypes of otherwise indistinguishable tumors by 
RNA-profi ling. Based on these data we have developed an immunohisto-
chemistry (IHC) based method of PDAC subtyping which can be easily 
integrated in common pathologic practice.
Methods. Investigating the expression of only two marker proteins (Hepat-
ocyte Nuclear Factor 1A (HNF1A) and cytokeratin 81 (CK81)) by im-
munohistochemistry we were able to identify distinct molecular subtypes 
of PDAC termed “classic-like”, “exocrine-like” and “quasi-mesenchy-
mal(QM)-like” in two independent retrospective cohorts of primary re-
sected PDAC (PR1-cohort: 262 individuals treated at the Charité Univer-
sity Hospital Berlin; PR2-cohort: 130 individuals treated at the Klinikum 
rechts der Isar, Technical University Munich) and a third cohort of 125 
patients with unresectable or metastasized disease treated at the Nation-
al Center for Tumor Disease (NCT) Heidelberg by primary chemother-
apy following FOLFIRINOX (64 patients) or Gemcitabine-based (61 pa-
tients) protocols.
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chives and reviewed by a pathologist. Genetic information were analysed 
by Tissue Micro Arrays and Next Generation Sequencing.
Results. 22 (4.55%) patients out of 484 had bowel cancer, thereof 12 fe-
males. Th e interval between fi rst diagnosis of Crohn’s Disease and diag-
nose of cancer was signifi cantly longer for females. Th e mean age at cancer 
diagnosis was 46.3 years, the 5-year survival rate 55.1%. Adenocarcino-
ma were seen in 83.34% of the cases, thereof 50% of mucinous or signet 
ring cell type.
Conclusion. Th e crucial time for developing colorectal cancer seems to 
start 10 years aft er fi rst diagnose of Crohn’s Disease or even earlier regard-
ing the tumor stage at cancer diagnosis. Th e interval appears to be short-
er for males. Furthermore, the 5-year survival rate is worse compared to 
sporadic carcinomas.

AG01.26
Dynamics of genetic aberrations in Crohn’s disease associated 
colorectal carcinogenesis

D. Hirsch*1, D. Wangsa2, Y. Hu2, J. Zhu2, D. Petersen2, D. Edelman2, P. Meltzer2, 
B. Tran3, K. Heselmeyer-Haddad2, T. Ried2, T. Gaiser1

1University Medical Center Mannheim, Institute of Pathology, Mannheim, 
Germany, 2National Institutes of Health, National Cancer Institute, Bethesda, 
United States, 3National Institutes of Health, National Cancer Institute, 
Frederick, United States

Background. Crohn’s disease, a condition of chronic infl ammation of the 
intestine, signifi cantly increases the risk for the development of colorectal 
cancer (CRC). Sporadic CRCs are characterized by a specifi c pattern of 
genomic imbalances and a landscape of acquired gene mutations. In this 
study we aimed to compare CRCs associated with Crohn’s disease with 
sporadic CRCs.
Methods. We analyzed 26 Crohn’s disease associated CRCs, four matched 
dysplastic lesions, six matched infl amed mucosa samples, and two matched 
lymph node metastases using array comparative genomic hybridization, 
targeted sequencing (564 cancer related genes) and gene expression pro-
fi ling. As a control, we used normal intestinal mucosa from the resection 
margin of these CRCs and 24 sporadic CRCs.
Results. In general, CRCs that developed in patients with Crohn’s disease 
mainly showed chromosomal aberrations expected in CRC. However, we 
identifi ed the following distinct mutation signature compared to sporadic 
CRC: TP53 (65% in Crohn’s disease associated CRC versus 33% in sporadic 
CRC), KRAS (27% versus 54%), APC (23% versus 75%), PIK3CA (19% ver-
sus 8%), SMAD4 (12% versus 13%) and SMAD3 (4% versus 29%). Th e ge-
netic analyses of multiple lesions from individual patients revealed a high 
degree of intertumoral heterogeneity with diverse patterns of gene muta-
tions and allowed reconstruction of the sequence of genetic events during 
Crohn’s disease associated tumorigenesis. In contrast to sporadic colorectal 
carcinogenesis, TP53 mutations were observed as early and frequent events 
while APC mutations occurred rather late and were infrequent.
Conclusion. Our comprehensive molecular profi ling of Crohn’s disease as-
sociated CRCs suggests that the genetic landscape of CRC is infl uenced by 
the activation of infl ammation related pathways. Furthermore, our fi nd-
ings off er potential for establishing an early detection marker for dysplasia 
in patients with Crohn’s disease.

AG01.24
Pancreatic Ductal Adenocarcinoma after Neoadjuvant Therapy: 
Morphologic Characterization

L. Häberle*1, A.-C. Kapp2, I. Esposito1

1Institute of Pathology, Heinrich Heine University, Düsseldorf, Germany, 
2Department of Anaesthesiology, Klinik St. Elisabeth, Heidelberg, Germany

Background. Neoadjuvant therapy plays an increasingly important role in 
the treatment of pancreatic ductal adenocarcinoma (PDAC), e. g. in pri-
marily unresectable tumors. However, the evaluation of PDAC specimens 
aft er neoadjuvant therapy still represents a challenge, as the histomorphol-
ogy of pre-operatively treated PDACs is not well characterized. Th e aim 
of this study was to assess the histomorphological changes in PDAC aft er 
neoadjuvant therapy with focus on the stromal reaction, and to determine 
characteristic features that can help distinguish between tumor regression 
and desmoplasia.
Methods. PDAC resection specimens from 27 patients aft er pre-operative 
chemotherapy or pre-operative radiation and chemotherapy were analyz-
ed. Grossing and histopathologic analysis was conducted according to a 
standardized procedure and 3 tissue samples/patient (tumor center, in-
termediate and periphery) were selected for further staining. Tissue 
samples were evaluated by histochemistry (alcian blue-PAS and Movat’s 
pentachrome stain) and immunohistochemistry (pan-cytokeratin, α-crys-
tallin B, α-smooth muscle actin, neurotrophin-3, SPARC and tenascin C). 
Proliferation and apoptosis were assessed by ki67 and TUNEL apoptosis 
assay, respectively.
Results. 24/27 cases were classifi ed as ypT3 or ypT4 (89%), while only 
3/27 were classifi ed as ypT1 or ypT2. Lymph node metastases were pres-
ent in 13/27 cases (48%), distant metastases in 5/27 cases (13%). Tumor 
regression according to the College of American Pathologist system was 3 
(poor response) in 4/27 cases (14.8%), 2 (minimal response) in cases 15/27 
(55.6%) and 1 (moderate response) in 8/27 cases (29.6%). Complete re-
gression was not observed. Mucin pools were found in 11/27 cases (41%), 
necrotic areas in 17/27 cases (63%) and cytoplasmic vacuoles in 25/27 cas-
es (93%). Fibrosis with predominant matrix-rich (31%) or collagen-rich 
areas (15%) was a common fi nding. Matrix-rich stroma in Movat’s stain 
and the expression of α-smooth muscle actin and tenascin C were associ-
ated with the presence of residual tumor; tumor regression was associated 
with lower proliferation index (p = 0.017).
Conclusion. Th e stroma of PDAC aft er neoadjuvant therapy is heteroge-
neous. Movat’s stain can help detect sparse residual tumor, which is neces-
sary in order to assess tumor regression according to established grading 
systems. Although some of the tested markers have proven to be useful 
indicators, distinguishing between tumor regression and desmoplasia by 
single markers remains challenging.

AG01.25
Crohn’s disease associated bowel cancer – clinical and molecular 
features

F. Lasitschka*1, O. Drukarcyk2, I. Treiber3, M. Büchler3, V. Endris1, M. Kadmon4, 
S. Schiessling4

1Institute of Pathology, General Pathology, Heidelberg, Germany, 2GRN-
Klinik Weinheim, Department of General and Visceral Surgery, Weinheim, 
Germany, 3University Hospital Heidelberg, Department of General, Visceral 
and Transplantation Surgery, Heidelberg, Germany, 4Carl von Ossietzky 
University Oldenburg, Department of Medical Education and Educational 
Research, Oldenburg, Germany

Background. Data on the association between Crohn’s Disease and bowel 
cancer are scarce and inconsistent. We studied Crohn’s Disease associated 
cancer in our patients to further explore clinical, pathological and genet-
ic characteristics.
Methods. Th e data were based on a Crohn’s Disease register, including all 
patients diagnosed with Crohn’s Disease associated intestinal cancer be-
tween 2002 and 2012. Tissue samples were retrieved from pathology ar-
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Methods. For the study, termed GENESIS (NCT02595645), 100 Patients 
were available for analysis. Up to 6 representative polyp biopsies were col-
lected from each patient, fi xed using the formalin-free PAXgene Tissue 
System (PreAnalytix, Hombrechtikon, Switzerland), and subsequently 
embedded in paraffi  n wax. Board-certifi ed pathologists performed his-
topathological assessment. Targeted Next Generation Sequencing (tNGS) 
was performed from identical tissue specimens (38 CRC-related genes; 
GeneRead DNAseq Targeted Panels V2, Qiagen) on a MiSeq platform 
(Illumina).
Results. In total, 224 polyps were removed (126 polyps right-, 90 left -sid-
ed, 8 no data). Histopathology revealed 112 as adenomatous lesions, 110 
as non-adenomatous lesions (no data: 2). Based on current surveillance 
recommendations 25 patients were grouped as no-risk, 21 patients as low-
risk and 54 patients as high-risk. From the 38 genes analyzed 20 genes 
showed alterations in the analyzed polyps, in the remaining 18 genes no 
relevant changes were found. Signifi cant associations of genetic altera-
tions with endoscopic or histological polyp data were observed for BRAF, 
KRAS and beta-Catenin (CTNNB1) mutations. Multivariate analysis re-
vealed that polyps larger than 10 mm have a signifi cant higher relative risk 
(RR) for oncogene (KRAS and/or BRAF) mutations (RR 3467; CI 1742–
6933), whereas, adenomas and right-sided polyps are independent risk 
factors for CTNNB1 mutations (95% CI: 18.559 (2371–145.245), 12.987 
(1.637–100.00)). BRAF, KRAS and/or CTNNB1 mutations were detected 
in 48.0%, 38.1% and 66.7% of individuals categorized as no-risk, low-risk 
and high-risk patients, respectively.
Conclusion. Based on our data we conclude that patients with resected 
polyps harboring oncogenic mutations (e. g. in the KRAS or BRAF genes) 
and/or CTNNB1 mutations should be classifi ed as high-risk candidates 
for development of advanced neoplasia and subsequently be re-examined 
at shorter intervals even if categorized as no-risk-individuals according to 
current guidelines.

AG01.29
SWI/SNF in relation to MMRP, CDX2, Cadherin 17 and SATB2 in 
colon cancer – biomarkers for poorly diff erentiated carcinomas?

C. Geppert*1, M. Eckstein1, N. Fuhrich1, S. Merkel2, A. Hartmann1, A. Agaimy1

1Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany, 2Friedrich-Alexander-University of Erlangen-
Nürnberg, Department of Surgery, Erlangen, Germany

Background. Th e switch/sucrose-non-fermenting (SWI/SNF) complex is 
involved in cell-regulation such as proliferation and diff erentiation and 
seems to be a tumor suppressor. Antibodies against components of the 
SWI/SNF complex are still emerging with promising results. In the gas-
trointestinal tract, frequent loss of SWI/SNF has recently been shown in 
less diff erentiated carcinomas. Markers like CDX2 or SATB2 and the mis-
match repair protein complex (MMRP) play also an important role in tu-
mor progression and diff erentiation. Th e SWI/SNF expression in combi-
nation with other biomarkers in colon cancer has not been studied before.
Methods. We analyzed the expression of six SWI/SNF subunits by im-
munohistochemistry (IHC) on tissue microarrays using SMARCB1, 
SMARCA2, SMARCA4, SMARCC1, SMARCC2 and ARID1A in approx-
imately 580 cases of colon cancer. Th e loss of MMRP with MLH1, PMS2, 
MSH2 and MSH6 was also analyzed. Cases were further characterized 
by CDX2, Cad17 and SATB2. Combinations were selected and compared 
with histological and clinical data like grading andstage. Th ese biomark-
ers were validated for prognostic impact separately and in diff erent com-
binations.
Results. Complete loss of expression restricted to the tumor cells was seen 
in ARID1A, SMARCC1 and SMARCA4 (7, 5 and 6 cases respectively). 
SMCC2 was never lost completely. A combination of loss of MLH1 and 
PMS2 was seen in 11 cases and was defi ned as MMRP defi cient. 63,2% 
of the SWI/SNF-defi cient cases were poorly diff erentiated but displayed 
variable gland formations. Markers of diff erentiation like SATB2, Cad17 
and CDX2 were lost in 142, 28 and 109 cases (27%, 5% and 18%). Combi-
nations of SWI/SNF defi cient cases were seen in 10, 3, 7 cases for SATB2, 

AG01.27
Chk1 promotes DNA damage response bypass and features of 
oncogenic transformation in an experimental model of ulcerative 
colitis through JNK inactivation and chromatin binding

K. Reissig1, A. Silver2, R. Hartig3, A. Schinlauer1, D. Walluscheck1, T. Günther4, 
S. Siedentopf1, A. Roessner1, A. Pöhlmann-Nitsche*1

1Otto-von-Guericke-University, Institute of Pathology, Magdeburg, 
Germany, 2Blizard Institute, Centre for Genomic and Child Health, London, 
United Kingdom, 3Otto-von-Guericke-University Magdeburg, Institute for 
Molecular and Clinical Immunology, Magdeburg, Germany, 4Department of 
Pathology, Hamburg, Germany

Background. Dysregulation of c-Jun N-terminal kinases (JNK) activation 
promoted DNA damage response bypass and tumorigenesis in our ex-
perimental model of ulcerative colitis (UC) and in patients with quiescent 
UC (QUC), UC-related dysplasia and carcinoma (UC-CRC). In the UC 
experimental model, we have observed features of oncogenic transforma-
tion: increased proliferation, undetected DNA damage, and apoptosis re-
sistance. We aimed to investigate the role of Chk1, a key regulator in DNA 
damage response, in the experimental UC model.
Methods. Th erefore, we established an experimental model of H2O2-as-
sociated colitis to investigate molecular mechanisms underlying UC. We 
generated the cellular in vitro model of UC by simulating its clinical course 
by exposing human colonic epithelial cells (HCEC) to repeated cycles (C) 
of H2O2 exposures. In this way, we generated ten C-cell cultures (C1-C10) 
following repeated H2O2 treatment interspersed with a recovery period 
which display the quiescent chronic phase of UC. A single H2O2 treatment 
of HCEC or C cell cultures simulated the acute phase as well as the active 
chronic phase of UC, respectively. Cell cycle analysis, immunoblotting of 
JNK signaling proteins, and chromatin binding studies were performed 
following Chk1 knockdown.
Results. Chk1 was down-regulated but activated in the acute and quiescent 
chronic phase. In both phases, Chk1 was linked to DNA damage response 
bypass by directly suppressing JNK activation, promoting cell cycle pro-
gression despite DNA damage. Simultaneously, activated Chk1 was bound 
to chromatin following DNA damage. Th is triggered histone acetylation 
and the binding of histone acetyltransferases and transcription factors to 
chromatin, thereby causing gene induction and proliferation. Findings in 
vitro were corroborated by chromatin accumulation of activated Chk1, 
Ac-H3, Ac-H4, and c-Jun in active UC (AUC) in vivo.
Conclusion. Chromatin-immobilised activated Chk1 executed a dual func-
tion by suppressing DNA damage response and simultaneously induc-
ing chromatin modulation. Th is caused undetected DNA damage and in-
creased cellular proliferation through failure to transmit the appropriate 
DNA damage signal. Chk1 down-regulation, activation, and chromatin 
binding may also contribute to early stages of UC-related tumorigenesis. 
Targeting chromatin-bound Chk1, GCN5, PCAF, and p300/CBP could 
be a novel therapeutic strategy to prevent UC-related tumor progression.

AG01.28
Molecular characterization of colonic polyps for determining 
surveillance intervals

K.-F. Becker*1, A. Berger2, K. Raedler2, C. Langner3, L. Ludwig4, N. Dikopoulos4, 
J. Slotta-Huspenina1, M. Quante5, A. Kleger2, T. Seuff erlein2, W. Weichert1, 
A. Meining2

1Technical University Munich, Institute of Pathology, Munich, Germany, 
2University of Ulm, Department of Internal Medicine I, Ulm, Germany, 
3Medical University of Graz, Institute of Pathology, Graz, Austria, 4Outpatient 
Clinic for Gastroenterology, Dornstadt, Germany, 5Klinikum rechts der Isar, II. 
Medical Clinic, Munich, Germany

Background. Current surveillance strategies for colorectal cancer (CRC) 
following screening colonoscopy are determined by endoscopic and his-
topathological risk factors. Th e current study was designed to identify 
molecular stratifi cation parameters thereby potentially defi ning new sub-
groups at risk.
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clinicopathological diff erences. Compared to BRAF positive MSI-H can-
cer BRAF V600E mutated MSS carcinomas had a signifi cantly poorer out-
come, a phenomenon associated with a strong shift  of BRAFV600E MSS 
cancers towards adverse stages III and IV disease at the time of diagnosis. 
While the majority of BRAF mutated MSI-H cancers showed an expansive 
growth pattern and lacked evidence for p53 mutation, their BRAF mutated 
MSS counterparts grew infi ltrative and showed a strong association with 
p53 mutation typical protein accumulation.
Conclusion. BRAF V600E characterises both, the most (MSS) and the least 
(MSI-H) aggressive colon cancer subtype. Similarities in cancer location, 
presence of DNA methylation and BRAF mutation suggest that both can-
cer types have a common precursor but diff erent mechanisms of precur-
sor transformation.

AG01.32
Interobserver variability in the evaluation of tumor budding in 
colon cancer: Does it aff ect the prognostic relevance?

B. Martin*1, E. Schäfer1, E. Jakubowicz1, P. Mayr1, R. Ihringer1, 
Y.-C. Nam-Apostolopoulos1, S. Dintner1, M. Anthuber2, G. Schenkirsch3, 
T. Schaller1, B. Märkl1

1Clinical Centre Augsburg, Institute of Pathology, Augsburg, Germany, 
2Clinical Centre Augsburg, Institute for Visceral Surgery, Augsburg, Germany, 
3Clinical Centre Augsburg, Clinical and Population-Based Cancer Registry, 
Augsburg, Germany

Background. Colorectal cancer is the second most common cause of can-
cer-related death in Germany. New prognostic markers and therapeutic 
concepts are urgently needed. For tumor budding, a prognostic value has 
been shown and is mostly accepted. 
A standardized assessment of the evaluation of tumor budding was devel-
oped at a consensus conference and presented at the Meeting of the Eu-
ropean Society of Pathology in September 2016. According to that, it is 
ready for daily routine. 
However, in the past, a considerable interobserver variability has been not-
ed in the evaluation of tumor budding. Until today, there is no study which 
thoroughly investigates the infl uence of interobserver variability for the 
prognostic relevance of tumor budding. Th erefore, we want to investigate 
the interobserver variability in the evaluation of tumor budding accord-
ing to the new standardized criteria and the specifi c prognostic value of 
ratings by diff erent pathologists.
Methods. We will evaluate the cases of 250–300 patients with colorectal 
cancer (TNM Stage 3 and 4, M 0) which were surgically resected between 
January 2004 and December 2011 at Klinikum Augsburg. In a fi rst step, 
according to the newly published diagnostic criteria, the H. E. slides with 
the highest grade of tumor budding will be selected. Consecutively an im-
munohistochemical staining with cytokeratin will be performed on the 
same slide, and both slides will be evaluated independently by at least fi ve 
diff erent pathologists with diff erent grades of experience. 
Th e data will be analyzed regarding the interobserver variability and also 
regarding the diff erent prognostic values of the ratings of the diff erent pa-
thologists.
Results. According to our timetable, we estimate to get the fi rst results at 
the beginning of May 2017.
Conclusion. We are looking forward to present them at the 101th Annu-
al Meeting of the German Society of Pathology (101. Jahrestagung der 
Deutschen Gesellschaft  für Pathologie).

Cad17 and CDX2 (53%, 16% and 37%). A subgroup showed positivity in 
tumor cells for PD-L1 in combination with other markers. Analyses for 
PD-L1 and prognostic value are ongoing and will be shown at the con-
ference. However, variable reduction of intensity/loss of positivity of the 
diff erent markers was seen in several cases, but the biological relevance is 
not clear yet.
Conclusion. SWI/SNF defi ciency in conventional and poorly diff erentiated 
colon cancer was seen and the combination with loss of diff erentiation in 
SATB2, Cad17 and CDX2 underlines the poor grade of such carcinomas. 
Th e relationship to MMRP status as well as the prognostic impact must be 
clarifi ed in further cohorts.

AG01.30
High MAPK activity induces EMT and marks progenitor cells in 
colorectal cancer

C. Blaj, E. M. Schmidt, S. Lamprecht, H. Hermeking, A. Jung, T. Kirchner, 
D. Horst*
Institute of Pathology, Munich, Germany

Background. About 40% of colorectal cancers have mutations in KRAS 
with downstream activation of MAPK signaling that promotes tumor in-
vasion and progression. Here, we investigated the relevance and function 
of MAPK signaling in colorectal cancer.
Methods. We used primary colon cancers, xenograft s, lentiviral reporters, 
and GTP pulldown assays to characterize MAPK signaling in colon can-
cer. We determined the eff ects of MAPK manipulation, and developed a 
lineage tracing strategy to characterize progenitor cell potential of tumor 
cells with high MAPK activity in vivo.
Results. MAPK signaling shows strong intratumoral heterogeneity, and 
is regulated in colorectal cancer, irrespective of the tumors’ KRAS muta-
tion status. Tumor cells with high MAPK activity specifi cally reside at the 
leading tumor edge, cease to proliferate, undergo epithelial-mesenchymal 
transition (EMT), and express markers related to colon cancer stem cells. 
In KRAS mutant colon cancer, regulation of MAPK signaling is preserved 
through remaining wild-type RAS isoforms. Using a lineage tracing strat-
egy, we provide evidence that high MAPK activity marks a progenitor cell 
compartment of growth fueling colon cancer cells in vivo.
Conclusion. Our results imply that diff erential MAPK signaling balances 
EMT, cancer stem cell potential, and tumor growth in colorectal cancer.

AG01.31
BRAF V600E mutated coloretal cancer with and without 
microsatellite instability: diff erences and similarities

A. Arnold1, H. Brenner2, J. Chang-Claude2, M. von Winterfeld1, M. Kloor3, 
M. Hoff meister2, H. Bläker*1

1Institut of Pathologie, Charité, Berlin, Germany, 2Division of Clinical 
Epidemiology and Aging, DKFZ, Heidelberg, Germany, 3Institute of 
Pathology, Department of Applied Tumor Biology, Heidelberg, Germany

Background. BRAF mutations are found in approximately 10% of colorec-
tal cancers in unselected tumor cohorts. Th ey are strongly associated with 
microsatellite instable cancers (MSI-H) where they are detected in 40–50% 
of tumors while their occurrence in microsatellite stable (MSS) cancers is 
rather infrequent (3–5%). MSI-H and MSS BRAF mutated colorectal can-
cers diff er in their biologic behaviour.
Methods. To shed more light into the divergences/diff erences of BRAF 
mutated MSS and MSI cancers, we analysed 1077 colorectal cancers from 
a population based study, previously typed for MSI-H and investigated for 
methylation at 5 DNA loci for the expression of the BRAF V600E mutant 
protein by immunohistochemistry.
Results. We found expression of the BRAF V600E mutant in 78 cancers 
(7.8%). Th e BRAF V600E mutated protein was detected in 40% of MSI-H 
and 3% of MSS cancers (p < 0.001). BRAF V600E MSI-H and MSS cancers 
shared a preferential location in the right hemicolon and common high 
grade histology (48% and 68%, respectively) but otherwise showed marked 
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the context of luminal cancer subtyping is not clear. Th erefore, luminal 
breast cancer subtypes determined as determined by PAM50 were com-
pared with Prosigna and Oncotype DX risk scores as well as with IHC-
based Ki-67.
Methods. A total of 50 cases of primary ER+/HER- invasive breast cancer 
at intermediate risk as determined by conventional pathology were ana-
lysed retrospectively. Full pathological workup including IHC and On-
cotype DX results were available. All cases were subjected to the PAM50/
Prosigna assay on a Nanostring platform. PAM50 results were compared 
to Ki-67 and to Prosigna-ROR and Oncotype DX recurrence scores. Fish-
er’s exact test (2-tailed) or Mann-Whitney-U tests for signifi cance were 
used where appropriate.
Results. All ER+/HER2- cases on IHC were classifi ed either as Luminal-A 
or Luminal-B by the PAM50 assay. 47 of these luminal-type breast can-
cers were evaluable with a full set of Prosigna and PAM50 gene expression 
data and IHC results. Out of these, 21 cases were determined as Luminal-A 
by PAM50, and 26 as Luminal-B. Ki-67 tumour proliferation was signif-
icantly diff erent for a Ki-67 threshold of 25% (14/21 or 67% of tumours 
with Ki-67 < 25% were Luminal-A, and 17/26 or 65% of tumours with Ki-
67 > = 25% were Luminal-B, p < 0.05). Median PAM50-ROR scores were 36 
(18–51) in the Luminal-A subgroup and 65.5 (49–90) in the Luminal-B 
subgroup (p < 0.01). Median Oncotype DX recurrence scores (RS) were 
15 (5–33) in the Luminal-A subgroup and 19 (3–32) in the Luminal-B 
subgroup (n. s.). 11/21 (52%) of cases with Luminal-A subtype by PAM50 
were low risk by OncotypeDX (RS < 18), but only 2/26 of Luminal-B cases 
(8%) were high risk (RS > 30).
Conclusion. Prosigna ROR risk scores are signifi cantly diff erent for Lumi-
nal-A and Luminal-B subtypes determined by PAM50, with little over-
lap of both groups. Th erefore, risk classifi cation by PAM50 subtyping or 
Prosigna ROR score mostly identifi es the same sets of patients. Oncotype 
DX recurrence score identifi es diff erent prognostic subgroups especially 
regarding fewer cases in the high-risk category. Ki-67 scores by immuno-
histochemistry correlated with PAM50-based Luminal-A and -B subtypes 
when applying a 25% threshold.

AG02.05
Gene expression analysis of breast cancer with Prosigna® assay 
(NanoString Technologies, Seattle, WA) in daily routine and 
infl uence on oncologist’s decision about systemic therapy

R. Erber*1, R. Stöhr1, D. Ulbrich-Gebauer2, E. Pelz2, A. Bankfalvi3, K. W. Schmid3, 
R. F. Walter3, M. Vetter4, C. Thomssen4, D. Mayr5, T. Kirchner5, K. Sotlar5, 6, 
A. Stenzinger7, M. P. Lux8, M. Wunderle8, P. A. Fasching8, M. W. Beckmann8, 
A. Hartmann1
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Munich, Germany, 6Institut of Pathology, Paracelsus Medical University 
Salzburg, Salzburg, Austria, 7Institute of Pathology, University Hospital, 
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Alexander University Erlangen-Nürnberg (FAU), Erlangen, Germany

Background. Decision on systemic therapy of breast cancer (BC) patients 
is dependent on prognostic and predictive clinico-pathological parameters 
such as tumor size, grading, nodal status, expression of hormone receptors 
(HR) and Her2 and intrinsic subtype estimation by immunohistochemistry 
(IHC). In HR-positive/Her2-negative cases with intermediate risk, decision 
for or against adjuvant chemotherapy might be supported by multigene ex-
pression tests (i. e. Oncotype DX®, MammaPrint®, Endopredict®, Prosigna®).
Methods. Th e Prosigna® test was established in our laboratories between 
2014 and 2016. Interlaboratory comparison (n = 15, Erlangen, München, 
Heidelberg) showed 100% agreement both in tumor intrinsic subtype es-
timation and risk group. Prospectively, we collected clinico-pathological 
parameters of our routine breast cancer cases investigated with the Pro-
signa® assay (n = 120) aft er establishment of the test. We investigated the 

AG01.33
Genomic Instability in Recurring and Non-recurring Adenomas of 
the Colon

D. Fiedler*1, K. Heselmeyer-Haddad2, D. Hirsch1, L. Hernandez2, I. Torres2, 
S. Belle3, T. Ried2, T. Gaiser1

1Institute of Pathology, University Medical Center Mannheim of 
Heidelberg University, Mannheim, Germany, 2Genetics Branch, National 
Cancer Institute, National Institutes of Health, Bethesda, United States, 
3Department of Internal Medicine II, University Medical Center Mannheim of 
Heidelberg University, Mannheim, Germany

Background. Adenomatous polyps of the colon are widespread precan-
cerous lesions with the potential for malignant transformation into inva-
sive adenocarcinoma. Endoscopic polypectomy provides the opportuni-
ty for cancer prevention but is associated with a high frequency of local 
recurrences. Aim of this study was to understand the dynamics of genet-
ic alterations in the process of adenoma recurrence and to detect related 
biomarkers.
Methods. Fourteen matched pair samples (primary adenoma and corre-
sponding relapse), as well as fi ft een recurring and fi ft een non-recurring 
adenomas with low-grade intraepithelial neoplasia (NIEN) were select-
ed based on clinical information from our FFPE tissue archive. Genomic 
profi les were established using array comparative genomic hybridization 
(aCGH). Additionally, single-layer cytospins were analyzed by multi-
plex fl uorescence in situ hybridization (FISH) using fourteen colorectal 
cancer-specifi c gene probes (COX2, PIK3CA, APC, CLIC1, EGFR, MYC, 
CCND1, CDX2, CDH1, TP53, HER2, SMAD7, SMAD4 and ZNF217) and 
a centromere probe (CEP10) for ploidy estimation.
Results. Copy number gains by aCGH (n = 55) revealed specifi c aberra-
tions for EGFR (20%), CDX2 (18%) and ZNF217 (16,3%). Focal aberra-
tions of 6p21.33, 7q22.1 and 17q12 existed predominately in primary ade-
nomas with recurrence but not in non-recurring adenomas. Copy number 
calls by aCGH and FISH showed a very good correlation (κ = 0.84). Gains 
of EGFR (23.6%), CDX2 (21.8%) and ZNF217 (18.2%) were the most com-
mon aberrations among all analyzed samples (n = 55) identifi ed by mul-
tiplex FISH. Imbalances of 13q12 (CDX2) were exclusively found in pri-
mary adenomas with recurrence (25%). Moreover, 38/55 adenomas were 
dominated by a major clone comprising of >10% of aberrant nuclei count-
ed. Major clones were either characterized by a single event, e. g. a gain of 
EGFR, or clone patterns were more complex involving aberrations of sev-
eral of the genes (15/55 samples) analyzed. Clonal analysis of matched pair 
samples revealed at least one identical genomic imbalanced clone detecta-
ble in the primary and the recurrent adenoma in eleven of fourteen pairs.
Conclusion. Preexisting clones from primary adenoma seem responsible 
for adenoma recurrence, but moreover our comprehensive genetic analy-
sis identifi ed the copy number gain of CDX2 as a potential biomarker for 
adenoma recurrence.

AG Gynecological and breast pathology I

AG02.04
Intrinsic Subtypes and Risk Scores in ER+/HER2- Breast Cancer: A 
Comparison of Prosigna and OncotypeDX gene expression assays 
with Ki-67

P. Sinn*1, A. Schneeweiss2, V. Endris1, R. Penzel1, P. Schirmacher1, M. Kirchner1, 
A. Stenzinger1

1University Hospital Heidelberg, Institute of Pathology, Heidelberg, 
Germany, 2National Center for Tumor Diseases (NCT) Heidelberg, Medical 
Oncology, Heidelberg, Germany

Background. Subtyping of luminal breast cancer into Luminal-A and Lu-
minal-B type is important for prognostic and predictive assessment of 
breast cancer. However, Ki-67 thresholds using IHC have been under de-
bate and the role of risk scores determined by gene expression assays in 
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was percentage value of concordant and non-concordant outcomes for 
every subgroup. Th e analysis for further subgroups depending on grad-
ing, nodal status and adjuvant treatment follows in the fi nal paper along 
with Kaplan-Meier curves.
Results. Both EPclin and uPA scores were obtained for all 72 (100%) pa-
tients. In the Luminal A group EPclin and uPA scores were concordant 
in 17 cases (35,4%). In 27 (56,3%) cases EPclin was low risk whereas uPA 
was high and in 4 (8,3%) cases EPclin was high risk whereas uPA was low. 
In the Luminal B group EPclin and uPA scores were concordant in 11 
cases (45,8%). In 8 (33,3%) cases EPclin was low risk whereas uPA was 
high and in 5 (20,8%) cases EPclin was high risk whereas uPA was low 
(. Fig. 1 | AG02.06). 
Conclusion. EPclin is a more conservative test compared to uPA. In con-
trast with previous research, high EPclin score is not always associated 
with high uPA score.

AG02.08
Precise HER2/ERBB2 copy number assessment in breast cancer by 
molecular inversion probe array analysis

M. Christgen*1, J. van Luttikhuizen2, M. Raap1, P. Braubach1, L. Schmidt1, 
D. Jonigk1, F. Feuerhake1, U. Lehmann1, B. Schlegelberger2, H. Kreipe1, 
D. Steinemann2

1Institute of Pathology, Hannover Medical School, Hannover, Germany, 
2Institute of Human Genetics, Hannover Medical School, Hannover, 
Germany

Background. HER2/ERBB2 amplifi cation/overexpression determines the 
eligibility of breast cancer patients to HER2-targeted therapy. Th is study 
evaluates the agreement between ERBB2 copy number assessment by fl u-
orescence in situ hybridization, a standard method recommended by the 
American Society of Clinical Oncology/College of American Pathologists 
(ASCO/CAP), and newly available DNA extraction-based methods.
Methods. A series of n = 29 formalin-fi xed paraffi  n-embedded breast can-
cers were subjected to ERBB2 copy number assessment by fl uorescence in 
situ hybridization (FISH, Vysis, Abbott). Following macrodissection of in-
vasive breast cancer tissue and DNA extraction, ERBB2 copy number was 
also determined by molecular inversion probe array analysis (MIP, Onco-
Scan, Aff ymetrix) and next generation sequencing combined with nor-
malized amplicon coverage analysis (NGS/NAC, AmpliSeq, Ion Torrent).
Results. ERBB2 copy number values obtained by MIP or NGS/NAC were 
tightly correlated with ERBB2 copy number values obtained by conven-
tional FISH (rs = 0.940 and rs = 0.894, P < 0.001). Using ASCO/CAP guide-
line-conform thresholds for categorization of breast cancers as HER2 neg-
ative, equivocal or positive, nearly perfect concordance was observed for 
HER2 classifi cation by FISH and MIP (93% concordant classifi cations, 
κ = 0.87). Substantial concordance was observed for FISH and NGS/NAC 
(83% concordant classifi cations, κ = 0.62).
Conclusion. In conclusion, MIP facilitates precise ERBB2 copy number 
detection and should be considered as an ancillary method for clinical 
HER2 testing.

AG02.10
Quality assurance trials for Ki67 assessment in pathology

M. Raap*1, S. Ließem1, J. Rüschoff 2, A. Fisseler-Eckhoff 3, A. Reiner4, 
S. Dirnhofer5, R. von Wasielewski6, H. H. Kreipe1

1Hannover Medical School, Institute of Pathology, Hannover, Germany, 
2Pathology Nordhessen, Institute of Pathology, Kassel, Germany, 3HELIOS 
Dr. Horst Schmidt Clinic Wiesbaden, Institute of Pathology and Cytology, 
Wiesbaden, Germany, 4Danube Hospital, Department of Pathology and 
Bacteriology, Vienna, Austria, 5University Hospital Basel, Institute of 
Pathology, Basel, Switzerland, 6Nordstadt Hospital, Institute of Pathology, 
Hannover, Germany

Background. Ki67 is a widely used prognostic and predictive immunohis-
tochemical marker in various malignant neoplasms such as breast cancer 

correlation of IHC intrinsic subtype estimation and other parameters with 
the Prosigna® intrinsic subtype. Furthermore, infl uence of Prosigna® assay 
result on treatment decision with systemic therapy was analyzed.
Results. Prosigna® assay was performed for 120 BC patients in 2015 and 
2016 in our laboratories. IHC data was collected in 95 cases at the time of 
abstract submission. 93 (98.3%) cases were HR-positive and Her2-nega-
tive, two were triple negative (1.7%). Luminal A-like subtype (Ki-67 cut off  
> = 20%) was detected in 32 (26.7%), Luminal B-like in 61 cases (50.8%). 
Ki-67 ranged between 1% und 80% (mean value 21.8%). All 120 cases were 
evaluable with the Prosigna® gene expression test. Prosigna® test showed 
61 cases of Luminal A (50.8%), 57 cases of Luminal B (47.5%) and each 
one case of Her2-enriched and basal type. IHC and Prosigna® subtypes 
correlated in 62 cases (65.3%). Six Luminal A–like cases (6.3%) were up-
graded to Luminal B by Prosigna® testing, 23 Luminal B-like cases (24.2%) 
downgraded to Luminal A. Chemotherapy in addition to endocrine ther-
apy (therapy decision known in 66 cases) was recommended in 28 cases 
(93.3%) of the 30 Prosigna® subtype Luminal B tumors. Out of 34 Prosigna® 
Luminal A tumors with known therapy decision, adjuvant chemotherapy 
was recommended in 16 patients (47.1%), the remaining 18 (52.9%) pa-
tients were recommended to be treated by endocrine therapy alone. Miss-
ing clinico-pathological parameters will be added.
Conclusion. Correlation of IHC and Prosigna® intrinsic subtypes was seen 
in 65.3% of our fi rst routine cases assessed with Prosigna®.

AG02.06
Prognostic value comparison of EndoPredict and uPA/PAI-1 score 
with clinico-pathological parameters in breast cancer: preliminary 
data

E. Jakubowicz*1, B. Martin1, R. Hoff mann2, T. Kröncke3, D. Sültz3, A. Wischnik4, 
R. Steierl5, B. Märkl1

1Clinical Centre Augsburg, Institute of Pathology, Augsburg, Germany, 
2Clinical Centre Augsburg, Institute for Laboratory Medicine and 
Microbiology, Augsburg, Germany, 3Clinical Centre Augsburg, Diagnostic 
Radiology, Augsburg, Germany, 4Clinical Centre Augsburg, Gynaecology, 
Augsburg, Germany, 5KJF Specialist clinic, Josefi num, Augsburg, Germany

Background. EndoPredict (EPclin) and uPA/PAI-1 (uPA) scores are both 
used independently in intermediate risk patients with breast cancer for 
risk assessment. However, only few studies have compared their prognos-
tic value.
Methods. EPclin and uPA scores from 72 breast cancer patients were 
paired, identifi ed as high or low risk outcome and compared in subgroups 
depending on molecular subtype of breast cancer. Th e primary outcome 

Fig. 1 | AG02.06 8 uPA/PAI-1 and EPclin score comparision for molecular 
subtypes
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Methods. In a cohort of 585 breast cancer patients with neoadjuvant 
chemotherapy, evaluation of the estrogen receptor was performed on pre-
operative core biopsies by immunohistochemistry. Estrogen receptor sta-
tus and pCR (i. e. ypT0/ypN0) aft er anthracycline/taxane-based chemo-
therapy were correlated by logistic regression analysis with pCR as target 
variable (yes vs. no) and the percentage of ER(+) tumor cells as continuous 
predictor. Th e latter was integrated in the regression modell as cubic spline 
variable in order to be able to show a non-linear coherence.
Results. 129 (22%) patients achieved pCR. We were able to show that pCR 
rate decreases with rising percentage of ER(+) tumor cells: Patients with a 
ER positivity of 0%, 10%, 30%, 50%, 70% and 90% had an estimated pCR 
of 48%, 39%, 24%, 14%, 7% und 4%. In the proliferation fraction Ki-67, 
it behaved in the opposite direction, even with a percentage increase, the 
pCR increased.
Conclusion. Th e percentage of ER(+) tumor cells seems to predict the like-
lihood of pCR over the complete range from 0% to 100%. Hence, the cut 
off s for ER positivity used in order to decide about antihormone therapy 
may not be valid to predict response to neoadjuavnt chemotherapy and 
pCR. In order to use ER immunohistochemistry status in the decision 
diagram of neoadjuvant therapy, new cut off s of ER positivity has to be 
defi ned.

AG02.12
Frequency and signifi cance of basal phenotype in ER-positive 
breast cancer

A.-S. Meyer*1, M. Kriegsmann2, N. Waldburger2, P. Sinn2, J. Chang-Claude3

1Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany, 2University Hospital Heidelberg, Institute 
of Pathology, Heidelberg, Germany, 3University Clinic Heidelberg, DKFZ 
Executive Women’s Initiative, Heidelberg, Germany

Background. While basal phenotype is frequent in triple-negative breast 
cancers, it is much more infrequently observed in breast cancers with hor-
mone receptor-positive status. Data in the literature regarding the frequen-
cy of this situation are scarce, and its clinical signifi cance is unknown. 
Th erefore, we have analyzed a large cohort of primary breast cancers for 
the presence of basal phenotype in ER+ breast cancers.
Methods. Formalin fi xed and paraffi  n embedded tumor tissue was collect-
ed from the population-based mammary carcinoma risk factor investiga-
tion (MARIE) study. Using a set of tissue microarrays (TMAs) contain-
ing duplicates of 1 mm cores, tumors were classifi ed as hormone receptor 
positive when at least 1% of tumor cells were positive for either estrogen or 
progesterone receptor. Based on ASCO recommendations, HER2 positivi-
ty was assumed for tumors with IHC score of 3+ or amplifi cation of HER2 
chromogenic in situ-hybridization with a ratio of > 2.2 in a dual color assay. 
Basal phenotype was considered present when at least 10% of the tumor 
area was positive with basal cytokeratins, either Ck5/6 or Ck14. Cores with 
insuffi  cient tumor cells or only in situ-carcinoma were excluded.
Results. Basal phenotype was observed in 10.3% (51/493) of breast can-
cer with ER+/HER2- status, and almost equally distributed with tumors 
of Luminal A- or B-phenotype. In HER2+ breast cancer, basal phenotype 
was present in 12.5% (17/136), and more frequent in HER2+/ER- cancers 
than in HER2+/ER+ cancers (16% vs. 9%). Basal phenotype was signifi -
cantly associated with accelerated tumor proliferation (Ki-67 > 20%), and 
was present in 21.1% of tumors with Ki-67 > 20% but only in 7.4% of tum-
ors with lower Ki-67 proliferation rates. No signifi cant diff erences in 5-year 
overall survival was observed when comparing basal-like and non-basal 
like breast cancers (85.4% vs. 88.3%, p = 0.5).
Conclusion. About 10% of ER+ breast cancers confer a basal phenotype, 
irrespective of HER2 status. Th is is highly correlated with tumor prolifer-
ation, but has no signifi cant impact on survival aft er 5 years.

and neuroendocrine tumors. In breast cancer Ki67 contributes to the dis-
crimination of luminal subtypes [1]. A number of eff orts to standardize 
Ki67 application have been undertaken [2]. Here we present the results of 
annual round robin tests in Germany, Austria and Switzerland with up to 
160 participants from 2010 to 2015.
Methods. Eight samples from each breast cancer, neuroendocrine tumors 
and malignant lymphoma were compiled on a tissue microarray (TMA). 
TMAs were stained in the participants’ laboratories manually, semi-auto-
mated or fully-automated with the routinely used antibodies and proce-
dures. Participating pathologists were expected to assign Ki67 values to 
one of four diff erent categories for each tumor type. All local stainings 
and evaluations were centrally re-assessed by the organizing panel of the 
round robin test.
Results. Th e number of participating laboratories increased continuously 
from 2010 (56 participants) to 2015 (160 participants). On average 95% 
of participants independent of automatization and antibodies reached the 
benchmark of over 80% concordance with the centrally determined Ki67 
category. Results diff ered slightly between tumor entities with highest con-
cordance rates for breast cancer specimens. Lower rates were seen for in-
termediate Ki67 levels. Staining quality improved during the observation 
period with an increase of median concordance of successful participants 
from 90% in 2010 to 97% in 2015. A signifi cant training eff ect was also 
seen in Ki67 evaluation with approximately 85% of participants achieving 
excellent agreement (kappa value> 0.8) in the fi rst year to over 95% in 2015.
Conclusion. In conclusion, regular external quality assurance trials are use-
ful tools to improve the reproducibility and reliability of the prognostic and 
predictive proliferation marker Ki67.
References
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Immunohistochemistry of the hormone receptors and Ki67 as 
predictors of response to neoadjuvant chemotherapy
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Background. Pathologic complete response (pCR) aft er neoadjuvant 
chemotherapy is a signifi cant prognostic factor in the treatment setting 
of breast cancer patients. In addition to some clinical factors, especially 
the molecular characteristics of the breast cancer are the decisive factors. 
Th erefore, biomarkers have to be found that a) predict pCR in the neo-
adjuvant setting and b) are validly and easily evaluable in daily routine. 
Currently, hormone receptor positivity is routinely used by clinicians in 
the decision making for or against antihormone therapy/chemotherapy. 
Estrogen receptor (ER) is assessed by immunhistochemistry but currently, 
the cut-off  for estrogen receptor positivity is only defi ned by the response 
to antihormone therapy but not to neoadjuvant chemotherapy. 
Aim of this study was to demonstrate the response to neoadjuvant chemo-
therapy as a function of the percental estrogen receptor positivity, assessed 
by immunohistochemistry of ER(+).
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(5.7%). BRCA1/BRCA2 carriers were diagnosed at a younger age than 
carriers of other mutations or those without mutations. In total, 44.5% of 
TNBC patients had a family history defi ned as at least one fi rst- or sec-
ond- degree relative with breast or ovarian cancer. In individuals without 
a mutation family history was an independent risk factor for age of dis-
ease onset.
Conclusion. Given the high frequency and the therapeutic consequences, 
genetic testing should be off ered to all TNBC patients irrespective of age 
or family history and should be extended to low and moderate penetrance 
breast cancer susceptibility genes in addition to BRCA1 and BRCA2.

AG02.15
Specifi c Allelic Variants of SNPs at the 1q32- and 12q13-loci are 
associated with earlier tumor onset in caucasian breast cancer 
patients
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Background. Genetic factors play a substantial role in breast cancer etiol-
ogy. Genes encoding proteins that have key functions in the DNA dam-
age response, such as p53 and its inhibitors MDM2 and MDMX, are most 
likely candidates to harbor allelic variants that infl uence breast cancer sus-
ceptibility. Th e aim of our study was to analyze the impact of SNPs in the 
TP53, MDM2 and MDMX genes regarding the onset of breast cancer.
Methods. 815 breast cancer patients were included in the study. Five SNPs 
were analyzed in genes that encode proteins which are important mem-
bers of the p53-pathway: TP53 – Arg72Pro (rs1042522), MDM2 – SNP285 
(rs2279744), SNP309 (rs117039649); MDMX – SNP31826 (rs1563828), 
and SNP34091 (rs4245739). Subtyping was done according to the immu-
nohistochemically determination.
Results. In patients with estrogen receptor (ER)-positive tumors, the 
TT-genotype of SNP309 was signifi cantly associated with an earlier av-
erage age-at-diagnosis compared with TG/GG-patients (53.5 vs. 68.2 yrs; 
p = 0.002; log-Rank-test). Th is was not observed in patients with ER-neg-
ative tumors (61.2 vs. 61.5 yrs; p = 0.639; log-Rank-test). In the HER2-en-
riched subtype, the TT-patients were diagnosed signifi cantly earlier com-
pared with TG/GG-patients (57.8 vs. 63.3 yrs; p = 0.016; log-Rank-test). In 
contrast, in the triple negative subgroup, the GG-patients had an average 
age-of-diagnosis of 51 years compared with 63 years for SNP309T car-
riers (p = 0.004; log-Rank-test). Strikingly, patients with MDM2 SNP285 
CC-genotype were diagnosed on average at the age of 44.2 (95% CI: 37.9–
48.1), whereas the average age-of-onset of GG-patients was 62.4 and 
62.7 for GC-patients, respectively (p = 0.0007; log-Rank-test). MDMX 
SNP34091 AA/AC patients were diagnosed on average at the age of 62.2, 
CC patients at the age of 64.6 years (p = 0.222; log-Rank-test). Unexpect-
edly, there was no signifi cant impact of the respective alleles of MDMX 
SNP34091 when the patients were separated according to the ER-status 
of the tumor. However, we identifi ed two subgroups among patients with 
CC-genotype and ER-negative tumors who had an early or late age-at-di-
agnosis, respectively (40 vs. 73.5 years; p = 0.0003, t-Test). Th is was not ob-
served in patients with ER-positive tumors.
Conclusion. We showed that SNPs in the MDM2 and MDMX genes aff ect 
the onset of breast cancer dependent on the ER-status. Our fi ndings pro-
vide further evidence for the distinct etiological pathways in ER-negative 
and ER-positive breast cancers.

AG02.13
Metastatic breast cancer with activating mutations of the 
estrogen receptor gene is highly enriched in lobular breast cancer 
and is predominantly of the luminal B subtype

S. Bartels*, U. Lehmann, S. Persing, A. Luft, H. Christgen, M. Christgen, 
H. Kreipe
Hannover Medical School, Institute of Pathology, Hannover, Germany

Background. Recently, activating mutations of the estrogen receptor gene 
(ESR1) in breast cancer were described conveying endocrine resistance to 
predominantly metastatic tumor cells. Up to now, nothing is known about 
the phenotype and receptor expression of ER mutated breast cancers.
Methods. We analyzed DNA derived from FFPE bone marrow metasta-
sis of breast cancer patients for ESR1 mutations in exon 4, 7 and 8 using 
pyrosequencing. A small customized NGS panel was established, which 
covers hotspot regions of ESR1, PIK3CA, and HER2 to detect mutations at 
very low allelic frequency levels. Th is panel was implemented into routine 
testing of liquid biopsy samples from breast cancer patients.
Results. Bone marrow biopsies with metastasis from breast cancer (n = 230) 
were analyzed for ESR1 mutation. We could detect activating mutations 
of ESR1 in 34 samples (14.7%). Th e most frequent mutation was D538G 
(53%), no mutations in exon 4 (K303) or 7 (S463) could be detected. Phe-
notypic correlation was possible in 28 of the 34 mutated patients (82.4%, 
median age was 73.5 years, range 60–82). Lobular type of breast cancer was 
over represented with 50% of cases (n = 14). In 25 patients (89%) strong 
ER expression (100% of cells) was found, in the remaining 3 cases ER 
was positive in 30% to 80% of cells. Progesterone receptor expression was 
present in 71.4% of cases ranging from 5% to 100%. No HER2 overexpres-
sion occurred. Metastatic tumors with activating mutations of ESR1 had 
a high Ki67 labelling index (median 30%, ranging from 5% to 60% with 
85% of cases revealing ≥20% Ki67 positive cells). From eight patients in-
formation on endocrine therapy was available: three had received tamox-
ifen only, four tamoxifen followed by aromatase inhibitors (AI) and one 
patient had been treated with AI only. Extending these observations the 
analysis of a cohort of breast cancer patient samples (n = 28) displaying 
therapy failure under short term neoadjuvant treatment with AI before 
surgery is ongoing.
Conclusion. Metastatic breast cancer with activating mutations of the ESR1 
gene is highly enriched in lobular breast cancer (50%) and is predominant-
ly of the luminal B molecular subtype.
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Triple negativity is an independent predictor of germline 
mutations in breast cancer predisposing genes

J. Hoyer*1, G. Vasileiou1, S. Uebe1, C. T. Thiel1, M. Wunderle2, C. Kraus1, 
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1University Hospital Erlangen, Institute of Human Genetics, Erlangen, 
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Background. Breast cancer is the most common cancer in women. 12–15% 
of all tumors are triple-negative breast cancers (TNBC) lacking expression 
of estrogen receptor (ER), progesterone receptor (PR) and human epider-
mal growth factor receptor 2 (HER2). So far, TNBC have been mainly as-
sociated with mutations in BRCA1, although recent studies have found 
mutations also in other breast cancer susceptibility genes.
Methods. In order to determine the prevalence of mutations in diff erent 
breast cancer susceptibility genes we performed a germline panel-based 
screening of 10 high and low-moderate penetrance breast cancer suscepti-
bility genes in 229 consecutive individuals aff ected with TNBC unselected 
for age or breast and ovarian cancer family history.
Results. We identifi ed deleterious mutations in 60 patients (26.3%). 
BRCA1 mutations occurred in 34 (14.8%) and BRCA2 mutations in 13 
(5.7%) individuals. Mutations in six other predisposition genes (PALB2, 
CHEK2, ATM, NBN, RAD51C, RAD51D) were detected in 13 cases 
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and normal breast tissue also attributed to spectral features of lipids and 
proteins. We also used this trained classifi er to classify Raman spectra ac-
quired by scanning tightly the boundary of invasive breast carcinoma and 
healthy breast tissues and an abrupt change was observed at the boundary.
Conclusion. Our results show diff erentiation of invasive breast carcinoma 
and fi broadenoma with high accuracy by extracting “pure” Raman spec-
tra from their heavily fl uorescence interfered raw spectra. We were also 
able to clearly identify the boundary between invasive breast carcinoma 
and fi broadenoma. Healthy breast tissue attributed to low auto-fl uores-
cence, thus the SERDS technique is less important to get rid of this fl uo-
rescence background.

AG Gynecological and breast pathology II

AG02.18
Improved detection of sentinel lymph node metastasis by 
sequential touch imprint cytology and frozen sectioning in early 
breast cancer allows reliable intraoperative identifi cation of 
patients with the need for axillary lymph node dissection
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1University Medical Centre, Institute of Pathology, Mainz, Germany, 
2University Medical Centre, Department of Gynecology and Obstetrics, 
Mainz, Germany, 3Centre for Biomedicine and Medical Technology, 
Mannheim, Germany, 4University of Regensburg, Institute of Pathology, 
Regensburg, Germany

Background. Th e aim of this study were to evaluate whether intraoper-
ative touch imprint cytology (TIC) followed by frozen section (FS) im-
proves the detection of sentinel lymph node (SLN) metastasis in patients 
with early breast cancer. 
SLN biopsy is recommended for many patients with node-negative ear-
ly breast cancer. SLN metastasis predicts whether an additional axillary 
lymph node dissection (ALND) is necessary. Postoperative SLN evaluation 
implicates the disadvantage of a second surgical intervention for patients 
with positive SLNs. Th erefore an improved method that allows accurate 
detection of SLN metastasis directly while surgery is highly requested to 
protect patients from undergoing a second surgical intervention and to 
avoid unnecessary costs.
Methods. We reviewed 1072 patients with early breast cancer and negative 
axillary ultrasound. All patients underwent breast surgery and SLN dis-
section. 2276 SLNs (median 2.1 per patient) were evaluated intraoperative 
with TIC and (if cytological positive) with subsequent only one frozen sec-
tion. Th is approach preserves the tissue from intraoperative negative SLN 
for the fi nal diagnosis with step sections from paraffi  n-embedded SLN. 
Th e sensitivity, specifi city and the accuracy of this method to detect SLN 
metastasis was evaluated. Th e precision of this method to detect SLN me-
tastasis was exploited by comparing results from intra- and postoperative 
(SLN and axillary node)inspections.
Results. 25% of the patients had SLN metastasis and 7.3% had 3 or more 
axillary LN metastasis. Th e method displayed 100% specifi city for SLN me-
tastasis and was signifi cant more sensitive for prognostic relevant macro-
metastasis (85%) than for prognostic non-relevant micrometastasis (10%).
Th e sensitivity was highest for patients with 2 or more positive LN (96%) 
than for those with only one positive LN (72%). Patients who received pri-
mary ALND had signifi cantly more oft en additional non-SLN-metastasis 
(45%) and 60 of 61 patients with fi nal pN2a-pN3a status underwent a pri-
mary ALND. Th e sensitivity was highest for patients with luminal-B, HER2 
positive and triple negative breast cancer and for any subtype if Ki67 >40%.
Conclusion. TIC and subsequent FS of cytological positive tested SLN is a 
reliable method to detect SLN macrometastasis directly while surgery by 
preservation of the tissue from intraoperative negative SLN for the fi nal 
histological diagnosis and allows accurate identifi cation of patients with 
high risk of extended axillary involvement.

AG02.16
Upregulated neuronatin (NNAT) expression is associated with 
poor prognosis in breast cancer

N. Nass*1, S. Walter1, C. Weißenborn2, D. Jechorek1, J. Haybäck1, A. Ignatov2, 
S. Sel3, T. Kalinski1

1Otto-von-Guericke-University, Institute of Pathology, Magdeburg, 
Germany, 2Otto-von-Guericke University, Department of Obstetrics and 
Gynecology, Magdeburg, Germany, 3University of Heidelberg, Department 
of Ophthalmology, Heidelberg, Germany

Background. Breast cancer (BC) is classifi ed by the expression of the es-
trogen receptor α, the progesterone receptor and the EGF-receptor Her2/
NEU. Neuronatin (NNAT) is a proteolipid involved in cation homeostasis 
especially in the developing brain. Its expression has been associated with 
the progression of lung cancer, glio- and neuroblastoma and also glucose 
induced apoptosis in pancreatic cells. Th e NNAT downregulating miR-
NA-708 has been correlated with reduced metastasis [1]. We were there-
fore interested to investigate the prognostic value of NNAT protein expres-
sion as determined by immunohistochemistry.
Methods. Expression of the neuronatin protein was determined by immu-
nohistochemistry in a series of 148 breast cancer specimens. NNAT im-
munohistological score was correlated with clinicopathological markers 
as well as survival data.
Results. High NNAT expression turned out to be an independent prognos-
tic marker for relapse free (hazard ratio HR = 3.55, p = 0.002 as determined 
by multivariate cox-regression) and overall survival (hazard ratio HR = 7.9, 
p < 0.001) but was not associated with classical parameters such as hor-
mone receptor expression (p = 0.86) or lymph node metastasis (p = 0.83).
Conclusion. NNAT expression analysis by immunohistochemistry might 
become a helpful additional biomarker to identify high risk breast can-
cer patients.
References
1. Ryu S, McDonnell K, Choi H et al (2013) Suppression of miRNA-708 by polycomb 

group promotes metastases by calcium-induced cell migration. Cancer Cell 23:63–76
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Breast cancer analysis using Shifted-Excitation Raman Diff erence 
Spectroscopy (SERDS)

M. T. Gebrekidan*1, R. Erber2, A. Hartmann2, A. Bräuer1

1Friedrich-Alexander-University Erlangen-Nürnberg, Institute of Engineering 
Thermodynamics, Erlangen, Germany, 2Friedrich-Alexander-University of 
Erlangen-Nürnberg, Institute of Pathology, Erlangen, Germany

Background. Raman signal provides spectroscopic information which is 
molecule-specifi c and unique to the nature of the specimen under inves-
tigation. Th us, biochemical characterization of pathologies in biological 
tissue can be provided by Raman spectroscopy. But oft en the raw spec-
trum is severely aff ected by fl uorescence interference. We here applied 
Shift ed-Excitation Raman Diff erence Spectroscopy (SERDS) for the puri-
fi cation of Raman signals from heavily fl uorescence-interfered spectra of 
invasive breast carcinoma and fi broadenoma.
Methods. We performed an ex vivo experiment on resected formalin-fi xed 
samples of invasive breast carcinoma, fi broadenoma and normal breast 
tissues from ten patients. From eight patients’, 240 invasive breast carcino-
ma raw spectra, and 240 normal breast tissue raw spectra and from two 
patients’, 120 fi broadenoma raw spectra were collected using our Raman 
sensor at each excitation wavelength of 784 and 785 nm. Spectra were also 
acquired at a boundary between invasive breast carcinoma and normal 
breast tissue. Th ese spectra were analyzed using SERDS. Principal com-
ponent analysis (PCA) was performed on the Raman spectra in the spec-
tral range between 1000 cm-1 and 1800 cm-1. To discriminate between 
the breast tissues, we utilized a linear discriminant analysis (LDA) based 
on leave-one-out cross validation.
Results. Only fi ve fi broadenoma measurements out of 120 were falsely clas-
sifi ed as invasive breast carcinoma, all other measurements were correct-
ly classifi ed. Th e distinction of invasive breast carcinoma, fi broadenoma 
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mal invasive pattern of invasion. Tumors of endometrioid and clear cell 
type have similar molecular changes, oft en an ARID1A-mutation and can 
be associated with an atypical endometriosis. Th e malignant Brenner tu-
mor is associated with benign or borderline Brenner tumor. Th e term of 
transitional cell carcinoma is disestablished. Seromucinous tumors, a new 
subtype, are composed of more than one epithelial cell type (least 10% of 
the epithelium). Now borderline tumors are also called atypical prolifera-
tive tumors. Former non-invasive implants, are now named implants. In 
contrast, former invasive implants are considered as low-grade serous car-
cinomas. Non-invasive serous lesions of the tube with high grade atypia 
are classifi ed as serous tubal intraepithelial carcinomas (STIC). Immuno-
histochemical stainings can improve diagnostic reproducibility for classi-
fi cation of histotypes and/are optional.
Conclusion. Major changes in the classifi cation of epithelial tumors of the 
ovary will infl uence the process of staging, grading and typing. By pre-
senting these current background data, we want to provide a basis for 
discussion, regarding more detailed consensus recommendations for pa-
thologist in the future.

AG02.22
Studying four years of ovarian cancer at the LMU: Analysis of 
pathogenetic factors and predictive biomarkers guided by the 
idea of „care for the rare“

E. Schmoeckel*, S. Hofmann, D. Fromberger, T. Kirchner, D. Mayr
University Hospital (LMU), Institute of Pathology, Munich, Germany

Background. So far the diversity of histological subtypes of ovarian cancer 
with diff ering pathogenic background is confronted by relatively uniform 
scheme of therapy. Besides PARP-inhibitors in BRCA-mutated high-grade 
serous cancer, individually adapted therapies targeting a particular biologic 
profi le are not a part of the diagnostic routine in ovarian cancer. Th emed 
“care for the rare” we analyzed a TMA composed of 300 cases of primary 
ovarian cancer diagnosed between 2003 and 2007 at the LMU. Th e study 
group was tested for MSI, ARID1A, β-catenin, LEF1, EP3, p53, p16, ER, 
PR, HER2, ALK, EGFR, BRAF and PDL1.
Methods. In 4 whole years 300 cases of ovarian cancer were diagnosed 
at the LMU. Histological subtypes split to: 239 serous, 31 endometrioid, 
13 mucinous, 4 clear cell, 9 undiff erentiated and 4 seromucinous (aft er 
reclassifi cation) cancer cases. Survival data were available in 99.3%. Be-
sides immunohistochemical stainings FISH-analysis was performed for 
HER2-amplifi cation and Eml4/ALK-translocation.
Results. 87.3% of all cases presented with an expression of EGRF in >10% 
of cancer cells. Strong expression of BRAF was seen in 1.4% of high-grade 
and 4.1% of low-grade serous as well as in 3.2% of endometrioid can-
cer subtypes. Expression of PDL1 was seen in 33.5% high-grade serous, 
16.1% endometrioid, 15.3% mucinous, 50% clear cell and 11.1% undiff er-
entiated cancer subtypes. In 8 cases HER2-gene was amplifi ed, therefrom 
2.9% of high-grade serous and 3.2% of endometrioid subtypes. EML4/
ALK-FISH-analysis confi rmed 2 cases with ALK-translocation (1 of high-
grade serous and 1 endometrioid subtype). Immunohistochemical phe-
notype of MSI was detectable in 8.3% of low-grade and 6% of high-grade 
serous cancer as well as in 3.2% of endometrioid cancer subtypes com-
bined with a trend to longer survival. Loss of ARID1A was found in 3.7% 
of serous, 12.9% of endometrioid, 25% of clear cell cancer cases. Nuclear 
co-expression of LEF1 and β-catenin was detectable in 22.6% cases of en-
dometrioid subtype.
Conclusion. Th e variety of pathogenesis and histological cancer subtypes 
is refl ected in the spreading of the listed fi ndings. On the one hand EGFR, 
BRAF, PDL1, HER2 and ALK show indication for target therapy particu-
larly for the group of high-grade serous cancer. In addition features like 
MSI may be of interest to estimate the course of cancer-disease. Further 
statistical analyses including survival-analysis are already in progress as 
well as molecular-pathologic analysis for MSI.

AG02.19
Radiological occult DCIS components of node negative luminal A 
low grade invasive breast cancers: results of a standardized 
pathological assessment in breast conservation specimens

C. Focke*, T. Decker
Dietrich Bonhoeff er Medical Centre, Department of Clinical Pathology, 
Neubrandenburg, Germany

Background. Node negative grade 1 luminal A breast cancer is a non-life 
threatening disease with an excellent prognosis in which systemic thera-
py can be safely omitted. In addition, in this low risk population, trials to 
avoid radiotherapy aft er breast conservation therapy (BCT) are on the way. 
However, local recurrence risk due to residual DCIS aft er BCT may im-
pair quality of life and aggravate morbidity. Improved selection of localized 
breast cancers that have no extensive DCIS components may potentially 
enhance the trade-off  between local control and adverse side eff ects of ad-
juvant therapy. Our aim was to analyse the extent of DCIS components in 
low grade luminal A breast cancers without associated peritumoral micro-
calcifi cation in preoperative mammograms.
Methods. 37 segmentally resected BCT specimens of nodal negative, 
pT1a-c, grade 1, luminal A cancers of no special type without microcal-
cifi cation outside the tumour were included in our study. All specimens 
had been sampled according to the Berlin-Buch protocol standard which 
allows precise assessment of DCIS sizes and margin widths. For all 37 cas-
es margins of ≥10 mm for the DCIS components were histologically con-
fi rmed. Th e DCIS component was classifi ed into: no DCIS, intratumoral 
only, peritumoral (exceeding the invasive front ≤2 mm) and extensive (ex-
ceeding invasive edge >2 mm).
Results. Median invasive tumour size was 11 ± 3.75 mm, median DCIS size 
was 14 ± 13.41 mm. A DCIS component was found in 31 cases (84%). Th e 
DCIS was intratumoral in 18 (49%), peritumoral in 2 (5%), and extensive 
in 11 (30%) cases, respectively. An occult DCIS component >40 mm was 
present in 2 (5%), and occult additional invasive cancers ≥2 mm beyond 
the invasive edge were found in 3 (8%) cases.
Conclusion. Radiologically occult DCIS components may be present in 
up to 30% of a low risk population of pT1 pN0 cM0 luminal A invasive 
BCs NST G1 breast cancers. Th is should be considered in surgical strat-
egy, especially if de-escalation of adjuvant treatment in low risk BC pa-
tients is devised.

AG02.21
Update – S3 guidelines 2016 – Malignant tumors of the ovary: 
Role of pathology in diagnosis, therapy and clinical management 
of epithelial tumors

D. Mayr*1, A. Staebler2

1University Hospital (LMU), Institute of Pathology, Munich, Germany, 
2Eberhard Karls University of Tübingen, Institute of Pathology and 
Neuropathology, Tübingen, Germany

Background. Tumor stage, histological type and grading are among the 
main prognostic parameters in the consensus based recommendations in 
the new S3 guidelines for diagnosis, treatment and clinical follow up of ma-
lignant tumors of the ovary, Th erefore, the new concepts of the 2014 up-
date of the WHO Classifi cation of Tumors of the Female Reproductive Or-
gans had to be integrated in the 2016 update of the German S3 Guidelines
Methods. Th e 2014 and 2003 editions of the WHO Classifi cation of Tum-
ors of the Female Reproductive Organs were reviewed with emphasis on 
the most signifi cant changes in the classifi cation of epithelial tumors of the 
ovary. A summary of the fi ndings was integrated in the background text of 
the consensus recommendations, reviewed and accepted by an interdisci-
plinary consensus panel.
Results. TNM- and FIGO-classifi cation applies for tumors of the ovary, 
peritoneum or fallopian tube. Serous carcinomas are classifi ed aft er a two-
tiered grading system, high-grade with typically p53-mutation and low-
grade carcinomas oft en with Kras- or Braf-mutation. Invasive mucinous 
carcinomas of the intestinal type show expansile or/and destructive stro-
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aft er growing cells under low attachment conditions with or without plate-
lets. Additionally, we injected ovarian cancer cells intraperitoneally or into 
the ovary of nude mice and evaluated the number of metastases as well as 
survival of ovarian cancer cells in ascites.
Results. Here, we demonstrated that platelets induced resistance to anoikis 
and were critical for tumor cell survival in vitro, and increased metasta-
sis in vivo. We showed that platelets promoted YAP1 dephosphorylation 
and nuclear translocation in cancer cells which induced a pro-survival 
gene expression signature and inhibited apoptosis. Reduction of YAP1 in 
cancer cells in vivo protected against thrombocytosis-induced increase 
in metastasis. Likewise, overexpression of wildtype or constitutive active 
YAP in ovarian cancer cells dramatically increased metastases aft er in-
traovarian injection.
Conclusion. Collectively, our results indicate that cancer cells depend on 
platelets to avoid anoikis and succeed in the metastatic process.

AG02.25
The ARID1A status, p53 and ß-Catenin are strong prognosticators 
in clear cell and endometrioid ovarian/endometrial cancer cases

M. Heckl1, E. Schmoeckel*2, L. Hertlein1, T. Kirchner2, U. Jeschke1, D. Mayr2

1Ludwig Maximilian University of Munich, Department of Gynecology 
and Obstetrics, Munich, Germany, 2University Hospital (LMU), Institute of 
Pathology, Munich, Germany

Background. Clear cell and endometrioid carcinomas of the ovary and the 
uterine corpus represent histomorphological the same phenotypes. Th e 
etiological causes in many cases ought to be foci of atypical endometriosis. 
Th e genetic profi les of tumors of ovarian and uterine origin show similari-
ties to each other, oft en aff ected ARID1A and TP53. Prognosis depends for 
both entities on tumor stage and for the endometrioid subtype as well on 
tumor grade, whereas clear cell carcinomas are all considered high-grade. 
Additional markers could be helpful in discrimination further tumor sub-
classes with regard to a better prognostic estimation.
Methods. 97 tumors were available, including 32 cases of ovarian carcino-
mas (11 clear cell and 21 endometrioid carcinomas) and 65 cases of endo-
metrial carcinomas (6 clear cell and 59 endometrioid carcinomas). Analy-
ses of ARID1A, p53, p21, p16 and ß-Catenin with the techniques of tissue 
microarray and immunohistochemistry were performed.
Results. Endometrioid ovarian carcinoma showed negative staining for 
ARID1A (a) and p21 (b), overexpression or no expression of p53 (c) and 
p16 (d) and ß-Catenin positive nuclear expression (e) respectively in 19% 
(a), 100% (b), 28.6% (c), 52.4% (d) and 4.8% (e) of all cases. In the group 
of clear-cell ovarian carcinoma it was 63.6% (a), 100% (b), 81.8% (c), 54.5% 
(d) respectively 0% (e). For endometrioid uterine carcinoma the staining 
rate was 75.7% (a), 94.9% (b), 30.5% (c), 52.1% (d) respectively 6.8% (e). 
And for clear-cell uterine carcinoma it was 8.6% (a), 100% (b), 50% (c), 
100% (d) respectively 0% (e). Survival analysis showed that negative ex-
pression of ARID1A, p53 no expression/overexpression and ß-Catenin nu-
clear positive staining are independent negative prognosticators in both, 
clear cell and endometrioid carcinoma, regardless of ovarian or uterine or-
igin. Cox-Regression analysis proved ARID1A, p53 and ß-Catenin again 
as negative prognostic factors. Furthermore, we found a signifi cant corre-
lation between ARID1A and ß-Catenin expression in endometrioid uter-
ine tumors.
Conclusion. Th e analysed gynaecological carcinoma showed a distinct ex-
pression scheme of proteins that are associated with tumor suppression. 
To summarize our study we may conclude that ARID1A, p53 and ß-Cat-
enin are the strongest prognostic factors by analysing a subgroup of tumor 
suppressor genes in clear cell and endometrioid subtypes of ovarian and 
endometrial cancer and may be used along with traditional morphologi-
cal and clinical characteristics for prognosis.

AG02.23
Retrospective gene expression analysis of granulosa cell tumors 
(GCTs) of the ovary with the nCounter PanCancer Pathways 
panel (NanoString Technologies): Correlation to clinical data, 
pathological results and outcome

E. Schmoeckel*, U. Beetz, H. Bartsch, L. Schmidt, T. Kirchner, D. Mayr
University Hospital (LMU), Institute of Pathology, Munich, Germany

Background. Arising from breast cancer, gene expression signature found 
one’s way into further subtyping for patients’ outcome. Th e nCounter Pan-
Cancer Pathways panel (NanoString Technologies) is a 770-gene assay 
from 13 canonical pathways and selected reference genes, using the tech-
nique of direct hybridization and is commercial available. Due to the poor-
ly calculable prognosis of GCTs of the ovary gene expression patterns could 
be helpful in discrimination tumor subclasses with clinical implications.
Methods. Formalin fi xed paraffi  n embedded tissue collected from 62 pa-
tients that had undergone surgery for a GCT (58 adult and 4 juvenile types) 
between 1988 and 2014 was included. Standard immunohistochemistry 
(ER, PR, Ki-67, FOXL2), FOXL2 mutation analysis and investigation with 
the nCounter PanCancer Pathways panel (up to now n = 24) were per-
formed. Results were correlated to clinical data, pathological results and 
survival.
Results. 20 cases (32.3%9 showed a low (< 5%), 41 (66.2%) a moderate 
(5–20%) and one case (1.6%) a high (>20%) proliferation (Ki-67 index). 
FOXL2 mutation was seen in 50 cases (80.6%), with a trend to a higher 
proliferation (p = 0.051) and a signifi cant correlation to weak ER expres-
sion (p = 0.002). No correlation between FOXL2 mutation and related pro-
tein expression, subtype (juvenile versus adult), stage or survival could be 
demonstrated. In contrast, a high Ki67 expression correlated with shorter 
survival. Regarding the fi rst results of the nCounter PanCancer Pathways 
panel, about 50 genes showed a signifi cant diff erence between mutated and 
non-mutated tumors, as well as between short and long survival. Th ese 
genes are members of diff erent pathways, e. g. Wnt-signaling, apoptosis, 
cell cycles and DNA repair.
Conclusion. Until now little is known about tumorigenesis and progress 
of ovarian GCTs. Still tumor stage and level of proliferation are the most 
helpful prognostic factors. Gene expression analysis could be helpful to 
identify pathways and related genes, which play a role in tumorigenesis 
and/or show clinically valuable additional information on prognosis and/
or indication for targeted therapy. Gene analyses of the remaining cases 
and comparing to normal granulosa cells are already in progress as well as 
additionally immunohistochemically analyses.

AG02.24
Role of platelets in metastasis of ovarian cancer

M. Hämmerle*1, M. L. Taylor2, T. Gutschner3, V. Afshar-Kharghan4, A. K. Sood2

1University Hospital Halle (Saale), Institute of Pathology, Halle (Saale), 
Germany, 2MD Anderson Canter Center, Department of Gynecologic 
Oncology and Reproductive Medicine, Houston, United States, 3Martin-
Luther University Halle-Wittenberg, Medical Faculty, Halle (Saale), Germany, 
4MD Anderson Cancer Center, Section of Benign Hematology, Houston, 
United States

Background. Th rombocytosis is present in more than 30% of patients with 
solid malignancies. Especially in patients with ovarian cancer, high platelet 
counts is a signifi cant predictor of progression-free and overall survival. 
Tumor cell interaction with various cellular components of the tumor mi-
croenvironment including platelets is crucial for tumor growth and me-
tastasis. Although it is known that platelets can infi ltrate into tumor tis-
sue, secrete pro-angiogenic and pro-tumorigenic factors into the tumor 
microenvironment and thereby increase tumor growth, the precise mo-
lecular interactions between platelets and metastatic cancer cells are not 
well understood.
Methods. We used in vitro and in vivo experiments in mice to demonstrate 
that survival of ovarian cancer cells is substantially increased via interac-
tion with platelets. We performed fl ow cytometry-based apoptosis assays 
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Methods. Methods 30 archival cases from 2011 to 2013 of the Institute of 
Pathology, university clinic Aachen were retrieved. Tumor stage, grade and 
patients age at the time of the surgical operation were noted. All cases were 
microscopically reevaluated and immunohistologically stained according 
to routine protocols. Th e location of the staining (nuclear, cytoplasmic 
and/or membranous), the intensity and also the amount of positive cells 
were quantitatively assessed.
Results. PDL1 was positive in 4 of 22 EC and in one lymph node metasta-
sis. PSMA was positive in more than 50% of EC and their associated ves-
sels. PD1 was equally positive in the primary tumor and their metastases 
(6 cases). Also tumor infi ltrating infl ammatory cells showed PD1 positivity 
in more than 70% of all cases. CDX2 was negative in all tumor cells. CK5/6 
was positive in squamous metaplasia, but p40 coexpression was very low.
Conclusion. PDL1 staining results were comparable between the primary 
tumor and their metastases, but atrophic glands and polyps in the endome-
trium also expressed PDL1, rendering careful examination of the stained 
tissue necessary. More than 50% of the cancers showed PSMA positivity 
in tumor associated vessels, probably useful for therapeutic approaches as 
established in prostate cancer. P40 expression was very low in our cases, 
rendering CK5/6 more useful for detecting squamous metaplasia.

AG02.28
Digitally quantifi ed singular CDX2 positive cells in endometrial 
carcinoma – an evanescently rare tumor component with 
biological potential?

T. T. Rau*1, C. Buechi1, A. Rohner1, S. Forster2, M. Eichmann1, M. Trippel1, 
S. Imboden3, A. Papadia3, M. D. Mueller3, I. Zlobec1

1Institute of Pathology, University Bern, Bern, Switzerland, 2Friedrich-
Alexander-University of Erlangen-Nürnberg, Institute of Pathology, 
Erlangen, Germany, 3University Bern, Department of Obstetrics and 
Gynecology, Bern, Switzerland

Background. Intestinal diff erentiation in endometrial carcinoma (EC) is 
an exceedingly rare event. However, an in-house case report of a CDX2 
positive MSI EC indistinguishable from a colorectal counterpart prompt-
ed us to investigate the intensity and frequency of potential CDX2 positive 
tumor cells in a series of EC.
Methods. A series of EC from 177 patients (mean age 66.4, range 34–92 
years) was transferred to a next generation tissue microarray (ngTMA). 
Cores were punched in triplicates and immune-stained with Pan-Cyto-
keratin and CDX2 in direct sequel. Visiopharm Apps were constructed for 
digital image analysis (DIA) using automated serial section alignment to 
defi ne regions of interest. Hence, the evaluated tumor amount was free of 
heterogeneous elements of the tumor microenvironment.
Results. Th e average tumor cell count was 6830 tumor cells per core. Based 
on staining intensity, patients were sorted to diff erent degrees of CDX2 
negativity at levels of 90, 95, 99, 99.9 and 100%. At low intensity levels stain-
ing artefacts could not be excluded. Th erefore, we focused on aberrantly 
strong specifi cally stained CDX2 cells and could split the cohort into 1, 9, 
11, 97 and 59 patients, respectively. Indicating that CDX2 positive cells are 
at least in 1% evident in 11.9% of patients (21/177).
Conclusion. From a diff erential diagnosis perspective EC remains almost 
CDX2 negative. However, CDX2 positive hot spots have been linked to 
morula diff erentiation or activation of the b-catenin pathway in EC. Th ese 
CDX2 positive cells can therefore indicate a smoldering intestinal trans-
diff erentiation that might give rise to a clonal tumor event. Digital image 
analysis can help to overcome tedious screening work and identify such 
minor tumor elements that are overseen with eye-balling approaches or 
pooled molecular analysis.

AG02.26
Next Generation Sequencing of Malignant Mullerian Mixed 
Tumours identifi es gene alterations with potential clinical 
actionability

S. Leibl1, E. Bellini1, L. Giudici1, A. Noske2, N. Valtcheva1, P. Wild*1

1University Hospital Zurich, Institut of Surgical Pathology, Zurich, 
Switzerland, 2Technical University of Munich, Munich, Germany

Background. Malignant Mixed Mullerian Tumours (MMMT) are aggres-
sive neoplasms which are histologically composed of carcinoma and sar-
coma elements. Although rare, they account for 16.4% of all deaths caused 
by uterine malignancies and have a 5-year survival rate of 25–30%. Also, 
they are characterized by a poor response to common radio- and chemo-
therapy regimens. Th e high rates of recurrence and metastases require the 
identifi cation of new and more eff ective therapeutic options.
Methods. In this study, a tissue microarray (TMA) of 21 MMMT cases 
was constructed. Th e sarcomatous and carcinomatous components were 
punched separately and subsequently characterized by immunohisto-
chemistry to investigate a large number of tumor antigens. Targeted next 
generation sequencing of the carcinoma and sarcoma components was 
performed using the Oncomine™ Focus Assay with Ion Torrent™ sequenc-
ing platform (Th ermo Fisher Scientifi c). Th is commercially available assay 
allows to analyze hotspots, SNVs, Indels, CNVs, and gene fusions target-
ed by oncology drugs and published evidence. Th e variants detected were 
further analyzed with the Oncomine™ Knowledgebase Reporter (Th ermo 
Fisher Scientifi c), a bioinformatics tool that contains curated information 
about published therapeutic options and ongoing global clinical trials.
Results. Th e immunohistochemical staining of the TMA allowed us to per-
form a comprehensive characterization of the selected cases with empha-
sis on markers of epithelial to mesenchymal transition. As for oncogenes 
and possible targetable alterations, overexpression of p53 in 38% and mi-
crosatellite instability in 19% of cases were of particular interest. Th e most 
frequently altered genes detected by Oncomine™ Focus Assay were KRAS 
(44% of samples), PI3KCA (37%), HRAS (7%), MAP2K2 (7%), and 
ERBB3 (7%). Private high impact variants occurring in other genes have 
also been found. Most of the genetic alterations detected were clonal in 
nature.
Conclusion. Th e comparison of the molecular profi les in the carcinoma 
and sarcoma components is consistent with the theory of a clonal origin 
and supports the hypothesis that MMMTs represent a sarcomatous trans-
formation/transdiff erentiation of endometrial carcinoma. Most of the de-
tected gene alterations represent specifi c actionable targets which may im-
prove future clinical management of these neoplasms.

AG02.27
PD1, PDL1, CK5/6, p40 and PSMA in endometrioid and serous 
uterine carcinomas and their lymph node metastasis

J. Andruszkow*1, R. Knüchel1, I. Meinhold-Heerlein2, J. Jäkel1, 3

1Institute of Pathology, RWTH University, Aachen, Germany, 2Department of 
Gynecology and Obstetrics, RWTH University, Aachen, Germany, 3Institute of 
Pathology, Johannes Gutenberg University, Mainz, Germany

Background. Uterine corpus cancers are frequent gynecological malignan-
cies, of which the endometrioid carcinoma (EC) subtype is far the most 
common followed by serous carcinomas (SC). Novel markers such as PD1 
(programmed death receptor) and their respective ligand PDL1, expressed 
in tumor cells and associated infl ammatory cells but also PSMA (prostate 
specifi c antigene), which is known to be expressed in tumor associated 
blood vessels, is of interest for enhanced therapeutic options. Squamous 
metaplasia is commonly seen in a subset of mostly endometrioid cancers, 
which might interfere with the interpretation of immunohistological re-
sults for the newer markers mentioned above. Th erefore p40, CK5/6 as 
markers for squamous epithelia and CDX2 as marker for the so called 
morular metaplasia were also investigated in the primary tumors and their 
lymph node metastasis.
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an independent prognostic indicator. In high grade BP-NENs (29 large cell 
neuroendocrine carcinoma; LCNEC and 75 small cell carcinoma; SCLC), 
pN (≥pN1), pStage (≥pStage II) and absence of infl ammation were asso-
ciated with shorter survival, in which pN (≥pN1) and absence of infl am-
mation were identifi ed as independent prognostic indicators.
Conclusion. Correlative data suggests that intratumoral infl ammation may 
decelerate tumor progression in high grade BP-NEN, namely LCNEC and 
SCLC, but not in low/intermediate BP-NEN (TC and AC). Th e results sug-
gest that the immune system diff erently respond to diff erent types (low/
intermediate grade vs high grade) of BP-NEN.

AG03.03
Identifi cation of molecular signatures associated with early 
relapse after complete resection of lung adenocarcinomas

H. Pasternack*1, C. Kümpers1, M. Deng1, I. Watermann2, T. Olchers2, C. Kugler2, 
T. Goldmann1, O. Ammerpohl3, M. Reck2, S. Perner1

1University Medical Center Schleswig-Holstein, Campus Lübeck and 
Research Center Borstel, Leibniz Center for Medicine and Biosciences, 
Pathology, Lübeck and Borstel, Germany, 2LungenClinic Grosshansdorf, 
Großhansdorf, Germany, 3Christian-Albrechts-University Kiel and University 
Medical Center Schleswig-Holstein, Campus Kiel, Institute of Human 
Genetics, Kiel, Germany

Background. Th e only potentially curative treatment for lung adenocarci-
noma patients remains complete resection of early-stage tumours. How-
ever, many patients develop recurrence and die of their disease despite 
curative surgery. Underlying mechanisms that lead to establishment of 
systemic disease aft er complete resection are mostly unknown. We there-
fore aimed at identifying molecular signatures of resected lung adenocar-
cinomas that are associated with the risk of early relapse. In this study we 
especially focused on immunogenic and angiogenic factors.
Methods. 100 patients with totally resected lung adenocarcinoma and cy-
tologically or histologically confi rmed stage IA-IIIA have been identifi ed. 
Patients suff ering from an early relapse within two years aft er surgery were 
compared to patients without a relapse in two years. 
Formalin fi xed paraffi  n embedded (FFPE) tumour blocks were selected 
for immunohistochemical, molecular, mRNA expression and epigenet-
ic analyses.
Results. Patients were clinically characterised including age, gender, smok-
ing status, therapies, tumour size, lymph node status, overall survival and 
progression free survival. 
FFPE lung carcinoma tissues were immunohistochemically analysed for 
the expression of Ki67, CD45, CD4, CD8, PD1, PD-L1, PD-L2 and CD34. 
Molecular characterisation included KRAS and EGFR sequencing as well 
as FISH analysis of ALK, ROS1, RET and PD-L1. 
In an explorative approach mRNA expression analyses using the Nano-
string nCounter PanCancer Immune Profi ling Panel and a methylome 
profi ling were applied. 
We detected signifi cantly diff erentially expressed genes associated with 
early relapse aft er complete resection. By integration of mutational, immu-
nohistochemical, gene expression and epigenetic data sets with patients’ 
clinical outcome novel molecular patterns separating cases with and with-
out early relapse and including potential therapeutic target structures were 
identifi ed.
Conclusion. Molecular signatures associated with a risk of early relapse af-
ter complete resection of lung adenocarcinomas could be identifi ed. Th ese 
fi ndings might help to develop biomarkers improving risk assessment and 
patient selection for adjuvant therapy as well as establish novel targeted 
therapeutic strategies.

AG02.29
Impact of conventional tumor grade in surgically treated 
squamous cell cancer of the uterine Zervix (FIGO stage IB to IIB)

L.-C. Horn*1, K. Bilek2, U. Fischer2, B. Hentschel3, A. K. Höhn1

1Institute of Pathology, Leipzig, Germany, 2Depratment of Obstetrics and 
Gynecology University Hospital Leipzig, Leipzig, Germany, 3Institute of 
Medical Statistics, Informatics and Epidemiology, Leipzig, Germany

Background. Tumor diff erentiation is a prognostic factor and a morpho-
logic feature for decision making for adjuvant treatment in several cancers. 
Th e prognostic knowledge for surgical treated squamous cell cancer of the 
uterine cervix (CX) is limited.
Methods. A total of 467 cases of CX FIGO stage IB to IIB who received 
upfront surgery were re-examined for conventional tumor grade accord-
ing to the WHO-classifi cation of 2014 regarding its prognostic impact for 
recurrence free and overall survival.
Results. Th e grading distribution for the whole cohort was 46.0% G1, 
30.6% G2 and 23.3% presented poorly diff erentiated tumors (G3). Th e 
grading distribution for the whole cohort was 46.0% G1, 30.6% G2 and 
23.3% presented poorly diff erentiated tumors (G3). Th e conventional 
3-tired grading system showed prognostic impact on recurrence free sur-
vival G1: 81.4%/G2: 70.6%/G3: 64.2%; p = 0.008) but not for overall surviv-
al (G1: 78.7%/G2: 72.2%/G3: 65.1%; p = 0.089), whereas the 2-tired grad-
ing system (merging G1- and G2-tumors) represented prognostic impact 
for both analyses (RFS: low grade 77.1%/high grade 64.2%; p = 0.008 and 
OSR: low grade 76.0%/high grade 65.1%; p = 0.031).
Conclusion. Th e results indicate that conventional tumor grading in squa-
mous cell CX is of prognostic impact. But, a 2-tired system fi ts better that 
the most commonly used 3-tired grading system.

AG Thoracic pathology I

AG03.02
Prognostic and anti-tumoral signifi cance of infl ammatory reaction 
in broncho-pulmonary neuroendocrine neoplasms

A. Kasajima*1, 2, A. Iwata1, N. Oka1, H. Ishida1, A. Sakurada3, T. Kameya4, 
Y. Ishikawa5, K. Steiger2, B. Konukiewitz2, G. Klöppel2, Y. Okada3, H. Sasano1, 
W. Weichert2

1Department of Pathology, Tohoku University Graduate School of Medicine, 
Sendai, Japan, 2Technical University Munich, Institute for General Pathology 
and Pathological Anatomy, Munich, Germany, 3Department of Thoracic 
Surgery, Tohoku University Graduate School of Medicine, Sendai, Japan, 
4Division of Pathology, Shizuoka Cancer Center Hospital and Research 
Institute, Shizuoka, Japan, 5Pathology Department, The Cancer Institute 
Hospital of JFCR, Tokyo, Japan

Background. Th e interaction between tumor immune response and neo-
plastic progression has recently received signifi cant attention in particular 
with respect to immune-modulating therapeutic strategies in lung cancer 
patients with non-neuroendocrine histological subtypes. However, to the 
best of our knowledge, little is known in broncho-pulmonary neuroendo-
crine neoplasms (BP-NEN).
Methods. Clinical information (age, sex, smoking index, disease specifi c 
survival, overall survival) were assembled from surgically operated 213 
patients with BP-NEN. Histological factors (tumor size, TNM classifi ca-
tion, histological type based on WHO2015 classifi cation, presence or ab-
sence of lymphovascular invasion; LVI, presence or absence of necrosis, 
presence or absence of intratumoral fi brosis, presence or absence of in-
fl ammation, mitotic and Ki67 index) were reviewed on the correspond-
ing specimens. Th e clinicopathological indicators were further correlated 
with the clinical course.
Results. Among 50 patients with carcinoid tumors (36 typical carcinoids 
and 14 atypical carcinoids), age (≥65), pT (≥pT2), LVI+, presence of ne-
crosis were associated with a shorter overall survival, LVI+ proved to be 
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plants from CLAD, HSCT and RC patients. Via conventional histopathol-
ogy, laser-microdissection, PCR techniques and immunohistochemistry, 
fi brosis-associated gene and protein expression were assessed. Addition 
we investigated the role of macrophages with regard to the cellular mech-
anism leading to AFE remodeling.
Results. We describe an evolutionary model for the AFE pattern: an unspe-
cifi c fi brin-rich reaction to injury pattern triggers a misguided resolution 
attempt and eventual progression towards manifest AFE. Our data point 
towards an absence of classical fi brinolytic enzymes and an alternative fi -
brin degrading mechanism via macrophages, resulting in fi brous remod-
elling and restrictive functional changes. 
Four key results emerged from our analysis of fi brosis-associated genes: i) 
generally speaking, “BO is BO”. Despite the varying clinical backgrounds, 
the molecular characteristics of BO lesions were found to be alike in all 
groups. ii) “AFE is AFE”. In all groups of patients suff ering from restrictive 
changes to lung physiology due to AFE there were largely – but not ab-
solutely – identical gene expression patterns. iii) BO concomitant to AFE 
aft er LuTx is characterized by an AFE-like molecular microenvironment, 
representing the only exception to i). iv) Macrophages orchestrate the re-
modelling process.
Conclusion. Th ese data may serve as diagnostic adjuncts and help to pre-
dict the clinical course of respiratory dysfunction in LuTx and HSCT pa-
tients. Moreover, analysis of the mechanism of fi brinolysis and fi brogenesis 
may unveil potential therapeutic targets to alter the course of the eventu-
ally fatal lung remodelling.

AG03.06
Relevance and function of Neuropilin 2 in T-lymphocytes during a 
mouse lung infl ammation model

S. Schellenburg*1, A. Meneses2, P. Hönscheid1, G. Baretton1, B. Wielockx2, 
M. Muders1

1University Hospital Carl Gustav Carus, TU Dresden, Institute of Pathology, 
Dresden, Germany, 2University Hospital Carl Gustav Carus, TU Dresden, 
Department of Clinical Pathobiochemistry, Dresden, Germany

Background. Neuropilins (NRPs) are single transmembrane receptors 
with a short cytoplasmic tail. Due to the shortness of the intracellular part, 
NRPs function oft en as co-receptors with VEGFR or plexins. Th ere are 
two members in the Neuropilin-family, Neuropilin-1 (NRP1) and Neuro-
pilin-2 (NRP2), which are conserved in all vertebrates. 
Th e NRPs are known players in angiogenesis, lymphangiogenesis and axon 
guidance. Recently, our lab showed that NRP2 is involved in endocytosis, 
which is a crucial mechanism in many immune cells. NRP2 is highly ex-
pressed on diff erent immune cells. In vitro studies showed the importance 
of NRP2 in the migration of native T-cells and dendritic cells. Also, the 
activation of T-cells via dendritic cells is NRP2 dependent. So far, there is 
no in vivo study revealing the exact function of NRP2 in the immune sys-
tem. Th erefore, we used in vitro and in vivo tools to analyze the eff ect of a 
knock-out on diff erent cell types and during an infl ammation of the lung.
Methods. We used primary cell culture from spleen and lymph nodes to 
diff erentiate murine T-lymphocytes towards diff erent subpopulations and 
analyzed the expression of NRP2 with qRT-PCR. Additionally, we estab-
lished a conditional knock-out model for NRP2 in the hematopoietic sys-
tem (Vav:cre-NRP2loxP/loxP). Here, we cultured primary T-lymphocytes 
and compared the diff erentiated cells from wild type mice with the knock-
out cells. Subsequently, we analyzed the immune response in vivo. For that, 
we used an infl ammation model of the lung.
Results. Th e expression of NRP2 varied between the Th elper cells. Th 1 
showed no NRP2 expression, Tregs showed small amounts but Th 2 and es-
pecially Th 17 had high levels of NRP2. A knock-out of NRP2 in the diff er-
ent subpopulations resulted in decreased INFgamma levels in NRP2 defi -
cient Th 17 cells. Next, we analyzed the immune response of NRP2 defi cient 
immune cells by executing a lung infl ammation model in Vav:cre-NRP2f/f 
mice. Conditional NRP2 knock-out resulted in a reduction of T-lympho-
cytes during infl ammation in the lung. Especially, the amount of CD8+ 
T-lymphocytes in the BALF was signifi cantly reduced.

AG03.04
Identifi cation of computer-based morphologic parameters 
aff ecting the prognosis of lung squamous cell carcinoma patients

R. Casanova1, P. Nanni2, U. Rulle1, J. Grossmann2, I. Burger3, H. Moch1, 
A. Soltermann*1

1University Hospital, Department of Pathology, Zurich, Switzerland, 
2University, Functional Genomics Center, Zurich, Switzerland, 3University 
Hospital, Department of Nuclear Medicine, Zurich, Switzerland

Background. Adequate cancer management depends on accurate tumor 
classifi cation, which is achieved by tumor staging. In addition, morpho-
logical grading brings supplementary criteria to stratify patients into rel-
evant prognostic groups.
Methods. We have used an image-based computational method of pan-cy-
tokeratin immunohistochemistry staining to characterize morphological 
features of lung squamous cell carcinoma (LSCC) with prognostic rel-
evance. Chemotherapy-naïve and neoadjuvant chemotherapy-treated 
LSCC patients were analyzed separately.
Results. We identifi ed tumor fragmentation (TF) as a new morphologic 
feature signifi cantly associated with blood vessel infi ltration and poor out-
come in two independent clinical cohorts by analysing tissue microarrays 
(TMA: n = 208 patients) and whole tumor sections (WS: n = 99 patients). 
Th e prognostic value of TF was confi rmed by a similar human-based scor-
ing of haematoxylin-eosin (H&E) stained tissues from the cancer genome 
atlas (TCGA: n = 335 patients) and was independent from tumor stage. 
Integrated genomic and proteomic analyses revealed an increase of extra-
cellular matrix remodeling and focal adhesion processes in tumors with 
high TF. Further, we evaluated the histologic changes induced by neoadju-
vant chemotherapy in 56 LSCC patients by quantifying the vital, necrotic 
and stromal tumor compartments on the pan-cytokeratin stainings. Th ese 
histologic features were correlated with pre-surgical positron emission to-
mography (PET) as an assessment of tumor metabolic activity. We showed 
that standard uptake value (SUVmax) of PET was proportional to the ratio 
of vital tumor cells (VTC), but not necrosis or stroma. Increased ratio of 
VTC was an indicator of poor overall survival.
Conclusion. By using a computer-based morphometric approach, we iden-
tifi d TF as a new independent prognostic marker for chemotherapy-naïve 
LSCC patients, which could serve to refi ne the current tumor grading sys-
tem. Th e combination of PET-CT with objective quantifi cation of VTCs 
could provide an improved tumor regression system for neoadjuvant 
chemotherapy-treated patients.

AG03.05
Alveolar fi broelastosis and bronchiolitis obliterans after lung and 
stem cell transplantation: comparative analysis of morphological 
and molecular motifs

D. Jonigk*1, B. Rath1, P. Braubach1, L. Mägel1, N. Izykowski1, G. Warnecke2, 
W. Sommer2, H. Kreipe1, R. Blach1, A. Anklamm1, A. Haverich2, M. Eder3, 
M. Stadler3, T. Welte4, J. Gottlieb4, M. Kühnel1, F. Länger1

1Hannover Medical School, Institute of Pathology, Hannover, Germany, 
2Hannover Medical School, Department of Cardiothoracic, Transplantation 
and Vascular Surgery, Hannover, Germany, 3Hannover Medical School, 
Department of Hematology, Hemostasis, Oncology and Stem Cell 
Transplantation, Hannover, Germany, 4Hannover Medical School, Clinic for 
Pneumology, Hannover, Germany

Background. Chronic lung allograft  dysfunction (CLAD) remains the ma-
jor obstacle to long-term survival following lung transplantation (LuTx). 
Morphologically CLAD is defi ned by an obliterative remodelling of the 
small airways (bronchiolitis obliterans, BO) as well as a more recently de-
scribed collagenous obliteration of alveoli with elastosis summarized as al-
veolar fi broelastosis (AFE). Both patterns are not restricted to pulmonary 
allograft s, but have also been reported following hematopoietic stem cell 
transplantation (HSCT) and radio chemotherapy (RC).
Methods. In this study we performed compartment-specifi c morpholog-
ical and molecular analysis of BO and AFE lesions in 60 human lung ex-
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(LCNEC) and small cell carcinomas (SCC), based on morphology, mitotic 
counts, and presence of necrosis. Th e European Neuroendocrine Tumor 
Society (ENETs) classifi cation system of gastroenteropancreatic neuroen-
docrine tumors recognizes the same subtypes, but grading relies solely on 
mitotic count and/or proliferation rate (ki67 index). Whether the ENETS 
grading system can be applied to TNET has not been studied.
Methods. 54 retrospective TNET cases were centrally re-reviewed and ana-
lyzed by immunohistochemistry and shallow whole-genome sequencing 
to gain insights in major genetic alterations. Tumor grades were deter-
mined using both the WHO as the current standard and the ENETS grad-
ing system.
Results. Application of ENETS criteria resulted in diff erent grading in 16 
of 54 cases (29,6%): 13 cases were downgraded from AC to TC, and 3 
cases were downgraded from LCNEC to AC. Th ree cases were upgrad-
ed TC from AC. Correlation with genetic alterations did not resolve this 
problem: although in general higher tumor grade correlated with higher 
genetic instability, overlap between groups was considerable and genetic 
analysis was not superior in separating diff erent tumor grades. G1 tum-
ors had more gene amplifi cations, G2 tumors had more deletions, G3 tu-
mors showed both.
Conclusion. Th e application of the ENETS grading system would lead to 
re-assignment of a considerable percentage (30%) of TNET cases. As the 
WHO classifi cation/grading system of TNET is robust and has previously 
shown prognostic relevance, we conclude that the data presented here are 
not conclusive enough to advocate a switch to the ENETS grading system.

AG03.09
WHO thymoma subtypes diff er in their vascular architecture and 
expression of key angiogenic growth factors

F. Pfi ster*1, D. Belharazem2, E. Pfi ster1, P. Ströbel3, A. Marx2

1Institute of Pathology, Universitätsklinikum Erlangen, Department of 
Nephropathology, Erlangen, Germany, 2Institute of Pathology, University 
Medical Centre Mannheim, Mannheim, Germany, 3University Medical 
Center, Institute of Pathology, Göttingen, Germany

Background. Th ymomas are rare thymic epithelial cell tumors, which are 
currently classifi ed into A, AB, B1, B2 and B3 thymoma based on mor-
phological criteria (WHO-classifi cation). In this study, vascular architec-
ture, pericytes coverage and expression of key angiogenic growth factors/
receptors were analyzed in diff erent thymoma subtypes with the aim to 
fi nd additional markers which could facilitate subclassifi cation of WHO 
thymoma.
Methods. Vascular density and diameter (CD31) and expression of SMA, 
PDGFRb and VEGFR-1and -2 were investigated in immunohistochem-
ically stained paraffi  n section and expression levels of VEGF, PDGF, An-
giopoietin-1 and -2 and Hif-1α were investigated by quantitative reverse 
transcription polymerase.
Results. A and AB thymomas were characterized by a dense network of 
capillary-like vessels with intact pericyte coverage, whereas B thymomas 
showed a less dense vascular network with increasing vascular diameters 
and expression of SMA and PDGFRb and activation of pericytes from B1 
to B3 thymomas. VEGFR1 and VEGFR2 were expressed in vessels of all 
analysed tumour entities, but highest levels were found in epithelial cells 
of A and B3 thymomas. Ang-2, but not Ang-1 mRNA, was signifi cantly 
up-regulated in all thymoma subtypes, with highest levels in A thymomas. 
Although A, AB and B3 thymoma showed signifi cantly increased levels of 
VEGF, only B3 thymomas showed an upregulation of hypoxia-induced 
factor Hif-1α.
Conclusion. WHO thymoma subtypes diff er signifi cantly in their vascular 
architecture and expression of key angiogenic growth factors, which might 
improve the diff erential diagnosis of diffi  cult-to-classify thymic epitheli-
al tumors. Furthermore the data indicate diff erent mechanisms of angio-
genesis in thymoma subtypes what could be of therapeutic importance.

Conclusion. NRP2 was involved in the migration and activation of T-cells. 
We showed that NRP2 defi cient Th 17 cell expressed less INFgamma and 
the amount of T-lymphocytes during a mouse infl ammation model of the 
lung was decreased. Th erefore, depletion of NRP2 in T-lymphocytes lead 
to a reduced infl ammatory response in vitro and in vivo.

AG03.07
Detection of ROS1-positive non-small cell lung cancers on 
cytological specimens using immunocytochemistry

T. Vlajnic*, S. Savic, L. Bubendorf
University Hospital Basel, Institute of Pathology, Basel, Switzerland

Background. Rearrangements of the ROS1 gene are found in 1–2% of non-
small cell lung cancers (NSCLC) and are regarded as mutually exclusive 
oncogenic driver mutations. Since targeted therapy has recently been ap-
proved for ROS1-positive NSCLC, ROS1 testing is entering diagnostic rou-
tine. Fluorescence in situ hybridization (FISH) optionally selected for by 
immunohistochemistry (IHC) on histological material is regarded as gold 
standard for detection of ROS1 rearrangements. However, NSCLC is of-
ten diagnosed by cytology alone, requiring the option of predictive marker 
testing on cytological specimens. In this study, we explored the utility of 
ROS1 immunocytochemistry (ICC) on cytological specimens as a prelim-
inary screening tool for detection of ROS1 rearrangements.
Methods. ICC using the D4D6 antibody was prospectively performed in 
the routine diagnostic setting on ethanol-fi xed and previously Papanico-
laou-stained specimens from 296 patients with NSCLC, including ade-
nocarcinomas (n = 243), NSCLC NOS (n = 47), and others (n = 6) and en-
compassing specimens from the lung (n = 107), locoregional lymph nodes 
(n = 87) and distant metastases (n = 102). Cytospin specimens of the cell 
line HCC-78, known to express ROS1, were used as positive control. Cy-
toplasmic staining of any intensity was considered positive.
Results. ICC was positive in 12 cases with ROS1 rearrangements con-
fi rmed by FISH. Confi rmation of 284 ICC-negative cases was available 
in 210 cases (FISH in 71 cases, mRNA based fusion NGS in 2 cases and 
detection of other known, mutually exclusive driver mutations in 137 cas-
es). Only one ICC-negative case showed a ROS1 rearrangement by FISH 
(sensitivity 92%, specifi city 100%, PPV 100%, NPV 99%).
Conclusion. Our data show that ROS1 ICC is a highly accurate method 
for detection of ROS1 rearrangements in NSCLC. Given the high costs 
and technical challenges of FISH and the rarity of ROS1 rearrangements, 
ICC is cost eff ective and rapid and therefore well suited as a preliminary 
screening method. Cases with equivocal or positive fi ndings on ICC can 
be confi rmed by FISH or molecular tests (e. g. NGS).

AG03.08
On the applicability of the ENETS grading system in Thymic 
Neuroendocrine Tumors (TNET)

H. Dinter*1, H. Bohnenberger1, C.-A. Weis2, S. Küff er1, L. Brcic3, H. Popper3, 
T. Franks4, M. Marino5, L. Beissbarth1, T. Beissbarth6, J. Beck7, E. Schütz7, 
A. Marx2, P. Ströbel1

1University Medical Center, Institute of Pathology, Göttingen, Germany, 
2Medical Faculty Mannheim of the University of Heidelberg, Institute of 
Pathology, Mannheim, Germany, 3Medical University of Graz, Institute 
of Pathology, Graz, Austria, 4Defense Health Agency, Senior Pulmonary 
& Mediastinal Pathologist Department of Defense, The Joint Pathology 
Center, Silver Spring, United States, 5Regina Elena National Cancer Institute, 
Department of Pathology, Rome, Italy, 6University Medical Center Göttingen, 
Statistical Bioinformatics (Dept. Medical Statistics), Göttingen, Germany, 
7Chronix Biomedical, Göttingen, Germany

Background. Th ymic Neuroendocrine Tumors (TNET) are rare neuroen-
docrine neoplasms of the thymus. According to the recent WHO classifi -
cation (developed in analogy to neuroendocrine tumors of the lung), they 
are subdivided (or graded) into typical carcinoid tumors (TC, G1), atypical 
carcinoid tumors (AC, G2), and high grade (G3) large cell neuroendocrine 
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errors, e. g. interobserver variability. Here, we analyzed whether measure-
ment of PD-L1 mRNA expression is comparable to the evaluation of PD-
L1 protein expression. We also investigated whether the measurements 
diff er dependent on the way of tumor tissue acquisition.
Methods. Prospectively, a total number of n = 22 NSCLC cases (including 
n = 9 probes acquired with EBUS-TBNA and n = 5 cases of metastatic tis-
sue) were evaluated for PD-L1 protein on tumor cells (TC) and separate-
ly for immune cells (E1L3N, Cell Signalling, USA; 28-8, Abcam, UK) and 
PD-L1 mRNA (CheckPoint TYPER® assay, STRATIFYER, Köln). Statisti-
cal analysis was performed with the JMP SAS 9.0.0 and Graph Pad PRISM 
5.04 soft ware.
Results. In primary NSCLC tissue (n = 17) PD-L1 mRNA signifi cantly 
correlated with tumor cell percentages determined by IHC (Spearman 
rho 0.8975; p < 0.001). Agreement between PD-L1 mRNA and with 28-8 
TC staining was excellent (Kappa value = 0.85, p-value = 0.0002) where-
as a Kappa value of 0.58 (p-value = 0.0106) was seen when both PD-L1 
antibodies were compared with each other. In EBUS-TBNA (n = 8) PD-
L1 mRNA levels expression showed a perfect agreement with the 28-8 
antibody (Kappa value = 1.0, p-value = 0.0023). In contrast, in metastat-
ic lesions (n = 5) diff erences between predefi ned PD-L1 mRNA NSCLC 
categorization and PD-L1 protein became apparent (Kappa 0.2; p-value 
0.2525). However, PD-L1 mRNA levels signifi cantly diff ered when com-
paring 28-8 TC staining of tumors >49% with 1–49% and 0% (p = 0.0040; 
p = 0.0081, respectively).
Conclusion. Prospective testing of PD-L1 mRNA by CheckPoint TYPER® 
and central 28-8 protein staining proved to have an excellent agreement 
in primary NSCLC tumor samples including lymph node biopsies, while 
PDL-1 expression in metastatic lesions requires cut-off  adoption accord-
ing to tissue type. PD-L1 protein expression in >50% tumor cells by 28–8 
antibody can be reliably detected by RT-qPCR from non-macrodissected 
primary NSCLC tumor samples. Th erefore quantitative PD-L1 mRNA de-
termination seems to be a reliable alternative to protein estimation by IHC.

AG03.13
Expression of programmed death ligand (PD-L1), programmed 
cell death 1 (PD-1) and infl ammatory microenvironment in 
non-small-cell lung carcinoma (NSCLC) by fl uorescent multiplex 
immunohistochemistry (mIHC)

S. Kintsler*, M. A. Cassataro, R. Knuechel, T. Braunschweig
RWTH Aachen University Hospital, Institute of Pathology, Aachen, Germany

Background. PD-L1 is a surface molecule of cancer cells, activating ligand 
to PD1 receptor on CD8+ T cell. Activated PD1 inhibits the cytotoxic ef-
fect of cytotoxic T- lymphocytes against tumor cells. Th e modern target 
therapy uses this interaction to inhibit PD-1 or PD-L1 to actuate tumor re-
duction. Th e aim of this study is to visualize members of tumor infl amma-
tory microenvironment in respect to cell characterization and expression 
of PD-L1 and PD-1 by multiplex immunohistochemistry on one section.
Methods. Two groups of non-small-cell lung carcinoma (NSCLC) with 
ten patients per group (one group with adenocarcinoma and one group 
with squamous cell carcinoma) were selected and a tissue microarray was 
made. Immunofl ourescent stains against anti- PD-L1, PD-1, lymphocytic 
and histiocytic markers were established and by means of Perkin Elmer 
Vectra Slide Analysis evaluated.
Results. Variable expression of PD-L1 on tumor cells could be observed. 
Adjacent to tumor cells, coexpression of PD-L1 and CD68 positive mac-
rophages and PD-1 on CD8 positive cells could be shown. Next to these 
known coexpression patterns, a subset of CD3/PD1 positive lymphocytes 
and PD-L1 positive/CD68 negative histiocytic cells could be found.
Conclusion. By multiplex immunohistochemistry, coexpression pattern 
are easily detectable. Concerning the interaction of PD-L1/PD-1, the in-
fl ammatory microenvironment of non-small-cell lung cancer demon-
strated known coexpression pattern of ligand and receptor. A subset of 
lymphocytes and histiocytes showing PD-1 resp. PD-L1 are left  to be char-
acterized.

AG03.10
Genomic and proteomic identifi cation of biomarkers in thymoma 
and thymic carcinoma

N. Wortmann*1, H. Bohnenberger1, T. Oellerich2, S. Küff er1, C. Sticht3, H. Serve2, 
H. Urlaub4, A. Marx5, P. Ströbel1

1University Medical Center, Institute of Pathology, Göttingen, Germany, 
2Goethe University, Department of Medicine, Hematology/Oncology, 
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Research Center, Mannheim, Germany, 4University Medical Center, 
Bioanalytical Mass Spectrometry Group, Max Planck Institute for Biophysical 
Chemistry, Goettingen, Germany, 5Medical Faculty Mannheim of the 
University of Heidelberg, Institute of Pathology, Mannheim

Background. Th ymic epithelial tumors (TET) comprise thymomas and 
thymic carcinomas (TC). Th erapy strategies rely mainly on the histological 
WHO classifi cation and clinical stage, while prognostic biomarkers are still 
few. Given the importance of a correct histological classifi cation for treat-
ment, concerns about reproducibility are an important issue. To improve 
reproducibility, auxilliary criteria such as immunohistochemistry or mo-
lecular markers are needed. Both gene expression profi ling and compre-
hensive proteomic analyses may help to identify such markers.
Methods. For establishing RNA expression biomarkers, thymic epithelial 
tumors of 24 patients were examined by gene expression array. Unbiased 
analysis of global protein expression signatures comparing the human cell 
lines IU-TAB-1 (type AB thymoma) and T1889 (TC) was performed by 
combining stable isotope labeling with amino acids in cell culture (SILAC) 
with high-resolution mass spectrometry. Proteins of interest in the SILAC 
data were selected using gene set enrichment analysis (GSEA). For vali-
dation of these proteins and high-throughput analysis of immunohisto-
chemical staining, tissue microarrays (TMA) with 157 diff erent TET were 
created. Level of protein expression was divided into four groups and used 
for diagnostic and prognostic analysis.
Results. Comparing thymoma and TC, gene expression profi ling showed 
about 3000 signifi cantly diff erentially regulated genes. High-resolution 
mass spectrometry allowed us to quantify the diff erential expression of 
over 2.800 proteins in the AB vs. TC cell line. Both analyses revealed only 
partially overlapping results. GSEA showed enrichment of the mini-chro-
mosome maintenance (MCM) pathway in the TC cell line. Evaluation of 
TMA immunohistochemistry demonstrated an increased expression of 
PNMAL1, HEPACAM2 and ANXA1 in TC vs. thymomas. CRABP2 and 
MCM7 showed potential for prognostic prediction of TET.
Conclusion. Collectively, the shown gene and protein expression pro-
fi les provide a resource of potential diagnostic and prognostic biomark-
ers in thymoma and TC. Th e validated markers PNMAL1, HEPACAM2, 
ANXA1, CRABP2 and MCM7 can help to increase diagnostic confi dence 
of TET and may have prognostic relevance.

AG03.12
Comparison of PD-L1 mRNA expression measured with the 
CheckPoint Typer® assay with PD-L1 protein expression assessed 
with immunohistochemistry (IHC) in lung cancer (NSCLC)

W. Brückl*1, R. Stöhr2, S. Herlein2, F. Fuchs3, E. Veltrup4, R. Wirtz4, 5, 
A. Hartmann2, R. Erber2

1Universitätsklinik für Pneumologie, PMU, Klinikum Nürnberg, Nuremberg, 
Germany, 2Institute of Pathology, Friedrich-Alexander University Erlangen-
Nürnberg (FAU), Erlangen, Germany, 3Medizinische Klinik 1, Friedrich-
Alexander University Erlangen-Nürnberg (FAU), Erlangen, Germany, 
4STRATIFYER Molecular Pathology GmbH, Cologne, Germany, 5Institut für 
Pathologie am St. Elisabeth Krankenhaus, Cologne, Germany

Background. Assessment of PD-L1 expression in non-small cell lung 
cancer (NSCLC) has gained in importance since the development of an-
ti-PD-L1 and anti-PD-1 drugs. Diff erent antibodies for PD-L1 and also a 
variety of cut off s were used in diff erent trials to investigate the prediction 
of response to anti-PD-L1 and anti-PD-1 drugs. Hence, comparison of 
those studies is complicated. Furthermore, IHC can be subject to analytical 
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AG04.06
Paving the way for molecular risk stratifi cation in bladder cancer: 
Assessment of a RT-qPCR based sub-classifi cation using an IVD 
validated kit for patients with muscle invasive bladder cancer

M. Kriegmair*1, R. Wirtz2, M. Groß-Weege1, M. Eckstein3, A. Steidler1, J. Breyer4, 
W. Otto4, C.-A. Weiss5, C. Bolenz6, A. Hartmann3, P. Erben1

1University Medical Center Mannheim, Department of Urology, Mannheim, 
Germany, 2STRATIFYER Molecular Pathology GmbH, Cologne, Germany, 
3University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
4University of Regensburg, Department of Urology, Regensburg, Germany, 
5Medical Faculty Mannheim of the University of Heidelberg, Institute of 
Pathology, Mannheim, Germany, 6University Hospital, Department of 
Urology, Ulm, Germany

Background. Genome expression profi ling studies showed similarities of 
bladder cancer subtypes to breast cancer when stratifi ed by the expression 
of four molecular markers: Her2 (human epidermal growth factor recep-
tor 2), ESR1 (estrogen receptor alpha), PGR (progesterone receptor) and 
Ki67 (marker of proliferation Ki-67). Her2-positive, Luminal-A, Luminal 
B and Triple-negative subtypes can be distinguished based on gene expres-
sion analyses. Th e aim of our study was to evaluate molecular subtyping 
to muscle-invasive bladder cancer (MIBC) using a validated qrt-PCR-Kit 
(Mamma Tpyer®).
Methods. RNA extraction was performed in FFPE tissue specimens of 
102 patients (male: n = 77, median age: 66.6) who underwent radical cys-
tectomy for MIBC. Gene expression levels were assessed by RNA-specif-
ic TaqMan-assays. Relative gene expression was determined by normali-
zation to one housekeeping gene (CALM2) as control using the 40 ΔCT 
method. JMP SAS 11.0 was used for statistical analysis including partici-
pation tests, Kaplan-Meier analyses and logistic regression for cancer-spe-
cifi c survival (CSS).
Results. Pathological reports revealed pT2 tumors in 23.5% (n = 24) of the 
cases, whereas the majority of the patients had pT3 (53.9%, n = 56) or pT4 
(19.6%, n = 20) MIBC. Positive nodal stage was found in 37 cases (pN1: 
n = 12, pN2: n = 25). Only one, respectively 12 patients received neo-adju-
vant or adjuvant chemotherapy. High gene expression was found in 50.0% 
(n = 51) for Her2, 15.7% (n = 16) for ESR1, 56.9% (n = 58) for of PGR and 
in 27.4% (n = 28) of the cases for Ki67. 50.0% (n = 51) of the tumors were 
classifi ed as Her2-positive, 13.7% (n = 14) as Luminal A, 28.4% (n = 29) as 
Luminal B and 7.8% (n = 8) as Triple negative. Kaplan-Meier and log-rank 
analyses found a signifi cant decreased CSS in patients with Her2-positive 
subtype (p = 0.009) and improved CSS in Lumina A cases (p = 0.002). Mul-
tivariate analysis controlling for age, tumor stage, nodal stage and lympho-
vascular invasion revealed subtyping to be an independent predictor for 
CSS (p = 0.002, HR = 4.19, for Luminal A vs Her2-positive).
Conclusion. Gene expression analysis of Her2, ESR1, PGR and Ki67 using 
a standardized and pre-validated qrt-PCR-Kit enables molecular subtyp-
ing in muscle-invasive bladder cancer with strong prognostic signifi cance 
following radical cystectomy. Th is can help identify patients who may ben-
efi t from targeted therapies.

AG04.07
NRP2- and VEGFC-regulating microRNAs sensitize bladder cancer 
cells to cisplatin chemotherapy

L. Aldejohann1, I. Niehaus1, K. Erdmann1, G. Baretton2, M. Wirth1, S. Füssel1, 
M. Muders*2

1University Hospital Carl Gustav Carus, TU Dresden, Department of Urology, 
Dresden, Germany, 2University Hospital Carl Gustav Carus, TU Dresden, 
Institute of Pathology, Dresden, Germany

Background. Resistance to chemotherapy is a major obstacle in the treat-
ment of bladder cancer (BCa). Our lab has already shown that neuropilin 
2 (NRP2) and its ligand vascular endothelial growth factor C (VEGFC) 
play an important role in chemoresistance by inducing anti-apoptotic and 
autophagic signaling pathways. In line with this data, NRP2 and VEGFC 
emerged as an independent predictor for the success of radio-chemother-
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AG04.04
CD15 expression in clear cell renal cell carcinoma: prognostic 
value and potential predicitive marker

P. Stenzel*1, M. Radspieler1, S. Schecher1, K. Tagscherer1, M. Schindeldecker2, 
E. Herpel3, 4, W. Roth1, S. Macher-Göppinger1

1University Medical Centre, Institute of Pathology, Mainz, Germany, 
2University Medical Center, Tissue Bank, Mainz, Germany, 3National Center 
for Tumor Diseases, Tissue Bank, Heidelberg, Germany, 4University Hospital 
Heidelberg, Institute of Pathology, Heidelberg, Germany

Background. CD15 and its derivative sialylCD15 are carbohydrate struc-
tures, which have been shown to be of prognostic value in various tumor 
entities. Furthermore, CD15 is also involved in Propranolol-induced in-
volution of pediatric tumors, e. g. infantile hemangioma.
Methods. CD15 expression was examined in a large hospital-based series 
of renal cell carcinomas with long-term follow-up information, using tis-
sue micro array technique and digital image analysis. Relationship between 
CD15 expression and patient/tumor characteristics was examined and ef-
fects of Propranolol treatment on RCC cell lines were investigated in vitro.
Results. In univariate analysis CD15 expression was signifi cantly associat-
ed with cancer-specifi c survival in both manual and digital analyses and 
correlated with clinicopathologic parameters. Furthermore, CD15 was de-
tectable by FACS and immunohistochemistry in a subset of RCC cell lines 
and Propranolol treatment showed a dose dependent growth reduction of 
CD15-positive cells.
Conclusion. Our data reveal that CD15 expression signifi cantly correlates 
with cancer-specifi c survival and in vitro data indicate growth reduction in 
CD15-positive RCC cell lines aft er Propranolol treatment. Th erefore CD15 
expression may be used as a prognostic marker in clear-RCC patients and 
is a potential new predictive marker.

AG04.05
Kinase profi ling in cisplatin sensitive and resistant germ cell 
tumours of the testis

F. Bremmer*1, H. Jarry2, P. Thelen3, A. Strauß3, H.-J. Radzun1, P. Ströbel1, 
C. L. Behnes1, S. Küff er1

1University Medical Center, Institute of Pathology, Göttingen, Germany, 
2University medical center, Molecular endocrinology, Göttingen, Germany, 
3University Medical Center, Department of Urology, Göttingen, Germany

Background. Germ cell tumours (GCTs) are the most common tumours 
in young men between 18 and 35 years of age. In most cases patients with 
GCT can be cured with cisplatin-based combination chemotherapy, even 
in metastatic disease. In case of therapy resistance, the prognosis is usu-
ally poor. Th erefore it is necessary to fi nd new therapeutic approaches for 
therapy resistant GCT.
Methods. In this study we investigated fresh tissues specimens of 26 pa-
tients with various histological subtypes, T-stages (pT0 – pT3) and clin-
ical stages (IA – IIIC). In addition, tissue specimens of patients diff er in 
the two group’s of active surveillance or aft er chemotherapy. Th erefore, the 
protein tyrosine kinase activity of 2 μg whole protein lysate was measured 
on PamChip® peptide micro-arrays, containing 144 peptides from human 
phosphorylation sites. Tyrosine kinase substrate spots with a diff erential 
phosphorylation were fi ltered and taken as specifi c cisplatin reactivity pat-
tern. Quality control, cluster- and upstream kinase-prediction were per-
formed using Bionavigator 6.2.
Results. Hierarchical clustering of the phosphorylation patterns of 19 tu-
mor samples revealed to main clusters separating advanced from low clin-
ical gradings independent from their pathological stages. Specifi c tyros-
ine kinases were predicted as upstream coordinators and potential drug 
targets.
Conclusion. Tyrosine kinase activity measurements may predict the thera-
py response and suggests potential clinical drug targets of advanced GCT.
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p < 0.0001 and ρ: -0.2182, p = 0.0002, respectively). High p16 expression 
(≥38.04) and low FGFR3 expression (<39.14) were statistically signifi cantly 
associated with worse PFS (p = 0.0194 and p = 0.0089, respectively). Within 
FGFR3 overexpressing tumours high expression of p16 identifi es patients 
with worse PFS (p = 0.0041), which remained signifi cant upon multivari-
ate Cox-regression analysis (L-R Chi2: 10.69, p = 0.0048).
Conclusion. High expression of p16 and low expression of FGFR3 show a 
correlation with established prognostic features for non muscle-invasive 
bladder cancer (NMIBC) like WHO 1973 grading and associated CIS and 
can predict progression of stage pT1 UBC. Adding these markers could 
support risk stratifi cation of this challenging subentity of UBC.

AG04.09
High androgen receptor mRNA expression is independently 
associated with improved cancer-specifi c and recurrence-free 
survival in stage T1 bladder cancer

D. Sikic*1, J. Breyer2, A. Hartmann3, M. Burger2, P. Erben4, S. Denzinger2, 
M. Eckstein3, R. Stöhr3, S. Wach1, B. Wullich1, B. Keck1, R. Wirtz5, W. Otto2, 
BRIDGE Consortium e. V.
1University Hospital Erlangen, Department of Urology, Erlangen, Germany, 
2University of Regensburg, Department of Urology, Regensburg, Germany, 
3University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
4University Hospital of Mannheim, Department of Urology, Mannheim, 
Germany, 5STRATIFYER Molecular Pathology GmbH, Cologne, Germany

Background. High-risk non-muscle-invasive bladder cancer (NMIBC) re-
mains challenging given the high probability of progression. Given that 
the androgen receptor (AR) has been discussed as a possible factor in the 
development and progression of bladder cancer, we investigated the pre-
dictive value of AR in stage pT1 NMIBC.
Methods. We retrospectively analyzed the clinical data and AR mRNA 
expression in 296 patients with stage pT1 NMIBC who underwent a tran-
surethral resection of the bladder. Th e mRNA expression of the AR tran-
script variants 1 (AR1) and 2 (AR2) was measured by RT-qPCR. AR ex-
pression was also correlated to KRT5 and KRT20 mRNA expression.
Results. Kaplan-Meier analysis indicated that high AR1 mRNA expression 
≥35.47 is associated with statistically signifi cant better recurrence-free sur-
vival (RFS) (p = 0.0007), progression-free survival (PFS) (p = 0.0420) and 
cancer-specifi c survival (CSS) (p = 0.0050). Multivariate Cox’s regression 
analysis revealed that high AR1 mRNA expression is an independent prog-
nostic marker for RFS (p = 0.0029) and CSS (p = 0.0119). Spearman’s rank 
correlation revealed a signifi cant positive association between mRNA ex-
pression of AR1 and KRT5 (rs: 0.3171, p < 0.0001) as well as a negative as-
sociation with multifocal tumors (rs: 0.1478, p < 0.0109). No association 
was noted between AR1 expression and tumor grade, concomitant CIS, 
gender, tumor size and KRT20 in patients with stage T1 NMIBC.
Conclusion. AR mRNA expression can predict RFS and CSS in patients 
with stage T1 NMIBC. Further studies are necessary to refi ne the rele-
vance of AR mRNA expression compared with immunohistochemically 
detectable AR expression.

apy in bladder cancer patients treated with transurethral resection of the 
bladder. In collaboration with the Department of Urology, University Hos-
pital at the TU Dresden, we identifi ed several microRNAs (miRNAs) that 
could potentially inhibit NRP2 and/or VEGFC expression and investigated 
their eff ects on the expression of their target genes. Furthermore, the se-
lected miRNAs were evaluated regarding their eff ects on cellular function 
and chemosensitization.
Methods. In silico analyses were used to search for miRNAs being pu-
tative regulators of NRP2 and VEGFC. Target validation was conducted 
by luciferase reporter assays in miRNA-low-expressing KU-1919 bladder 
cancer cells. VEGFC- and NRP2-expressing J82 bladder cancer cells were 
transfected with 100 nM of miRNA mimics or control constructs for 4 h 
followed by analyses of target expression and cellular function. For chem-
osensitization cells were transfected as described and subsequently treated 
with cisplatin (CDDP) followed by functional assays.
Results. In silico analyses identifi ed miR-27a and miR-338 for VEGFC and 
miR-27a and miR-195 for NRP2 as regulators. Except for miR-27a/VEGFC 
direct miRNA-mRNA-interactions were confi rmed by using luciferase re-
porter assays. Co-transfection of KU-1919 bladder cancer cells with miR-
NA mimics and a luciferase reporter vector containing the corresponding 
binding sites led to a signifi cant decrease in luciferase activity by up to 40% 
compared to the control treatment. MiRNA-treatment led to an inhibition 
of proliferation of up to 50% in J82 bladder cancer cells, whereas apoptosis 
was not aff ected. However, all three miRNAs could enhance the cytotoxic 
eff ect of CDDP by additional 15–25%.
Conclusion. MiR-27a, miR-195 and miR-338 were confi rmed as direct reg-
ulators of VEGFC and/or NRP2. All three miRNAs could sensitize BCa 
cells to CDDP chemotherapy which might also be mediated by additional 
targets other than VEGFC and NRP2.

AG04.08
High p16 and low FGFR3 expression predict progressive potential 
of stage pT1 urothelial bladder carcinoma

J. Breyer*1, R. Wirtz2, M. Kriegmair3, M. Eckstein4, R. Stoehr4, S. Denzinger1, 
M. Burger1, P. Erben3, A. Hartmann4, W. Otto1, Bridge Consortium e. V.
1Department of Urology, Regensburg, Germany, 2STRATIFYER Molecular 
Pathology GmbH, Cologne, Germany, 3Department of Urology, Mannheim, 
Germany, 4University Hospital Erlangen, Department of Pathology, Erlangen, 
Germany

Background. p16 deletions were shown to be associated with poor prog-
nosis in muscle invasive UBC. Mutations of FGFR3 are the most frequent 
alteration in UBC and are related to papillary growth and good prognosis. 
We studied the prognostic role of FGFR3 and p16 mRNA expression for 
stage pT1 urothelial bladder carcinoma (UBC), one of the most challeng-
ing entities in urooncology.
Methods. We retrospectively analysed clinical data and Formalin-Fixed 
Paraffi  n-Embedded tissues (FFPE) of patients with stage pT1 UBC who 
underwent transurethral resection of the bladder. Total RNA was isolat-
ed by commercial RNA extraction kits and mRNA expression of p16 and 
FGFR3 was measured by single step RT-qPCR using RNA-specifi c TaqMan 
Assays. Relative gene expression was determined by normalization to one 
housekeeping gene (CALM2) as control using the 40 ΔCT method. Sta-
tistical analysis was performed using Spearmans Rho, Kaplan-Meier es-
timates of progression-free (PFS) and cancer-specifi c survival (CSS) and 
Cox regression analysis.
Results. We could include 334 patients with UBC at stage pT1, all treat-
ed by an organ preserving approach. Data from 296 patients (79.4% male; 
median age: 72 years) could be used for the fi nal evaluation, as 38 samples 
had to be excluded due to low total RNA yields. Of these, 32% were graded 
G2 and 68% were graded G3 according to WHO classifi cation 1973. Spear-
man correlation revealed a statistically signifi cant negative correlation be-
tween mRNA expression of p16 and FGFR3 (ρ: -0.2204, p = 0.001). Th ere 
was a positive correlation between p16 and grade 3 tumours (ρ: 0.1875, 
p = 0.0012) and associated carcinoma in situ (CIS) (ρ: 0.1703, p = 0.0033) 
and a negative correlation between FGFR3 and these factors (ρ: -0.2791, 
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tities. Here, we studied a possible association between AR expression and 
prognosis in patients with RCCs.
Methods. Th e expression of AR was measured by immunohistochemistry 
and assessed by comprehensive digital image analysis using a tissue mi-
croarray containing tumor tissue of a large and well-documented series 
of RCC patients (N = 932) with long-term follow-up information. Chi-
squared tests, Cox regression models, and Kaplan-Meier curves were used 
to investigate the possible relationship between AR expression and clini-
co-pathological characteristics and survival data.
Results. Low AR expression levels were correlated with the occurrence 
of higher tumor stages and distant metastasis in papillary and clear-cell 
RCCs. Importantly, multivariate Cox regression analyses revealed that AR 
is an independent prognostic factor for cancer-specifi c survival.
Conclusion. Patients with tumors that show high AR expression exhibit a 
favorable prognosis by multiple Cox regression, while loss of AR expres-
sion is associated with aggressive disease. Th erefore, assessing AR expres-
sion off ers valuable prognostic information that could improve treatment 
selection for metastatic disease. Moreover, our fi ndings highlight a poten-
tial therapeutic use of AR pharmaceuticals in patients with RCCs.

AG04.12
Decreased MicroRNA-100 correlates negatively with IGF2 
expression in prostate cancer and enhances proliferation in 
prostate cancer cell through IGF1R-AKT pathway

S. Shaverdov*1, C. Hörner1, P. Erben2, M. S. Michel2, A. Marx1, D. Belharazem1

1University Medical Center Mannheim, Institute of Pathology, Mannheim, 
Germany, 2University Medical Center Mannheim, Department of Urology, 
Mannheim, Germany

Background. Prostate cancer is the most common cancer and is the third 
most common cause of cancer in men in Germany. Except for some risk 
factors, the cause of the development is essentially unknown. Recently, sev-
eral studies found that microRNA-100 (miR-100) expression is down-reg-
ulated in human PCa tumor tissues and enhances migration, invasion, 
epithelial-mesenchymal transition in prostate cancer cells [1],[2]. In this 
work, the relevance of miR-100 and IGF2 (insulin-like growth factor 2) 
expression was investigated for the fi rst time in the context of prostate 
cancer (PCa).
Methods. We investigated cryopreserved resection specimens and biopsy 
material of PCa and non-neoplastic prostates (n = 36) for the expression 
of IGF2 and miR-100 using real time RT-PCR, Elisa and Western blotting. 
Th e eff ect of miR-100 on IGF2 expression and on prostate cancer cell pro-
liferation were analyzed using miR-100 inhibitor and mimetics involving 
two IGF2 related molecules phospho-IGF1R (pIGF1R) and phospho-AKT 
(pAKT).Th e Proliferation tests were performed using clonogenic assays.
Results. MiR-100 downregulation was detected in all PCa tissues com-
pared with non-neoplastic prostate tissues (p < 0.0001). In contrast, IGF2 
expression was signifi cantly increased in tumor specimens (p < 0.0001). 
Th e functional assays using miR-100 inhibitor enhanced and increased 
IGF2 expression while miR-100 mimetic decreased IGF2 expression on 
mRNA and protein levels leading to IGF1R and p-AKT activation.
Conclusion. Th e link between miR-100 downregulation and IGF2 overex-
pression in the prostate carcinoma was determined and thus their role in 
the development of the prostate tumors through an activation of the IG-
F1R and the AKT pathway. MiR-100 inhibits IGF2 expression and could 
be described as a tumor suppressor. 
Th ese new fi ndings provide new microRNA based therapeutic possibilities 
for the future therapy of prostate cancer.
References
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MicroRNA miR-143 regulates uPAR expression and therapeutically 
inhibits human prostate cancer xenograft growth
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University of Erlangen-Nürnberg, Department of Urology, Erlangen, 
Germany, 5University of Leipzig, Rudolf-Boehm-Institute for Pharmacology 
and Toxicology, Leipzig, Germany

Background. Several previous studies have shown that the microRNA 
miR-143 is pathologically downregulated and may function as a tumor 
suppressor in prostate cancer. Likewise, the urokinase plasminogen acti-
vator receptor (uPAR) is upregulated in prostate carcinoma and has been 
established as a negative prognostic marker and putative target gene in 
prostate cancer therapy. However, the regulation of uPAR by mir-143 has 
not been studied yet.
Methods. RNA expression was analyzed by using miRNA specifi c prim-
er/probe combinations for mir-143 and RNU6b (control) and by applica-
tion of gene specifi c primer/probe combinations for uPAR/PLAUR and 
HPRT1 (control, all Applied Biosystems). Regulation of uPAR by mir-143 
was studied by luciferase assay. For in vivo experiments PC-3 xenotrans-
plant tumors were treated with mir-143 or control miRNA formulated with 
polymeric nanoparticles.
Results. We identifi ed uPAR as a direct target of miR-143. Luciferase re-
porter gene constructs confi rmed in silico predictions of direct miR-143 
binding to the 3’UTR and identifi ed one of the two predicted binding sites 
as functionally relevant. Concomitantly, transfection of miR-143 reduced 
uPAR protein levels in prostate carcinoma cells in vitro, leading to inhi-
bition of cell proliferation, but not of cell viability, similar to direct siR-
NA-mediated uPAR knockdown. In addition, we analyzed tumor-inhib-
itory eff ects of miR-143 replacement therapy in an in vivo model. Mice 
bearing well-established subcutaneous PC-3 tumor xenograft s were treat-
ed by systemic injection with miR-143 formulated in polymeric nanopar-
ticles. A marked inhibition of tumor growth was observed in the specifi c 
treatment group, leading to signifi cantly reduced tumor volumes com-
pared to their PEI/siRNA negative control-treated counterparts. Th is ef-
fect was based on the effi  cient, nanoparticle-mediated delivery of intact, 
full-length miRNAs that resulted in the marked downregulation of uPAR 
protein, but not mRNA levels.
Conclusion. We could identify uPAR as a direct target gene of miR-143 
and established the therapeutic relevance of nanoparticle-based miR-143 
replacement in prostate cancer with regard to direct inhibition of tumor 
growth.
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Prognostic relevance of androgen receptor expression in renal cell 
carcinomas
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1Institute of Pathology, University Medical Center, Mainz, Germany, 2German 
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Background. Despite new discoveries in the pathophysiology of renal cell 
carcinoma (RCC) and advances in systemic targeted treatments, there is 
still an urgent need for the development of new diagnostic and therapeu-
tic strategies in this malignancy. Th e androgen receptor (AR) has been 
shown to have great prognostic and predicitve value in several tumor en-
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Results. HPV was detected in 51% of available tumour samples. HPV 16 
represented the most frequent subtype (87%). We observed a clear distri-
bution of HPV in the respective novel subtypes. Th e HPV related subtypes 
Clear cell carcinoma (100%), Papillary-basaliod (100%), Warty-basaliod 
(100%), Basaliod (88%) and Warty (67%) were predominantly high risk 
HPV positive. In addition, the non-HPV-related subtype Squamous cell 
carcinoma (usual type) exhibited high risk HPV in 23%. HPV infection 
varied with age: < 50 years (57%), 51–70 years (40%), and >70 years (46%). 
In 44% of the N- and in 62% of the N+ patients as well as in 48% of pa-
tients with pT1-2 and in 28% with pT3-4 tumors high risk HPV occurred. 
Exclusively high risk HPV 16 and 18 was found in lymph node metasta-
ses and the HPV type of metastasis correlated with the HPV type of the 
corresponding primary tumor. A tendency of higher tumour specifi c sur-
vival rate was observed for patients with high risk HPV positive tumours.
Conclusion. Our results indicate a distinct role of high risk HPV in penile 
SCC for development of specifi c histological subtypes, prognosis and tu-
mourigenesis. To validate these results, we continuously expand our pa-
tient population and starting molecular analysis to explore the processes 
of tumourigenesis and metastasis dependent on HPV.

AG04.15
Three marker panel versus single markers demonstrates improved 
performance in discriminating chromophobe renal cell carcinoma 
from renal oncocytoma

N. Maurer*1, C. Stöhr1, H. Moch2, K. Junker3, R. Hinze4, F. Erlmeier5, S. Steff ens6, 
A. Hartmann1, Deutsches Netzwerk Nierentumoren
1Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
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4Helios Hospitals Schwerin, Institute of Pathology, Schwerin, Germany, 
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Background. Five percent of all renal neoplasms are diagnosed as chromo-
phobe renal cell carcinoma (CP). CP is a malignant tumor with a potential 
to develop metastasis. An additional 3–7% are benign renal oncocytomas 
(O). Due to overlapping histological characteristics, it is sometimes diffi  -
cult to subtype certain cases of CP or O correctly. Several attempts have 
been made to defi ne specifi c immunohistochemical markers for facilitat-
ing classifi cation, but a reliable marker still is missing. Our aim was to de-
fi ne a small marker set with high potential to discriminate both entities.
Methods. We searched the literature for promising marker and mRNA 
expression studies and chose a set of 18 antibodies (Abs), based on classi-
fi cation performance or diff erential mRNA expression. We constructed a 
tissue micro array (TMA) including 178 FFPE cases of oncocytic tumors 
(86 O, 92 CP) aft er histopathologic review by an experienced uropathol-
ogist. We used 3 μM sections to perform immunohistochemical stainings 
which were scored according to Remmele. We performed χ²-tests to test 
for diff erences in staining distribution. Th e performance of Abs displaying 
signifi cant staining diff erences was assessed by calculating correct classifi -
cation rate (CCR), LR+ and LR-. Based on these criteria, we chose the top 
three markers (i. e. Claudin7, FXYD2 and HOOK) to create a panel with 
the potential to aid subclassifi cation. Aft erwards, we tested CCR, LR+ and 
LR- of the Ab panel against the parameters of each single panel marker.
Results. CCR, LH+ and LH- of the Ab set improved with regards to sin-
gle panel Abs. In detail, using the panel, we reached a CCR of 79.21% vs. 
60.67% (FXYD2), 67.41% (HOOK2) or 74.16% (Claudin7). LR+ was im-
proved to 7.36 vs. 4.36 (FXYD2), 2.18 (HOOK2) or 1.19 (Claudin 7). LR- 
was reduced to 0.24 vs. 0.75 (FXYD2), 0.36 (HOOK2) or 0.29 (Claudin 7).
Conclusion. In summary, the marker panel consisting of FXYD2, HOOK2 
and Claudin7 performed better than each marker on its own. Th e proba-
bility for CP testing positive was 7.36 (LR+) times as high as that of O. Th e 
probability of a CP testing negative was 0.24 (LR-) times as that of O. But 
still 1 in 5 tumors was not classifi ed correctly. We also miss the criteria of 
good diagnostic parameters which are LR+>10 and LR-<0.1. Currently, we 
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Immunohistochemical subtyping using CK20 and CK5 can identify 
urothelial carcinomas of the upper urinary tract with a poor 
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Background. Genome-wide analyses revealed basal and luminal subtypes 
of urothelial carcinomas of the bladder. It is unknown if this subtyping 
can also be applied to urothelial carcinomas of the upper urinary tract.
Methods. Tumor samples of 219 patients with urothelial carcinomas of the 
upper urinary tract treated with radical nephroureterectomy were analyz-
ed for the expression of seven basal/luminal immunohistochemical mark-
ers (CK5, EGFR, CD44, CK20, p63, GATA3, FOXA1).
Results. Hierarchical clustering revealed a basal-like subtype (enrich-
ment of CK5, EGFR and CD44) in 31.1% and a luminal-like subtype (en-
richment of CK20, GATA3, p63 and FOXA1) in 13.2% of the patients. In 
53.0%, little to no markers were expressed, whereas markers of both sub-
types were expressed in 2.7%. By using CK5 and CK20 as surrogate mark-
ers for the basal and luminal subtypes, we defi ned four subtypes of upper 
tract urothelial carcinomas: (i) exclusively CK20 positive and CK5 negative 
(CK20+/CK5-), (ii) exclusively CK5 positive and CK20 negative (CK20-/
CK5+), (iii) both markers positive (CK20+/CK5+) and (iv) both markers 
negative (CK20-/CK5-). A receiver-operator analysis provided the opti-
mal cut-off  values for this discrimination. An immunoreactive score ≥1 
for CK5 and ≥6 for CK20 was defi ned as positive. In multivariate Cox’s re-
gression analysis, the CK20+/CK5- subtype was an independent negative 
prognostic marker with a 5.53-fold increased risk of cancer-specifi c death 
(p < 0.01) compared to the other three subtypes.
Conclusion. Subtyping of urothelial carcinomas of the upper urinary tract 
by immunohistochemical assessment of CK5 and CK20 expression can be 
performed in a routine setting and is able to identify tumors with a signif-
icantly worse cancer-specifi c survival.
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Histopathologic and prognostic correlations regarding 
Human Papillomavirus (HPV) infection in penile squamous cell 
carcinomas (SCC) considering the novel 2016 WHO classifi cation
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Background. Squamous cell carcinomas of the penis represent the majority 
of malignant penile tumours. Metastasis is the most important prognos-
tic factor, but less is known about tumourigenesis and progression. About 
50% of all SCCs are associated with human papillomaviruses (HPV). 
Th erefore, the WHO published a novel HPV-based classifi cation of pe-
nile tumours. Th e aim of this international multicentre study is the evalu-
ation of histopathologic and prognostic parameters in correlation to HPV 
in penile squamous cell carcinomas (SCC).
Methods. We collected data and tumor samples from 172 patients from 
Russia and Germany. Th e tumours have been classifi ed considering the 
new 2016 WHO classifi cation. DNA was isolated from FFPE tissues and 
the HPV genotyping was performed by qPCR and sequencing. Clinical 
and histopathological data were correlated to HPV.p16 and p53 immu-
nostaining on TMA is ongoing.
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Presence of foamy macrophages was more common in type 1 and associ-
ated with better OS (p = 0.003). Necrosis, fi brous stroma and presence of 
psammoma bodies inside the tumor did not diff er signifi cantly between 
subtypes. Independent predictors of OS were metastasis (p = 0.004) and 
age at surgery (p = 0.023), but not subtype (p = 0.563).
Conclusion. Despite distinct protein expression profi les, morphological fea-
tures and proliferation of pRCC subtypes, which might infl uence tumor 
biology, age at surgery and tumor stage, but not pRCC subtype were inde-
pendently associated with OS. Th erefore, we suggest pRCC subtype on its 
own is not suitable for estimating survival. More data focusing on pRCC tu-
mor biology is needed to defi ne prognostic subgroups, especially in type 2.
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The prognostic impact of c-Met in chromophobe renal cell 
carcinoma
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Background. Cabozantinib, a tyrosine kinase inhibitor, targeting c-Met 
was recently approved for the treatment of advanced renal cell carcinoma 
(RCC). Furthermore, c-Met plays a signifi cant role as a prognostic mark-
er in clear cell RCC (ccRCC). In contrast to ccRCC, little is known about 
c-Met expression patterns in rarer RCC subtypes. Th e aim of this study was 
to evaluate the prevalence, distribution and prognostic impact of c-Met ex-
pression in chromophobe (chRCC).
Methods. 81 patients who underwent renal surgery due to chRCC were 
retrospectively evaluated. Tumor specimen were analyzed for c-Met ex-
pression by immunohistochemistry. Expression data was associated with 
clinic-pathological parameters including patient survival.
Results. Our results demonstrated an association between c-Methigh ex-
pression and the existence of lymph node metastasis in chRCC (p = 0.007). 
Furthermore, no further signifi cant clinico-pathological associations with 
c-Met, also regarding c-Met expression and overall survival (OS) were 
identifi ed.
Conclusion. In conclusion, to our knowledge this is the fi rst study evaluat-
ing the prognostic impact of c-Met in a considerably large cohort chRCC. 
High c-Met expression in chRCC is associated with the occurrence of 
lymph node metastasis.
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CDK8/CDK19 as therapeutic target of metastatic prostate cancer
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Background. Prostate cancer (PCa) carcinogenesis is mainly driven by ab-
errant pathways and gene expression patterns. Previously, we found the 
Mediator complex subunits CDK8 and CDK19 to be highly expressed in 
advanced PCa and to be critically involved in migration and invasion. 
CDK8 and CDK19 are parts of the Mediator’s kinase module, and exhibit 

are testing additional Abs to substitute one or more elements of the panel 
in order to achieve better performance. Aft erwards we will test the Ab set 
on an independent cohort of CP and O for validation.
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Subtype of papillary renal cell carcinoma is not an independent 
prognostic marker for overall survival (OS)
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Background. Papillary renal cell carcinoma (pRCC) is the second most 
common histological type in kidney cancer and is divided in two subtypes 
which display a distinct histology and outcome. In this study we histolog-
ically reviewed a large cohort of pRCC and correlated subtype, morpho-
logical features and diagnostic marker expression with clinical outcome to 
uncover diff erences between the subtypes.
Methods. A cohort of 376 renal tumors initially diagnosed as pRCC and 
corresponding clinical data were collected from the participating centers. 
All tumors were reclassifi ed to identify type 1 and type 2 pRCCs accord-
ing WHO 2016 and ISUP. Morphological features (nucleolar grade, grad-
ing according Fuhrmann and ISUP/WHO, sarcomatoid diff erentiation, 
necrosis, presence of foamy macrophages, psammoma bodies and extent 
of fi brous stroma) were noted. From the tumors a TMA was construct-
ed. Immunohistochemical stainings (MIB1, p53, Racemase, EMA, CK7, 
CK20, E-Cadherin) were performed in order to investigate protein expres-
sion. χ²-tests, log rank tests, and for analysis of prognostic factors, uni- and 
multivariate cox analysis were performed.
Results. 246 tumors were classifi ed as type 1(65.4%) and 130 as type 
2(34.6%). Both subtypes displayed distinct staining profi les with more fre-
quent expression of Racemase and CK7 in type 1 and of CK20, E-Cadherin 
and p53 and higher proliferation (MIB1) in type 2. Expression of Race-
mase and CK7 was associated with better OS (p = 0.003/<0.0001), while 
expression of CK20 was associated with poorer OS (p = 0.031). Type 2 tu-
mors were associated with higher TNM-stage and higher WHO grade. 
Sarcomatoid dediff erentiation as well as higher nucleolar grade was more 
frequent in pRCC type 2 and associated with poorer OS (p = 0.011/0.047). 
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Diff erential expression of endogenous retroviruses in muscle 
invasive bladder cancer (MIBC), urothelial carcinoma cell lines and 
normal urothelium
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Background. Human endogenous retroviruses (ERV) are remnants of pri-
or exogenous retroviral infections and represent 8% of the human genome. 
While exogenous retroviruses mainly cause cancer by oncogene activation 
and/or disruption of tumor suppressor genes, the link between tumorigen-
esis and ERVs is more complicated. Chiappinelli et al (2015) demonstrat-
ed that primary epithelial ovarian cancers with high ERV gene expression 
are associated signifi cantly with high interferon-stimulated viral defense 
genes similarly to in vitro demethylation (5-AZA) studies. Results were 
validated in a B16-F10 mouse melanoma model where 5-AZA treatment 
enhanced an anti-CTLA4 response. Since immunotherapy is an option for 
advanced UBC with many ongoing studies, we analyzed ERV gene expres-
sion in muscle invasive bladder cancer (MIBC).
Methods. RNA of 37 MIBC FFPE samples, 8 urothelial carcinoma cell 
lines (BFTC905, HCV29, RT4, RT112, J82, Urotsa, UMUC-a, T24-c) and 
13 normal urothelial controls was isolated and analyzed for 15 diff erent 
human ERV families by quantitative PCR (qPCR). Env, gag and pol genes 
of these ERV families were cloned, a copy number calculated and used to 
generate a standard curve with a cycle threshold (CT) value against the 
log of amount of standard. Expression values were calculated as mole-
cules per ng total RNA.
Results. ERV gene expression was signifi cantly increased in MIBC es-
pecially ERV3, ERV-K, ERV-Fc2 and ERV-W5 gag compared to normal 
urothelial controls (. Fig. 1 | AG04.19). 
MIBC grouped into ERV-high and low expressing tumors, similar to other 
cancers. Urothelial carcinoma cell lines showed generally lower ERV ex-

a broad range of phospho-substrates. Th e aim of this study was to identify 
molecular downstream targets of CDK8 and CDK19 and to explore if their 
inhibition has the potential to reduce PCa cell aggressiveness.
Methods. Immunohistochemical (IHC) staining for CDK8, CDK19, 
STAT1 and pSTAT1(Ser727) as well as fl uorescence-in-situ-hybridization 
(FISH) for CDK8 and CDK19 were performed on a large, clinically well 
characterized PCa cohort. PCa cells were treated with diff erent CDK8/
CDK19 small molecule inhibitors or specifi c siRNA followed by MTT, 
wound healing and Boyden chamber assays as well as immunocytochem-
istry (ICC) and Western blot for epithelial/mesenchymal markers. Levels 
of pSTAT1(Ser727) in response to CDK8/CDK19 inhibition were meas-
ured by Western blot and ICC.
Results. In prostatic tissues, CDK8 and CDK19 were higher expressed 
in PCa compared to benign tissues, and increased in about 20% of me-
tastases. CDK8/CDK19 correlated signifi cantly with nuclear pSTAT1(S-
er727). We observed CDK8 or CDK19 gene amplifi cation in 15% of tum-
ors. CDK8/CDK19 inhibition in PCa cells resulted in decreased migration 
and invasion, while proliferation was only aff ected at high doses. Mesen-
chymal markers Vimentin and smooth muscle antigen as well as nuclear 
pSTAT1(Ser727) were reduced in response to CDK8/CDK19 inhibition. 
Small molecule inhibitors exhibited similar potential and led to compara-
ble eff ects as specifi c CDK8 and CDK19 knockdown.
Conclusion. Our results show that CDK8/CDK19 overexpression in PCa is 
based on gene amplifi cation at least in a subset of tumors. CDK8/CDK19 
inhibition leads to reduced invasive potential, suggesting that CDK8/
CDK19 promotes a mesenchymal phenotype and PCa metastasis. We 
identifi ed the CDK8 phospho-substrate STAT1 as downstream signaling 
of CDK8/CDK19 in PCa. Collectively, this study give evidence that CDK8/
CDK19 inhibition by recently published small molecule inhibitors might be 
a potential therapeutic option for patients suff ering from metastatic PCa.

Fig. 1 | AG04.19 9 EARV 
mean gene expression 
measured by qPCR. The 
green bars represent the 
expression of the normal 
urothelial control (n = 13) 
and blue bars of the MIBC 
(n = 37). ERV-K pol analysis 
of the carcinoma cohort 
is ongoing. (y-axis: total 
amount of molecules/ng 
total RNA)
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The rs351855T allele of FGFR4 is associated with invasive growth 
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Background. Th e Fibroblast growth factor receptor (FGFR) family plays 
a key role in the regulation of biological activities such as homeostasis 
and carcinogenesis. Alterations of this family are very frequent in bladder 
cancer. Evidence is accumulating that the common variant rs351855 com-
prised in the FGFR4 gene may act as a risk factor in many cancer types. Re-
cently, it has been shown that the rs351855T allele leads to an enhanced ac-
tivation of the signal transducer and activator of transcription 3 (STAT3). 
Due to the lack of studies, the association with the risk of bladder cancer 
remains unclear and still needs validation. In the present study, we inves-
tigated the association between the rs351855 polymorphism and the sus-
ceptibility to regular- and early-onset bladder cancer.
Methods. 252 patients consisting of an unselected cohort and a group of 
early-onset patients aged 45 years old or younger were used and compared 
with 147 patients without any malignancy. Restriction fragment length 
polymorphism was used as detection method. Results were exemplary 
checked by Sanger sequencing. Fisher’s exact and chi-squared tests were 
appropriately used. Regression models were calculated to test for diff er-
ences between cases and controls.
Results. Overall, the rs351855T allele presented in a similar number in 
cases compared to healthy controls (p = 0.73). No diff erence for the risk 
of regular- and early-onset bladder cancer was observed, with RRR = 1.34 
(95%CI = 0.83–2.15) for regular and RRR = 1.00 (95%CI = 0.62–1.62) re-
spectively. Aft er grouping the samples based on the tumour stage in 
non- (PUNLMP, pTa, & Papilloma) and invasive tumours (≥pT1), the 
rs351855T allele (C/T + T/T) was signifi cantly, more frequently detect-
ed among invasive bladder tumours compared to healthy controls, with 
RRR = 1.95 (95%CI = 1.14–3.36) respectively.
Conclusion. Our fi ndings suggest that the rs351855 polymorphism in 
FGFR4 may not be associated with the overall risk of bladder cancer. In 
addition, when two diff erent age of onsets groups were considered, no sig-
nifi cant diff erence of the distribution was observed. Th e rs351855T allele 
was signifi cantly associated with invasive tumour growth which might im-
plicate the predisposition for the development of an aggressive disease. Th e 
reported association of the STAT3 pathway with invasive bladder cancer 
and the rs351855 polymorphism might support our fi ndings.

pression compared to MIBC, supporting a stimulatory tumor microenvi-
ronment due to unknown factors.
Conclusion. ERV genes are signifi cantly higher expressed in MIBC com-
pared to normal urothelial tissue or urothelial carcinoma cell lines. Elevat-
ed expression of ERV genes may infl uence the natural or therapy induced 
(e. g. through 5-AZA) immune reaction. Th ese initial data support our on-
going eff orts to dissect the clinico-pathological impact of retroviral gene 
expression in molecular subtypes of MIBC in larger series with clinical 
follow-up data. Updated results will be shown at the meeting.
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P53 codon 72 polymorphism and risk for penile squamous cell 
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Background. Human papillomaviruses (HPV) are suggested to play an im-
portant role in the development of penile squamous cell carcinoma (SCC). 
A functional single nucleotide polymorphism (SNP) in the p53 gene at co-
don 72 was shown to infl uence cancer risk in HPV-related tumor entities 
(e. g. cervical or oral cancer). To date only very limited data on the p53 co-
don 72 SNP as a risk factor for penile SCC are available from Caucasian 
case-control studies. To further address this question we analyzed the dis-
tribution of the p53 codon 72 SNP as well as the presence of HPV DNA 
in an own cohort of penile SCC cases and compared the SNP distribution 
with a male control group without any malignancy.
Methods. DNA was isolated from archival non-cancerous and tumorous 
tissue of 85 penile SCC cases and from blood samples of 194 male controls. 
Distribution of the p53 codon 72 SNP (c.215C>G, p.Arg72Pro) was deter-
mined using restriction fragment length polymorphism analysis. HPV de-
tection in the SCC tissue was done by usage of GP5+/6+ primers followed 
by subtype-specifi c PCR.
Results. Th e distribution of the p53 codon 72 SNP followed the Har-
dy-Weinberg equilibrium in both cases and controls. HPV DNA was de-
tected in 40% of the penile SCC cases. Overall, there was no signifi cant 
diff erence in the distribution of the p53 codon 72 SNP neither between 
cases and controls (p = 0,622) nor between HPV positive and negative pe-
nile SCC cases (p = 0,558). In addition, we performed a second analysis by 
combining our results with all published data on Caucasian patients and 
controls so far. Hence data from 309 controls and 177 cases were available. 
Th is analysis also showed no signifi cant diff erences in the distribution of 
the p53 codon 72 SNP between controls and cases (p = 0,987) and between 
HPV positive and negative cases (p = 0,486).
Conclusion. Our data argue against an infl uence of the p53 codon 72 SNP 
on the risk for development of penile SCC in Caucasians. Even in combi-
nation with HPV status the SNP appears not to modify disease risk in HPV 
positive cases as it was reported for several other tumor entities.
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sues were deparaffi  nized, antigen retrieved, and subjected to in-situ trypsin 
digestion. An organic matrix solution was deposited onto the digested tis-
sues using an automatic sprayer. Tissues were then subsequently analyzed 
with a MALDI/TOF-TOF instrument. Two sample groups including ROs 
and ChRCCs were created and subjected to spectral and statistical analysis 
using SCiLS Lab soft ware. Peak selection was evaluated through statistical 
comparison (Wilcoxon/Kruskal-Wallis).
Results. A Linear discriminant analysis (LDA) algorithm model was used 
for the classifi cation study. LDA incorporated and evaluated 120 m/z spe-
cies to generate a classifi cation model able to discern ROs from ChRCCs 
with a cross validation accuracy of 93%. Th e LDA model was then ap-
plied to an independent test set that could classify the two tumor sub-
types with an accuracy of 83%. Statistical comparison revealed a nearly 
2-fold change alteration of seven statistical signifi cant m/z peptide signals 
(1377.6, 1424.7, 1575.8, 1785.8, 1906, 1919, 2057), some of the which are 
in concordance with previous studies [1]
Conclusion. Our fi ndings provide a new molecular strategy to supplement 
the current histopathological analysis of the renal neoplasms aiding in the 
diagnosis of RO versus ChRCC.
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Switzerland, 2Memorial Sloan Kettering Cancer Center, Department of 
Medicine, New York, United States, 3University Hospital Zurich, Department 
of Urology, Zurich, Switzerland, 4University of Applied Sciences and Arts 
Northwestern Switzerland FHNW, Muttenz, Switzerland, 5Proteomedix, 
Zurich, Switzerland, 6University Hospital Zurich, Institute of Surgical 
Pathology, Zurich, Switzerland, 7ETH Zurich, Institute of Molecular Systems 
Biology, Zurich, Switzerland

Background. Research in proteomic biomarker discovery has led to the 
identifi cation of a vast amount of potential candidates for cancer diagno-
sis and prognosis. However, very few of these potential biomarkers survive 
clinical validation and are then routinely used in the clinic. Main challeng-
es are (i) the selection of an adequately sized patient cohort (ii) the reliable 
quantitation of the appropriate set of biomarker candidates and last but not 
least (iii) their statistical validation.
Methods. In our research project we work towards the development of 
a risk stratifi cation test (RST) capable of diff erentiating aggressive from 
non-aggressive prostate cancer in patients diagnosed with localized pros-
tate cancer. We monitored potential prognostic biomarkers in the context 
of a unique set of clinically defi ned samples from the proCOC cohort, 
which provides serum and long term survival data of 304 prostate can-
cer patients which underwent prostatectomy. For independent validation, 
clinical samples from a Hamburg prostate cancer prostatectomy cohort 
were taken. Targeted Proteomics (PRM) was employed on a pre-selected 
set of 48 glycoproteins known to be involved in the development of pros-
tate cancer from a genetic screen. A Random Forest classifi cation model 
was trained on our samples.
Results. In total, we analyzed 243 serum samples from individual patients 
in four batches. Over all four batches 27 biomarker candidates could be 
identifi ed consistently. Of these, 22 proteins with prognostic potential and 
no more missing values than ⅓ throughout the cohort were used to train 
the random forest classifi er. Our results indicate that by using a classifi er 
based on six prognostic proteins, regression free survival of patients with 
localized prostate cancer could be predicted more reliably and with a low-
er error rate than using the biopsy-based Gleason-Score that is currently 

AG04.22
Proteogenomic investigation of prostate cancer in 39 patients

Q. Zhong*1, G. Tiannan2, N. Toussaint3, U. Wagner1, K. Charmpi4, L. Calzone5, 
C. Fritz1, N. Rupp1, C. Fankhauser1, H. Moch1, A. Beyer4, R. Aebersold2, P. Wild1

1Department of Pathology and Molecular Pathology, University of Zurich, 
Zurich, Switzerland, 2ETH Zurich, Institute of Molecular Systems Biology, 
Zurich, Switzerland, 3ETH Zurich, NEXUS Personalized Health Technologies 
Clinical Bioinformatics Unit, Zurich, Switzerland, 4University of Cologne, 
Cologne, Germany, 5Institute Curie Research Center, Paris, France

Background. Th e molecular events during prostate cancer (PCa) progres-
sion have not been comprehensively investigated. How genomic aberra-
tions in the progression of PCa are transcribed into transcriptomic abnor-
malities that eventually infl uence proteins remains elusive. Th e aim of our 
study is to investigate the biological information fl ow along the central 
dogma and to identify critical molecular mechanisms in PCa evolution
Methods. We procured and performed multi-omics analyses on 39 PCa 
patients who had undergone radical prostatectomy, consisting both be-
nign prostatic hyperplasia regions and malignant tumours of 105 prostate 
samples. Patients were allocated into diff erent risk groups of 12 low-grade 
(Gleason score = 7), 17 intermediate (Gleason score = 7), and 10 high-
grade (Gleason score > 7) PCas. We then punched out three adjacent tis-
sues within a region for multi-omics analyses of exome, copy number var-
iation (CNV), transcriptome, and proteome. As reference, we also profi led 
peripheral blood samples from each patient by exome sequencing.
Results. We detected 806 somatic gene mutations, in which the most 
frequent mutation was TTN, followed by ALPK2, DNAH10, FAT4 and 
HCN1. We also found the copy numbers of 914 genes to be substantially 
regulated in at least one sample, of which 37 genes were regulated in at least 
10 samples. We further determined genes by RNAseq with either strictly 
monotonically increasing or decreasing expression from benign to tumour 
specimens of diff erent grades per patient and per patient group. Addi-
tionally, we analysed each tissue punch in technical duplicates by PCT-
SWATH and used OpenSWATH soft ware to precisely quantify several 
thousand proteins. Altogether 210 samples were processed in 35 batches. 
Th e diff erential analysis revealed distinctive patterns for proteins of inter-
est. Furthermore, we used network smoothing to determine overlapping 
molecular aberrations by comparing shortlisted gene-transcript-protein 
pathways. Last, our multivariate profi ling of 39 patients revealed PCa evo-
lution by examining molecular alterations at multiple layers and uncovered 
several protein modules as key events in the progression of PCa.
Conclusion. Our proteogenomic analysis suggests that genomic alterations 
in PCa are buff ered at transcriptional level, and further condensed to a few 
modular changes in protein networks.

AG04.23
Imaging mass spectrometry-based proteomic approach for the 
diff erentiation between renal oncocytoma and chromophobe RCC

J. Kriegsmann1, 2, 3, M. Kriegsmann4, P. Wandernoth2, N. Maurer5, C. Stöhr5, 
A. Hartmann5, R. Casadonte*3

1Center for Histology, Cytology and Molecular Diagnostics, Trier, Germany, 
2Institute of Molecular Pathology, Trier, Germany, 3Proteopath GmbH, 
Trier, Germany, 4University Hospital Heidelberg, Institute of Pathology, 
Heidelberg, Germany, 5University Hospital Erlangen, Department of 
Pathology, Erlangen, Germany

Background. Diff erential diagnosis of oncocytoma (RO) and chromo-
phobe RCC (ChRCC) may be challenging. In most cases, exact diagnosis 
is possible by macroscopical appearance, H&E morphology and immuno-
histochemistry. However, some renal tumors may show overlapping mor-
phologic features, requiring the use of further methods to reach a defi nitive 
diagnosis. We applied imaging mass spectrometry (IMS) to diff erentiate 
ChRCC from RO.
Methods. Formalin-fi xed paraffi  n-embedded tissues were used included 
ROs (N = 57) and ChRCCs (N = 45). Th e cases were reviewed by two pa-
thologists and diagnosis was verifi ed using immunohistochemistry. Tis-
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Fibrosis in low-grade follicular lymphoma – a link to the TH2 
immune reaction

P. Lohneis*1, S. Wienert1, 2, F. Klauschen1, I. Anagnostopoulos1, K. Jöhrens1

1Charité Medical University Berlin, Institute of Pathology, Berlin, Germany, 
2VMscope GmbH, Berlin, Germany

Background. Fibrosis a frequent feature of some lymphoma entities, like 
the nodular sclerosis subtype of classical Hodgkin lymphoma, some diff use 
large B-cell lymphomas and follicular lymphoma (FL). Th ere is evidence 
from studies on fi brotic diseases like idiopathic lung fi brosis or liver fi bro-
sis, that a TH2 polarized immune response, characterized by the produc-
tion of cytokines like IL-4, IL-5, and IL-13 is important for fi brosis devel-
opment. Data concerning the role of TH2 polarized immune response for 
fi brogenesis in lymphomas are scarce. We therefore aimed to investigate a 
possible correlation of a TH2 polarized immune response with the pres-
ence of fi brosis in FL.
Methods. Using immunohistochemistry, we investigated the number of 
T-bet and GATA3 positive lymphocytes as well as CD68 and CD163 posi-
tive macrophages in formalin fi xed paraffi  n embedded tissue specimens of 
58 follicular lymphomas (FL) grade 1/2 with and without fi brosis. Quanti-
fi cation of smooth muscle actin (SMA) stained areas as a surrogate mark-
er for activated fi broblasts in areas of fi brosis was accomplished using a 
soft ware based approach.
Results. In FL with fi brosis, we detected more interfollicular located 
GATA-3 positive lymphocytes (p = 0.009) and a shift  towards a TH2 im-
mune response, as shown by the ratio of GATA-3 to T-bet positive lympho-
cytes (p < 0.001). In intrafollicular T-lymphocytes no signifi cant diff erenc-
es were seen. In areas of fi brosis, which were enriched with SMA-positive 
myofi broblasts, we observed a polarization of macrophages towards a M2 
phenotype with expression of CD163. Th e ratio CD163/CD68 as a sur-
rogate marker for M2 polarization of macrophages was 0.89, indicating 
that almost all macrophages in the fi brotic areas were alternatively acti-
vated macrophages
Conclusion. Our results hold some evidence that a polarization of the adap-
tive immune system towards a TH2 immune response in the tumor mi-
croenvironment is associated with increased fi brosis, which may indicate 
its functional relevance for either development or maintenance of fi bro-
sis in FL.

AG05.04
Mutations of CREBBP and SOCS1 are independent prognostic 
factors in diff use large B-cell lymphoma: Mutational analysis of 
the SAKK 38/07 prospective clinical trial cohort

D. Juskevicius1, D. Jucker1, D. Klingbiel2, C. Mamot3, A. Müller4, H. Hashwah4, 
S. Dirnhofer1, A. Tzankov*1

1University Hospital Basel, Institute of Pathology, Basel, Switzerland, 2Swiss 
Group for Clinical Cancer Research (SAKK), Bern, Switzerland, 3Kantonal 
Hospital Aarau, Arrau, Switzerland, 4Institute of Molecular Cancer Research, 
Zurich, Switzerland

Background. Recently, the mutational background of diff use-large B-cell 
lymphoma (DLBCL) has been revealed, identifying specifi c genetic events 
that drive lymphomagenesis. However, the prognostic value of these mu-
tations remains to be determined. Prognostic biomarkers in DLBCL are 
urgently needed, since the current clinical parameter-based factors (e. g. 
IPI) are insuffi  cient, particularly in identifying patients with poor progno-
sis who would benefi t from alternative treatments.
Methods. We investigated the prognostic value of somatic mutations in 
DLBCL in a clinical trial (NCT00544219) patient cohort homogenously 
treated with six cycles of rituximab, cyclophosphamide, hydroxydauno-
rubicin, vincristine, prednisone (R-CHOP), followed by two cycles of R 
(R-CHOP-14). Th e primary endpoint was event-free survival at 2 years 
(EFS). Secondary endpoints included progression-free (PFS) and over-
all survival (OS). Targeted high throughput sequencing (HTS) of tumor 
genomic DNA was performed on all exons or hotspots of 68 genes fre-

standard in the clinics. To further validate our prognostic biomarker panel 
we are currently developing a set of antibodies to transfer our assays onto 
a Luminex platform that will be used for high-throughput screening of 
independent cohorts.
Conclusion. By applying targeted proteomics in the context of an adequate-
ly sized patient cohort and powerful statistics we could identify predictive 
signatures of loacalized prostate cancer. Th is can provide doctors and pa-
tients with localized prostate cancer with a tool supporting them in their 
decision making in-between prostatectomy and active surveillance.

AG Hematopathology I

AG05.02
Gene expression analysis in CD79/MYD88 mutated diff use large 
B-cell lymphomas (DLBCL)

A. Gaumann*1, W. Jagla1, M. Bettstetter2, H. Bartsch3, K. Sotlar3, S. Bertz4, 
A. Hartmann4, S. Schwarz1, T. Richter5, T. Dechow6, T. Decker6, M. Dreyling7, 
G. Lenz8, M. Frick9

1Institut für Pathologie Kaufbeuren-Ravensburg, Kaufbeuren, Germany, 
2Molekularpathologie Südbayern, Munich, Germany, 3Ludwig-Maximilian 
Universität Munich, Institut für Pathologie der LMU, Munich, Germany, 
4Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany, 5Institut für Pathologie Rosenheim, 
Rosenheim, Germany, 6Onkologie Ravensburg, Ravensburg, Germany, 
7Department of Internal Medicine III, University Hospital Munich, Munich, 
Germany, 8Translational Oncology, Department of Medicine, Münster, 
Germany, 91Department of Hematology, Oncology and Tumor Immunology, 
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Background. Diff use large B-cell lymphomas are the most common lym-
phatic neoplasms according to the WHO classifi cation. Recently a muta-
tion of the B-cell receptor CD79 was described in activated B-type DLB-
CL with a clinical poor outcome. In these subtypes the chronic activation 
of the B-cell receptors leads to a constitutive active NF-kB pathway. Th is 
prompted us to investigate the gene regulation of cancer-associated path-
ways and their protein counterparts since this may infl uence the therapeu-
tic multimodal strategies.
Methods. We investigated 52 lymphoma specimens, which were classifi ed 
by immunohistochemistry as DLBCL. Th en the B-cell clonality, the muta-
tional status of CD79A/B and MYD88 was analyzed by PCR. Subsequently, 
740 diff erentially regulated cancer associated genes were quantifi ed using 
the pan cancer pathway panel with the nanostring device. Furthermore, 
the signifi cantly up-regulated genes were then stained with immunohis-
tochemistry on tissue microarray.
Results. First we could observe a strong association of CD79b/MYD88 
mutation with extranodal localization of lymphomas and non-GC type 
using the Hans classifi er. Gene expression analysis revealed up-regulation 
of NF-kappaB and MYD88 together with interleukins cell cycle associat-
ed genes, (e. g. MCM’s and p53) apoptosis genes like BID, BCL2A1, BAX, 
CARD 11 as well as potential therapeutic targets like HSP90 and STAT3. 
Protein analysis on TMA could in part be correlated with gene expression 
especially for MCM proteins and ARNT2.
Conclusion. Th e analysis of cancer associated genes and their protein coun-
terparts in CD79 mutated DLBCL off ers new insights in the cellular reg-
ulation of these neoplasms. Also this analysis may serve as a diagnostic 
tool to identify additional therapeutic targets. Especially molecules such 
as HSP90, STAT3 and others may modify the multimodal approach in per-
sonalized medicine in the future.
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cells in the blood sample. Conformity with the essential requirements of 
directive 98/79/EC and Clinical & Laboratory Standards Institute (CLSI) 
guidelines was assured.
Results. 45 patients were predicted metabolic HR, 51 as metabolic LR. 
Clinical characteristics were similar between both risk groups. Treat-
ment-free survival (TFS) was shorter in HR patients (median TFS 394 vs 
723 days, p = 0.021). Adverse eff ects of metabolic HR were revealed even 
in patients harboring high risk genetic aberrations: TP53 aberrations (me-
dian TFS HR 45 vs LR 832 days, p = 0.024) as well as 11q22-23 deletion 
(median TFS HR 36 vs LR 392 days, p = 0.014). 15 HR patients and 14 LR 
patients received CIT (aft er sample). HR patients had shorter progres-
sion-free survival (PFS) aft er treatment compared to LR patients (median 
PFS 216 days vs not reached, p = 0.008). Multivariate analysis identifi ed the 
metabolic profi le as the strongest independent risk factor for shorter TFS 
(hazard ratio 2.37, p = 0.011).
Conclusion. We describe herein a functional assay indicating a faster in-
corporation of glucose metabolites into biomass under anoxia and pro-
viding prognostic information complementary to genetic biomarkers in 
CLL patients. To establish this assay in clinical practice a standardized test 
kit for metabolic risk assessment in patients with CLL is currently being 
developed.

AG05.06
Insights into the Genetic Landscape of Pediatric-Type Follicular 
Lymphoma

J. Schmidt*1, J. E. Ramis-Záldivar2, E. Campo2, E. Jaff e3, I. Salaverria2, F. Fend1, 
L. Quintanilla-Martinez1

1Institute for Pathology and Neuropathology, Tübingen, Germany, 2Institut 
d’Investigacions Biomèdiques August Pi iSunyer (IDIBAPS), Hospital Clínic, 
Barcelona, Spain, 3Laboratory of Pathology, National Cancer Institute, 
Bethesda, United States

Background. Pediatric-type follicular lymphoma (PTFL) is a variant of 
FL with distinctive clinico-pathological features that lacks both BCL2 ex-
pression and t(14;18) translocation. Recently, genetic alterations have been 
reported to occur in PTFL that might be important for its pathogenesis. 
Th ese genetic alterations might disrupt pathways associated with GC reac-
tion (TNFRSF14 and IRF8), mechanisms of immune escape (TNFRSF14) 
or anti-apoptosis (MAP2K1). Th e aim of the study was to undertake an in-
tegrative study of all these fi ndings in a large cohort of cases to shed more 
light on the pathogenesis of this disease.

quently mutated in B-cell lymphomas. Mutational data was correlated with 
the endpoints to identify prognostic associations.
Results. Targeted HTS detected somatic mutations in 71/76 (93%) of 
investigated cases. Th e most frequently mutated genes were KMT2D, 
SOCS1, GNA13 and B2M. Survival analysis revealed that CREBBP- and 
EP300-mutated cases had signifi cantly worse OS, PFS, and EFS, while 
SOCS1 mutations were associated with better PFS (. Fig. 1 | AG05.04). 
In multivariable analysis, CREBBP and EP300 mutations remained sig-
nifi cant for predicting worse OS when IPI and failure to achieve complete 
remission were taken into account (. Fig. 1 | AG05.04).
Conclusion. Targeted mutation analysis of a uniformly treated prospec-
tive clinical trial DLBCL cohort identifi ed tumor-based genetic prognos-
tic markers that could be useful in clinical management of such patients.

AG05.05
Metabolic testing of leukemia cells under anoxia for the 
identifi cation of aggressive clinical CLL courses and resistance to 
chemo-immunotherapy

G. Gdynia*1, A. Heller1, J. Kopitz2, P. Schirmacher3, P. Dreger4, L. Sellner4

1Institute of Pathology, Molecular Tumor Pathology, Heidelberg, Germany, 
2Institute of Pathology, Department of Applied Tumor Biology, Heidelberg, 
Germany, 3Ruprecht-Karls University, Institute of Pathology, Heidelberg, 
Germany, 4University Hospital Heidelberg, Department of Internal Medicine 
V, Heidelberg, Germany

Background. Resistance to chemoimmunotherapy (CIT) is due to aberra-
tions of TP53 in a proportion of patients with high-risk chronic lympho-
cytic leukemia (CLL). Th e unmet need is to identify patients with poor re-
sponse to CIT who might benefi t from specifi c pathway inhibitors. Tumor 
cells capable of growing in an anoxic microenvironment are responsible for 
poor clinical outcome and resistance to radio-/chemotherapy. Increased 
growth of tumor cells under anoxia is regulated by the activity of pyruvate 
kinase (PK) and lactate dehydrogenase (LDH) that enables tumor cells to 
both shunt glucose carbons to anabolic pathways and produce energy. Aim 
of the study: feasibility of the activity of PK and LDH under normoxia and 
anoxia to identify High Risk CLL patients.
Methods. Peripheral blood mononuclear cells (PBMCs) from 96 CLL pa-
tients from the University Hospital Heidelberg were isolated by a Ficoll 
gradient and incubated under normoxia and anoxia. Enzyme activities of 
low and high affi  nity PK (PK-la and PK-ha) as well as LDH were analyzed 
in PBMC homogenates. A change in the ratio of enzyme activities upon 
anoxic cultivation indicated a substantial subpopulation of anoxic CLL 

Fig. 1 | AG05.04 9 
Survival analysis according 
to mutational status. a 
Progression-free survival 
(PFS) in SOCS1-mutated 
and non-mutated cases. 
b Overall survival (OS) in 
CREBBP or EP300-mutated 
and wild-type cases
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Novel PTPN1 splice variants regulate JAK/STAT activity in classical 
Hodgkin’s lymphoma cells

M. Zahn*, R. Marienfeld, B. Kaluszniak, I. Melzner, T. F. Barth, P. Möller
University of Ulm, Institute of Pathology, Ulm, Germany

Background. Chronic activation of the Janus kinase (JAK)/Signal Trans-
ducer and Activator of Transcription 
(STAT) signaling pathways is crucial for survival and proliferation of 
Hodgkin/Reed-Sternberg (HRS) cells, the malignant cells of cHL. Ac-
cumulating reports highlight the role of an inactivation or reduced ex-
pression of negative JAK/STAT regulators like Silencer of Cell signaling 
1 (SOCS1) or Protein-Tyrosine Phosphatase 1B (PTP1B) in this process. 
Given the essential role of PTP1B and SOCS1 for the constitutive JAK-
STAT signaling in cHL, the identifi cation and characterization of the reg-
ulatory mechanisms controlling the activity of these negative JAK/STAT 
regulators is crucial for the understanding of their role for the pathogen-
esis of cHL. Here, we report the expression of diff erent truncated PTP1B 
mRNA variants identifi ed in cHL cell lines and primary cHL tumor sam-
ples lacking either one or several exon sequences. Molecular characteri-
zation of these shorter PTP1B variants revealed a positive impact on the 
JAK-STAT pathway.
Methods. PTP1B mRNA of cHL cases and cell lines was isolated and se-
quenced by Sanger sequencing. PTP1B protein expression was determined 
by western blot and immunohistochemistry analyses. Expression analy-
sis of PTP1B mRNA variants was done by qPCR. To determine the role 
of the PTP1B-variants for JAK/STAT signaling, various stably transfect-
ed L-428 cell clones expressing diff erent PTP1B isoforms were generated. 
Functional analysis of the novel PTP1B variants was achieved by western 
blot analysis, luciferase reporter analysis, EMSA and phosphatase assay. 
Cell proliferation was examined by MTS assays.
Results. Aft er isolating and sequencing PTP1B mRNA in HRS, we ob-
tained a set of PTP1B variants, which lack diff erent exon sequences. Sev-
eral of these novel PTP1B variants were found to be expressed at low levels 
in cHL cell lines. Functional characterization of these PTP1B variants re-
vealed a positive impact on signal induced JAK/STAT activity in HEK293 
or HEK293-STAT6 cells. Furthermore, the expression of one of the PTP1B 
variants, PTP1BΔ6, increased the proliferation of L-428 and U-HO1 cells 
and the reduced cytotoxic eff ect of the chemotherapeutical agents gemcit-
abine and etoposide distinctively.
Conclusion. Collectively, these data suggest that the expression of shorter 
PTP1B variants like the novel PTP1BΔ6 regulates the activity of the JAK/
STAT signaling in cHL by diff erent molecular mechanisms.

AG05.09
Deep in situ pathology of the Hodgkin lymphoma concerning 
immune checkpoint molecules PD1, PDL1 and CD80

A. Brobeil*, U. Wenig, B. de Zwart, A. Bräuninger, S. Gattenlöhner
Institute of Pathology, Giessen, Germany

Background. By applying a combination of chemotherapeutic agents, 
Hodgkin lymphoma is curable in about 90% of disease cases. Yet, ther-
apeutic regimens are extensively cytotoxic and about 20 to 40% of cured 
Hodgkin lymphoma patients develop secondary malignancies, e. g. leu-
kemia, lymphoma, breast cancer, colorectal cancer and others. Latest ther-
apeutic treatments apply immunoglobulins against immune checkpoints 
to restore immune reaction against cancer cells and to diminish cytotox-
ic side eff ects of the chemotherapy. PD1, PDL1 and CD80 are checkpoint 
receptors on Hodgkin/Reed-Sternberg cells (HRS) and therefor potential 
therapeutic targets.
Methods. To determine PD1, PDL1 and CD80 receptor distribution on 
Hodgkin/Reed-Sternberg cells (HRS) formalin fi xed paraffi  n embedded 
lymph nodes were probed by fl uorescence-based immunohistochemistry. 
In situ detection of cell-cell interaction was determined using the DuoLink 
proximity ligation assay. Th e checkpoint receptors were investigated re-
garding their interaction profi le and interaction partner. All experiments 

Methods. Molecular analysis of 42 cases previously characterized by tar-
geted sequencing (Ion AmpliSeq Custom Panel) of genes commonly mu-
tated in adult FL and array CGH with the Oncoscan technique (Schmidt 
et al, Blood 2016) were analyzed for MAP2K1 gene exons 2 and 3 and IRF8 
mutations by NGS and Sanger sequencing, respectively. pERK was analyz-
ed by immunohistochemistry.
Results. TNFRSF14 alterations were found in 54% of the cases; however 
only 21 of 41 cases were mutated (51%). 19 of 40 (47.5%) cases carried acti-
vating MAP2K1 mutations aff ecting mainly the negative regulatory region. 
Th e majority of cases (76%) carried either TNFRSF14 (31%), MAP2K1 
(26%), or both mutations (19%). Th e allelic frequencies of MAP2K1 mu-
tations (mean 12.7% range 4–35%) were lower than that observed for TN-
FRSF14 (mean 31.45%), probably due to the copy-number neutral loss 
of heterozygosity (CNN-LOH) found in most TNFRSF14 mutated cases. 
Staining for pERK corroborated its activation and revealed a good correla-
tion with the allelic frequency of the MAP2K1 mutation. Th e IRF8 p.K66R 
mutation was found in 5 of 38 analyzed cases (13%), and was found to-
gether with TNFRSF14 in 4 cases (80%). In two cases all three mutations 
were found.
Conclusion. Genetic alterations in PTFL were found in 88% of the cas-
es. TNFRSF14 was the most frequent genetic alteration found. Another 
common event is MAP2K1 mutation and results in phosphorylation of 
the downstream target ERK suggesting that the activation of the MAPK 
pathway plays an important role in PTFL lymphomagenesis. Simultane-
ous presence of the two mutations is uncommon. Th e frequency of IRF8 
mutations was lower than previously described suggesting a minor role 
in PTFL progression. Although IRF8 mutations have been previously de-
scribed in FL and DLBCL, the K66R hot spot seems to be highly charac-
teristic for PTFL.

AG05.07
Atypical variants of nodular lymphocyte predominant Hodgkin 
lymphoma show low microvessel density and vessels of distention 
type

V. Scheidt, M.-L. Hansmann, B. Schuhmacher, C. Döring, S. Hartmann*
Universitätsklinikum Frankfurt, Frankfurt/Main, Germany

Background. Nodular lymphocyte predominant Hodgkin lymphoma 
(NLPHL) presents diff erent histopathologic growth patterns, including 
atypical forms showing overlapping histopathologic and clinical features 
with T cell/histiocyte rich large B cell lymphoma (THRLBCL). As growth 
patterns are associated with vessel distribution, the aim of the present study 
was to compare angiogenesis in diff erent NLPHL patterns with THRLBCL 
as well as other lymphomas.
Methods. Microvessel density, vascular diameter and the number of in-
travascular T cells/vascular area were determined in diff erent variants of 
NLPHL, THRLBCL, mixed type classical Hodgkin lymphoma, angioim-
munoblastic lymphoma and lymphadenitis by morphometric analysis. 
Furthermore gene expression data of NLPHL, THRLBCL and angioim-
munblastic lymphoma were analyzed for the expression of an angiogen-
esis signature.
Results. Atypical variants of NLPHL and THRLBCL (n = 10 per group) 
both showed a low microvessel density (MVD, 1.16–1.31/μm2) with a dif-
fuse vessel distribution. In contrast, in typical NLPHL (n = 10), follicular 
areas with low MVD were retained, whereas an increase in vessels in the 
interfollicular areas was observed (MVD 1.35/μm2). THRLBCL and typi-
cal NLPHL could additionally be distinguished by diff erences in their mo-
lecular angiogenesis signature. Furthermore, the number of intravascular 
T cells was signifi cantly reduced in THRLBCL (0.0028 T cells/mm2 ves-
sel area) when compared with typical NLPHL (0.0059 T cells/mm2 vessel 
area), potentially refl ecting the diff erent composition of the microenviron-
ment in these two lymphoma entities.
Conclusion. Th e results of our study reveal a similar vascular pattern and 
angiogenesis behavior in atypical NLPHL variants and THRLBCL in con-
trast to the retained follicular pattern in typical NLPHL.
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ethnic backgrounds, and most probably contribute to the pathogenesis of 
ENKTCL. In contrast to published data, JAK3 mutations were not iden-
tifi ed in this cohort.

AG05.11
Lessons from panel sequencing of primary cutaneous lymphomas

K. Maurus*1, 2, S. Roth1, 2, S. Appenzeller2, M. Goebeler3, A. Rosenwald1, 2, 
E. Geissinger1, 2, M. Wobser3

1Institute of Pathology, University of Würzburg, Würzburg, Germany, 
2Comprehensive Cancer Center Mainfranken, Würzburg, Germany, 
3Department of Dermatology, University Hospital of Würzburg, Würzburg, 
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Background. Th e group of primary cutaneous lymphomas displays a broad 
variety of diff erent entities with diverging phenotypes and clinical features 
and, thus, distinct therapeutic strategies.
Methods. With the aim to gain deeper insight into the molecular patho-
genesis of cutaneous lymphomas with special focus on rare entities and to 
identify potential novel therapeutic targets we performed panel sequenc-
ing of various types of cutaneous T- and B-cell lymphomas enriched with 
a HaloPlexHS-kit using the MiSeq-platform. Our panel comprised more 
than 40 diff erent oncogenes and suppressor genes which were select-
ed based on a) already published data on oncogenic mutations in other 
non-cutaneous hematolymphoid neoplasias, b) involvement in key path-
ways of T- and B-cell development and proliferation, and c) a putative 
druggability, e. g. PLCG1, MYC, MYD88, CD79B, and genes of the JAK- 
STAT- signaling pathway.
Results. Sequencing of more than 50 cutaneous T- and B-cell lymphomas, 
including mycosis fungoides, CD30+ lymphoproliferative disorders, fol-
licular and marginal zone B-cell lymphomas, provided diverse fi ndings. 
First, sequential biopsies of individual patients during the progressive 
course of their disease displayed incremental mutational load in corre-
lation to the respective tumor stage and/or treatment. Secondly, regard-
ing cohorts of patients with the same tumor type, we were able to identify 
recurrent – and, thus, putatively pathogenically relevant – mutations in 
diff erent lymphoma subtypes. With this respect, we found recurrent mu-
tations in a distinct subgroup of primary cutaneous marginal zone lym-
phomas, characterized by a rare IgM- phenotype, which exclusively har-
bored activating MYD88 mutations [1] .
Conclusion. According to our data, panel sequencing of cutaneous lym-
phomas is a useful approach to more comprehensively understand the mo-
lecular basis of tumor development and progression. Insofar, mutational 
profi ling may aid to unveil the grey zone between benign lymphoprolifer-
ation versus true lymphoma of rare and hitherto “provisional” lymphoma 
subtypes such as CD4+ small/medium pleomorphic T-cell lymphoprolif-
eration or CD8+ indolent lymphoma. Moreover, panel sequencing of key 
genes may off er novel targeted treatment modalities in the future within 
a more personalized treatment approach based on individual molecular 
signatures.
References
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were analyzed using the Zeiss LSM 800 confocal laser-scanning micro-
scope.
Results. Th e HRS surrounding reactive cell infi ltrate is almost complete-
ly negative for PD1 expression. PD1 expression could be traced in resid-
ual normal germinal centers. Th erefore, no interaction of PD1 and PDL1 
could be observed for any HRS. PDL1 expression is in a dot like manner 
on HRS. CD80 is also expressed on the cell surface of HRS and in the sur-
rounding reactive cell infi ltrate. Probing sample with the DuoLink prox-
imity ligation assay revealed an interaction of PDL1 with CD80 between 
HRS and surrounding cells as well as an interaction of PDL1 and CD80 
on the same HRS.
Conclusion. Up to now, it is assumed that PD1 of T-lymphocytes interacts 
with PDL1 of HRS preventing any immunoreactions. Th is inhibition is 
reversed by the application of a PD1-antibody resulting in tumor regres-
sion. In the current study we could show that no PD1 positive T-lympho-
cyte is part of the surrounding reactive cell infi ltrate. Moreover, PD1 did 
not interact with PDL1 in sample of Hodgkin lymphoma. Whereas, we 
observed a strong interaction of the HRS with the surrounding cell infi l-
trate mediated by PDL1 (HRS) and CD80. We could also prove a new au-
tocrine signaling mechanism on HRS. CD80 directly interacts with PDL1 
on the same HRS. Th is new approach for real in situ pathology may result 
in new therapeutic options.

AG05.10
Molecular characterization of extranodal natural killer/T-cell 
lymphomas, nasal type from diff erent regions of Latin America

J. Steinhilber*1, I.-A. Montes-Majarro1, C. Lome-Maldonado2, 
C. Barrionuevo-Cornejo3, I. Bonzheim1, F. Fend1, L. Quintanilla-Martinez1

1Institute of Pathology and Neuropathology, Tübingen, Germany, 2Instituto 
Nacionale de Cancerologia, Mexico City, Mexico, 3Instituto Nacional de 
Enfermedades Neoplasticas, Lima, Peru

Background. Extranodal Natural killer/T (NK/T)-cell lymphoma, nasal 
type (ENKTCL) is a rare, aggressive type of non-Hodgkin lymphoma of 
NK- or T-cell lineage associated with Epstein-Barr virus. Th is lymphoma 
is more prevalent in Asians and Native American populations of Mexico 
and South America. Recent studies from Asia demonstrated recurrent mu-
tations of various genes in ENKTCL; however, the overlap of mutations 
found in diff erent populations was rather low. Th e aim of this study was to 
analyze 8 genes recurrently mutated in ENKTCL, to investigate whether 
there are regional or ethnic diff erences within Latin America and in com-
parison to Asian populations.
Methods. 26 ENKTCL cases from Mexico and 12 cases from Peru were 
analyzed with targeted sequencing (Ion AmpliSeq Custom Panel) of genes 
frequently reported as mutated in ENKTCL (STAT3, STAT5B, JAK3, 
DDX3X, TP53, MGA, MSN and BCOR). Th e analysis was performed on 
the Ion Torrent PGM platform. All cases were morphologically character-
ized. EBER in situ hybridization was performed.
Results. Th e mean average read depth of the NGS sequence analysis was 
3405 (range 413–6187). Th irty-three mutations were identifi ed in 24 of 38 
cases analyzed (63%). Nineteen of 26 Mexican cases and 5 of 12 Peruvian 
cases revealed mutations (73% vs 42%). 45% of all ENKTCL cases carry 
one mutation, 13% two mutations and 5% three mutations in the investi-
gated genes. STAT3 was the most frequent mutated gene (8 cases, 21%), 
followed by MGA and BCOR (6 cases each, 16%). Only one case carried 
a STAT5B mutation, and no mutations were detected in the JAK3 hotspot 
regions. Th e cases from Mexico showed more mutations than the Peruvian 
cases in DDX3X (15% vs 8%), TP53 (15% vs 0%) and MSN (12% vs 0%).
Conclusion. Th e cases from Mexico and Peru carry frequent mutations 
in STAT3, MGA and BCOR, confi rming previous fi ndings from Asian 
ENKTCL cohorts. Interestingly, the incidence of mutations in DDX3X, 
TP53 and MSN were clearly diff erent in the Mexican and Peruvian co-
horts. Furthermore, mutation frequency was higher in the Mexican cases, 
suggesting a diff erence in the distribution of mutations in diff erent geo-
graphic regions, although technical reasons need to be excluded. Muta-
tions in STAT3, MGA and BCOR seem to occur regardless of the diff erent 
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bryonal lethality of mice defi cient for the key GSL-synthesizing enzyme 
glucosylceramide (GlcCer) synthase (GCS, EC 2.4.1.80). Our aims were 
(1) to analyze the GSL composition of DP thymocytes and (2) to elucidate 
whether GlcCer and GlcCer-derived GSL serve as endogenous iNKT an-
tigens in vivo.
Methods. Th e GSL composition of DP thymocytes was analyzed by thin 
layer chromatography and mass spectrometry. A mouse model was devel-
oped that by combination of Vav-promoter-driven iCre and fl oxed GCS 
alleles (VavCreGCSf/f) enabled a depletion of GCS-derived GSL very ear-
ly in T cell development. In VavCreGCSf/f mice, analysis of conventional 
lymphocytes and of the iNKT-cells was performed by fl ow cytometry and 
by ex vivo functional tests.
Results. Th e analysis of the GSL composition of DP thymocytes revealed 
that GlcCer represented the sole neutral GSL and that the acidic frac-
tion was composed of gangliosides. In VavCreGCSf/f mice, the iNKT 
cells were reduced by approximately 50% in thymus, spleen and liver, 
whereas the general T- and B-cell populations remained unaff ected. Th e 
V-chains repertoire and development of iNKT cells remained unaltered in 
VavCreGCSf/f mice. Th e GSL-depletion neither interfered with expression 
of CD1d, SLAM and Ly108 molecules nor impeded the antigen presenta-
tion on DP thymocytes.
Conclusion. Th ese results indicate that GlcCer-derived GSL, in particular 
GlcCer, are indispensable for the iNKT cell development and activation. 
Th us, pharmacological alteration of the GlcCer synthesis in antigen pre-
senting and tumor cells might represent a promising approach for harness-
ing iNKT cells in immunotherapy of tumors.

AG05.14
Runx1 knock-out mice show a signifi cantly reduced T-cell-receptor 
beta diversity and a higher CD4/CD8 ratio
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Background. Runx1 belongs to an evolutionary conserved transcription 
factor family, which is essential for defi nitive hematopoiesis and involved 
in diff erentiation of T-cells. Approximately 95% of T-cells express T-cell 
receptors (TCR) consisting of an alpha and beta chain as a heterodimer 
on their surfaces together with the T-cell co-receptor CD3. While CD4 
is expressed on regulatory T-cells, the cytotoxic T-cells express CD8. All 
TCR alpha and beta chains comprise variable (V) and joining (J) gene frag-
ments, which are randomly utilized and recombined to create the enor-
mous TCR diversity. For the generation of TCR rearrangements, the re-
combination activating genes 1 and 2 (Rag1/2) are of crucial importance. 
Th e aim of this study was to elucidate the impact of Runx1 on TCR beta 
rearrangements.
Methods. We analyzed mice (C57Bl/6 background) containing a condi-
tional Runx1 knock-out. Deletion of the fl oxed exon 5, encoding the DNA 
binding Runt domain, was mediated by a Cre recombinase expressed un-
der the vav promoter, resulting in Runx1 inactivation throughout the hae-
matopoietic compartment. To determine the murine TCR beta repertoire 
in the thymus, we established a multiplex PCR followed by high-through-
put amplicon sequencing. Th e T-cell subpopulations were determined by 
immunohistological staining for CD3, CD4 and CD8 in thymus and spleen 
tissues. Furthermore, chromatin immunopreciptitation (ChIP) followed 
by qRT-PCR was employed to analyze Runx1 binding to Rag1 and Rag2 
promoters in developing T-cells.
Results. Our results revealed a reduced TCR beta diversity accompanied by 
a much lower number of CD3 positive T-cells and a shift  towards a high-
er CD4/CD8 ratio in Runx1 knock-out mice. Th e decreased number of 
CD3 positive T-cells in Runx1 knock-out mice was associated with an al-
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Integration of transcript expression, copy number and LOH 
analysis of PD1-positive nodal T-cell lymphoma

Q. Yang*, E. Leich, A. Rosenwald, A. Zamo, T. Nedeva, H.-K. Müller-Hermelink
Institute of Pathology, University of Würzburg, Würzburg, Germany

Background. Follicular helper T-cell (TFH) are a subset of CD4+ T-cells 
that are essential for normal production of high affi  nity antibodies and the 
formation of germinal centers, and characteristically show high expres-
sion of surface markers CXCR5, ICOS, PDCD1 (PD1), BCL6, CD10, and 
SAP. Th e 2016 revised WHO classifi cation of haematological malignancies 
recognizes three lymphoma entities of TFH derivation, namely angioim-
munoblastic T-cell lymphoma (AITL), follicular T-cell lymphoma (FTCL) 
and nodal T-cell lymphoma of TFH phenotype (TCL-TFH). Th ey show 
morphological, immunophenotypic, genetic and clinical overlap with each 
other but also retain a number of unique features. Th is study was designed 
to detect the genomic aberrations for PD1-positive nodal T-cell lympho-
ma, and to characterize the diff erences between these categories.
Methods. Fresh frozen materials of AITL (n = 10), FTCL (n = 4) and TCL-
TFH (n = 4) was collected for this study. We have performed whole genome 
analysis of copy number alterations (CNAs) using the Aff ymetrix Human 
SNP6.0 array and gene expression analysis using the Aff ymetrix Human 
U133 Plus2.0 array. We also incorporated data from loss of heterozygosi-
ty (LOH) analysis and allelic-specifi ed copy number (AsCN) analysis to 
identify genes showing altered expression in LOH regions and regions with 
allelic imbalance, respectively.
Results. Common chromosome gains and amplifi cations were identifi ed 
at 1p31.1, 2p11.2, 3q26.1, 4q13.2 and 14q32.33 in all the three categories. 
3q29 gains were found in AITL and TCL-TFH, while 20p13 gains in FTCL 
and TCL-TFH. Frequent losses in all the three categories were found at 
7p14.1 and 8p11.22, involving TARP and ADAM5, respectively. Regions 
with copy neutral allelic imbalance were found at 4q24, 4q31.23, 7q36.1, 
7q34, 7q32.1, 7q33, 7p14.1, 8p23.1, 14q13.2–14q13.3, involving genes 
related to the pathogenesis of peripheral T-cell lymphoma (e. g. TET2, 
XKR6, CASP2 and others). 6q21 deletion with allelic imbalance involved 
FYN. Unsupervised clustering of gene expression profi le correlated with 
the pathological classifi cation. By gene set enrichment analysis, AITL and 
FTCL signatures showed almost the same functional categories but diff er-
ent functional molecules respectively.
Conclusion. In conclusion, our results show that molecular profi le high-
lights the diff erent molecular pathogenesis among AITL, FTCL and TCL-
TFH, supporting that they represent diff erent variants in the spectrum of 
TFH-derived lymphomas.

AG05.13
Glucosylceramide synthase is essential for the development of 
iNKT cells and therefore of potential interest in immunotherapy
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University, Frankfurt am Main, Germany, 3Light Microscopy Facility, German 
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Medical Faculty Mannheim, Mannheim, Germany

Background. Invariant natural killer T (iNKT) cells are unique T lympho-
cytes important for tumor surveillance, peripheral tolerance and antimi-
crobial defense. In contrast to conventional T lymphocytes, presentation 
of lipid self-antigen(s) is a prerequisite for the development and func-
tion of iNKT cells. CD4/CD8-double positive (DP) thymocytes present 
these self-antigens to iNKT cells during their thymic development. Gly-
cosphingolipids (GSL) were implicated to serve as these endogenous anti-
gens, however, further in vivo investigations were hampered by early em-
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Background. Ribosomes realize protein production in a process termed 
translation. Important for the fi rst steps 
of the translation process are eukaryotic translation Initiation Factors 
(eIFs), which help to load the messenger RNA (mRNA) onto the ribo-
some and start protein synthesis. Th ereby eIFs are crucial for the produc-
tion of all kind of proteins. Due to their high energy demand cancer cells 
are particularly dependent on these cellular building blocks and therefore 
translation. Lymphoid neoplasms are one of the most frequent cancers in 
Europe. Although the fi ve-year survival rate has improved over the last 20 
years, the mortality rate is still high and there is thus an urgent need for 
new treatment options. Within this study we want to fi nd out whether eIFs 
can serve as biomarkers and/or therapeutic targets to help diagnosis and 
treatment in patients aff ected with these malignant disorders.
Methods. We performed a bioinformatic analysis in order to correlate eIF 
expression with survival in lymphoma patients (Kaplan-Meier plot, log-
rank test). To see whether there are cancer-linked alterations in eIF expres-
sion levels, we compared eIF protein expression levels of 8 lymphoma and 
leukemia cell lines to those of an immortalized B-cell line (Western blot).
Results. Th e bioinformatic analysis showed signifi cant correlations be-
tween individual eIF expression levels and patient survival (p < 0.05). In 
addition, our cell culture investigation revealed neoplasm-associated in-
creased expression of eIFs (compared to non-neoplastic B-cell).
Conclusion. Our data indicate that eIF expression levels are linked with 
lymphoma patient survival and that there is also an increased eIF expres-
sion in these carcinomas. Th is shows that eIFs act as important players in 
lymphoid neoplasms. Th erefore eIFs should be further evaluated as po-
tential biomarkers and therapeutic targets in hematologic malignancies.

AG05.17
Tissue bio-banking and reclaiming of blocks – Experience of the 
Lymph Node Registry Kiel over the last two decades

M. Čavčić*1, I. Oschlies1, M. Fuchs2, 3, A. Engert2, 3, W. Klapper1

1Department of Pathology, Hematopathology Section and Lymph 
Node Registry, Kiel, Germany, 2University Hospital of Cologne, The First 
Department of Internal Medicine, Cologne, Germany, 3University Hospital of 
Cologne, The German Hodgkin Study Group (GHSG), Cologne, Germany

Background. Th e transmission of biopsy material to a specialized pathol-
ogy center is initiated either for diagnostic consultation or for consent-
ed translational research within clinical trials. We wondered whether the 
reclaiming of transmitted tissue samples changed within the last twenty 
years.
Methods. We analyzed the percentage of block reclaims among the fi rst 
100 submissions by pathologists each year (1995 to 2015, n = 2100) us-
ing the fi les of the Hematopathology Section and Lymph Node Register 
Kiel. Reclaiming in the context of a therapeutic trial was analyzed sepa-
rately (German Study Group for Hodgkin’s Lymphoma (GHSG), 1998 to 
2015, n = 1405). A questionnaire was used to evaluate the reasons for the 
reclaiming.
Results. Th e percentage of paraffi  n blocks that were reclaimed aft er con-
sultation was 11% (standard deviation 5.7) in the whole period of time 
1995–2015. Lymphoma was detectable in over 50% of the blocks re-
claimed. Th ere was an inconsistent but signifi cant increase in reclaiming in 
the period of time analyzed within the consultation cases as well as for the 
clinical trial cases (linear regression, p = 0.0223 and p = 0.0107, respective-
ly). Th e percentage of block reclaims did not diff er between both groups 
(p = 0.2404, t-test). A survey among pathologies reclaiming the block was 
answered by 28 institutions. Th e three most frequently named reasons 
for block reclaim were (i) a standard approach independent of internal 
guidelines (6/28, 21%), (ii) interference with the departmental accredi-
tation guidelines (9/28, 32%) and (iii) availability of the tissue for subse-
quent diagnostics (9/28, 32%). Th e willingness to leave the block in Kiel 
would increase if a positive statement by professional associations is pro-
vided (7/28, 25%), compatibility with accreditation guidelines is guaran-
teed (11/28, 39%), or a formal confi rmation of accessibility for the trans-
ferring pathology is provided (15/28, 54%).

most complete loss of splenic white pulp and thymic medulla. Additionally, 
Runx1 ChIP analysis revealed Runx1 binding to the Rag1 core promoter.
Conclusion. Runx1 has a strong impact on the generation of murine TCR 
beta rearrangements. Th erefore, we conclude that Runx1 signifi cantly con-
tributes to the competence of the immune system in mice and probably 
also in humans.

AG05.15
Identifi cation of Sorafenib resistance promoting mechanisms 
in AML via surface and secretome analysis with mass mass 
spectrometry

A. Serdaroglu, W. Weichert, P.-H. Kuhn*
Technical University Munich, Institute for General Pathology and 
Pathological Anatomy, Munich, Germany

Background. Acute myeloid leukemia (AML) is a neoplasm of hematopoi-
etic stem cells (HSPCs) with resistance to chemotherapy and poor prog-
nosis for most subtypes. AML leads to an expansion of immature myeloid 
progenitors in bone and blood. Among other mutations, FLT3 receptor ty-
rosine kinase mutations such as internal tandem duplications (FLT3itd) of 
the juxtamembrane region and point mutations in the intracellular FLT3 
kinase domain occur in primary AMLs and especially relapsed AMLs. 
Both lead to a constitutive FLT3 activation and a consecutive constitu-
tive activation of the PI3 kinase and MAP kinase pathway leading to im-
proved cell survival and increased leukemic cell proliferation. Sorafenib is a 
multi-tyrosine kinase inhibitor that among other kinases especially blocks 
FLT3 kinase activity and thus suppresses the growth- and survival-pro-
moting stimulus of FLT3 mutations. While AML patients respond with 
decreasing blast counts very well to Sorafenib treatment in the beginning, 
resistance towards Sorafenib develops within less than a few months. So 
far, mainly mutations with regard to their potential to promote Sorafenib 
resistance have been investigated.We hypothesize that besides mutations 
there are many Sorafenib resistance promoting epigenetic changes in leu-
kemia cells that promote increased effl  ux or metabolic degradation of 
Sorafenib, alternative usage of receptor tyrosine kinases or receptor mole-
cules to reactivate the MAP- and PI3-kinase pathway.
Methods. To this aim, we analyzed the proteome of leukemic cells with 
a special emphasis on the secretome, the entirety of all secreted proteins 
and the surfaceome, the entirety of all cell surface molecules, to identify 
Sorafenib resistance mechanisms. Briefl y, we treated the FLT3itd carrying 
MV4-11 cell line for 2 weeks with 5 nM Sorafenib to promote Sorafenib 
resistance or DMSO as a control. Aft erwards we purifi ed the secretome 
and the surfaceome with the secretome protein enrichment with click sug-
ars (SPECS) method to analyze both conditions with mass spectrometry 
subsequently.
Results. Comparing protein expression between both conditions, we found 
several proteins such as FLT3 (5-fold) or a TNFR superfamily member 
strongly upregulated and some proteins downregulated that altogether 
might contribute to Sorafenib resistance.
Conclusion. In summary, we identifi ed several proteins with altered expres-
sion upon Sorafenib treatment that might contribute to Sorafenib resist-
ance and thus are interesting candidates to overcome Sorafenib resistance.
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Eukaryotic translation Initiation Factors and their impact on 
lymphoid neoplasms
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ysis of FF and FFPE specimen as it is known that systemic therapy alters 
tissue quality.Despite the increasing number of FF samples, FFPE samples 
still make up the largest part of biomaterial collections.We aim to provide 
evidence FFPE samples are still suitable for molecular studies, perform-
ing a comparative analysis of diff erent FF and FFPE entities 2005–2015.
Methods. We evaluated DNA/RNA integrity in matched pairs of FF and 
FFPE tissue samples of several normal and tumor organ entities that were 
preserved in the BioMaterialBank Heidelberg (BMBH) between 2005 and 
2015 (prostate,colon,kidney,lymph node,soft  tissue).RNA and DNA were ex-
tracted from samples of high histological quality with QIAcube (QIAGEN)/
Siemens TPS Hamilton and quantifi ed by a fl uorescence signal measured 
with Qubit device (Agilent Technologies).Nucleic acid integrity and quality 
were validated by electrophoresis (2200 TapeStation, Agilent Technologies). 
To eventually prove usability of extracted nucleic acids, classical PCR and 
quantitative RT-PCR are performed with a defi ned set of reference genes.
Results. Our analyses show nucleic acid quality and quantity are higher in 
FF than in FFPE tissue, corresponding to other studies investigating tis-
sue integrity.Th e quality of specimen stored between 2010–2015 is high-
er than the one of samples preserved between 2005–2009. For example: 
DNA extracts of FF prostate have a DIN of 7 and concentration of 30,2 ng/
μl than the ones of FFPE samples (DIN = 3,3; concentration = 13,6 ng/μl).
Evaluating defi ned preservation periods, FF prostate samples from 2005–
2009 have a DIN = 7 and concentration = 30,2 ng/μl, whereas FF prostate 
samples from 2010–2015 show a DIN = 8,3 and concentration = 42,90 ng/
μl.FFPE samples of the preservation periods were comparatively analysed 
showing that 2005–2009 stored samples have higher fragmentated nucleic 
acids than samples of 2010–2015.
Conclusion. To prove the usability of DNA from both preservation types 
and diff erent storage times, comparative PCR analysis are being per-
formed.

AG06.02
Registration of histological brain sections and atlas data

N. Zerbe*1, 2, 3, T. Dohrn3, S. Lohmann1, 3, M. Bergfeld3, C. Harms4, P. Hufnagl1, 2, 3

1Charité Medical University Berlin, Institute of Pathology, Dept. Digital 
Pathology, Berlin, Germany, 2Charité Medical University Berlin, Institute 
of Pathology, Centralized Biomaterialbank (ZeBanC), Berlin, Germany, 
3University of Applied Sciences, Dept. Applied Informatics, Berlin, 
Germany, 4Charité Medical University Berlin, Institute of Neurology, Dept. 
Experimental Neurology, Berlin, Germany

Background. H&E, the standard stain for histological sections, provides an 
excellent overview to tissue compartments and morphology. Nevertheless 
several questions require dedicated stains or markers to reveal additional 
insights into histochemical or immunuo-histochemical processes. Th ose 
marker mostly off er only a very limited ability for tissue diff erentiation, 
because they are much more specialised to identify dedicated cells, struc-
tures or processes. For stroke recovery in mice small regions of interest 
have to be identifi ed during quantifi cation which is hardly feasible within 
the NeuN marker.
Methods. Within the Allen Brain Atlas project several altlasses exist. In this 
work we used the Allen Mouse Brain Atlas (AMBA) and the Allen Mouse 
Brain Connectivity Atlas (AMBCA). Here annotations on an average Serial 
Two Photon (STP) tomography images from 1675 mice have been provid-
ed together with aligned Nissl stained histology sections with a distance of 
100 μm. We applied an intensity-based registration (elastix) using mutual 
information between histological sections and atlas sections. Subsequently 
pre-aligned annotions were transformed according to the transformations 
extracted for aligning to NeuN.
Results. Th e results were made available as an Cognition Master Plugin 
for interactive inspection (. Fig. 1 | AG06.02). Moreover we also ren-
dered an atlas overlay to the right hemisphere for illustration of the results 
(. Fig. 2 | AG06.02). 
Conclusion. Whole Slide images enable researcher to combine informa-
tion from diff erent sources and use them interacticly to enhance the qual-
ity, reproducibility and feasibility within quantifi cation. Image based reg-

Conclusion. Increasing reclaiming of blocks in combination with the in-
creasing use of core needle biopsies might aggravate the tissue collection 
and consequently translational research. Th is holds specifi cally true for 
rare diseases and/or diseases in which the diagnostic biopsy is the only 
tissue recourse. A statement stressing the compatibility of archiving tis-
sue blocks in the reference centers with accreditation guidelines would 
increase the willingness of pathologists to leave the blocks in a specialized 
center for bio-banking.

AG05.18
Two rapid methods for processing bone marrow trephine biopsies 
with optimal results in morphology, immunohistochemistry and 
DNA-based molecular analyses

A.-V. Frey, M. Werner, A. M. May*
University Medical Center Freiburg, Institute of Surgical Pathology, Freiburg, 
Germany

Background. Since the 2016 revision of the world health organization clas-
sifi cation of myeloid and lymphoid neoplasms has been published, even 
more specialized methods i. e. immunohistochemistry, fl uorescence in 
situ hybridization and polymerase chain reaction (PCR)-based molecular 
techniques are required to establish the fi nal diagnosis. 
Decalcifi ed bone marrow trephine biopsies (BMB) oft en play a decisive 
role in diagnosing haematological neoplasms. Th us, the routine workfl ow 
should be as short and as eff ective as possible. To reduce the turnover time 
and to optimise morphology and DNA quality, implementation of new 
methods in the routine workfl ow is necessary.
Methods. We compared an in-house protocol with EDTA in combination 
with a Citadel Tissue Processor to the use of MOLDECAL (EDTA-based 
decalcifi cation fl uid) in combination with a microwave-enhanced tissue 
processor (LOGOS J, Milestone, Bergamo, Italy) for overnight decalcifi -
cation and paraffi  n impregnation of the BMB. For direct comparison 25 
BMB were split in two halves, which were processed with the two diff er-
ent methods. Aft erwards standard histochemical stains (e. g. Chloroace-
tate esterase) and immunohistochemistry (e. g. CD3, CD20, CD38, Kappa, 
Lambda, CD34) were performed. Moreover in-situ hybridization (ISH) 
and PCR-based molecular methods were tested in some patients.
Results. Both methods yielded excellent morphology and histochemical 
stains. Moreover, there was no detectable diff erence in immunohistochem-
istry, with distinct and clear stains in the 25 BMB which had been pro-
cessed with both methods. Regarding ISH and PCR both methods revealed 
optimal and easily evaluable results.
Conclusion. Both methods allow next-day reporting, including fi rst-line 
immunohistochemistry, and high DNA quality of the BMB, which enables 
further molecularpathologic analyses.

AG Digital pathology, imaging and biobanking I

AG06.01
Qualitative Comparison of Fresh Frozen (FF) and Formalin-Fixed-
Paraffi  n-Embedded (FFPE) Tissue Samples: Impact of tissue entity, 
preservation and storage duration.

C. Lucena-Porcel*1, 2, S. Schmitt2, P. Schirmacher1, E. Herpel1, 2

1Institute of Pathology, University Hospital, Heidelberg, Germany, 
2NCT Gewebebank, Heidelberg, Germany

Background. Human biomaterial is an inestimable resource for genomic 
and proteomic Research.Biobanks meet the increasing demand for bio-
material by providing FF and FFPE preserved specimen.To ensure high 
quality, appropriate tissue preservation and processing of samples is crucial 
for diagnostic, clinical and research projects.Th e aim of the current study 
was to evaluate the impact of tissue preservation and storage duration in 
sample quality,evaluating RIN/DIN.We focused on the comparative anal-
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istration can not only be used to align histological sections of the same or 
diff erent stains but also for images aquired with diff erent modalities (WSI 
and STP tomography). Moreover, also artifi cal images and annotations can 
be included to enrich data presented to the user.

AG06.03
Simulation of HE-Slides of Prostate Glands

M. Mandrela*1, 2, S. Lohmann1, 2, I. Klempert1, P. Hufnagl1, 2

1Charité Medical University Berlin, Institute of Pathology, Berlin, Germany, 
2University of Applied Sciences, Dept. Applied Informatics, Berlin, Germany

Background. Big Data revolutionized machine learning and facilitated new 
forms of automation. Deep Learnings has been shown to be able to per-
form object segmentation of images given large enough training sets. Th e 
automatic segmentation and analysis of glands in HE stained tissue slides 
could facilitate the detection of all types of glands and support quantifi ca-
tion. But training data is scarce, because of the time consuming process of 
labeling data by pathologists. In 2015 the Warwick Gland Segmentation 
Challenge provided only 165 small segmented images. For comparison the 
ImageNet Recognition Challenge provided 8.1 million images.
Methods. We aim to bridge the gap in training data by synthesizing sim-
ulated HE-slides (phantoms) of prostate gland tissue and their respective 
segmentation images. A complex model based on distances between nu-
clei, geometrical shapes, texture and statistical processes was created. Th is 
model randomly generates phantoms based on the given parameters which 
describe the level of gland degeneration. Th is allows to generate images of 
tissue with diff erent gland types and forms (. Fig. 1 | AG06.03). 
During development the model was iteratively improved and evaluated us-
ing the generated phantoms to train a neural model for image segmenta-
tion by testing the network’s performance on real gland images. Th e model 
was further evaluated by statistical comparison to real images and it was 
examined by pathologists.
Results. Results show that using the phantoms during training increases 
the segmentation accuracy on real gland images. In parallel a model for 
the description of glands was developed which can be used for other ap-
plications including tissue modeling.
Conclusion. A phantom dataset is provided which can be used as a bench-
mark for algorithm development or to supplement training data for med-
ical segmentation tasks. It is also possible for researchers to generate their 
own data sets and improve the model.

Fig. 1 | AG06.02 9 
Interactive explorer for 
Histo-Atlas data

Fig. 2 | AG06.02 8 Overlay of aligned AMBA annotation to right 
hemisphere of BDA-DAB tracing (a, b) and H&E (c, d) stained sections with a 
distance of 200 μm each

Fig. 1 | AG06.03 8 Artifi cial gland generated by the simulation model plus 
segmentation mask
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with modern imaging methods in comparison to the clinically suspected 
CoD and the diagnoses provided by clinicians.
Methods. In 20 cases of in-hospital deaths, native postmortem CT (PMCT) 
and contrast-enhanced CT angiography (PMCTA) were conducted prior 
to standard autopsy. Native and contrast- enhanced CT studies were di-
agnosed by experienced radiologists. Results regarding Cause of Death 
(CoD) and independent diagnoses were compared to diagnoses provided 
by clinicians for medical controlling.
Results. Th e clinical suspicion of CoD was correct (11 cases) or overlapped 
(6 cases) compared to autopsy in all studied cases. With PMCT, diverging 
CoD increased to 6, overlapping CoD were the same and matching CoD 
decreased by 27%, nevertheless with low certainty level assigned by the 
radiologist (level 1.5–2 of 4). Comparing PMCTA to clinical suggestion, 
matches were increased by 18%, with increased certainty levels. Overlap-
ping CoD were decreased by half, respectively. Nevertheless, diff erent CoD 
were found in 4 cases. With autopsy,but not with CT imaging, previously 
unknown infectious foci could be determined in 5 cases, unknown ma-
lignant tumors in 2 cases and unknown metastatic lesions in 3 cases. Per 
case, autopsy resulted in (mean) 7 additional diagnoses of the circulatory 
system, 1 additional diagnosis of the digestive, respiratory and genitou-
rinary system and 1 neoplasm. PMCT added (mean) 2 musculoskeletal 
diseases per case, while PMCTA yielded (mean) 1 additional diagnosis of 
the circulatory system.
Conclusion. Th e clinically suggested CoD was identical with CoD at autop-
sy or overlapped in all cases. With PMCTA, the number of correct CoD 
exceeded the number of clinically correct CoD. In contrast, PMCT did not 
yield better agreement on CoD than the clinical suggestion. We believe that 
the combination of autopsy and PMCTA can deliver important informa-
tion to clinical colleagues, especially when clinical picture, autopsy and im-
aging results are mutually shared and discussed, particularly when autopsy 
is restricted. Nevertheless, in order to meet quality standards, pathologic 
autopsy should always be conducted.

AG06.06
Using Statistics from Immunohistochemistry

M. Wieland*1, C. Döllinger2, E. Herpel3

1German Cancer Research Center, German Consortium for Translational 
Cancer Research, Heidelberg, Germany, 2University Hospital Heidelberg, 
BioMaterialBank Heidelberg, Heidelberg, Germany, 3National Center for 
Tumor Diseases (NCT) Heidelberg, Tissue Bank, Heidelberg, Germany

Background. Immunohistochemistry (IHC) is a powerful method for 
the identifi cation, establishment and diagnostic use of innovative, dis-
ease associated biomarkers. Powerful autostainers constantly increase the 
throughput of these valuable stainings, but fi nancial and time resourc-
es are limited. As such it is essential to keep structured records of exist-
ing antibodies (including information about manufacturers, remaining 
amounts and expiration dates), and associated, validated staining param-
eters (such as pretreatment conditions, dilutions, and already successfully 
stained specimens).
Methods. Th e staining and antibody data is loaded from diff erent auto-
stainers using an Extract-Transform-Load (ETL) process. Additionally, 
the running parameters of manual stainings are recorded by the technical 
staff . As the connection of heterogeneous data from manual and automat-
ed staining procedures is challenging, the NCT tissue bank has developed 
an IHC database where all staining procedures are constantly integrated.
Results. To generate regular reports, SQL queries were designed to select 
staining-specifi c data. Th e thereby generated information was processed 
and visualized by the commercially available soft ware Tableau. Th e new 
database has been linked to existing IT solutions [1], including the service 
and request database, to enable the connection of individual stainings to 
defi ned research projects. Working with the IHC database guarantees a 
fast and cost-eff ective use of antibodies and IHC related resources as well 
as facilitates application and adjustment of staining parameters for future 
projects.

AG06.04
Medical image analysis of gastric carcinoma in digital 
histopathology

H. Sharma*1, N. Zerbe2, O. Hellwich1, P. Hufnagl2

1Technical University Berlin, Computer Vision and Remote Sensing, Berlin, 
Germany, 2Charité Medical University Berlin, Institute of Pathology, Dept. 
Digital Pathology, Berlin, Germany

Background. Gastric cancer is the a leading cause of cancer-related deaths 
in the world. Image analysis of gastric cancer is a growing area of research 
in digital pathology. In this study, H&E stained histopathological WSI of 
gastric adenocarcinoma are computationally analyzed using traditional 
methods and deep learning methods.
Methods. Th e developed image analysis framework is divided into three 
stages. In the preparatory stage, HER2 immunohistochemically stained 
WSI are annotated by ten expert pathologists using a 10% cut-off  rule [1]. 
H&E and HER2 WSI pairs are semi-automatically registered followed by 
annotation transformations. In the image pre-analysis stage, necrotic re-
gions are automatically detected and excluded using a texture-based necro-
sis detection method, and cell nuclei segmentation is applied to isolate cell 
nuclei followed by multi-resolution enhancement. In the cancer analysis 
stage, existing graph-based methods are extended by developing cell nu-
clei attributed relational graph [2] to represent and classify tissue regions 
as HER2+ tumor, HER2- tumor and non-tumor. Handcraft ed graph-based 
features are quantitatively compared with state-of-the-art followed by tra-
ditional machine learning i. e. AdaBoost, SVM and random forests. Deep 
learning using convolutional neural networks (CNN) is also explored by 
self-designing a CNN architecture and its comparative evaluation with a 
well-known CNN, ensemble of the two CNNs and traditional methods.
Results. In the cancer analysis stage, high recognition rates are achieved for 
non-tumor (88.43%) and tumor (91.60%). Among the two tumor types, 
HER2- tumor is most diffi  cult to identify (62.02%) due to its intermedi-
ate properties, and shows highest confusion with HER2+ tumor which is 
more easily distinguishable (71.61%). Best overall classifi cation accuracy 
is observed by hybrid low-level and high-level features (76.38%) in tradi-
tional methods and CNN ensemble (73.43%) in deep learning methods.
Conclusion. Th e primary contribution of this research is a systematic 
framework for computer-based analysis in gastric carcinoma. Collective-
ly, the proposed methods aim to decrease manual eff orts and observer 
variability. Additionally, these can potentially improve current technolo-
gy through applications such as CAD, CBIR, archiving and bio-banking, 
thereby, contributing towards diagnosis, research and education in biol-
ogy and medicine.
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Additional diagnostic value of autopsy and virtual autopsy 
compared to clinical diagnoses

S. von Stillfried*1, J. C. Apitzsch2, 3, C. K. Kuhl2, A. H. Mahnken2, 3, R. Knüchel1

1RWTH Aachen University Hospital, Institute of Pathology, Aachen, 
Germany, 2RWTH Aachen University Hospital, Clinic for Diagnostic and 
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Clinic for Diagnostic and Interventional Radiology, Marburg, Germany

Background. Since decades, autopsy rates are declining. Although there 
have been political attempts to increase autopsy rates, the trend has not 
been reversed or stopped. One of the reasons for decreasing autopsy rates 
might be that clinical colleagues do not expect relevant results from autop-
sy. We therefore evaluated the additional value of autopsy in conjunction 
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Conclusion. Perspectives and limitations of this innovative imaging tech-
nique for tissue-based nanodiagnostics will be discussed. 
References
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AG06.08
Carrier-Based Multi-Tissue Block (CBMTB) as Universal On-Slide 
Control for Immunohistochemical (IHC) Staining Protocols

A. Jungbluth*, D. Frosina, S. Meyerholz, K. Busam, A. Dogan, R. Serrette, 
P. Ntiamoah, M. Fayad
Memorial Sloan-Kettering Cancer Center, Department of Pathology, New 
York, United States

Background. We previously developed a multi-tissue block technique con-
sisting of a carrier tissue, in which cores from other tissues are inserted. 
Th e carrier serves as a control itself as well as a scaff olding, allowing exact 
placement of the inserted tissue cores in the desired position, while overall 
size is kept at a minimum. We show that the CBMTB technique is an ideal 
standard on-slide control for most IHC protocols signifi cantly increasing 
quality control while reducing tech work time and eff ort.
Methods. Various tissues, shapes, and sizes for the carrier block as well as 
for the inserted tissues were tested. Cores were manually extracted/insert-
ed with standard dermatological punch devices (1.5–2 mm).
Results. A CBMTB format of 6x14 mm was the optimal on-slide control, 
leaving suffi  cient space for large test tissue sections. For most antigens, 
normal tissues were superior as controls versus tumors. Th e fi nal CBMTB 
consisted of the following tissues: spleen (carrier), colon, skin, lung, kid-
ney, liver, testis, tonsil, placenta. Tissues were prospectively collected and 
assembled in < 5 minutes/CBMTB. IHC revealed a unique staining pat-
tern for each antibody (e. g. . Fig. 1 | AG06.08, CK20; . Fig. 2 | AG06.08, 
AE1/3) Th e present CBMTB proved to be a suitable control for >80% of 
our 185 IHC protocols. 
Conclusion. CBMTBs are ideal on-slide controls making optimal use of the 
available space but retaining a small size with the carrier acting as scaff old-
ing for the inserted small tissue cores as well as a control tissue itself. Over-
all time and eff ort for block generation is less than using single convention-
al controls. Th e present CBMTB worked well as a control in >80% of our 
IHC protocols. Most importantly, instead of conventional single positive 
or negative control tissues, the present tissue combination generated dis-
tinct staining patterns for each antibody thus increasing signifi cantly the 
quality control of the IHC processes.

Conclusion. Th e implementation of the described application resulted in 
improved quality of data and a better cooperation between laboratory pro-
cedures and automated documentation. Consequently, funding agencies 
and project partners can be provided with detailed and real-time statistics 
for better feedback and up-to-date budget calculations.
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Immuno SERS Microscopy: Tissue-based Cancer Diagnostics with 
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Background. Immuno SERS microscopy (SERS: surface-enhanced Raman 
scattering) is a novel optical technique for tissue-based cancer diagnos-
tics using molecularly functionalized gold nanoparticles (SERS nanotags, 
. Fig. 1 | AG06.07a) conjugated to antibodies. Laser excitation of the SERS 
nanotags generates Raman emission bands, which are much more narrow 
than the emission profi les from fl uorescent dyes. Th erefore, the number 
of diff erent SERS labels/nanotags, which can be spectrally discriminat-
ed (multiplexing), is signifi cantly larger than in fl uorescence microsco-
py (. Fig. 1 | AG06.07b). Further advantages of SERS nanotags are high 
photostability (no photo bleaching), high signal brightness (single-parti-
cle level) and quantifi cation (linear signal response). Excellent image con-
trast (minimal autofl uorescence) is obtained by red to near-infrared laser 
excitation.
Methods. We aim at quantitative multi-color tissue imaging on the same 
FFPE tissue section for personalized medicine using established IHC pro-
tocols. Th is requires bright, stable and uniform SERS nanotags with diff er-
ent colors for reproducible staining results. SERS nanotags with 6 diff er-
ent colors were synthesized and employed in a quantitative 6-plex cuvette 
experiment [1].
Results. Th e high quality of iSERS microscopic images of breast and pros-
tate cancer biopsies, respectively, was demonstrated by using the cor-
responding SERS-labelled antibodies. Specifi cally, we showed the lo-
calization of HER2 in breast cancer biopsies using iSERS microscopy 
in conjunction with wide-fi eld fl uorescence microscopy [2]. Recent re-
sults from two-colour imaging on prostate biopsies for localizing targets 
such as p63 (. Fig. 1 | AG06.07c) and high molecular weight cytokeratins 
(CKHMW) are presented.

Fig. 1 | AG06.07 9
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Conclusion. In our study, we provide evidence that the output of cbTMAs 
is non-inferior to cTMAs while trimming is minimal, sectioning is similar 
to a solid tissue block, and distorted rows are not observed.

AG06.10
Convolutional neural networks for automated cancer stem cell 
grading

W. Aichinger1, S. Krappe2, A. E. Cetin3, R. Cetin-Atalay4, A. Uener5, M. Benz1, 
T. Wittenberg1, M. Stamminger2, C. Münzenmayer*1

1Fraunhofer Institute for Integrated Circuits IIS, Image Processing and 
Medical Engineering, Erlangen, Germany, 2Friedrich-Alexander-University 
Erlangen-Nuremberg, Computer Graphics Group, Erlangen, Germany, 
3Bilkent University, Department of Electrical and Electronics Engineering, 
Ankara, Turkey, 4Middle East Technical University, Cancer Systems Biology 
Laboratory, Ankara, Turkey, 5Hacettepe University, Cancer Institute, Ankara, 
Turkey

Background. Cancer stem cells (CSC) are known for their resistance to 
chemotherapeutic treatment and thus an important factor with regard to 
targeted treatment. Conventionally, CSC may be identifi ed using immuno-
histochemistry (IHC) with markers such as CD13, CD133 and others. Ma-
chine learning approaches and so-called “convolutional neural networks” 
(CNN) can be applied to automatically classify tissue structures according 
to their visual appearance. In this study, we correlate the grading deter-
mined by IHC with the automated classifi cation of structural changes in 
the H&E as an inexpensive prognostic tool. A full description of the tech-
nical method is described in [1].

AG06.09
Output of Carrier-based Tissue Microarrays as compared to 
classical Tissue Microarrays

J. Leichsenring1, D. Kazdal1, C. Zgorzelski1, R. Longuespée1, A. Harms1, 
K. Lisenko2, A. Stenzinger1, A. Warth1, M. Kriegsmann*1

1Institut of Pathology, Heidelberg, Germany, 2Innere Medizin V, Hämatologie 
und Onkologie, University of Heidelberg, Heidelberg, Germany

Background. To enhance the effi  ciency of TMAs, various improvements 
have been proposed including the use of large sized carrier tissues. Th ese 
carrier-based TMAs (cbTMAs) have been shown to be suitable for IHC 
analyses and lead to several advantages as compared to conventional 
TMAs (cTMAs) including sample handling and sectioning. However, to 
the best of our knowledge, it has not systematically been proven that the 
tissue output of cbTMAs is non-inferior to the tissue output of cTMAs.
Methods. In order to test whether cbTMAs had the same tissue yields as 
compared to cTMAs, we used digital pathology to measure i) the total 
number of cores evaluable, ii) the number of folded cores, and iii) the to-
tal core surface for 10 diff erent tissue types. For each tissue type, 10 pa-
tient blocks were selected for TMA construction. In total, 5 spleen-based 
TMAs and 5 cTMAs including a total of 100 tissue cores per block were 
created and 10 sections of each TMA, totalling 10.000 secionned tissue 
cores were analyzed.
Results. Th e total number of cores evaluable were 4890 (cbTMA) and 4887 
(cTMA) (P = 0.89). 4929 (cbTMA) and 4524 (cTMA) cores were at least 
partially folded (P < 0.05). Th e total core surface was smaller in cbTMAs 
as compared to cTMAs (P < 0.05).

Fig. 1 | AG06.08 9 CK20 
in CBMTB on-slide control

Fig. 2 | AG06.08 9 AE1/
AE3 in CBMTB on-slide 
control
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Methods. Th e method is realized in MATLAB with the free-available con-
volutional neuronal network toolbox MatConvNet (www.vlfeat.org/mat-
convnet/). 
Results. We fi nd that it is effi  cient to split up the detection process into 
the following steps: i) On the basis of manually segmented tiles a convo-
lutional network is trained to classify small tiles to “single cell”, “multiple/
overlapping cells”, “intercellular space” and “empty space”. ii) By applying 
a sliding window the input image is decomposed into many small tiles 
(compare . Fig. 1 | AG06.11a and . Fig. 1 | AG06.11b). iii) Subsequent-
ly, these tiles are classifi ed by the trained network, leading to a tile-wise 
probability value for every class. iv) Step iii is repeated several times with 
diff erent sliding windows of diff erent size; leading to many maps with tile-
wise probabilities. v) Th is would lead to more than one detection per cell. 
To overcome this, a second, fully-connected neural network is trained and 
applied to carve out single cells on the basis of the tile-wise probability 
maps. By doing so, the optimal tile-size (as surrogate for a bounding box) 
is also calculated.
Conclusion. Th e results of this work in progress will be compared to the 
results of “conventional” segmentation and detection approach and its ro-
bustness against image variations (e. g. illumination changes) will be the 
objective of ongoing investigation.

Symposium Digital Imaging in Pathology

AG06.13
Triple D pathology, a Dutch/Danish/Digital pathology project

M. Nap*
Nap Pathology Consultance bv, Numansdorp, Netherlands

Background. Digital pathology is getting more and more mature and ac-
cepted at all levels of diagnostic surgical pathology. However, in many 
applications highly specialized topics which need panel discussions are 
advocated. Common practice cases, representing the bulk volume of our 
daily workload are seldom the subject of digital interest. And yet this can 
be a very important area where digital pathology can have a contribution. 
In situations of lack of manpower it is oft en this bulk volume that initially 
suff ers most from prolonged turnaround time. Th is will also aff ect turna-
round of more complex cases. Increasing the staff  is oft en not the solution 
because 1: Th ere is no staff  available and 2: If available it will increase costs. 
We initiated the introduction of digital pathology to bring a solution for 
bulk diagnostics of straight forward neoplastic skin lesions. 
Aft er appropriate licensing, access to the reporting system of the RigsHos-
pitalet in Kopenhagen was realized for a Dutch pathologist. Diagnostic im-
ages were made available via a unique link between the reporting system 
and a separate image data collection. Reporting was done using standard 
text options in Danish that were already in use and familiar to the clini-
cians. In case of doubt, deeper cuts or other stains could be requested along 
the regular protocols. In case of higher level of diagnostic complexity a 
case was referred back, to be dealt with by a local expert. Time saved by 
bulk reduction also allowed local experts to pay more attention to complex 

Methods. To improve color separation and to highlight nuclei in digitized 
H&E images, color deconvolution (CD) implemented as a plugin for Im-
ageJ has been applied. For the classifi cation the so-called AlexNet, a specif-
ic CNN, has been adjusted to the problem of CSC classifi cation. Th erefore, 
the number of convolutional layers has been reduced to three convolution-
al and activation layers and an additional pooling layer. Th ereaft er, two ful-
ly connected layers with 4,096 neurons and a two-dimensional output layer 
follow. Th e network was set up applying the CNTK toolkit by Microsoft  on 
an Nvidia 950GTX graphics hardware. Data augmentation by mirroring 
and rotation of the original image tiles has been employed. 
34 cancer and 9 control samples of human liver (TMA) have been digi-
tized using a Leica Aperio CS2 scanner under 20x magnifi cation. Th e da-
taset consists of 454 H&E stained 300x300 pixel image tiles. Evaluation 
has been performed on a leaving-one-patient-out strategy. Th e CNN was 
trained in two setups, namely fi rst on the original RGB images and sec-
ondly aft er color deconvolution.
Results. Th e new method combining CD and CNN reaches a sensitivity 
of 0.99 with a specifi city of 0.86. Using only RGB data without any pre-
processing reaches a sensitivity of 0.94 and a specifi city of 0.90. In terms 
of overall accuracy CD achieves a slight advantage with 0.94 against orig-
inal RGB with 0.93.
Conclusion. Th is contribution shows some promising potential of machine 
learning to support grading of CSC by means of deep learning and CNN 
on digitized H&E samples. Color deconvolution provides small improve-
ments of the method. Nevertheless, the number of samples is still limit-
ed and it can be expected that CNN performance can be improved with a 
larger training database.
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Automatic detection of partially overlapping cells in the bone 
marrow by a neural network-based approach
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Background. Automatic detection of cells (or rather cell nuclei) is an im-
portant step for the analysis of the composition and spatial arrangement of 
cells in the bone marrow. In this context, partially overlapping cell nuclei 
are a challenge to image segmentation methods: Either they are detected 
as one nucleus (which would lead to an under-scoring of the cell number) 
or – on the other hand – non-overlapping but bizarre confi gured nuclei 
are detected as two (which would lead to an over-scoring). 
To address this and to be less prone to image and object variations, we im-
plement a convolutional-neural network based approach.

Fig. 1 | AG06.11 9 
a shows the input 
image with a red box 
representing the sliding 
window and b shows the 
resulting tiles. c shows the 
corresponding probability 
map (calculated by the 
network) for the presence 
of one single cell
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lish a visible quality management (QM) system in order to document and 
benchmark biomaterials which are intended to be used in research pro-
jects. Th e German Biobank Node (GBN) is the one-stop contact and ex-
change point for the German Biobank community. A work package in 
GBN aims to develop a detailed QM concept for liquid and tissue bio-
banks in Germany.
Methods. Th e project started with a workshop in July 2015 in Heidelberg. 
Th e project partners have met every 4 weeks alternatively in Berlin, Mu-
nich, Heidelberg, and Jena.
Results. A representative cross section of Standard Operating Procedures, 
SOPs, in German liquid and tissue biobanks was evaluated. Next, a pro-
cess matrix was generated. Th en, generic SOPs for both types of biobanks 
(liquid/tissue) were draft ed and harmonized. In the meantime, Techni-
cal Specifi cations (CEN/TS) for “Molecular in vitro diagnostic examina-
tions – Specifi cations for pre-examination processes for diff erent sample 
types” were published from the European Committee for Standardization 
(CEN). Th e draft ed generic SOPs for German biobanks were compared 
to the CEN/TS for identifying compliances and diff erences. Th e CEN/TS 
– although including biobanks in the scope – point more towards in vitro 
diagnostics. Th us, adaptations in the generic SOPs were needed in order 
to account for the special requirements of German biobanks.
Conclusion. By focusing on sample quality, our project generated SOPs 
covering all relevant steps for liquid and tissue biobanking in Germany, 
addressing acquisition, pre-analytical processing, archiving, and dissem-
ination of biomaterials. We expect that large established biobanks, small-
er biobanks, and beginner biobanks in Germany all will benefi t from this 
initiative. One of the aims of the recently established pan-European Bio-
banking and BioMolecular resources Research Infrastructure-European 
Research Infrastructure Consortium (BBMRI-ERIC), and more specifi -
cally its work plan on quality, is to provide guidance on how to improve 
quality management systems (QMS) for European biobanks. Th us, this 
GBN project fi ts nicely in the activities of BBMRI-ERIC for harmoniza-
tion of SOPs for European biobanks as GBN chairs two of the fi ve working 
groups of BBMRI-ERIC for QM.

AG06.17
Blind Biobanking of the Prostatectomy Specimen: Critical 
Evaluation of the Existing Techniques and Development of the 
New 4-Level Tissue Extraction Model with High Sampling Effi  cacy
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M. Abbas6, F. Imkamp6, A. Semjonow3
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Background. Fresh tissue is mandatory to perform high-quality translation 
studies. Several models for tissue extraction from prostatectomy speci-
mens without guidance by frozen sections are already introduced. How-
ever, little is known about the sampling effi  cacy of these models, which 
should provide representative tissue in adequate volumes, account for mul-
tifocality and heterogeneity of tumor, not violate the routine fi nal patho-
logical examination and perform quickly without frozen section-based 
histological control. Th e aim of the study was to evaluate the sampling ef-
fi cacy of the existing tissue extraction models without guidance by frozen 
sections (“blind”) and to develop an optimized model for tissue extraction.
Methods. 533 electronic maps of the tumor distribution in prostates from 
a single-center cohort of the patients subjected to radical prostatectomy 
were used for analysis. Six available models were evaluated in silico for 
their sampling effi  cacy. Additionally, a novel model achieving the best sam-
pling effi  cacy was developed.
Results. Th e available models showed high effi  cacies for sampling “any 
part” from the tumor (up to 100%), but were uniformly low in effi  cacy to 
sample all tumor foci from the specimens (with the best technique sam-
pling only 51.6% of the all tumor foci). Th e novel 4-level extraction model 

cases and improve general turnaround time. Extension of staff  capacity by 
virtual collaborators using virtual slides saves the costs of housing, equip-
ment and social security and gives both partners in the project more fl exi-
bility in realizing an economical and qualitative healthy diagnostic service 
in surgical pathology.

AG06.15
Deep Learning and no end? Opportunities and limits to digital 
image analysis

C. Münzenmayer*
Fraunhofer Institute for Integrated Circuits IIS, Image Processing and 
Medical Engineering, Erlangen, Germany

Background. At the end of the last century Deep Blue, the famous chess 
computer, defeated Gary Kasparow, the then current world chess champi-
on. Only one year ago, Google Deepmind’s AlphaGo managed to master 
the ancient Chinese game of Go, known for its utmost complexity. Today, 
machine learning is a topic in the mainstream media and we are waiting 
for computers to master the complexity of reading tissue sections. 
With powerful medical imaging devices such as computed tomography, 
magnetic resonance imaging or positron emission tomography scanners, 
clinical imaging in the fi eld of radiology is at the forefront of digital im-
aging in medicine. Fully integrated workfl ows implemented in clinical in-
formation systems are tightly connected to large-scale picture archives and 
diagnostic algorithms. Hence, the current situation of clinical pathology 
may be compared with the situation in radiology 30 years ago, when X-ray 
images had to be reviewed using light boxes, analog X-Ray fi lms had to be 
transported on foot and stored in large spatial archives. 
Modern slide scanners are one key technology for digital pathology. Large-
scale integrated solutions off er a capacity to scan and store hundreds of 
thousands of slides annually. Typical applications for image analysis in dig-
ital pathology are marker quantifi cation, biomarker research and workfl ow 
improvements. Th e classical approach to image analysis works as a seri-
al pipeline of processing steps from the segmentation of objects over the 
characterization by quantitative features to automated classifi cation. Re-
cently, the so-called deep learning approach has gained increasing inter-
est in the machine learning community. Th e number of publications about 
deep learning approaches for histopathology has more than tripled within 
the last fi ve years and many successful results have been reported so far. 
Th erefore, it cannot be denied that important developments have taken 
place in the fi eld of image analysis. From a technical point of view, these 
mainstream trends have already had high impact on the fi eld of digital pa-
thology and pave the way for future applications. Nevertheless, issues such 
as standardization, availability of ground truth and ethical issues have to 
be considered. 
Considering the fi eld of digital pathology, experts, industry and market 
studies agree that automation is one of the key drivers to adopt this tech-
nology and image analysis will most certainly play a major role in it.

AG Biobanking TMF

AG06.16
The Quality Management Concept of the German Biobank Node

K.-F. Becker*1, S. Schmitt2, J. Slotta-Huspenina1, E. Herpel2, B. Meinung3, 
M. Hummel4, W. Weichert1, P. Schirmacher2, M. Kiehntopf3

1Technical University Munich, Institute of Pathology, Munich, Germany, 
2University Hospital Heidelberg, Pathology, Heidelberg, Germany, 
3University Hospital Jena, Laboratory Medicine, Jena, Germany, 4Charité 
Medical University Berlin, Institute of Pathology, Berlin, Germany

Background. Intensive and systematic research on human biosamples is 
key for increasing our knowledge of disease and for designing novel av-
enues for diagnosis and therapy. Biobanks collecting and using human 
biosamples will play a major role in this regard. Biobanks should estab-
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AG06.19
Implementation of automised import of patient consent form for 
biobanking

H. Füllgraf*1, 2, 3, S. Haug1, 2, S. Kiefer1, S. Schmid2, Y. Wang2, D. Schneider2, 
M. Boeker2, 3, 4, R. Bredenkamp2, 3, 5, M. Werner1, 2, 3, P. Bronsert1, 2, 3

1Institute for Surgical Pathology, Medical Center – University of Freiburg, 
Faculty of Medicine, Freiburg, Germany, 2German Cancer Consortium 
(DKTK) and German Cancer Research Center (DKFZ), Heidelberg, Germany, 
3Comprehensive Cancer Center, Medical Center – University of Freiburg, 
Faculty of Medicine, Freiburg, Germany, 4Institute for Medical Biometry 
and Statistics University of Freiburg, Freiburg, Germany, 5Clinical Trails Unit, 
Medical Center – University of Freiburg, Freiburg, Germany

Background. Patients’ consent plays a pivotal role for national and interna-
tional research projects. Decentralized, heterogeneous consents are com-
mon scenery, most researchers are faced with.
Methods. Addressing this problem a concerted eff ort was taken in the 
medical center Freiburg to generate a corporate consent, which allows 
straightforward archiving, retrieval and processing of tissue specimens 
together with corresponding clinical data. Here we give insights into the 
workfl ows of the biobank of the medical center Freiburg for collecting 
consent forms from various departments at the University Medical Center 
Freiburg (UKF) and share problems and pitfalls with two consent forms 
(DKTK vs CCCF consent). To facilitate the access for physicians and re-
searchers (allocated at the UKF) to patients’ consent status, both (DKTK 
and CCCF) consent forms are allocated at the intranet platform of the In-
stitute for Surgical Pathology and the clinical information system (KIS).
Results. Aft er completing the consent, the data and consent form itself can 
be manually and/or automatically (scanned, automatic read-out and digi-
tized in one go) imported into a SQL based database. Before data import all 
consent forms are tested for complete- and correctness. Subsequent con-
sent status (approved/not approved/pending) is electronically distributed 
to the patient’s electronic health record of the KIS and can be retrieved by 
each participating biobank. For this purpose, a ß-site specifi c soft ware tool 
was generated. Additionally a soft ware solution representing the consent 
status integrated in the patient’s electronic health record is being fi nalized. 
Furthermore a Lightweight Directory Access Protocol (LDAP) based ac-
cess intranet interface for physicians was implemented for fast and simple 
access and (stack) queries.
Conclusion. In summary, by systematically obtaining written consent from 
patients across all departments of the Medical Center Freiburg we pro-
vide an essential pre-requisite for local and national translational research 
projects.

AG06.20
Linking of Pathology and biobank information system

S. Lohmann*1, N. Zerbe1, 2, S. Wienert3, T. Pollock3, K. Saeger3, D. Spiegel4, 
C. Stephan4, P. Hufnagl1, 2, 5

1Charité Medical University Berlin, Institute of Pathology, Dept. Digital 
Pathology, Berlin, Germany, 2Charité Medical University Berlin, Centralized 
Biomaterialbank (ZeBanC), Berlin, Germany, 3Palladium-med GmbH, Berlin, 
Germany, 4Kairos GmbH, Bochum, Germany, 5University of Applied Science, 
Department 4, Berlin, Germany

Background. Currently we see a rise of complex data analysis in medical re-
search. If those data have to be collected from diff erent clinical systems and 
institution-based data sources, questions regarding how to collect, merge 
and harmonize the necessary data have an increasing relevance. Initially, 
Charité’s central biobank (ZeBanC) started to collect these data and make 
it accessible to researchers. By now, a Health Data Platform (HDP) is be-
ing planned at the Charité, which continues with this task. Th e ZeBanC 
will receive data from the HDP, but will also generate and deliver sample 
associated data. Th e value of a sample is dependent on quality and quan-
tity of the data associated to it from other systems.
Methods. In the project “PoST” funded by the BMBF (FKZ 01IS15018), we 
created a general concept to connect information systems. Based on this, 

achieved a sampling effi  cacy of 93.1% for all tumor foci, and could be fl ex-
ibly modifi ed with regard to the clinical data and scientifi c needs.
Conclusion. Th e existing “blind” tissue extraction models from prostatec-
tomy specimens without frozen sections control are suitable to target tu-
mor tissues but these tissues do not represent the whole tumor. Th e novel 
4-level model provides the highest sampling effi  cacy and a promising po-
tential for integration into routine.

AG06.18
Biobanking Protocols for Bone Biopsies in the Era of Precision 
Medicine

V. Sailer*1, M. H. Schiff man2, K. S. Lee2, B. Pua2, B. Sullivan2, E. C. Merzier1, 
B. D. Robinson1, H. Beltran3, 4, C. Pauli5, J. Cyrta1, M. A. Rubin1, 4, J. M. Mosquera1

1Weill Medical College of Cornell University, Department of Pathology and 
Laboratory Medicine, Institut for Precision Medicine, New York, United 
States, 2Weill Cornell Medicine, Department of Radiology, New York, 
United States, 3Weill Cornell Medicine, Department of Medicine, Division of 
Hematology and Medical Oncology, New York, United States, 4Weill Cornell 
Medicine, Sandra and Edward Meyer Cancer Center, New York, United 
States, 5University Hospital Zurich, Institute of Surgical Pathology, Zurich, 
Switzerland

Background. Bone metastases are common in patients with advanced 
prostate cancer. Th ey can be targeted to obtain high quality tumor tissue 
for subsequent next generation sequencing (NGS). Detecting actionable 
alterations may result in a truly personalized therapy for these patients. 
Moreover, fresh tumor tissue can serve as a source for developing three-di-
mensional cell cultures (organoids) for predictive drug-screening. So far, 
no standardized protocols of bone biopsies for NGS in patients with meta-
static prostate cancer have been published. Here we present our experience 
in handling bone biopsies for Precision Medicine (PM) in these patients.
Methods. All patients were prospectively enrolled under a PM trial pro-
gram. Patients with prostate cancer and skeletal metastases underwent 
CT-guided bone biopsies in a single institution between February 2013 
and July 2016. Th e majority of samples were procured using the Arrow 
® On Control ® Powered Bone Marrow Biopsy System (Telefl ex, Morris-
ville, NC, USA), which also yields bloodclots. Bone biopsies were split in 
a compact part (for diagnostic purposes) and a marrow part (for NGS). 
Both bone marrow and blood clots were snap frozen in O. C.T compound 
(Tissue-Tek, Sakura Finetek USA inc., Torrance, CA, USA). Whole exome 
sequencing (WES) and RNAseq was performed from matched tumor/nor-
mal paired samples and organoid development was pursued.
Results. 65 bone biopsies and blood clots from 58 patients were collect-
ed. Enough DNA for WES was extracted from 46 of 65 samples (70.7%), 
including 24 blood clots and 22 bone marrows. WES was successful in 45 
(69.2%) of these samples, only one (1.5%) failed sequencing. Mean DNA 
concentration was 33.9 ng/μl (range: 0.53–164.40 ng/μl). 25 (33.8%) of all 
samples provided enough tumor tissue for additional RNAseq. In 26 (40%) 
cases, tumor was submitted for organoid development. On average, 99.5% 
(>170M) and 95.8% (>70M) of paired-end reads generated were mappa-
ble, confi rming the high quality of extracted DNA and RNA, respectively.
Conclusion. Bone metastases from primary prostate cancer can be a valua-
ble source for high quality DNA/RNA for NGS in Precision Medicine. Our 
protocol avoids formalin fi xation, decalcifi cation and also utilizes blood-
clots. It can easily be integrated in any biobanking workfl ow.
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vided. Establishment of integrated centers for comparative pathology may 
therefore contribute to cover the high demand on comparative morpho-
logical expertise in translational research in Germany.

AG06.22
Comparative experimental pathology (CeP) Munich – integrating 
pathology into translational research

K. Steiger*1, H.-Y. Yen1, 2, C. Mogler1, W. Weichert1

1Institute of Pathology, TU Munich, Munich, Germany, 2DKFZ, Heidelberg, 
Germany

Background. In translational research, large numbers of diff erent animal 
model systems are being used for the investigation of progression, diag-
nosis and therapy of human diseases. Due to a lack of research patholo-
gists, tissues of these animals are only rarely reviewed by a pathologist, 
who also, in the majority of projects, is only scarcely integrated in the pro-
ject progress. In 2016, two dedicated comparative pathology units have 
been funded in Germany (CeP, Munich and CMCP, Heidelberg, see also 
abstract of Poth et al.) with the common aim of embedding human and 
veterinary pathology into the translational research environment being of 
mutual benefi t for both professions and providing also dedicated training 
in comparative pathology to overcome the lack of comparative patholo-
gists in Germany.
Methods. We here report on the development of the Comparative Exper-
imental Pathology Unit (CeP) funded at the Technical University Munich 
in April 2016. In our approach, the project partners can decide, if they need 
technical (i. e. embedding, slide processing, (immuno-)histochemistry, 
slide scanning) and/or scientifi c support (i. e. mouse, necropsy, exclusion 
of background lesions, lesion classifi cation or grading, morphomolecular 
relationships, interpretation and documentation). Our close collaboration 
with the tissue bank of the Klinikum rechts der Isar and TUM also enables 
us to provide human tissue or extraction based validation of the results ob-
tained in the experimental setting by the same pathologists.
Results. Between April 1st and Dec 31st 2016 we processed 283 projects 
with murine (n = 4250), rat (n = 150), canine (n = 28), porcine (n = 15), fe-
line (n = 12) and ovine (n = 10) animals and/or tissues. Th e majority of 
projects requested technical as well as scientifi c support (71%, n = 201), 
some projects only needed technical (27%, n = 77) or scientifi c (2%, n = 5) 
support. Validation on human tissues has been additionally provided in 
40 projects (14% of all projects).
Conclusion. Th e lack of comparative pathologists can be overcome by 
funding “comparative pathology competence centres” integrating hu-
man and veterinary pathologists. Th ese centers are, as also shown by our 
colleagues in Heidelberg (Poth et al.), highly needed and welcome in the 
translationsal research environment and extensively contribute to improv-
ing the quality of tissue-based research in animal model systems.

AG06.23
Interdisciplinary alliance using the example of a diabetes-
oriented biobank

N. Volk*1, J. Kroll2, M. Wieland3, S. Schmitt4, M. Hakimi5, B. Hadaschik6, 
S. Kopf7, P. P. Nawroth7, E. Herpel1, 4

1University Hospital Heidelberg, Institute of Pathology, Heidelberg, 
Germany, 2Heidelberg University, Department of Vascular Biology and 
Tumor Angiogenesis, Medical Faculty Mannheim, Mannheim, Germany, 
3German Cancer Research Center, German Consortium for Translational 
Cancer Research, Heidelberg, Germany, 4National Center for Tumor 
Diseases (NCT), NCT Tissue Bank, Heidelberg, Germany, 5University Hospital 
Heidelberg, Department of Vascular and Endovascular Surgery, Heidelberg, 
Germany, 6University Hospital Heidelberg, Department of Urology, 
Heidelberg, Germany, 7University Hospital Heidelberg, Department of 
Endocrinology, Metatbolism and Clinical Chemistry, Heidelberg, Germany

Background. Many institutions and specifi ed skills are required for a di-
abetes-oriented biobank. As surgical interventions are primarily not de-

a specifi c implementation of this concept was developed to connect the 
AP-LIS (NEXUS/PATHOLOGIE) with CentraXX, a biobank information 
and management system (BIMS) developed by Kairos. Th e database of the 
molecular pathology and the administration data of the virtual slides were 
included as further data sources.
Results. A prototypic solution was developed and tested. HL7 messages, 
which are sent and received by the HIS, trigger the data transfer. Our solu-
tion combines data from the HL7 message, AP-LIS and additional data 
sources and validates them by rules based on ontologies within the solu-
tion. Th is includes non-contradiction, term validity and compliance with 
standards such as TNM. Positive validated data records are transferred 
via REST to the CentraXX fi nally. Negative validated records are rejected. 
Th us, data sets from the AP-LIS can be transferred to the BIMS and linked 
to present data. For some of the real datasets a manual revision was neces-
sary because of the lack of consistency or incomplete data.
Conclusion. Our solution makes it possible to combine data from diff erent 
systems with high quality. Th us, previously distributed data is now avail-
able to a wider research community. Th e connection of the AP-LIS is the 
fi rst step in the “PoST” project. An ontology for a systematic description 
of sample and data quality is developed for a further validation of these 
data. Th e data are subsequently made available in a Research Data Repos-
itory (RDR), which can collect data from multiple centers, with respect to 
information privacy guidelines. Th ese centers can be integrated via Plug 
& Play and are subject to a corresponding quality control.

AG06.21
Center for Model System and Comparative Pathology – 
establishment of a new core facility linking human and veterinary 
pathology expertise

T. Poth*, P. Schirmacher, F. Lasitschka
Institute of Pathology, University Hospital, Heidelberg, Germany

Background. From 2013 until 2016, the Institute of Pathology of the Uni-
versity Heidelberg was part of the Helmholtz Allianz Preclinical Compre-
hensive Cancer Center (PCCC). Responding to the great demand of ex-
pertise in pathology of animal models, the Center of Model System and 
Comparative Pathology (CMCP) was established as a core facility in No-
vember 2016. As the CeP in Munich, the CMCP serves as an interdiscipli-
nary platform to interpret complex animal models in the context of human 
pathology using the joint expertise in human and veterinary pathology 
(see also K. Steiger et al.). We present our experience in establishing a plat-
form for Comparative Pathology and give a survey of the animal studies 
we have examined in the last 4 years.
Methods. Until December 2016, 105 animal projects were performed and 
included studies in cooperation also with partners of the University hos-
pital and the DKFZ and in-house studies. Th e studies involved mice (97%) 
and pigs (3%) that were used as models of malignant tumors (tumor xeno-
graft s, chemical carcinogenesis, metastasis and targeted mutagenesis) and 
various non-neoplastic diseases (infl ammation, infectious and metabolic 
diseases). Th e specimens were examined using standard and specialized 
tissue-based technologies.
Results. Most of the animal projects had oncological (73%) and infl am-
matory (14%) subjects. Further fi elds of research were metabolic and de-
generative diseases, proliferative and regenerative processes, and imple-
mentation of new surgical methods. For the cancer projects, specimens 
predominantly of the liver, pancreas, gastrointestinal tract, brain, and 
mamma were investigated regarding diagnostic, prognostic and thera-
peutic questions. Th e studies focused on infl ammation researched mech-
anisms of systemic autoimmune diseases, infl ammatory bowel disease, and 
bacterial infl ammation of the skin.
Conclusion. Centers for comparative pathology, as the CMCP and the CeP, 
combine histotechnical, histoanalytical and pathological expertise in hu-
man and veterinary pathology. Based on the expertise in interpretation 
of innovative animal models of human diseases considering background 
lesions, interdisciplinary classifi cation and phenotype/genotype correla-
tions, preconditions for a high-quality and sustainable research are pro-
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mal-recessive lamellar ichthyoses (TGM1-defi cient type with cholesterol 
cleft s within horny lamellae; “EM type III” with granular layer vesicle com-
plexes and membranes, mostly NIPAL4 mutations; ichthyosis prematuri-
ty syndrome with trilamellar deposits in granular layer and horny cells, 
FATP4 mutations; Harlekin ichthyosis with lamellar body defect, ABCA12 
mutations; PNPLA1 lamellar ichthyosis with cleft s in horny cells and cor-
responding membraneous material deposits in granular cells); epider-
molytic ichthyosis, autosomal dominant and recessive (suprabasal kera-
tin fi lament aggregations and clumping; mutations in K1/10), and “new” 
candidate genes for ichthyoses are still being identifi ed. Dependent on the 
respective developmental processes some of these markers are already 
present in fetal epidermis.
Conclusion. However, there are many unsolved questions regarding nor-
mal and pathological skin barrier function and the pathogenesis resulting 
in the clinical/morphological phenotypes and the course of the diseases. 
Further progress in understanding the associated pathways will allow to 
establish new therapeutic options. A recent promising approach has been 
the successful transglutaminase 1- replacement therapy in a disease model.

AG07.03
Enteric nervous system: Pathology and Diagnostics

S. Jabari*1, C. Geppert2, A. Hartmann2, A. Brehmer3

1Institute of Anatomy Chair I/Pathology, Erlangen, Germany, 2University 
Hospital Erlangen, Department of Pathology, Erlangen, Germany, 3Institute 
of Anatomy Chair I, Erlangen, Germany

Background. Gastrointestinal neuromuscular diseases are a clinically het-
erogeneous group of disorders in children and adults. Standards for his-
topathological diagnosis consider only incompletely recent results of re-
search in enteric neuroscience. Signifi cant diff erences in methodologies 
and expertise continue to confound the reliable delineation of normality 
and specifi city of particular pathological changes for disease. Such issues 
require urgent clarifi cation to standardize acquisition and handling of tis-
sue specimens, interpretation of fi ndings and make informed decisions 
on risk-benefi t of full-thickness tissue biopsy of bowel or other diagnostic 
procedures. We therefore propose a methodological approach fi rst tested 
at chagasic megacolonic specimens for the evaluation of the enteric nerv-
ous system components.
Methods. In wholemount and section specimens, we used general and 
specifi c immunohistochemical markers.For demonstrating the total en-
teric neuron population, the human neuronal protein Hu C/D is well es-
tablished. As pan-axonal marker, we applied synaptophysin (SYN) which 
is specifi c for synaptic vesicles. Furthermore, specifi c neuronal markers are 
established (CALR, cChAT, nNOS, SOM, VIP). Interstitial cells of Cajal 
(ICCs) were visualized by immunolabelling of the c-kit receptor, which is 
located in both ICCs and mast cells but not in enteric neurons.
Results. In chronic Chagas’ disease, we found signs of a massive loss of my-
enteric neurons, we found ganglia containing very few or even no neurons. 
Th is neuron loss is partial and selective, i. e. some myenteric neurons con-
taining neuronal nitric oxide synthase and/or vasoactive intestinal peptide 
(VIP) were spared from neuron death. In contrast, the submucosal plexus 
displayed only a moderate neuron loss. Neurons co-immunoreactive for 
VIP and calretinin survived disproportionately. Due to its neuroprotective 
and neuroeff ectory functions, VIP may play a key role in the development 
and duration of chagasic megacolon.
Conclusion. Histopathological diagnostics on specimens obtained from 
suction or from full thickens gut wall biopsies would benefi t from the ad-
ditional use of wholemount preparation and an improved immunhisto-
chemical staining procedure. Future attempts will include computer as-
sisted digital slide evaluation in terms of machine learning as well as real 
time in vivo imaging. Th is would improve the safety and speed of neuro-
gastrointestinal diagnostics.

manded to treat diabetes, patients have operations rarely and mostly due 
to other medical conditions. Consequently, biomaterial is limited. Moreo-
ver, diabetes aff ects diverse organs which are provided by diff erent surgical 
wards including urology and vascular surgery. However, the expertise on 
diabetes and the diabetic patients are located at the department of endo-
crinology. As such interdisciplinary collaborations are required to preserve 
biomaterial of diabetic and control patients along with relevant clinical pa-
rameters and information on existing comorbidities.
Methods. Th e biobank of the Collaborative Research Center (CRC) 1118 
is located at the Institute of Pathology in Heidelberg. Th e interdiscipli-
nary alliance of this biobank involves surgeons who provide the biomate-
rial from diff erent partners within the University Hospital Heidelberg. At 
pathology the solid material is conserved according to accredited stand-
ard operation procedures. All material undergoes pathological-anatomical 
evaluation and can be processed using the platform technologies including 
TMA construction, IHC and virtual microscopy. Endocrinologists assem-
ble the liquid biobank and quantify diabetes-relevant information such as 
nerve velocity measurements and kidney sonography. All the information 
collected within this process is gathered in a laboratory information man-
agement system customized to the need of the CRC 1118 biobank by IT 
specialists. Upon request, project-specifi c patient cohorts are assembled 
for translational research.
Results. Th e interdisciplinary cooperation of the CRC 1118 biobank results 
in high-quality preservation of specimens from diabetic and control pa-
tients and guarantees a purposeful assembly of patient cohorts. With this 
material it has been shown that results obtained in the zebrafi sh under 
hyperglycemic conditions can be translated back to diabetic patients and 
thus ELMO1, a guanine exchange factor, has been detected as a potential 
drug target for nephropathy.
Conclusion. Th e diabetes-oriented biobank demonstrates that interdisci-
plinary cooperation is essential for the conservation of biomaterial along 
with disease-specifi c clinical parameters. As a consequence of this alliance 
the biobank is able to provide research with patient material and clinical 
data needed to investigate innovative drug targets for the development of 
diabetic complications.

AG Pediatric and Fetal Pathology 

AG07.02
Diagnosis and pathogenesis of rare keratinization disorders – 
morphological markers correlated with molecular data

I. Hausser*1, V. Oji2, H. Traupe2, J. Fischer3

1Institut of Pathology, University Hospital, EM-Lab, Heidelberg, Germany, 
2University Hospital Münster, Department of Dermatology, Münster, 
Germany, 3University Medical Center Freiburg, Institute of Human Genetics, 
Freiburg, Germany

Background. Heritable keratinization disorders present pronounced clini-
cal and genetic heterogeneity and can be further diff erentiated by morpho-
logical subcellular features. Several of these ultrastructural markers are so 
characteristic and specifi c that distinct nosological entities can be defi ned 
or excluded, respectively. Th e peculiar features may serve (and did already 
serve in several conditions) as a clue to the elucidation of the underlying 
molecular genetic defect and of mechanisms of normal and disturbed ter-
minal diff erentiation or keratinisation, respectively.
Methods. Especially in newborns and infants early diagnosis is impor-
tant for therapeutic and prognostic issues as well as genetic counselling of 
respective families. In most cases, especially in autosomal recessive con-
genital ichthyosis (ARCI), light microscopy is not specifi c enough. Th ere-
fore electron microscopic investigation off ers valuable information and 
“preclassifi cation” (preceding molecular studies) about the condition in 
a timely manner.
Results. Examples are autosomal dominant ichthyosis vulgaris (with lack 
of granular layer/“crumbly” keratohyalin, FLG mutations); some autoso-
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tested. Each group (HTK or Del Nido) consisted of three piglets. All pig-
lets were premedicated, intubated and thoracotomized. Aft erwards hearts 
were perfused with one of the two solutions, harvested and incubated at 
25°C for 3 hours, while left  ventricular specimen for electronmicroscopi-
cal investigations were taken at 0, 60, 120 and 180 min.
Results. Aft er 180 min electronmicroscopy displayed signifi cant altera-
tions: specimen from heart treated with HTK showed mild tissue damage 
in form of edema and cristolysis, while Del Nido protected hearts displayed 
in addition to edema and cristolysis disruption of ventricular muscle fi bres
Conclusion. Our experimental results demonstrate superior tissue protec-
tion by HTK being an important aspect for its usage in long lasting congen-
ital heart operations. Furthermore it can be concluded that intraischemic 
morphological protection of neonatal hearts is impressively infl uenced by 
the cardioplegic solution applied.

AG07.06
A histological validation of a murine model for human 
neuroblastoma

C. Castellani1, G. Singer1, G. Höfl er2, H. Till1, B. Gürtl-Lackner*2, 3

1Medical University of Graz, Department of Paediatric and Adolescent 
Surgery, Graz, Austria, 2Medical University of Graz, Institute of Pathology, 
Graz, Austria, 3Department of Pathology, Skåne University and Regional 
Laboratories, Lund University Hospital, Lund, Sweden

Background. Prognosis and therapeutic eff ects of the treatment of pediat-
ric solid tumor not only depend on local eff ects but also on the reciprocal 
systemic eff ects between tumor and the host. To facilitate the investigation 
of systemic eff ects of the tumor itself as well as a possible impact of therapy 
we have established a mouse model of neuroblastoma.
Methods. A human neuroblastoma cell line (MHH-NB11) was subper-
itoneally implanted in athymic nude mice (Hsd:Fox1nu). Tumors were 
harvested ten weeks aft er implantation. Samples of the tumors and of all 
organs were formalin-fi xed and paraffi  n-embedded and further morpho-
logically analysed. Sham animals received the same volume of sterile cul-
ture medium.
Results. Samples of all main organs including liver, lungs, kidneys, brain 
and spleen were investigated for morphological changes and/or tumor im-
plants. In the sham group samples were harvested from six animals. In 
one animal minimal reactive changes were noted in the liver and in one 
animal in the kidneys. Th e tumors and organ samples of 5 animals were 
investigated. None of the tumors showed signs of necrosis and in all the 
tumors a morphology resembling human neuroblastoma was identifi ed. 
Additional immunohistochemical investigations revealed a typical stain-
ing pattern for neuroblastoma with positivity in neuronspecifi c enolase 
(NSE), chromogranin and synaptophysin. In some animals metastases to 
other organs were detected.
Conclusion. In our mouse model for neuroblastoma tumor morphology is 
in keeping with the human counterpart. We have therefore established a 
tumor model in which the systemic eff ects of neuroblastoma can be stud-
ied.

AG07.07
On the prevalence of neurogenic appendicopathy in pediatric 
patients – a single center study

A. M. Müller*1, A. Ziegelmeier2

1University Clinic Bonn, Center of Pediatric Pathology and Pathology, MVZ, 
Bonn, Bonn, Germany, 2MVZ University Clinic, Center of Pediatric Pathology 
and Pathology, Bonn, Germany

Background. Neurogenic appendicopathy (NA) is characterised by pro-
liferation of nerve fi bers in the appendix. Due to an increase of neuro-
peptides like vasoactive intestinal peptide and substance P it can mimic 
clinical symptoms of an acute appendicitis and induce an appendectomie. 
According to literature the incidence of NA varies from 0,4% up to 26%.

AG07.04
Enteric nervous system: Structure and Function

S. Jabari*1, C. Geppert2, A. Hartmann2, A. Brehmer3

1Institute of Anatomy Chair I/Pathology, Erlangen, Germany, 2University 
Hospital Erlangen, Department of Pathology, Erlangen, Germany, 3Institute 
of Anatomy Chair I, Erlangen, Germany

Background. Th e immunohistochemical demonstration of neuronal sub-
stances within eurons has been one of the key methods for identifying dif-
ferent enteric neuron types. As panneuronal marker, the human neuronal 
protein Hu C/D (HU) is established in enteric neuroscience. Most my-
enteric neurons contain one of the two generating enzymes for major excit-
atory and inhibitory neurotransmitters: choline acetyltransferase (ChAT) 
or neuronal nitric oxide synthase (NOSIn the histopathological diagno-
sis of human intestinal neuropathies, calretinin (CALR) is oft en used as 
an immunohistochemical marker for enteric neurons. Another important 
player infl uencing motility of the intestine are the interstitial cells of Cajal 
(ICCs) which are considered as pacemakers of smooth muscle contraction 
mediating the input of neurons to the muscularis propria.
Methods. Antibodies against HU, ChAT, NOS, CALR, VIP and others 
were used in multiple-labelling studies for characterizing enteric neuronal 
subpopulations. Interstitial cells of Cajal (ICCs) have been evaluated by 
immunolabelling of the c-kit receptor, which is located in both ICCs and 
mast cells but not in enteric neurons
Results. In large intestinal, myenteric wholemounts we counted fewer 
ChAT+ than NOS+ neurons (38% vs. 50%). CALR amounted to 10%, 
respectively, whereas VIP to 4% of the whole neuron population, respec-
tively. Colocalization of both markers was found in only 3% of myenteric 
neurons, respectively. In colonic submucosa, CALR and VIP were almost 
completely colocalized and accounted for about three-quarters of all sub-
mucosal neurons. In section specimens, nerve fi bers coreactive for CALR 
and VIP were found in the mucosa but not in the muscle coat.
Conclusion. Neither the presence nor the absence of ChAT- or NOS-im-
munoreactivity in human myenteric neurons is indicative for particular 
neuron types, the various combination of qualitative and quantitative pa-
rameters showed a wide range of variability. 
CALR was found in one submucosal and at least two myenteric neuron 
populations. Submucosal CALR+/VIP+/ChAT± neurons innervate mu-
cosal structures. VIP reactivity is indicative for CALR positivity in colonic 
submucosal neurons. In contrast, CALR immunoreactivity in the myenter-
ic plexus was observed in morphological type II (supposed primary aff er-
ent) and spiny type I (supposed inter- or motor-) neurons. Th us, CALR is 
not suited as pan-neuronal marker for the evaluation of the whole enteric 
neuron population. Instead, HU should be considered for this purpose.

AG07.05
Mode of Protection Infl uences Morphology of Neonatal Hearts 
during Ischemia

C. J. Preuße*1, A. Delis2, S. Irsen3, A. Müller4

1University Bonn, Cardiac Surgery, Bonn, Germany, 2University Bonn, Bonn, 
Germany, 3Center of Advanced European Studies and Research Bonn, Bonn, 
Germany, 4University Hospital Cologne/Bonn, Institute of Pathology, Bonn, 
Germany

Background. In contrast to liver and kidney protection for which clear pa-
rameters for quality evaluation exist, myocardial protection at open heart 
procedures or transplantation, respectively, is lacking of appropriate pa-
rameters. 
A specifi c challenge is related to ischemic neonatal hearts, since inter-
mittent reperfusions with organ protective solutions are harmful to this 
specifi c parenchym. For intraoperative myocardial protection of neonates 
two diff erent solutions are cuurently used: HTK and Del Nido solutions. 
HTK is favoured in European pediatric cardiac surgery, while Del Nido is 
widely used in the USA.
Methods. In an experimental series with neonatal piglet hearts (4 days old) 
the protective eff ects of both solutions on the myocardial parenchym were 
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at the Institute of Pathology, University Hospital Charite Berlin were ret-
rospectively reviewed by two histopathologists (H&E-stained sections). 
P57 antibody staining was performed to evaluate the expression/repres-
sion of p57kip2 in chorion epithelium of villi. Th e study is not complet-
ed yet, further 15 cases will be reviewed, in all cases assessment of ploid-
ity will be performed using fl ow cytometry and SISH of chromosome 17.
Results. Patients’ ages ranged from 13 to 44 years (mean 25.5 years). Ges-
tational ages ranged from 5 to 12 weeks. H&E morphology presented a 
broad variability of morphologic features with absent, moderate or dis-
tinct parameter values. Due to histomorphological features, 24 of 30 cases 
were assessed as ECM, 2 cases as partial moles and in 4 cases the morpho-
logic features were inconclusive. Th ere was one case of twin pregnancy 
with ECM and nonmolar conceptus. In 6 cases capillaries and in 3 cases 
among these red blood cells could be identifi ed. Th e absence of the cho-
rionic plate was a common feature in all cases histomorphologically as-
sessed as ECM. In 1/3 of the cases an exaggerated placental side reaction 
was present. IH fi ndings revealed negative or week immunoreactivity for 
p57 in villous stroma and cytotrophoblast nuclei in 25 cases, in 5 cases the 
staining was inconclusive.
Conclusion. Th e clear defi nition of specifi c histomorphological features 
of ECM can contribute to more diagnostic confi dence and guide the his-
topathologist to a correct diagnosis. Nevertheless, in some cases ancillary 
techniques may be useful to facilitate the fi nal diagnosis.

AG07.10
Correlation of Prenatal Diagnosis and Pathology fi ndings 
following medical termination of pregnancy for fetal anomalies 
in a large cohort

C. Boecking, MD*1, 2, A. M. Müller1

1Center of Pediatric Pathology and Pathology, MVZ Venusberg, University 
Clinic Bonn, Pathology, Bonn, Germany, 2University of California, San 
Francisco, Pathology, San Francisco, United States

Background. Despite a recent decline in abortions performed overall, the 
number of medically indicated abruptio graviditatis has increased by 20% 
in the last decade (per the German federal offi  ce for statistics). Th e rele-
vance of fetopsies following medical or surgical termination of pregnan-
cy prompted by prenatal identifi cation of congenital anomalies has been 
validated by various studies, of which the majority is outdated, reviewed 
small series or limited correlation to main diagnoses. In this study, we 
correlate ultrasound fi ndings with fetopsy results aft er induction of labor 
in a large cohort.
Methods. Clinico-pathological correlation of 489 consecutive fetal speci-
mens was performed. Termination of pregnancy by induction was based 
on abnormal prenatal ultrasound examination, 145 fetuses also showed a 
chromosomal aberration. Cases representing causes of abruption were cat-
egorized into 1 of 10 groups (central nervous system [CNS], cardiac, body 
cavity, genitourinary, musculoskeletal, miscellaneous, multiple anomalies, 
cervical insuffi  ciencies and intrauterine fetal demise).
Results. Induction termination was based on 60 CNS, 25 cardiac, 4 body 
wall, 25 genitourinary, 29 musculoskeletal, 23 miscellaneous anomalies, 
94 cases with multiple abnormalities, 143 chromosomal aberration cas-
es, 67 intrauterine fetal demises, and 19 cervical insuffi  ciencies. In 97% of 
the 489 cases at least one abnormality was identifi ed on pathology exam, 
with at least one ultrasound diagnosis confi rmed in 96%. Major anomalies 
were confi rmed by fetopsy in 70%, with the highest correlation rate of 84% 
among genitourinary anomaly cases. Pathology examination supplement-
ed prenatal diagnosis in 65% and altered it in 70%. In this dataset, taking 
medications (teratogen category class C or higher) was associated with an 
increased risk of pathologic anomalies but was not statistically signifi cant 
(OR = 1.3, 95% CI 0.9, 1.8). Factors statistically associated with a decrease 
in number of pathologic anomalies included female gender (OR = 0.6, 95% 
CI 0.4–0.9) and gestational age (OR = 0.95, 95% CI 0.9–0.9).
Conclusion. As fetal autopsies on intact specimens refi ned, supplement-
ed or even corrected ultrasound diagnosis, autopsy can still function as a 
quality assurance tool. Furthermore, examination of fetal specimens con-

Methods. Aft er institutional review board approval, all pediatric appen-
dix specimens over a 12 month period were retrospectively analysed con-
cerning gender (69 boys, 55 girls), age (two days up to 18 years, median: 
10 years, 9 months), and histopathological characteristics of NA. For the 
diagnosis of NA hematoxylin-eosin stainings were reviewed and S-100-, 
MAP 2- and Glut 1-stainings performed. While evaluating, special atten-
tion was paid to the appendical apex.
Results. Of the 134 appendix specimens examined, 46 (34%) displayed a 
chronic appendicitis, 22 (16%) an erosive appendicitis, 49 (37%) an ulcer-
ating appendicitis and 9 (7%) a perforated appendicitis. 8 (6%) appendices 
showed no pathology at all. None met the histopathological resp. immu-
ohistochemical criterias of NA.
Conclusion. In contrast to the published studies in our pediatric cohort 
no NA could be diagnosed. Considering this result one has to take into 
consideration that most of the published studies included patients of all 
age groups while our cohort consisted of pediatric patients. It has to be 
discussed that during childhood the number of recurrent attacks of ap-
pendicitis leading to cicatrisation and NA is lower than in adult patients.

AG07.08
Changes in lipid metabolism in diabetic pregnancies

K. Koller1, E. Nusshold1, D. Kratky2, G. Höfl er1, B. Gürtl-Lackner*1, 3

1Medical University of Graz, Institute of Pathology, Graz, Austria, 2Medical 
University of Graz, Institute of Molecular Biology and Biochemistry, 
Graz, Austria, 3Department of Pathology, Skåne University and Regional 
Laboratories, Lund University Hospital, Lund, Sweden

Background. Diabetic pregnancies are still associated with a worse prog-
nosis, increased risk of perinatal complications and intrauterine fetal death 
compared to normal pregnancies despite strict glucose control pointing 
to disturbances of the lipid metabolism as the culprit. We therefore estab-
lished a mouse model of diabetes during pregnancy to investigate the role 
of lipid metabolism in the placenta during pregnancy.
Methods. Wild type and hormone-sensitive lipase (HSL) defi cient mice 
were injected with one dose of streptozotocin and blood glucose levels 
were monitored for successful induction of diabetes. Diabetic mice were 
mated and placentas were removed aft er 18–20 days. Morphological, bi-
ochemical and genetic investigations especially focusing on the lipid me-
tabolism were carried out.
Results. To study diff erences in gene expression we performed a gene ar-
ray analysis which indicated the deregulation of numerous genes, includ-
ing genes involved in lipid metabolism and in normal placental develop-
ment. So far 2 genes, lipoprotein lipase and granzyme E were confi rmed to 
show an increased expression in diabetic animals with knock-out of HSL.
Conclusion. In our mouse model we were able to identify not only mor-
phological changes but also gene expression changes indicative of altered 
lipid metabolism. Further investigations are needed to link specifi c sig-
naling pathways with altered metabolism in diabetes during pregnancy.

AG07.09
Histomorphologic Criteria of Early Complete Mole Diagnosis

S. Boral1, K. Hauptmann1, M. Vogel2, S. Boral*1

1Charité Medical University Berlin, Institute of Pathology, Berlin, Germany, 
2Emeritus, Leipzig, Germany

Background. Th e presentation of hydropic villi in the fi rst trimester con-
ception products is a recurring diagnostic problem for histopathologists 
since in earlier gestations the so far recognized histomorphological crite-
ria may not be fully developed. Yet the distinction between early complete 
hydatidiform mole (ECM), partial hydatidiform mole (PM) and simple 
hydropic abortion (HA) is crucial to determine the appropriate treatment 
of patients.
Methods. So far, a total of 30 cases of conception products evacuated (abor-
tions or elective terminations) before the 13th gestational week and diag-
nosed as ECM or equivocal cases with regard to ECM between 2009–2015 
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TSC2 may stimulate proliferation or tumorigenesis. In 50–60% of hepato-
cellular carcinoma (HCC) of adults mTOR activation or a TSC2 defect is 
found. In contrast, in tuberous sclerosis hepatic manifestations are mainly 
angiomyolipoma and cysts mostly without severe clinical symptoms. We 
present the very unusual case of an infant with tuberous sclerosis, TSC2 
gene mutation, and severe hepatic failure requiring liver transplantation. 
Th e liver explant surprisingly evidenced multifocal HCC, which is ex-
tremely rare in infancy. Diff erences of the TSC2 defect may infl uence the 
type of subsequent hepatic alteration.
Methods. Standard techniques for histological, immunohistochemical and 
genetical DNA sequence analysis.
Case report. In a male 5-days-old infant tuberous sclerosis was diagnosed 
on the base of typical cutaneous focal hypomelanosis, cardiac rhabdomy-
omas, cerebral hamartomas, and cystic kidney alterations. Aft er 4 months 
progressive hepatic failure with cholestasis and severe coagulopathy re-
quired liver transplantation. 
Histology. Th e entire liver contained numerous small nodules composed of 
trabecular hepatocellular formations with in part high degree of structur-
al irregularity, hepatocellular atypia, increased proliferative acitivity, and 
immunohistochemical positivity for alphafetoprotein and glypican-3. Be-
tween the nodules was residual non-neoplastic liver tissue with chronic 
cholestasis and portal fi brosis. 
Diagnosis. Multiple dysplastic nodules with multifocal transition to mi-
cronodular hepatocellular carcinoma. No evidence for angiomyolipoma. 
No clinical or morphological evidence for metastases. No immunohisto-
chemical evidence for PFIC. 
Genetic analysis. (Exom sequencing of lymphocyte DNA): Heterozygot-
ic mutation in TSC2 gene (c.[1840–2AC]). Th e identifi ed TSC2 mutation 
has not yet been reported in the literature or databases. 
No evidence for a mutation in TP53, CTNB1 (beta-catenin) or mismatch 
repair genes.
Conclusion. Th e presented case documents a very rare coincidence of tu-
berous sclerosis with HCC already in early infancy. Th is coincidence may-
be explained by the detected special subtype of TSC2 mutation (not report-
ed before). Further investigations on immunohistochemistry of TSC1 and 
TSC2 and into the TSC2 status of the tumor itself are in progress.

AG Orthopedic and soft tissue pathology I

AG08.01
A crucial FAKtor: focal adhesion kinase (FAK) as a regulator of cell 
adhesion and migration in Ewing sarcoma

K. Steinestel*1, 2, E.-P. Jansen1, U. Dirksen3, M. Trautmann1, J. Rehkämper1, 
J.-H. Mikesch4, T. G. P. Grünewald5, E. Wardelmann1, W. Hartmann1

1University Hospital Münster, Gerhard Domagk Institute of Pathology, 
Münster, Germany, 2Bundeswehrkrankenhaus Ulm, Institute of Pathology 
and Molecular Pathology, Ulm, Germany, 3University Hospital Münster, 
Pediatric Hematology and Oncology, Münster, Germany, 4University 
Hospital Münster, Clinic of Internal Medicine A, Münster, Germany, 5Ludwig 
Maximilian University of Munich, Max-Eder Junior Research Group for 
Pediatric Sarcoma Biology, Institute for Pathology, Munich, Germany

Background. Ewing sarcoma (ES), an aggressive bone tumor of childhood 
and adolescence, is characterized by a remarkably low number of somatic 
mutations and a nearly diploid genome. Its oncogenic potential is derived 
from pathognomonic chimeric fusions of the EWSR1 gene and various 
members of the ETS family transcription factors, with EWSR1-FLI1 rear-
rangements in 85% of cases. (Micro-)metastatic dissemination is the ma-
jor threat for ES patients, and earlier studies have shown that cytoskeletal 
rearrangements upon EWSR1-FLI1 oncoprotein expression contribute to 
a migratory phenotype in ES cells via dysregulation of proteins involved 
in focal adhesion (FA) complexes, such as Zyxin.
Methods. Using gene expression arrays and immunohistochemistry, we 
analyze the expression of various FA components on mRNA and protein 

tinues to be mandatory for correct identifi cation of syndromatic anoma-
lies, which is crucial for genetic counseling of the family.

AG07.11
Sex estimation of the juvenile ilium by using post-mortem CT-scan

B. Fliss*1, M. Thali1, C. Cunningham2

1Institute for Forensic Medicine, Forensic Medicine and Imaging, Zurich, 
Switzerland, 2University of Dundee, Centre for Anatomy and Human 
Identifi cation, Dundee, United Kingdom

Background. Sex estimation of juvenile remains is a widely discussed topic 
in forensic anthropology but is not underpinned by any signifi cant litera-
ture evidence. Although some studies have 
investigated metric and morphognostic markers on non-modern collec-
tions, they have oft en produced confl icting results. Th e focus of most stud-
ies has been on the pelvis, as it is the most sexual dimorphic element of the 
skeleton in adults. Th e aim of this study was to apply the established metric 
and morphognostic techniques that have been applied to the juvenile ilium 
to computed tomography (CT) scans from a modern Swiss population.
Methods. Th e scans of 92 children between the 17th foetal week and 9 
years and 9 month of age were evaluated. Sex 
and age as well as medical conditions were known for all specimens. Fol-
lowing variables were analysed: length and width of the ilium, width and 
depth of the greater sciatic notch (GSN) and the corresponding indices, as 
well as the shape and form of the greater sciatic 
notch and the iliac crest. Additionally to these features the proportions of 
the anterior and posterior sciatic chord and the corresponding index were 
evaluated, a method used to 
determine sex in adults but not applied yet on juvenile remains.
Results. Th e analysis of this specifi c variable showed no statistically sig-
nifi cant diff erences, although the results demonstrated a contrary con-
tribution of the measured proportion it is known from adult specimens. 
Following this result the index calculated from length of the anterior and 
posterior sciatic chord was to be modifi ed from the adult version of divid-
ing the posterior by the anterior 
sciatic chord to divide the anterior by the posterior chord. Th is modifi ed 
index showed no statistical signifi cant diff erences between the sexes, but 
was higher in females in all age groups than in males. Th e evaluation of 
the other surveyed metric and morphognostic 
variables showed a high overlap in all age groups between males and fe-
males.
Conclusion. In accordance with the preceding studies using the morphog-
nostic methods, this study correctly sexed a high percentage of the male 
individuals, whereas poor accuracy rates were achieved with female sex 
assessment. In summary, no dimorphic results reliable enough to 
use in forensic casework were achieved from analysis of CT-scans.

AG07.13
Multifocal micronodular hepatocellular neoplasia in an infant 
with tuberous sclerosis complex, TSC2 gene mutation and liver 
failure

H. Schäfer*1, D. Krebs-Schmitt2, K. Kloth3, A. Briem-Richter4, E. Grabhorn2, 
F. Brinkert2, L. Fischer4, I. Leuschner5, A. Knisely6

1Institute of Pathology, University Hospital Hamburg-Eppendorf, Hamburg, 
Germany, 2Department of Paediatrics, University Hospital Hamburg-
Eppendorf, Hamburg, Germany, 3Institute of Human Genetics, University 
Hospital Hamburg-Eppendorf, Hamburg, Germany, 4Department of 
Hepatobiliary Surgery and Transplantation, University Hospital Hamburg-
Eppendorf, Hamburg, Germany, 5Department of Paediatric Pathology, 
University Hospital Kiel, Kiel, Germany, 6Institute of Pathology, Medical 
University Graz, Graz, Austria

Background. Tuberous sclerosis is generally related to a mutation or dele-
tion of TSC1 or TSC2 encoding hamartin and tuberin. Both proteins reg-
ulate mTOR activation acting as a tumor suppressor. Defects in TSC1 or 
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Combined high expression of the EWSR1-FLI1 target genes 
ATP1A1, BCL11B and GLG1 is diagnostic for Ewing sarcoma

M. Baldauf1, M. Orth1, M. Dallmayer1, A. Marchetto1, J. Gerke1, R. Alba Rubio1, 
M. Kiran2, J. Musa1, M. Knott1, N. Akoplat2, A. Akatli2, Ö. Özen3, U. Dirksen4, 
W. Hartmann5, E. de Alava6, D. Baumhoer7, G. Sannino1, T. Kirchner8, 
T. Grünewald*1

1Ludwig Maximilian University of Munich, Institute of Pathology, Max-Eder 
Research Group for Pediatric Sarcoma Biology, Munich, Germany, 2Turgut 
Ozal Medical Center, Inonu University, Department of Pathology, Malatya, 
Turkey, 3Baskent University Faculty of Medicine, Department of Pathology, 
Ankara, Turkey, 4University Hospital, Department of Pediatric Hematology 
and Oncology, Münster, Germany, 5University of Münster, Gerhard-Domagk 
Department of Pathology, Münster, Germany, 6University of Seville-
CSIC, Institute of Biomedicine of Seville (IBiS), Seville, Spain, 7Institute of 
Pathology, Bone Tumor Reference Center, Basel, Switzerland, 8University 
Hospital (LMU), Institute of Pathology, Munich, Germany

Background. Ewing sarcoma is the second most common pediatric 
bone-associated cancer. Despite being genetically distinguishable from 
morphological mimics by pathognomonic chimeric transcription factors 
like EWSR1-FLI1, substantial diagnostic confusion may arise if molecular 
diagnostics are unavailable. Routine diagnosis based on the conventional 
immunohistochemistry (IHC) marker CD99 is unreliable as it is expressed 
in many morphological mimics. Hence, this study aimed at identifying 
novel diagnostic IHC markers for Ewing sarcoma.
Methods. Gene expression microarrays of 768 samples from 21 tumor en-
tities including Ewing-like sarcomas were analyzed to nominate candidate 
biomarkers for validation by IHC in a large tissue microarray. Function-
al experiments and ChIP-Seq data were combined with reporter assays to 
analyze their EWSR1-FLI1-dependency.
Results. Bioinformatic analysis revealed that no single gene is diagnos-
tic for Ewing sarcoma. However, the combined expression of ATP1A1, 
BCL11B and GLG1 had nearly 100% sensitivity and specifi city, which was 
validated by IHC. In contrast to CD99, which was highly expressed in 
~50% of Ewing-like sarcomas, combined high expression of our markers 
was observed only in few cases. Analysis of microarray datasets from cell 
lines and primary tumors as well as reporter assays showed that ATP1A1, 
BCL11B and GLG1 expression is EWSR1-FLI1-dependent and driven by 
EWSR1-FLI1 binding to proximal super-enhancers. Additionally, higher 
ATP1A1 and GLG1 expression correlated with patient outcome.
Conclusion. Our results off er a simple and cost-effi  cient way to diagnose 
Ewing sarcoma by IHC-detection of ATP1A1, BCL11B and GLG1. We an-
ticipate that our set of markers will reduce the number of misdiagnosed 
patients and therefore improve patient care.

AG08.04
Expression of Prostate-Specifi c Membrane Antigen (PSMA) in 
Tumor-Associated Neovasculature of Synovial Sarcoma

N. Beller*1, K. Steinestel1, 2, E.-P. Jansen1, C. Bernemann3, E. Wardelmann1, 
M. Trautmann1, S. Huss1, K. Stock1

1Gerhard-Domagk Institute for Pathology, Universitätsklinikum Münster, 
Münster, Germany, 2Institut für Pathologie und Molekularpathologie, 
Bundeswehrkrankenhaus Ulm, Ulm, Germany, 3Klinik für Urologie und 
Kinderurologie, Universitätsklinikum Münster, Münster, Germany

Background. Synovial Sarcoma (SynS) is characterized by a highly ag-
gressive clinical course with poor prognosis and has been shown to se-
crete high levels of angiogenetic factors. We have previously shown that 
soft  tissue tumors not only express prostate-specifi c membrane antigen 
(PSMA) in tumor cells, but also in surrounding neovasculature. In that 
study, SynS showed the highest fraction of PSMA-positive microvessels in 
the tumor microenvironment. Since PSMA represents a possible target for 
antibody-based radioligand therapy, the aim of this study is to evaluate the 
role of PSMA in SynS-associated microvessels.

level. By the use of 3 ES cell lines with diff erent EWSR/ETS fusion types as 
cellular tumor models, we analyze the role of expression and (auto-)phos-
phorylation of FA protein components during ES cell proliferation, adhe-
sion and migration. Finally, we investigate possible anti-invasive properties 
of Y15 (1,2,4,5- Benzenetetraamine tetrahydrochloride), a potent inhibitor 
of focal adhesion kinase (FAK) autophosphorylation, in vitro and in vivo.
Results. We show here that key tumorigenic properties of ES cells are de-
pendent on autophosphorylation of FAK on tyrosine 397, resulting in en-
hanced focal adhesion and stress fi ber formation as well as Rho-dependent 
cell migration along with impaired caspase-3- mediated anoikis (detach-
ment-induced cell death) in vitro. Accordingly, treatment of ES cells with 
the FAK inhibitor Y15 impaired cell migration and enhanced caspase-me-
diated apoptosis in vitro.
Conclusion. In conclusion, we show that FAK autophosphorylation is a 
crucial event in ES cell migration and evasion of apoptosis. Our results 
therefore provide a fi rst rationale for the use of FAK inhibitors to impair 
metastatic dissemination of ES.

AG08.02
Depletion of PTP CD45 in FLT3 ITD mice results in a Osteoporosis-
like phenotype – new insights into skeletal developmental defects

J. Müller*, A. Kresinsky
Institute for Molecular Cell Biology, University Hospital, Jena, Germany

Background. Up to now the mechanisms leading to intrinsic errors of skel-
etal development in several aspects are still unknown. CD 45 is not only 
well expressed in all leukocytes, where it is involved in the regulation of 
signal transduction in hematopoiesis. Beside CD45 is expressed in oste-
oclasts and its precursor cells, where it might play a role in the bone re-
modelling. Th e receptor PTP CD45 (PTPRC) acts as negative regulator 
of FLT3 in vitro. 
FLT3 is a class III receptor tyrosine kinase (RTK) which plays a role in cell 
survival, proliferation, and diff erentiation of hematopoietic progenitors of 
lymphoid and myeloid lineages. Oncogenic mutations in FLT3 are driver 
mutations for Acute Myeloid Leukemia (AML). About 25–30% of AML 
patients carrying mutated FLT3 ITD, which are characterized by particu-
lar poor prognosis. Mutant FLT3 ITD proteins exhibit an altered signalling 
quality, which causally contribute to cell transformation.
Methods. By using a FLT3 ITD CD45 knock out (KO) mouse model we are 
currently studying the role of CD45 on the development of haematological 
aberrancies. In addition, Computed Tomography (CT) was carried out get 
insight into an unexpected aberrant bone phenotype.
Results. Th e inactivation of CD45 in the FLT3 ITD mice resulted in severe 
splenohepatomegaly, pronounced monocytosis and an unexpected bone 
phenotype: While the single mutated FLT3 ITD or CD45 KO mice did 
not reveal aberrancies in bone structure and formation, the double mu-
tated FLT3 ITD CD45 KO mice showed a osteoporosis-like phenotype: 
While the length of the extremities of femur and tibia was shortened, their 
diameter was signifi cantly elevated. Th is was associated by an increased 
volume of the hint limb bones. CT measurements indicated an aberrant 
bone density. Th e maximum as well as the mean bone density measured in 
Hounsfi eld units of the hint limb bones were signifi cantly reduced.
Conclusion. Our novel fi ndings provide a new insight into the link of the 
diff erentiation processes of hematopoietic stem cells for hematopoiesis and 
ossifi cation. Our FLT3 ITD CD45 KO mouse model demonstrates that 
aberrancies in the hematopoiesis in parallel aff ect osteogenesis. It can be 
speculated that the aberrant signaling of FLT3 ITD CD45 KO in osteoclasts 
could elucidate a new role of HSC in bone formation. Characterization of 
the signaling pathways involved in bone remodeling might uncover new 
strategies to aff ect and control osteogenesis.
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Conclusion. Curative therapeutic intention by the means of surgical re-
section is also the basic principle & guideline in case of recurrent tumor 
growth of liposarcoma since for each attainable R0 resection status in dis-
seminated recurrent liposarcoma, a mid- to long-term clinical tumor-free 
outcome can be achieved as it has been impressively demonstrated in the 
presented spectacular case. In this type of sarcoma, the rather benefi cial 
& advantageous grading G1/(2) with regard to prognosis, which was as-
sociated with the numerous episodes of recurrent tumor growth, appears 
to have favored the long-term outcome. Short-term periodic follow-up 
investigations using rather CT scan-alternative imaging need to be ur-
gently recommended.

AG08.06
Gauging the Gene Fusion Landscape of Ewing-Sarcoma using a 
Next Generation Sequencing Platform

U. Wagner*, C. Fritz, M. Vasella, N. Velizheva, B. Bode-Lesniewska, P. J. Wild
Institute of Pathology and Molecular Pathology, Zurich, Switzerland

Background. Ewing sarcoma (EWS) is the second most common sarcoma 
of the bone in children and young adults. EWS development is caused by 
pathognomonic gene fusions of the EWSR1 (and in rare cases FUS) gene 
and members of the ETS transcription factor family. Th us, fi nding these 
fusion events is instrumental to the diagnosis of EWS. Th e detection of 
gene fusions in sarcoma samples has so far been based on a set of single 
RT-PCR assays for pairs of potential DNA break points or FISH assays for 
the occurrence of a break point in a distinct gene like EWSR1. Here, we 
compared these established methods with an NGS approach, the latter of 
which allows to more comprehensively investigate the potential occur-
rence of fusion events between hundreds of genes in dozens of Ewing and 
Ewing-like sarcoma samples in a single test.
Methods. We chose to employ the Illumina TruSight RNA Pan Cancer 
panel to amplify the RNA sequences of 1385 oncology genes using a hy-
brid capture strategy. Sequencing of the resulting libraries allows for the 
detection of known and novel fusion events between two targeted as well 
as between one targeted and one non-targeted gene. Th e samples we in-
vestigated were isolated from FFPE material. Th ey had previously been 
characterized mostly as Ewing and Ewing-like sarcomas and tested for the 
presence of gene fusions using RT-PCR and FISH techniques.
Results. We generally found a very good agreement between gene fusion 
results obtained by NGS and results obtained with established RT-PCR 
and FISH. We more closely investigated the cases that showed discrep-
ancies between the results and present possible explanations. Using RNA 
samples isolated from FFPE material with a range of 1 to 10 years of age, 
we were able to evaluate the infl uence of RNA quality on the performance 
of the NGS method. Finally, we compared the results obtained using the 
standard cloud-based data analysis system (off ered by the panel suppli-
er) and the results produced by non-commercial data analysis solutions.
Conclusion. Here, we present a robust method that reliably detects a large 
variety of gene fusions occurring in Ewing and Ewing-like sarcomas in a 
single test. Th is method has the potential to detect a large set of known but 
also novel fusion events. It is therefore expected to be the right tool for the 
characterization of other sarcoma sample types and other cancer samples 
with distinctive gene fusions. It can be applied to FFPE material, which 
makes it especially suitable for a diagnostic setting in molecular pathology.

Methods. Using immunohistochemistry, we analyzed the expression of 
PSMA in CD34-positive microvessels in an established cohort of adult and 
pediatric SynS samples (n = 34) to test for possible correlations with clin-
ico-pathological characteristics. In subsequent in vitro studies, we incu-
bated human umbilical vein endothelial cells (HUVEC) with tumor-con-
ditioned medium from diff erent SynS cell lines and analyzed the cells for 
PSMA expression on mRNA and protein levels. Prostate adenocarcinoma 
cells (22Rv1) served as positive control. Finally, we will characterize the 
eff ect of paracrine pro-angiogenic factors secreted by SynS cells on PSMA 
expression and formation of primitive microvessels in an in vitro angio-
genesis array.
Results. Peritumoral PSMA-positive microvessels were detected in 38,2% 
of SynS tissue samples in the investigated cohort. First statistical analy-
ses suggest a correlation between tumor size and PSMA expression in tu-
mor-associated neovasculature. However, SynS-conditioned media failed 
to induce PSMA expression in HUVEC cells when cultured on a non-coat-
ed cell culture dish. To simulate a more realistic environment, these ex-
periments are currently reproduced using matrigel as well as chemical-
ly-induced hypoxia as potent neoangiogenetic stimulants. Under these 
modifi ed conditions, we will perform further experiments to evaluate and 
compare possible eff ects of SynS and control cell lines on neoangiogenesis.
Conclusion. We found increased PSMA expression in peritumoral neovas-
culature of 38,2% SynS tissue samples. A possible correlation with tumor 
size might point toward a role of PSMA in hypoxia-induced neovascular-
ization. While fi rst experiments using SynS-conditioned medium failed to 
induce PSMA in HUVECS, we are currently replicating these experiments 
under more realistic conditions to investigate a role of PSMA as a thera-
peutic target for future therapy options in SynS.

AG08.05
Multiple recurrency and repeating resection of a retroperitoneal 
liposarcoma with curative intention – 20 years after fi rst diagnosis 
with stable pathohistologic morphology but changing tumor 
grading (extraordinary case)

F. Meyer*1, P. Heinemann1, D. Jechorek2, H.-U. Schulz1, R. Moritz-Tugral2

1University Hospital, Dept. of General, Abdominal & Vascular Surgery, 
Magdeburg, Germany, 2University Hospital, Institute of Pathology, 
Magdeburg, Germany

Background. R0 resection is considered the gold standard for curative ther-
apy of liposarcoma.
Methods. In this case report, an exceptional course of a patient with a re-
troperitoneal liposarcoma is demonstrated, which – despite initial R0 re-
section 20 years before – showed recurrent tumor growth with multiple 
episodes (n = 10; No. of tumor manifestations, n = 18). Th e description of 
the remarkable long-term clinical course is based on the diagnostic, patho-
morphologic & histologic tumor characteristics as well as particular spe-
cifi cs of the also multiple tumor-free mid-term outcomes.
Results. A now 70-year-old man was diagnosed with a left  retroperitoneal 
liposarcoma of 23 × 29 × 15 cm in size using CT scan. Initially, an R0 resec-
tion could be achieved. During the tumor follow-up, 14 retro- & 4 intra-
peritoneal tumor manifestations were found with 10 episodes of recurrent 
tumor growth (mean duration of tumor-free time periods, 20.04 [range, 
12.64–36.04] months). All tumor lesions were approached with curative 
intention; in the majority of them, R0 resection could be achieved at least 
in the following resection. Th e median size of the tumor specimens was 
8,065 (range, 1.7–29) cm. Th e initial histopathologic investigation revealed 
a liposarcoma (grading[G], 3) which was confi rmed in each case of tumor 
recurrence but with varying grading. In several tumor lesions, multi-vis-
ceral resections of paired & unpaired abdominal organs became necessary 
to achieve R0 resection. Currently, as a result of the last tumor resection 
12 months ago, a chronic enterocutaneous fi stula induced through the last 
tumor resection remains as a residual, supplied with a colostoma bag (aft er 
previous – initially successful – but later frustrating VAC wound setting) 
& with a favorable quality of life.



Der Pathologe · Suppl 1 · 2017 S81

monoclonal antibody, clone RM263, against the mutated site G34 W of the 
histone 3.3 variant H3F3A.
Results. We show that all 23 H3F3A-mutated GCTB display strong nu-
clear H3.3 G34 W staining in the neoplastic component, while the osteo-
clastic giant cells are negative. All 36 H3F3A-wild-type lesions are nega-
tive. Th e GCTB treated with denosumab revealed a reduction of the H3.3 
G34 W-positive tumour cells and a decrease of osteoclastic giant cells ac-
companied by matrix and osteoid formation [1].
Conclusion. Th e detection of the H3F3A mutation G34 W using the new 
monoclonal antibody in immunohistochemistry is a valuable tool in the 
diff erential diagnosis of giant cell lesions of the bone. When compared to 
PCR and Sanger sequencing, the method has advantages in terms of time 
to diagnosis and personal costs. We conclude that positive H3.3 G34 W 
staining is a specifi c and sensitive method for detection of H3F3A-mutat-
ed GCTB. Denosumab treatment led to a change of morphology charac-
terised by matrix and osteoid production by H3.3 G34 W-negative stro-
mal cells. 
References
1. Lüke J, von Baer A, Schreiber J (2017) H3F3A mutation in giant cell tumour of the 

bone is detected by immunohistochemistry using a monoclonal antibody against 
the G34 W mutated site of the histone H3.3 variant. Histopathol. doi: 10.1111/
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AG08.09
DNA methylation analysis of genes involved in bone metabolism 
in giant cell tumor of bone (GCTB)

K. Jensch*, E. Moskalev, A. Hartmann, A. Agaimy, F. Haller
University Hospital Erlangen, Department of Pathology, Erlangen, Germany

Background. Giant cell tumor of bone (GCTB) is a rare bone tumor that 
typically aff ects young adults and courses osteolytic lesions in long bones. 
Th e vast majority of GCTB carries a specifi c mutation in the H3F3A gene 
(p.G34 W). With their epigenetic imprint, modifi cations of Histone 3 fam-
ily members have been shown to correlate with global alteration in DNA 
methylation in other tumors. In our current study, we analysed the meth-
ylation status of genes having a direct impact on bone metabolism, namely 
FGF2, MMP13, RUNX1 and TWIST1. In order to evaluate the correlation 
between presence of H3F3A mutation and methylation in bone metab-
olism relevant genes, we developed a pyrosequencing assay for quanti-
fi cation of methylation in mutated and non-mutated DNA from forma-
lin-fi xed and paraffi  n-embedded (FFPE) tumor tissue considering several 
selected CpG sites.
Methods. Th e gene sequences were analyzed in silico for the presence of 
CpG sites with special regard to the promotor and other regulatory re-
gions. Following this, we established a pyrosequencing assay comprising 
at least 3 CpG sites for each gene. Genomic DNA from FFPE tumor tis-
sue samples, enclosing 13 GCTB samples carrying the H3F3A mutation, 
1 GCTB sample bearing a H3F3B mutation and 2 GCTB samples without 
H3F3A or H3F3B mutation was extracted using the QIAamp DNA FFPE 
Tissue Kit. Bisulfi te conversion was performed using the EZ DNA Meth-
ylation Gold Kit.
Results. We determined both hypermethylated and hypomethylated genes. 
Th ere was a tendency for lower methylation levels of FGF2, RUNX1 and 
TWIST1 in wildtype GCTB compared to mutant GCTB, whereas MMP13 
displayed higher methylation levels in the GCTB wildtype samples.
Conclusion. Th e results suggest that H3F3A/B-mutant GCTB, compared 
to H3F3A/B wildtype GCTB, are characterized by diff erent methylation 
levels of genes involved in bone metabolism.

AG08.07
H3F3A and H3F3B mutational screening and immunostainings 
with mutation-specifi c antibodies in the diff erential diagnosis of 
giant cell tumor of bone, chondroblastoma and aneurysmal bone 
cysts

J. Rehkämper*, J. Sperveslage, M. Trautmann, S. Huss, E. Wardelmann, 
K. Steinestel, W. Hartmann
Gerhard Domagk Institute of Pathology, Pathology, Münster, Germany

Background. Giant cell tumors of bone (GCT) and chondroblastoma 
(CBL) are bone lesions which are oft en associated with the formation of 
a secondary aneurysmal bones cyst (ABC). While a subset of primary 
ABC is molecularly characterized by USP6 translocations, GCT and CBL 
typically display mutations in H3F3A and H3F3B gene, respectively. In 
morphologically diffi  cult cases, molecular analysis of these markers is of 
substantial help for the defi nite diagnostic characterization. Particular di-
agnostic problems may arise in the context of USP6-negative ABC with 
non-representative biopsy sampling. Th e present study was performed to 
correlate the genetic fi ndings on H3F3A/B in GCT and CBL with the re-
sults of immunhistochemical stainings using mutation specifi c antibodies, 
and to defi ne the value of H3F3A/B screening in cases of USP6-negative 
ABC without a suggestive non-ABC component.
Methods. A large cohort of GCT, CBL and ABC was screened for genetic 
alterations in the H3F3A and H3F3B genes employing NGS sequencing 
and USP6 translocations using FISH. Immuohistochemical stainings using 
H3F3A/B mutation-specifi c antibodies were performed and compared to 
the results of the mutational screening approach. All fi ndings were corre-
lated with the radiographic features.
Results. A signifi cant subset of radiographically primary and morpholog-
ically characteristic ABC displayed translocations of the USP6 gene locus. 
All morphologically typical GCT and CBL showed mutations in H3F3A 
(G35,K37) and H3F3B (K37), respectively. Th e type of mutation as de-
tected by sequencing correlated with the immunohistochemical staining 
results. Interestingly, few cases radiographically interpreted as ABC and 
morphologically showing a predominant membranous fi brohistiocytic 
pattern turned out to be (bioptically underrepresented) CBL with (pre-
dominant) secondary ABC as indicated by the molecular features.
Conclusion. Th e typical mutations in H3F3A and H3F3B can consistently 
be detected by immunohistochemistry and represent helpful markers in 
the diff erential diagnosis of bone lesions associated with the formation 
of ABC.

AG08.08
H3F3A mutation in giant cell tumour of the bone is detected by 
immunohistochemistry using a monoclonal antibody against the 
G34 W mutated site of the histone H3.3 variant

J. Lüke*1, A. von Baer2, J. Schreiber1, C. Lübbehüsen1, T. Breining3, K. Mellert1, 
R. Marienfeld1, M. Schultheiss2, P. Möller1, T. F. Barth1

1Institute of Pathology, University Ulm, Ulm, Germany, 2Department 
of Surgery, University Ulm, Ulm, Germany, 3Department of Radiology, 
University Ulm, Ulm, Germany

Background. Th e giant cell tumour of bone (GCTB) is a benign but lo-
cally aggressive osteolytic tumour preferentially growing at the ends of 
long bones. Histopathological diagnosis can be challenging since many 
giant cell containing lesions may have overlapping morphological features. 
GCTB are characterized by a mutation of the H3F3A gene in up to 92%. 
Recently, a monoclonal antibody specifi c for the H3F3A mutation has been 
generated. Our aim was to test the antibody on a cohort of giant cell con-
taining lesions.
Methods. 23 GCTB, including 1 denosumab treated GCTB and 36 mor-
phological similar lesions such as aneurysmal bone cysts (ABC), non-os-
sifying-fi broma (NOF), chondroblastoma, and giant cell osteosarcoma of 
the bone were scanned for the driver mutation in the H3F3A gene by PCR 
and Sanger sequencing and then stained immunohistochemically using a 
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Nerve fi bres in anatomical structures of the knee joint and their 
potential role in pathophysiology and regeneration of traumatic 
lesions – a pilot-study

C. Brochhausen*1, D. Grevenstein2, C. Meyer-Scholten3, P. Drees4

1REPAIR-lab, Institute of Pathology, University of Regensburg, Regensburg, 
Germany, 2University of Cologne, Clinic of Orthopaedics and trauma 
surgery, Cologne, Germany, 3University Medical Centre Mainz, Centre for 
Rheumatopathology, Mainz, Germany, 4University Medical Centre Mainz, 
Zentrum für Orthopädie und Unfallchirurgie, Mainz, Germany

Background. In infl ammatory lesions especially in synovialitis due to 
degenerative cartilage damage angiogenesis and nerve growth are well 
known. In this context, an interplay between the synovium and further 
anatomical structures is hypothesized so that the knee-joint could be seen 
as a functional and structural entity. Th e pathophysiological role of struc-
tures in the knee is not fully understood. An important prerequisite to 
optimize our understanding of the functional role of nerve fi bres, within 
pathophysiology and regeneration is a systematic analysis of nerve fi bres 
in the diff erent damaged tissue oft  he knee joint.
Methods. In a retrospective clinical-pathological study from damaged me-
niscus (n = 5), traumatic crucial ligament lesions (n = 5) and unspecifi c syn-
ovitis (n = 5) we analysed in a standardised and automized manner histo-
logicalstainings by haematoxylin & Eosin as well as immunohistological 
stainings against S-100 for neuronal structures.
Results. Th e histological analyses of the menisci and the crucial ligaments 
revealed signs of traumatic lesions. In the specimens of the synovia an un-
specifi c, not bacterial infl ammation was evident. Th ere were no signs of a 
rheumatic disease. In the immunohistological analyses we could demon-
strate S-100 positive fi bres at the base of the meniscus and within the syn-
ovia. In the crucial ligament various amounts of S-100 positive fi bres and 
single cells were evident. In two cases of fresh crucial ligament damages in 
patients with the same age diff erent numbers of S-100 positive fi bres and 
cells could be demonstrated.
Conclusion. Th e results of our pilot-study demonstrate neuronal struc-
tures within traumatic tissue damage of the meniscus and the synovia. 
Interestingly, we found diff erences in the number of S-100 positive single 
cells and fi bres in fresh traumatic crucial ligament lesions in two patients 
with the same age. In on-going studies we analyse the expression of neu-
rofi laments and neurotransmitter in that cohort to optimize our under-
standing on neuronal structures and its role in pathophysiology and re-
generation. Furthermore, actually we are analysing if the diff erences in 
nerval structures are a sign of diff erent regenerative reactions, which will 
an important prerequisite for the potential regeneration of proper nerval 
structures especially within the crucial ligament for the preservation of 
the proprioception.

AG08.13
Expression of hormone receptors and PARP-1 in Aggressive 
Fibromatosis

K. Bräutigam*1, C. Denkert1, J. Lindner2, S. Pahl1, I. Melcher3, A. Kunitz4, 
P. Wust5, M. Nebrig6, A. Baur7, B. M. Pfi tzner1, J. Budczies1

1Institut of Pathologie, Charité, Berlin, Germany, 2Institut für Pathologie, 
Charité Berlin/DKTK, DKFZ Heidelberg, Berlin/Heidelberg, Germany, 
3Centrum für Muskuloskeletale Chirurgie, Charité Berlin, Berlin, Germany, 
4Medizinische Klinik mit Schwerpunkt Hämatologie, Onkologie, Charité 
Berlin, Berlin, Germany, 5Klinik für Radioonkologie und Strahlentherapie, 
Charité Berlin, Berlin, Germany, 6Chirurgische Klinik, Charité Berlin, Berlin, 
Germany, 7Institut für Radiologie, Charité Berlin, Berlin, Germany

Background. Aggressive Fibromatosis or desmoid tumor, is a benign, but 
locally invasive entity. Current treatment standards mainly involve radi-
cal excision where free margins are oft en diffi  cult to achieve. Incomplete 
surgery leads to a high risk of recurrence and might result in repetitive re-
sections or adjuvant radiotherapy. Hormone modifying therapies were re-
ported to be successful in several cases but need additional evaluation. Th e 

AG08.10
Diff erential gene expression in solitary fi brous tumors (SFTs) with 
distinct NAB2-STAT6-fusion variants

F. Haller*1, E. A. Moskalev1, P. Ströbel2, E. Wardelmann3, A. Hartmann1, 
A. Agaimy1

1University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
2University Medical Center, Institute of Pathology, Göttingen, Germany, 
3University Hospital Münster, Institute of Pathology, Münster, Germany

Background. Recently, we showed that solitary fi brous tumors (SFTs) with 
specifi c variants of the NAB2-STAT6 gene fusion are characterized by dif-
ferent clinical and histomorphological features. Specifi cally, SFTs with the 
most common NAB2(exon 4)-STAT6(exon2) fusion variant were signifi -
cantly less aggressive and more oft en displayed the classical fi brous mor-
phology, whereas SFTs with the shorter NAB2(exon6)-STAT6(exon16) fu-
sion variant were more aggressive and showed a more cellular morphology 
resembling classical hemangioperictyome (HPC).
Methods. A cohort of 20 SFTs was analyzed by the TruSight RNA Pan-Can-
cer Panel for potential gene fusions and diff erential gene expression of 1385 
genes. Analysis of gene fusions and gene expression was performed with 
TopHat and Cuffl  inks, respectively.
Results. All NAB2-STAT6 gene fusions known from previous RT-PCR 
analyses were correctly identifi ed. Using an unsupervised hierarchical 
cluster analysis, SFTs signifi cantly clustered according to their fusion var-
iant. Th e direct comparison of SFTs with NAB2(exon 4)-STAT6(exon2) vs. 
NAB2(exon6)-STAT6(exon16) fusion variants revealed 277 genes (20%) 
that were signifi cantly diff erentially expressed, including potential drug 
targets.
Conclusion. Quantitative gene expression analysis using next-generation 
sequencing reveals remarkable diff erences in SFTs with diff erent variants 
of the common NAB2-STAT6 gene fusion, providing a possible explana-
tion for the previously reported association of clinico-pathological param-
eters with the most common fusion variants.

AG08.11
Establishment of a novel in-vitro model of desmoid-type 
fi bromatosis

A. Haller*, E. A. Moskalev, A. Agaimy, A. Hartmann, F. Haller
University Hospital Erlangen, Department of Pathology, Erlangen, Germany

Background. Desmoid-type fi bromatosis (DF) is a locally aggressive soft  
tissue neoplasm without the potential to metastasize. DF can arise either 
in the context of germline mutations of APC, or more common, sporadi-
cally with somatic mutations of CTNNB1. Th ere is no cell culture model 
of DF available, which makes a systematic in-vitro screening for novel ef-
fective drugs impossible.
Methods. Th e most common CTNNB1 mutations observed in DF (T41A, 
S45F) were integrated into the CTNNB1 ORF using site-directed mutagen-
esis. Human non-neoplastic fi broblasts were stably transfected with vec-
tors containing the CTNNB1 wildtype sequence, the T41A or the S45F 
mutation. Nuclear accumulation of beta-Catenin was analyzed by immu-
nofl uorescence, and the expression of Wnt target genes was measured by 
quantitative realtime RT-PCR.
Results. Human fi broblasts stably transfected with mutant CTNNB1 
showed a signifi cantly higher nuclear accumulation of beta-catenin com-
pared to non-mutant fi broblasts, which is a characteristic feature of DF. 
Th e CTNNB1-mutant fi broblasts showed a signifi cantly higher growth 
plateau at confl uency, and the transcriptional activity of CTNNB1-mu-
tant fi broblasts was markedly increased, including higher expression of 
Wnt target genes in transfected fi broblasts.
Conclusion. Human fi broblasts that were stably transfected with mutant 
CTNNB1 display phenotypic characteristics of DF, including activation of 
Wnt signalling. We propose that these cells can serve as an in-vitro mod-
el that can be used for a systematic in-vitro screening of novel drugs that 
are eff ective in DF.
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Osteoblastoma of the right orbital roof in a 7-year old boy: A Case 
Report and Literature Review

S. Scheil-Bertram*1, M. Schwarz2, M. Demes3, P. Horn2, A. Fisseler-Eckhoff 1

1HELIOS Dr. Horst Schmidt Clinic Wiesbaden, Institute of Pathology and 
Cytology, Wiesbaden, Germany, 2HELIOS Kliniken Wiesbaden, Department 
of Neurosurgery, Wiesbaden, Germany, 3Group Practice of Pathology 
Wiesbaden, Molecular Pathology, Wiesbaden, Germany

Background. Osteoblastoma is a rare benign bone forming, osteoblastic 
neoplasm (about 1% of all bone tumors). Its diameter exceeds in general 
>/ = 2 cm. Most patients are between 3 and 45 years of age. Th e peak inci-
dence is in the second decade of life and it is more common in male pa-
tients (ratio male to female 2.5–3: 1). 40–55% of cases were found at the 
axial skeleton (spine/sacrum). In about 12% of cases the jaw bone and oth-
er craniofacial bones are also aff ected followed by proximal/distal femur 
and proximal tibia (about 10%).
Methods. A 7-year old boy was referred to us with a 6 months history of 
a slow progressed swelling of the right orbit/ptosis. Radiographically MRI 
scan suggested a vascular lesion, e. g. an infantile haemangioma. Th e CCT 
scan demonstrated an osseous lesion of a craniofacial bone involving the 
right orbital roof. Th e skeletal scintigraphy did not demonstrate further 
lesions. Th e tumor was treated by curettage. 3 years later a small recur-
rence was resected.
Results. Th e specimen was EDTA-decalcifi ed. Conventional stainings 
(H&E; Giemsa, EvG) and immunhiochemistry was performed. Th e tu-
mor demonstrated irregular bony trabeculae/wowen bone spicules and hy-
pocellular fi brovascular connective tissue. Th e cells demonstrated in wide 
areas of the tumor prominent epitheloid cytologic features, therefore a os-
teosarcoma had to be excluded. Th e proliferation rate of the tumor was be-
low 1% (Ki67). Th e tumor cells were negative for CD56, S100, p63, CD34, 
Desmin and CD99. Actin was expressed in some cells. Furthermore we 
performed MDM2-FISH which showed no amplifi cation pattern which 
is frequently found in osteosarcoma (mean of MDM2 per cell was 1.8 to 
2 with a ratio of 1 to 0.9 in the primary specimen and mean of MDM2 
signals per cell with 2.08 to 2.1 with a ratio of 1 to 1.1 in the recurrence).
Conclusion. Our case represented a rare case of an osteoblastoma of the 
scull. MDM2 analysis might be a helpful tool in the diffi  cult diff erential 
diagnosis of an osteosarcoma.
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AG09.01
Evaluation of PSMA expression in thyroid disease

B. Heitkötter*1, K. Steinestel1, 2, M. Trautmann1, I. Grünewald1, P. Barth1, 
H. Gevensleben3, M. Bögemann4, E. Wardelmann1, W. Hartmann1, K. Rahbar5, 
S. Huss1

1Gerhard-Domagk-Institute of Pathology, Münster, Germany, 
2Bundeswehrkrankenhaus Ulm, Ulm, Germany, 3University Hospital 
Cologne/Bonn, Institute of Pathology, Bonn, Germany, 4Department of 
Urology, Münster, Germany, 5Department of Nuclear Medicine, Münster, 
Germany

Background. PSMA (prostate-specifi c membrane antigen) is physiolog-
ically expressed in normal prostate tissue. It is overexpressed in prostate 
cancer cells and has therefore been suggested as a possible target for an-
tibody-based radioligand therapy. Recent imaging fi ndings reported PS-
MA-PET/CT uptake in thyroid lesions. We were therefore encouraged to 
systematically analyze PSMA expression in a large cohort of diff erent be-
nign and malignant thyroid lesions.
Methods. Immunohistochemistry was used to detect PSMA expression in 
>70 samples of thyroid lesions. (Neo)vasculature was identifi ed by CD34 
immunostaining.

DNA-repairing enzyme Poly ADP Ribose Polymerase-1 (PARP-1) might 
contain therapeutic potential, suggested by successful trials of PARP-inhibi-
tion in other malignancies, especially in carcinomas and selected sarcomas.
Methods. In this study, we retrospectively investigated the expression of 
four hormone receptors: estrogen receptors (ER) α and β, progesterone re-
ceptor (PR) and androgen receptor (AR), as well as PARP-1 by immuno-
histochemistry and quantitative RT-PCR in tissue samples of Aggressive 
Fibromatosis (n = 69). Immunoreactivity scores were employed to quan-
tify staining status. PCR-results were numerically analysed as well as us-
ing explorative cutoff s. Th e obtained expression patterns were correlated 
with clinical-pathological parameters in order to detect prognostic factors.
Results. Th e analysed hormone receptors showed mostly no reactivity to 
immunohistochemical staining. Only ERβ revealed partial cytoplasmic 
positivity. PARP-1 on the other hand exposed variable nuclear positivi-
ty in all stained samples. Immunoreactivity scores of PARP-1 expression 
reached values up to 6. RT-PCR showed signifi cantly higher expression of 
ERβ (p = 0.035) and AR (p = 0.005) in median tumor size (51–100 mm) in 
comparison with smaller tumors (<51 mm). Primary tumors in contrast to 
relapse tumors revealed stronger expression of AR in RT-PCR (p = 0.01). In 
addition, AR expression was higher in intraabdominal tumors compared 
to extraabdominal ones (p = 0.01). Univariate survival analysis portrayed 
higher ERα expression to be a negative prognostic factor (p = 0.005). Mul-
tivariate analysis demonstrated that higher PARP-1 expression is associ-
ated with earlier relapse (p = 0.003). In general, survival analyses under-
lined that recurrent tumors relapse faster than primary tumors (p < 0.001).
Conclusion. According to this study, PARP-1 expression is associated with 
poorer prognosis, i. e. faster tumor recurrence. PARP-1 expression and its 
inhibition could therefore be an interesting target for a new and rather 
personalized treatment. Hormone receptor status seems to have limited 
prognostic value in our study.

AG08.14
Metallosis and polyethylene debris in inguinal lymph node: 
Uncommon fi nding in a patient with malignant melanoma and 
knee prosthesis

T. Hansen*1, A. Keiler2, B. Schulz1, H. Stege2, C. Brochhausen3

1Klinikum Lippe GmbH, Institute of Pathology, Detmold, Germany, 2Klinikum 
Lippe GmbH, Department of Dermatology, Detmold, Germany, 3University 
of Regensburg, Institute of Pathology, Regensburg, Germany

Background. In malignant melanoma patients, several forms of lymphad-
enopathy have to be considered concerning the diff erential diagnosis of 
lymph node metastases. We report on an uncommon form of inguinal 
lymphadenopathy.
Methods. A 75-year old female patient underwent local surgical excision due 
to malignant melanoma being localized in the right lower leg. Inguinal senti-
nel lymph node was both clinically and macroscopically suspicious for mel-
anoma metastasis as it appeared indurated and black coloured. Th e lymph 
node was formalin fi xed and prepared according to standard protocols.
Results. Histological examination revealed massive foreign-body reaction 
with numerous macrophages fi lled with black granular metal particles. 
Under polarized light, numerous birefringent needle-formed particles 
could be detected, which were interpreted as polyethylene wear particles. 
Even by means of immunohistochemistry, metastasis of malignant mela-
noma could not be confi rmed. It became apparent that total knee replace-
ment was performed on the same side in 1997 and revised in 2012. In both 
cases, the implant components have a pure titanium coating. Th us, X-ray 
analysis of the tissue specimens revealed high amounts of titanium within 
foreign body particles.
Conclusion. Inguinal lymphadenopathy due to foreign-body reaction may 
serve as diff erential diagnosis in patients with malignant neoplasms of the 
lower extremity. Interestingly, most previous studies described patients 
with total hip prostheses, while there are only a few reports on inguinal 
lymphadenopathy in patients with total knee replacement. Histological 
examination is helpful for these nodal lesions which even can mimic mel-
anoma metastasis as presented in this case study.
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it is well tolerated in mice but long-term-results are missing, particularly 
for excluding a carcinogenic eff ect.
Methods. B6C3F1 male mice were treated with two diff erent sources of 
atmospheric pressure plasma (kINPen09 or PS-MWM). Correspond-
ing control groups received ultraviolet radiation or no treatment. In each 
group 25 animals were treated for 10 sec vs 60 sec once per month at the 
right oral mucosa. Additionally, the carcinogen Dibenzo(a)pyren (DBP) 
was administered to some experimental groups in the oral cavity of the 
mice three times per week for one year in two diff erent concentrations (3 
vs 24 nmol). Putative treatment eff ects were analyzed by histological ex-
amination of the oral mucosa.
Results. Long-term repetitive plasma treatment was well tolerated by mice. 
Similar to the untreated and only UV irradiated animals, no tumors or 
preneoplasias developed in mice that were exposed to sole long-term plas-
ma treatment. As expected, preneoplasias and squamous cell carcinomas 
(SCC) developed in groups in which DBP was administered. Th e severi-
ty of carcinogenesis was depending on the amount of DBP that was giv-
en, reaching the highest numbers of SCC (90% of mice) in the high-dose 
groups. However, both in the low-dose and in the high-dose groups, ad-
ditional UV or plasma treatment did not lead to a further increase in the 
frequency of preneoplasias or SCC.
Conclusion. Atmospheric pressure plasma of both sources is well tolerat-
ed by B6C3F1 mice, even in long-term experiments including repetitive 
treatments. Both a complete carcinogenic infl uence and – particularly im-
portant – a late manifesting co-carcinogenic eff ect of plasma treatment is 
convincingly ruled out, supporting the secure application of atmospheric 
pressure plasma as a therapy of periimplantitis in human patients.

AG09.04
Pathology meets epidemiology: Biomarker network assessment 
in a cohort of head and neck squamous cell carcinoma (HNSCC) 
patients

R. Foraita1, K. Günther1, F. Kanz1, D. N. Markowski2, M. Hanke1, T. Behrens3, 
R. Nimzyk2, J. Bullerdiek2, W. Ahrens1, J. Friemel*1, 4

1Leibniz Institute for Prevention Research and Epidemiology, BIPS, Bremen, 
Germany, 2Center for Human Genetics, ZHG, University of Bremen, Bremen, 
Germany, 3Institute for Prevention and Occupational Medicine of the 
German Social Accident Insurance, Institute of the Ruhr-Universität Bochum 
(IPA), Bochum, Germany, 4Genetics Branch, CCR, National Cancer Institute, 
Bethesda, Maryland, United States

Background. Assessment of prognostic and diagnostic biomarker in head 
and neck squamous cell carcinoma (HNSCC) can be added another qual-
ity by combining epidemiological and pathological methods and datasets. 
Expression of p53 pathway related genes such as CDKN2A(p14), HMGA2, 
CDKN1A (p21), MDM2 and BAX have been proposed to have diagnostic 
and prognostic value. Th e interdependencies of these biomarker networks 
and their combined associations with lifestyle factors and patient outcome 
have not been assessed. Th e aim of this study was to estimate gene expres-
sion networks in HNSCC and relate it to risk factors like HPV positivity 
or smoking behavior and patient survival time.
Methods. RNA quantifi cation of p14, HMGA2, p21, MDM2 and BAX was 
performed in HNSCC tumor tissues of 208 patients. Multiple imputation 
fi lled in missing values. Network analysis based on probabilistic graph-
ical models was used to estimate gene-gene relationships, acting either 
pro-tumorigenic (HMGA2, MDM2) or anti-tumorigenic (p14, p21, BAX). 
Th e association of biomarker networks with human papilloma virus infec-
tion (HPV) status, tobacco use and alcohol drinking was investigated with 
logistic regression. Principal component analysis of biomarker networks 
facilitated a comprehensive survival analysis supplementing classical Cox 
proportional hazards regression models and log rank tests.
Results. Network analysis revealed the tumor suppressor p14 to be a ma-
jor confounder in the associations of diff erent p53 related biomarker. Bi-
ological networks were subsequently separated into p14 overexpression 
networks and p14 underexpression networks. Th e p14 underexpression 
network yielded a dense network indicating strong gene-gene associations 

Results. PSMA expression in the neovasculature of malignant tumors was 
signifi cantly more frequent compared to the vasculature of benign dis-
ease. However, one case with a strong expression in follicular adenoma 
was identifi ed.
Conclusion. We conclude that neovascular PSMA expression is common 
in thyroid cancer but may also rarely be found in benign thyroid disease, 
such as follicular adenoma. Our fi ndings might provide a rationale for fur-
ther evaluation of PSMA-targeted anti-neovascular or radioligand therapy 
in metastazised thyroid cancer.

AG09.02
Abrasive Cytohistology of squamous epithelial lesions – 
experience in oral specimens

A. Burkhardt*
Institut of Pathology Kaufbeuren-Ravensburg, Pathology, Ravensburg, 
Germany

Background. Abrasive methods with retrieval of cellular and tissular ma-
terial has found increasing application in the diagnosis and monitoring of 
oral precancerous lesion.
Methods. Methods: In addition to the evaluation of the cell smear, a special 
method concentrating and enveloping material gained by abrasive tech-
niques in gelatine prior to paraffi  n embedding was applied. Th is modifi ed 
cell block method makes it possible to employ histochemistry, immuno-
histochemistry and in-situ-hybridization on them. 
Th is method was applied in routine diagnosis of oral mucosal lesions not 
highly suspicious for malignancy over a period of 15 years.
Results. Results: A total of 49.683 specimens of the oral mucosa were eval-
uated by this method, 65% white lesions, 20% mixed red and white lesions, 
15% pure red lesions and 10% erosive or ulcerative lesions. Aft er multi-
modal evaluation 78,2% proved negative for epithelial atypia, 1,7% positive 
for dysplasia or carcinoma. 
16,8% were classifi ed “atypical” necessitating further clinical examination 
– oft en candidal infections or mucocutaneous aff ections were found. All 
“positive cases” were confi rmed by excisional biopsy. In 196 cases with 
“atypical” diagnostic categories a follow-up was possible. Th ere were 15 
carcinomas and 38 dysplasias, 12 hyperkeratosic lesions without dyspla-
sia, the rest were diagnosed as various mucosal changes: 12 lichen planus, 
6 candidiasis, 7 cases showed infl ammation, other lesions were papilloma, 
irritation fi broma, ulcer, sialometaplasia. 
Th e abrasive cyto-histological biopsy allows not only a black-and-white 
diagnosis (negativ/positive) but also subtyping of tumors, defi nition of in-
fl ammatory and infectious lesions (typing of bacterial, viral and mycotic 
agents) as well as defi nition of muco-cutaneous diseases. Th e range of this 
method is demonstrated with examples of various lesions.
Conclusion. Conclusions: Paraffi  n-gelatine embedding enhances the diag-
nostic spectrum of abrasive cytohistology considerably.

AG09.03
Atmospheric pressure plasma applicated in the oral cavity of mice 
is not carcinogenic in long-term-experminents

K. Evert*1, M. Evert1, M. Müller1, F. Dombrowski2, A. Schindler3, T. Kocher4, 
L. Jablonowski4

1University of Regensburg, Institute of Pathology, Regensburg, Germany, 
2University Medicine, Institute of Pathology, Greifswald, Germany, 3Leibniz 
Institute of Surface Modifi cations, Leipzig, Germany, 4University Medicine 
Greifswald, Unit of Periodontology, Dental School, Greifswald, Germany

Background. Bacteria in the oral cavity lead to infections of dental implants 
and infl ammatory bone destruction. Th is process is known as periimplan-
titis and may result in the loss of the implant. Established treatment op-
tions are rare and alter the quality of the implant’s surface, thus interfering 
with its stable osseointegration. Atmospheric pressure plasma may be a 
promising therapeutic alternative. Short-term-experiments showed that 
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rats (n = 3) using immunofl uorescence double staining and confocal laser 
scanning microscopy.
Results. In glomeruli from healthy rat kidneys Sox9 expression is restrict-
ed to approx. 30% of PECs nuclei. During anti-GBMnephritis the num-
ber of glomerular Sox9-positive cells was increased 2-fold on day 7 and 
about 5-fold on day 14 aft er disease induction. In nephritic glomeruli 
Sox9 expression was not restricted to Bowman’s capsule lining but was 
also found on cells of the glomerular tuft . Nearly all Sox9-positive cells 
also expressed the parietal epithelial marker Pax8 whereas Ox7-positive 
mesangial cells, CD31-positive endothelial cells and CD68-positive mac-
rophages lacked Sox9 expression. While in healthy glomeruli only 4% of 
Sox9-positive cells showed proliferative activity, during anti-GBM nephri-
tis on day 7 more than 60% and on day 14 about 40% of glomerular Sox9 
positive cells also expressed PCNA, a proliferation marker. Of note, on 
day 7 0.8 ± 0.9 and on day 14 1.6 ± 1.3 cells per glomerular cross-section 
express both Sox9 and the podocyte marker podocalyxin. Aft er induction 
of anti-GBM nephritis proliferative activity of Sox9-positive cells peaked 
on day 7 (about 60% PCNA/Sox9) and decreased on day 14 (40%) while 
proliferating Sox9-positive cells in healthy rats were rarely found. In ad-
dition, during glomerulogenesis Sox9 was expressed in parietal epithelial 
cells as well as podocytes.
Conclusion. Our data are in line with Sox9 being a marker of activated 
parietal epithelial cells and may further point to a potential role in podo-
cyte regeneration.

AG10.02
The WNT/ ß-Catenin Signaling is involved in Parietal Cell 
Response to Podocyte Loss – Implication for a Possible Cross-Talk-
Mechanism

E. Pfi ster*1, N. Ebert1, M. Hagen1, F. Pfi ster1, S. J. Shankland2, J. Pippin2, 
J. Behrens3, K. Amann1, C. Daniel1

1University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
2University of Washington, Division of Nephrology, Seattle, United States, 
3Friedrich-Alexander-University of Erlangen-Nürnberg, Nikolaus Fieber 
Center for Molekular Medicine, Erlangen, Germany

Background. Focal segmental glomerulosclerosis (FSGS) is characterized 
by proteinuria and progressive scarring of the kidney. Recent insights re-
vealed that apart from the podocyte, the parietal epithelial cell (PEC) of 
the Bowman’s capsule is a key in the pathogenesis of FSGS. In develop-
ment, podocytes can be replenished by PECs migrating to the glomerular 
tuft . In contrast, if PECs migrate to the glomerulus aft er podocyte injury 
in adults, they promote formation of FSGS. It is likely that similar mech-
anisms initiate PEC migration in development and FSGS. Th erefore, we 
investigated whether WNT/ ß-Catenin signaling is involved PEC response 
to podocyte injury.
Methods. 60 rats expressing the human diphtheriatoxin receptor on podo-
cytes received an i. v. injection of PBS (control) or 15 ng/kg BW diphthe-
riatoxin (DT) on day 0. (Immune-) histologically examinations could be 
done weekly over a period of 42 days. Results were verifi ed in a patient’s 
kidney diagnosed with FSGS. Besides, podocyte injury was simulated in 
vitro using Puromycin aminoglycoside (PAN) stimulated cultured podo-
cytes. WNT/ ß-Catenin signaling was examined by immunohistochemis-
try, RQ-PCR and a Bio-Reporter-Assay.
Results. By day 7, DT rats had signifi cant proteinuria, glomerular podo-
cyte density (WT1/glomerular area) declined by 60% and rats had 3.9% 
FSGS lesions that progressed to 20% by day 42. Podocyte coverage (podo-
cin/glomerular area) was decreased in about 20% glomeruli by day 7 and 
decreased further from day 14 to 42. Th is was paralleled by an increase of 
PECs (Pax8+) on the glomerulus, reaching the maximum at day 28 (DT 
4.3 ± 0.17; PBS 0.01 ± 0.01, DT vs. PBS, p < 0.05). While control glomeruli 
were WNT4-negative, WNT4 appeared in podocytes of DT rats by day 7. 
Podocytes did not express the WNT4 activity markers (CD44/ β-Catenin), 
but the markers were highly expressed in PECs that migrated to the glo-
merulus. Th ese results could be confi rmed in a human kidney diagnosed 
with FSGS. PAN treated cultured podocytes increased WNT4 RNA expres-

(e. g. MDM2, HMGA2), which remarkably diminished in the p14INK4 
overexpression network. A 28-fold higher association of HPV-infection 
and p14 overexpression networks was detected. Longer overall survival 
time (median diff erence = 55 months, p < 0.001) was predicted by p14 over-
expression rather than biomarker networks.
Conclusion. A cohort-based study of HNSCC patients aided a compre-
hensive assessment of diff erent diagnostic and prognostic biomarker. P14 
overexpression networks were revealed to be a hallmark of HPV induced 
HNSCC.

AG09.05
Genetic alterations in sinonasal non-intestinal-type 
adenocarcinomas

A. Agaimy*1, M. Michal2, M. Michal2, J. Laco3, E. A. Moskalev1, A. Hartmann1, 
F. Haller1

1University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
2Charles University, Medical Faculty, Department of Pathology, Plzen, Czech 
Republic, 3Institute of Pathology, Hradec Králové, Czech Republic

Background. Sinonasal non-intestinal-type adenocarcinoma is a rare ad-
enocarcinoma arising in the sinonasal tract that has to be diff erentiated 
from intestinal-type adenocarcinoma. In contrast to the latter, there is no 
etiology of wood dust in patients with non-intestinal type adenocarcino-
ma. To date, little is known about the genetic background of sinonasal 
non-intestinal-type adenocarcinoma.
Methods. We employed a 160 gene next-generation sequencing panel 
(Comprehensive Cancer panel, Qiagen, Hilden) for a comprehensive char-
acterization of mutations and gene copy number alterations in a cohort of 
14 sinonasal non-intestinal-type adenocarcinomas.
Results. Th ere was no common genetic alteration among the analyzed tu-
mors, with none of the alterations being present in more than one tumor. 
In contrast, a wide range of diff erent missense mutations was observed af-
fecting known oncogenes (EGFR, FGFR2, FGFR3, AR, NRAS, PIK3R1) 
and tumor suppressor genes (TSC2, APC, PTEN, PALB2).
Conclusion. According to our data, sinonasal non-intestinal-type adeno-
carcinoma is a genetically heterogenous disease. In some cases, genetic al-
terations (e. g. EGFR and FGFR mutations) can be found that are poten-
tial therapeutic targets.

AG Cardiovascular, renal and transplantation 
pathology I

AG10.01
Sox-9 is a marker for activated parietal epithelial cells and 
potentially involved in podocyte regeneration in a rat anti-GBM 
nephritis model

A. Prochnicki*1, K. Amann1, S. Shankland2, J. Pippin2, C. Daniel1

1University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
2University of Washington, Nephrology, Seattle, United States

Background. In healthy kidneys parietal epithelial cells (PECs) line out the 
Bowman’s capsule. During renal disease PECs are thought to be involved 
in crescent formation as well as in podocyte regeneration. However, the 
activation of PECs during crescent formation and its potential role in scar 
formation or podocyte regeneration is not well understood. Th e aim of the 
study was to investigate a potential role of the transcription factor Sox9 as 
a marker of activated PECs in renal development, healthy adult kidneys 
and during anti-GBM nephritis.
Methods. Renal Sox9 expression was investigated in diff erent species in-
cluding mouse, rat, pig and humans using immunohistochemistry. Glo-
merular Sox9 expression was characterized in more detail in healthy 
(n = 11) and anti-glomerular basement membrane (anti-GBM) nephritic 
(n = 11) rats on days 7 and 14 aft er model induction as well as in newborn 
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Methods. In this study, renal tissue samples of type 2 diabetic patients with-
out clinically and histologically overt DN and with histologically proven 
DN and diff erent stages of proteinuria were analyzed. Renal protein- and 
RNA-levels of carnosinase-1 (CN-1) and -2 (CN-2) were investigated by 
immunohistochemistry and qPCR and CN-1 activity and carnosine con-
centrations were measured biochemically and by HPLC.
Results. We show that renal CN-1 and CN-2 protein levels are increased 
in proximal tubular epithelial cells and podocytes of type 2 diabetic pa-
tients. Advanced histological stages of DN and higher levels of proteinu-
ria were associated with higher glomerular and tubular CN-1 and CN-2 
protein levels. In diabetic patients without clinically overt DN, renal CN-1 
RNA expression and carnosine tissue concentrations were comparable to 
healthy controls, although CN-1 activity was already increased.
Conclusion. Advanced stages of diabetic nephropathy and proteinuria in 
type 2 diabetic patients are associated with increased protein levels and ac-
tivity of carnosine degrading enzymes in glomerular and tubular epithelial 
cells. It remains to be investigated whether these changes infl uence intra-
cellular carnosine levels and thereby mediate diabetes induced cell damage.

AG10.05
Recombinant spider silk protein eADF4(κ16) for cardiac tissue 
engineering

J. Petzold1, T. Aigner2, F. Touska3, K. Zimmermann3, T. Scheibel2, F. B. Engel*1

1University Hospital Erlangen, Department of Pathology, Erlangen, 
Germany, 2University Bayreuth, Department of Biomaterials, Bayreuth, 
Germany, 3Friedrich-Alexander-Universität Erlangen-Nürnberg, Klinik für 
Anästhesiologie am Universitätsklinikum Erlangen, Erlangen, Germany

Background. Cardiovascular diseases causing high morbidity and mortal-
ity represent a major socio-economic burden. Th e primary cause of im-
paired heart function is oft en the loss of cardiomyocytes. Th us, novel ther-
apies aim at restoring the lost myocardial tissue. One promising approach 
is cardiac tissue engineering. Here, we have investigated the suitability of 
engineered spider silk protein eADF4(κ16) as an adhesive material for car-
diac tissue engineering in comparison to fi bronectin; a component of the 
native extracellular matrix of the heart and well-established coating mate-
rial for neonatal cardiomyocytes.
Methods. For this purpose we have tested cytotoxicity, cell adhesion, cell 
cycle re-entry, cell-to-cell communication, contractility, and excitation 
propagation of 3-day-old postnatal rat cardiomyocytes.
Results. Our data demonstrate that cardiomyocytes attach to eADF4(κ16) 
fi lms and that their cellular behavior is comparable whether grown on 
eADF4(κ16) or fi bronectin fi lms. However, eADF4(κ16) fi lms have in 
contrast to fi bronectin fi lms no hypertrophic eff ect but allow cardiomyo-
cytes to respond to hypertrophic stimuli. Finally, our data show that also 
fi broblasts, endothelial cells, and vascular smooth muscle can attach to 
eADF4(κ16) fi lms.
Conclusion. Collectively, these data demonstrate that recombinant 
eADF4(κ16)-based materials are suitable for cardiac tissue engineering.

AG10.06
Live cell screening platform identifi es PPAR delta as a regulator of 
cardiomyocyte proliferation and cardiac repair

A. Magadum1, 2, Y. Ding3, L. He3, T. Kim3, M. Dalvoy Vasudevarao4, 
H. V. Renikunta1, K. Yang3, Q. Long3, G. Weidinger4, Q. Yang3, F. B. Engel*2

1Max-Planck-Institute for Heart and Lung Research, Department of Cardiac 
Development and Remodelling, Bad Nauheim, Germany, 2University 
Hospital Erlangen, Department of Pathology, Erlangen, Germany, 3University 
of Alabama at Birmingham, Department of Nutrition Sciences, Birmingham, 
United States, 4Ulm University, Institute for Biochemistry and Molecular 
Biology, Ulm, Germany

Background. Zebrafi sh can effi  ciently regenerate their heart through cardi-
omyocyte proliferation. In contrast, mammalian cardiomyocytes stop pro-
liferating shortly aft er birth limiting the regenerative capacity of the post-

sion, while target genes (β-Catenin, Axin2) were not induced. Moreover, 
we could confi rm that podocytes secret WNT4 upon stress stimulation.
Conclusion. We showed that β-Catenin/Wnt-signaling is reactivated when 
glomerulosclerosis develops. Since podocytes secret WNT4 upon stress 
stimulation, but the WNT/ ß-Catenin signaling pathway is only active in 
PECs migrated to the glomerulus, our data implicate a cross-talk-mech-
anism between injured podocytes and PECs that might initiate glomer-
ulosclerosis.

AG10.03
Bone marrow derived cells are not involved in podocyte 
regeneration but in the progression of glomerular disease

N. Ebert*1, L. Herz1, J. Velden2, K. Amann1, C. Daniel1

1University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
2Maria Hospital Hamburg, Hamburg, Germany

Background. Podocytes are highly specialized, post-mitotic renal cells with 
restricted capacity to regenerate by proliferation aft er injury. Irreversible 
damage can be in part compensated by hypertrophy of remaining podo-
cytes but it is still uncertain if there is a mechanism to repair or replace 
damaged podocytes. We therefore investigated if bone marrow derived 
cells are involved in podocyte replacement or diff erentiate into podocytes 
and consequently maintain proper kidney function.
Methods. Transgenic rats carrying the human diphtheria toxin-receptor 
(hDTR) exclusively on podocytes were myoablatively irradiated and re-
ceived a bone-marrow transplant from donor-rats expressing the human 
placental alkaline phosphatase (hPAP). Selective podocyte damage was 
induced by injection of diff erent doses of diphtheria toxin (DT). Aft er 
sacrifi cing the rats on day 21, we processed the kidneys for the analysis of 
podocyte damage and participation of bone marrow derived hPAP-posi-
tive cells in podocyte replacement/regeneration via immunohistochemis-
try and immunofl uorescence.
Results. A reduction of wilms tumor 1 (WT1) positive podocytes of about 
30–50% was observed in rats aft er DT injection and the number of bone 
marrow derived cells invading the glomerulus increased with augmented 
podocyte damage. As assessed by IHC/IF and confocal scanning micros-
copy there was no indication of podocyte replacement by hPAP-positive 
cells in glomeruli with no, mild or excessive podocyte loss. 
In contrast, in glomeruli most bone marrow derived cells were positive for 
the lymphocyte marker CD45 and/or the macrophage marker CD68. Only 
a few glomerular bone marrow derived cells (hPAP+) could be identifi ed as 
alpha-smooth muscle actin (SMA)-positive myofi broblasts or Ox-7-pos-
itive mesangial cells. In addition, hPAP+ bone marrow derived cells were 
frequently observed in formation of glomerular synechiaes indicating a 
role in progression of glomerular sclerosis.
Conclusion. Bone marrow derived cells do not appear to be a source for 
the regeneration of podocytes aft er podocyte injury but seem to diff eren-
tiate into infl ammatory cells being involved in the progression of glomer-
ular diseases.

AG10.04
Pathological alteration of the renal carnosine/carnosinase system 
in diabetic nephropathy of type 2 diabetic patients

F. Pfi ster*1, V. Peters2, S. Dodel1, E. Pfi ster1, C. Daniel1, K. Amann1

1Institute of Pathology, Universitätsklinikum Erlangen, Department of 
Nephropathology, Erlangen, Germany, 2Centre for Pediatric and Adolescent 
Medicine, Heidelberg University Hospital, Heidelberg, Germany

Background. An important role of the carnosine-carnosinase system has 
been suggested in the development of diabetic nephropathy (DN) in type 
2 diabetic patients and more recently presence of an intrinsic system for 
carnosine synthesis and degradation has been demonstrated in healthy 
human kidneys. However changes of levels and activity of carnosine de-
grading enzymes and renal carnosine concentration in DN have not been 
studied in detail so far.
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man body. Th e student ratings positively addressed, that the courses be-
came more lively and inter-active. Furthermore, a more comprehensive 
overview and a better understanding of the macroscopic pathology were 
appreciated. However, the time management became more challenging.
Conclusion. Th e authenticity of historical specimens contrasts the tenden-
cy to virtual “online” didactic methods. Th e stereoscopic view on oft en un-
treated and therefore unbiased cases enhances a skill-oriented deeper un-
derstanding of diseases. In conclusion, historical specimens regain interest 
and even didactic value especially in an era of declining autopsy rates.

AG11.02
Opening Adresses at the Annual Meetings of the DGP in Political 
Challenging Times

P. Meister*
Pathologie, München, Deutschland

Traditionsgemäß hielt der Vorsitzende der “Deutschen Pathologischen 
Gesellschaft ” die Eröff nungsansprache bei den Jahrestagungen (eine Aus-
wahl). 
1914 Aschoff :“Meine sehr verehrten Damen und Herren!”.Mit Stolz blickt 
er 15 Jahre zurück, als die Gesellschaft  das erstemal als eine “in sich ge-
schlossene Vertretung unseres Faches in die Öff entlichkeit getreten ist”.5 
Monate später Kriegsbeginn – keine Kommentare zur politischen Lage. 
1921 Schmorl in der 1.Nachkriegstagung “7 schicksalsschwere Jahre für 
unser geliebtes Vaterland. Damals auf der politischer und wirtschaft licher 
Machtstellung, heute gebrochen und herabgesunken zur politischen Ohn-
macht, völkischem Elend und wirtschaft licher Not”. 
1923 Schmidt weist darauf hin, daß die Pathologie “in den Stürmen des 
geistigen Lebens standgehalten und sich weiter entwickelt hat als Glied 
das des kraft vollen Stammes der deutschen Wissenschaft ler”.Erinnerung 
an die Gründung vor 25 Jahren. 
1932/33 mußten die Jahrestagungen aus wirtschaft lichen Gründen aus-
fallen. 
Im Folgenden fällt die vorher generell nicht üblichen Dankadressen und 
politischen Bemerkungen auf. 
1934 Hueck führt aus ‘daß sich Deutschland grundlegend geändert hat, 
1933 kam der Umschwung und die Erneuerung:“Ich glaube, daß ich im 
Sinne meiner deutschen Fachgenossen spreche, wenn ich an dieser Stelle 
der beiden Männer an der Spitze unseres Staates in tiefster Ehrerbietung 
und dankbarer Liebe gedenke”. 
1935 Dietrich eröff net mit:“Heil Hitler!Mit dem Gruß des neuen deut-
schen Reiches und mit dem Blick auf den Führer und Reichskanzler, dem 
in Stunden schwerer Entscheidung aller Gedanken zugewandt sind”. 
1936 Fischer-Wasels“Mit einem herzliche Gruß an den Führer des deut-
schen Volkes”. 
1937 Beitzke “Mit einem Gruß an den Führer des deutschen Volkes..”. 
1938 Fahr:“Wir wollen unsere Tagung nicht beginnen, ohne unserem Füh-
rer ehrerbietigen Gruß darzubringen …wir wären glücklich, wenn auch 
diese Verhandlungen einen wenn auch nur bescheidenen Beitrag zu dem 
großen Aufb auwerk liefern könnten, zudem der Führer alle Schaff enden 
der Nation aufgerufen hat”. 
1949 nach einer vorbereitenden Sitzung (1948) erste offi  zielle, satzungs-
gemäße Tagung der “Deutschen Gesellschaft  für Pathologie” nach dem 
Krieg. 
Lauche eröff net:“Sehr verehrte Damen und Herren!” – und geht ohne wei-
tere Anmerkungen zur Tagesordnung über.

natal mammalian heart. Th erefore, enhancing the endogenous potential 
of postnatal cardiomyocyte proliferation is a promising future therapy for 
heart failure patients, which has gained great attention.
Methods. Here, we set out to systematically identify small molecules trig-
gering postnatal cardiomyocyte proliferation and cardiac regeneration. For 
this purpose we established a Fucci-based live cell screening platform. Th e 
potential of identifi ed compounds to induce cardiomyocyte proliferation 
was verifi ed in primary neonatal and adult rat cardiomyocytes utilizing a 
variety of proliferation assays (e. g. BrdU incorporation, histone H3 phos-
phorylation, Aurora B expression, cell count experiments). Subsequently, 
the potential was assessed in vivo during zebrafi sh heart regeneration af-
ter cryoinjury and in mice aft er myocardial infarction. In addition, stand-
ard molecular assays were performed to identify the involved signaling 
pathways.
Results. Screening chemical compound libraries utilizing a Fucci-based 
system identifi ed carbacyclin as a potential inducer of postnatal cardiomy-
ocyte proliferation. Subsequent validation demonstrated that carbacyclin 
induces cardiomyocyte proliferation via a peroxisome proliferator-acti-
vated receptor delta (PPAR-delta)/PDK1/p308Akt/GSK3-beta/beta-cat-
enin-pathway. Importantly, PPAR-delta activated Tbx20 expression, a 
transcription factor known to promote cardiac regeneration. While car-
bacyclin induced in vitro via PPAR-delta mainly proliferation of neona-
tal and adult mononuclear rat cardiomyocytes, inhibition of PPAR-delta 
reduced cardiomyocyte proliferation during zebrafi sh heart regeneration. 
Notably, inducible cardiomyocyte-specifi c overexpression of constitutively 
active PPAR-delta as well as PPAR-delta agonist treatment aft er myocardi-
al infarction in mice induced cardiomyocyte DNA synthesis, mitosis, and 
cytokinesis, reduced scarring, and improved cardiac function.
Conclusion. Collectively, we established a screening system, identifi ed a 
signaling pathway that governs cardiomyocyte proliferation, and present 
a new drugable target with promise for the treatment of cardiac patholo-
gies caused by cardiomyocyte loss.

AG History of Pathology

AG11.01
Historical macro-pathological specimen in current medical 
teaching – lessons and perspectives from an inventory, 
restauration and application project

P. Eichhorn*1, U. Andraschke2, F. Dross3, W. Neuhuber4, A. Hartmann1, T. Rau1,5

1University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
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3Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of History 
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Background. Th e heritage of the Pathological Institute of the Friedrich-Al-
exander-University Erlangen-Nuremberg comprises an extensive collec-
tion of macroscopic pathologico-anatomical specimen reaching back over 
150 years. Th e purpose of this work was to examine the impact, meaning 
and perception of such historical preparations during the current medi-
cal curriculum.
Methods. All preparations were documented, photographed and cataloged 
in an electronic database. During a restauration period a series of didacti-
cally suitable specimens were professionally restored. Hereby, the help of 
a special course of interested students was admitted. In a second step the 
specimens were integrated into the regular teaching of students in mascro-
scopic pathology. An evaluation was carried out on two student cohorts 
with and without historical specimens by means of a questionnaire with 
23 items and two free text fi elds.
Results. 1261 specimens were registered covering diseases of the cardiovas-
cular (18%), urinary (17%), gastrointestinal (15%), central nervous (12%), 
musculo-sceletal system (9%) and a variety from almost the complete hu-
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AG12.01
Evaluation and Validation of MET Exon 14 Skipping Events 
Detected by the Oncomine Focus Assay in the Diagnostic Routine

N. Valtcheva*1, M. Rechsteiner1, B. Vrugt1, A. Curioni2, C. Britschgi2, H. Moch1, 
P. Wild1

1University Hospital Zurich, Institut of Surgical Pathology, Zurich, 
Switzerland, 2University Hospital Zurich, Department of Medical Oncology, 
Zurich, Switzerland

Background. MET Exon14 skipping occurs in 3% of non-small cell lung 
cancer (NSCLC) and it is usually caused by mutations or larger deletions 
in the nucleotides harbouring the 5’ and 3’ splice sites of exon 13 and exon 
15, respectively. Exon 14 skipping leads to the expression of a MET recep-
tor variant that lacks an intracellular domain crucial for the degradation 
of the protein. Th us, the cells overexpress MET and show increased sen-
sitivity to its ligands.
Methods. NSCLC patients were routinely sequenced with the Oncomine 
Focus Assay on the Ion Torrent platform. Since there is no evidence-based 
cut-off  for the number of RNA fusion reads (MET13-MET15), we per-
formed immunohistochemistry (IHC) for MET and designed qPCR prim-
ers specifi c for either the RNA fusion reads or the wild-type RNA.
Results. Th e extent of MET overexpression as measured by IHC staining 
intensity was not associated with the MET13-MET15 fusion read num-
ber, i. e., samples with low and high read number as detected with the 
OFA, both showed MET overexpression on protein level. Only one out of 
17 samples with MET13-MET15 fusion reads carried in parallel a known 
splice site mutation detected on DNA level. Th us, we aimed at identifying 
the mechanisms leading to MET Exon14 skipping events in the remain-
ing diagnostic samples with the fi nal goal to set a cut-off  for false posi-
tive results.
Conclusion. Th e detection of MET Exon14 skipping in routine diagnostics 
has direct impact on patient’s therapy, since overexpression of MET confers 
sensitivity to the kinase inhibitor Crizotinib. Th e Oncomine Focus Assay 
detects MET13-MET15 fusion reads with a very high sensitivity. However, 
a systematic validation of this part of the assay was missing. We performed 
IHC staining and qPCR in order to identify a reliable cut-off  for reporting 
MET Exon14 skipping events.

AG12.02
RNA-Based Analysis of ALK Fusions in NSCLC Cases Showing IHC/
FISH Discordance

C. Vollbrecht*1, 2, 3, M. von Laff ert1, D. Lenze1, N. Frost4, A. Lehmann1, 
M. Moebs1, M. Hummel1, M. Dietel1

1Charité Medical University Berlin, Institute of Pathology, Berlin, Germany, 
2German Cancer Consortium (DKTK), partnersite Berlin, Germany, 3German 
Cancer Research Center (DKFZ), Heidelberg, Germany, 4Charité Medical 
University Berlin, Medical Department, Division of Infectiology and 
Pneumology, Berlin, Germany

Background. Rearrangements of the anaplastic lymphoma kinase (ALK) 
belong to the promising treatable targets in current therapy of advanced 
non-small cell lung cancer (NSCLC). Th e detection is performed by means 
of immunohistochemistry (IHC) and/or fl uorescence in-situ hybridization 
(FISH). However, both methods occasionally produce discordant results. 
Th is might cause a diagnostic (and thus therapeutic) dilemma, especial-
ly in tumors showing ALK-FISH positive signals around the given cut-off  
(15%) for positivity.
Methods. A collective of 33 formalin-fi xed, paraffi  n-embedded (FFPE) 
NSCLC cases consisting of 11 ALK IHC and FISH clearly negative, 6 clear-
ly positive and 15 cases with discrepant FISH/IHC results were used to 
identify ALK fusions on RNA level. Th e latter ones contained 12 cases 
with borderline FISH results (10–20% split signal (SS)). Samples were sub-
jected to targeted multiplex PCR enrichment (IonAmpliSeq RNA Fusion 

AG11.05
Siegfried Oberndorfer: from carcinoids in München to oncological 
pathology in Istanbul

G. Klöppel*
Institute of Pathology, Munich, Germany

Background. One hundred and ten years ago, Siegfried Oberndorfer 
coined the term “carcinoid”, a name intended to express the distinction 
from, but also the similarity to true carcinomas. Since then the carcinoids 
have been the topic of numerous studies, which revealed their fascinating 
nature as neuroendocrine neoplasms.
Methods. Th is account on the birth of carcinoids in the context of Obern-
dorfer’s career and life is based on Oberndorfer’s publications and auto-
biography.
Results. Siegfried Oberndorfer, a Bavarian pathologist with Jewish origin, 
lived in München until 1933, when he was forced by the Nazi regime to 
retire. A few months later he emigrated to Turkey at Atatürk’s invitation 
and through Philipp Schwartz’ intervention, where he got a professorship 
in the Department of Pathology at the University of Istanbul. Later he 
founded the fi rst Turkish Institute of Cancer Research which he headed 
until his death in 1944.
Conclusion. In this study, we focus on the questions why Oberndorfer be-
came a pioneer in the fi eld of carcinoid pathology, which of his original 
observations stood the test of time and what role he played as oncologi-
cal pathologist .

AG11.04
3 Carreers of Phillips Schwartz, Pathologist

P. Meister*
Pathologie, München, Deutschland

Background. Nach dem medizinischen Staatsexamen in Wien begann 
P. S. seine Ausbildung am Institut für Pathologie der Universität Frank-
furt 1919. 
1.Professor in Frankfurt.Besonders bekannt unter seinen damaligen Ar-
beiten, eine Monographie 
“Geburtsschäden bei Neugeborenen”.Als Jude verfolgt mußte er 1933 nach 
Zürich fl iehen. 
Schon kurz nach seiner Ankunft  aktiv A) Vermittlung deutscher Profes-
soren an türkische Universitäten und B) Gründung der Notgemeinschaft  
deutscher Wissenschaft ler im Ausland. 
2.Lehrstuhl für Allgemeine Pathologie in Istanbul.Schon im Sommer 1933 
Übersiedelung in die Türkei.Durch seine Vermittlungwerden mehrere 
Lehrstühle durch Deutsche besetzt ‘darunter auch der für Experimentelle 
Pathologie durch S.Oberndorfer, dem Beschreibe der Carcinoide. 
3.nach vergeblichen Versuchen wieder in Frankfurt zu wirken 1953 Aus-
wanderung in die U. S. A.Als Leiter der Abteilung für Pathologie am War-
ren State Hospital ‘Penn. veröff entlicht er zahlreiche Arbeiten, besonders 
über Altersveränderungen im Gehirn – jedoch auch in den übrigen Or-
ganen. 
Nach seiner Pensionierung in Florida, wo er 1976 stirbt. 
Erst 2012 wurden durch die Arbeiten von G.Kreft  die Verdienste von P. S. 
als “vergessenen Retter” erkannt.2014 wurde ihm im Universitätsklinikum 
Frankfurt eine Gedächtnisstele gewidmet.Seine Urne wurde in ein “Ehren-
grab” in Zürich überführt.
Methods. siehe oben
Results. siehe oben
Conclusion. siehe oben
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Conclusion. Next generation sequencing technologies applied to autopsy in 
conjunction with pre-mortem time-points aff ords a valuable window into 
clonal evolution, molecular heterogeneity, metastasis, and alterations un-
derlying treatment resistance. Moreover, such an autopsy program yields 
robust biologically and clinically relevant pre-clinical models of disease.

AG12.04
Cytoplasmic p21: Determining Factor of Cancer Stem Cells and 
Metastasis in Colorectal Cancer

P. Chanvorachote*1, C. Ninsontia2, 3, A. Vial-Roehe4, S. Steinmann2, 
B. Ndreshkjana2, K. Erlenbach-Wünsch2, C. Geppert2, S. Merkel5, 
J. K. Muenzner2, A. Hartmann2, R. Schneider-Stock2

1Faculty of Pharmaceutical Sciences, Chulalongkorn University, Department 
of Pharmacology and Physiology, Bangkok, Thailand, 2Friedrich-Alexander-
University of Erlangen-Nürnberg, Institute of Pathology, Erlangen, 
Germany, 3Friedrich-Alexander-University of Erlangen-Nürnberg (FAU), 
Computer Science Department 5, Laboratory of Pattern Recognition, 
Erlangen, Germany, 4Federal University of Health Sciences of Porto Alegre, 
2 Department of Pathology, Porto Alegre, Brazil, 5Surgical Clinic, Erlangen, 
Germany

Background. Th e oncogenic role of cytoplasmic p21 in many cancers is 
associated with a dramatic impact on chemotherapeutic resistance and 
cell survival. Moreover, there is increasing evidence that cancer stem cells 
(CSCs) are mediating chemotherapeutic failure, metastasis, and relapse. So 
far the link between p21 and the CSC-like phenotype in colorectal cancer 
(CRC) is largely unknown.
Methods. Human CRC cell lines HCT116, HT29, SW480, SW837, and 
DLD1 were used in a spheroid 3D culture model. Th e expression and lo-
calization of p21 and the levels of CSC markers were examined without 
and with diff erent transfection protocols by Western Blot analysis and im-
munofl uorescence. Cell clones having diff erent levels of endogenous p21 
and CSC marker profi les were established from HCT116 and HT29 cells 
to clarify the role of p21 in infl uencing CSC-like characteristics. p21 ex-
pression and localization was studied in a tissue microarray of human CRC 
patients and in the chorioallantoic membrane assay.
Results. Th e CSC-like phenotype of all cell lines was determined as 
the ability of spheroid formation and the presence of CSC markers in-
cluding ABCG2, ALDH1A1, Nanog, Oct-4, and CD133. Mesenchymal 
HCTp21-/-cells showed no spheroid growth and did not survive as a single 
cell suspension in detached 3D cultures with a dramatically depleted CSC 
marker expression. In contrast, CSC-rich clones, the cell lines with self-re-
newal capacity, exhibited high cytoplasmic p-p21T145 levels which were 
clearly correlated to basal active AKT levels. Using ectopic overexpression 
of p-p21T145D, active AKTS473D, and dominant negative AKTS473A 
as well as treatment with Akt inhibitors in SW837 cells, which have only 
low endogenous levels of both proteins, we could prove that p-p21T145 
activated by AKT is a key mediator of the CSC-like phenotype. Moreover, 
CSC enriched clones predominantly displayed cytoplasmic p21 expression 
in comparison to their parental counterparts, while in cells having a less 
CSC-like phenotype p21 was localized in the nucleus. In support of these 
data nitric oxide, a known CSC inducer, increased stemness in our CRC 
cell lines via AKT/p-p21T145-dependent mechanisms. In human CRC 
samples there was an increase in cytoplasmic p21 at the tumor invasion 
front and primary M1 CRCs showed a higher cytoplasmic p21 staining 
compared to M0 tumors.
Conclusion. Our study is the fi rst to indicate that cytoplasmic p-p21T145 
is essential for the CSC-like phenotype of CRC.

Lung Cancer Research Panel v2) followed by Ion S5 parallel sequencing 
and Nanostring’s nCounter technology (Lung Gene Fusion Panel). Sensi-
tivity of both methods was defi ned with an ALK-positive NSCLC cell line 
dilution series in a range of 1–100%. Obtained data was used for a com-
parative ALK-analysis.
Results. ALK clearly negative and positive cases showed concordance with 
all methods. FISH borderline cases below the given cut-off  (10–14% SS) 
were also clearly negative with the sequencing and Nanostring approach. 
Interestingly, IHC negative cases with FISH SS in the range of 10–14% 
were negative with both RNA-based methods. Cases with FISH SS in the 
range of 15–20% displayed two diff erent patterns: (i) 25% were consist-
ently positive at the protein and RNA level whereas (ii) 75% were constant-
ly negative. Furthermore three unequivocal ALK-FISH positive samples 
(>30% SS or single red signal) negative by ALK IHC, were also negative 
by RNA-based methods.
Conclusion. Our comparative approach for ALK fusion detection showed 
100% concordance of IHC, sequencing and Nanostring results. FISH bor-
derline samples below the 15% cut-off  were concordantly negative by all 
other methods. Borderline cases with SS between 15–20% where either 
positive or negative at the protein and RNA level. Th is led us to conclude 
that borderline cases needs to be validated at the transcriptional level. 
Moreover, a small proportion of unequivocal FISH positive cases are una-
ble to express the ALK protein, which most likely prevents the successful 
treatment with ALK inhibitors.

AG12.03
Next-Generation Rapid Autopsies Enable Tumor Evoluation 
Tracking and the Generation of Preclinial Models

C. Pauli*1, 2, D. Pisapia2, S. Salvatore2, D. Prandi3, V. Sailer2, O. Elemento4, 
A. Sponer5, F. Demichelis5, H. Beltran2, M. A. Rubin2, J. M. Mosquera2

1Institute for Pathologie and Molecular Pathology USZ, Pathologie, Zurich, 
Zurich, Switzerland, 2The Caryl and Israel Englander Institute for Precision 
Medicine, Weill Cornell Medicine and NewYork-Presbyterian Hospital, New 
York, United States, 3The Caryl and Israel Englander Institute for Precision 
Medicine, Weill Cornell Medicine and NewYork-Presbyterian Hospital, 
Computational Medicine, New York, United States, 4Englander Institute for 
Precision Medicine, Weill Cornell Medicine, Computational Biology, New 
York, United States, 5The Caryl and Israel Englander Institute for Precision 
Medicine, Weill Cornell Medicine and NewYork-Presbyterian Hospital, 
Computational Biology, New York, United States

Background. Cancer patients who graciously consent for autopsy repre-
sent an invaluable resource for the study of cancer biology. To advance the 
study of tumor evolution, metastases and resistance to treatment, we devel-
oped a next-generation rapid autopsy program integrated within a broad-
er precision medicine clinical trial that interrogates pre and post-mortem 
tissue samples.
Methods. Of 554 patients who have consented to the clinical trial, 123 
(22%) also consented for rapid autopsy. Th is report comprises the fi rst 
15 autopsies conducted, including patients with metastatic carcinoma 
(n = 10), metastatic melanoma (n = 1), and gliomas (n = 4). Whole-exome 
sequencing (WES) is performed on frozen autopsy tumor samples from 
multiple distinct anatomic sites as well as non-neoplastic tissue. RNA-Seq 
is performed on a subset of frozen samples. Tissue is also utilized for the 
development of pre-clinical models including tumor organoids and pa-
tient derived xenograft s.
Results. 346 frozen samples were procured over 15 autopsy cases. WES 
was performed on 113 samples and RNA-Seq on 72 samples. Successful 
cell strain, tumor organoid, and/or patient derived xenograft  development 
was achieved in 5 cases, including an inoperable pediatric glioma. WES 
data across samples in individual patients was used to assess clonal evolu-
tion and molecular heterogeneity. Shared and distinct mutational profi les 
were observed between primary tumors and metastases, across metastatic 
sites, and over time, providing biologic insights into early versus late driv-
ers of disease progression and metastatic spread.
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Background. Malignant peritoneal eff usions can be caused by many dif-
ferent types of malignancies. In up to 15% the primary is unknown at the 
time of presentation. Applying a panel of diff erent immunohistochemical 
markers can lead to the identifi cation of the primary tumor site in 67–85%. 
Elucidating diff erences in cytology specimen at the proteome level could 
provide more reliable and in depth information to identify the primary 
tumor site. Matrix assisted laser desorption ionization (MALDI) imaging 
mass spectrometry (IMS) applied to cytology cell blocks enables the vis-
ualization of the spatial distribution of cancer specifi c peptide expression 
profi les in correlation with cytological features.
Methods. Two diff erent tissue microarrays were subjected to on-tissue 
tryptic digestion and IMS comprising tissue cores from malignant perito-
neal eff usions from the following primary sites: 24 serous ovarian carcino-
mas, 11 gastric adenocarcinomas and 9 adenocarcinomas from other sites 
including pancreas and lung. Briefl y, sections were mounted onto conduc-
tive glass slides and underwent paraffi  n removal well as antigen retrieval. 
On-tissue digestion was achieved by spotting trypsin onto the tissue in 
an array pattern using a Portrait 630 reagent multi-spotter. Following di-
gestion, matrix was spotted directly onto the array of tryptic spots. Sam-
ples were analyzed utilizing a Rapifl eX MALDI-TOF mass spectrometer. 
Additionally, MS/MS measurements of selected peptides were acquired. 
Data analysis was performed by using the ClinProTools 3.0 and FlexI-
maging 5.0 soft ware.
Results. On-tissue tryptic digestion revealed on average hundreds of tryp-
tic peptides in the mass range from m/ z 600–3000. Supervised classifi ca-
tion analysis comparing malignant eff usions from serous ovarian carci-
nomas and from adenocarcinomas from other primary sites resulted in a 
classifi er composed of 5 peptides that could identify malignant eff usions 
from serous ovarian carcinoma with a sensitivity of 93.1% and those from 
other primary sites with a sensitivity of 85.7%. For example, heat shock 
protein beta-1 and keratin type II were diff erentially expressed between 
the carcinomas originating from the ovary compared to carcinomas from 
other sites.
Conclusion. Th e screening tool MALDI imaging has the potency of discov-
ering novel markers for cancer typing in malignant peritoneal eff usions.

AG12.07
DAPK1-Dependent Angiogenic Activity in colorectal cancer

S. Steinmann*1, J. K. Muenzner1, S. Chen2, B. Ndreshkjana1, K. Scheibe3, 
C. Neufert3, M. Eckstein1, A. Hartmann1, A. Maier2, R. Schneider-Stock1

1Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany, 2Friedrich-Alexander-University of Erlangen-
Nürnberg (FAU), Computer Science Department 5, Laboratory of Pattern 
Recognition, Erlangen, Germany, 3Friedrich-Alexander-University of 
Erlangen-Nürnberg (FAU), First Department of Medicine, University Hospital, 
Erlangen, Germany

Background. Th e tumor suppressor Death-associated Protein Kinase 1 
(DAPK1) is well-known to exhibit pro-apoptotic as well as metastasis 
suppressing properties. Moreover, in ovarian cancer an anti-angiogenic 
activity of DAPK1 has been reported. An upregulation of the vascular en-
dothelial growth factor (VEGF) receptor signaling is a critical factor for 
the growth and metastatic spread of malignant tumors. So far, most stud-
ies focus on VEGF signaling in endothelial cells. However, the impact of 
epithelial cells on colorectal cancer (CRC) tumor vascularization or angi-
ogenesis and the capability of DAPK1 to regulate VEGF signaling in this 
respect have not been investigated yet.
Methods. Th e angiogenic potential of CRISPR-Cas generated DAPK1-de-
fi cient CRC cell lines was studied using Western Blot analysis for VEGF 
and VEGF receptors and VEGF ELISA. Gene expression pattern of 
DAPK1 defi cient clones was analyzed using the NanoString system. Th e 
impact of DAPK1 on physiological and pathological tumor angiogenesis 
in vivo was investigated in two diff erent models: i) chicken chorioallan-
toic membrane (CAM) assay and ii) murine tumors of AOM/DSS treated 
DAPK1fl /fl ;Vil-Cre and DAPK1-/- mice.

AG12.05
Separation of low and high grade colon and rectum carcinoma by 
eukaryotic translation initiation factors

N. Golob-Schwarzl*1, C. Schweiger1, C. Koller1, S. Krassnig1, 
M. Gogg-Kammerer1, N. Gantenbein1, H. Bergler2, B. Pertschy2, S. Uranitsch3, 
K. Lackner1, A. El-Heliebi4, J. Fuchs4, A. Puntschart5, P. Stiegler5, M. Keil6, 
J. Hoff mann6, C. Regenbrecht7, D. Henderson8, H. Lehrach9, C. Reinhard10, 
R. Schicho11, P. Fickert12, S. Lax13, J. Haybaeck1, 14

1Medical University of Graz, Institute of Pathology, Graz, Austria, 2Karl-
Franzens-University of Graz, Institute of Molecular Biosciences, Graz, 
Austria, 3Hospital Brothers of Charity Graz, Austria, Department of Surgery, 
Graz, Austria, 4Medical University Graz, Austria, Institute of Cell Biology, 
Histology and Embryology, Graz, Austria, 5Medical University of Graz, 
Austria, Department of Surgery, Graz, Austria, 6Experimental Pharmacology 
& Oncology Berlin GmbH-Berlin-Buch, Berlin, Germany, 7CPO – Cellular 
Phenomics & Oncology GmbH, Berlin, Germany, 8Bayer Pharma AG, Berlin, 
Germany, 9Max Planck Institute for Molecular Genetics, Berlin, Germany, 
10Eli Lilly & Company, Indianapolis, USA, Indianapolis, United States, 
11Medical University of Graz, Austria, Institute of Experimental and Clinical 
Pharmacology, Graz, Austria, 12Medical University of Graz, Austria, Division 
of Gastroenterology and Hepatology, Graz, Austria, 13Hospital Graz South-
West, Austria, Department of Pathology, Graz, Austria, 14Otto-von-Guericke-
University, Institute of Pathology, Magdeburg, Germany

Background. Colorectal cancer (CRC) is the third most common cause of 
cancer related death worldwide. Protein deregulation has received consid-
erable attention as a major step in cancer development and progression. 
Th e step of initiation, regulated by eukaryotic initiation factors (eIFs), is as-
signed as rate limiting step in protein synthesis. eIFs become major targets 
for cancer therapy and are functionally linked to the PI3K/AKT/mTOR 
signaling. However, little is known about their contribution in CRC. Th ere-
fore, we aimed to investigate the role of eIFs and mTOR members in CRC.
Methods. Th e eIF subunits and mTOR pathway members were analysed in 
primary low and high grade colon carcinoma (CC) and rectum carcinoma 
(RC) samples in comparison to non-neoplastic colorectal tissue (NNCRT) 
without any disease-related pathology on protein and mRNA expression 
level. To assess the therapeutic potential of targeting eIFs, siRNA knock-
down experiments in HCT116 cells were performed. We evaluated the eIF 
knockdown on protein and mRNA level and investigated proliferation, 
apoptosis, invasion, colony forming and polysome associated fractions. 
Additionally, CC and RC liver metastasis and non- neoplastic liver tissue 
as control were studied by immunohistochemistry with 9 eIF subunits on 
tissue micro-arrays (TMAs).
Results. Protein and mRNA levels of low grade and high grade CC and 
RC patients revealed a signifi cant up-regulation for mTOR members and 
most eIF subunits. Reducing eIF1, eIF5 and eIF6 expression by inducible 
knockdown in the HCT116 cell line led to increased levels of free ribo-
somal subunits, suggesting reduced mRNA translation. As consequence, 
CRC cell proliferation, viability, invasion, clonogenicity and apoptosis were 
found to be decreased. 
Immunohistochemistry demonstrated a higher staining intensity in CC 
and RC liver metastasis for all 9 eIF subunits compared to the NNLT.
Conclusion. Our data show for the fi rst time the diff erences in the expres-
sion pattern of mTOR members and eIFs between NNCRT and primary 
CC and RC as well as NNLT and liver metastasis derived from primary CC 
and RC. A better understanding of the molecular mechanisms in colorec-
tal carcinogenesis is necessary for developing novel treatment strategies.

AG12.06
Imaging Mass Spectrometry to Discern the Primary Carcinoma in 
Diff erent Malignant Peritoneal Eff usions

K. Schwamborn*1, W. Weichert1, R. Caprioli2, G. Weirich1

1Technical University Munich, Institute for General Pathology and 
Pathological Anatomy, Munich, Germany, 2Vanderbilt University, 
Department of Biochemistry, Nashville, United States
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AG12.09
Chorioallantoic membrane assay as a suitable in vivo model to 
study tumor budding

M. Eckstein*1, S. Steinmann1, J. Boehm1, A. Vial-Roehe2, P. Chanvorachote3, 
P. Lennert1, J. K. Muenzner1, M. Benz4, A. Kuleschow4, C. Muenzenmayer4, 
C. Geppert1, A. Hartmann1, R. Schneider-Stock1

1Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany, 2Federal University of Health Sciences of 
Porto Alegre, 2 Department of Pathology, Porto Alegre, Brazil, 3Faculty 
of Pharmaceutical Sciences, Chulalongkorn University, Department of 
Pharmacology and Physiology, Bangkok, Thailand, 4Fraunhofer Institute 
for Integrated Circuits IIS, Image Processing and Medical Engineering 
Department, Erlangen, Germany

Background. Th e ability of cancer cells to invade and metastasize into dis-
tant organs is a key hallmark of cancer and one of the most challenging 
clinical problems. Indeed, isolated poorly diff erentiated cell clusters (buds) 
at the invasion front are an independent prognostic factor in many cancer 
types. Besides advantages in defi ning marker profi les for tumor buds the 
driven molecular forces behind such as epithelial-to-mesenchymal tran-
sition (EMT), stemness or mixture of both are only little understood. So 
far there is no suitable in vivo model available to study tumor budding.
Methods. Tumor budding was investigated using the chorioallantoic mem-
brane (CAM) assay. Since cancer stem cells (CSCs) possess the ability to 
self-renew and to diff erentiate only this cell population should give rise to 
heterogeneous tumor growth. As a fi rst genetic model, we characterized 
the budding potential of CRISPR/Cas9 generated DAPK1-/- clones from 
two colorectal cancer cell lines (HCT116, HT29) since DAPK is a potent 
anti-migratory cytoskeletal protein kinase. We performed single cell clon-
ing from spheroids to enrich the CSC populations. Th ese clones were high-
ly heterogeneous regarding their expression patterns of EMT and stem 
cell markers. In a second step we used four well characterized urothelial 
carcinoma cell lines (two well diff erentiated/luminal like, two dediff eren-
tiated/basal like) to validate the CAM model for EMT characterization in 
a second tumor type.
Results. We showed that HCT116 cells maintained the histological features 
of a microsatellite instable (MSI) tumor such as solid growth, poor diff er-
entiation, dense vascularization and loss of normal glandular structures. 
We clearly recognized an invasion front into direction of CAM. Interest-
ingly the pushing invasive pattern typical for an MSI colorectal tumor 
could be seen although there was no infl ammatory response. DAPK-/- cell 
clones showed remarkable higher rate of tumor budding evaluated as ra-
tio bud count/length of invasion front on a pan-cytokeratin stained slide. 
We found diff erences in the expression of (non)-EMT markers. Studies 
on urothelial cell lines are in progress. Development of an image anal-
ysis soft ware to support detection and quantifi cation of tumor budding 
has been started.
Conclusion. Th e CAM assay is a stable and reproducible in vivo model to 
study the invasive behavior of tumor cells with diff erent molecular profi les 
and can be applied to diff erent tumor entities.

Results. CRISPR/Cas9-induced DAPK1-knockout in microsatellite stable 
and instable CRC cell lines HT29 and HCT116, respectively, was verifi ed 
using Sanger sequencing and Western Blot analysis. Preliminary histo-
pathological evaluation of in ovo matrigel xenograft s lacking DAPK1 ex-
pression exhibited beside an equal tumor size a diff use and infi ltrative in-
vasion front. Th ere was an augmented peri-and intratumoral vessel density 
in contrast to wildtype mini-tumors with an approximately 4-fold increase 
in vessel area. Vessel density was determined also bioinformatically using 
a novel pattern recognition soft ware. 
First endoscopic pictures of colitis-associated tumors strongly suggest an 
enhanced vascularity in tumors of DAPK1fl /fl ;Vil-Cre, lacking DAPK1 ex-
pression exclusively in colonic epithelium, compared to tumors of wildtype 
mice. Th e DAPK1 knockout in murine tissue was verifi ed using genotyp-
ing PCR and our own newly designed custom DAPK1 antibody (Th ermo 
Scientifi c). Th ere was a predominance of rectal tumors. Studies investigat-
ing DAPK1’s eff ects on metastatic capability in vitro will follow.
Conclusion. We suggest a novel function of the tumor suppressor DAPK1 
by being involved in regulating angiogenic activity during colorectal tu-
morigenesis.

AG12.08
Inhibition of HSF1 suppresses in vitro growth of hepatocarcinoma 
cell lines and AKT- and AKT/Ras-driven hepatocarcinogenesis in 
the mouse

A. Cigliano1, M. Pilo1, S. Ribback1, F. Dombrowski1, X. Chen2, D. F. Calvisi1, 
M. Evert*3

1University Medicine, Institute of Pathology, Greifswald, Germany, 
2University of California, Department of Bioengineering and Therapeutic 
Sciences, San Francisco, United States, 3Institute for Pathology, Regensburg, 
Germany

Background. Upregulation of the heat shock transcription factor 1 (HSF1) 
is frequent in cancer, but its oncogenic role in hepatocellular carcinoma 
(HCC) remains poorly delineated.
Methods. In the present study, we assessed the function of HSF1 in hepa-
tocarcinogenesis via in vitro and in vivo approaches. In particular, we de-
termined the importance of HSF1 on AKT- and Ras-induced liver cancer 
development in the mouse.
Results. We found that HSF1 is progressively induced from human non-tu-
morous surrounding livers to HCC, reaching the highest expression in the 
most aggressive tumors. In human HCC cell lines, knockdown of HSF1 via 
either the KRIBB11 soluble inhibitor or specifi c siRNA triggered growth 
restraint via inhibition of cell proliferation and massive apoptosis. At the 
molecular level, HSF1 inhibition was accompanied by downregulation of 
the AKT/mammalian target of rapamycin (mTOR) cascade, whereas the 
Ras/MAPK pathways was unaff ected. Most importantly, overexpression 
of a dominant negative form of HSF1 (HSF1dn) in the mouse liver via hy-
drodynamic gene delivery led to the inhibition and delay of mouse hepa-
tocarcinogenesis driven by overexpression of AKT and AKT/Ras onco-
genes, respectively.
Conclusion. In conclusion, HSF1 is an independent prognostic factor in 
liver cancer and might represent an innovative therapeutic target in HCC 
characterized by activation of the AKT/mTOR pathway.
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isolated from FFPE samples taken at the treatment-naïve biopsy, at sur-
gery aft er combined induction chemotherapy and at relapse. Aft erwards, 
we performed targeted amplicon sequencing as well as copy number arrays 
(OncoScan for FFPE). Th e amplicon sequencing was performed using a 
custom-designed MPM sequencing panel covering 30 genes that were re-
ported to be frequently mutated in MPM.
Results. Sequencing revealed a high frequency of mutations occurring in 
BAP1 and NF2. Th ose mutations are already present at a high allele fre-
quency in the diagnostic biopsy, indicating an early clonal origin. Addi-
tionally, in most cases, they lead to a premature termination or frameshift  
events, suggesting a high impact on protein function. Th e CNV arrays 
showed a high frequency of deletions in CDKN2A, BAP1 and NF2. Fur-
thermore, BAP1 mutations and homozygous deletions showed a strong 
positive correlation with resistance to chemotherapy.
Conclusion. Our sequencing analysis revealed a high inter- and intratu-
moral heterogeneity in MPM. Most of the mutations were found in BAP1 
and NF2; they occured early in tumor evolution and are therefore possible 
drivers of MPM. Additionally, CDKN2A was homo- or heterozygously de-
leted in most cases. Losses of and mutations in BAP1 seem to be involved 
in the innate resistance of MPM to chemotherapy. Analysis of the involved 
pathways could help to elucidate the role of somatic BAP1 mutations in 
MPM and might reveal some new targets for alternative therapy options.

AG Molecular Pathology III

AG12.14
Liquid Biopsy Analysis in Routine Diagnostics of Molecular 
Pathology – First Insights

C. Vollbrecht*1, 2, 3, D. Lenze1, A. Lehmann1, M. Moebs1, M. Hummel1

1Charité Medical University Berlin, Institute of Pathology, Berlin, Germany, 
2German Cancer Consortium (DKTK), partnersite Berlin, Germany, 3German 
Cancer Research Center (DKFZ), Heidelberg, Germany

Background. Th e EMA approval of osimertinib leads to an increased de-
mand for the detection of EGFR p.T790M mutations for stratifi cation of 
lung cancer (NSCLC) patients eligible for treatment. Due to the advanced 
tumor stage, the acquisition of tissue specimens is oft en diffi  cult to real-
ize. To this end, the non-invasive liquid biopsy analysis became especial-
ly important as an alternative approach to identify patients carrying the 
EGFR p.T790M mutation. Th e use of circulating tumor DNA from blood 
is currently the main source for this application because it can provide re-
al-time diagnostic and prognostic information before and during treat-
ment and progression.
Methods. We evaluated and optimized an existing protocol for liquid bi-
opsy sample processing including semi-automated magnetic bead based 
cell-free DNA (cfDNA) extraction for the detection of EGFR p.T790M 
mutations. We processed more than 53 blood samples, including spike-in 
dilution series and more than 19 patient samples received for routine diag-
nostics. In addition we compared cfDNA extraction from EDTA-, Streck- 
and PAXgene-tubes. Sequence analysis was done with focus on highly 
sensitive EGFR p.T790M mutation detection using two diff erent targeted 
panel approaches (Ion AmpliSeq Colon and Lung Cancer Research Panel 
v2 and Oncomine Lung cfDNA assay) with the Ion S5 sequencing system 
(Th ermo Fisher). Data evaluation was performed using Sequence Pilot 
Soft ware (JSI Medical Systems) and Ion Torrent Suite.
Results. An optimized cfDNA extraction protocol with a maximum of 5 ml 
plasma in a minimum of 40 μl elution volume led to DNA concentrations 
from 0.15 to 6.70 ng/μl. Spike-in controls revealed reliable mutation detec-
tion even with low amounts of DNA (≥ 10 ng in 10 ml blood). Easiest and 
most reliable sample handling was achieved with PAXgene tubes. 37% of 
routine samples were wild-type concerning EGFR variants, 26% showed 
only the primary mutation, 16% were not analyzable and 21% were pres-
ent with primary and EGFR p.T790M resistance mutation. Both targeted 
panels were able to identify primary and p.T790M mutations.

AG Molecular Pathology II

AG12.12
Targeted deep sequencing of matched cytology and tissue 
samples: a feasibility study exploring diagnostic and clinical 
implications

J. Leichsenring*1, A.-L. Volckmar1, M. Kirchner1, D. Kazdal1, R. Penzel1, 
A. Warth1, 2, 3, P. Schirmacher1, V. Endris1, A. Stenzinger1, 3, 4

1Institute of Pathology, University Hospital, Heidelberg, Germany, 2German 
Center for Lung Research (DZLF), Heidelberg, Germany, 3National Center for 
Tumor Diseases (NCT), Heidelberg, Germany, 4German Cancer Consortium 
(DKTK), Heidelberg, Germany

Background. During the course of disease, many solid cancers eventually 
present with peritoneal or pleural spread. In this context, cytology spec-
imens derived from ascites or pleural eff usion may help to diff erentiate 
malignant from benign conditions and sometimes yield primary diagno-
sis of a malignancy. However, cytological interpretation can be challeng-
ing and has inherent limitations with respect to molecular underpinnings 
and tissue of cancer origin. Hence, we investigated whether targeted deep 
sequencing of cytology specimen is feasible, and has diagnostic and clin-
ical impact.
Methods. We compiled a cohort of 22 matched pairs each comprising a 
cytology sample (FFPE cell block) and at least one biopsy/surgical resec-
tion specimen (5 breast, 4 gastric 4 ovarian, 3 NSCLC, 3 colon, and 1 each 
of pancreatic, urothelial, oesophageal, thyroid, and endocervical cancer) 
and subjected all samples to targeted deep sequencing using tumor-spe-
cifi c gene panels. Eleven cases had matching positive cytology (group 1), 
in 6 cases cytology results were inconclusive (group 2) and for 5 cases cy-
tology results were negative (group 3).
Results. In the overall cohort, we identifi ed 15 (68%) mutated cases (3 NS-
CLC, 3 gastric, 2 breast, 2 ovarian, and 1 each of colon, pancreatic, urothe-
lial, oesophageal, and thyroid cancer). In group 1, we identifi ed 4 mutated 
cases when sequencing tumor tissue and detected the same mutations in 
corresponding cytology samples (2x TP53, 1x ERBB2, 1 × EGFR). 7 cases 
were wild-type for the interrogated genes, which was refl ected by cytology 
genetics. In group 2, 4 cytological samples had the same genetic make-ups 
that were observed in the tissue specimens but harbored additional pri-
vate mutations (2x TP53 1x KRAS, 2x PIK3CA, 1x APC, 1x CDKN2A, 1 
CDH1). Of the group 3 cases, tissue based sequencing revealed 5 mutated 
cases (colon: KRAS; gastric: PIK3CA, TP53; urothelial: PIK3CA, APC). 
Sequencing of the corresponding cytology specimens that were morpho-
logically negative revealed matching wild alleles for the interrogated genes.
Conclusion. Targeted deep sequencing of FFPE cytology specimens refl ect-
ing spatiotemporal tumor evolution is feasible and yields adjunct genetic 
information that may be exploitable for diagnostics and therapy.

AG12.13
Tracking the Chemotherapy Resistance of Malignant Pleural 
Mesothelioma

K. Oehl*1, B. Vrugt1, U. Wagner1, M. Meerang2, M. B. Kirschner2, W. Weder2, 
I. Opitz2, P. J. Wild1

1University Hospital Zurich, Institut of Surgical Pathology, Zurich, 
Switzerland, 2University Hospital Zurich, Division of Thoracic Surgery, Zurich, 
Switzerland

Background. Malignant Pleural Mesothelioma (MPM) is a very rare and 
aggressive tumor with a median life expectancy of about 12 months with 
multimodal treatment eff orts including chemotherapy followed by sur-
gery. So far, no eff ective alternative or second-line treatment could be es-
tablished. To investigate the mechanisms of MPM development leading 
to treatment resistance, the objective of this study was to track the clonal 
origin and to fi nd genetic markers that predict resistance to chemotherapy.
Methods. A cohort of MPM patients undergoing treatment with Cisplatin 
and Pemetrexed followed by surgery were chosen for analysis. DNA was 
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Methods. Using DNA extracted from BMBs, a modifi ed approach (Mye-
loid tNGS) of library preparation using the 54 gene TruSight Myeloid Se-
quencing Panel, sequencing on the MiSeq System and analysis by the Var-
iantStudio soft ware (Illumina) was applied to a total of 109 cases. Th ese 
included 18 retrospective cases for validation (known BRAF, CALR, 
IDH1/2, JAK2, KIT, MYD88 and NPM1 status by SOP-driven gold-stand-
ard tests dideoxy-sequencing, allele-specifi c PCR) and 91 prospective cas-
es. Variant calling was set by a 10% allele frequency cut-off  for genes ac-
cording to the histologically defi ned myeloid neoplasm.
Results. First, 4/18 of the retrospective BMBs failed due to low ampli-
con coverage. Correct results were obtained in 14 cases for 1/1 BRAF, 3/3 
CALR (Type 2 variant), 2/2 JAK2, 3/3 IDH1/2, 2/2 KIT, 4/4 MYD88 and 
1/1 NPM1 analyses when compared to SOP-driven tests. Of the prospec-
tive 91 BMBs, only 2/91 (2%) failed due to low/negative amplicon cov-
erage. In the remaining 89/91 (98%) cases Myeloid tNGS data was eval-
uated, variants checked and interpreted (COSMIC, literature) with the 
histological and immunohistochemical analyses in a fi nal synoptic pathol-
ogy report. Genes selected for myeloproliferative neoplasms (JAK2, CALR, 
MPL), myelodysplastic syndromes (ASXL1, DNMT3A, EZH2, RUNX1, 
SF3B1, SRSF2, TET2, TP53 and U2AF1) and other were set according to 
the 2016 revision to the WHO classifi cation of myeloid neoplasms and 
acute leukemia.
Conclusion. Our study demonstrates that a commercially available mye-
loid tNGS panel is applicable to de-calcifi ed bone marrow biopsies, repre-
senting a valuable supportive tool for WHO classifi cation of myeloid ne-
oplasms in the routine diagnostic setting by synoptic interpretation and 
reporting.

AG12.17
Reliability of the detection of the HER2 status in breast cancer by 
targeted next generation sequencing

N. Pfarr*1, R. Penzel2, V. Endris2, C. Lier2, C. Flechtenmacher2, J. Budczies3, 4, 
A.-L. Volckmar2, M. Kirchner2, J. Leichsenring2, E. Herpel2, 5, A. Noske1, 
W. Weichert1, 4, A. Schneeweiss4, 6, P. Schirmacher2, 4, H.-P. Sinn2, 4, 
A. Stenzinger2, 4

1Institute of Pathology, Technical University Munich, Munich, Germany, 
2German Cancer Research Center, German Consortium for Translational 
Cancer Research, Heidelberg, Germany, 3Charité Medical University Berlin, 
Institute of Pathology, Berlin, Germany, 4German Cancer Consortium 
(DKTK), Heidelberg, Germany, 5Tissue Bank of the National Center for Tumor 
Diseases (NCT), Heidelberg, Germany, 6National Center for Tumor Diseases 
(NCT), Heidelberg, Germany

Background. In 15–20% of the patients with breast cancer, tumors harbor 
amplifi cations of the HER2 gene locus leading to overexpression of the on-
cogene. In accordance with the current guidelines, the HER2 status is in 
general assessed in routine diagnostics by immunohistochemistry (IHC) 
and refl ex in-situ hybridization (ISH) for equivocal cases. About the reli-
ability of using data generated by targeted next generation sequencing for 
the determination of the HER2 status is currently less known.
Methods. We employed diff erent gene panels specifi cally designed to in-
terrogate breast cancer-related genes and performed targeted next-gen-
eration sequencing of 31 Her2 equivocal cases. For all of these cases,full 
pathological work-up including ISH and IHC results were available. For 
validation of the assay, 10 breast cancer samples with known positive (Da-
ko-Score 3+; n = 4) and known negative results (Dako-Score 0 or 1+; n = 6) 
were additionally analysed. A baseline for the analysis of the copy number 
variations was created by sequencing of 10 normal tissue samples. Fur-
thermore, the results were validated by a qPCR approach. Coverage data 
were analyzed by an easy to use method that can be applied without bio-
informatics expertise.
Results. Th e HER2 status of the validation cohort (4 HER2-positive, 6 
HER2-negative tumors) was confi rmed by our NGS approach achieving 
a concordance rate of 100%. Five of the 31 by IHC determined equivocal 
HER2 cases showed amplifi cation of HER2 by ISH. Our NGS-based ap-
proach corroborated all but one of these cases with amplifi ed HER2. All 

Conclusion. Th e successful use of liquid biopsies for the detection of drug-
gable mutations is infl uenced by a number of variables (e. g. origin and 
release of cfDNA, conditions during sampling). Th erefore, a deep under-
standing of the entire workfl ow and highly standardized protocols are es-
sential to ensure reliable and reproducible results for the benefi t of correct 
patient stratifi cation.

AG12.15
Comparison of two middle-sized clinically relevant next-
generation sequencing tumor panels

N. Ortiz Brüchle*1, A. Maurer1, T. Eggermann2, V. Endris3, R. Penzel3, 
P. Schirmacher3, R. Knüchel1, E. Dahl1

1RWTH Aachen University Hospital, Institute of Pathology, Aachen, Germany, 
2RWTH University Hospital Aachen, Institute of Human Genetics, Aachen, 
Germany, 3Heidelberg University, Institute of Pathology, Heidelberg, 
Germany

Background. Th e use of multigene next generation sequencing (NGS) pan-
els to identify clinically relevant tumor mutations is becoming good labo-
ratory practice in routine diagnostics. To address the need of a fast, relia-
ble and robust workfl ow we tested two diff erent middle-sized, low input, 
multiplex PCR based NGS gene panels and compared the results. Th e per-
formance diff erences will be presented.
Methods. DNA was isolated using the Maxwell System (Promega) from 
FFPE material of 12 patients (tumor cell content >20%). For library gener-
ation we used the Human Clinically Relevant Tumor GeneRead DNAseq 
Targeted Panel (CRTP, GeneRead V2; Qiagen) and the Trusight Tumor15 
Panel (TT15, Illumina) according to manufacturer’s protocol. Four addi-
tional samples were included to test for MET amplifi cations with the TT15. 
Th e libraries were subsequently sequenced on the MiSeq system (Illumi-
na). Data analysis was performed with the SeqNext module (SEQUENCE 
Pilot soft ware, JSI medical systems). Variants with a frequency of >5% in 
the coding sequence were taken into account. Variant results and valida-
tion samples were obtained from the Institute of Pathology in Heidelberg 
as part of our cooperation.
Results. Coverage was usually >90% >500x and > 95% 100x in the ROIs for 
both panels, however in both panels some clinically relevant regions as e. g. 
EGFR exon 21 in the TT15 and KRAS exon 3 in the CRTP did not reach 
the aimed coverage of 500x reliably. Over 20 diff erent frequent polymor-
phisms were equally detected with both panels. In concordance with the 
data from Heidelberg, additionally in all cases at least one clinically rele-
vant mutation was confi rmed with both panels. However the detection of 
low frequency variants between 5 and 10% allele frequency diff ered slightly 
between both panels. Th e TT15 panel additionally allowed the detection 
of MET amplifi cations.
Conclusion. Both panels perform acceptable in a routine diagnostic set-
ting. Nevertheless, our data show that there exist performance diff erences 
between both panels.

AG12.16
Implementation of next generation sequencing in routine 
diagnostics of decalcifi ed bone marrow trephine biopsies

A. M. May*, A.-V. Frey, M. Reiser, B. Weddeling, M. Werner, S. Laßmann
University Medical Center Freiburg, Institute of Surgical Pathology, Freiburg, 
Germany

Background. Morphology-based WHO classifi cation of hematologic neo-
plasms may be challenging in some cases, especially since 1) the distinction 
between myeloid neoplasms and reactive changes is not always straightfor-
ward and since 2) WHO classifi cation requires increasing numbers of mo-
lecular alterations to be assessed. We report the integration of a commer-
cially available next generation sequencing panel into routine diagnostic 
service of FFPE bone marrow biopsies (BMBs) to accommodate the needs 
for advanced classifi cation of myeloid neoplasms.
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ern probe based assays like the Nanostring nCounter technology. In the 
last years, several studies investigating potential reference genes for lung 
diseases. However neoplastic disease was the main focus here. Accordingly, 
several of the proposed important reference genes are coding for structural 
proteins, e. g. beta-actin which might not be valid endogenous references 
for diseases characterized by reactive changes in lung structure.
Methods. Th e primary focus of our study is to evaluate a set of 34 po-
tential endogenous reference genes, suitable for analysis of formalin fi xed 
and paraffi  n embedded (FFPE) tissue, in diff erent non-neoplastic pulmo-
nary diseases characterized by varring degrees of fi brosis, smooth mus-
cular remodeling and acute and chronic infl ammation: idiopathic pul-
monary fi brosis, cystic fi brosis, sarcoidosis and pulmonary emphysema 
(n = 10 each). To identify optimal reference genes we determined mRNA 
expression profi les by conventional RT-qPCR and the novel probe based 
nCounter assay and apply the geNorm and NormFinder algorithms for the 
identifi cation of optimal reference gene sets. Additionally we compared the 
overall performance of the probe based nCounter assay with conventional 
RT-qPCR. Furthermore we investigated the eff ect of cellular composition, 
determined by stereological methods on the expression profi les of refer-
ence gene candidates to identify potential sources of variation.
Results. We were able to identify a remarkable number of endogenouse 
reference genes which can be used for further investigations.
Conclusion. Th is study provides a valuable basis for the molecular patho-
logical investigations in non-neoplastic lung diseases for which no defi n-
itive database was available up to now.

AG12.20
Regulation of long non coding RNAs during adaptation of 
estrogen receptor positive breast cancer cell lines

N. Nass*1, E. Oezdemir1, M. Porsch2, K. Hoff mann3, J. Haybäck1, I. Große2, 
T. Kalinski1

1Otto-von-Guericke-University, Institute of Pathology, Magdeburg, 
Germany, 2Martin Luther University, Department of Bioinformatics, Halle/
Saale, Germany, 3Martin Luther University, Department of Human Genetics, 
Halle/Saale, Germany

Background. Breast cancer (BC) is classifi ed by the expression of the estro-
gen receptor α (ER), the progesterone receptor (PR) and the EGF-receptor 
Her2/NEU. Triple negative tumors express none of these receptors. Pa-
tients with estrogen receptor positive (ER+) BC have a signifi cantly better 
prognosis than their ER-negative counterparts. Th is is at least in part due 
to the effi  cacy of endocrine therapy by selective estrogen receptor modula-
tors (SERMs) such as tamoxifen or aromatase inhibitors (AIs). Tamoxifen 
is still the regular medication for premenopausal women with ER+ BC. 
However, a signifi cant proportion of such cancers do not respond satis-
factorily to this treatment. Th e reason is either preexisting or acquired ta-
moxifen resistance. Long non–coding RNAs cannot be translated into pro-
teins but have several regulatory functions. We here investigated whether 
lncRNAs might be regulated during tamoxifen adaptation in a cell culture 
model for acquired tamoxifen resistance.
Methods. MCF-7 cells were adapted to 4OH-tamoxifen for three months. 
Gene expression analysis was performed using cDNA array-hybridization, 
qRT-PCR and nCounter technology.
Results. Several long-non coding RNAs (lncRNAs) were regulated by a 
3-months adaptation of the model ER+ breast cancer cell line MCF-7 to 
4-OH tamoxifen as detected by array hybridization. 5 lncRNAs that were 
either up- (LINC01213: 3.3 ± 0.9-fold) or downregulated (LOC101929547: 
0.29 ± 0.04, LINC00632: 0.5 ± 0.1, XR_133213: 0.34 ± 0.06, LINC00992 
0.35 ± 0.09; fold expression ± SEM) by tamoxifen treatment were selected 
for further analysis. Diff erential expression was confi rmed by qRT-PCR 
and the nCounter technology. In model BC cell lines representing ER-, 
HER2/Neu+ (SK-BR3), triple-negative (MDA-MB 231) and ER+, with in-
activated BRCA1 (UACC3199) and a transgenic MCF-7 cell line over-ex-
pressing the ERα36 splice product these lncRNAs were also diff erentially 
expressed.

of the 26 non-amplifi ed cases were correctly classifi ed as HER2-negative. 
Th e concordance between the gold standard and our NGS-based approach 
was 97.6% for the overall cohort, the sensitivity of our method was 88.9% 
and the specifi city 100%. Furthermore, mutations in other breast cancer 
related genes including PIK3CA(44%), HER2 (8%), and CDH1 (6%), as 
well as amplifi cations in CCND1 (12%), MYC (10%) and EGFR (2%) and 
deletions in CDKN2A (10%), MAP2K4 and PIK3R1 (2% each) were ad-
ditionally identifi ed.
Conclusion. We here show that data generated by targeted NGS data ap-
proaches can be used to determine the HER2 status in breast cancer with 
high specifi city and in high concordance with gold standard methods. In 
addition, further genetic aberrations which may be clinically exploitable 
can be identifi ed in a single assay.

AG12.18
PD-L1 (CD274) promoter methylation predicts survival in patients 
with pulmonary adenocarcinoma

D. Goltz*1, R. Büttner1, D. Dietrich2

1University Hospital Cologne, Institute of Pathology, Cologne, Germany, 
2Department of Otolaryngology, Head and Neck Surgery, Bonn, Germany

Background. Lung cancers account for the most lethal malignancies in 
both women and men. Non small cell lung cancer (NSCLC) is the most 
frequently encountered lung tumor subgroup. Th e rapid development and 
approval of eff ective immunotherapies targeting the programmed death 1 
(PD-1)/programmed death 1 ligand 1 (PD-L1) immune checkpoint axis 
in NSCLC has generated an urgent need for biomarkers assisting the se-
lection of patients eligible for therapy. So far, no data are available on the 
role of promoter methylation of key members of immune checkpoint reg-
ulators in lung malignancies.
Methods. In the current study, PD-L1 mRNA expression (reported as nor-
malized counts) and PD-L1 (CD274) promoter methylation (mCD274) 
were assessed in a cohort of 799 NSCLC patients included in Th e Cancer 
Genome Atlas (TCGA).
Results. Median normalized count of PD-L1 mRNA expression was 67.3. 
Median mCD274 was 2.7%. Both, PD-L1 mRNA expression and mCD274 
signifi cantly diff ered among pulmonary adenocarcinoma (LUAD) and 
squamous cell carcinoma (SCC) (PD-L1 mRNA: 113.7 [97.3–130.0] for 
LUAD vs. 178.0 [151.8–204.2] for SCC, p < 0.001; mCD274: 3.74% [3.63–
3.85%] for LUAD vs. 2.06% [2.01–2.11%] for SCC, p < 0.001). 
In univariate Cox proportional hazard analysis, neither PD-L1 mRNA nor 
mCD274 served as signifi cant predictors of overall survival (Hazard ratio 
(HR) = 1.10 [0.97–1.23], p = 0.13 for PD-L1 and 1.18 [0.83–1.68], p = 0.36] 
for mCD274). In LUAD, however, mCD274 served as a signifi cant prog-
nostic factor (HR = 2.30 [1.21–4.36], p = 0.011, n = 383), whereas PD-L1 
mRNA expression failed to reach the level of signifi cance (HR = 1.18 [0.96–
1.44], p = 0.11, n = 380]). In multivariate Cox proportional hazard analy-
sis, both mCD274 and PD-L1 mRNA expression were shown to add sig-
nifi cant independent prognostic information adjunct to AJCC stage (≤ 
IIIa vs. ≥ IIIb) (n = 375, HR = 2.31 [1.19–4.49], p = 0.013 for mCD274, 
HR = 1.24 [1.02–1.51], p = 0.028 for PD-L1 mRNA, and HR = 2.64 [1.40–
4.95], p = 0.003 for AJCC stage).
Conclusion. Hence, PD-L1 methylation might aid in the identifi cation of 
lung cancer patients potentially benefi tting from a treatment targeting PD-
L1, i. e. immunotherapies targeting PD-1/PD-L1 immune checkpoint axis.

AG12.19
Systematic evaluation of reference genes for non-neoplastic 
pulmonary diseases with RT-qPCR and nCounter technology

P. Braubach*, B. Rath, N. Izykowski, F. Länger, M. Kühnel, D. Jonigk
Hannover Medical School, Institute of Pathology, Hannover, Germany

Background. Gene expression analysis is a fundamental tool for modern 
molecular pathology. Robust reference genes are necessary for compara-
tive analysis RNA expression data, generated by both RT-qPCR and mod-
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nohistochemistry. We would like to show that discrimination of neuroen-
docrine tumors and pancreatic carcinoma can be easily done by MALDI 
imaging mass spectrometry (IMS).
Methods. We investigated pNET (n = 174) and pADC (N = 78) needle core 
biopsies from individual patients with primary tumor. Sections (5 μm 
thick) were on-tissue trypsin digested and sprayed with an organic ma-
trix solution using an automatic vibrational sprayer devise. Data were ac-
quired using a MALDI-TOF/TOF at a spatial resolution of 150 μm. Th e 
dataset was subsequently preprocessed and loaded into SCiLS Lab soft ware 
(SCiLS, Bremen) for classifi cation analysis. Following the MALDI meas-
urement, sections were stained with hematoxylin & eosin and examined by 
a pathologist to confi rm the presence of intact neoplasm, and to correlate 
MALDI data with the histological features in the same section.
Results. Linear Discriminant Analysis was used to generated a classifi ca-
tion model that could stratify pADC (n = 35) and pNET (n = 92) patients 
with a cross validation accuracy of 99.46%. Th e model was validated with 
an indipendent testing set including thirty-four pNET and forty-three 
pADC patients. All pNET patients were classifi ed correctly and 37/43 
(86%) of the pADC patients were predicted correctly.
Conclusion. Our fi ndings demonstrated that MALDI IMS may provide 
a reliable and practical method in discriminating pNETs from pancre-
atic ADC.

Dermatopathology I

AG13.01
Pitfalls of melanocytic tumors

E. Bierhoff *
Heinz-Werner-Seifert-Institute of Dermatopathology, Bonn, Germany

Background. Melanocytic lesions are one of the most challenging issues 
in dermatopathology. 
Th e lecture will present pitfalls of melanocytic lesions. It is very important, 
that benign lesions are not over-interpreted as melanoma or even worse, 
that melanoma are misinterpreted as benign melanocytic tumors.
Methods. Th e lecture includes the discussion of variants of common nevi, 
nevi in special locations, recurrent nevi, Spitz nevi, atypical spitzoid tu-
mors,spitzoid melanoma and nevoid melanoma.
Results. Despite the introduction of molecular techniques, the diagnosis 
of melanocytic lesions is still mainly achieved through the recognition of 
histological criteria.
Conclusion. Th e criteria must be used in groups to fi nd a “weight” for the 
diagnosis.Immunohistochemstry may be very helpful. Molecular studies 
have an evolving role, which has to be proved in the future.

AG13.02
PD-1 and PDL-1 in Dermatology – an Update

L. Schmitz*
Department of Dermatology, Venerology and Allergology, Ruhr-University, 
Bochum, Germany

Background. It is evident that the tumor microenvironment, which is or-
chestrated by infl ammatory cells, plays a central role in immunologic re-
sponse and tumor escape. Th e engagement of programmed death-1 (PD-
1) with its two ligands [programmed death ligand-1(PD-L1) and PD-L2] 
are associated with the suppression of tumor-reactive T cells. In recent 
years, monoclonal antibodies against PD-1, such as nivolumab and pem-
brolizumab, have been developed. Th ey block the PD-1 immune check-
point pathway and enhance antitumour T-cell responses. Th us, PD1 in-
hibitors show durable responses in diff erent tumor entities as non-small 
lung cell carcinoma, renal cell carcinoma, advanced stage melanoma and 
in Merkel cell carcinoma (MCC). Th ese observations suggest that anti-
bodies blocking PD-1 or PD-L1 provide a new benchmark for antitumor 
activity in immunotherapy. 

Conclusion. LncRNAs might be novel prognostic biomarkers for BC. Fur-
ther studies analyzing the expression of lncRNAs in BC patients are in 
progress.

AG12.21
Benchmarking FFPE-PCT-SWATH proteomic analysis in a prostate 
cancer patient cohort

Y. Zhu1, T. Guo1, A. Christiansen2, P. Blattmann1, K. Saba3, C. D. Fankhauser3, 
M. B. Schmid2, C. Fritz2, N. J. Rupp2, J. Ljubicic2, D. Rutishauser*2, C. Poyet3, 
P. Wild2, R. Aebersold1

1Institute of Molecular Systems Biology, ETH, Department of Biology, Zurich, 
Switzerland, 2University Hospital Zurich, Institute of Surgical Pathology, 
Zurich, Switzerland, 3University Hospital Zurich, Department of Urology, 
Zurich, Switzerland

Background. Protein signatures obtained from FFPE tissue cohorts with 
rich meta data such as disease or treatment outcome will eventually be 
applied in the clinic for the classifi cation of freshly obtained tissue for real 
time clinical decision making. 
Here, we have performed comprehensive technical and clinical bench-
marking of our technique using a prostate cancer (PC) cohort. We also 
compared our data with tissue microarray analysis of the same tissue sam-
ples and asked whether proteins that distinguish benign and tumorous PC 
tissue could be detected in both FFPE and FF samples.
Methods. We applied PCT-assisted tissue lysis, protein extraction, pro-
tein digestion and SWATH mass spectrometry to analyze 48 tissue sam-
ples from 24 prostate cancer patients with radical prostatectomy from the 
ProCOC cohort (Umbehr, M., et al. BMC Urol. 2008). Concurrently, we 
also analyzed 48 matching FF tissue samples from the same patients as a 
comparison. To further verify whether the report from our SWATH data 
set is consistent with an immunhistochemistry report, we analyzed a tis-
sue microarray cohort containing 18 patients.
Results. Our results indicate that proteome maps and patterns from FFPE 
samples are comparable to the FF samples. We identifi ed and quantifi ed 
over 3000 proteins in 96 samples and found over twenty signifi cantly reg-
ulated proteins. Remarkably, all the potential biomarker candidates we 
identifi ed from FF tissues are also found in FFPE samples with even higher 
statistical power and higher correlation to clinical outcome data.
Conclusion. Th e obtained results indicate that the FFPE samples proba-
bly bear higher potential in identifying promising biomarkers in a cohort 
than FF tissues. 
Th ere is the clear limitation that no cell morphological information like 
H&E and IHC is delivered by our method but it outperforms the anti-
body-based methods in terms of quantitation quality and determining 
overall protein levels in a biopsy sample. In less time more proteins, poten-
tially mutations and post-translational modifi cations, and more epitopes 
can be measured in a single assay. With no need for manual inspection it 
has potential to be fully automated and enables access to highly valuable 
clinical tissue cohorts.

AG12.22
Development of a class prediction model that discriminates 
pancreatic adenocarcinoma from neuroendocrine tumors

M. Kriegsmann1, A. Perren2, J. Kriegsmann3, 4, 5, R. Casadonte*5

1University Hospital Heidelberg, Institute of Pathology, Heidelberg, 
Germany, 2Institute of Pathology, University of Bern, Bern, Switzerland, 
3Center for Histology, Cytology and Molecular Diagnostics, Trier, Germany, 
4Institute of Molecular Pathology, Trier, Germany, 5Proteopath GmbH, Trier, 
Germany

Background. Pancreatic neuroendocrine tumors (pNETs) increased con-
siderably in the last two decades, with about 60–70% of patients having a 
metastatic disease at diagnosis. Although the vast majority of pancreatic 
cancer cases are pancreatic adenocarcinoma (pADC), pNETs make up 3% 
to 5% of all pancreas tumors. Both entities can be distinguished by immu-
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AG13.04
In Situ Protein Expression of Melanocyte Diff erentiation Antigen 
Tyrosinase-Related Protein1 (TRP1)

A. Jungbluth*, D. Frosina, M. Fayad, K. Busam
Memorial Sloan-Kettering Cancer Center, Department of Pathology, New 
York, United States

Background. Melanocyte Diff erentiation Antigens (MDAs) are expressed 
in cells and tumors of melanocytic lineage. MDAs such as gp100, Melan-A/
MART1, and tyrosinase and their detecting antibodies HMB45, A103, and 
T311 are important diagnostic tools in surgical pathology. MDAs are also 
employed as vaccine targets for the immunotherapy of melanoma. Howev-
er, little is known about the expression of TRP1, another MDA which acts 
as an enzyme in melanin biosynthesis. Here, we tested a new anti-TRP1 
monoclonal antibody (mAb), clone EPR13063, as a potential reagent in 
surgical pathology and analyzed the expression of TRP1 in panels of nor-
mal and tumor tissue.
Methods. MAb EPR13063 (Abcam; ab178676)) was obtained commer-
cially. Immunohistochemcial (IHC) staining was performed on a Leica 
Bond-3 IHC stainer platform. EPR13063 was tested on formalin-fi xed par-
affi  n-embedded tissues, including normal tissues, non-melanocytic and 
melanocytic lesions such as nevi, primary and metastatic melanomas, as 
well as PEComas.
Results. EPR13063 worked well in standard archival tissue. In normal tis-
sue, there was consistent labelling of melanocytes. No TRP1 staining was 
seen in other normal tissues, including all parenchymal organs. 10/10 com-
pound nevi were TRP1-positive with most intense staining at the der-
moepidermal junction; staining intensity decreased with maturation of 
the nevocytes towards the lower dermis. 15/15 primary melanomas were 
TPR1-positive, and 10/15 displayed homogeneous expression with >50% 
of the tumor cells immunopositive; one case was immunopositive in <5% 
of the tumor. 7/20 metastatic melanomas were TRP1-positive displaying 
a mostly homogeneous expression. 5 desmoplastic melanomas were nega-
tive. 9/11 PEComas were heterogeneously TRP1-positive. 35 primary tum-
ors from breast, colon, kidney, ovary, testis, lung and liver were all negative.
Conclusion. TRP1 belongs to the family of MDAs such as Melan-A, TRP2, 
tryosinase and gp100. Although all MDAs play important roles in the bi-
ology of melanoma, little is known about the expression of TRP1. Here we 
show that mAb EPR13063 is a useful reagent for the detection of TRP1 in 
surgical pathology. TRP1 shows a consistent presence in normal melano-
cytes as well as nevocytes. In primary melanomas, TRP1 is homogeneously 
expressed in most tumors of our series and compares to other MDAs such 
as Melan-A or gp100 (HMB45 antigen) but shows a lower expression in 
metastatic melanoma. As with other MDAs, TRP1 is present in PEComas 
but negative in desmoplastic melanoma.

AG13.05
Neuroendocrine regulator REST expression in Merkel cell 
carcinoma

E. Chteinberg*1, C. Sauer1, L. Schiff elers1, J. Eben1, D. Rennspiess1, 
V. Winnepenninckx1, A. K. Kurz2, E. J. Speel1, M. Zenke3, A. zur Hausen1

1Maastricht University Medical Center, Pathology, Maastricht, Netherlands, 
2University Hospital RWTH Aachen, Internal Medicine IV, Aachen, Germany, 
3University Hospital RWTH Aachen, Cell Biology, Aachen, Germany

Background. Merkel cell carcinoma (MCC)is a rare but very aggressive 
malignant skin cancer of the elderly. More than 80% of MCC are causally 
related to MCPyV. MCC are characterized by a trilinear diff erentiation, i. e. 
neuroendocrine (chromogranin A and synapthophysin), epithelial (e. g. 
CK20) and pro/pre B-cell lymphocytic (e. g. Pax5 and TdT) diff erentiation. 
Th e cellular origin of MCCs remains obscure. Based on the combined ex-
pression of TdT, Pax5 and clonal Ig rearrangements we have recently hy-
pothesized (zur Hausen et al. Cancer Res, 2013) that pre/pro B-cells might 
constitute the cellular origin of MCC. Here we intended to understand the 
neuroendocrine gene expression in MCC cells which is known to be nega-
tively regulated by the Re-1 silencing transcription factor (REST).

More recently, preclinical studies suggest that PD-1 blockade may delay 
squamous cell carcinoma (SCC) development in murine models. Moreo-
ver, several case reports indicate that the PD-1–PD-L1 interaction contrib-
utes to the progression of SCC by downregulation of antitumor responses. 
Th ese results provide strong clinical relevance for the potential use of tar-
geted immunotherapy in SCCs beside melanoma and MCC. In this con-
text, further research is ongoing in early in situ squamous cell carcinoma 
like actinic keratosis not for therapeutic but for predictive issues.
Methods. Oral Review (invited)
Results. Oral Review (invited)
Conclusion. Oral Review (invited)

AG13.03
PI3K p110δ in Merkel cell carcinoma cell lines

E. Chteinberg*1, D. Rennspiess1, S. Tauchmann1, V. Winnepenninckx1, 
A. K. Kurz2, E. J. Speel1, M. Zenke3, A. zur Hausen1

1Maastricht University Medical Center, Pathology, Maastricht, Netherlands, 
2University Hospital RWTH Aachen, Internal Medicine IV, Aachen, Germany, 
3University Hospital RWTH Aachen, Cell Biology, Aachen, Germany

Background. Merkel cell carcinoma (MCC) is a highly malignant skin can-
cer of the elderly. Th e majority of MCC is causally linked to Merkel cell 
polyomavirus (MCPyV). Th e prognosis of stage III/IV MCC is very poor. 
Recently a complete clinical response induced by the PI3K p110δ spe-
cifi c inhibitor idelalisib in a patient with stage IV MCC – with proven 
p110δ transcript expression by qRT-PCR – has been reported by Shiver 
et al. Here we aimed to assess the expression and functionality of p110δ 
in MCC cell lines.
Methods. Th e expression of p110δ in MCC was tested in 5 MCPyV+ MCC 
cell lines, 2 MCPyV- MCC cell lines, the multiple myeloma cell line U266 
and the B-ALL cell line REH by immunofl uorescence microscopy (IFM). 
Further, MKL-1, MKL-2, MCC13, MCC26, REH and U266 were treated 
with idelalisib and the specifi c p110α inhibitor Byl719. Th e decrease of cell 
viability was analysed with XTT assay. Further the functional inhibition 
of p110δ subunit in the treated cell lines was assessed by Western-blotting 
for the presence of phosphorylated AKT.
Results. IFM revealed a specifi c cytoplasmic p110δ expression in all 
the MCPyV+ as well as in the MCPyV- MCC cell lines. Treatment with 
idelalisib resulted in signifi cantly decreased cell viability (p < 0.001) in al-
most all treated cell lines, whereas REH showed with 3.0 μM the strongest 
response. Compared to REH cells, MKL-1 revealed a 10-fold, MKL-2 a 17-
fold, MCC13 a 19-fold and MCC26 a 27-fold lower eff ect on the cell via-
bility. For the previously reported p110δ negative cell line U266 an IC50 
could not be determined. In all idelalisib responsive cell lines a decrease 
of phosphorylated Akt could be detected by Western-blotting. Of interest, 
the ratio of the IC50 values of idelalisib compared to BYL719 remained 
3-fold for all cell lines.
Conclusion. Here we report a decrease of cell viability upon idelalisib treat-
ment of diverse MCC cell lines. Th e tested cell lines reveal the expression of 
the target protein p110δ and the due to the treatment a decrease of phos-
phorylation of AKT. Th is strongly indicating a functional eff ect of idelalisib 
in MCC cells, although the cell viability decrease upon idelalisib treatment 
was weaker compared to the pro B acute leukaemic cell line. Th e discrep-
ancy of the idelalisib eff ects in MCC cells, i. e. decrease of pAKT and only 
minor eff ect on cell viability need to be further investigated. P110α inhi-
bition signifi cantly more impacted cell viability compared to idelalisib in 
MCC cells.
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are broad, bulbous or narrow epithelial processes with varying diff erentia-
tion in relation to the underlying aetiologies, furthermore in large tumours 
with circumscribed but destructive downgrowth, yet without invasion and 
hence no risk of metastases. When rare, referral centres may provide more 
complete pictures of these tumours.

Poster session Dermatopathology

P01.01
Role of microRNAs in melanoma metastasis

A. C. Monteiro*1, 2, A. Taveira da Cruz1, B. Ndreshkjana2, J. K. Muenzner2, 
A. Hartmann2, A. Agaimy2, M. Jasiulionis1, R. Schneider-Stock2

1UNIFESP, Department of Pharmacology, Paulista Medical School, Sao Paulo, 
Brazil, 2Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany

Background. Melanoma is the most aggressive, treatment-resistant and 
metastatic skin cancer, accounting for 80% of deaths by skin malignan-
cies. Dysregulation of microRNAs (miRNAs) expression is a key player 
in melanoma development and progression. By submitting murine mel-
anocytes to sequential cycles of anchorage blockade we established a mel-
anocyte malignant transformation model. Th e distinct cell lines represent 
diff erent stages of melanoma progression and are a promising tool to study 
this lethal disease. However, only little is known about the involvement of 
miRNAs in the acquisition of the metastatic phenotype. Th is study aims to 
identify and characterize novel miRNAs involved in melanoma metastasis.
Methods. Murine melanoma cell lines 4C11- and 4C11+ representing 
non-metastatic and metastatic melanoma cell lines, respectively, were used 
in this study. miRNA expression was examined using an array platform 
(Applied Biosystems). miRNA target genes were predicted in silico using 
TargetScan and miRWalk programs. Reactome database was used to in-
vestigate pathway annotations. Real-time qPCR was performed to verify 
the miRNA expression pattern. For functional analysis, miRNA mimics 
and antagomiRs were used to increase or suppress miRNA expression, re-
spectively. In addition, colony formation, migration and invasion assays 
were performed. Th e chorioallantoic membrane (CAM) assay was used as 
an in vivo growth model.
Results. Array data analysis identifi ed 31 miRNAs upregulated (>2-fold) 
in the metastatic lineage 4C11+ in comparison with the non-metastatic 
lineage 4C11-. Based on literature review and using known databases we 
fi nally selected 6 miRNAs as possible regulators of melanoma metastasis. 
We retrieved all their potential mRNAs predicted by in silico analysis and 
found that metabolic, epigenetic and proliferation pathways were com-
monly involved. Interestingly, 4 of these miRNAs are predicted to target 
the NF1 mRNA, which is considered one of the main genetic drivers of 
melanoma and is commonly lost in tumor specimens. Functional in vit-
ro and in vivo assays are under investigation to confi rm the oncogenic ef-
fects of these miRNAs.
Conclusion. Th is study suggests the involvement of miRNAs in the acqui-
sition of the metastatic phenotype of melanoma. Th e role of NF1 in this 
melanoma progression model will be further evaluated.

P01.02
Establishing a Next-Generation-Sequencing panel for the 
determination of tumour heterogeneity and evolution in 
metastatic melanoma

R. Marienfeld*1, S. Weißinger1, N. Ushmorov1, P. Möller1, M. Huber2

1University of Ulm, Institute of Pathology, Ulm, Germany, 2University of Ulm, 
Department of Dermatology and Allergic Diseases, Ulm, Germany

Background. Melanoma accounts for only 4 percent of all malignant skin 
neoplasms. However, it is responsible for 80 percent of deaths from skin 
cancer and until recently the 2-year overall survival (OS) was only 15% in 
phase III studies. Recently, tremendous developments have been achieved 

Methods. Th e expression of REST in MCC was analysed by immunohis-
tochemistry (IHC) in 28 formalin fi xed and paraffi  n embedded MCC tis-
sues. In addition, MCPyV-positive (MKL-1 and MKL-2) and MCPyV–
negative (MCC13 and MCC26) MCC cell lines and the B-ALL cell-line 
REH were tested for REST expression. RT-PCR was used to confi rm the 
results of the cell lines on the transcriptional level. In addition, the regula-
tion of the REST expression by methylation was assessed with the demeth-
ylating agent 5-aza-2’-deoxycytidin. Further the methylation status of the 
CpG islands of the REST promoter was analysed with a methyl specifi c 
PCR (MSP).
Results. All MCCs and the MCPyV-positive cell lines MKL-1 and MKL-2 
were negative for REST but positive for synaptophysin and chromogranin 
A. Th e MCPyV-negative cell lines MCC13, MCC26 and the B-ALL cell line 
were positive for REST expression and negative for these neuroendocrine 
markers. Th ese results were confi rmed on the transcriptional level. Th e 
demethylation of REST promoter CpG islands did not lead to an increase 
of the REST expression in MKL-1 and MKL-2 on the transcriptional or 
translational level. MSP results did not reveal any methylation of the CpG 
islands of the REST promoter.
Conclusion. Th e lack of REST in MCC and in MCPyV-positive MCC cell 
lines, in combination with REST expression in MCPyV-negative cell lines 
point to an important role of the MCPyV in the regulation of REST ex-
pression in MCC. Th is is emphasized by the results of the MSP of the MCC 
cell lines that REST expression in MCC is not due to methylation. Our 
data might provide the basis of neuroendocrine gene expression in MCC 
which we consider to be a cutaneous manifestation of a highly malignant 
pre/pro B cell neoplasia.

AG13.06
Diff erences in the classifi cation of epithelial tumours of vulva, 
vagina and penis

R. Schmauz*1, R. Owor2

1University of Lübeck, Medical Faculty, Lübeck, Germany, 2Medical Faculty, 
Makerere Univerity, Department of Pathology, Kampala, Uganda

Background. Recent classifi cations from AFIP and WHO are a big step 
forward since they incorporated new aetiologies. However, a discussion 
of older and now disputed views seemed worthwile.
Methods. Early studies included comprise partly published own observa-
tions in Uganda, Lübeck and Israel, areas with a high, low and very low 
incidence of the above types of genital cancer.
Results. Giant condyloma and verrucous carcinoma: giant condyloma is 
now categorised as a grade 1 benign tumour. In the ugandan material it 
is a precancerous lesion of usually moderate diff erentiation and circum-
scribed but destructive downgrowth. Th e term proliferative condyloma 
applies when the size is unknown or small. Highly diff erentiated variants 
are not associated with HPV but with lichen sclerosus and should be called 
verrucous carcinoma. For a carcinoma invasion is a constitutive proper-
ty, yet this change is not always seen. We hope verrucous carcinoma will 
be replaced by two new terms, e. g. proliferative keratoma and keratocar-
cinoma. – Condylomata acuminata with dysplasia/carcinoma in situ (low 
and high grade intraepithelial neoplasia): this group of lesions needs still to 
be included in the two recent booklets. We observed one case of a poorly 
diff erentiated giant condyloma with extensive superfi cial spread of small 
dysplastic c. a.. Why were such cases categorised now as warty noninvasive 
carcinomas? – Benign condylomata acuminata: Five histological types were 
delineated. Besides the usual common rarely fl at variant which remains the 
only type recognized in the AFIP-fascicle, there were c. a. showing marked 
cell death, a unique lesion, irregular c. a. and close to a giant condyloma 
c. a. with marked acanthosis. – Age-distribution of condylomata acumina-
ta: it is bimodal with peaks in young and middle age thus preceding the 
cases of cancer which peak in later life. Th e smallest peak in middle age is 
made up of cases showing dysplastic and giant/proliferative condyloma-
ta. Th is fi nding is in favour of giant condyloma being also precancerous.
Conclusion. Th e notion of proliferative epithelial neoplasia is introduced 
as being precancerous in addition to intraepithelial neoplasia. Hallmarks 
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sected at the respective end points, embedded in paraffi  n blocks and ana-
lyzed by histology (H&E staining). Th e percentage of tumor area aff ect-
ed by hemorrhage, necrosis or tumor regression was determined. Only 
NRAS-mutant tumors showed spontaneous regression and necrosis. In 
NRAS-mutant tumors, buparlisib enhanced regression und prevented 
spontaneous necrosis. Of note, all tumors showed spontaneous hemor-
rhage that was enhanced by buparlisib. 
Buparlisib did not cause any morphological changes in the normal mouse 
brain tissue.
Conclusion. Th ese results emphasize the role of targeting the PI3K pathway 
as a potential priority in drug development for melanoma brain metasta-
ses. Moreover, the morphological classifi cation of observed eff ects may 
provide a new approach to understanding the mechanism of melanoma 
regression and therapy responsiveness.

Poster session Gynecological and breast pathology

P02.01
Evaluation of the immunoregulatory protein CD200 in human 
breast cancer: First insights

P. Rexin*, A. Schmidt, A. Pehl, R. Moll
Philipps-University Marburg, Institute of Pathology, Marburg, Germany

Background. CD200 is an immunoregulatory protein that suppresses 
macrophage activation and infl uences the adaptive immune response by 
regulation of T-cells. In breast cancer, the immunoregulatory function of 
CD200 was recently shown in diff erent animal models. In this study we 
analyzed the CD200 expression in human breast cancer in a large cohort 
of patients with localized breast cancer with or without nodal metastasis.
Methods. We examined the expression of CD200 by immunohistology 
(rabbit antibodies raised against and specifi c for the recombinant extra-
cellular domain of CD200) in 125 female patients aged between 31 to 93 
yrs. (mean age of 65 yrs.) at primary diagnosis and performed our analy-
sis focusing on the correlation of the immunostaining results (which were 
assessed using a score from 0 to 3) with tumor stage, grading, prolifera-
tion rate, hormone receptor expression, HER2 status and diff erent sub-
types of breast cancer.
Results. CD200 was detected in 116/125 cases with cytoplasmic and mem-
branous staining of highly variable intensity. Patients with poorly diff eren-
tiated breast cancer and breast cancer with high proliferation rate showed 
statistically signifi cant correlations with high expression of CD200 (cor-
relation for Ki67 r = 0.4; p < 0.001, for grading p < 0.01) in contrast to well 
diff erentiated carcinomas. Furthermore, there was a statistically signifi cant 
correlation of overexpression of CD200 and HER2 (p < 0.01). A low ex-
pression of CD200 was associated with a luminal A phenotype (p < 0.05). 
Th ere was no signifi cant correlation between CD200 expression and the 
pT status (pT1a to pT4) or the nodal status (pN0 to pN3a).
Conclusion. Th is fi rst evaluation of the immunoregulatory protein CD200 
in a larger cohort of human breast cancer showed a signifi cant correlation 
of CD200 expression with increasing dediff erentiation and with overex-
pression of HER2. Further tests will be necessary to elucidate a possible 
role of CD200 in breast cancer as a prognostic marker or a potential ther-
apeutic target in diff erent subtypes.

P02.02
Tissue marking dyes – a pitfall in routine diagnostics due to color 
changes through immunohistochemistry

S. Kiefer*1, H. Füllgraf1, 2, 3, K. Werner1, Á. Csanádi1, K. Aumann1, H.-E. Schäfer1, 
M. Werner1, 2, 3, P. Bronsert1, 2, 3

1Institute for Surgical Pathology, Medical Center – University of Freiburg, 
Faculty of Medicine, Freiburg, Germany, 2Comprehensive Cancer Center 
Freiburg, Medical Center, Freiburg, Germany, 3German Cancer Consortium 
(DKTK) and German Cancer Research Center (DKFZ), Heidelberg, Germany

in the treatment of metastatic melanoma. Besides the variety of small mol-
ecule inhibitors used for the targeted therapy of specifi cally mutated mel-
anomas (i. e. BRAF-inhibitors, MEK-inhibitors), immune checkpoint in-
hibitors have been introduced successfully. While in most BRAF-mutated 
melanomas the new targeted therapies show signifi cant eff ects in the be-
ginning, a long-lasting eff ect is oft en hampered by the recurrence of now 
resistant melanoma clones. In order to overcome these resistance mech-
anisms, the determination of the underlying mutations is essential. Here, 
we report the establishment of a Next-Generation-Sequencing (NGS) pan-
el to defi ne the mutation profi le in metastatic BRAF-inhibitor resistant 
melanoma.
Methods. To defi ne the mutation profi le in metastatic melanoma we em-
ployed a targeted re-sequencing NGS protocol using the GeneRead sys-
tem (Qiagen) including a NGS panel comprised of 37 genes. DNA from 
formalin-fi xed and paraffi  n embedded tumor tissue of melanoma patients 
was extracted using the FFPE DNA kit from Qiagen and was subsequent-
ly subjected to the GeneRead NGS protocol. Th e resulting libraries were 
sequenced on a MiSeq platform (Illumina). Data analysis was done using 
the online GeneRead data analysis platform and the Variant Studio soft -
ware (Illumina).
Results. To determine tumor heterogeneity and evolution, we performed 
the NGS targeted resequencing on sample sets of four diff erent patients. 
Two sets contained two samples and two sets three samples, respectively, 
derived either from diff erent metastatic sites or from the same site at dif-
ferent time points. Th e overall read-depth of the NGS re-sequencing was 
approx. 3000X and the coverage ranged from 80 to 90% of all exons. We 
detected 14 mutations per sample on average. Most of these mutations 
(approx. 10 of 14) showed a concordance in all of the samples of a patient. 
However, several mutations were found in only a part of the samples sug-
gesting a tumor heterogeneity in these melanomas. Th e allele frequency 
of the mutations spanned from 5 to 70%.
Conclusion. Th e melanoma specifi c NGS panel is suitable for the determi-
nation of genetic aberrations to unravel tumor-heterogeneity and evolu-
tion in melanomas.

P01.03
Regressive changes of melanoma brain metastases under 
the infl uence of a PI3K inhibitor (buparlisib) with diff erences 
regarding the mutation status in a mouse model

M. Meinhardt*1, H. Niessner2, M. Muders1, J. Schmitz2, B. Pichler2, 
L. Quintanilla-Fend3, D. Westphal4, F. Meier4, G. Baretton1

1Institute of Pathology, Dresden, Germany, 2Clinic for Dermatology, 
Tübingen, Germany, 3Institute of Pathology, Tübingen, Germany, 4Clinic for 
Dermatology, Dresden, Germany

Background. We explored the use of the PI3K inhibitor buparlisib 
(BKM120) as an antitumor agent for melanoma brain metastases.
Methods. For this purpose, human BRAF- and NRAS-mutant metastatic 
melanoma cells were injected into the brain of mice and the resulting tu-
mors were treated with buparlisib.
Results. Buparlisib signifi cantly inhibited the growth of tumors inde-
pendent from their BRAF or NRAS mutation status. Buparlisib promot-
ed regression and hemorrhage and prevented spontaneous necrosis. Fur-
thermore, buparlisib enhanced mutation-specifi c diff erences of these 
phenomena. 
Results: Macroscopic changes: MRI data of implanted WM3734 
(BRAF-mutant) and SKMel147 (NRAS-mutant) human melanoma brain 
metastases under buparlisib or sham treatment were analyzed on the basis 
of relative tumor volume normalized to the baseline scan before treatment 
induction. Th e treatment was able to induce stable disease, compared to 
rapid tumor growth in the sham treated animals for both, BRAF-mutant 
and NRAS-mutant brain metastases. Signifi cant diff erences were reached 
7 and 6 days aft er treatment induction for the BRAF- and NRAS-mutant 
tumors, respectively. 
Histological changes: Mice brain containing the BRAF-mutant and 
NRAS-mutant tumors under buparlisib and sham treatment were dis-
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Her2-positive and luminal-A breast carcinomas whereas triple negative 
tumors showed either little or no positivity.
Conclusion. Our observations indicate that detection of cellular senescence 
within human invasive breast carcinomas distinguishes diff erent breast 
tumor subtypes. One possible explanation for these observations might 
be that these tumors diff er in their genetic and epigenetic alterations, and 
therefore vary in their capacity to senesce. As tumor initiation and pro-
gression of these breast cancer subtypes is triggered by diverse oncogen-
ic stimuli, diff erences in the proportion of cellular senescence tumor cells 
within breast tumors might be responsible for tumor initiation, progres-
sion, metastasis and therapeutic response.

P02.04
First case of solid papillary carcinoma of the breast with an 
associated CK-7 negative Paget’s disease of the nipple

N. J. Rupp*1, A.-K. Rodewald1, F. Chiesa2, Z. Varga1

1Department of Pathology, University Hospital Zurich, Zurich, Switzerland, 
2Breast Center, Zurich, Switzerland

Background. Solid papillary carcinoma (SPC) is a rare neoplasm of the 
breast showing a distinct morphology, neuroendocrine diff erentiation and 
should be divided into invasive and in situ subtype. Here we describe a case 
of a SPC, invasive type, in a 31-years old female with an associated mam-
mary Paget’s disease (MPD) of the nipple showing a kindred, CK-7 nega-
tive immunophenotype, a constellation which has not been reported so far.
Methods. Th e retromamillary specimen was formalin-fi xed paraffi  n em-
bedded entirely and examined histological on Hematoxylin & Eosin stain-
ing. Further characterization encompassed extensive comparative immu-
nohistochemical stainings.
Results. Th e retromamillary neoplasm showed compact lobules with an 
underlying papillary architecture and focal irregular boundaries to the ad-
jacent stroma. Focal prominent atypia with overall increased mitotic rate 
and scattered but strong positivity for synpatophysin was noted. In the epi-
dermis, similar basal and ascending atypical enlarged cells with prominent 
perinuclear halos could be seen, which also formed abortive tubular struc-
tures. In juxtaposition, all atypical cell types showed concordant negativi-
ty for CK7, CK5/6, Her2, CK20 and S-100. In contrast, strong concordant 
positivity for CK8/18, estrogen receptor (100%), GATA3 and NY-BR-1 
was evident. Synaptophysin could not be found within the pagetoid cells.
Conclusion. Solid papillary carcinoma of the breast may show an associat-
ed CK-7 negative mammary Paget’s disease, whereas CK8/18, GATA3 and 
NY-BR-1 could help to corroborate this fi nding. Th is diff erential diagnosis 
should be added to the rare condition of CK7-negative Paget’s disease of 
the breast and complement a new feature to the characterization of SPC.

P02.05
Darkfi eld imaging of human breast tissue for detection of cancer 
associated micrometer-sized calcifi cations

J. Emons*1, R. Schulz-Wendtland2, J. Rieger3, M. Radicke4, D. L. Wachter5, 
G. Anton3, M. W. Beckmann1, A. Hartmann5, P. A. Fasching1

1University Hospital Erlangen, Comprehensive Cancer Center Erlangen-EMN, 
Department of Gynecology and Obstetrics, Erlangen, Germany, 2University 
Hospital Erlangen, Institute of Diagnostic Radiology, Erlangen, Germany, 
3Friedrich-Alexander University Erlangen-Nürnberg, Erlangen Centre for 
Astroparticle Physics, Erlangen, Germany, 4Siemens Healthcare GmbH, 
Erlangen, Germany, 5University Hospital Erlangen, Institute of Pathology, 
Erlangen, Germany

Background. In North America and Europe on average every eights wom-
an suff er from breast cancer. Clinical trials showed a signifi cant reduction 
in mortality in women which were diagnosed in an early stage of the dis-
ease. State of the art digital mammography is capable of detection of cal-
cifi cations up to 50–100 μm. In addition, there is information, that inva-
sive carcinomas are accompanied by calcifi cations smaller than 50 μm. 
Th ese micrometer-sized calcifi cations can be detected by dark fi eld im-

Background. In gross examination pathological routine protocols pro-
vide resection margin inks for orientation during macro- and microsco-
py. Th ereby, the distinct discrimination between the used colors is crucial 
for correct determination of the surgical margins and subsequent thera-
peutically regimes. In cases of doubtful tumor residuals close to the resec-
tion margin, additional immunohistochemical analyses are necessary. In 
this context we observed color changes which we studied more in detail.
Methods. Kidney and breast specimens were marked with marking dyes 
and processed in two diff erent ways. One probe of each marked specimen 
was processed via the Shandon Excelsior TM ES (xylene based system) the 
other specimen via the Leica PELORIS II (vacuum/ethanol based system). 
Th e colors used were blue, red, black, yellow and green from three diff er-
ent providers (A, B, C) and Whiteout (Tipp-Ex®). Immunohistochemical 
treatment was performed in a single step procedure to explore the crucial 
step responsible for the color changes. Th erefore two diff erent staining pro-
cedures were performed (Dako AutostainerPlus for Cytokeration 5/6 with 
Dako Envision Flex+, Mouse, High pH (Link) Detection Sytem (K8002) 
vs. Dako real Detection System Alkaline Phosphatase/RED (Dako K5005))
Results. Th e color blue from provider A changed during immunohisto-
chemical treatment into brown-black, depending on adding 3,3’-Diam-
inobenzidine-Tetrahydrochloride-Dihydrate (DAB) on fatty and paren-
chymatous tissue independently from the processing procedure. All other 
used immunohistochemical reagents as well as the diff erent tissue pro-
cessings had no infl uence on the remaining ink colors of provider A re-
gardless from tissue type. Th e tested colors from provider B and C did not 
show any changes.
Conclusion. Our results demonstrate an important pitfall in routine immu-
nohistochemistry based diagnostics. Th e color changing of inks can lead 
to serious errors in interpretation of surgical margins. Th erefore, each lab-
oratory should test their inks for color stability.

P02.03
Detection of cellular senescence within human invasive breast 
carcinomas distinguishes diff erent breast tumor subtypes

C. López-Cotarelo*1, A. Schad1, C. J. Kirkpatrick1, J. P. Sleeman2, E. Springer1, 
M. Schmidt3, S. Thaler2

1University Medical Centre, Institute of Pathology, Mainz, Germany, 2Centre 
for Biomedicine and Medical Technology, Mannheim, Germany, 3University 
Medical Centre, Department of Gynecology and Obstetrics, Mainz, Germany

Background. Cellular senescence is considered to act as a barrier to tumori-
genesis by arresting cells at risk of malignant transformation. Nevertheless, 
numerous fi ndings suggest that senescent cells may conversely promote 
tumor progression through the development of the senescence-associated 
secretome they produce. Investigations have been performed to elucidate 
the degree to which senescent tumor cells are present within untreated hu-
man tumors, and if present, whether these senescent tumor cells may play 
a role in disease progression. It is likely that the composition and the phys-
iological consequences mediated by the senescence secretome are depend-
ent on the oncogenes that trigger the senescence program. Breast cancer 
represents a heterogenous disease that can be divided into breast cancer 
subtypes due to diff erent subsets of genetic and epigenetic abnormalities. 
In the present study we analysed the appearance of senescent cells within 
breast tumor subtypes.
Methods. We investigated senescence-associated ß-galactosidase (SAß-
gal) activity within 129 breast cancer samples from untreated patients. 
All cases were classifi ed in accordance with the suggested defi nition of in-
trinsic subtypes of breast cancer. Ki67 proliferative index, ER, PR, HER2, 
p16INK4a, p21Cip1/Waf1, p53 and Lamin B1 protein immunohistochem-
ical expression were quantifi ed and TP53 sequencing of genomic DNA 
was performed.
Results. SAß-gal positive tumor cells exist within invasive breast cancer 
samples and correlates inversely with the proliferation marker Ki67 and 
with the nuclear expression of Lamin B1. Th e proportion of SAß-gal pos-
itive tumors cells varies strongly according to the breast cancer subtypes. 
Th e highest percentages of SAß-gal positive tumor cells were found in the 
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P02.07
Case Report: Papillary adenocarcinoma arising in a vestibular cyst 
of the vagina

A. K. Höhn*1, M. Höckel2, G. Borte3, U. Siebolts4, I. Krücken1, L.-C. Horn1

1Institute of Pathology, Division of Breast, Urogenital and Perinatal 
Pathology, Leipzig, Germany, 2University Hospital of Leipzig, Department 
of Obstetrics and Gynecology, Leipzig, Germany, 3University Hospital 
of Leipzig, Clinic for Diagnostic and Interventional Radiology, Leipzig, 
Germany, 4Institute of Pathology, Division of Molecular Pathology, Halle, 
Germany

Background. Vaginal adenocarcinomas (AC) are rare as the majority of 
malignant tumors are usually squamous. AC of the vagina commonly aris-
es in foci of adenosis or endometriosis, rarely originates from endocervico-
sis. Intestinal type ACs may arise in cloacogenic remnants. Here we report 
a well documented case arising in a vestibular cyst.
Methods. Case Report: A 28 year-old women with a history of laparoscop-
ic assisted vaginal hysterectomy (LAVH) four years before presented with 
dyspareunia and irregular vaginal bleeding. Clinical examination showed 
an ulcerated lesion at the distal vagina on the right side. Radiological im-
aging showed tumorous lesion with infi ltration of the bladders neck and 
urethra. An abdominoperineal anterior exenteration procedure was per-
formed. Th e specimen represented a 3 × 2.8 × 1.2 cm moderate diff erenti-
ated papillary adenocarcinoma arising in a 2.5 × 1.5 × 0.5 cm vestibular cyst 
oft  he vagina with infi ltration of the proximal urethra.
Results. Immunohistochemically, the tumor cells were negative for CK 20, 
CDX-2, m-CEA, GATA-3, mammoglobin, GCDFP-15, but positive against 
CK 7, p16 (block staining) and ER. p53 represented a wild type staining. 
On PCR the tumor was positive for high-risk HPV. Th ere was a metastat-
ic involvement oft  he inguinal and pelvic lypmh nodes, resulting in stage 
pT2 pN1 (4/41) pM1 LYM (4/64) L1 V0 Pn0 R0.
Conclusion. Vaginal ACs are very rare and before diagnosisng primary 
vaginal AC, it is essential to exclude metatstic disease. Th is includes full 
clinical details, imaging, and appropriate immunohistochemisty. AC aris-
ing in a vestibular cyst are very rare and careful sampling is recommend-
ed to proof that origin.

P02.08
Pregnancy luteoma. Case report with Review of the Literature

M. Gajda*1, H. Dibolder2, I. Petersen1

1Institute of Pathology, Jena, Germany, 2Department of Gynaecology, Jena, 
Germany

Background. Pregnancy luteomas are rare, nonneoplastic lesions of the 
ovary thought to be caused by the hormonal eff ects of pregnancy. Preg-
nancy luteomas, fi rst described in 1966 by Sternberg and Barclay, are dis-
tinctive hyperplastic lesions arising in pregnancy that mimic ovarian tu-
mors. To date, fewer than 200 cases have been reported in the literature. 
Most of these patients are asymptomatic with the ovarian enlargement 
being incidentally discovered at the time of cesarean section or postpar-
tum tubal ligation.
Methods. Detailed clinical and histopathologic review of a clinical case and 
review of the literature using PUBMED.
Results. A 31-year-old woman, gravida I presented with a short history 
of lower abdominal pain. A transvaginal and transabdominal pelvic ul-
trasound demonstrated a 6 cm heterogeneous mass in the right adnexa. 
On microscopic examination, it was entirely composed of round to po-
lygonal cells, with abundant, fi nely granular, eosinophilic cytoplasm, and 
small nuclei (. Fig. 1 | P02.08). 
Th e cells were arranged in lobules or, occasionally, in pseudoacinar spaces 
and were separated by thin fi brous septa. 
Immunohistochemical stains demonstrated a diff use cytoplasmic positiv-
ity with antibodies to inhibin A, androgen receptor, calretinin, ASMA and 
vimentin (. Fig. 2 | P02.08).
Conclusion. Approximately 25% of women with pregnancy luteoma have 
hypersecretion of androgen. Among them, 10–50% mothers present clin-

aging. Th e aim of this study was to proof whether the examination of the 
mammary gland with dark fi eld imaging can increase the detection rate 
of carcinomas.
Methods. X-ray images of several breast specimen were acquired with 
a novel imaging technique, the so-called x-ray phase-contrast imaging 
(XPCI) and with a comparable dose value to conventional mammogra-
phy. With the use of three X-ray gratings with periods in the order of a 
few micrometers between the X-ray tube and the fl at-panel detector, we 
acquire three diff erent images within one image sequence. Th e convention-
al attenuation image, the diff erential phase image and the darkfi eld image 
which was used for detection of microcalcifi cations.
Results. 142 Mastectomy specimens were investigated using the Tal-
bot-Lau X-ray imaging set-up. In total 195 signifi cant structures were ob-
served using both darkfi eld and conventional digital Mammography. Th e 
histomorphometric images obtained 132 benign and 63 carcinoma lesions. 
Th e addition of the darkfi eld imaging identifi ed 14 histological confi rmed 
carcinoma lesions which were not suspect in the digital mammography.
Conclusion. Th e addition of the darkfi eld imaging to the digital Mammog-
raphy is capable of increase the detection rate of breast cancer associated 
micrometer-sized calcifi cations and could enhance the sensitivity and spe-
cifi cities of breast cancer screening

P02.06
Galectins-1, -3 & -7 are prognostic markers in ovarian cancer

H. Schulz*1, C. Kuhn2, S. Hofmann2, E. Schmoeckel1, D. Mayr1, S. Mahner2, 
U. Jeschke2

1University Hospital (LMU), Institute of Pathology, Munich, Germany, 
2Ludwig Maximilian University of Munich, Department of Gynecology and 
Obstetrics, Munich, Germany

Background. Galectins are a family of carbohydrate binding proteins with 
the function of crosslinking between cell surface and extracellular ma-
trix, expressed in the majority of cells. In various cancer types, including 
ovarian cancer (here Galectins -1, -3 and -7), they have been suggested to 
serve as prognostic and predictive factors, probably over epithelial-to-mes-
enchymal transition (EMT). Yet, most studies lack systematic analysis of 
these Galectins specifi cally in diff erent cell compartments and the peri-
tumoral stroma.
Methods. Presence of Galectin-1, -3, and -7 was investigated immunohis-
tochemically in 156 ovarian cancer specimens (110 serous, 21 endometri-
oid, 12 clear cell, 13 mucinous). Staining was evaluated in the cytoplasm 
and nucleus of tumor cells and in the peritumoral stroma. Results were ob-
tained using a semi quantitative IR-score and correlated with clinical and 
pathological data. Patients’ overall survival has been calculated.
Results. Nuclear and cytoplasmic Gal-1 staining was signifi cantly stronger 
in serous and clear cell subtype compared to endometrioid and mucinous 
subtype. Gal-1 expression in nucleus, cytoplasm and stroma was higher in 
cases with advanced tumor stage. Furthermore, Gal-1 expression in the cy-
toplasm was higher in cases with high grading and advanced FIGO stage. 
Patients with Gal-1 expression in the cytoplasm showed reduced overall 
survival. Moreover, cases with high Gal-1 expression in the peritumoral 
stroma had a poorer outcome. Gal-3 staining in nucleus and stroma was 
signifi cantly stronger in serous and clear cell than endometrioid or muci-
nous subtype. Nuclear Gal-3 staining was signifi cantly stronger in young-
er patients and patients with a lower tumor stage. Nuclear Gal-3 staining 
correlated with a better outcome. Strongest Gal-7 staining was found in 
serous subtype, weakest in endometrioid. We observed a signifi cantly re-
duced overall survival for cases with high Gal-7, a better survival for Gal-
7 low expression and the best for Gal-7 negative cases.
Conclusion. Both, tumor and stroma staining of Gal-1 could serve as neg-
ative prognostic factors for all histological subtypes of ovarian cancer. Cy-
toplasmic Gal-7 but not Gal-3 staining could be confi rmed as a negative 
prognostic factor for all ovarian cancer. On the contrary, Gal-3 staining 
in the nucleus could be a new positive prognosticator. To summarize we 
conclude that the analysis of specifi c galectins may be used, fi rst as a prog-
nostic and second potentially as a predictive marker in ovarian cancer.
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P02.09
Cervical embryonal rhabdomyosarcoma (botryoid type) in a 
20-year-old woman – a case report

A. Lemke*1, L.-C. Horn2, A. Ignatov3, P. Vorwerk4, S.-D. Costa3, G. Jorch4, 
J. Haybaeck1

1Otto-von-Guericke-University, Institute of Pathology, Magdeburg, 
Germany, 2University Hospital Leipzig, Institute of Pathology, Leipzig, 
Germany, 3Otto-von-Guericke University, Department of Obstetrics and 
Gynecology, Magdeburg, Germany, 4Magdeburg University Hospital, 
Department of Paediatrics, Madgeburg, Germany

Background. A 20-year-old woman presented with a polypoid tumor of the 
cervix uteri measuring 45 mm. Th e tumor was locally excised. 
Here, we are giving an overview of the possible problems and pitfalls in 
the diff erential diagnosis of an embryonal rhabdomyosarcoma of botryoid 
type, which is a rare malignant mesenchymal tumor.
Methods. Th e sections of the tumor were stained with hematoxylin-eosin 
at fi rst. Aft er microscopic examination, the sections were forwarded to a 
gynecopathologist, followed by immunohistochemical staining and mu-
tational analysis.
Results. Ruling out a benign diff erential diagnosis was diffi  cult in this case. 
Th e histopathological sections presented features that seemed to be con-
sistent with an endometriosis, and the background showed severe infl am-
mation with hemorrhage. A closer look at the background revealed a cam-
bium layer of hypercellular stroma with an elevated mitotic rate beneath 
benign epithelial glands. Finally, the tumor was recognized as the botry-
oid type of an embryonal rhabdomyosarcoma of the cervix uteri, which is 
a rare malignant mesenchymal tumor. Until now, only a few case reports 
have been published on this topic. 
Aft er conisation, the tumor was completely excised locally, followed by 
chemotherapy.
Conclusion. It is challenging not to misdiagnose this tumor. Th erefore, 
extensive tumor sampling is essential. In cases of doubt, it is recommend-
ed to stay in close contact with the clinical physician and to get a second 
opinion of an expert. 
Data on extension of surgery is scarce. Due to the evaluated effi  ciency of 
chemotherapy and a much more favourable outcome of cervical prima-
ries, a conservative fertility-sparing treatment with local excision followed 
by chemotherapy is possible. Th is is highly relevant for the quality of life, 
in particular with regard to the fact that the majority of these patients are 
between 20 and 30 years old and might wish to have children.

Poster session Hematopathology

P03.01
Characterization of the mutational profi le of 14 diff use large B-cell 
lymphoma cell lines

T. Menter*1, D. Juskevicius1, A. Müller2, A. Tzankov1

1University Hospital Basel, Institute of Pathology, Basel, Switzerland, 
2University of Zurich, Zurich, Switzerland

Background. Investigation of cancer cell lines is important for in vitro on-
cologic research to characterize and understand mechanisms of intracel-
lular and intercellular signaling and survival strategies of cancer cells. Fur-
thermore, preclinical testing of potential drugs on cancer cell lines has 
proven to have a major impact on implementing such new compounds 
in the clinic.
Methods. In this study, we analyzed the mutational profi le of 14 diff use 
large B-cell lymphoma (DLBCL) cell lines (OCILY3, OCILY10, RCK8, 
RIVA, SSK41, SUDHL2, SUDHL4, SUDHL5, SUDHL6, SUDHL7, SUD-
HL8, SUDHL10, SUDHL16 and U2932) using a customized high through-
put sequencing panel of 68 genes. Our data was then compared to data 
from the Catalogue Of Somatic Mutations In Cancer (COSMIC) and Can-
cer Cell Line Encyclopedia (CCLE) databases and correlated with fi ndings 

ical signs of hyperandrogenism, and 60–70% female infants exhibit some 
degree of virilization. Th e management of pregnancy luteoma depends 
upon the symptoms and personal conditions. 
Pregnancy luteoma represents a physiological response during pregnancy 
and oft en regresses spontaneously in postpartum period. It must be con-
sidered as a part of diff erential diagnosis of ovarian masses in pregnant or 
recently pregnant females as recognition of this entity will avoid unnec-
essary radical surgery.

Fig. 1 | P02.08 8 Microscopic appearance of the luteoma

Fig. 2 | P02.08 8 Immunohistochemical stains of the right ovarian tumor. 
Inhibin positively expressed in luteinized cells
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Conclusion. Our results identify GSK3β as a novel regulator of antigen 
receptor induced CBM complex formation and canonical NF-κB signal-
ling in T-ALL.

P03.03
Characterization of hematologic malignancies with Anchored 
Multiplex PCR and next-generation sequencing

L. Johnson, M. Bessette, A. Berlin, J. Haimes, K. Trifi lo, N. Manoj, H. Wang, 
B. Kudlow*
ArcherDX, Inc., Boulder, Colorado, United States

Background. Hematologic malignancies can be driven by a diversity of 
mutation types, including single nucleotide variants (SNVs), copy num-
ber variants (CNVs), gene fusions, insertions and deletions (indels) and 
changes in gene expression profi les. However, comprehensive detection of 
these mutation types from a single clinical sample is challenging, as specif-
ic assays are required to detect each mutation type. We developed targeted 
next-generation sequencing (NGS) assays based on Anchored Multiplex 
PCR (AMP™) to simultaneously detect multiple mutation types, including 
novel gene fusions and ITDs, as well as relative gene expression levels rel-
evant in hematologic malignancies.
Methods. AMP is a library preparation method for NGS that uses molecu-
lar barcoded (MBC) adapters and single gene-specifi c primers (GSPs) for 
amplifi cation. AMP-based Archer® VariantPlex™ and FusionPlex® assays 
enable NGS-based detection of mutations from DNA and RNA, respec-
tively. Open-ended amplifi cation permits identifi cation of both known and 
novel gene fusions with FusionPlex assays. Furthermore, our novel bioin-
formatics algorithm enables ITD detection with VariantPlex assays. Final-
ly, MBC adapters ligated to RNA fragments prior to amplifi cation permit 
determination of relative gene expression levels.
Results. We detected a KMT2A-MLLT3 fusion through breakpoint iden-
tifi cation, with reads extending 6 exons into MLLT3. AMP also enabled 
NGS-based detection of a novel RUNX1 fusion, RUNX1-G6PD, in a case 
of acute unclassifi able leukemia. Furthermore, we show that single, uni-
directional GSPs provide bidirectional coverage of a BCR-ABL1 fusion, 
which was detected with reads originating from ABL1 as well as BCR 
GSPs. Using our optimized bioinformatics algorithm and the VariantPlex 
assay, we accurately and reliably detected ITDs of varying sizes and inser-
tion points, with simultaneous point mutation detection in AML-posi-
tive blood samples. Finally, we show NGS-based expression profi le anal-
ysis with the FusionPlex assay, resulting in identifi cation of Diff use Large 
B-Cell Lymphoma subtypes in a small cohort of samples.
Conclusion. Our results demonstrate that AMP-based NGS enables com-
prehensive detection of multiple mutation types, including novel fusions 
and ITDs, as well as gene expression levels relevant in hematologic ma-
lignancies.

P03.04
CMYC-positive macrophages: a novel subset of tumour-associated 
macrophages

L. Werner1, J. Dreyer1, M. Barros1, G. Niedobitek*1, 2

1Unfallkrankenhaus Berlin (Accident hospital), Institute for Pathology, 
Berlin, Germany, 2Sana Klinikum Lichtenberg, Institute for Pathology, Berlin, 
Germany

Background. Tumour-associated macrophages (TAM) are known to be 
important factors in pathogenesis and progression of malignant tumours. 
Macrophages are broadly defi ned according to the M1/M2 paradigm. M1 
polarised macrophages are believed to exert cytotoxic and anti-neoplastic 
eff ects while M2-polarised macrophages contribute to wound healing and 
in the context of malignant tumour may promote tumour growth. It is gen-
erally held that M2-polarised TAM are dominant in many tumours thus 
contributing to tumour growth and poor outcome. Th e M1/M2 paradigm 
has proved useful but does not fully represent the spectrum of macrophage 
diff erentiation. Recently, a new population of CMYC-positive macrophag-

regarding gene- and protein expression profi ling in order to achieve a bet-
ter characterization of these cell lines.
Results. Th e median of mutations and mutated genes per cell line was 4 
(interquartile range 4.5 and 2.5, respectively). Th e most frequently mu-
tated gene was TP53 (10 mutations). Th ere were no diff erences regarding 
mutated genes or amount of mutations/mutated genes, when sorting cases 
according to the cell of origin classifi cation. However, MYD88 mutations 
were only seen in activated B-cell like (ABC) cell lines. Mutational data of 
9 cell lines could be compared with data from the COSMIC and/or CCLE 
database. 17 mutations we detected were in analogy with the database re-
sults, 21 mutations we detected were not yet mentioned in the databases. 
39 mutations described by COSMIC and CCLE were not detected using 
our panel. Th e majority of these mutations (n = 30) concerned SUDHL-6 
and SUDHL-8. Th ere was no mutation described both by COSMIC and 
CCLE we did not detect.
Conclusion. Here we present a comprehensive review of the mutational 
landscape of 14 diff erent DLBCL cell lines using a consistent analysis algo-
rithm. Our fi ndings help to achieve a better understanding of the biology 
of these cell lines and might help other researchers to select the most suit-
able ones for their respective purposes. Furthermore, our analysis revealed 
major discrepancies regarding the mutational profi le of some well-estab-
lished cell lines, which might be due to diff erent analysis approaches.

P03.02
GSK3β is a novel regulator of CBM complex formation and NF-κB 
activation in T cell acute lymphoblastic leukaemia

A. Abd-Ellah*1, C. Voogdt1, P. Möller1, R. B. Marienfeld1, D. Krappmann2

1Institut for Pathology, Ulm, Germany, 2Helmholtz Zentrum Munich – 
German Research Center for Environmental Health, Institute of Toxicology, 
Neuherberg, Germany

Background. NF-κB is a family of transcription factors that has a crucial 
role in immune response and infl ammation. Aberrant NF-κB signalling 
has been recognized in autoimmune diseases and several lymphoid ma-
lignancies including T cell acute lymphoblastic leukaemia (T-ALL). Th e 
key signalling event for its activation in T-ALL is the formation of a pro-
tein complex composed of CARMA1, BCL10 and MALT1 (CBM-com-
plex). Phosphorylation of BCL10 by IKK2 is known to regulate CBM com-
plex formation and NF-κB activation. Previously published data suggest 
that glycogen synthase kinase 3β (GSK3β) is required for the survival of 
T-ALL. Moreover, it has been shown that GSK3β regulates NF-κB signal-
ling and RelB degradation, however the exact mechanism remains poor-
ly understood. 
In this study, we aimed to determine the role of GSK3 β on CBM complex 
formation, RelB degradation and NF-κB activation in T-ALL.
Methods. Blockage of GSK3β was achieved either by pharmacologi-
cal inhibitors (SB216763 or SB415286), siRNA or shRNA. NF-κB activ-
ity was analysed by western blot analysis, luciferase reporter analysis and 
EMSA. CBM complex formation was monitored by co-immunoprecipi-
tation analysis. For interaction studies, HEK293 cells were transfected us-
ing the CaPO4 transfection method with expression vectors for BCL10 
alone or with GSK3βwt, GSK3βs9A (constitutive active mutant), GSK3β-
K85A (dominant negative mutant) or IKK2. Phosphorylation studies were 
achieved by in vitro kinase assay and in vivo labelling.
Results. Blocking of GSK3β diminished NF-κB activation in HEK293 cells, 
Jurkat T-ALL cell line and primary human T lymphocytes. GSK3β was 
found to regulate the canonical NF-κB signalling pathway as well as the 
RelB degradation by modulating the CBM-complex formation in Jurkat 
cells. GSK3β found to exert this eff ect by regulating BCL10 phosphoryl-
ation. In addition, co-expression of BCL10 and GSK3β in HEK293 cells 
suggests that GSK3β, like IKK2, is a BCL10 kinase. In vitro kinase assay 
implies that GSK3β can phosphorylate BCL10 at sites additional to the pre-
viously reported serine residues. Finally, a combinatorial eff ect of GSK3β 
and IKK1 + 2 on the P+I induced NF-κB signalling pathway in Jurkat cells 
denoting that IKK2 and GSK3β functions are not simply redundant, but 
there is a certain degree of cooperativeness.
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sitive cell lines. In silico expression analysis of FGR in B-cell lymphoma 
samples showed a wide dynamic range within the analyzed cohorts. Th is 
indicates that diff erences in FGR expression could potentially be used for 
a stratifi cation of B-cell lymphoma patients prior to hydroxamic acid based 
HDAC inhibitor treatment.
Conclusion. Expression of src tyrosine kinase FGR might be helpful to 
stratify patients, who have a clinical benefi t from treatment with hy-
droxamic acid based HDAC inhibitors.
References
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Metaboproteomics of Burkitt’s and diff use large B-cell lymphoma 
cell lines and primary tumor tissues
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Background. Burkitt’s lymphoma (BL) and diff use large B-cell lympho-
ma (DLBCL) are both aggressive B-cell lymphomas of mature B-cell ori-
gin with very diff erent treatment strategies and clinical outcome. Due to 
overlapping histological and immunophenotypical features, the molecular 
distinction between BL and DLBCL is a very important though challeng-
ing task. During the past years, various attempts have been undertaken 
to distinguish between both entities by gene-expression profi ling, combi-
natorial genetic and transcriptional profi ling, DNA methylation pattern 
studies etc. To contribute to this distinction at a completely diff erent lev-
el, we tested a combination of metabolomic and proteomic methods em-
ploying several cell lines as well as primary tumor tissue specimens of BL 
and DLBCL origin.
Methods. BL and DLBCL cell lines were cultured in two diff erent labo-
ratories (Goettingen and Berlin) and metabolites were characterized in 
the cell pellets as well as in the cell culture supernatants. For metabolite 
analysis, multidimensional nuclear magnetic resonance (NMR) spectros-
copy was used and metabolites found to diff er in abundance confi rmed 
were validated by mass spectrometry. Proteins were isolated from the cell 
pellets and then subjected to label-free nanoLC-SWATH-MS. Combined 
metaboproteomic analysis was also performed on frozen lymphoma spec-
imens (n = 11). In addition, proteomics was applied to formalin-fi xed, par-
affi  n-embedded (FFPE) tissue specimens (n = 14).
Results. Th e NMR analysis of the cell lines demonstrated that pyruvic acid 
is a strong discriminating feature between BL and DLBCL. Th is obser-
vation was confi rmed in two independent laboratories, in which the cell 
lines were cultivated under slightly diff erent conditions. Th e metabolic 
phenotype was refl ected in the proteins, diff erentially expressed in the two 
entities, i. e. proteins associated with the respective pathways were up- or 
downregulated. 
Th e proteomic analysis of the FFPE and frozen BL and DLBCL tissue spec-
imens revealed, that with this approach could clearly distinguish between 
BL and DLBCL. Th e concordance between the cryopreserved and the 
FFPE samples was excellent.
Conclusion. Combined metabolic and proteomic analysis of BL and DL-
BCL showed, that DLBCL cell lines and primary lymphoma tissues pro-
duce and secrete more pyruvic acid than BL. Pyruvic acid plays an im-
portant role in cellular redox metabolism and is also believed to be an 
angiogenic factor.

es has been described. CMYC is up-regulated during M2 diff erentiation 
and controls the expression of M2-specifi c genes. Further, defi ciency in 
CMYC-positive macrophages has been shown to inhibit tumour growth 
in a mouse melanoma model.
Methods. Paraffi  n blocks of 5 hyperplastic tonsils, 5 infectious mononucle-
osis (IM) tonsils and 5 classical Hodgkin lymphomas (cHL) were retrieved 
and paraffi  n section were subjected to immunohistochemical double stain-
ing using antibodies directed against macrophage-specifi c surface antigens 
(CD68, CD163) together with reagents detecting pSTAT1 (M1-specifi c), 
CMAF (M2-specifi c) or CMYC. Numbers of labelled cells were counted 
per mm2.
Results. Overall, larger numbers of CD163+ cells were detected in com-
parison to CD68+ cells. Total numbers of CD68+ or CD163+ cells per 
mm2 were similar in IM and cHL cases. M1-polarised CD68+/pSTAT1+ 
and CD163+/pSTAT1+ cells were signifi cantly more frequent in IM com-
pared to cHL cases. By contrast, numbers of M2-polarised macrophag-
es (CD68+/CMAF+ or CD163+/CMAF+) did not diff er signifi cantly be-
tween IM and cHL. Th e numbers of CMYC+ macrophages were very small 
in IM tonsils and in hyperplastic tonsils. By contrast, numbers of CD68+/
CMYC+ and CD163+/CMYC+ cells were signifi cantly larger in cHL cas-
es. CMYC+ cells accounted for 24% and 19% of CD68+ and CD163+ cells, 
respectively, in cHL; for 0.7% and 1.6%, respectively, in IM; and for 4.4% 
and 5.0% in hyperplastic tonsils, respectively.
Conclusion. M1-polarised macrophages were signifi cantly more frequent 
in IM tonsils as compared to cHL, in keeping with a Th 1-predominant 
immune response in IM. CMYC-positive macrophages were present in 
very small numbers in IM and hyperplastic tonsils while their numbers 
were signifi cantly larger in cHL cases suggesting that they may contribute 
to the pathogenesis of cHL.

P03.05
Expression of src tyrosine kinase FGR predicts response to 
hydroxamic acid based HDAC inhibitors in B-cell lymphoma

M. Joosten*1, S. Ginzel2, A. Sommerfeld1, U. Fischer3, M. Dreger4, A. Borkhardt3, 
H. Köster4, M. Hummel1, V. Seitz1

1Charité Medical University Berlin, Institute of Pathology, Berlin, Germany, 
2Bonn-Rhine-Sieg University of Applied Sciences, Department of Computer 
Science, Sankt Augustin, Germany, 3Medical Faculty, Heinrich-Heine-
University, Department of Pediatric Oncology, Hematology and Clinical 
Immunology, Düsseldorf, Germany, 4caprotec bioanalytics GmbH, Berlin, 
Germany

Background. Hydroxamic acid based histone deacetylase (HDAC) inhib-
itors such as vorinostat, panobinostat, abexinostat and belinostat are able 
to achieve partial or complete remissions in a proportion of relapsed or 
refractory B-cell lymphoma patients. However, many patients do not re-
spond. Th ese non-responsive patients lose time with ineff ective treatment 
and suff er from side eff ects. Th us, biomarkers are needed which allow pre-
diction of treatment response. In a previous study, we devised an integrat-
ed Omics strategy to study drug resistance mechanisms and showed that 
B-cell lymphoma cell lines with high expression of the src family kinase 
FGR are resistant to vorinostat treatment. [1] Here we investigated whether 
B-cell lymphoma cell lines with high FGR expression are also resistant to 
other hydroxamic acid based HDAC inhibitors. In addition, we assessed 
the predictive potential of the src family kinase HCK, which is an impor-
tant member of the FGR protein network.
Methods. We treated 16 B-cell lymphoma cell lines with diff erent concen-
trations of panobinostat, abexinostat and belinostat. Aft er 48 hours, ap-
optosis was determined by fl ow cytometry (Annexin V/propidium iodide 
staining). Expression of HCK in our B-cell lymphoma cell panel was ana-
lyzed using qRT-PCR. For the analysis of publicly available gene expres-
sion data sets of B-cell lymphoma samples the R2 application was used 
(R2: Genomics Analysis and Visualization Platform (http://r2.amc.nl)).
Results. B-cell lymphoma cell lines with (high) FGR expression were not 
only resistant to vorinostat, but also to panobinostat, belinostat and abex-
inostat. Expression of HCK was not diff erent between resistant and sen-
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P03.09
Generalized Palisaded Neutrophilic and Granulomatous 
Dermatitis as cutaneous manifestation of Chronic 
Myelomonocytic Leukemia? A Clinical, Histopathological and 
Molecular Study of Three Cases

B. Federmann*1, I. Bonzheim1, A. Yazdi2, J. Schmidt1, G. Metzler2, F. Fend1

1Comprehensive Cancer Center and University Hospital Tübingen, 
Department for Pathology and Neuropathology, Tübingen, Germany, 
2Comprehensive Cancer Center and University Hospital Tübingen, 
Department for Dermatology, Tübingen, Germany

Background. Granulomatous dermatoses are infl ammatory skin diseases 
with variable clinical and histological appearance. Palisaded neutrophilic 
and granulomatous dermatitis (PNGD) is characterized by erythematous 
papules or plaques on trunk or limbs and is frequently associated with 
rheumatological, autoimmune or hematological malignancies. It is a de-
scriptive term for a reaction pattern of the skin and not for a disease en-
tity of its own. Histopathology shows interstitial granulomas composed 
of epithelioid histiocytes in the reticular dermis with surrounding foci of 
collagen degeneration and variable neutrophilic infl ammation. We here 
report three patients with a disseminated papular rash histopathological-
ly consistent with PNGD associated with CMML, a myelodysplastic/my-
eloproliferative neoplasm, which may show a variety of cutaneous man-
ifestations.
Methods. Th e skin and bone marrow biopsies and clinical, laboratory and 
follow-up data of the 3 patients were reviewed, and additional immunos-
tains for CD14, CD123, CD117, Lysozyme and CD68 were performed. 
For the detection of the spliceosome-associated gene serine/arginine-rich 
splicing factor 2 (SRSF2) hotspot mutation in codon 95, the cases were 
analyzed by restriction fragment length polymorphism analysis and bidi-
rectional Sanger sequencing.
Results. Th e skin biopsies of all three patients with generalized PNGD 
showed a similar morphological appearance and immunohistochemical 
profi le. Two of three patients fulfi lled the WHO criteria for chronic my-
elomonocytic leukemia (CMML) in the BM biopsy and the PB, whereas 
the third patient showed a persistent monocytosis not reaching the diag-
nostic level and only minimal changes in the BM biopsy. Nevertheless, all 
patients revealed SRSF2 P95 hotspot mutations in skin and BM biopsies, 
in one of them already fi ve years before CMML. Th is mutation is found in 
40–50% of CMML cases, but may also appear in clonal hematopoiesis of 
indeterminate potential (CHIP).
Conclusion. Generalized PGND may represent a novel type of cutaneous 
manifestation of CMML. Since diagnosis of CMML is frequently diffi  cult 
in cases with isolated persistent monocytosis and minimal dysplasia in 
the BM, patients with PGND should be evaluated for the presence of he-
matological disorders including CMML, ideally supported by mutation-
al analyses.

P03.10
Imaging Mass Spectrometry to uncover proteomic diff erences in 
mantle cell lymphoma subtypes

K. Schwamborn*1, 2, M. Rudelius3, W. Weichert2, R. Caprioli4

1Institute of Pathology, Munich, Germany, 2Technical University Munich, 
Institute for General Pathology and Pathological Anatomy, Munich, 
Germany, 3University of Duesseldorf, Institute of Pathology, Düsseldorf, 
Germany, 4Vanderbilt University, Department of Biochemistry, Nashville, 
United States

Background. Mantle cell lymphomas (MCL) account for approximately 
5–10% of all non-Hodgkin lymphomas. Morphologically, two variants of 
MCL can be distinguished. Compared to classical MCL, blastoid MCL 
have a higher proliferation rate, show additional genetic alterations and are 
associated with a more aggressive clinical behavior. Elucidating diff erenc-
es between both entities at the protein level could identify prognostic and 
therapeutic markers. Imaging mass spectrometry allows the visualization 

P03.07
PDL1 directly interacts with CD80 on Hodgkin/Reed-Sternberg 
cells

U. Wenig*, B. de Zwart, A. Bräuninger, S. Gattenlöhner, A. Brobeil
Institute of Pathology, Giessen, Germany

Background. New molecular and cellular mechanisms in Hodgkin lym-
phoma are investigated extensively for more precise therapeutical op-
tions. Th e gold standard therapeutic regimens are extensively cytotoxic 
and about 20% to 40% of the cured Hodgkin lymphoma patients develop 
secondary malignancies, e. g. leukemia, lymphoma, breast cancer, colorec-
tal cancer and others. Th e application of immune checkpoint inhibitors – 
antibodies, which sensitized the patients’ immune system for cancer cells 
by blocking PD1/PDL1 interaction – is a promising new therapeutical op-
tion. Yet, the exact underlying mechanism is only partly understood.
Methods. Six Hodgkin lymphoma cells lines (L428, L540, L1236, KMH2, 
HDLM2 and UHO1) were probed concerning their PDL1 and CD80 ex-
pression by immunofl uorescence and immunoblotting. HEK293 and 
HeLa cells were co-transfected with a PDL1 and CD80 containing plas-
mid. Th e interaction profi le was probed by the DuoLink proximity liga-
tion assay. For cell signalling experiments Hodgkin cell lines were incu-
bated with either a PDL1 or CD80 antibody. Th e activation status of the 
MAPK and Akt signalling pathways were determined by immunoblotting.
Results. Th e DuoLink proximity ligation assay proved a direct interaction 
of PDL1 and CD80 in co-transfected HEK293 cells. Th e same interaction 
was also traced on Hodgkin cell lines. Blocking PDL1 by antibody incu-
bation the mitogen activated protein kinase pathway showed a decreased 
activation level. Th is eff ect could be observed for all six Hodgkin lympho-
ma cell lines.
Conclusion. PDL1 function is not limited to immune response control. Th e 
interaction of PDL1 with CD80 in an autocrine manner may contribute to 
the cell survival of Hodgkin/Reed-Sternberg cells.

P03.08
Padlock probes as a new tool for visualization of genetic 
aberrations in Hodgkin lymphoma

B. de Zwart*, U. Wenig, A.-K. Desch, A. Bräuninger, S. Gattenlöhner, A. Brobeil
Institute of Pathology, Giessen, Germany

Background. Using next-generation sequencing the molecular background 
of malignant processes became more accessible. Th e method provides fast 
and reliable mutational, patient specifi c data. Yet, questions concerning 
the localization of the found mutations are not addressed. Th e identifi -
cation of mutation loaded cells plays a pivotal role in identifying possible 
(pre-)malignant precursors. For the Hodgkin lymphoma such precursor 
cells are still unknown. Here, we tried to visualize detected mutations by 
padlock probe analysis.
Methods. Formalin fi xed paraffi  n embedded (FFPE) samples of Hodg-
kin lymphoma were analyzed by next-generation sequencing detecting 
mutations of distinct cancer hot spots. mRNA transcripts containing the 
detected mutations served as a template for a mutation specifi c padlock 
probe. Th e results were visualized by the LSM800 confocal laser-scanning 
microscope.
Results. In Hodgkin lymphoma samples small deletion could be traced. 
Th e padlock probe visualized detected mutations within the FFPE samples.
Conclusion. Using padlock probes new insights in the pathogenesis of 
Hodgkin lymphoma could be elaborated
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Conclusion. We present here for the fi rst time – to our knowledge – a true 
collision between a mantle cell lymphoma and a lymphocyte dominant 
hodgkin’s lymphoma. Both lymphoma do not seem to be clonally linked. 
Due to wound healing diffi  culties no specifi c treatment was initiated so far.

P03.12
Characterization and expression analysis of the Richter’s 
transformation cell line U-RT1

J. Maier*, T. Schmid, R. Marienfeld, T. F. Barth, P. Möller, K. Mellert
Institute of Pathology, Ulm, Germany

Background. B-cell chronic lymphatic leukemia (CLL) is a slowly prolifer-
ating haematologic malignancy characterized by small B-cells with CD20, 
CD5 and CD23 positivity. In about 5% of all CLL patients this indolent ne-
oplasia will undergo further transformation to an aggressive diff use large 
B-cell lymphoma retaining parts of its immunophenotype (Richter’s trans-
formation (RT)). RT is associated with poor prognosis and a limitation of 
therapeutic options. Th e underlying mechanisms of transformation and 
molecular features of these tumors remain to be elucidated. We have estab-
lished the cell line U-RT1 from a 66 year old male Caucasian CLL patient 
who showed a clonally related Richter’s transformation. U-RT1 is the only 
RT cell line available to date.
Methods. We performed array comparative genomic hybridisation 
(aCGH), microarray expression profi ling, qPCR, western blot analyses 
and immunoprecipitation to characterise the cell line.
Results. Using aCGH, we found that U-RT1 is characterized by a complex 
pattern of chromosomal aberrations with multiple gains on chromosome 
5, 9, 13, 15, 20, 21, 22, and the Y-chromosome and losses on chromosome 
1, 6, 9, and 17. By conducting microarray mRNA expression analyses and 
comparing its profi le with expression profi les of de novo DLBLC cell lines, 
we identifi ed high mRNA expression levels of CARD9 as a hallmark of 
U-RT1. We confi rmed the unusual high levels of CARD9 in U-RT1 by 
qPCR and western blot analysis.
Conclusion. CARD9 is crucial for canonical NF-kB signaling induced by 
a certain set of agonists in non-lymphoid cells. Physiologically, in lym-
phoid cells CARD11 instead of CARD9 is known to assemble a complex 
consisting of CARD11, BCL10 and MALT1 (CBM complex) which trig-
gers the antigen-receptor induced canonical NF-kB activation. Th us, high 
expression of CARD9 could be a novel molecular mechanism to induce 
a sustained NF-kB activation in U-RT1 cells by the formation of an alter-
native CBM-complex. 
Immunoprecipitations of the CBM complex in U-RT1 suggest that the 
function of CARD11 is substituted by CARD9 pointing to an yet unknown 
role of CARD9 in this Richter’s syndrome model system.

Poster session Pediatric and Fetal Pathology

P04.01
Partial pericardium defect with a cardiac heart diverticulum and 
extensive intrauterine hypoxic myocardial lesions

J. Rehkämper*, E. Wardelmann, K.-M. Müller
Gerhard Domagk Institute of Pathology, Pathology, Münster, Germany

Background. A 26-year-old primiparous was diagnosed with infaust fe-
tal hydrops universalis. Because of reduced left  ventricular contractility a 
complexe heart failure was assumed.
Methods. Autopsy of a Fetus at 23 weeks gestational age.
Results. Autopsy of a fetus at 23 weeks gestational age revealed a partial 
pericardial defect with subsequent herniation of parts of the left  ventricle. 
Th e myocard was impinged by the fi brous rim of the residual pericardi-
um. Microscopic examination showed signs of recurrent myocardial in-
farctions with necrosis, calcifi cation, fi brosis and prominent deposition 
of iron.

of protein/peptide expression profi les in a specially resolved manner and 
enables direct correlation with histological features.
Methods. Formalin-fi xed and paraffi  n-embedded (FFPE) mantel cell lym-
phoma samples (5 blastoid MCL and 19 typical MCL) from a tissue mi-
croarray were subjected to on-tissue tryptic digestion. Briefl y, sections 
were mounted onto conductive glass slides and underwent paraffi  n re-
moval as well as antigen retrieval. On-tissue digestion was achieved by 
spotting trypsin onto the tissue in an array pattern using a Portrait 630 re-
agent multi-spotter. Following digestion, matrix was spotted directly onto 
the array of tryptic spots. Samples were analyzed utilizing an Ultrafl eX-
treme MALDI TOF/TOF mass spectrometer. Data analysis was performed 
by using the ClinProTools 2.2 and FlexImaging 2.1 soft ware.
Results. On-tissue tryptic digestion of MCL tissue samples revealed on 
average 120 high abundance peptides in the mass range from m/ z 750–
3000. Comparing spectra from typical and blastoid MCL revealed dis-
tinctive diff erences in peak patterns. By combining 5 peaks in a genetic 
algorithm based model 90% of typical and 100% of blastoid MCL could 
be classifi ed correctly. For example, histone H2B and macrophage migra-
tion inhibitory factor were diff erentially expressed between both subtypes. 
Validation of these initial promising fi ndings by a larger sample cohort is 
ongoing and could facilitate the discovery of proteins distinguishing be-
tween both subtypes.
Conclusion. Identifi cation of diff erentially expressed peptides could facil-
itate the discovery of potential new diagnostic and prognostic markers 
for MCL.

P03.11
First description of a collision lymphoma – paragranuloma meets 
mantle cell lymphoma

H. Göbel*1, M. Ortmann1, S. Gärtner2, K. Töpelt3, S. Brunkwall2, W. Klapper4, 
A. Quaas1

1University Hospital Cologne, Institute of Pathology, Cologne, Germany, 
2University Hospital Cologne, Clinic and Policlinic for Vascular Surgery, 
Cologne, Germany, 3University Hospital Cologne, Medical Clinic I 
Hematology/Oncology, Cologne, Germany, 4University Hospital Schleswig-
Holstein, Department of Pathology, Hematopathology Section, Kiel, 
Germany

Background. Two diff erent lymphoma entities simultaneously in one 
lymph node is a rare condition. Best to our knowledge this is the fi rst de-
scription of a true collision of mantle cell lymphoma with lymphocyte pre-
dominant Hodgkin-lymphoma. 
Clinical presentation 
Th e past medical history of the patient included a non-invasive urothelial 
carcinoma in 2013 treated with local mitimycin instillation into the blad-
der only, a thyroidal struma nodosa and the removal of an exostosis in 
2010. During the insertion of an aorto-bi-iliacal stent due to an infrarenal 
aortic aneurysm an enlarged inguinal lymph node was resected. No other 
tumor manifestation existed.
Methods. Standard histology, a semi nested PCR with primers against the 
variable region of the immunoglobulin heavy chain (Fr2A and Fr3A) and 
immunohistochemistry was applied.
Results. Th e enlarged lymph node demonstrated with a loss of follicu-
lar structure and was replaced by an atypical infi ltrate of a small round 
lymphocytoid population. Th ese cells immunohistochemically expressed 
CD20 and CD79a as well as Cyclin D1 and CD5. Th e proliferative activ-
ity measured with KI67 was elevated (about 15%). Scattered throughout 
with lymph node some CD20 and EMA positive blasts. Th e blasts showed 
some nuclear pleomorphy and partially multinucleated forms. CD3-pos-
itive T-cells formed rosetts around the blasts. 
Th e semi nested PCR resulted in a monoclonal rearrangement. Th e strik-
ing immunohistochemical results were confi rmed by two independent 
labs.Fluorescence in situ hybridization for the cyclin D1 gene revealed 
two populations of tumor (i) mantle cell lymphoma with and (ii) lympho-
cyte dominant Hodgkin lymphoma without breaks in the cyclin D1 gene.
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tumor was resected on day 2 postnatally. Up to now there have been no 
signs of recurrence. Dentition up to now is regular according to age.
Results. Histologically the tumor displayed connective tissue with over-
laying squamous epithelium, Underneath there was an increased vascu-
larity composed of capillaries and small vessels between nests and sheets 
of polygonal granular cells with granular eosinophilic cytoplasm and pre-
dominantly eccentrically located vesicular nuclei. Immunohistochemical 
staining of the tumor cells was positive for Vimentin, PGP5, CD 68 (mod-
erately) and NSE (weakly) and negative vor S 100, CD 34, Inhibin and 
PGP5. Th ere were no epithelial islands commonly found in the gum pad 
of newborns and infants suggesting an origin from odontogenic epithelial 
rests. Th ese fi ndings were consistent with the diagnosis of CGCT.
Conclusion. CGCT, a benign tumor of the oral cavity, appears sessile or 
pedunculated and measures from several millimeters to a few centime-
ters. Main diff erential diagnosis is the histologically similar granular cell 
tumor. But while the granular cell tumor is S 100 positive, CGCTs are neg-
ative for S-100. While by S 100 negativity a schwannion origin of CGCT 
has been excluded, a positivity of NSE has been reported, not ruling out 
completely a neural origin. Accordingly we found a PGP-5 positivity. Oth-
er studies suggest the tumor cells to be derivates of stromal gingival cells 
such as fi broblasts or histiocytes. Ultrastructural studies showed presence 
of many autophagosomes containing collagen precursors, suggesting the 
tumor cells represent early mesodermal cells that express pericytic and my-
ofi broblastic features that undergo cytoplasmic autophagocytosis. Simple 
surgical excision with sparing of the tooth germ is the treatment of choice. 
With appropriate therapy no recurrence has been described.

P04.04
Idiopathic infantile arterial calcifi cation; an autopsy fi nding in an 
5 1/2 months old male infant

S. Boral*1, A. Gratopp2, A. Thorwarth2, K. Hauptmann1

1Charité Medical University Berlin, Institute of Pathology, Berlin, Germany, 
2Charité Medical University Berlin, Klinik für Pädiarie mit Schwerpunkt 
Pneumologie und Immunologie, Berlin, Germany

Background. Idiopathic infantile arterial calcifi cation (IIAC) is a rare met-
abolic disorder with calcifi cations occurring in any artery. Based on the 
deposition of calcium hydroxyapatite in and around the internal elastic 
lamina and intimal fi brous proliferation, it can cause an infl ammatory re-
sponse and lead to ischemic injury in the organs, most commonly in the 
heart. Most infants die in the fi rst 6 months. 
We investigated a case of a 5 1/2 months old male infant hospitalized in-
itially because of enteral disorders. In the further course the child devel-
oped myocardial ischemia and respiratory insuffi  ciency and a global cer-
ebral edema with atrophy. Clinically a vasculitis and a rheumatic disease 
were assumed.
Methods. A complete clinicopathological autopsy with histologic process-
ing was performed. Th e fi ndings were discussed in the context of the clin-
ical presentation and outcome.Initial genetic testing was performed and 
further genetic analysis is initiated.
Results. Th e autopsy revealed a hypertrophied left  and right heart and 
a hepatosplenomegaly as a result of the chronic congestion and cerebral 
edema and hypoxic-ischemic cerebral damage. Generalised calcifi cations 
were found in arteries of any size, particularly in the aorta, the coronary 
arteries with extensive calcifi cations in the myocard and also in the arter-
ies of the lungs, the kidneys and gastrointestinal and cerebral arteries. Th e 
cause of death was the decompensation of the already impaired heart with 
chronic cardial insuffi  ciency.
Conclusion. In some families IIAC occurs in an autosomal recessive pat-
tern with loss-of-function mutations in ENPP1, a gene encoding for NPP 
protein could be identifi ed. Hence, in our patient only a heterozygote mu-
tation in the ENPP1 gene (c.1652A>G; p.Y551C)could be detected. Th us, 
a mutation in a second gene(ABCC6, infantile cerebral calcifi cation) is 
hypothesized; further genetic analysis in this regard is already initiated. 

Conclusion. Partial pericardial defects result from incomplete fusion of 
the pleuropericardial membrane and may lead to myocardial infarction 
via compression of the coronary arteries.

P04.02
Unusual presentation of a juvenile granulosa cell tumor in a 6 
month old girl

T. Schaller1, B. Märkl*2, F. Weber3, T. Schuster3, K. Vollert4, M. Frühwald5

1Institute of Pathology, Clinical Centre, Augsburg, Germany, 2Clinical Centre 
Augsburg, Institute of Pathology, Augsburg, Germany, 3Clinical Centre 
Augsburg, Departement of pediatric surgery, Augsburg, Germany, 4Clinical 
Centre Augsburg, Departement of radiology and neuroradiology, Augsburg, 
Germany, 5Clinical Centre Augsburg, Children’s Hospital, Augsburg, Germany

Background. Juvenile granulosa cell tumor usually occurs in children or 
young adults. More than 50% of aff ected children are prepubertal. Symp-
tomes are unspecifi c, for example abdominal pain can occur, seldom there 
is an palpable mass. Juvenile granulosa cell tumor presents unilateral in 
95%, extraovarial spread is very uncommon. An association for example 
with Ollier’s disease or Maff ucci-Syndrom can occur. In children under 
one year of age the entity is extremely rare.
Methods. We present a case of a 5 month old otherwise healthy girl that 
showed a swelling in the left  labium maius pudendi. Sonografi cally an 
oval shaped, sharply demarced lesion with diameter of 3.4 centimetres 
was found, which adjoined the uterus. Surrounding the lesion a hernia was 
seen, so clinicians thought about prolaps and torsion of ovary in a hernia. 
Herniotomy and biopsy oft  left  ovary was performed. Based on increased 
mitotic activity, the lesion was interpreted to be malignant, a further sub-
classifi cation could not be managed. For this reason and because of mean-
while enlargement of the lesion, salpingoovarectomy was performed. 
Macroscopically the ovary showed an 4x2x2 cm measuring tumor with 
lobulated light yellow cut surface and a myxoid degeneration in the centre.
Results. Histologically we found a tumor growing in solid nests, the tu-
morcells were surrounding isolated ova. Tumorcells were densely packed 
with oval to round nuclei. Per HPF 7–8 mitoses were found. Immuno-
histochemically the lesion showed a positivity for CD56, CD 99 and In-
hibin. Focally ER and PR were expressed. Ki67 showed a proliferation in 
30–45% of tumorcells. 
We diagnosed a juvenile granulosa cell tumor. 
Because of the generally good prognosis with very low recurrence rate af-
ter salpingoovarectomy, clinicians decided against chemotherapy but for 
sonografi c controls in dense time intervals. 
Th e patient is recurrence free, though increased mitotic activity can be as-
sociated with a higher recurrence rate.
Conclusion. Granulosa cell tumors in children under one year are exceed-
ingly rare. When fi nding a neoplasia in ovary with high cellularity and 
increased mitotic activity, this entity has to be cecked with immunohis-
tochemistry.

P04.03
Congenital granular cell tumor

A. M. Müller*1, V. Wiedemeyer2, R. Reich2, M. Martini2

1University Clinic Bonn, Center of Pediatric Pathology and Pathology, MVZ, 
Bonn, Bonn, Germany, 2University Clinic Bonn, Clinic of oral and maxillofacial 
surgery, Bonn, Germany

Background. Congenital oral tumors of the newborn are very rare. With 
an incidence of 0.0006% in Europe congenital granular cell tumor (CGCT; 
congenital epulis, gingival granular cell tumor, congenital granular epulis, 
congenital granular cell myoblastoma), a benign tumor of the oral cavity, 
is even more rare. Presenting as a sessile or pedunculated nodule, near the 
midline of the anterior ridge, it is more oft en found in the maxilla than 
the mandible.
Methods. A newborn girl presented one day postnatally with a fl esh-pink 
coloured, pedunculated solid, fi rm oral tumor of 3x2 cm in regio 083. Th e 
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P04.07
Lethal gastrointestinal autoimmune leiomyositis

E. Gradhand*1, H. R. Haynes1, C. Spray2, J. Martin3

1Severn Pathology, Paediatric and Perinatal Pathology, Bristol, United 
Kingdom, 2Bristol Royal Hospital for Children, Paediatric gastroenterology 
Department, Bistol, United Kingdom, 3Barts and The London School of 
Medicine and Dentistry, c/ o Department of Cellular Pathology, BICMS 
Pathology Group, London, United Kingdom

Background. Autoimmune leiomyositis is a very rare disease, which is dif-
fi cult to diagnose. Patients tend to present with chronic intestinal pseudo 
obstruction with non-specifi c symptoms. Oft en, autoimmune leiomyositis 
is seen aft er an episode of a viral enteritis. We report the case of a previously 
well 5-year-old boy with admission to paediatric intensive care unit with 
multiorgan failure and secondary haemophagocyitic lymphohistiocytosis 
(HLH) following an acute gastroenteritis type illness. Subsequently, he had 
a gradual reduction in gut function associated with gut dysmotility and fi -
nally intestinal failure. He underwent a number of gut and immunologi-
cal investigations. At the age of 11 years, the patient was admitted aft er 48 
hours of vomiting and abdominal distension. He suff ered an unexpected 
cardiac arrest and despite aggressive immediate resuscitation patient died.
Methods. During the hospital admissions, over the course of 6 years, 6 full 
thickness specimens of the small and large bowel were taken. At post-mor-
tem examination, samples were taken from the upper and lower GI tract, 
bladder, skeletal muscle, brain and the main organs. All sections where 
stained with H+E. Immunohistochemical stains were only performed on 
representative sections.
Results. Several surgical specimens of the small and large bowel showed 
diff erent degrees of degenerative changes in the musclaris propria and a 
T-cell infi ltrate of the myenteric plexus, supporting the diagnosis of a T-cell 
ganglionitis. On post-mortem, the GI-tract showed a severely damaged 
or even absent muscularis propria. Th roughout the GI-tract the ganglion 
cells were preserved and showed no infl ammatory infi ltrate. Additional-
ly, a severe chronic and acute necrotising myositis especially of the dia-
phragm were identifi ed.
Conclusion. Th e histological fi ndings and the clinical history are in keeping 
with an autoimmune leiomyositis. Smooth muscle antibodies are known to 
develop in association with viral infection, but these are usually transient 
aft er the acute infection which then triggers the autoimmunity. Addition-
ally, to the changes in the smooth muscle of the bowel wall, there is also 
an associated skeletal muscle infl ammation and degeneration with fi bro-
sis present, that may refl ect an accompanying cross reactive process. HLH 
has been reported in association with intestinal failure, and this is the most 
likely explanation for this feature, but due to the autolysis of the bone mar-
row it was not possible to confi rm a diagnosis of HLH.

P04.08
Congenital pulmonary lymphangiectasia- report of a case

C. Falkeis*1, T. Brunhuber2, M. Vieth1

1Klinikum Bayreuth, Institute of Pathology, Bayreuth, Germany, 2Laboratory 
Dr. Obrist, Dr. Brunhuber, Pathology, Zams, Austria

Background. Pulmonary lymphangiectasia (PL) is a rare disease. It con-
sists of dialted lymphatic vessels in subpleural tissue, interlobar septa and 
around bronchovascular bundles. It is a non-proliferative lesion with nor-
mal distribution of the lymphatic vessels. 
Most cases are sporadic, although there are associations with Syndromes, 
including Turner- and Down Syndrome. 
Th e disease can be limited to one or two lobes or it can be generalized in 
both lungs. 
Generalized PL presents in the fi rst hours of life and is usually fatal.
Methods. We received material from an autopsy of a newborn child. Th e 
child was born on term aft er an uneventful pregnancy as the fi rst child of 
the Mother. Aft er a normal delivery mother and child (female, BW 3070 g) 
were well, no abnormalities could be detected. 
Only some hours later the girl was found dead in her bed.

Genetic counselling should be performed in families with a case of IIAC, 
especially regarding further pregnancies, since early therapeutic interven-
tion is possible.

P04.05
Renal Tubular Dysgenesia – 2 cases and genetic backround

S. Huber-Schumacher*1, S. Timme-Bronsert1, E. Lausch2

1Department für Pathologie, Institut für Klinische Pathologie, Freiburg, 
Germany, 2Klinik für Allg. Kinder- u. Jugendmedizin, Sektion Päd. Genetik, 
Freiburg, Germany

Background. Renal tubular dysgenesia (RTD) is a rare condition for anhy-
dramnios in previable fetuses and newborns.
Methods. We performed autopsies aft er termination of pregnancies in two 
fetuses (27. and 25. week of gestation) due to sonografi cally diagnosed Pot-
ter sequence with anhydramnios.
Results. Macroscopic and microscopic results were presented and com-
pared with the literature. We found a lack in diff erentiation of the prox-
imal tubuli in the kidneys of both fetuses. Th e reason is a defect in the 
Renin-Angiotensin-mechanism, mostly due to a genetic error in the Re-
nin-Angiotensin-system encoding genes. One of our cases demonstrated 
an heterozygous mutation of the REN-Gene in both parents.
Conclusion. RTD is an rare renal malformation. Autoptic results are neces-
sary for diagnosis. Genetic counceling for parents is indicated.

P04.06
Bilateral agenesis of the diaphragm: a rare case

C. Falkeis*1, T. Rupprecht2, M. Vieth1

1Klinikum Bayreuth, Institute of Pathology, Bayreuth, Germany, 2Klinikum 
Bayreuth, Department of pediatric medicine, Bayreuth, Germany

Background. Congenital diaphragmatic hernia are quite common malfor-
mations in the newborn. Most occur on the left  side of the thorax, in rare 
cases they can be found bilateral. Th e lacking separation of thorax and ab-
domen leads to abdominal organs growing into the thorax. Th is prevents 
the thoracic organs- especially the lungs- from growing and developing. In 
large defects the mortality due to respiratory insuffi  ciency is high.
Methods. We received a fetus born in the 34th gestational week. It was a 
pregnancy with gestational diabetes, a suspected Parvo B 19 infection and 
polyhydramnion. Th e mother was a smoker. 
Directly aft er birth the child failed to breath suffi  ciently. Even aft er intu-
bation no adaequate oxygenation was possible. A x-ray from the thorax 
to confi rm the position of the oral airway revealed a high density of the 
thoracic organs, the pleura-diaphragmatic borders were not detectable.
Results. At autopsy nearly complete absence of the diaphragm could be 
revealed. 
From the posteriolateral parts of the diaphragm no trace could be detect-
ed, only the pars sternalis and the central portion of the central tendon 
with the openings for the esophagus and the large vessels were developed. 
Pleura visceralis and pericardium were inconspicous. 
Th is led to forming of a combined pleuroparietal cavity with enterothorax 
and a severly hypoplastic but ventilated lung.
Conclusion. Complete absence of the posteriolateral parts of the diaphragm 
is very unusual, a review of the literature revealed no reported cases. 
Th e only detectable parts of the diaphragm were the parts developing from 
the septum transversum. Th e missing parts develop in the 7–9th week of 
gestation. A teratogenic event during this period may have led to the above 
described malformation.
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Background. Congenital leukemia is a rare condition and most commonly 
found in infants with Down syndrome. Th e occurrence in newborns with-
out a genetically predisposing syndrome is extremely infrequent.
Methods. We describe a case of perinatal fetal death at 30 weeks and 4 
days of gestation. Emergency cesarean section was performed aft er a pre-
viously uncomplicated pregnancy because of pathologic fetal heart rate 
tracing and suspected intracranial hemorrhage on ultrasound imaging. 
Resuscitation of the newborn was unsuccessful and stopped aft er 30 min-
utes, when ultrasound of the fetus confi rmed very severe intracranial and 
intraabdominal bleeding.
Results. Autopsy was performed aft er informed consent and demonstrated 
evidence of acute lymphoblastic leukemia in the bone marrow, associat-
ed with wide spread visceral involvement. Placental examination showed 
within the villous vessels numerous lymphoblasts from the c-ALL, but no 
involvement of the intervillous space.
Conclusion. Perinatal fetal demise due to fetal leukemia is an exceedingly 
rare event. Th e pathophysiologic eff ects of leukemia can generally be at-
tributed to (1) dysfunction of hematopoiesis and (2) impaired function of 
other end organs caused by direct leukemic cell infi ltration. In the present 
case, progressive anemia due to defective hematopoiesis combined with 
increasing placental insuffi  ciency caused by direct c-ALL infi ltration may 
be the cause of perinatal death. Clinical examination of the parents pre-
sented no signs of lymphoma.

P04.10
Increased presence of smooth muscle actin positive (SMA) vessels 
in the kidney in a case of Fetus acardius amorphus

C. Thoeni*1, K. Holzer1, J. Leichsenring1, C. Porcel1, B. Straub2, H. P. Sinn1, 
A. L. Volckmar1, P. Schirmacher1, F. Lasitschka1

1Ruprecht-Karls University, Institute of Pathology, Heidelberg, Germany, 
2Johannes Gutenberg University of Mainz, Institute of Pathology, Paediatric 
Pathology, Mainz, Germany

Background. Fetus acardius amorphus is a rare congenital malformation 
characterized by the lack of a functional heart, the presence of a bivascu-
lar umbilical cord, as well as a developed and organized skeletal system 
and partially organized inner organs. Fetus acardii mostly occur in mul-
tiple gestations. Th e pathogenesis of this entity is not clarifi ed yet. It has 
been hypothesized that via formation of anastomosing vessels between 
the co-twin and the anomalous embryo as well as reverse directed blood 
fl ow within the umbilical arteries of the weaker twin, suffi  cient blood fl ow 
may exist to form rudimentary internal organs, but insuffi  cient to develop 
a fully functional heart.
Methods. We performed autopsy as well as routine histology assessment 
with basic hematoxylin and Eosin stains to identify diff erent types of tissues. 
In addition, immunohistochemistry was performed on renal tissue of the 
fetus acardius amorphus as well as controls (without renal pathology) and 
disease controls (fetus with hypothropic kidney) of the same gestation-
al age for the markers CD31 and CD34 to detect vessels in general and 
smooth muscle actin (SMA) to detect vessels of the arterial type.
Results. Here we present a case of Fetus acardius amorphus demonstrat-
ing the typical hallmarks of this rare entity in autopsy and routine histol-
ogy (. Fig. 1 | P04.10). 
Th e most developed tissues were the skin, the intestine as well as the kid-
ney. Interestingly, histology assessment showed presence of prominent ves-
sels within the renal tissue of the fetus acardius when compared to control 
kidneys and disease controls of the same gestational age. Th ose prominent 
vessels were positive for smooth muscle actin, implicating those vessels 
were of the arterial type. Additionally, extramedullary hematopoiesis oc-
curred in the kidney.
Conclusion. Here we showed for the fi rst time a case of fetus acardius amor-
phous with typical features of this rare entity with increased presence of 
vessels from the arterial type indicating that lack of a functional heart 
may increase angiogenesis in the kidney as a compensatory mechanism 
to ensure suffi  cient blood fl ow to develop rudimentary organ structures 
in this rare entity.

Results. In the autopsy no external or internal malformations, no airway 
obstructions were detected. Th e only conspicous sign was the high den-
sitiy of the lung. 
Histologically a striking network of dilated lymphatic vessels in the pleura, 
the subpleureal spaces, the interlobar septae and near the bronchii could be 
seen. Th e vessels did not have thickened walls or proliferative growth-pat-
terns. 
All dilated vessels stained with LEM D2-40. 
Extrapulmonary manifestation could be seen only in two mediastinal 
lymph nodes and the thymic capsule. 
Th e cause of death was clearly the respiratory insuffi  ciency due to failing 
lymphatic drainage.
Conclusion. Congenital pulmonary lymphangiectasia is a rare disease, 
where the development of the lymphatic drainage of the lungs is impaired. 
It’s cause stays unknown and disease specifi c therapies do not exist.

P04.09
Acute lymphoblastic congenital leukemia as a cause of perinatal 
demise

T. Lingscheidt*1, A. Monecke1, B. Wolf2, U. Thome3, H. Stepan2, 
S. Schrey-Petersen2, L.-C. Horn1

1University Hospital Leipzig, Institute of Pathology, Leipzig, Germany, 
2University Hospital Leipzig, Department of Obstetrics, Leipzig, Germany, 
3University Hospital Leipzig, Department of Neonatology, Leipzig, Germany

Fig. 1 | P04.10 8 Fetus acardius amorphus
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Case 2: Th e placenta macroscopically an histologically showed criteria of 
MFD as described above. Th e umbilical cord was thin and hypercoiled.
Conclusion. Th e etiology of the pathoanatomically defi ned rare but clini-
cally important lesions MFD and MFI is unclear. Associations with throm-
bophilia, antiphospholipid syndrome, oligohydramnios, enzyme defi cien-
cy and preeclampsia have been described. 
Our cases add to the spectrum of MFD with rare associations. 
Recently two cases of MFD associated with coxsackie virus A16 infec-
tion have been reported, so infections may be pathogenetically relevant 
in some cases. 
Another recently discussed association of MFD could be a pathological 
hydrostatic pressure gradient between the villous stroma and the intervil-
lous space due to an impaired umbilical blood fl ow caused by hypercoiling.

P04.13
Fetal heart tumor in syndromal context: Two autopsy cases

C. Schupp*1, K. Baltz-Ghahremanpour1, C. Aulehla-Scholz2, H.-J. Pander2, 
A. Bosse1

1Klinikum Stuttgart, Department of Pathology, Stuttgart, Germany, 
2Klinikum Stuttgart, Department of Clinical Genetics, Stuttgart, Germany

Background. Primary congenital heart tumors are rare conditions. While 
most are histologically benign, they can cause death by heart failure. Car-
diac rhabdomyoma is well recognized as a presentation of tuberous scle-
rosis in infants [1] .
Methods. We describe two clinical autopsy cases of one female und one 
male infant, who had both died from primary heart tumor in the neona-
tal period. For Case 1, full clinical genetics including family history and 
testing for germline mutations was available; for Case 2, only karyotyping 
was performed so far.
Results. Case 1, a girl, was born at 37 weeks gestation with prenatally di-
agnosed heart tumor. She died the same day aft er an attempt at surgical 
removal of the tumor was not successful. Clinical autopsy revealed rhabdo-
myoma of the myocardium and signs of left -ventricular heart failure. Brain 
histology showed microscopic disorganization of neuronal migration. 
Th e patient’s mother had a history of facial angiofi bromas, but no neu-
rological symptoms such as epilepsy or mental retardation. Genetic test-
ing for tuberous sclerosis revealed a rare missense mutation in the TSC1 
gene in mother and daughter. Th us, diagnosis of tuberous sclerosis could 
be confi rmed. 
Case 2, a boy, was born prematurely at 29 weeks and died at a corrected 
age of 1 week. Autopsy and postmortem radiography showed unusual fa-
cial features, short limbs and absence of both thumbs, as well as unilateral 
renal agenesis. Cause of death was cardiac fi broma with obstruction of the 
left -ventricular outlet. Unfortunately, despite this suggestive phenotype, 
we could not make a satisfying syndromal diagnosis so far. 
Chromosome analysis was performed from a post mortem skin biopsy and 
showed a normal male karyotype (300 band level). Th e family has not re-
turned yet for further testing.
Conclusion. Th ese two cases highlight the relevance of fetal or neonatal 
autopsy in syndromal cases as well as the importance of close collabo-
ration between clinicians, geneticists and pathologists. Sometimes, as in 
Case 1, one index patient can be the key to identifying several aff ected 
family members. 
However, fi nding the correct syndrome can be challenging, as is shown in 
the Case 2, which remains unresolved to this day. In these circumstanc-
es we emphasize the importance of detailed documentation by photogra-
phy, tissue and DNA samples. Th us, one hopes, some of these cases may 
be solved in the future.
References
1. Caban C, Khan N, Hasbani DM, Crino PB (2016) Genetics of tuberous sclerosis 
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Congenital ganglioneuroma of the hypopharynx with severe 
hydrops fetalis. A case report and review of the literature
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Background. Ganglioneuromas are rare, oft en asymptomatic benign tu-
mours of the sympathetic nervous system and most commonly found in 
the posterior mediastinum or retroperitoneum, less than 10% are located 
in the head and neck. Th e majority occurs in children and young adults. 
Here we report a stillborn fetus with a congenital ganglioneuroma of the 
hypopharynx and severe hydrops fetalis.
Methods. A 34-year-old woman presented at 31.4 weeks of gestation with 
sonographically diagnosed massive hydrops fetalis in association with ve-
nous congestion, cardiac hypoplasia, vascular malformations in the hepat-
ic vascular territory and cranio-facial abnormalities. Magnetic resonance 
imaging revealed a tumour of the hypopharynx with obstruction of the 
proximal trachea. Because of its vascularity a hemangioma was suspect-
ed. Several days later, intrauterine death occurred with induced abortion 
as its conequence.
Results. Fetal autopsy showed a severe hydrops fetalis, pronounced cardi-
ac hypoplasia and left  ventricular dilatation as well as a vascularized gan-
glioneuroma of the hypopharynx in correlation to the prenatal fi ndings. 
Additionally, craniofacial dysmorphia, a singular umbilical artery and fi -
brous obliteration of the ductus venosus were seen.
Conclusion. Ganglioneuromas are benign tumours and very rarely seen 
in fetuses as well as an uncommon diff erential diagnosis of fetal head and 
neck tumours. To the best of our knowledge, there is no reported case in 
the literature of a fetal head and neck ganglioneuroma. In the present case, 
the ganglioneuroma of the hypopharynx in combination with cardiac hy-
poplasia was associated with a severe hydrops fetalis and consecutive car-
diac decompensation of the fetus.

P04.12
Two cases with placental massive perivillous fi brin deposition: 
rare coincidence or association with umbilical hypercoiling and 
infection with coxsackievirus

H. Feist*1, T. Blöcker2, K. Hussein3
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Background. Massive perivillous fi brin deposition (MFD) and maternal 
fl oor infarction(MFI) are related rare placental lesions of unknown etiol-
ogy which are defi ned morphologically. 
MFD and MFI are associated with intrauterine growth restriction, intra-
uterine fetal death, recurrent abortions and preterm birth. A recurrence 
risk of 14–50% in following pregnancies is described. Th e etiology is un-
clear. An autoimmune mechanism according to a host versus graft  reac-
tion is discussed.
Methods. Th e placentas of two intrauterine fetal deaths have been investi-
gated according to standard protocols. 
Case 1: A stillbirth of the 29th gestation week with intrauterine growth 
restriction beginning in the 21st week aft er gestational hand mouth foot 
disease of the mother. 
Case 2: A stillbirth of the 21st gestation week.
Results. Case 1: Hydrops fetalis et placentae was observable. Massive periv-
illous fi brin deposition of the placenta with extensive deposition of fi bri-
noid material in the intervillous space, resulting in engulfment, atrophy 
and sclerosis of terminal villi could be found as well as proliferation of the 
extravillous trophoblast. Macroscopically about 60% of the parenchyma 
were involved. 
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Results. From one female patient with recurrent sinunasal IP, who was 
51-years old at time of fi rst diagnosis, tumour samples of 4 diff erent time 
points were available, all tissue samples were derived from the right-sid-
ed maxillary sinus. In this case, three diff erent EGFR mutations were de-
tected. 
Initially (2003), the tumour harboured a complex H773_V774dup_mut-
LM mutation. One year later (2004), the duplication was lost, but the point 
mutations remained (H773L, V774M). Two years later (2006), the sample 
showed an entirely diff erent mutation, P794L, while the sequence at ami-
no acid positions 773 and 774 was wild type. In a relapse another six years 
later (2012), the tissue sample again revealed the point mutations H773L 
and V774M, whereas 794 was wild type.
Conclusion. Our current data indicate the development of diff erent EGFR 
mutations in recurrent sinunasal IP over time. Some of the mutations 
found have not yet been described in sinunasal IP and thus enlarge the 
spectrum of known mutations in this tumour entity.

P05.03
Radical excision of a rare malignant glomus-caroticum-
paraganglioma using Hybrid Vascular Graft prosthesis interponed 
after for vascular reconstruction of internal carotid artery
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Background. Neck tumours are challenging regarding the diagnostic and 
therapeutic management, in particular, in case of malignant growth.
Methods. Aim & Method: Th e aim of this scientifi c case report on a patient 
with a rare malignant tumour of the Glomus caroticum was to present the 
successful outcome of a demanding interdisciplinary surgical approach 
(otorhinolaryngology and vascular surgery) because of a necessary surgi-
cal re-intervention because of malignant tumor growth (detected in the 
histopathologic investigation of the fi rst specimen) using a hybrid graft  for 
vascular reconstruction of the internal carotid artery.
Results. Case & clinical course: A 38-years old male patient underwent 
diagnostics (magnetic resonance angiography und digital subtraction an-
giography) to clarify diagnosis of a tumour at the right neck, which was 
preoperatively embolized and subsequently resected including vascular re-
construction using a prosthetic interponat (7 cm; W. L. Gore GmbH, Putz-
brunn) between common and internal carotid arteries – histology: malig-
nant paraganglioma of 40 mm in diameter with cancerous haemangiosis 
et lymphangiosis prompting to re-operation (excision of resection mar-
gins at the vessels and neck dissection [level II, III, IV, V] as well as novel 
vascular reconstruction using GORE® Hybrid Vascular Graft  prosthetic 
stent [W.L. Gore GmbH] as interponate because of the short extracranial 
stump of the distal internal carotid artery). Early postoperative outcome 
revealed no complications; aft er 12 months, there was no sign of recur-
rent tumour growth.
Conclusion. Extended resections – if necessary including vascular (arteri-
al) segments aim at achieving R0 classifi cation as shown in this rare and 
usually demanding malignant tumor lesion. Hybrid vascular prostheses 
are suitable for time-saving vascular reconstruction to reprovide suffi  cient 
blood supply.

Poster session Head and neck pathology
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Laryngeal Chondrosarcoma: A case series and clinico-pathological 
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Background. Laryngeal chondrosarcoma is a rare neoplasm comprising 
under 1% of tumors of the upper respiratory tract [1]. Tumors are locally 
invasive with high rates of recurrence. Th is poses questions regarding the 
best therapeutic strategy once diagnosis is made.
Methods. Cases were identifi ed by searching the electronic fi les of the pa-
thology department. Histological diagnosis was verifi ed by reevaluating 
each case, including only unequivocal chondrosarcomas with clear ev-
idence of local invasion and/or recurrence. Grading was performed us-
ing the FNCLCC four-tier grading system. Proliferative activitity/mitotic 
count was evaluated by immunohistochemistry for Ki67 and pHH3 re-
spectively. We further compared the course of two exemplary cases.
Results. A total of 26 cases from 18 patients were identifi ed. All patients 
had undergone surgery in our ENT department between 2004 and 2016. 
Histomorphology for all cases, including local recurrences, showed low-
grade chondrosarcoma without evidence of dediff erentiation. Proliferation 
was mildly elevated compared to normal laryngeal cartilage, but remained 
roughly constant over the course of several years for recurring cases. 
Two patients who underwent laryngectomy in 2016 are shown in com-
parison of the natural course and the course aft er treatment, respectively: 
Patient A, a 74 year old woman, presented in 2011 with a CT scan strong-
ly suggestive of chondrosarcoma. However, she did not agree to any di-
agnostic or therapeutic procedure at that point. Th e patient returned in 
2016, presenting with dyspnoea due to severe airway obstruction. Th e lar-
yngectomy specimen revealed low-grade chondrosarcoma with extensive 
destruction of the larynx. 
Patient B, a 58 year old woman, received local resection for well-diff eren-
tiated chondrosarcoma in 2010 and 2012. In 2016, laryngectomy was per-
formed, showing extensive local recurrence, but no signifi cant change in 
histomorphology.
Conclusion. Our series confi rms that chondrosarcoma of the larynx is a 
well-diff erentiated tumor with a slow course even if left  untreated for years. 
Th erefore, the surgeon’s intention in most cases will be preservation of la-
ryngeal function rather than total resection. Once diagnosis is confi rmed, 
good clinical, radiological and pathological correlation is crucial to avoid 
overtreatment.
References
1. Thompson LD, Gannon FH (2002) Chondrosarcoma of the larynx: a clinicopatholo-
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Changes in EGFR exon 20 mutations over time in a case of 
recurrent sinunasal inverted papilloma

S. Zonnur*, B. Schneider, A. Erbersdobler
University Medicine of Rostock, Institute of Pathology, Rostock, Germany

Background. A subclass of sinunasal papillomas is characterized by en-
dophytic growth pattern. Th ese so called inverted papillomas (IP) have a 
stronger association to carcinoma than other papillomas. 
In some sinunasal IP, mutations of EGFR, a strong driver oncogene in 
many tumour entities, have been detected. We present the case of a recur-
rent sinunasal papilloma with changing EGFR mutations.
Methods. Analysis of EGFR-Mutation in exons 19 and 20 was performed 
on formalin-fi xed, paraffi  n-embedded tumour samples by Sanger se-
quencing.
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sensitivity. Finally, variant fi ltering in the Archer Analysis pipeline further 
increases the specifi city of variant calls.
Results. AMP enabled interrogation of more than 65% of the input mol-
ecules from 50 ng starting material. As a result, we show 100% detection 
sensitivity for 1% AF variants using 10 ng DNA input and 71.9% detec-
tion sensitivity for 0.1% AF variants using 50 ng DNA input. MBC-enabled 
post-sequencing error correction and variant fi ltering reduced the number 
of false positives by 98%, resulting in 91.7% specifi city. Finally, mutations 
detected from liquid biopsy-derived ctDNA showed cancer type-depend-
ent concordance with tissue biopsy fi ndings, and revealed additional on-
cogenic driver mutations.
Conclusion. Th ese results indicate that the Archer Reveal ctDNA 28 assay 
is a powerful tool for sensitive and specifi c NGS-based detection of var-
iants in liquid biopsies, showing cancer type-dependent concordance of 
tissue and plasma mutation profi les, as well as identifi cation of additional 
oncogenic driver mutations in ctDNA.

P06.03
Comprehensive Detection of All Major Classes of MET 
Deregulation by Anchored Multiplex PCR and Next-Generation 
Sequencing

B. Kudlow*1, J. Haimes1, M. Bessette1, N. Manoj1, L. Griffi  n2, D. Murphy3, 
R. Shoemaker3, J. Stahl1

1ArcherDX, Inc., Boulder, United States, 2ArcherDX, Inc., Marketing, Boulder, 
United States, 3Ignyta, Inc., San Diego, United States

Background. Deregulation of the proto-oncogene, MET, confers an aggres-
sive phenotype in a variety of human cancers, promoting proliferation, in-
vasive growth and angiogenesis. MET deregulation can be driven by gene 
amplifi cation, overexpression, exon 14 skipping, gene fusions and single 
nucleotide variants (SNVs), such as kinase-activating point mutations. 
MET is a target of intensive drug development eff orts, although the vari-
ous mutated forms of MET exhibit unique drug sensitivities. We developed 
a targeted NGS assay based on Anchored Multiplex PCR (AMP™) to de-
tect all types of mutations driving MET deregulation from a single sample.
Methods. AMP only requires a single gene-specifi c primer for amplifi -
cation, enabling open-ended capture of DNA and cDNA fragments for 
NGS-based detection of known and unknown mutations. We developed 
AMP-based Archer® VariantPlex™ and FusionPlex® library preparation as-
says to detect mutations from DNA and RNA, respectively. AMP probes 
were designed to cover the MET gene for detection of copy numbers var-
iants (CNVs) and SNVs from DNA, and known and novel fusions, exon 
skipping and expression levels from RNA.
Results. We show that the VariantPlex assay enables NGS-based detec-
tion of MET amplifi cations from DNA in concordance with FISH results. 
Further NGS analysis of RNA from the same sample using the FusionPlex 
assay revealed the resulting overexpression of MET. We also demonstrate 
that AMP-enabled open-ended capture of cDNA fragments allows for re-
liable detection of exon 14 skipping in FFPE samples and in cells, consist-
ent with RT-PCR results. Parallel analysis of DNA from the cell samples 
revealed splice site mutations that have been previously reported to drive 
exon 14 skipping. Furthermore, this open-ended capture also permitted 
identifi cation of a novel GTF2I:MET gene fusion in a patient-derived xen-
ograft  model. Finally, we detected an kinase-activating point mutation in 
MET, p.Y1253D, by analysis of genomic DNA with the VariantPlex NGS 
assay.
Conclusion. Th ese results show that AMP-based VariantPlex and Fusion-
Plex Assays enable comprehensive detection of multiple mutation types 
from low-input clinical sample types, such as FFPE specimens. As MET 
deregulation can be driven by many diff erent genetic aberrations, this al-
lows for NGS-based characterization of MET deregulation from a single 
sample.

Poster session Molecular Pathology
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Background. Cystic Fibrosis (CF) is an autosomal recessive disease caused 
by mutations in the CF transmembrane conductance regulator (CFTR) 
gene. Carrier identifi cation and newborn screening have signifi cant im-
plications in the overall prognosis of CF patients. Underlying CFTR mu-
tations were recently shown to vary signifi cantly across ethnic groups. 
However, current CFTR genotyping assays detect mutations highly prev-
alent in white individuals, yet fail to detect mutations that are more prev-
alent in nonwhite individuals. We present a rapid, cost-eff ective NGS assay 
based on Anchored Multiplex PCR (AMP™) for comprehensive detection 
of CFTR mutations across ethnic groups.
Methods. AMP is a library preparation method for NGS that uses unidi-
rectional gene-specifi c primers and molecular barcoded adaptors ligated 
to random start sites to enrich for both known and unknown mutations 
across a panel of target regions. Following analytical and clinical validation 
of the panel, a total of 1,585 clinical samples representing a diverse ethnic 
set were analyzed for clinically signifi cant CFTR variants.
Results. We demonstrate 100% accuracy of CFTR variant detection, and 
identifi ed 34 unique mutations in a blinded screen of 1,585 U. S. clinical 
samples. Th is revealed ethnic-specifi c CFTR variants, 73% of which are 
not included in current ACMG guidelines for CF carrier screening in the 
U. S. Furthermore, we revealed a pan-ethnic carrier rate of approximately 
7%, higher than previously predicted.
Conclusion. AMP-based NGS enables rapid, highly sensitive, and com-
prehensive detection of both known and novel mutations in the CFTR 
gene. Th is is critical for global carrier and newborn screening, as CF driv-
er mutations have not been fully characterized across all ethnicities. As 
this entire assay can be performed in under 96 hours and the reagents do 
not require refrigeration, AMP is a practical and economical method for 
global communities.

P06.02
Anchored Multiplex PCR Enables Sensitive and Specifi c Detection 
of Variants in Circulating Tumor DNA by Next-Generation 
Sequencing

J. Lee1, N. Manoj1, J. Haimes1, S. Mishkin1, S. Elmore2, B. Kudlow*1, M. Gulley2, 
B. Culver1

1ArcherDX, Inc., Boulder, United States, 2University of North Carolina, Chapel 
Hill, United States

Background. Liquid biopsies are a promising, minimally invasive alterna-
tive to tissue biopsies that have potential cost, time and safety benefi ts, as 
well as a greater ability to interrogate heterogeneous tumors. However, ex-
cept in advanced disease states, cell free DNA (cfDNA) is typically of low 
abundance and only a small portion of cfDNA originates from tumor cells 
as circulating tumor DNA (ctDNA), which tends to be highly fragmented 
(100–300bp). Th erefore, NGS-based assays to detect variants in ctDNA 
must be sensitive enough to detect mutations at allele frequencies (AF) 
<2% from <100 ng of highly fragmented DNA.
Methods. We developed the Archer® Reveal ctDNA™ 28 assay based on An-
chored Multiplex PCR (AMP™), a target enrichment method for NGS that 
uses unidirectional gene-specifi c primers and molecular barcoded (MBC) 
adapters for amplifi cation. AMP is well suited to amplify small cfDNA 
fragments, as it only requires one intact primer-binding site within a frag-
ment. MBC adapters ligated prior to amplifi cation permit post-sequenc-
ing error correction, reducing background noise and increasing analytical 
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tively. We detected the same mutations using both workfl ows. Because of 
slightly higher coverage and easier analysis tools, we decided to implement 
the workfl ow from Illumina.
Results. Second, we selected a cohort of 41 patients diagnosed with high-
grade, serous ovarian carcinoma. Genomic DNA was extracted from tu-
mour-specifi c, formalin-fi xed and paraffi  n-embedded tissue. Mutational 
analysis of BRCA1/2 genes was performed using Illumina-based next-gen-
eration sequencing. Nine out of 41 samples could not be processed due to 
very little material or poor DNA quality. Among the 32 sequenced sam-
ples, 15 samples (47%) showed no mutation, 11 samples (34%) showed 
mutations in the BRCA1 gene and 6 samples (19%) showed BRCA2 mu-
tations. However, in total only four samples (13%) harboured pathogenic 
mutations (two BRCA1 and two BRCA2 mutations). Th e presence of the 
pathogenic variants was confi rmed by Sanger sequencing.
Conclusion. On the basis of our results, we have implemented and validat-
ed predictive BRCA1/2 mutation testing in ovarian cancer. In that way we 
successfully established targeted next-generation sequencing in tumour 
diagnostics.

P06.06
Mutational analysis of pulmonary tumors with neuroendocrine 
features using targeted parallel sequencing

C. Vollbrecht*1, 2, R. Werner3, R. F. H. Walter4, D. C. Christoph3, 
L. C. Heukamp2, 5, M. Peifer6, B. Hirsch1, L. Burbat1, T. Mairinger7, K. W. Schmid3, 
J. Wohlschlaeger3, F. D. Mairinger3

1Charité Medical University Berlin, Institute of Pathology, Berlin, Germany, 
2University Hospital Cologne, Institute of Pathology, Cologne, Germany, 
3University Hospital Essen, University of Duisburg-Essen, Institute of 
Pathology, Essen, Germany, 4University Hospital Essen, University of 
Duisburg-Essen, Ruhrlandklinik West German Lung Centre, Essen, Germany, 
5Institute for Hematopathology Hamburg, Hamburg, Germany, 6University 
of Cologne, Cologne Center of Genomics (CCG), Cologne, Germany, 7Helios 
Klinikum Emil von Behring, Institute of Pathology, Berlin, Germany

Background. Lung cancer is the leading cause of cancer-related deaths 
worldwide. Th e typical and atypical carcinoid (TC and AC), the large-
cell neuroendocrine carcinoma (LCNEC) and the small-cell lung cancers 
(SCLC) are subgroups of pulmonary tumors that show neuroendocrine 
diff erentiations (NELC). With the rising impact of molecular pathology 
in routine diagnostics the interest for reliable biomarkers, which can help 
to diff erentiate these subgroups and may enable a more personalized treat-
ment of patients, grows.
Methods. A collective of 70 formalin-fi xed, paraffi  n-embedded NELC 
samples (17 TC, 17 AC, 19 LCNEC and 17 SCLC) was used to identify bi-
omarkers by high-throughput sequencing. Using the Illumina TruSeq Am-
plicon-Cancer Panel on the MiSeq instrument, the samples were screened 
for alterations in 221 mutation hot-spots of 48 tumor-relevant genes.
Results. A total of 130 variants were found in 29 genes and 49 patients. Al-
terations in JAK3, NRAS, RB1 and VHL1 were exclusively found in SCLC, 
whereas the FGFR2 variant was detected in LCNEC only. KIT, PTEN, HN-
F1A and SMO were altered in AC. Th e SMAD4 sequence variant corre-
sponded to the TC subtype. We prove that the frequency of mutations in-
creased with the malignancy of tumor type. Interestingly, four out of fi ve 
ATM-mutated patients showed an additional alteration in TP53, which 
was by far the most frequently altered gene (28/130; 22%). Moreover, 
we found correlations between tumor type and IASLC grade for ATM- 
(P = 0.022; P = 0.008) and TP53-mutated patients (P = 0.001). Both mutat-
ed genes were also associated with lymph node invasion and appearance 
of distant metastasis (P = 0.005). Furthermore, PIK3CA-mutated patients 
with high-grade tumors showed a reduced overall survival (P = 0.040) and 
the mutation frequency of APC and ATM in high-grade NELC patients 
was associated with progression-free survival (PFS) (P = 0.020).
Conclusion. Th e implementation of high-throughput sequencing for the 
analysis of the neuroendocrine lung tumors has revealed that, even if these 
tumors encompass several subtypes with varying clinical aggressiveness, 
they share a number of molecular features. An improved understanding of 

P06.04
B- and T-Cell Immune Repertoire Characterization by Anchored 
Multiplex PCR and Next-Generation Sequencing

J. Eberlein, T. Harrison, I. McKittrick, M. Wemmer, L. Griffi  n, B. Culver, 
L. Johnson, B. Kudlow*
ArcherDX, Inc., Boulder, Colorado, United States

Background. Adaptive immunity is mediated by B and T lymphocytes, 
which are activated upon antigen binding to antigen receptors expressed 
on their surface. Th erefore, the spectrum of these antigen receptors, or 
immune repertoire (IR), provides a means to monitor adaptive immune 
responses to disease, vaccination and therapeutic interventions. Next-gen-
eration sequencing (NGS) of antigen receptor genes is a valuable tool in 
the study of disease states and responses to various interventions. Tradi-
tional amplicon-based NGS assays use opposing primers for targeted am-
plifi cation of rearranged antigen receptor genes. Th us, large primer panels 
are required to capture the extensive combinatorial diversity exhibited by 
the IR. Quantifi cation from such assays requires a complex system of syn-
thetic controls to account for diff erential amplifi cation effi  ciency across 
segment combinations. Here, we describe an Anchored Multiplex PCR 
(AMP™)-based NGS assay to analyze the IR, employing a minimal set of 
gene-specifi c primers in conjunction with molecular barcodes (MBCs) to 
reduce amplifi cation bias.
Methods. AMP uses MBCs ligated to cDNA ends and gene-specifi c prim-
ers for amplifi cation, enabling immune chain mRNA interrogation from a 
single side. Th is eliminates the need for opposing primers that bind within 
the highly variable V-segment, eliminating clone dropout due to somatic 
hypermutation. Furthermore, this facilitates CDR3 sequence capture from 
highly fragmented RNA inputs.
Results. We validated the quantitative reproducibility and sensitivity of the 
AMP-based IGH assay using mRNA isolated from peripheral blood leuko-
cytes of healthy and B-cell chronic lymphocytic leukemia (B-CLL) donors. 
Our data showed high reproducibility between replicates and quantitative 
clone tracking down to 0.01%, with the ability to determine IGHV muta-
tional status. We also validated the quantitative reproducibility and sen-
sitivity of the AMP-based T-cell receptor (TCR) assay using high-quality 
mRNA isolated from peripheral blood leukocytes and highly fragmented 
RNA isolated from formalin-fi xed paraffi  n-embedded (FFPE) samples. 
Our data indicate that clonal diversity in sequencing data is driven by in-
put quantity, total T-cell number, and, to a lesser degree, mRNA quality.
Conclusion. AMP-based NGS with MBC quantifi cation and error-correc-
tion is a powerful method to characterize the immune repertoire.

P06.05
NGS-based detection of BRCA1/2 mutations in high-grade serous 
ovarian cancer

A. Haupts*, E. Kohlwes, W. Roth, N. Hartmann
Institute of Pathology, University Medical Center, Mainz, Germany

Background. Ovarian cancer represents the fi ft h-most common cancer 
in woman. Recently, the Poly ADP-ribose polymerase (PARP) inhibitor 
Olaparib has been approved to treat platinum-sensitive, relapsed high-
grade serous ovarian cancer in the presence of deleterious BRCA1 or 
BRCA2 mutations. PARP inhibitors target DNA repair and are specifi -
cally active in cells that have impaired repair of DNA by the homologous 
recombination pathway, for example as a result of BRCA1/2 mutations. 
Th us, the detection of BRCA mutations is required for eff ective treatment 
with PARP inhibitors.
Methods. In routine diagnostics the determination of the mutational 
BRCA status is challenging, because both BRCA genes lack hotspot mu-
tations and have a considerable size, which excludes Sanger sequencing 
as an applicable method. Next-generation sequencing, however, has been 
shown to successfully detect BRCA mutations. We thus implemented a 
targeted next-generation sequencing approach using the MiSeq platform 
from Illumina for routine diagnostics. First, we tested two available library 
preparation panels and analysis tools from Qiagen and Illumina, respec-
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Methods. Hence, we compared the overall performance between a novel 
enrichment-based NGS protocol and amplicon-based NGS protocols with 
regard to the detection of mutations (SNVs, InDels, and CNVs) in BRCA1 
and BRCA2. As it is typical for FFPE material, the DNA from the numer-
ous tested tumor samples was of poor to very poor quality.
Results. Th e enrichment-based panel generated results of much higher 
quality and higher reproducibility. In particular, distribution of sequencing 
reads along target regions is very homogeneous and comparable within a 
sample and between diff erent samples. On the other hand, amplicon-based 
protocols show coverage changes within and between samples and drop-
out of amplicons. Furthermore, amplicon-based methods caused PCR-ar-
tifacts. Th erefore, the detection of InDels and CNVs, which is mandatory 
for analyzing hereditary cancer genes with suspected deleterious muta-
tions, will only be performed robustly using the enrichment-based strate-
gy. Consequently, the enrichment-based panel was applied to FFPE tumor 
samples in families with suspicion of hereditary cancer syndromes were 
no living index patient was available.
Conclusion. Using our enrichment-based strategy on fragmented DNA 
from FFPE samples leads to an increased NGS performance and to robust 
mutation detection even in large tumor suppressor genes (e. g. BRCA1/2) 
and should therefore be preferred to amplicon-based strategies.

P06.09
NanoString nCounter™ gene expression analysis of tumour stem 
cell factors in EBV+ post-transplant smooth muscle tumours 
(PTSMT) and EBV- angioleiomyomas show similar expression 
profi les

K. Mitschke*, L. Mägel, A. Müller-Brechlin, R. Engelhardt, N. Izykowski, 
M. Kühnel, H. Kreipe, F. Länger, K. Hussein, D. Jonigk
Hannover Medical School, Institute of Pathology, Hannover, Germany

Background. Post-transplant smooth muscle tumours (PTSMTs) are Ep-
stein-Barr virus (EBV)-associated neoplasms. PTSMT typically consist of 
EBV+ smooth muscle-like cells with low grad atypia, low proliferation in-
dex and low to moderate amounts of vessels. Little is known regarding the 
molecularpathology of PTSMT. Our hypothesis was that histopathological 
similar tumours but without immunosuppression or EBV association, lei-
omyomas and angioleiomyomas (ALM), might have diff erent expression 
profi les of tumour stem factors then PTSMT.
Methods. We selected a series of EBV+ PTSMTs (n = 6) and compared 
them with EBV- smooth muscle tumours (visceral leiomyomas, n = 10; 
capillary solid ALM, n = 13; venous ALM, n = 7; cavernous ALM, n = 5; 
mixed capillary-cavernous ALM, n = 3). RNA was extracted from forma-
lin-fi xed and paraffi  n-embedded tissue samples with a Maxwell© system. 
Aft erwards we performed a NanoString nCounter™ analysis using the pre-
fabricated stem cell panel, including 193 target genes and 6 endogenous 
control genes.
Results. Although diff erences regarding immune status, histopathological 
composition and EBV association exist, remarkably PTSMT and ALM 
showed very similar stem cell factor expression profi les. However, both 
tumour types showed some diff erences in comparison to leiomyomas, 
e. g. both have lower expression levels of fi broblastic growth receptor 1 
(FGFR1; PTSMT and ALM each p < 0.01 versus leiomyomas). PTSMT 
overexpressed deltex E3 ubiquitin ligase 4 (DTX4, p < 0.001) and Wnt fam-
ily member 6 (WNT6, p = 0.011) and showed low expression of protein 
kinase cAMP-activated catalytic subunit alpha (PRKACA, p < 0.001). In 
ALM, all histological subgroups showed similar expression profi les. Com-
pared to leiomyomas, all subtypes of ALM had signifi cantly higher levels of 
the two actin-associated factors Ras homolog family member A (RHOA, 
p < 0.0001) and cell division cycle 42 (CDC42, p < 0.01).
Conclusion. Post-transplant immunosuppression and EBV infection has 
no major impact on tumour stem cell expression profi le in PTSMT. Ab-
errant tumour stem cell proliferations in PTSMT and ALM share similar 
expression profi les of cell cycle factors. Only few factors diff er from leiomy-
omas and indicate DTX4- and WNT6-mediated proliferation in PTSMT 
while ALM have an aberrant actin-associated cell homeostasis.

the biology of neuroendocrine tumors will off er the opportunity for nov-
el approaches in clinical management, resulting in a better prognosis and 
prediction of therapeutic response.

P06.07
Deep sequencing of nodal marginal zone B-cell lymphomas 
reveals frequently mutated genes involved in chromatin 
remodeling

V. Pillonel**, D. Juskevicius*, C. K. Y. Ng, D. Jucker, S. Dirnhofer, A. Tzankov
University Hospital Basel, Institute of Pathology, Basel, Switzerland

Background. Nodal marginal zone lymphoma (NMZL) is a rare form of 
small B-cell lymphoma without a disease-defi ning phenotype. Th e di-
agnostic borders between NMZL and other small B-cell lymphomas are 
blurred, and there are still no specifi c diagnostic features and treatment 
consensus guidelines for this disease. NMZL is orphan for molecular di-
agnostic markers and given the scarcity of data there is an unmet need of 
understanding the pathologic basis of NMZL. In this study, we aimed to 
comprehensively characterize the genetic background of NMZL at the sin-
gle nucleotide variation level.
Methods. Genomic DNA was extracted from fresh frozen and forma-
lin-fi xed paraffi  n-embedded tissues with at least 70% tumor content. All 
cases were sequenced by Sanger’s sequencing for the MYD88 L265P muta-
tion, and only MYD88 wild type cases were considered to avoid inclusion of 
lympho-plasmacytic lymphomas (LPL) without typical Waldenström mac-
roglobulinemia. Whole exome sequencing (WES) of 6 NMZL and 6 paired 
non-tumor (germline) samples was performed to detect novel mutations.
Results. A total of 655 non-synonymous mutations was identifi ed, includ-
ing 608 point mutations and 47 indels. On average, samples contained 110 
mutations (range 68–216). 46 genes aff ected in at least 2/6 (33.3%) NMZL 
were identifi ed. Frequently aff ected genes were KMT2D, TNFRSF14, KLF2, 
HIST1H1C, EBF1 and KMT2C. Based on these recurrent mutations detect-
ed in WES we supplemented an existing customized targeted lymphoma 
panel and used it to detect mutations in an extended cohort of 20 NMZL 
and 40 other small B-cell lymphomas, particularly LPL, extranodal MZL 
and unclassifi able “grey zone” cases with features of both LPL and NMZL.
Conclusion. Collectively, our fi ndings extend the current knowledge on the 
molecular pathogenesis of NMZL, which is poorly studied and remains in-
curable. Our data shows that in particular genes encoding for chromatin 
remodeling/transcriptional regulation pathways are frequently mutated in 
NMZL. Developing a comprehensive NMZL “mutational signature” can 
help discriminating this entity from other morphologically and/or clini-
cally related entities (such as LPL) and could be useful in the development 
of more targeted treatment strategies.

P06.08
Enrichment-based NGS is superior to amplicon-based NGS for 
hereditary cancer gene analyses in somatic tumor samples

F. Zakrzewski*1, K. Grützmann1, A. Krüger1, S. Loos1, L. Gieldon2, 
K. Hackmann2, J. Porrmann2, S. Zeugner3, K. Kast4, P. Wimberger5, A. Rump2, 
G. Baretton1, 3, E. Schröck1, 2, B. Klink1, 2, D. Aust1, 3

1NCT Dresden, Center for Molecular Tumor Diagnostics (CMTD), Dresden, 
Germany, 2Faculty of Medicine Carl Gustav Carus, Institute of Clinical 
Genetics, Dresden, Germany, 3University Hospital Carl Gustav Carus, Institute 
of Pathology, Dresden, Germany, 4University Hospital Carl Gustav Carus, 
Clinic and Policlinic of Gynaecology and Obstetrics, Dresden, Germany, 
5University Hospital Carl Gustav Carus, Clinic an Policlinic of Gynaecology 
and Obstetrics, Dresden, Germany

Background. Pedigree analysis of families at risk for tumor predisposi-
tion syndromes oft en reveals that the index patient is not available for 
genetic diagnostics. In a substantial number of cases, however, DNA of 
formalin-fi xed paraffi  n-embedded (FFPE) tumor blocks could be provid-
ed from pathology. Th e analysis performed in the index patient is of par-
ticular importance.
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clear YAP, TAZ and their downstream targets FOXM1, PLK1 and CTGF. 
Five synovial sarcoma cell lines were employed for in vitro analyses. To de-
cipher the functional connection between the synovial sarcoma-specifi c 
SS18-SSX fusion protein and the activation of YAP/TAZ-mediated signal 
transduction, RNAi-based SS18-SSX knockdown and transient SS18-SSX 
induction experiments were performed. To assess the role of YAP/TAZ 
signals for the growth of synovial sarcoma, cell viability assays were per-
formed employing siRNA-mediated knockdown of YAP/TAZ or the YAP/
TAZ inhibitor Verteporfi n.
Results. In a signifi cant subset of synovial sarcoma, a strong nuclear accu-
mulation of YAP/TAZ and elevated expression levels of the downstream tar-
gets FOXM1 and CTGF were detectable. In vitro analyses revealed that YAP/
TAZ-mediated signal transduction is molecularly regulated by the synovial 
sarcoma-specifi c SS18-SSX fusion protein. RNAi-based and pharmacologi-
cal suppression of YAP/TAZ employing the small molecular inhibitor Verte-
porfi n resulted in a signifi cant reduction of synovial sarcoma cell viability.
Conclusion. Expression of the synovial sarcoma-specifi c SS18-SSX fusion 
protein increases YAP/TAZ-mediated signals which play an essential role 
in synovial sarcoma pathogenesis. Th is study indicates that the Hippo 
pathway eff ectors YAP and TAZ represent novel molecular targets for in-
novative therapeutic strategies for synovial sarcoma.

P06.12
Inactivation of JNK2 as carcinogenic factor in colitis-associated 
and sporadic colorectal carcinogenesis

W. Lessel*1, A. Silver2, D. Jechorek1, T. Günther3, F.-W. Röhl4, A. Roessner1, 
A. Pöhlmann-Nitsche1

1Otto-von-Guericke-University, Institute of Pathology, Magdeburg, 
Germany, 2Blizard Institute, Centre for Genomic and Child Health, London, 
United Kingdom, 3Pathologie Hamburg, Hamburg, Germany, 4Otto-von-
Guericke-University Magdeburg, Department of Biometrics and Medical 
Informatics, Magdeburg, Germany

Background. We recently reported that dysregulated c-Jun N-terminal ki-
nases (JNK) activity causes defective cell cycle checkpoint control, induc-
ing neoplastic transformation in a cellular ulcerative colitis (UC) mod-
el. In the chronic phase of UC, p-p54 JNK (mostly the Jnk2 gene) was 
down-regulated and p-p46 JNK (mostly the Jnk1 gene) was up-regulated, 
while both were up-regulated in the acute phase. Consequently, increased 
p21WAF1 and γ-H2AX, two JNK-regulated proteins, induced cell cycle ar-
rest. Th eir down-regulation led to checkpoint override, causing increased 
proliferation and undetected DNA damage in quiescent chronic phase, 
all characteristics of tumorigenesis. We therefore aimed to investigate the 
expression of p-JNK signalling proteins in colitis-associated and sporadic 
colorectal carcinogenesis.
Methods. We investigated expression of p-JNK2, p-JNK1-3, p21WAF1, 
γ-H2AX, and Ki67 by immunohistochemistry in cases of quiescent UC 
(QUC), active UC (AUC), UC dysplasia, and UC-related colorectal carci-
noma (UC-CRC). Comparison was made to normal healthy colorectal mu-
cosa, sporadic adenoma and colorectal carcinoma (CRC), and diverticulitis.
Results. We found p-JNK2 up-regulation in AUC and its early down-regu-
lation in UC-CRC and CRC carcinogenesis. With down-regulated p-JNK2, 
p21WAF1 was also decreased; supporting the idea that p21WAF1 is a JNK-reg-
ulated protein. Ki67 was inversely expressed, showing increased prolifer-
ation early in UC-CRC and CRC carcinogenesis. p-JNK1-3 was increased 
in AUC and QUC. Less increased γ-H2AX in UC-CRC compared to CRC 
which might give evidence that colitis-triggered infl ammation masks DNA 
damage, thus contributing to neoplastic transformation.
Conclusion. In accord with our hypothesis, we present the fi rst in vivo 
evidence of signifi cant p-JNK2 down-regulation in QUC, UC-dysplasia, 
UC-CRC, sporadic adenoma, and CRC. We hypothesize that JNK-de-
pendent cell cycle arrest is important in AUC, while chronic infl amma-
tion causes dysregulated JNK activity in quiescent phase that contributes 
to checkpoint override, promoting UC carcinogenesis. We suggest restor-
ing p-JNK2 expression as a novel therapeutic strategy to early prevent the 
development of UC-related cancer.

P06.10
Are eukaryotic intitiationfactors (eIFs) crucial in neuroendocrine 
tumorigenesis?

N. Gantenbein1, E. Smolle1, M. Thalhammer2, P. Kornprat2, C. Lackner1, 
W. Spindelboeck3, P. Kump3, R. Lipp4, J. Haybaeck*1, 5

1Medical University of Graz, Institute of Pathology, Graz, Austria, 2Medical 
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Austria, 4Medical University of Graz, Division of Oncology, Graz, Austria, 
5Otto-von-Guericke-University, Institute of Pathology, Magdeburg, Germany

Background. Neuroendocrine tumors (NETs) can develop in almost any 
organ, therefore they are a very heterogeneous group of tumors. One ma-
jor activity in each cell is translation of mRNA to the corresponding pro-
tein, which plays an important role in cancer development. Crucial for this 
translation process are eukaryotic initiation factors (eIFs), which are them-
selves regulated by the mammalian target of Rapamycin (mTOR)-pathway. 
Mutations or deregulated expression of eIFs infl uence cell growth and pro-
liferation, contributing to carcinogenesis. Th e incidence of NETs has in-
creased fi vefold over the last three decades. 
Aim: We investigated the contribution of eIFs to NETs.
Methods. Gastroenteropancreatic NETs and their corresponding liver me-
tastases from 4 individuals were analyzed on protein expression level for 
various eIFs and mTOR members by Western Blot. Normal adjacent tis-
sue served as control.
Results. Indeed, eIFs and members of the mTOR pathway were diff eren-
tially expressed in NETs, and were changed in NET cell lines pointing to a 
possible mechanistic link between NETs and mTOR.
Conclusion. eIFs are altered in primary NETs, however compared to pri-
mary NETs, liver metastases displayed less alterations of eIF expression. A 
strong diff erence in protein expression between primary tumor and me-
tastases was found. Our data indicate a contribution of eIFs and mTOR 
signaling to the development and progression of NETs. A better under-
standing of the molecular mechanisms leading to neuroendocrine tum-
origenesis is crucial for establishing novel and tailored treatment strate-
gies for NET patients.

P06.11
The Hippo Pathway Eff ectors YAP and TAZ act as oncogenic drivers 
in Synovial Sarcoma
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B. Altvater2, C. Rossig2, O. Larsson3, A. Kawai4, S. Tanaka5, H. Sonobe6, S. Huss1, 
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Background. Synovial sarcoma is a rare malignant soft -tissue tumor which 
is molecularly characterized by a specifi c reciprocal translocation t(X;18). 
Th e resulting chimeric SS18-SSX fusion protein represents the major on-
cogenic driver in synovial sarcoma pathogenesis, however, its mode of ac-
tion is still poorly understood. Due to a high rate of local recurrence and 
metastasis, synovial sarcoma patients’ prognosis remains poor, so that the 
establishment of novel molecularly targeted therapeutic approaches is es-
sential. Several studies revealed aberrant Hippo pathway signaling pat-
terns in diff erent types of soft -tissue sarcomas accompanied by an increase 
of YAP/TAZ-mediated transcriptional activation of growth-promoting 
genes. Th e aim of this study was to analyze the role of YAP/TAZ signals in 
synovial sarcoma pathogenesis.
Methods. FFPE-tumor specimens of 36 synovial sarcoma patients were 
analyzed immunohistochemically to evaluate the expression level of nu-
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Conclusion. Desmoplastic stromal reactions are strongly associated with 
the spread of diff erentiated TC. For improving the clinical management 
of the increasing cases of TC the clarifi cation of biological mechanisms as 
well as stratifi cation of risk-groups are immensely important.

P06.15
The Value of In-Vitro Diagnostic Testing in Medical Practice – 
A Status Report
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H. H. Schäfer7, H. Moch2
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Background. In vitro diagnostic (IVD) investigations are indispensable for 
routine patient management. Appropriate testing allows early-stage inter-
ventions, reducing late-stage healthcare expenditure (HCE). 
Th e aim of this work was to investigate HCE on IVDs in two devel-
oped markets and to assess the perceived value of IVDs on clinical deci-
sion-making. Furthermore the physicians’ perception of HCE on IVD was 
evaluated as well as desired features of new diagnostic markers.
Methods. Past and current HCE on IVD were calculated for the US and 
Germany. A total of 79 US and German oncologists and cardiologists were 
interviewed to assess the number of cases where physicians ask for IVDs, 
IVDs are used for initial diagnosis, treatment or post-treatment moni-
toring and decision-making is based on an IVD test result. Furthermore 
a sample of 201 US and German oncologists and cardiologists was ques-
tioned regarding the proportion of HCE they believed to be attributable to 
IVD testing. Aft er disclosing the actual IVD HCE, the physician’s percep-
tion of the appropriateness of the amount was captured. Finally, the asso-
ciation between physician-rated impact of IVD on decision-making and 
perceived contribution of IVD expenditure on overall HCE was assessed.
Results. IVD costs account for 2.3% and 1.4% of total HCE in the US 
and Germany, respectively. Most physicians (81%) believed that the actu-
al HCE on IVDs was >5%. Only 19% rated the spending correctly (0–4%, 
p < 0.001). When informed of the actual amount, 64% of physicians rated 
this as appropriate (p < 0.0001). 
66% of decision-making was based on IVD. Signifi cantly, more physicians 
asked for either additional clinical or combined clinical and health eco-
nomic data than for the product (test/platform) alone (p < 0.0001).
Conclusion. Our results indicate a poor awareness of actual HCE on IVD, 
but a high attributable value of diagnostic procedures for patient manage-
ment. New markers should deliver actionable and medically relevant infor-
mation, to guide decision-making and foster improved patient outcomes.

P06.16
Genomic instability and aneuploidy of hepatocellular carcinomas 
in patients with metabolic risk factors

J. Friemel*1, 2, I. Torres2, E. Brauneis2, A. Weber3, T. Ried2, 
K. Heselmeyer-Haddad2

1Leibniz Institute for Prevention Research and Epidemiology, BIPS, Bremen, 
Germany, 2Genetics Branch, CCR, National Cancer Institute, Bethesda, United 
States, 3Department of Pathology and Molecular Pathology, University and 
University Hospital, Zurich, Switzerland

Background. Hepatocellular carcinomas (HCCs) are most frequent among 
primary liver cancers and account for the second highest cancer death rate 
worldwide. Emerging risk factors are metabolic conditions such as obe-
sity, metabolic syndrome or diabetes, along with their liver-morphologic 
correlates nonalcoholic fatty liver disease (NAFLD) and nonalcoholic ste-

P06.13
Cystatin A suppresses tumor cell growth through inhibiting 
epithelium to mesenchyme transition in human lung cancer

Y. Ma*, Y. Chen, K. Grün, A. Berndt, I. Petersen
Institute of pathology, Jena, Germany

Background. Cystatin A (CSTA), type 1 cystatin super-family, is expressed 
primarily in epithelial and lymphoid tissues for protecting the proteolytic 
of cytoplasmic and cytoskeletal proteins by preventing cathepsins B, H and 
L. CSTA may exert tumor suppressive function in esophageal squamous 
cancer, prostate cancer, skin cancer, and breast cancer. However, so far its 
role in lung cancer has not yet been elucidated.
Methods. CSTA expression in lung cancer cell lines was analyzed by real 
time RT-PCR and western blotting. Epigenetic regulation of CSTA was 
examined by demethylation, deacetylation tests and bisulfi te sequencing 
(BS). In primary lung tumors, the protein expression of CSTA was evaluat-
ed by immunohistochemistry on tissue microarray. To study the function-
al role of CSTA; stable transfection as well as cell-based assays including 
colony formation, wound-healing, migration, invasion and apoptosis assay 
were performed. Th e molecular mechanism of CSTA was investigated by 
real time RT-PCR, immunofl uorescence and western blotting.
Results. CSTA was downregulated in all lung cancer cell lines compared 
to normal bronchial epithelial cells. Th e expression of CSTA was restored 
in most lung cancer cell lines aft er treatment with demethylation agent 
5’-Aza-2’-DC and deacetylation agent Trichostatin A. Th e results of BS 
revealed that CSTA was partially methylated in the promoter and exon 
1 region. Primary lung squamous cell carcinoma (SCC) signifi cantly ex-
pressed more CSTA compared to adenocarcinoma (ADC) (P = 0), and 
higher expression of CSTA was signifi cantly associated with lower tumor 
grade (P = 0). CSTA stable transfectants reduced the activity of cathepsin B 
and inhibited the ability of colony formation, migration and invasion and 
enhanced gemcitabine-induced apoptosis. Additionally, CSTA overexpres-
sion led to a mesenchymal to epithelia transition (MET) and prevented 
the TGF-β1-induced EMT. Moreover, CSTA overexpression resulted in 
reduced activity of MAPK pathway and Akt pathway.
Conclusion. Downregulation of CSTA in lung cancer cell lines is associat-
ed with DNA methylation and histone acetylation. CSTA suppresses lung 
tumor cell growth through inhibiting EMT and MAPK as well as Akt sig-
naling pathways. In primary lung tumors, CSTA may be a potential marker 
for lung subclassifi cation and diff erentiation.

P06.14
Infl uence of PI3K Pathway and Cancer associated Desmoplastic 
Stromal Reaction in Thyroid Cancer

E. Flom*1, R. F. H. Walter2, S. Synoraki1, J. Schmeller1, M. Thie1, K. W. Schmid1, 
F. D. Mairinger1

1University Hospital Essen, University of Duisburg-Essen, Institute of 
Pathology, Essen, Germany, 2University Hospital Essen, Ruhrlandklinik – 
West German Lung Centre, Essen, Germany

Background. Within the last decades there was a dramatical accumulation 
of thyroid cancer (TC) diagnoses in spite of a relatively stable mortality 
rate. Th is increases the importance of new biomarkers predicting malig-
nancy. Desmoplastic stromal reactions are considered the major marker 
for metastasis as well as lymph node spread in diff erentiated TC.
Methods. 58 tumor specimens (40 papillary and 18 sporadic medullary 
TC) and 20 benign Th yroid specimens were used for analysis. 
Th e specimens were analysed via NanoString nCounter platform with re-
spect to mRNA- and miRNA-expression. Protein-expression was meas-
ured semi-quantitatively using immunochemistry. Sequencing data were 
generated using a custom-designed GeneRead DNAseq panel on the MiS-
eq instrument.
Results. Th e analysis of the generated data showed signifi cant genetic al-
terations between TC with and without desmoplastic stromal reaction. We 
found main diff erences within the PI3K-pathway associated with EMT/
MMT leading to activation of cancer associated fi broblasts.
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Results. Elevated histone H3 acetylation and weak histone H3 methyla-
tion levels were observed in almost all cases of SS. RNAi-mediated knock-
down of SS18-SSX lead to alterations in the acetylation pattern of histone 
H3. Pharmacological inhibition of HDACs resulted in a signifi cant and 
dose-dependent suppression of SS cell viability. DNA hypermethylation 
of the RASSF1A-promotor was detected in the majority of SS specimens. 
Th e inhibition of DNA methylation was associated with a signifi cant sup-
pression of SS viability. Comprehensive array-based DNA methylation and 
cDNA expression profi ling resulted in the identifi cation of several methyl-
ation-regulated candidate genes in a SS cell system.
Conclusion. We here describe a functional link between the SS18-SSX fu-
sion protein and epigenetic aberrations in SS. Pharmacological modula-
tion of epigenetically acting eff ectors results in a signifi cant suppression 
of SS cell viability. Th e further characterization of candidate genes that 
are diff erentially modulated through SS18-SSX fusion protein expression 
may contribute to the detection of specifi c epigenetic therapeutic targets.

P06.18
Expression and cellular localization of the proline isomerase PIN1 
and its putative interaction partner plakophilin 3 in various types 
of carcinomas

A. Pehl*, A. Schmidt, V. Wischmann, R. Moll
Philipps-University Marburg, Institute of Pathology, Marburg, Germany

Background. Th e proline isomerase PIN1 is a tightly regulated intracellular 
enzyme mediating the cis-trans-isomerization of proline located consec-
utively to phosphorylated serine or threonine in diff erent target proteins. 
Th erefore, PIN1 plays important roles in modulating various signaling 
pathways and has been shown to be upregulated in many tumor entities 
exhibiting oncogenic and cancer-promoting eff ects. Previous experiments 
from our group yielded hints towards a direct molecular interaction of 
PIN1 with plakophilin 3 (PKP3), a cell junction protein of the desmosom-
al plaque important for cell-cell adhesion but also exerting other cellular 
functions in the cytoplasm. To further explore the possible correlation of 
these two proteins, we performed a pilot study on four common carcino-
ma entities in which we immunohistochemically compared the presence 
and distribution of PIN1 and PKP3.
Methods. Th e study comprised 24 adenocarcinomas of the lung, 21 inva-
sive breast carcinomas NST, 23 ductal adenocarcinomas of the pancreas 
and 21 adenocarcinomas of the prostate gland. Sections from represent-
ative paraffi  n blocks were immunostained with monoclonal mouse an-
ti-PIN1-antibody (clone G-8; Santa Cruz Biotechnology) and anti-PKP3 
antibody (clone 310.9.1; Progen Biotechnik), using appropriate antigen re-
trieval procedures and standard automated immunostaining techniques. 
Immunostaining was evaluated semiquantitatively.
Results. For PIN1, which generally was detected in 66/89 cases, we found 
low expression levels in lung and pancreas carcinomas [mean nuclear score 
(MNS) 1.2/3 and 1.1/3, respectively], heterogeneous, up to moderate stain-
ing in breast carcinomas (MNS 1.1/3) but abundant, up to strong nuclear 
(and weaker cytoplasmic) staining in prostate carcinomas (MNS 2.1/3). 
PKP3 was detected in most carcinomas (85/89 cases; desmosome-type, 
less cytoplasmic), being particularly strong in pancreas carcinomas and 
showing the lowest level in breast carcinomas.
Conclusion. Th e present data extend the partly controversial data from 
the literature concerning PIN1 expression in carcinomas and point to sig-
nifi cant tumor type-specifi c diff erences. Since co-expression of PIN1 and 
PKP3 was most conspicuous in prostate carcinomas, these appear the best 
candidates for further biochemical studies elucidating possible functional 
interactions between these two proteins.

atohepatitis (NASH). In order to characterize HCCs of patients with met-
abolic conditions as separate group, we used multiplex single cell FISH 
(Fluorescent in situ Hybridization), a novel approach to simultaneously 
enumerate copy numbers of tumor specifi c genes within each individu-
al nucleus assessing tumor clonality, genomic instability and intratumor 
heterogeneity.
Methods. Formalin-fi xed, paraffi  n-embedded (FFPE) tumor tissues of 
10 patients with the clinical background of obesity, diabetes or manifest 
NAFLD/NASH were histomorphologically assessed. Genomic instabili-
ty and aneuploidy were investigated by Multiplex FISH with eight probes 
for liver cancer-relevant genes such as telomerase reverse transcriptase 
(TERT), C-Myc regulator gene (MYC), hepatocyte growth factor recep-
tor tyrosine kinase (MET), tumor protein 53 (TP53), cyclin D1 (CCND1), 
human epidermal growth factor receptor 2 (HER2) and two markers of 
common fragile sites, i. e. the fragile histidine triad gene (FHIT) and the 
FRA16D oxidoreductase (WWOX). Centromeric probes for chromo-
somes 3 and 10 served as ploidy control probes.
Results. Multiplex FISH exhibited a high degree of polyploidization (tetra-
ploid and octoploid cells) and a broad spectrum of numerical aberrations, 
such as MYC (8q24.21) amplifi cation, loss of TP53 (17p13.1) and gain of 
TERT (5p15.33). Within individual HCCs, tumor cell diversifi cation was 
evident, e. g. the TERT gained cases frequently showed clones with either 
an additional MET (7q31.2) gain or additional HER2 (17q12) and WWOX 
(16q23.1) losses. While we observed cases with major clones that com-
prised up to 80% of the cell population, other cases were characterized by 
multiclonality and a wide variety of FISH signal patterns indicating high 
genomic instability.
Conclusion. Multiplex single cell FISH analysis revealed diff erent degrees 
of genomic instability and a broad spectrum of numerical aberrations and 
polyploidization in HCCs of patients with clinical background of diabetes, 
obesity and/or manifest nonalcoholic fatty liver disease.

P06.17
Epigenetic modulation as a molecular therapeutic approach in 
synovial sarcoma

M. A. Cyra*1, I. Isfort1, C. Bertling1, I. Grünewald1, K. Steinestel1, S. Elges1, 
O. Larsson2, A. Kawai3, S. Tanaka4, H. Sonobe5, S. Huss1, E. Wardelmann1, 
M. Trautmann1, W. Hartmann1

1University Hospital, Gerhardt-Domagk-Institute of Pathology, Münster, 
Germany, 2The Karolinska Institute, Department of Oncology & Pathology, 
Stockholm, Sweden, 3National Cancer Center Hospital, Division of 
Orthopaedic Surgery, Tokyo, Japan, 4Hokkaido University Graduate School 
of Medicine, Laboratory of Molecular & Cellular Pathology, Sapporo, 
Japan, 5Chungoku Central Hospital, Fukuyama, Department of Laboratory 
Medicine, Hiroshima, Japan

Background. Synovial sarcoma (SS) is characterized by a specifi c reciprocal 
translocation t(X;18)(p11.2;q11.2) which leads to the fusion of the SS18 
gene with a member of the highly homologous SSX-gene family. Th e re-
sulting chimeric SS18-SSX fusion protein acts as an aberrant regulator of 
epigenetic structure in multifactorial complexes that are involved in the 
modulation of chromatin. In this study, we analyzed diff erent epigenetic 
marks in SS and tested if interference with epigenetic dysregulation might 
be suitable as an innovative therapeutic strategy.
Methods. Immunohistochemical stainings were performed in 37 FFPE SS 
tumor specimens to analyze histone H3 acetylation and methylation sta-
tus (lysines 9 and 18, 4 and 27 respectively). Histone H3 acetylation sta-
tus was modulated in vitro employing (I) a SS18-SSX specifi c siRNA in 
SS cell lines and (II) histone deacetylase (HDAC) inhibitors. Th e eff ect of 
these treatments was monitored with cell viability assays. With regard to 
DNA methylation the status of a CpG-rich region of the RASSF1A pro-
motor was assessed as a molecular indicator by methylation specifi c PCR 
and pharmacological modulation of DNA methylation was performed in 
vitro. Employing a SS cell system, comprehensive array-based DNA meth-
ylation and cDNA expression profi ling was done to identify specifi cally 
SS18-SSX-regulated candidates.
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P06.21
Heterologous zebrafi sh model to defi ne the oncomodulatory 
potential of human cytomegalovirus

S. Cazorla Vazquez*1, M. Steingruber2, M. Marschall2, F. B. Engel1

1University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
2Friedrich-Alexander-Universität Erlangen-Nürnberg, Institute for Clinical 
and Molecular Virology, Erlangen, Germany

Background. Human Cytomegalovirus (CMV) is a worldwide distributed 
major pathogen with a prevalence of more than 50% in the adult popula-
tion. CMV infection represents a serious, sometimes life-threatening med-
ical problem, particularly aft er stem cell transplantation. Th e oncomodula-
tory potential of CMV, which has been analyzed intensively during the last 
decade, is still functionally poorly understood. Latest studies indicate that 
CMV, similar to the per se tumorigenic herpesviruses, produces a dysreg-
ulation of the cell cycle through its CMV-encoded protein kinase pUL97. 
Th us, the cell cycle-regulatory properties of CMV are suspected of signifi -
cantly contributing to a process of malignant transformation.
Methods. A major problem in studying human-specifi c viruses is that they 
cannot be studied in an in vivo model organism. An alternative is to study 
the eff ect of individual viral proteins upon heterologous overexpression. 
Here, we tested the stability of CMV pUL97 and its infl uence on normal 
development upon heterologous expression in zebrafi sh. To this end, single 
cell-stage zebrafi sh embryos were injected with pEGFP-N1-UL97, pEG-
FP-N1, pUL97(K355M) (catalytically inactive mutant), or PBS and ana-
lysed protein stability by live microscopy and western blot. To determine 
whether pUL97 expression aff ects early zebrafi sh development, we analyz-
ed injected embryos for gross morphology phenotypes at 24, 48, 72, and 
96 hours post-fertilization (hpf).
Results. While zebrafi sh injected with PBS exhibited only autofl uorescence 
of the yolk sack, pEGFP-N1 as well as pEGFP-N1-pUL97 showed mo-
saic expression of EGFP throughout the body. In addition, western blot 
analyses verifi ed that the pEGFP-N1-pUL97-injected embryos expressed 
pUL97 at 24 and 48 hpf, with no obvious protein degradation. Probably 
due to the pUL97 mosaicism, we observed a variety of diff erent phenotypes 
such as bicephaly, string-like heart, cardiac edema, and tail truncation. Pre-
liminary quantitative data indicate that pUL97 induces developmental de-
fects in a dose-dependent manner [PBS: 0%; pUL97: 25 ng/μl: 0%, 50 ng/
μl: 39%, 75 ng/μl: 54%, 100 ng/μl: 49%; EGFP, 50 ng/μl: 20%]. In contrast 
to wildtype pUL97, expression of the mutant pUL97(K355M) caused sig-
nifi cantly less abnormal embryos [wildtype: 24%; pUL97(K355M): 1.4%].
Conclusion. Taken together our data indicate that zebrafi sh is a suitable 
model to study in vivo the role of human virus kinases such as pUL97.

P06.22
Circadian variation of leukocyte adhesiveness aff ects perfusion 
after ischemic injury in mice

D.-C. Wagner*1, 2, G. Weise2, C. Pösel2, I. Schulz2, N. Didwischus2, A. Kranz2, 
W. Roth3

1Institute of Pathology, University Medical Center, Mainz, Germany, 
2Fraunhofer IZI, Leipzig, Germany, 3Institute of Pathology, University Medical 
Center Mainz, Mainz, Germany

Background. Blood leukocyte counts oscillate in a 24 h cycle with the na-
dir during the active period. During that time, the probability for injuries 
and infections generally increases and circulating leukocytes tend to mi-
grate into tissues to be available for immunosurveillance. Th is seems to 
be mediated by altered expression of endothelial adhesion molecules and 
chemoattractants. We further hypothesized that the corresponding bind-
ing partners on leukocytes were also subjected to diurnal variations which 
could eventually promote intravascular leukocyte accumulation and per-
fusion defi cits following ischemic organ injury. To test this hypothesis, we 
determined the expression of integrins and chemokine receptors on cir-
culating murine leukocytes at diff erent time points and correlated these 
data with the formation of intravascular leukocyte-platelet aggregates in a 
mouse model of brain ischemia.

P06.19
Determining the oncogenic potential of Lysine Specifi c 
Demethylase 1

P. Dalvi*, I. Macheleidt, S. Lim, M. Odenthal, R. Büttner
Institute of Pathology, Cologne, Germany

Background. Alterations in genome owing to genetic and epigenetic 
changes are being studied widely in cancer. Amongst these modifi ers, es-
pecially the lysine specifi c histone demethylase LSD1 has shown to be over-
expressed in many diff erent tumors such as prostate, the breast, and lung 
carcinoma and neuroblastoma. LSD1 involved in many biological process-
es, through directing gene activation and repression, but its role in non-
small cell lung cancer (NSCLC) is not known. In the present study we stud-
ied the function of LSD1 in cell proliferation, invasion and migration as 
well as in an altered gene expression pattern of NSCLC cells.
Methods. Cell growth, proliferation, apoptosis, and cell cycle arrest were 
measured by a MTT test or FACS based methods using BD Annexin V 
FITC apoptosis assay, BD Cycletest plus assay, respectively aft er RNA inter-
ference or drug based LSD1 inhibition of NSCLC cells (PC9). Gene expres-
sion profi ling was performed by means of hybridization microarray anal-
ysis and subsequent quantitative PCR (qPCR) was used for validation of 
data. Analysis of the LSD1 mediated histone modifi cation signature on pro-
moter sites was performed by chromatin precipitation followed by whole 
genome analysis. Aft er bioinformatic analysis, the LSD1 interaction with 
the promoter region of Polo like Kinase (PLK1) was validated by qPCR.
Results. Comprehensive expression profi ling shows that LSD1 inhibition 
leads to a pronounced repression of PLK1, an important kinase involved 
in cell cycle regulation and centrosomal biogenesis. All prominent down-
stream targets of PLK1 are also repressed upon LSD1 inhibition. Further-
more, inhibition of LSD1 reduces cell growth and induces apoptosis, a 
phenomenon known to occur with the depletion of PLK1. Chromatin im-
munoprecipitation followed with whole genome sequencing shows that 
LSD1 occupies the promoter sites of PLK1.
Conclusion. Taken together, our data indicate towards a previously unrec-
ognized role of LSD1 in cell cycle regulation via PLK1 1.

P06.20
Hyperosmolarity hinders cross-priming capacity of dendritic cells 
via TRIF-Pathway

Z. Popovic*1, M. Embgenbroich2, F. Chessa1, V. Nordström1, T. Hielscher1, 
W. Kolanus2, T. Quast2, J.-G. Schloetel2, S. Burgdorf2, H.-J. Gröne1

1German Cancer Research Center, Cellular and Molecular Pathology, 
Heidelberg, Germany, 2LIMES Institute, University of Bonn, Bonn, Germany

Background. Hyperosmolar micromilieu has been observed in physiolog-
ic (kidney medulla, lymphatic tissue) and pathologic (renal allorejection, 
solid tumors) conditions. Hyperosmolarity can modulate gene expression 
and alter stimulatory profi le of macrophages and dendritic cells. We have 
recently reported that dendritic cells upon exposure to hypertonic stimuli 
shift  their profi le towards a macrophage-M2-like phenotype, resulting in 
attenuated local alloreactivity during acute kidney graft  rejection.
Methods. Here, we examined how hyperosmotic microenvironment af-
fects the cross-priming capacity of dendritic cells.
Results. Using ovalbumin as model antigen, we showed that exposure 
of dendritic cells to hyperosmolarity strongly inhibits activation of anti-
gen-specifi c T cells despite enhancement of antigen uptake, processing and 
presentation; it can reduce dendritic cell – T cell contact time. A signifi cant 
inhibition of cross-priming has been achieved by the non-ionic osmolyte 
mannitol as well. We have identifi ed TRIF as key mediator of this phenome-
non. Moreover, we detected a hyperosmolarity-triggered, TRIF-dependent 
clustering of MHC class I-antigen complexes, but not of unloaded MHCI 
molecules, providing a possible explanation for a reduced T cell activation.
Conclusion. Our fi ndings identify dendritic cells as important players in 
hyperosmolarity-triggered immune imbalance and suggest that target-
ing local hyperosmolarity in tumor micromilieu may contribute to an en-
hanced specifi c anti-tumor immune response.
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P07.01
Prevalence of Somatic Mitochondrial Mutations and Spatial 
Distribution of Mitochondria in Non-Small Cell Lung Cancer

D. Kazdal*1, 2, A. Harms1, 2, V. Endris1, R. Penzel1, M. Kriegsmann1, F. Eichhorn3, 
T. Muley2, 4, A. Stenzinger1, N. Pfarr5, P. Schirmacher1, W. Weichert5, A. Warth1, 2

1University Hospital Heidelberg, Institute of Pathology, Heidelberg, 
Germany, 2Translational Lung Research Center, Heidelberg, Germany, 
3Thoraxklinik Heidelberg, Department of Thoracic Surgery, Heidelberg, 
Germany, 4Thoraxklinik Heidelberg, Translational Research Unit, Heidelberg, 
Germany, 5Technical University Munich, Institute of Pathology, Munich, 
Germany

Background. Targeted therapies of non-small cell lung cancer (NSCLC) 
based on tissue-derived biomarkers propelled the concept of lung cancer 
specifi c therapies and undoubtedly improved the patient’s survival. How-
ever, a better understanding of the complex interplay between tumor cells, 
stroma cells, immune cells, and components of the extracellular matrix 
seems to be of utmost importance for further improvements. In this regard 
mitochondria are considered to be relevant players in many tumor entities 
and fi rst data point towards benefi cial eff ects of mitochondria-targeted an-
tioxidants in both cancer prevention and anticancer therapies.
Methods. In order to further dissect the potential roles of mitochondria in 
NSCLC we comprehensively analyzed the following aspects and correlated 
the fi ndings with clinicopathological characteristics: 
– Detection and evaluation of somatic mtDNA mutations (whole mito-

chondrial genome panel sequencing) in 26 adenocarcinoma extended 
with a literature review (combined 352 lung tumors) 

– Systematic quantifi cation of the spatial distribution of mtDNA in cen-
tral sections of 16 adenocarcinoma (5 mm stepwise segmentation of the 
complete central sections, qPCR) 

– Determination of the mitochondrial load on protein level in 171 adeno-
carcinoma & 145 squamous cell carcinoma discriminating tumor and 
tumor stroma (IHC, digital pathology)

Results. We demonstrate that somatic mitochondrial mutations in NS-
CLC seem to have the character of passenger mutations rather than to 
be malignant. Large inter- and intra-tumoral heterogeneity was seen for 
mtDNA copy numbers in conjunction with a correlation to the predom-
inant histological growth pattern, indicating a correlation to the tumor 
progression. However, this correlation was not seen on protein level. Here 
the mitochondrial load in tumor cells was signifi cantly higher compared 
to adjacent tumor stroma.
Conclusion. In conclusion, the accumulation of mtDNA mutations seems 
to be negligible in NSCLC carcinogenesis, but the amount of mitochondria 
might play an essential role for the challenging approach of a mitochondria 
targeted treatment in this entity.

P07.02
miRNA regulation is important for DNA-damage repair and 
recognition in malignant pleural mesothelioma

F. Mairinger*1, R. Werner2, E. Flom1, C. Vollbrecht3, J. Schmeller1, S. Borchert1, 
J. Wohlschlaeger1, T. Mairinger2, J. Kollmeier2, D. C. Christoph4, K. W. Schmid1, 
R. F. H. Walter5

1University Hospital Essen, University of Duisburg-Essen, Institute of 
Pathology, Essen, Germany, 2Helios Klinikum Emil von Behring, Berlin, 
Germany, 3Charité Medical University Berlin, Institute of Pathology, Berlin, 
Germany, 4University Hospital Essen, West German Cancer Centre, Essen, 
Germany, 5University Hospital Essen, Ruhrlandklinik – West german Lung 
centre, Essen, Germany

Background. Platin-containing regimes are currently considered as state-
of-the-art therapies in malignant pleural mesotheliomas (MPM) but show 
dissatisfying response rates ranging from 6 to 16% only. Still, the reasons 
for the rather poor effi  cacy remain largely unknown. A clear stratifi cation 

Methods. Adult male C57BL/6 mice were kept under a consistent 12 h/12 h 
light-dark cycle with the begin of the light phase (Zeitgeber time (ZGT) 
0) at 6:00 am. Th e expression of integrins (CD49d, LFA-1) and chemok-
ine receptors (CX3CR1, CCR2) was determined on circulating innate im-
mune cell subpopulations at ZGT 2, 6, 10 and 14 by fl ow cytometry. Tran-
sient middle cerebral artery occlusion was used to model ischemic organ 
injury at ZGT2 and 14. Intravascular leukocyte aggregates were identifi ed 
by application of the lipophilic fl uorescent dye DiR and co-staining with 
the platelet marker CD42d by fl ow cytometry at 12 h aft er ischemic inju-
ry. Brain perfusion was quantifi ed using laser speckle contrast imaging.
Results. As expected, innate leukocyte counts peaked at ZGT9 and reached 
the nadir at ZGT14. By contrast, the surface expression of CD49d and LFA-
1 on Ly6C+ monocytes, and of CX3CR1 and CCR2 on neutrophils stead-
ily increased between ZGT2 and 14. Th e number of intravascular leuko-
cyte-thrombocyte aggregates and the perfusion defi cit were signifi cantly 
higher when the ischemic lesion was induced at ZGT2.
Conclusion. Together, these fi ndings indicate that the circadian increase of 
leukocyte adhesiveness negatively aff ects the outcome of ischemic organ in-
jury by promoting the formation of occluding leukocyte-platelet aggregates.

P06.23
Molecular, immunohistochemical and functional analyses of γδ T 
cells infi ltrating human triple negative breast carcinomas

J. Villacorta-Hidalgo*1, A. Terrizzi1, P. Bronsert1, K. Heise2, R. Küppers2, 
A. Schmitt-Graeff 1, M. Werner1, J. Kuball3, P. Fisch1

1Institute of Surgical Pathology, Department of Pathology, Freiburg, 
Germany, 2University Hospital Essen, Institute of Cell Biology (Cancer 
Research), Essen, Germany, 3University Medical Center (UMC), Hematology, 
Utrecht, Netherlands

Background. We studied the potential role of γδ T cells in human breast 
cancer. γδ T cells are increased in human breast carcinomas and it is con-
troversial if they have a protective or an immunosuppressive role. Around 
17% of all breast tumors are triple-negative breast carcinomas (TNBCs) 
that are negative for receptors for estrogen, progesterone and human epi-
dermal growth factor receptor 2. TNBCs are generally high-grade tumors 
and mostly invasive ductal carcinomas (IDCs). Other TNBCs are medul-
lary carcinomas (5% of all breast cancers) that show a dense lymphocytic 
infi ltration and carry a better prognosis than IDCs.
Methods. We analyzed 11 TNBCs by IHC and laser microdissection of 
single γδ T cells. By immunohistochemistry we studied the tumor infi l-
tration patterns of γδTILs, their expression of activation marker CD69, 
interferon-γ as a marker of cytotoxic activity, IL-17 as a pro-infl ammato-
ry tumor-promoting cytokine and other factors. Moreover, we looked for 
the direct interaction of γδTILs with tumor cells and cleaved caspase 3, a 
marker of tumor cell apoptosis. Microdissected γδTILs were examined by a 
new single cell PCR method for VγJγ and VδDδJδ TCRγδ rearrangements.
Results. Immunohistochemistry showed diverse patterns of γδ T-cell in-
fi ltratíons. γδ T cells in close contact with tumor cells were CD69+ and 
secreted interferon-γ, but not IL-17. Th e V genes with in frame rearrange-
ments were Vγ8, Vγ2, Vγ3, Vγ9, Vγ5, Vγ4, and Vδ1, Vδ3, Vδ5, Vδ2, Vδ4. 
Th e Vγ and Vδ pairing in the single cells was Vγ8Vδ1, Vγ9Vδ3, Vγ9Vδ1, 
Vγ3Vδ1, Vγ8Vδ5, Vγ4Vδ1. Remarkably absent was the Vγ9Vδ2 pair-
ing which is the most common combination in human peripheral blood. 
γδTILs in several tumors had the same Vγ4, Vγ8 and Vδ5, Vδ1 rearrange-
ments and junctional DNA sequences as found previously in many human 
CMV-reactive γδ T cells. Several γδ TCRs could be transferred into human 
αβ T cells and tested for recognition on a large panel of human breast can-
cer target cell lines, some of which were also infected with CMV.
Conclusion. Our data provide the fi rst molecular analyses of the γδ T-cell 
repertoire in TNBCs, defi ning the γ- and δ-chain TCR combinations and 
CDR3 sequences from single tumor infi ltrating γδ T cells. Th e results 
strongly suggest that some γδTILs in TNBCs recognize CMV-induced 
antigens and provide an explanation as to why some human breast can-
cers frequently show infi ltration by γδ T cells. Th is study may be useful 
to defi ne a potential therapeutic role of γδ T cells in human breast cancer.
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Amyloid types and distribution patterns in lungs and bronchi

J.-V. Baumgart*1, C. Stuhlmann-Laeisz1, U. Hegenbart2, S. Schönland2, 
C. Röcken1

1Institute of Pathology, Christian-Albrechts-University, Kiel, Germany, 
2Medical University Clinic V, University Hospital, Heidelberg, Germany

Background. We reevaluated all cases with amyloid of the lungs and bron-
chi in specimens of the Amyloid Registry Kiel.
Methods. In this retrospective study we reevaluated 185 specimens of lungs 
and bronchi sent in from 2006 to 2015, for amyloid diagnostics and classi-
fi cation. Amyloid was diagnosed by polarization microscopy using Congo 
red stained tissue specimens. Amyloid was classifi ed immunohistochem-
ically using antibodies directed against AA-Amyloid, amyloid P-compo-
nent, apolipoprotein A-I, transthyretin, lysozyme, fi brinogen and amyloid 
κ- and λ-light chains. Th e histoanatomical distribution pattern of amyloid 
was documented as well as additional histological fi ndings.
Results. Amyloid was confi rmed in 172 specimens (134 lung parenchy-
ma and 38 bronchial biopsies). Th e median age was 71 years. Amyloid 
was slightly more prevalent in men (55%). AL amyloidosis was the most 
common type (155 cases). AL amyloid of λ-light chain origin was found 
in 124 cases and of κ-light chain origin in 16 cases. In 14 cases the diff er-
entiation of the light chain type was impossible and these cases were cate-
gorized as AL amyloid not otherwise specifi ed (n. o. s.). 15 cases harbored 
ATTR amyloid and 3 AA amyloid. Amyloid was found most commonly 
in vessel walls (171 cases) and as interstitial deposits (170 cases). In 153 
cases tumor-like deposits were found and alveolar-septal in 102 cases. An 
infl ammatory infi ltrate was present in most cases (163), but with a huge 
range of intensity and leukocyte types. Giant cells were present in 71 cas-
es and within 49 cases (12 bronchial biopsies) ossifi cations were noted.
Conclusion. Amyloidosis of the lung and bronchi is generally a disease of 
the elderly and slightly more prevalent in men. Th e pulmonary AL amy-
loidosis seems to be a special subtype with mostly tumor-like deposits. A 
varying infl ammatory infi ltrate with frequent formation of giant cells is 
present. Th e infl ammatory infi ltrate might be in some cases a B-cell neo-
plasia and in others reactive in origin contributing to amyloid regression. 
Further studies are carried out.

P07.05
Primary clear cell carcinoma of the thymus shows EWSR1 
translocation

S. Porubsky*1, B. Rudolph2, J.-C. Rückert3, J. Rosai4, A. Marx1

1Institute of Pathology, Medical Faculty Mannheim, Mannheim, Germany, 
2Institute of Pathology, Charité – Universitätsmedizin Berlin, Berlin, 
Germany, 3Department of Surgery, Charité – Universitätsmedizin Berlin, 
Berlin, Germany, 4Pathology, Centro Diagnostico Italiano, Milan, Italy

Background. Th ymic epithelial tumors represent a remarkably broad spec-
trum of neoplasms. Th e clear cell carcinoma of the thymus has been rec-
ognized a separate entity already in the fi rst morphology-based classifi ca-
tions, however, a characteristic genomic alteration has not been identifi ed 
yet. Tumors with similar hyalinized clear-cell features emerge also at oth-
er sites such as salivary glands, lung and soft  tissue and share a recurrent 
t(12,22)(q13;q12) Ewing Sarcoma Breakpoint Region 1 (EWSR1) – Acti-
vating Transcription Factor 1 (ATF1) translocation. Our aim was to bet-
ter characterize the clear cell carcinoma of the thymus and to analyze the 
incidence of the EWSR1-ATF1 translocation in this entity.
Methods. Analysis of two primary clear cell carcinomas of the thymus by 
immunohistochemistry, FISH, PCR and sequencing.
Results. Th e histological picture was characterized by nests and cords of 
polygonal clear cells with prominent nucleoli. Th e voluminous surround-
ing stroma was rich in collagen. Th e mitotic activity was low. Small foci 
of necrosis could be identifi ed (approximately 5% of the tumor mass). 
No invasion of nerve sheets, blood or lymphatic vessels was detected. Tu-
mor cells were immunoreactive for cytokeratins 5, 6, 8, 18 19, p40, p63, 
EMA and CD56. Singular cells expressed also cytokeratin 7. Th e Ki67-pro-

of patients based on new biomarkers seems to be a promising approach to 
enhance clinical management, which would be a long-needed improve-
ment for MPM patients but does not seem likely soon unless new bio-
markers can be validated.
Methods. 24 formalin-fi xed, paraffi  n-embedded (FFPE) tumour speci-
mens were subjected to a miRNA expression screening of 800 important 
miRNAs using digital quantifi cation via the nCounter technique (Nano-
String).
Results. We defi ned a small subset of miRNAs regulating the key enzymes 
involved in the repair of platin-associated DNA damage. Particularly, the 
TP53 pathway network for DNA-damage recognition as well as genes re-
lated to the term “BRCAness” are the main miRNA targets within this 
context.
Conclusion. Th e TP53 pathway network for DNA damage recognition as 
well as genes related to the term “BRCAness” are the main players for 
risk-stratifi cation in patients suff ering from this severe disease. Taking the 
specifi c molecular profi le of the tumour into account can help to enhance 
the clinical management prospectively and to smooth the way to better 
response prediction.

P07.03
PD-L1 copy number gain in Non Small Cell Lung Cancer – 
Implications for therapy?

T. Goldmann*1, C. Kugler2, N. Reinmuth3, E. Vollmer1, S. Perner1, M. Reck3

1Research Center Borstel, Pathology of the University Hospital Schleswig-
Holstein, Campus Lübeck and the Research Center Borstel, Clinical 
and Experimental Pathology, Lübeck, Borstel, Germany, 2Lungenclinic 
Grosshansdorf, Thoracic Surgery, Grosshansdorf, Germany, 3Lungenclinic 
Grosshansdorf, Oncology, Grosshansdorf, Germany

Background. Diff erent personalized therapies targeting Immune Check-
point inhibitors are currently in the focus of therapeutic and diagnostic 
studies, regarding to lung diseases mainly in Lung Cancer. Th ere are sev-
eral medications available targeting the PD1-PDL1 axis, which show ex-
cellent results regarding to the patient’s outcome. However, the selection 
of suitable patients by companion diagnostics remains challenging since 
comparably manifold diff erent immunohistochemical approaches are pro-
moted, some stating positivity by detection of as little as 1% of positive 
cells. In order to provide a biologically clear cut parameter, we analyzed 
amplifi cations of the PD-L1 gene in Non Small Cell Lung Cancer (NS-
CLC)1.
Methods. 221 specimens were analyzed, comprising 115 adenocarcino-
mas (ADC), 86 squamous cell carcinomas (SCC), 12 large cell carcino-
mas (LCC), six carcinoids and two adeno-squamous carcinomas. Tissue 
microarrays were constructed with 2 mm diameter double punches of for 
each case and A549 cells as internal controls. Fluorescence in situ hybrid-
ization (FISH)-analysis employed a PD-L1/centromere 9 probe. Immuno-
histochemical detection of PD-L1 was performed using the monoclonal 
antibody E1L3N (Cell Signaling).
Results. By applying FISH-analysis to a cohort of 221 cases mounted on 
tissue microarrays, we found copy number gain of PDL1 in 5% of the cas-
es. PD-L1 amplifi cations seemed to be associated with a relatively low dif-
ferentiation of the tumors. All SCC with PD-L1 amplifi cation were male, 
while all ADC were female. Trisomy 9 was observed in three of 221 cases. 
Immunohistochemistry showed positivity for PD-L1 (>1% of tumor cells) 
in all amplifi ed cases, and all cases with trisomy 9. From the 11 amplifi ed 
cases, seven exhibited an IHC score of 3 (> 10% positive tumor cells). PD-
L1 amplifi cation therefore seems to be associated with an overexpression 
of the protein.
Conclusion. Since gene amplifi cations are comparably rude genetic chang-
es, typically accompanied by substantially altered function, we suppose 
that PD-L1 amplifi ed tumors are likely to behave diff erently especial-
ly under PD-L1 targeting therapies. Th erefore, we propose to perform 
FISH-analysis in studies targeting PD-L1 in order to monitor patients 
bearing the amplifi cation under anti PD-L1 therapy. 
1Goldmann et al. Ann Oncol. 2016 Jan;27(1):206–7.



Der Pathologe · Suppl 1 · 2017S120

Abstracts

tionally, the mutation status of p53 was analyzed in 40 patients with dif-
ferent cancers.
Results. It turned out that treatment with SCH529074 led to reduced cell 
proliferative rate and decreased ability to form colony and enhanced ap-
optotic rate in lung cancer cell lines harboring p53 mutation or deletion 
compared to the p53-WT cell line. Upregulation of p53 as well as p53 tar-
get genes was observed aft er drug treatment. Currently we are still doing 
experiments to explore the mechanism(s) through which the SCH529074 
exerts the anti-proliferative function in p53-mutant cell lines. In 40 tumor 
samples which show a strong nuclear staining of p53 protein, p53 muta-
tions were detected in more than 75% of tumors.
Conclusion. Th e small molecule SCH529074 inhibited tumor growth by 
reduction of cell proliferation and enhancing cellular apoptosis in p53-mu-
tant lung cancer cell lines. Th e protein expression of p53 is signifi cantly 
associated with its mutation status.

P07.08
Function of the lysine-specifi c histone demethylase 1 in mRNA 
processing during non-small cell lung cancer development

D. Gosmann, P. Dalvi*, I. Macheleidt, M. Odenthal, R. Büttner, S.-Y. Lim
University Hospital Cologne, Institute of Pathology, Cologne, Germany

Background. Non-small cell lung cancer (NSCLC) is a leading cause of 
cancer-related mortality in the Western World, with 1.8 million people 
suff ering from the disease worldwide and 1.6 million patients dying be-
cause of it in 2012. 
Epigenetic abnormalities play a vital role in the onset and progression of 
this cancer. Lysine-specifi c demethylase 1 (LSD1); a fl avin dependent mo-
no-oxidase was recently discovered to promote cell proliferation and it is 
overexpressed in a wide variety of cancer types including lung cancer. It 
is essential for cell-type diff erentiation and both gene activation and re-
pression.
Methods. Hybridisation microarrays were used to analyse the function 
of LSD1 in transcriptional regulation and RNA processing in PC9 lung 
cancer cells. Dysregulation of cancer related genes and alternative splic-
ing patterns were validated by means of quantitative PCR (qPCR) using 
exon-specifi c primer sets. 
In this study we will use comprehensive methods like alternative splicing 
array to determine the eff ect of LSD1 on expression of alternative RNA 
transcript variants. RNA Chromatin Immunoprecipitation (ChIP) fol-
lowed by subsequent ultra-deep sequencing will be used to determine 
RNA species bound to LSD1. Th is will help us to determine the nascent 
RNA transcripts processed alternatively by LSD1.
Results. We could already show that genes with an important role in cell 
cycle regulation, such as LAMB3, SRSF2 or IGFN1, have been either up- 
or downregulated in PC9 cells.
Conclusion. In conclusion, these experiments will provide us with initial 
insights and help us direct our study to investigate how overexpression of 
LSD1 induces alternative splicing of RNA.

liferation index was 10%. No reactivity was observed for cytokeratin 20, 
CD5, CD34, CD117, FoxN1, NUT1, GATA3, Pax8, TTF1, Napsin, Hep-
Par1, Glypican, SALL4, Chromogranin A, Synaptophysin, S100, HMB45, 
MART1, Inhibin, Calretinin, CD99, WT1, Smooth muscle actin and De-
smin. In both cases, FISH showed a break-apart of the EWSR1 locus.
Conclusion. Our results indicate that also the primary clear cell carcinoma 
of the thymus shows the EWSR1-translocation common to the group of 
hyalinizing clear cell tumors in other locations. Currently, investigations 
are in progress to identify the translocation partner(s) and to extend the 
patient cohort.

P07.06
Towards the Drive of Driver Mutations in Lung Adenocarcinomas

M. Kriegsmann*1, A. Harms1, D. Kazdal1, A. Stenzinger1, R. Penzel1, K. Lisenko2, 
T. Muley3, S. Safi 3, A. Warth1

1Institut of Pathology, Heidelberg, Germany, 2Innere Medizin V, Hämatologie 
und Onkologie, University of Heidelberg, Heidelberg, Germany, 
3Thoraxklinik Heidelberg, Department of Thoracic Surgery, Heidelberg, 
Germany

Background. In the last decade it became evident that many lung adeno-
carcinomas (ADC) harbor key genetic alterations such as KRAS-, EGFR- 
or BRAF mutations as well as rearrangements of ROS1 or ALK that drive 
these tumors. In the present study, we asked whether diff erent driver mu-
tations of ADC result in diff erent proliferation rates, which might have 
clinical impact, including resistance to therapy recurrence and prognosis.
Methods. We analyzed the proliferation index (PI) on full slides of surgi-
cally resected ADC (n = 230) with known genetic aberrations by means of 
immunohistochemistry and subsequent digital image analysis and corre-
lated the results with clinicopathological variables including overall (OS) 
and disease free survival (DFS).
Results. We did not observe signifi cant diff erences in OS or DFS accord-
ing to KRAS- or EGFR mutational status (P = 0.56). However, KRAS-mu-
tated ADC showed an increased PI as compared to EGFR-mutated ADC 
and ADC with ALK translocations (P < 0.01). Subgroup analysis of EG-
FR-mutated ADC showed a higher PI in exon 18 or 20 mutated, as com-
pared to exon 19 or 21 mutated tumors. A PI of 11.5 was the best possible 
prognostic stratifi cator for OS (P = 0.01 in KRAS-mutated and P < 0.01 in 
EGFR-mutated ADC).
Conclusion. In conclusion, PI diff ers signifi cantly among ADC with dis-
tinct driver mutations. Th is might explain prognostic diff erences for PI ob-
served in prior studies, the variety of suggested cut-off  values, and provides 
a solid basis for the establishment of reliable and clinically meaningful PI 
cut-off  values in the future.

P07.07
The eff ect of a small molecule SCH529074 in lung cancer cell lines 
with mutant p53

M. Nenkov*, Y. Chen, I. Petersen
Institute of Pathology, University Hospital Jena, Jena, Germany

Background. More than 50% of cancers harbor p53 mutations and abnor-
mal function of p53 could be found in almost all cancers. Th e most muta-
tions occur in its core DNA binding domain (DBD), leading to inactiva-
tion and/or gain of oncogenic function of p53. Th is has spurred an eff ort 
to develop p53 based cancer therapies.
Methods. Five lung cancer cell lines with diff erent p53 mutation status in-
cluding H322 (R248L), H157 (298stop), H1299 (p53 null due to deletion), 
H1975 (R273H) and A549 (wild type; WT) were treated with a small mol-
ecule SCH529074 at diff erent concentrations. Proliferation, colony forma-
tion and apoptosis assay were carried out. Additionally, the altered expres-
sion of p53 downstream target genes such as p21, Puma, MDM2, Noxa, 
Bax, CCNG2, IGFBP7 and DSC3 was investigated by real-time RT-PCR. 
Apoptosis and MAPK pathways were analyzed by western blotting. Addi-
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P07.10
Extensive pulmonary leukaemic infi ltration in a patient with 
chronic myelomonocytic leukaemia: a very rare observation

U. Titze1, M. Weber2, F. Hartmann3, B. Titze1, S. Krannich2, R. Weinert4, 
T. Hansen*1

1Klinikum Lippe GmbH, Institute of Pathology, Detmold, Germany, 2Klinikum 
Lippe GmbH, Pulmonary Department, Lemgo, Germany, 3Klinikum Lippe 
GmbH, Department of Oncology and Haematology, Lemgo, Germany, 
4Specialist practice for Internal Medicine, Bad Salzufl en, Germany

Background. Chronic myelomonocytic leukaemia (CMML) is a haemato-
poietic malignancy with features of both myelodysplastic syndrome and 
myeloproliferative neoplasm. It is generally known that the amount of 
blasts either in the peripheral blood or in bone marrow determine sur-
vival. Progression to acute myeloid leukaemia (AML) occurs in about 15–
30%. In this case study, we describe a very rare complication reported in 
patients with CMML.
Methods. A 69-year old male patient suff ered from CMML. Th e diagno-
sis was confi rmed by WHO diagnostic criteria (persistent monocytosis in 
peripheral blood, fewer than 3% blasts, absence of BCR-ABL and JAK2, 
and additionally no rearrangement of PDGFR). Allogenic stem cell trans-
plantation had been planned. However before treatment the patient was 
admitted to hospital due to increased dyspnea and chest pain, followed by 
sinus tachycardia. At last the patient succumbed to pneumonia with sep-
sis despite intensive medical care therapy two weeks aft er admission. An 
autopsy was performed.
Results. Leukaemic infi ltration of CMML could be demonstrated not only 
in bone marrow, but also in the liver, spleen and heart, and most pro-
nounced in the lungs. Neither blastoid infi ltrates (so-called chloroma) nor 
extramedullary haematopoiesis could be demonstrated. Due to the autop-
tic fi ndings, extensive leukaemic infi ltration by CMML into the lungs fol-
lowed by acute right ventricular cardiac failure was cause of death.
Conclusion. Pulmonary infi ltration of CMML has been very sparsely re-
ported so far. As reported in this case study, it might even be the periph-
eral organ most extensively aff ected. Moreover, in these patients radio-
logical signs of pneumonia could also refl ect a leukaemic colonization of 
lung parenchyma.

P07.11
LEPREL2 has a tumor suppressive activity in human lung cancer

Y. Chen*1, Y. Li2, Y. Ma2, I. Petersen2

1Institute of Pathology, Friedrich Schiller University, Jena, Germany, 2Institute 
of Pathology, University Hospital Jena, Jena, Germany

Background. Th e leprecan-like 2 (LEPREL 2) gene, belonging to the pro-
lyl 3-hydroxylase family, functions as collagen prolyl hydroxylases re-
quired for proper collagen biosynthesis, folding and assembly. Th is gene 
was found to be downregulated in breast cancer, however, its role in lung 
cancer has not yet been elucidated.
Methods. In this study, we analyzed the expression of LEPREL2 in 9 lung 
cancer cell lines and 88 primary lung tumor samples by real-time RT-
PCR, western blotting and immunohistochemistry on tissue-microarray 
(TMA), and explored the epigenetic mechanism by demethylation test, 
bisulfi te sequencing and methylation-specifi c-PCR (MSP). To analyze the 
functional role of LEPREL2, we performed stable transfection and cell-
based functional assays including proliferation, colony formation, apop-
tosis, migration and invasion assay. Additionally the involvement of the 
molecular pathways like MAPK and p53/p21 signaling pathways was also 
investigated.
Results. It turned out that LEPREL 2 was downregulated in 6 out of 9 lung 
cancer cell lines at both mRNA and protein levels. A heterogeneous meth-
ylation pattern of LEPREL2 was found in the exon 1 region. In primary 
lung tumors, the higher expression of LEPREL2 protein was signifi cantly 
associated with lower tumor N stage and grade (p = 0.035 and p = 0.026, re-
spectively). Overexpression of LEPREL2 by transfection inhibited tumor 

P07.09
Assessment of PTEN protein loss in non-small cell lung carcinoma 
(NSCLC) patients of the European Thoracic Oncology Platform 
(ETOP) cohort
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and Policlinic of Oncology, Zurich, Switzerland, 19University Hopital Zurich, 
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Background. PTEN is a tumor suppressor, that may serve as surrogate bi-
omarker for a hyper-activated PI3K-Akt pathway, allowing for identifi ca-
tion of tumors that would respond better to PI3K inhibitors. In this study 
we assessed the prevalence of PTEN loss and its association with clini-
co-pathologic parameters as well as patient outcome in the ETOP Lungs-
cape-1 NSCLC cohort.
Methods. Protein expression levels were assessed in fi xed tumor tissue 
from NSCLC patients using immunohistochemistry on tissue microar-
rays using the SP218 antibody. H scoring was done by ETOP pathologists 
as well as with pixel-based Image-J computer analysis. PTEN loss was de-
fi ned as H-score = 0.
Results. PTEN expression was evaluable in 2245 patients from 16 ETOP 
centers. PTEN loss was detected in 981 patients (43.7%; 95% confi dence 
interval (CI): 41.6%-45.8%) and was signifi cantly associated with male sex 
(47.2% in men versus 36.9% in women; p < 0.001), smoking history (24.5% 
in never smokers versus 46.5% in current/former smokers, p < 0.001), his-
tology (37.4% in adenocarcinoma versus 51.2% in squamous cell carci-
noma; p < 0.001), stage (40.4%, 45.5%, 48.3% for stage I, II, III; p = 0.007) 
and tumor size (median 4.0 cm with versus 3.4 cm without loss, p < 0.001). 
Further it was signifi cantly associated with poor overall survival (OS) and 
relapse-free survival (RFS) for adenocarcinoma (HR = 1.20; 95% CI: 1.01–
1.42), but not for squamous cell carcinoma (adjusted interaction p = 0.022). 
High sensitivity and specifi city was found when comparing the patholo-
gists’ scores with the computer-based ones under various cut-off s. Com-
puter H-scores had lower averages but also lower inter-center variability.
Conclusion. In this large NSCLC cohort, PTEN loss is strongly associat-
ed with advanced disease and adenocarcinoma histology. Computerized 
immunoreactivity measurements are a promising alternative to patholo-
gists’ scorings.
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subtle and can easily be overlooked. We report on two such unusual cas-
es of PLCH.
Methods. Patient A was a 46-year old female ex-smoker (25 py) presenting 
with cachexia and persistent cough. Computed tomography (CT) of the 
lungs showed suspicious nodules and video-assisted thoracoscopic surgery 
(VATS) was performed. 
Patient B was a 74-year old male ex-smoker (30 py) who was admitted to 
hospital due to increasing dyspnea. Since preliminary fi ndings were suspi-
cious for hypersensitivity pneumonitis, VATS was performed.
Results. Microscopically, in Patient A prominent organizing pneumonia 
(OP) was observed; in addition, PLCH could be confi rmed. By means of 
molecular analysis, neither BRAF nor NRAS mutation could be found. Six 
years later, the patient was admitted to hospital due to increasing dyspnea. 
CT of the lungs showed bronchiectasis and emphysema, but no cysts. Th e 
patient died two weeks later. Autopsy revealed PLCH and OP as well as 
purulent tracheobronchitis and signs of left  ventricular cardiac failure. In 
Patient B, histology of alveolar parenchyma revealed OP. PLCH was diag-
nosed by means of immunohistochemistry and electron microscopy. Mo-
lecular analysis demonstrated BRAF mutation as well. Th e patients’ symp-
toms deteriorated, he developed septicopyaemia and died fi ve weeks aft er 
admission. An autopsy was denied by relatives.
Conclusion. As presented in this case study, the fi brotic stage of PLCH 
can persist for several years and might be overlooked since both clinical 
and histological presentation is inconspicuous. Th us, PLCH should also 
be considered in patients (smokers and ex-smokers) with long-term inter-
stitial lung disease and morphological signs of OP.

Poster session Gastroenteropathology I

P08.01
Heterogeneity of Her2-expression in gastric carcinomas

K. Schierle*1, I. Haff ner2, F. Lordick2, C. Wittekind1

1University Hospital Leipzig, Institute of Pathology, Leipzig, Germany, 
2University Hospital Leipzig, University Cancer Center Leipzig (UCCL), 
Leipzig, Germany

Background. In 10–20% of gastric carcinomas an overexpression of 
Her2 was reported. Th is member of the epidermal growth factor recep-
tor (EGFR) family is a target for treatment. Th e drugs against Her2 show 
mixed succes. Th e VARIANZ-study aims to identify mechanisms infl u-
encing the ineff ectiveness in treatment.
Methods. Th is multicenter study recruited patients receiving medical treat-
ment for advanced gastric carcinomas. Th e Her2 status was verifi ed in a 
central pathology using immunhistochemistry and chromogenic-in-situ 
hybridization (CISH). If possible, the results were compared to the results 
of the local pathologists.
Results. From May 2014 to November 2016, there were 348 patients in-
cluded in the study. Over 70% of the patients were male with a median 
age of 64 years. Th e samples were evaluated according to criteria of the 
ToGA (Trastuzumab for Gastric Cancer) study. We found diff erences in 
the central and local results in 45 cases with a overall deviation rate of 27%.
Conclusion. Th e immunhistochemistry evaluation of Her2 in gastric car-
cinomas is still diffi  cult and the expression of Her2 ist heterogenous with 
a variability between local and central Her2-testing. Th e reasons for het-
erogenity are presently under investigation.

cell proliferation, the ability of colony formation, migration and invasion, 
and induced cellular apoptosis.
Conclusion. LEPREL2 is a novel tumor suppressor in human lung can-
cer regulated by epigenetic mechanism. LEPREL2 protein expression is 
signifi cantly inversely related to lymph node metastasis and tumor dif-
ferentiation.

P07.12
Molecular and immunohistochemical characterisation of large cell 
cancer of the lung

A. Harms*, M. Kriegsmann, D. Kazdal, A. Warth
Ruprecht-Karls University, Institute of Pathology, Heidelberg, Germany

Background. Large cell carcinoma is an undiff erentiated non-small cell 
carcinoma that lacks the cytological, architectural and immunohistochem-
ical features of small cell carcinoma, adenocarcinoma, or squamous cell 
carcinoma. Th e diagnosis can only be made among resected tumours and 
therefore cannot be made on non-resection or cytology specimens. Large 
cell carcinoma is rare, thus molecular data is sparse. Due to its rarity lit-
tle is known of its molecular background and possible targets for patient’s 
treatment are disguised.
Methods. For the following study formalin fi xed and paraffi  n embedded 
(FFPE) tissue samples of all (n = 31) pulmonary large cell carcinoma cases 
diagnosed since 2002 at the institute for pathology at the university hos-
pital of Heidelberg, had been selected for reclassifi cation according to the 
new WHO classifi cation from 2016. 
Furthermore, all samples were tested for hotspot mutations in 42 NSCLC 
specifi c marker genes using the massively parallel sequencing Ion Tor-
rent AmpliSeq™ technology together with a proprietary Lung Cancer Pan-
el (LCPv2) on an Ion Torrent PGM™ System (Th ermo Fisher Scientifi c).
Results. 24 cases of the reclassifi ed tumors (n = 31) were positive for CK7. 
16 cases of formerly diagnosed large cell carcinoma could be reclassifi ed 
as adenocarcinoma (n = 9) or squamous cell carcinoma (n = 7) using TTF1, 
p63, p40, Napsin, CD56 and Synaptophysin. 15 cases could not be reclas-
sifi ed with the help of immunohistochemistry. 5 of them showed no mu-
tation for any of the NSCLC specifi c marker genes. 3 cases out of 13 had 
a mutation for KRAS while two of the additionally harbored mutations in 
other genes (KIT, MET, TP53, STK11).
Conclusion. Molecular data on large cell carcinoma is sparse and this study 
off ers additional molecular data. Nearly half of the cases formerly diag-
nosed as large cell carcinoma could be reclassifi ed as squamous cell carci-
noma or adenocarcinoma using the established immuno markers of the 
new WHO classifi cation from 2016, some of them showing typical mu-
tations for their entities. 15 cases could not be classifi ed as small cell car-
cinoma, squamous cell carcinoma or adenocarcinoma thus, according to 
the new WHO classifi cation, should be classifi ed as large cell carcinoma. 
Some of them had typical mutations already known from other types of 
lung cancer but more molecular data is needed to support a concept of 
molecular grading.

P07.13
Langerhans cell histiocytosis of the lung entrapped by severe 
organizing pneumonia: presentation of two unusual cases

T. Hansen*1, C. Brochhausen2, A. Tannapfel3, S. Eberlein1, U. Titze1, A. Theile3, 
M. Weber4

1Klinikum Lippe GmbH, Institute of Pathology, Detmold, Germany, 
2University of Regensburg, Institute of Pathology, Regensburg, Germany, 
3University of Bochum, Institute of Pathology, Bochum, Germany, 4Klinikum 
Lippe GmbH, Pulmonary Department, Lemgo, Germany

Background. Pulmonary Langerhans cell histiocytosis (PLCH) is a rare 
disorder which is mostly restricted to young adult smokers. In the early 
stage of disease, both radiographic and microscopic examinations present 
with specifi c fi ndings. At the chronic stage the alterations become quite 
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out or with specifi c treatments, such as project specifi c HDAC inhibitors 
and Azacytidine, or inducers of controlled dimerization of ErbB-receptors.
Results. Growth of non-neoplastic esophageal squamous HET1A cells in 
OTCs resulted in formation of a non-invasive squamous epithelial cell lay-
er. Growth of esophageal cancer cell lines (esophageal squamous cell car-
cinoma: OE21; esophageal adenocarcinoma: OE33) in OTCs caused clear 
cancer cell invasion into the lower parts of the OTC matrices, resembling 
squamous (OE21) and intestinal-like with single cell spread (OE33) dif-
ferentiated cells, thus mimicking the in situ situation. Invasive growth of 
OE21 cells was inhibited by epigenetic treatment using HDAC inhibitors, 
whilst single spread OE33 cells were induced to “re”-diff erentiate into mu-
cin producing glands. 
In a second approach, HET1 cells transduced with homo- or heterodimers 
of ErbB-receptors remained non-invasive in OTCs unless controlled ac-
tivation of the ErbB dimers was induced by synthetic ligands to the ge-
netic constructs.
Conclusion. Organotypic cultures represent a valuable tool accompanying 
in situ analyses of tissue specimens to functionally study esophageal (can-
cer) cell behavior, such as initial carcinogenesis, tumor-microenvironmen-
tal infl uences as well as cell invasion and diff erentiation. As such, interfer-
ence with epigenetic (HDACs) and genetic (ErbB-receptors) events guide 
esophageal (cancer) cell invasion and diff erentiation. 
*TA and CF = equal contribution
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Background. Epithelial-mesenchymal transition (EMT) plays an impor-
tant role in carcinogenesis. Tumor cells that have undergone EMT exhibit 
a specifi c gene expression pattern with high E-cadherin (CDH1), low Vi-
mentin (VIM) and ZEB1 expression. p53 has multiple functions in epithe-
lial cells mainly related to an adequate response to various stress signals. Its 
activity in tumors is characterized by low MDM2 and high CDKN1A (p21) 
expression. Recently the EMT and p53 activity markers have been demon-
strated to be important for a molecular classifi cation of gastric carcinomas 
(GC) published by the Asian Cancer Research Group (ACRG) [1]. 
Th e aim of our study was to determine the prognostic and clinic-patholog-
ical relevance of the expression of the single genes CDH1, VIM, ZEB1 and 
CDKN1A, MDM2 for primarily resected GC patients and for GC patients 
aft er neoadjuvant chemotherapy (CTx).
Methods. Tumors from 95 primarily resected and from 161 GC patients 
aft er CTx were analyzed. RNA was extracted from FFPE-tissue aft er man-
ually microdissection. Gene expression was investigated using quantitative 
real time PCR. Data were analyzed for an association with clinical-patho-
logical features, overall (OS) and disease free survival (DFS).
Results. Among the EMT-associated genes, CDH1 expression was sig-
nifi cantly associated with increased OS (p < 0.01) and DFS (p < 0.01) in 
CTx-patients. Multivariate analysis revealed R-category, M-status and 
CDH1 expression (each p < 0.01) as independent prognostic factor. CDH1 
expression was also signifi cantly associated with lower tumor stages in 
both patient groups (each p < 0.05) and with intestinal tumor types in 
CTx-patients (p < 0.01). High VIM and ZEB1 expression correlated with 
diff use histotypes in both patient groups (each p < 0.01) and ZEB1 expres-
sion with advanced tumor stages (p < 0.01). 

P08.02
Impact of the HER receptor ligand system on the sensitivity to 
cetuximab and trastuzumab in gastric cancer cell lines

J. Kneissl, A. Hartmann, N. Pfarr, F. Erlmeier, T. Lorber, S. Keller, 
G. Zwingenberger, W. Weichert, B. Luber*
Institute of Pathology, Munich, Germany

Background. Although important progress in gastric cancer prevention 
has been achieved in recent years, therapeutic options, especially for ad-
vanced disease, are still limited. Treatment with targeted therapeutics such 
as the EGFR targeting antibody cetuximab or the HER2-targeting anti-
body trastuzumab is either ineff ective or shows limited eff ectiveness in 
this disease, respectively. 
Th e aim of this study was to analyze the role of the HER receptor ligands 
amphiregulin (AREG), epidermal growth factor (EGF), heparin-binding 
epidermal growth factor (HB-EGF) and transforming growth factor al-
pha (TGFα) in the responsiveness of gastric cancer cell lines to cetuximab 
and trastuzumab.
Methods. A panel of 11 gastric cancer cell lines was characterized for ce-
tuximab and trastuzumab sensitivity, ligand secretion and expression and 
activation of the HER receptors. Th erefore WST-1 cell proliferation assays, 
ELISA and Western blot analyses were used. Further, the eff ects of an ex-
ogenous ligand administration on the cetuximab and trastuzumab sensi-
tivity were investigated.
Results. Th e main focus of this study was the involvement of HER recep-
tor ligands in the sensitivity of gastric cancer cell lines to trastuzumab and 
cetuximab. We found no correlation between TGFα secretion and the sen-
sitivity to cetuximab or trastuzumab. For AREG, we confi rmed previous 
results [1] indicating that this ligand is a positive predictor of cetuximab 
sensitivity. Exogenous HB-EGF was eff ective in rescuing sensitive gastric 
cancer cell lines from inhibition of cell proliferation by both, cetuximab 
and trastuzumab.
Conclusion. Our data indicate that HB-EGF may be a useful marker for the 
prediction of trastuzumab sensitivity in gastric cancer. Th us, we suggest 
that the evaluation of HB-EGF as a prognostic marker in gastric cancer pa-
tients treated with trastuzumab containing regimens should be considered. 
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Background. Examination of the dynamic of esophageal (cancer) cell be-
havior in a three dimensional, tumor-microenvironmental manner still 
poses hurdles. Here, we present in vitro organotypic cultures using co-cul-
ture of fi broblasts and esophageal (cancer) cells in three-dimensional or-
ganotypic cultures, to functionally accompany in situ analyses esophageal 
tissue specimens. Th e OTCs were applied to study epigenetic and genetic 
pathomechanisms aff ecting cell diff erentiation and cell invasion.
Methods. Th e approach was adapted from Kalabris et al. [1] and was based 
on matrigel and primary fetal esophageal fi broblasts 3 (FEF3) matrices 
that were then co-cultured with non-neoplastic esophageal epithelial cells 
(HET1A), genetically modifi ed HET1A cells (transduction with ErbB-re-
ceptors) or commercial esophageal cancer cell lines (OE21, OE33). Th e 
co-culture included a temporary air-liquid interface, to in part mimic a 
“fl uid-free” esophageal squamous epithelium. OTCs were performed with-



Der Pathologe · Suppl 1 · 2017S124

Abstracts

Methods. Most recently, the underweight patient reports about up to 12 
explosive diarrheas per day. Th e newly taken biopsies from the large and 
small bowels display diff use-compact infi ltrations of mast cells with de-
granulation. Th e aberrant CD25 expression and D816V mutation of the 
c-kit gen prove the neoplastic nature of mast cells aggregates. As expected 
in systemic mastocytosis, bone marrow involvement is present.
Results. Th e patient’s state of health improves signifi cantly since appro-
priate medications (H1- and H2-blockers, mast cell stabilizer) are given. 
Apart from a mild pruritus and occasional nausea no signs of disease are 
evident, although serum mast cell tryptase levels are constantly elevated.
Conclusion. Systemic mastocytosis is a very rare disease. Th e clinical signs 
largely depend on involved organs. Histopathological diagnosis can be de-
layed due to loose and scattered mast cell infi ltrates.
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Background. Cancer-associated fi broblasts (CAF) within the tumor mi-
croenvironment are implicated as being important for tumor development 
and progression. Here co-culture experiments were set up to investigate 
the infl uence of CAFs on diff erent esophageal cancer cell lines.
Methods. Primary case-matched normal esophageal fi broblasts and CAFs 
(Underwood et al., J Pathol. 2015;235:466–77) as well as esophageal cancer 
cell lines Kyse 410, OE21 an OE33 were used. Cell migration was examined 
in diff erent co-cultures of fi broblasts with cancer cell lines by 2D migration 
assays (ibidi, Martinsried), using time points 0 h, 4 h, 8 h, 12 h and 24 h 
to monitor cell migration. In this assay, cells are seeded into two separated 
chambers connected by a gap-space and the migration of cells toward the 
gap is measured. Th ree independent experiments were performed.
Results. By seeding tumor cells alone in two separated chambers (con-
trols), both esophageal squamous cell carcinoma (ESCC) cell lines Kyse 
410 and OE21 migrated to close the gap (approx. 500 μm) within 24 h, 
whereas directed migration of esophageal adenocarcinoma (EAC) OE33 
cells was hardly detectable. In cultures of normal esophageal fi broblasts 
opposed to tumor cells in the two chambers, cell migration was similar to 
the controls. In contrast, if CAFs were cultivated opposed to tumor cells in 
the chambers, Kyse 410, but not OE21 cells migrated faster. Furthermore, 
co-cultivation of normal esophageal fi broblasts mixed with Kyse 410 cells 
(1:5) or especially CAFs mixed with Kyse410 cells (1:5) in each of the two 
chambers led to an elevated migration-rate. Again, migration of OE21 or 
OE33 cells was not increased in these latter settings.
Conclusion. Th ese initial data suggest tumor-fi broblast cross-talk in esoph-
ageal tumor cell migration, especially for CAFs. However, is cell line spe-
cifi c and it appears that EAC cells may rather follow an “amoeboid-type” 
of cell migration (not precisely measurable in gap-closure/“wound heal-
ing” 2D assays) in contrast to “mesenchymal-type” of cell migration of 
ESCC cells.

Among the genes associated with p53 activity, high MDM2 expression was 
associated with higher tumor stages (p < 0.05) and decreased OS (p < 0.05) 
in univariate, but not in multivariate analysis in primarily resected patients.
Conclusion. Our results indicate a prognostic relevance of CDH1 expres-
sion in particular for gastric cancer patients aft er neoadjuvant chemother-
apy. Th is may point to a modulation of CDH1 expression by CTx. Th e 
prognostic relevance of the expression of the other genes related to EMT 
and p53 activity is limited.
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Tumor Budding and Cell nest size are strong predictors of patient 
outcome in esophageal squamous cell carcinoma

M. Jesinghaus*, M. Boxberg, W. Weichert
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Background. Esophageal squamous cell carcinoma is the most common 
esophageal cancer and a relevant cause of cancer associated mortality. 
Prognosis of patients with esophageal squamous cell carcinoma is pri-
marily based on staging according to the TNM- and UICC classifi cation, 
while histomorphologic grading according to the WHO is currently of 
minor clinical importance due to defi ciencies regarding prognostic pa-
tient stratifi cation.
Methods. Tumor Budding activity and small cell nest size have recently 
been proven to be potent prognostic factors in oral- and pulmonary squa-
mous cell carcinoma and formed the basis for an highly prognostic grad-
ing scheme applicable for both entities. In order to investigate the prac-
ticability of the proposed novel grading system in esophageal squamous 
cell carcinoma, we evaluated budding activity and cell nest size, as well as 
other histomorphologic characteristics, in a cohort of 135 primarily resect-
ed squamous cell carcinomas of the esophagus and correlated the results 
with clinicopathological- and outcome parameters.
Results. Similar to oral- and pulmonary squamous cell carcinoma, high 
budding activity and small cell nest size showed a strongly signifi cant as-
sociation with overall-, disease specifi c- and disease free survival and were 
predictors of poor prognosis. Combination of both markers resulted in a 
slightly adjusted, three-step grading system of major clinical relevance, 
showing excellent prognostic separation of well- (G1), moderately (G2) 
and poorly diff erentiated (G3) carcinomas, while grading according to the 
WHO had no prognostic impact.
Conclusion. Summarizing, our data underline the capability of tumor bud-
ding and cell nest size to act as strongly predictive factors for the histomor-
phologic grading of squamous cell carcinomas, verify the applicability of 
the novel grading scheme proposed for oral- and pulmonary squamous 
cell carcinoma in esophageal squamous cell carcinoma and may serve as 
the foundation for an universal grading system potentially appropriable in 
squamous cell carcinomas of other gastrointestinal origin.
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Systemic mastocytosis – long way to diagnosis

H. Geddert*1, T. Kirchner2, M. Werner3, G. Faller1, A. Dimmler1

1Institute of Pathology, St. Vincent’s Hospital, Karlsruhe, Germany, 2Institute 
of Pathology, Ludwig-Maximilians-University Munich, Munich, Germany, 
3Institute for Pathology, Medical Center-Faculty of Medicine, University of 
Freiburg, Freiburg/Breisgau, Germany

Background. In a 57 years-old woman urticaria pigmentosa are known 
for about 20 years. For more than a decade she complains about digestive 
disturbances. Over the years, the symptoms like diarrhea, malaise and ab-
dominal pain show an increasing frequency and intensity. No cause for the 
complaints can be identifi ed, although a wide range of test is performed. 
Biopsies from the upper and lower gastrointestinal tract are considered 
to be normal.
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Conclusion. In conclusion, PDGF-D has an anti-fi brotic role in liver fi -
brosis, possibly by regulating cell-death pathways. Th is is in contrast to 
its pro-fi brotic role in the kidneys and thereby suggests an organ specifi c 
role of PDGF-D.
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The loss of apical cell polarity factors induces the nuclear 
enrichment of oncogenic YAP in cell density-sensitive HCC cells

M. Tóth*, S. Wan, S. Weiler, P. Schirmacher, K. Breuhahn
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Background. Overexpression of the Hippo pathway eff ector yes-associat-
ed protein (YAP) is detectable in about 60% of all hepatocellular carcino-
mas (HCCs). Nuclear YAP induces HCC cell proliferation and correlates 
with poor clinical outcome. Although cell-cell contact is considered to 
regulate Hippo/YAP pathway activity, the relevant molecular mechanisms 
inducing YAP translocation in polarized hepatocellular cells are not well 
understood.
Methods. HCC cell lines were tested for their ability to regulate YAP in 
a cell density-dependent manner (HepG2, HuH1, HuH6, HLE, HLF, 
Hep3B). Th e subcellular localization of YAP was analysed by immuno-
fl uorescence. To analyse the impact of diff erent cell polarity structures on 
YAP localization, an siRNA screening was performed containing custom-
ized siRNAs targeting 26 diff erent proteins involved in hepatocellular po-
larity (two independent siRNAs for each gene; factors of the apical Crumbs 
complex, the lateral Par complex, the basolateral Scribble complex, and 
tight junction proteins).
Results. Th e culture of HCC cells under four diff erent cell density condi-
tions revealed that three cell lines showed nuclear YAP enrichment in a cell 
confl uence-independent manner (HLE, HLF, Hep3B). In contrast, HepG2, 
HuH1, and HuH6 cells revealed a dynamic shuttling of YAP from the cyto-
plasm to the nucleus with decreasing confl uence. High cell density induced 
a nuclear YAP exclusion. Th e results of the siRNA screening in cell densi-
ty-sensing HepG2 cells showed that silencing of 12 out of 26 candidate pro-
teins resulted in a robust nuclear YAP enrichment under high cell density 
conditions. Notably, most positive candidates are part of the apical Crumbs 
complex (PATJ/INADL, Lin7c, AMOT, AMOTL2). Many of these factors 
were reduced in human HCC samples and their expression correlated with 
poor survival or early tumor recurrence (e. g. PATJ/INADL, Lin7c, AMOT, 
AMOTL2). In addition, Hippo pathway modifi ers such as NF2 and Sav1 
induced nuclear YAP enrichment. Interestingly other factors, which have 
been described to aff ect YAP localization and activity did not induce YAP 
translocation in this cell system (e. g. AMOTL1, E-cadherin).
Conclusion. Our results favor a model in which the loss of apical cell polar-
ity is causative for the induction of oncogenic YAP in hepatocellular cells 
that maintain cell sensing properties. Th e re-establishment of these polar-
ity features could protect from YAP activation and may therefore serve as 
a therapeutic approach in early phases of hepatocarcinogenesis.
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Functional role of the extracellular matrix molecule Tenascin C 
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Background. Tenascin C is an extracellular matrix molecule, which is 
highly expressed during regeneration, infl ammation and tumorigenesis. 
In the pancreas, the protein is secreted by activated stellate cells and over-
expressed in the stroma of pancreatic cancer. However, its function in pan-
creatic infl ammation and regeneration has not been fully investigated yet. 
In this study we analyze the role of Tenascin C in pancreatic regeneration.
Methods. Intraperitoneal administration of cerulein, a cholecystokinin 
analogue, induces acute pancreatitis in the mouse with transient aci-
nar-to-ductal metaplasia (ADM) and full regeneration aft er 7 days. We fi rst 
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ROS1 in ductal adenocarcinoma of the pancreas: 
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Background. ROS1 is a receptor tyrosine kinase that has been found to play 
a role not only in non-small cell lung cancer, but also in gastric adenocarci-
noma and cholangiocarcinoma. However, data concerning ROS1 labeling 
and rearrangement in pancreatic adenocarcinoma is sparse. We therefore 
analyzed the ROS1 status in a series of ductal adenocarcinoma of the pan-
creas, and compared the results with K-RAS- or N-RAS mutational status.
Methods. We studied formalin-fi xed and paraffi  n-embedded (FFPE) tissue 
specimens of 109 patients (median age 69.2 yrs; m = 57, f = 52) who under-
went surgical resection due to ductal adenocarcinoma either of the head 
(n = 101) or of the tail (n = 8) of the pancreas. Immunohistochemistry was 
performed using clone D4D6 [Cell Signaling, Danvers, USA] followed by 
semiquantitative scoring. Furthermore, FFPE tissue samples were analyzed 
for KRAS mutations applying mutant-enriched PCR and reverse hybrid-
ization as previously described. All cases being tested negative for KRAS 
were additionally examined for NRAS mutations.
Results. In fi ve patients (4.6%), we observed only distinct granular cyto-
plasmic staining of ROS1 in the tumor cells (Score 1+), while 104 cases 
were completely negative for ROS1 (Score 0). By means of molecular test-
ing, we found KRAS mutations in 87.2% of the patients (G12D:49.5%, 
G12V: 27.3%, G12R: 17.9%, Q61H: 3.1%, G12C: 1.1%, G12S: 1.1%). Th e 
remaining patients (12.8%) demonstrated wild type status for both KRAS 
and NRAS. Interestingly, in the cohort being tested negative for KRAS and 
NRAS, there were two cases demonstrating ROS1 positivity.
Conclusion. Based on our fi ndings, we conclude that ROS1 does not play 
a major role for both pathogenesis and further therapeutic concepts in pa-
tients with ductal adenocarcinoma of the pancreas. However, analysis of 
ROS1-rearrangement by fl uorescence in situ-hybridization remains to be 
investigated, particularly in those cases which show distinct ROS1 labeling.
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PDGF-D in liver fi brosis
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Background. Platelet-derived growth factor (PDGF) signaling is a central 
pathway in organ fi brosis. However, the role of the specifi c PDGF receptor 
(PDGFR)-β ligand PDGF-D is not well understood. We have previously 
shown that in the kidney PDGF-D has a pro-fi brotic role. Here we inves-
tigated the role of PDGF-D in liver fi brosis.
Methods. We compared PDGF-D defi cient mice with wild-type litter-
mates in two diff erent models of liver fi brosis, the carbon tetrachloride 
(CCl4)-induced liver fi brosis and the bile duct ligation (BDL) model. Fi-
brosis was evaluated via immunohistochemical stainings and Western blot 
analyses.
Results. In both models PDGF-D defi cient mice developed signifi cantly 
more severe fi brosis compared to wild-type littermates, as demonstrated 
by increased α-SMA positive myofi broblasts and an increased accumula-
tion of the extracellular matrix components collagen III and fi bronectin. 
Th e activity of caspase 3, an eff ector caspase of the apoptotic pathway, was 
signifi cantly increased in fi brotic livers of mice lacking PDGF-D.
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Background. Adenovirus infections – depending on the serotype – usual-
ly manifest in the respiratory and gastrointestinal tract. Hepatitis, owing 
to Adenovirus infection, is relatively uncommon. Our patient, a 65-year 
old former veterinarian, was suff ering from a chronic lymphocytic B-cell 
leukaemia in an early stage (Binet Stage A) in which chemotherapeutic 
treatment was not yet neccessary. One week before his death he developed 
fever. During hospitalization his state of health rapidly deteriorated with 
signs of ongoing sepsis. At this stage, a CT scan was performed, showing 
liver lesions that were interpretated as metastasis or abscesses. Th e patient 
died before a biopsy of the liver could have been obtained.
Methods. A complete clinicopathological autopsy was performed, includ-
ing histological, immunhistochemical and electron microscopic evalua-
tion as well as microbiotic analysis.
Results. Main result of the autopsy was a severe necrotizing hepatitis with 
immunohistochemical, electron microscopic and microbiological detec-
tion of adenovirus (serotype 4) and consecutive multiple organ failure. 
In addition, an ulcerative mycotic tracheolaryngitis, pharyngitis and es-
ophagitis as a result of concomitant invasive candida infection was pres-
ent while candida sepsis was microbiologically excluded. Th e extension 
of the chronic lymphocytic B-cell leukaemia was still limited to cervical, 
paraaortal and thoracal lymph nodes and a marginal bone marrow in-
fi ltration. Importantly, in retrospect, adenoviral DNA was also found in 
body fl uids (ascites, pleural eff usion, bronchial lavage, blood and stool). 
Cause of death was an adenoviral sepsis with severe necrotizing hepatitis 
as its main manifestation.
Conclusion. Fever of unknown reason in immunocompromised individ-
uals should also raise the suspicion of an unusual viral infection as adeno-
virus. If the liver is involved, a biopsy may be helpful for a rapid diagnosis 
in additon to microbiological analysis of body fl uids.
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Rare intraabdominal, fi bromyxoid sarcoma with low malignancy 
reported for the fi rst time at this tumor site and in higher age
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Background. Th e fi bromyxoid sarcoma of low malignancy as rare entity of 
the group of malignant mesenchymal soft -tissue tumors occurs typically 
in younger age and then, in particular, at proximal extremities and at the 
trunk. Even “low-grade”-fi bromyxoid sarcomas tend to develop local tu-
mor recurrency and metastases. Single cases of this tumor entity have been 
described within the mediastinum and within the abdominal cavity, at the 
falciform ligament and within the mesenteric tissue.
Methods. By means of a scientifi c case report, the occurrence of the very 
rare fi bromyxoid sarcoma originating from Glisson’s capsula of the liv-
er in an extraordinary case of an 88-year old multimorbid female patient 
is demonstrated including her perioperative diagnostic and therapeutic 
management, the hospital course and follow-up characteristics.
Results. Case presentation, fi ndings, treatment & outcome: In the abdom-
inal CT scan, a monstrous tumor lesion with partially cystic liquid or solid 
portions located between stomach and liver was found with organ-asso-
ciated origin. Th e tumor was exstirpated in toto including the resection of 
the greater omentum and an atypical liver resection of segment 3. Histo-
pathological investigation revealed a sarcoma of low malignancy originat-
ing from Glisson’s capsula of the liver with no tumor infi ltration of the liver 
itself and a predominating myxoid “back ground” within the tissue, spin-
dle-like, partially pleomorph tumor cells with hyperchromasia and fi brous 
stroma as well as confi rmed R0-resection status. Fourteen months postop-
eratively, patient does not show any hint for tumor recurrency.
Conclusion. Th e up to now not described tumor manifestation, in particu-
lar, with regard to the advanced age of the patient and the specifi c tumor 
site (Glisson’s capsula of the liver) can be considered a very rare tumor 
lesion and appears worthy to be reported as addition of the sarcoma and 
soft -tissue tumor classifi cations.

analyzed Tenascin C expression at various time points during cerulein-me-
diated acute pancreatitis and pancreatic regeneration in wildtype mice by 
quantitative RT-PCR. Moreover, we addressed the impact of Tenascin C 
on ADM and on the enrichment of a progenitor cell status of pancreatic 
acinar cells with several in vitro approaches. A preliminary morphologic 
study of pancreatic infl ammation and regeneration in a Tenascin C knock-
out mouse model was performed as well.
Results. We demonstrate an increased expression of Tenascin C during 
the acute phase of cerulein-induced infl ammation, followed by a decrease 
during regeneration in wildtype mice. Th e activation of numerous Tenas-
cin C-dependent signaling pathways (Akt, FAK, Src) can be shown as well. 
Tenascin C-defi cient mice display instead impaired regeneration, with pro-
longed ADM-formation. Isolated acinar cells cultured in suspension and 
treated with Tenascin C show a delayed activation of the progenitor sta-
tus, as indicated by the expression of progenitor genes (Hes1, Sox9, Pdx1).
Conclusion. Th ese results show for the fi rst time a relevant role of the stro-
mal protein Tenascin C in pancreatic epithelial cell regeneration.

P08.12
Genetic diversity in neuroendocrine neoplasms G3 of the pancreas

B. Konukiewitz*, M. Jesinghaus, A. M. Schlitter, A. Kasajima, K. Steiger, 
W. Weichert, G. Klöppel, N. Pfarr
Technical University Munich, Institute of Pathology, Munich, Germany

Background. Pancreatic neuroendocrine neoplasms of the WHO G3 cate-
gory, including well diff erentiated neuroendocrine neoplasms (NETs G3) 
and poorly diff erentiated neuroendocrine neoplasms (NECs G3), are het-
erogeneous in their clinicopathological and molecular features. We recent-
ly showed that NETs G3 have an intact TP53 and RB1 status, while NECs 
commonly harbor TP53 and RB1 gene alterations. Genetic changes that 
drive NETs into the G3 category are not known so far. Th e aim of the study 
is to establish a detailed genetic profi le of pancreatic neuroendocrine neo-
plasms G3 in order to gain more information about both, the changes that 
drive NETs into the G3 category, and the genetic changes which are similar 
to or diff erent from those of NETs G1/2 and NECs.
Methods. Twenty pancreatic neuroendocrine neoplasms G3, including 9 
NETs G3 and 11 NECs, were analyzed by immunohistochemistry and next 
generation sequencing, using a 409 gene panel on an Ion Torrent system.
Results. In total, we detected 84 somatic mutations in 62 of the 409 genes 
examined. 30 mutations in 25 diff erent genes were found in NETs G3, in-
cluding MEN1 gene alterations in 4/9 NETs G3 (44%, two nonsense and 
two frameshift  mutations). No somatic mutations were seen in the ATRX/
DAXX, TP53 or RB1 gene locus. NECs harbored 54 mutations in 40 dif-
ferent genes. 7/11 and 4/11 NECs were TP53 and KRAS mutated, respec-
tively (64%, 36%). Histologically, three of the four KRAS mutated NECs 
showed additionally an exocrine component. CSMD3, KDM5C, EP300 
and KMT2D were mutated in 2/11 NECs (18%). LRP1B and ARID1A al-
terations were shared by NETs G3 and NECs, with two mutations in each 
of the genes. Th ree cases (one NET G3 and two NECs) did not show any 
mutations in the genes included in our panel.
Conclusion. Pancreatic NETs G3 and NECs appear to be two genetical-
ly diff erent tumor entities. Th e lack of TP53- and the presence of MEN1 
mutations in NETs G3 relate these tumors to NETs G1/2. TP53 alterations 
correlate with NECs. Additional KRAS mutations in NECs seem to be as-
sociated with a glandular component.

P08.13
Autopsy case: Rapidly developing fever being the main symptom 
of fulminant adenovirus hepatitis

A. Mamilos*1, M. Evert1, B. Schmidt2, S. Schroll3, J. Schröder1, K. Evert1

1University of Regensburg, Institute of Pathology, Regensburg, Germany, 
2University of Regensburg, Institute of Medical Microbiology and Hygiene, 
Regensburg, Germany, 3Hospital Barmherzige Brüder, Department of 
Pneumology, Regensburg, Germany



Der Pathologe · Suppl 1 · 2017 S127

actin, SRC, ERK, FAK and E-Cadherin protein expression by Western 
Blotting and immunofl uorescence/immunohistochemical stainings, re-
spectively. SRC kinase and FAK signaling activities were modulated by 
treatment with Dasatinib and Y15, and altered cellular functions were 
studied in proliferation and migration assays.
Results. Expression analyses on tissue microarrays of PDAC patients re-
vealed a signifi cant upregulation of Cortactin and E-Cadherin in metasta-
sis compared to primary tumors. In in vitro assays with three-dimensional 
spheroid cultures of pancreatic cancer cell lines that allowed for analysis 
of the eff ects of three-dimensional cell-cell contacts, E-Cadherin and FAK 
expression levels were elevated and Cortactin and FAK underwent acti-
vation by tyrosine phosphorylation. Src inhibition induced by Dasatinib 
treatment of PDAC cells resulted in decreased migration, while Cortactin 
phosphorylation remained unaltered.
Conclusion. Th e upregulation of Cortactin in metastases of PDAC patients 
as well as enhanced activation of Cortactin and FAK in three-dimensional 
spheroid cultures of PDAC cell lines indicate a possible role of Cortactin in 
the metastatic process of PDAC. Cortactin may interact with E-Cadherin, 
allowing for collective cell migration through three-dimensional stabili-
zation of cohesive tumor cell clusters. Further investigation of the precise 
mechanisms by which Cortactin is regulated, as well as its exact functional 
role and protein-protein interactions are of great importance as Cortactin 
may contribute to pancreatic tumor invasion and metastasis.

P08.17
Diff erences in diff usion-weighted magnetic resonance 
imaging of pancreatic cancer are associated with alterations 
of the desmoplastic tumor stroma by intratumor neutrophil 
granulocytes

P. Mayer1, C. Dinkic2, R. Jesenofsky3, M. Klauss1, P. Schirmacher4, F. Uhle5, 
G. M. Hänsch6, M. M. Gaida*4

1Ruprecht-Karls-University, Clinic for Diagnostic and Interventional 
Radiology, Heidelberg, Germany, 2Ruprecht-Karls-University, Clinic for 
Gynecology and Obstetrics, Heidelberg, Germany, 3Ruprecht-Karls-
University, Clinic for Internal Medicine II, University Hospital Mannheim, 
Mannheim, Germany, 4Ruprecht-Karls University, Institute of Pathology, 
Heidelberg, Germany, 5Ruprecht-Karls-University, Clinic for Anesthesiology, 
Heidelberg, Germany, 6Ruprecht-Karls-University, Institute for Immunology, 
Heidelberg, Germany

Background. Pancreatic ductal adenocarcinomas (PDAC) have a fi bro-in-
fl ammatory tumor stroma, consisting of infi ltrated immune cells and ex-
tracellular matrix-producing stellate cells (PSC) and fi broblasts. Dense in-
tratumor infi ltrates of neutrophils (PMN) in PDAC are oft en associated 
with a micropapillary or single-cellular disseminated tumor growth pat-
tern.
Methods. Human PDAC samples (n = 33) were analyzed by diff u-
sion-weighted magnetic resonance imaging (MRI). Here, axial images 
were acquired using a singleshot echo-planar imaging pulse sequence in 
expiratory breath-hold, followed by radiological postprocessing and his-
tological analysis and immunohistochemistry for CD15, Azurozidin, and 
alpha-SMA. A validation cohort (n = 112) was analyzed by immunohisto-
chemistry, similarly. PSC were co-cultivated with PMN or PMN-protein 
Azurocidin, followed by fl ow cytometry of PMN for CD11b and MHC 
class II and by Western blot analysis of PSC for 1.) p38 and the downstream 
proteins MAPKAP-2, LIMK, Cofi lin, alpha-SMA and 2.) the PSC related 
products MMP9, Decorin-1, and CollagenVI. PSC were co-cultivated with 
PMN-granular proteins and Azurocidin followed by immunofl uorescence. 
Multicolor immunofl uorescence for azurocidin and PSC-markers was per-
formed in PDAC tissue (n = 32).
Results. PDAC tissue with marked PMN infi ltration revealed oft en a dis-
seminated tumor growth pattern with an inhomogeneous loosening of the 
stroma. Comparative analysis of tissues and MR images showed a strong 
negative correlation between the structural diff usion constant D and the 
numbers of infi ltrated Azurocidin- and CD15-positive cells, but not with 
the grade of diff erentiation or amount of stroma. Th e mean structural dif-

P08.15
Neovascular prostate-specifi c membrane antigen (PSMA) is 
associated with improved overall survival under palliative 
chemotherapy in patients with pancreatic ductal adenocarcinoma 
(PDAC)

K. Stock*1, K. Steinestel1, 2, R. Wiesch1, J.-H. Mikesch3, A. Hansmeier3, 
M. Trautmann1, N. Beller1, W. Hartmann1, E. Wardelmann1, B. Heitkötter1, 
S. Huss1, J. Sperveslage1

1University Hospital Münster, Gerhard-Domagk-Institute of Pathology, 
Münster, Germany, 2Bundeswehrkrankenhaus Ulm, Institute of Pathology 
and Molecular Pathology, Ulm, Germany, 3University Hospital Münster, 
Department of Medicine A, Hematology and Oncology, Münster, Germany

Background. Expression of PSMA (prostate-specifi c membrane antigen) 
has been demonstrated in various solid cancers as well as tumor-associ-
ated neovasculature, where it has been suggested to be implicated in tu-
mor-driven (neo-)angiogenesis. Moreover, PSMA represents a possible 
target for antibody-based radioligand therapy. While expression of PSMA 
has been previously described in tumor cells of pancreatic ductal adeno-
carcinoma (PDAC), PSMA expression in PDAC-associated neovascula-
ture has so far not been systematically analyzed.
Methods. Immunohistochemistry was used to detect PSMA expression 
in 81 tissue samples of PDAC from 61 patients with complete clinical fol-
low-up and biological tumor characteristics. Microvessel density was as-
sessed by CD34 immunostaining.
Results. Immunostaining of CD34 showed a median (mean) MVD of 
60.75 (63.7) microvessels/0.785mm2. While PSMA was practically absent 
in PDAC tumor cells (5.3% positive cases), PSMA expression could be 
detected in tumor-associated neovasculature in 53.2% of cases. Th ere was 
no signifi cant association between neovascular PSMA expression and bi-
ological tumor characteristics such as primary or metastatic tumor, KRAS 
mutation status, epithelial-mesenchymal transition (EMT) or budding sta-
tus. Samples with PSMA-positive neovasculature showed increased MVD, 
however this result was not statistically signifi cant (p > 0.05). Presence of 
PSMA-expressing neovessels correlated with overall survival (OS; HR 0.42; 
95%-CI: 0.12 to 0.87; p < 0.05). While event-free survival (EFS) under pal-
liative chemotherapy was slightly longer for PSMA-positive cases (190 vs. 
181 days), this result did not reach statistical signifi cance (HR 0.95; 95%-
CI: 0.34 to 2.62; p > 0.05).
Conclusion. PSMA expression in tumor-associated neovasculature is a 
common feature and associated with improved overall survival under 
palliative chemotherapy in PDAC. First results suggest a possible asso-
ciation between PSMA expression and enhanced tumor (micro-)vascu-
larization which may improve intratumoral bio-availability of systemic 
chemotherapy.

P08.16
Role of the nucleation promoting factor Cortactin in migration, 
invasion and cell adhesion of pancreatic ductal adenocarcinoma

K. Stock*1, R. Wiesch1, J.-H. Mikesch2, E. Wardelmann1, W. Hartmann1, 
K. Steinestel1, 3, J. Sperveslage1

1University Hospital Münster, Gerhard-Domagk-Institute of Pathology, 
Münster, Germany, 2University Hospital Münster, Department of Medicine A, 
Hematology and Oncology, Münster, Germany, 3Bundeswehrkrankenhaus 
Ulm, Institute of Pathology and Molecular Pathology, Ulm, Germany

Background. Hallmark features of pancreatic ductal adenocarcinoma 
(PDAC) include infi ltration of surrounding tissue and early lymphatic 
and hematogenous metastasis. Th e cytoskeletal protein and SRC-substrate 
Cortactin has been shown to play a pivotal role in cancer cell invasion and 
metastasis by regulating actin dynamics. However, the exact function of 
Cortactin in pancreatic cancer cell metastasis is unknown.
Methods. Th e expression levels of Cortactin and putative interacting pro-
teins were evaluated in 66 tumor specimens of 39 PDAC patients by im-
munohistochemistry on tissue microarrays. Human PDAC cell lines were 
analyzed aft er adherent and spheroid cell culturing with regard to Cort-
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P08.19
Proteomic analysis reveals guanine monophosphate synthetase 
(GMPS) as p53 repression target in liver cancer

K. Holzer*1, E. Drucker1, S. Roessler1, D. Dauch2, F. Heinzmann2, 
N. Waldburger1, E. M. Eiteneuer1, E. Herpel1, K. Breuhahn1, L. Zender2, 
P. Schirmacher1, A. Ori3, S. Singer1, 4

1German Cancer Research Center, German Consortium for Translational 
Cancer Research, Heidelberg, Germany, 2University Hospital Tübingen, 
Department of Internal Medicine I, Tübingen, Germany, 3Leibniz Institute on 
Aging, Fritz Lipmann Institute, Jena, Germany, 4European Molecular Biology 
Laboratory, Structural and Computational Biology, Heidelberg, Germany

Background. Hepatocellular carcinoma (HCC) is one of the most frequent 
malignancies worldwide with a rising incidence and a poor prognosis. Th e 
tumorsuppressor protein p53 serves as a major barrier against malignant 
transformation and progression by playing an integral part in cellular stress 
responses. Emerging evidence indicates that metabolic pathways can infl u-
ence p53-mediated cellular outcomes. In this study we link the synthesis of 
guanine nucleotides as part of the purine metabolism to tumorsuppression 
in HCC. We identifi ed the guanosine monophosphate synthetase (GMPS) 
by using quantitative mass spectrometry (LC-MS/MS) as a functionally 
relevant p53 repression target.
Methods. Th e impact of p53 induction on target gene expression was 
investigated in Sk-Hep1 cells by using quantitative mass spectrometry 
(qMS). Results were validated by immunoblotting in three diff erent cell 
lines. Th e corresponding mRNA levels were analysed by using qRT-PCR. 
Subsequent studies involved knockdown and cell viability experiments as 
well as beta-galactosidase stainings for cellular senescence. GMPS protein 
abundance was analysed in Tpr53-deleted or -wild-type murine HCCs by 
immunoblotting.
Results. Induction of p53 by Nutlin-3a for 24 and 48 hours was followed 
by a stepwise repression of GMPS in proteomic analysis and by immunob-
lotting using three diff erent HCC cell lines (Sk-Hep1, HepG2 and HuH6). 
Depletion of p21 rescued GMPS protein and mRNA levels indicating this 
repression to occur transcriptionally in a p21-dependent manner. Inter-
estingly, also in the context of p53-induced cellular senescence we found 
GMPS maintained at low levels. GMPS siRNA experiments resulted in 
reduced cell viability in Sk-Hep1 and HuH6 cells and demonstrated that 
GMPS depletion itself provokes cellular senescence. Confi rming the in 
vitro experiments GMPS protein was lower abundant in Tpr53-wild-type 
murine HCCs compared to Tpr53-deleted murine HCCs.
Conclusion. Our data suggest that repression of GMPS by p53 through p21 
is a functionally relevant part of the p53-mediated senescence program 
limiting tumor cell growth in liver cancer. 
Following up on these fi ndings we are currently characterizing other po-
tential p53 targets with a link to metabolism that emerged from the above-
mentioned proteomic approach.

P08.20
Annexin A10 diff erentiates between intrahepatic 
cholangiocarcinoma and hepatic metastases of pancreatic ductal 
adenocarcinoma. A comparative study of immunohistochemical 
markers

J. Kälsch*1, J. Padden2, S. Bertram3, L. L. Pott2, H. Reis3, D. Westerwick3, 
C. M. Schaefer3, J.-P. Sowa1, D. Möllmann3, C. Fingas4, A. Dechene1, B. Sitek2, 
M. Eisenacher2, A. Canbay5, M. Ahrens2, H. A. Baba3

1University Hospital Essen, Department of Gastroenterology and 
Hepatology, Essen, Germany, 2Ruhr-University, Medical Proteom-Center, 
Bochum, Germany, 3University Hospital Essen, University of Duisburg-
Essen, Institute of Pathology, Essen, Germany, 4University Hospital Essen, 
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Background. Discriminating intrahepatic cholangiocarcinoma (ICC) from 
hepatic metastases of pancreatic ductal adenocarcinoma (mPDAC) can 

fusion constant was signifi cantly higher in tumors with more than 10 Az-
urocidin-positive PMN per 10 HPF. Co-cultivation of PMN with PSC 
caused PMN activation, determined by upregulation of CD11b and MHC 
class II. Th e PMN-released protein Azurocidin was incorporated in vitro 
and in vivo by PSC and caused a decrease of the PSC activation marker 
alpha-SMA via the p38 pathway. In addition, Azurocidin induced in PSC 
an upregulation of MMP9, a downregulation of the collagen-linker Decor-
in-1, whereas CollagenVI was not aff ected.
Conclusion. Dense PMN infi ltrates are associated with a distinct histo-
logical growth pattern. Th is is due to phenotypical changes of PSC in-
duced by PMN. Th e altered tumor growth pattern results in a restriction 
of the MRI diff usion and thus causes a diff erent radiological presentation 
of PDAC patients.

P08.18
Identifi cation and characterization of the tumor suppressive 
miRNA-145 in gallbladder carcinoma

B. Goeppert1, M. Renner1, F. Truckenmueller1, A. Fraas1, C. Sticht2, N. Gretz2, 
D. Scherer3, R. González Silos3, J. Lorenzo Bermejo3, P. Schirmacher1, 
S. Roessler*1

1Institute of Pathology, University Hospital, Heidelberg, Germany, 2Center 
of Medical Research, University Hospital Mannheim, Mannheim, Germany, 
3Institute of Medical Biometry and Informatics, University of Heidelberg, 
Heidelberg, Germany

Background. Gallbladder carcinoma (GBC) is a rare tumor entity with 
an incidence of less than 3/100.000 in Western Europe and the US. Th e 
main risk factors for GBC include female gender, age, ethnicity, obesity, 
cholelithiasis, chronic infl ammation and exposure to certain chemicals. 
GBC treatment options are very limited and prognosis of unresectable 
GBC is poor with 2-year survival rates <10% and radical surgery is the only 
potentially curative treatment option. Th us, there is a great need for the de-
velopment of new treatment options, including targeted therapy for GBC.
Methods. To dissect the epigenetic regulation during GBC development, 
we performed global miRNA profi ling of 40 GBC and 8 normal gallblad-
der tissues. MiRNAs that are associated with survival were functionally 
analyzed by cell proliferation and colony formation assays in two diff erent 
cholangiocellular carcinoma cell lines. In addition, we performed Aff y-
metrix gene expression microarray analysis of cell lines transfected with 
miRNA mimics or control.
Results. Comparison of miRNA profi les of 40 GBC and 8 normal gallblad-
der tissues exhibited clear diff erences and 992 out of 2006 miRNAs were 
diff erentially expressed (FDR <0.001). In addition, the GBC cohort showed 
high heterogeneity and specifi c survival related subgroups were identi-
fi ed. To select key survival associated miRNA genes, we split our cohort 
of 40 GBC into two groups based on median survival (18 months). Th is 
revealed 8 miRNAs to be down and 16 to be up regulated in the poor out-
come group (p < 0.05). Th e most down regulated miRNA was miR-145-5p. 
Th us, we aimed to characterize the anti-tumorigenic function of the miR-
145 in diff erent GBC and cholangiocarcinoma cell lines. Overexpression 
of miR-145 led to a signifi cant reduction of cell proliferation and colony 
formation. Gene expression analysis of cell lines overexpressing miR-145 
revealed activation of the STAT1 signaling pathway in cholangiocellular 
but not hepatocellular carcinoma cell lines. Interestingly, this activation of 
STAT1 is mediated by autocrine mechanisms. Th us, loss of miR-145 ex-
pression in GBC patients with poor outcome may lead to increased auto-
crine STAT1 signaling expression.
Conclusion. MiRNA profi ling of a well-characterized German GBC cohort 
identifi ed pro- and anti-tumorigenic miRNAs. Functional validation con-
fi rmed the tumor suppressive function of miR-145 and revealed an auto-
crine downstream signaling cascade.
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Rare clinical case presentation in the variaty of extraordinary 
hernia-associated additional fi ndings – Littré-Hernia

K. Clasen1, T. Kalinski2, F. Meyer*1

1University Hospital, Dept. of General, Abdominal & Vascular Surgery, 
Magdeburg, Germany, 2University Hospital, Institute of Pathology, 
Magdeburg, Germany

Background. Th ere is a variety of possible hernia-associated additional 
fi ndings, which need to be also appropriately diagnosed and therapeuti-
cally managed.
Methods. Scientifi c case report of a rare but representative case including 
clinical experiences and selective topic-related references from the liter-
ature.
Results. History and clinical fi ndings: A 77-year-old man presented with 
acute pain and femoral swelling in his right groin. 
Examinations: Th e clinical fi nding resulted in the suspicion of an irreduc-
ible, possibly incarcerated inguinal hernia. Transcutaneous ultrasound did 
not reveal any hints confi rming the clinical suspicion. Because of the im-
pressive clinically fi nding, the patient was subjected to open exploration 
of the groin. 
Treatment and course: Intraoperatively, the initial clinical fi nding could be 
confi rmed. Herniotomia showed incarcerated ileal segment with Meckel’s 
diverticle, a so-called Littré’s hernia. Subsequently, median laparotomy and 
ileum segment resection with side-to-side ileoileostomy were performed. 
Th e postoperative course was uneventful. Th e patient was discharged in 
good health status on the seventh postoperative day.
Conclusion. Littré's hernia is a rare pathological fi nding, which can also be 
considered as an infrequent manifestation of a variant of a commonly en-
countered clinical/surgical fi nding such as hernia. Th e presented case elu-
cidates the diffi  culty in the timely establishment of the correct preoperative 
diagnosis. Th e clinician needs to be aware of this albeit exceptionally rare 
variation because the symptoms can vary greatly and severe complications 
can occur. Th is threat must be encountered via rapid diagnosis-fi nding and 
initiation of appropriate therapy.

P08.23
CD10 expression of cancer associated fi broblast and the initiation 
and progression of colorectal carcinoma

H. Deng*, Y. Zhu, J. Zheng, Z. Zhu
Institute of Pathology, School of Medicine, Zhejiang University, Hangzhou, 
China

Background. To study CD10 expression in cancer associated fi broblasts(-
CAF) and the eff ect on colorectal cancer initiation and progression.
Methods. 226 specimens of colorectal cancer surgical removal were col-
lected in our hospital, which patients had been followed up. A series of im-
munohistochemical markers (CD10, Ki-67, P53, CyclinD1 and β-catenin) 
were applied on central zone of colorectal cancer tissues, the adjacent ade-
noma tissues and normal colorectal mucosa respectively. Th e correlations 
of CD10 (Ki-67, P53, CyclinD1 andβ-catenin) with several clinicopatho-
logical parameters were studied.
Results. CD10 expression was not detected in the normal colorectal muco-
sa by immunohistochemistry. Th e percentages of CD10 of CAF in central 
zone of colorectal cancer tissues were 80.1% (181/226), 58.4% (132/226) 
in adenoma zone adjacent to colorectal cancer tissues respectively. SMA 
was positive in CD10 while Desmin was negative. Th e percentage of Ki-67 
was 84.1% (190/226) in central zone and 63.7% (144/226) in adenoma zone 
respectively, while 7.1% (16/226) in the normal mucosa. Th e percentage of 
P53 was 50.4% (114/226) in central zone, was 53.1%(120/226) in adenoma 
zone respectively, while 8.8% (20/226) in the normal mucosa.Th e percent-
age of CyclinD1 was 83.6% (189/226) in central zone,48.7% (110/226) in 
adenoma zone respectively, while negative in the normal mucosa.β-cat-
enin was all localized in cell membrane in normal colorectal mucosa. Th e 
percentages of β-catenin was 53.1% (120/226), 95.6% (216/226) and 10.6% 
(24/226) in cell membrane, cytoplasm and nucleus respectively. Th e cell 

be challenging. While pathologists still depend on clinicians’ anamnestic 
readings about primary tumor, their diagnosis will lead the patient either 
to possibly curative operation (for ICC) or to palliation (for mPDAC). Be-
yond the validation of recently published potential biomarkers for PDAC 
(primary or metastatic) in a large cohort, we assessed the diagnostic per-
formance of the most promising candidates in the challenging task of dis-
criminating metastatic PDAC (mPDAC) and ICC.
Methods. In a training set of 87 ICC and 88 pPDAC, our previously identi-
fi ed biomarkers Annexin A1 (ANXA1), ANXA10 and ANXA13 were test-
ed in a comprehensive comparison to 11 published biomarkers or -panels 
(MUCIN 1, Agrin, S100P, MUC5 AC, Laminin, VHL, CK 17, N-Cadher-
in, ELAC2, PODXL and HSPG2). Th e biomarkers with best results were 
applied to an independent clinical condition set each including biopsies 
of 27 ICC and 36 mPDAC.
Results. Five markers with the highest AUC values (between 0.72 and 0.84) 
for the discrimination of ICC and pPDAC, namely Annexin A1, Annex-
in A10, MUC5 AC, CK17 and N-Cadherin, were applied to liver biopsies 
containing ICC or mPDAC. Diagnostic characteristics were evaluated for 
individual markers as well as for 3x panels. ANXA 10 showed the highest 
diagnostic potential (75.0% and 85.2% correctly classifi ed mPDAC (sensi-
tivity) and ICC (specifi city) respectively) of all single markers.
Conclusion. Our results suggest that ANXA10 may be useful meeting the 
challenging task of diff erentiating ICC from mPDAC based only upon 
specimen.

Poster session Gastroenteropathology II

P08.21
Rare clinical case of an ileus at the small intestine obstructing 
within an invaginated Meckel’s diverticulum

C. Schadow, A. Schorcht, H. Schmidt, F. Meyer*
University Hospital, Dept. of General, Abdominal & Vascular Surgery, 
Magdeburg, Germany

Background. Th e incidence of Meckel’s diverticulum is 0.5–3%. It is usu-
ally located approximately 80–100 cm orally of the Bauhini’s valve. In 30–
50% of cases ectopic gastric mucosa can be found, in 5% pancreatic tissue. 
Clinical symptomatology is mostly unspecifi c, it depends on the infl am-
matory status and ranges from the unsymptomatic patient to atypical ap-
pendicitis, gastrointestinal bleeding or ulcus perforation with peritonitis.
Methods. Aim & Method: Schientifi c case report on an extraordinary 
case form daily clinical practice including selective topic-related referenc-
es from the scientifi c literature.
Results. Case report & outcome: A 43-year old male patient was admitted 
to the institutional Dept. of Internal Medicien because of diff use abdom-
inal discomfort for two days (surgical interventions at the abdomen were 
not known from the medical history), which had started in the upper ab-
domen. Gastroscopy and abdominal ultrasound revelaed a mild gastritis 
but no further pathological fi nding. Laboratory parameters showed only 
a sligth leucocytosis (10,610/μL). On the 1st day of the hospital stay, the 
patient developed a worsening of the abdominal symptoms with distend-
ed abdomen, sounding bowel movements and recurrent vomiting, which 
were interpreted as acute abdomen by the surgeon on call leading to indi-
cation of a surgical intervention. CT scan revealed an intraluminal tumor. 
Intraoperatively (median laparotomy of the lower abdomen), an invagina-
tion at the terminal ileum was found. Aft er devagination, the actual cause 
of the ileus was fi gured out, an invaginated Meckel’s diverticulum. Th is was 
resected at its basis and the ileal wall was transversally sutured. Th e postop-
erative course was uneventful.
Conclusion. An invaginated Meckel’s diverticulum belongs rather to the less 
frequent causes of an ileus of the small intestine and an unclear/acute abdo-
men in adults. Th is cause for an ileus should also be included in the diff eren-
tialdiagnostic considerations. Th efefore, small intestine should be regularly 
inspected in laparoscopic interventions of unclear abdominal discomfort.
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the potential of this hybrid as an antitumor CSC selective agent reducing 
tumor volume signifi cantly.
Conclusion. Our fi ndings strongly suggest that the newly synthesized 
SARB hybrid has a potent CSC-targeted cytotoxicity that could be bene-
fi cial for CRC treatment.

P08.25
Role of p21 in regulation of 5-fl uorouracil resistance in colorectal 
cancer

C. Ninsontia*1, B. Ndreshkjana1, J. K. Muenzner1, K. Erlenbach-Wünsch1, 
A. Hartmann1, P. Chanvorachote2, R. Schneider-Stock1

1Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany, 2Faculty of Pharmaceutical Sciences, 
Chulalongkorn University, Department of Pharmacology and Physiology, 
Bangkok, Thailand

Background. 5-Fluorouracil (5FU) resistance is known to be a major ob-
stacle for effi  cient 5FU-based chemotherapy in various types of cancers. 
Th e Cyclin-dependent kinase (CDK) inhibitor p21 is involved in several 
cellular functions such as DNA repair, cell cycle arrest, diff erentiation, and 
apoptosis. Besides its tumor suppressor function it also might contribute 
to cancer progression and chemotherapeutic resistance. In this regard cy-
toplasmic phosphorylated p21T145 (p-p21T145) was shown to be asso-
ciated with poor prognosis of breast and liver cancer patients. So far the 
role of p-p21T145 in controlling 5FU resistance in colorectal cancer and 
its potential interaction partners are unknown.
Methods. Th ree colorectal cancer cell lines (HCT116, HT29, SW837) were 
treated with diff erent 5FU doses and viability was measured by MTT-assay 
and Annexin-PI fl ow cytometry. Adherent and apoptotic cells were col-
lected separately and p21 as well as diff erent apoptotic markers were de-
termined by western blot analysis. Cellular localization of p21 was studied 
by immunofl uorescence and in an in vivo xenograft  model, the chorioal-
lantoic membrane assay. Interaction partners were identifi ed by diff erent 
transfection assays and a phospho-kinase array (R&D systems).
Results. Increased expression of p21 and p-p21T145 were detected in vi-
able 5FU-resistant cells when compared to apoptotic cells. Furthermore, 
there was a remarkable cytoplasmic shuttling under 5FU treatment in the 
resistant cells in vitro and in vivo. Transfection with hyperphosphorylat-
ed p21T145D displayed p21 in cytoplasm and led to an increased viability 
in response to 5FU treatment, whereas transfection with unphosphoryl-
atable p21T145A did not change the drug response. Since p21 is known 
to be phosphorylated by activated AKT and subsequently translocates 
into the cytoplasm, we transfected cells with active hyperphosphorylated 
AKTS473D. Th is caused an elevated cytoplasmic p21 level and promoted 
5FU resistance in colorectal cancer cells. Th e phospho-kinase array iden-
tifi ed phosphorylated Chk2 (p-Chk2) as a potential interaction partner of 
cytoplasmic p-p21T145. Protein-protein interactions were investigated by 
co-immunofl uorescence and co-immunoprecipitation.
Conclusion. We suggest that 5FU resistance in colorectal cancer is mediat-
ed by a cytoplasmic p21-Chk2 repressor complex disrupting the Chk2-me-
diated apoptosis signaling.

P08.26
Notch inhibition counteracts Paneth cell death in absence of 
caspase-8

N. Gassler*1, 2, U. Schneider2, E. Kaemmerer2, M. Niggemann3, C. Liedtke4, 
M. Jeon2

1Clinical Centre Braunschweig, Institute of Pathology, Braunschweig, 
Germany, 2RWTH Aachen University Hospital, Institute of Pathology, 
Aachen, Germany, 3RWTH Aachen University, Institute of Organic Chemistry, 
Aachen, Germany, 4RWTH Aachen University, Department of Medicine III, 
Aachen, Germany

Background. Intestinal mucosal barrier homeostasis and intestinal stem 
cell niche are regulated by opposing activities of Notch and Wnt signal-

membrane, cytoplasm and nucleus was 17.7% (40/226), 100% (226/226) 
and 49.1% (111/226) respectively in central zone of tumor cell. Th e Ki-67, 
P53, CyclinD1 and β-catenin in tumor cells were positively associated with 
CD10 in CAF (P < 0.05). Th e CD10 was diff erent in gender, age and dif-
ferentiation degree (P < 0.05), whereas depth, lymph node metastasis and 
cancerous emboli did not. Overall survival rates in CD10 negative group 
were higher than that in CD10 positive group.
Conclusion. CD10 was only expressed in CAF. Positive correlation was 
showed between high CD10 with P53, Ki-67, CyclinD1 in tumor cells and 
β-catenin in tumor cells’ nucleus. A comprehensive study on CD10 in CAF, 
P53, β-catenin, CyclinD1 and Ki-67 in adjacent colorectal mucosa epitheli-
al cells will be a new method for diagnosis of colorectal carcinoma. CD10 
of CAF may promote colon tumor initiation and progression by activating 
Wnt signaling pathway.

P08.24
Novel 5-Fluorouracil-thymoquinone hybrid „SARB“ targets colon 
cancer stem cells

B. Ndreshkjana*1, A. Capci Karagoez2, V. Klein2, P. Chanvorachote3, 
J. K. Muenzner1, K. Huebner1, 4, C. Ninsontia1, 4, S. Steinmann1, A. Agaimy1, 
M. Fatfat5, F. Ballout5, A. Hartmann1, H. Gali-Muhtasib5, S. Tsogoeva2, 
R. Schneider-Stock1

1Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany, 2Friedrich-Alexander-University of Erlangen-
Nürnberg, Organic Chemistry Chair I and Interdisciplinary Center for 
Molecular Materials (ICMM), Erlangen, Germany, 3Faculty of Pharmaceutical 
Sciences, Chulalongkorn University, Department of Pharmacology and 
Physiology, Bangkok, Thailand, 4Friedrich-Alexander-University of Erlangen-
Nürnberg (FAU), Computer Science Department 5, Laboratory of Pattern 
Recognition, Erlangen, Germany, 5Department of Biology, and Department 
of Anatomy, Cell Biology and Physiological Sciences, American University of 
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Background. Cancer stem cells (CSCs) of colorectal cancer (CRC) have 
the capacity to initiate a tumor and majorly contribute to chemoresistance. 
Th erefore, such CSCs currently represent an interesting drug target. In 
this regard, the inadequate response to 5-fl uorouracil (5-FU), the fi rst-line 
therapy for advanced CRC, might be the result of highly resistant CSCs. 
Here, we aimed to synthesize new hybrid molecules by combining 5-FU 
with the plant-derived drug thymoquinone (TQ) in order to analyze their 
cytotoxicity towards CSCs.
Methods. We investigated the cytotoxic eff ects of diff erent hybrids, the re-
spective single drugs and their combination by crystal violet assay. Th ree 
colorectal cancer cell lines (HCT116, HT29, HCT116 5FU-resistant) were 
used to assess sphere forming capability aft er drug treatment, using the 
fl uorescent stem cell marker CDy1 and Hoechst 3324. Western blot anal-
ysis for stem cell surface marker CD133 was used to verify the presence of 
CSCs. Th e NANOSTRING PanCancer pathway array was used to identify 
the most aff ected signaling pathways aft er treatment with single drugs and 
SARB hybrid. We performed single cell cloning from spheroids to gener-
ate monoclonal tumor cell lines with enriched CSC populations. In vivo 
eff ects were studied in the chick chorioallantoic membrane (CAM) assay 
and in mouse xenograft s.
Results. Th ree hybrids with diff erent linkers were analyzed and only the 
SARB hybrid had an augmented cytotoxic eff ect. SARB signifi cantly sup-
pressed the spheroid forming capability in all three cancer cell lines. More-
over, it inhibited sphere formation in diff erent monoclonal tumor cell lines 
with diff erent CSC contents. Gene expression of main components of the 
PI3K/AKTsignaling pathway was signifi cantly down-regulated aft er treat-
ment with the single drugs, but most considerably aft er treatment with 
the new SARB hybrid. Th is was further verifi ed by Western Blotting for a 
panel of markers. Histological analysis of in vivo CAM graft s showed that 
HCT116 control cells developed a well vascularized tumor mass whereas 
SARB treated cells showed no vital tumor cells, but extended areas of ne-
crosis, calcifi cation, and desmoplasia. In vivo mouse xenograft s verifi ed 
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P08.28
Towards the genetic foundations of ‚sidedness‘ in KRAS-wildtype 
colorectal cancer

M. Kirchner*, C. Lier, J. Leichsenring, A.-L. Volckmar, R. Penzel, P. Schirmacher, 
V. Endris, A. Stenzinger
Institute of Pathology, Molecular Pathology, Heidelberg, Germany

Background. Colorectal cancer (CRC) is the second leading cause of can-
cer death in the western world. Th ere is evidence that right-sided co-
lon cancer (RSCRC) and left -sided colon cancer (LSCRC) represent dis-
tinct entities in epidemiology, biology, pathology and clinical outcomes. 
Very recently, it was noted in several trials that patients with right-sided 
KRAS-wildtype (wt) colorectal cancers receiving cetuximab have signifi -
cantly dismal survival compared to their left -sided counterparts. However, 
the genetic underpinnings for this phenomenon -termed ‘sidedness’- are 
not well understood.
Methods. We retrospectively analyzed clinicopathological and genet-
ic data (point mutations, indels, CNV) of 453 patients with histological-
ly confi rmed colorectal adenocarcinoma. All cases underwent routine 
NGS-based genotyping using a tumor-specifi c gene panel (end of 2014 
until mid-2016). LSCRCs were classifi ed as those originating in the trans-
verse colon, splenic fl exure, descending colon, sigmoid colon, and rectum, 
whereas RSCRCs were considered those from the cecum to the hepatic 
fl exure. Diff erent categorizations of the primary tumor location had no 
signifi cant infl uence on the results. Correlation analyses between genetic 
data and clinicopathological parameters were performed using the χ2 test 
and Fisher’s exact test.
Results. Th e most prevalent point mutations and indels in LSCRC (n = 328, 
72.4%) and RSCRC (n = 125, 27.6%) were found in TP53 (59% vs. 58%), 
KRAS (53% vs. 37%), PIK3CA (14% vs. 24%) and SMAD4 (13% vs. 17%). 
Tumor staging and grading did not diff er signifi cantly between sides. 
When stratifying KRAS-wildtype tumors into LSCRC (n = 206, 62.8%) 
and RSCRC (n = 59, 47.2%), we observed mutated TP53, PIK3CA, NRAS, 
AMER1, ARID1A, ATM, CTNNB1, EGFR, ERBB2, FGFR3, IGF2, MYC, 
POLE, PTEN, SMAD2, SOX9, SYNE1, TCF7L2 and TGFBR2 at simi-
lar frequencies. However, we noted statistically signifi cant diff erences for 
ACVR2A (1% vs. 10%), FBXW7 (11% vs. 20%), and BRAF (8% vs. 29%), 
among others. Copy number variation analysis is pending and will be fi -
nalized prior to presentation.
Conclusion. Our data show that the molecular make-up of KRAS-wild-
type CRC diff ers with respect to tumor location (left  vs right) and might 
function as resistance mechanisms that could explain poor survival un-
der EGFRi treatment.

P08.29
Role of infl ammatory cells and macrophages in gastrointestinal 
stromal tumors

E. Hekeler*, S. Huss, J. Sperveslage, M. Trautmann, W. Hartmann, 
E. Wardelmann
Gerhard-Domagk-Institute of Pathology, Münster, Germany

Background. Little is known about the tumor microenvironment of GIST, 
the most common soft  tissue tumors of the GI tract. Since the last few years 
there is increasing evidence that the density and composition of infl am-
matory cells such as macrophages and lymphocytes might play a central 
role for the response to anticancer therapy. In the current study, we evalu-
ate the diff erent types of immune cells in GIST and correlate our data with 
well known prognostic and predictive parameters.
Methods. From our GIST cases in our GIST and Sarcoma Registry NRW, 
we constructed several tissue microarrays including 134 cases at least in 
duplicate and analysed them for check point regulators, infl ammatory 
cells and macrophages by immunohistochemistry. In detail, antibodies 
against CD3, CD4, CD8, CD20, CD68, CD163, mast cell tryptase, PD-1 
(Cell Marque-NAT105) and PD-L1 (Cell Signaling-E1L3N®) were evalu-
ated. Th e results were correlated with clinicopathological characteristics 

ing. In particular, Wnt activities are important for diff erentiation of secre-
tory cells including Paneth cells and goblet cells, whereas Notch signaling 
strongly improves generation of absorptive cells. Loss of caspase-8 (casp8) 
in intestinal epithelial cells is crucial for fulminant epithelial necroptosis. 
At present, casp8 – related activities on intestinal Notch signaling are not 
well characterized.
Methods. Intestinal casp8 deleted mice were generated by crossing genet-
ically modifi ed mice carrying loxP recombination sites in intron 2 and 4 
of the murine casp8 gene in a C57/BL6 background with mice expressing 
a Cre-transgene under control of the murine villin promoter cells. Intes-
tinal tissues were characterized using qRT-PCR, Western blotting, immu-
nohistochemistry, and histomorphological techniques.
Results. Aft er intestinal casp8 depletion fulminant epithelial necroptosis, 
severe Paneth cell death, and a signifi cant increase in Notch activity were 
found. Pharmacological Notch inhibition with the gamma-secretase in-
hibitor dibenzazepine (DBZ) was able to partially overcome the knock-
out-induced loss of secretory cell diff erentiation. In contrast to controls, 
the DBZ induced secretory intestinal metaplasia in intestinal casp8 delet-
ed mice was proliferative.
Conclusion. Pharmacological Notch inhibition counteracts Paneth cell 
death in absence of casp8 and changes the intestinal casp8 knockout phe-
notype. In casp8 deletion, Notch activities are partially insensitive to gam-
ma-secretase inhibition. Th e experimental data suggest that casp8 acts in 
the intestinal Notch network probably assisted by stromal components.

P08.27
Low acyl-CoA synthetase 5 expression in colorectal carcinomas is a 
putative biomarker for early tumour recurrence

N. Gassler*1, 2, D. Sparla3, E. Kaemmerer2, F. Hartmann2

1Clinical Centre Braunschweig, Institute of Pathology, Braunschweig, 
Germany, 2RWTH Aachen University Hospital, Institute of Pathology, 
Aachen, Germany, 3Luisenhospital Aachen, Surgical Department, Aachen, 
Germany

Background. Colorectal adenocarcinoma (CRC) is frequently found in in-
dustrialized countries. Long-chain fatty acid metabolism is suggested as an 
important variable in intestinal carcinogenesis. Long-chain fatty acids and 
their derivatives are used in tumour-related by protein lipidation disturb-
ing molecular signaling. Acyl-CoA synthetase 5 (ACSL5) is important in 
intestinal metabolism of long chain fatty acids by catalyzing the synthesis 
of acyl-CoA thioesters. ACSL5 is established as a variable of cell vitality 
mediating pro-apoptotic activities. Whilst impaired expression of ACSL5 
has been associated with intestinal carcinogenesis, ACSL5 as a putative bi-
omarker is currently not addressed.
Methods. A cohort of 72 patients with a median follow-up of 54 months 
was investigated. Th e expression of ACSL5 by tumour cells was evalu-
ated with a standardized immunohistochemical approach normalized to 
Western blot data. Th e ACSL5 expression levels in adenocarcinomas were 
correlated to several tumour-related parameters using established statis-
tical tools.
Results. Th e cohort of 72 patients consisted of 41 tumours with low and 
31 carcinomas with high ACSL5 expression. Tumour recurrence in a one-
year follow-up was signifi cantly increased in adenocarcinomas with low 
ACLS5 expression (p = 0.0279). Th e fi nding was independent of the tu-
mour stage using TNM and UICC criteria. In particular, occurrence of 
lymph node metastasis and tumour-related mortality were not diff erent 
between the groups. In a long-time follow-up no diff erences were found 
between both ACSL5 groups.
Conclusion. Early recurrence of CRC is defi ned as new tumour manifes-
tation within one year aft er curative CRC therapy and associated with a 
strongly limited patient’s outcome. Th e data suggest that ACSL5 expression 
level of CRCs could be an independent prognostic factor for early tumour 
recurrence of sporadic colorectal adenocarcinomas.
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Conclusion. Since M2 macrophages have pro-fi brotic properties, a corre-
lation between the number of M2 macrophages and the extent of fi brosis 
was expected. We hypothesize that either material-based parameters or 
time dependant parameters within the specifi c tissue-microenviroment 
is responsible for a modifi cation of the M2 macrophage eff ects. To clear-
up this phenomenon we plan a further study to analyse the tissue reac-
tion over time.

P08.31
T-cell immune response: a prognostic factor for pathological 
regression in previously adjuvant treated colorectal cancer liver 
metastasis

E. Klieser*1, P. Krenn2, R. Urbas1, F. Primavesi3, S. Stättner3, K. Sotlar1, 
D. Neureiter1, T. N. Hartmann2

1Paracelsus Medical University/Salzburger Landeskliniken (SALK), 
Institute of Pathology, Salzburg, Austria, 2Paracelsus Medical University/
Salzburger Landeskliniken (SALK), IIIrd Medical Department of Oncology 
and Hemathology, Salzburg, Austria, 3Medical University of Innsbruck, 
Department of Visceral-, Transplant- and Thoracic Surgery, Innsbruck, 
Austria

Background. Treatment of metastatic colorectal cancer and its prognostic 
evaluation is still a big challenge. Although its cancerogenesis is partially 
understood and early stage disease is curable, information on biological 
mechanisms of metastatic disease is rare. Furthermore, there are no eff ec-
tive therapy strategies or clinical parameters estimating prognosis avail-
able. Recent studies suggest that colorectal cancer liver metastases (CR-
CLM) are an immunogenic cancer type with an increased infi ltration of 
T lymphocytes [1].
Methods. We characterized the immune cell compartment in tumor, tu-
mor surrounding and healthy liver tissue of 12 patients suff ering from 
CRCLM who underwent surgical resection aft er adjuvant chemotherapy. 
Before fi xation in formalin, tissue samples were collected for fl ow cyto-
metric analysis. All cases were characterized clinically and pathological-
ly according to published guidelines. Aft erwards, immunohistochemical 
profi ling was done with antibodies targeting CD3, CD4, CD8, CD25 and 
TIA. Staining results were compared with fl ow cytometric results and both 
correlated with the tumor regression grade (according to Rubbia-Brandt 
and Blazer classifi cation system).
Results. Highest amounts of immune cells were found at the metastatic 
border. Correlation analysis indicated an association between good re-
sponse and the amount of immune cells. Results of immunohistochemis-
try investigation were comparable with data collected by fl ow cytometry.
Conclusion. Both methods applied for determination of the immune com-
position of CRCLM, immunohistochemistry and fl ow cytometry, revealed 
comparable results. Th e amount of immune cells, particularly present at 
the tumor margin, correlated with a good response according to patho-
logical regression grading systems. Our fi ndings propose a role of T lym-
phocytes in the pathobiology of CRCLM and suggest further evaluation of 
immunomodulatory therapies to increase clinical benefi t.
References
1. Halama N et al (2011) Localization and density of immune cells in the invasive 
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chemotherapy. Cancer Res. 71:5670–5677

P08.32
Retention of lipids in intestinal clear cell carcinoma

N. Gassler*
Clinical Centre Braunschweig, Institute of Pathology, Braunschweig, 
Germany

Background. Colorectal carcinoma (CRC), frequently found in industri-
alized countries, is a malignant epithelial tumour originating in the large 
bowel. More than 90% of CRCs are adenocarcinomas with intestinal dif-
ferentiation. However, several histopathological variants can be distin-

and molecular data (age, gender, size, morphology, localisation, mutational 
status, mitotic rate, risk category by Miettinen and ki-67).
Results. Conspicuous high counts of CD163 macrophages and T-cells (ex-
pressing CD3, CD4, and/or CD8) were detected, whereas B cells and mast 
cells were sparse. Th e expression of PD-1 and PD-L1 was very low and de-
tected only in a few cases, whereas the majority of GIST were completely 
negative both in the tumor and in the infl ammatory cells. Univariate anal-
yses showed that tumors with a mitotic rate greater than 10/50HPF had a 
signifi cant reduction of CD8+ T-cells (p = 0.037) and CD163 macrophages 
(p = 0.024). Furthermore, numbers of CD20+ B-cells and mast cells were 
positively correlated and we found more CD20+ B cells in epithelioid than 
in spindle cell GIST (p = 0.031). No signifi cant correlations were found for 
the remaining analyzed clinicopathological parameters.
Conclusion. Th e infl ammasome of GIST is heterogeneous, mainly com-
posed of CD163 macrophages together with B and T lymphocytes and 
might be responsive to anticancer therapy. Th e check point regulators 
PD-1 and PD-L1 were found only in a very few cases implicating that check 
point inhibition might not be of major therapeutic relevance in GIST. Th e 
correlation of a decrease of macrophages and CD8+ T-lymphocytes with 
increasing proliferation may represent an additional prognostic marker. 
However, to exclude heterogeneous distribution of the infl ammasome, our 
results from TMAs will have to be validated in full tumor slides.

P08.30
The amounts of M2-Macrophages do not correlate with the extend 
of fi brosis in peritoneal adhesions – an animal study
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Background. Peritoneal adhesions are still post-surgical complications. To 
prevent adhesion formation several barrier materials are used, without 
succeeding to fi nd the optimal material. Macrophages are a heterogene-
ous group of cells, which can assume various phenotypes in accordance to 
the prevailing tissue stimuli. Today two subpopulations of Macrophages 
are of signifi cance, the M1-Macrophages and the M2-macrophages. Due 
to the active role of macrophages in foreign body reaction and extracellu-
lar matrix synthesis, latter especially due to M2-macrophages, we inves-
tigated their potential role in the pathogenesis of adhesion formation. In 
the present study, a potential correlation between the number of M2 mac-
rophages and the extent of fi brosis in peritoneal adhesions was examined.
Methods. 42 Wistar rats were used for this experiment, divided into 6 
groups: 7 remained untreated (controlgroup, n = 7) and 35 were treated 
with a barrier material, respectively 7 with a diff erent barrier material with 
diff erent concistencies (Adept® n = 7, Intercoat® n = 7, Spraygel® n = 7, Se-
prafi lm® n = 7, SupraSeal® n = 7). Th e barriers were implanted aft er per-
forming standardized peritoneal damage. Aft er 14 days the treated areas 
were explanted followed by histologic, histochemic and immunohistologi-
cal examination. Th e infl ammation was evaluated in the HE-Stain, the ex-
tent of fi brosis in the EVG-stain and the M2-macrophages were identifi ed 
with antibodies againist CD163.
Results. In every group a formation of peritoneal adhesion was seen. Th e 
Intercoat®-group, the Seprafi lm®-group and the Supraseal®-group showed a 
narrow to moderate fi brotic band. Th e controlgroup, the Adept®-group and 
the Spraygel®-group showed a moderate fi brotic band. Each group showed 
a diff erent amount of infi ltration from M2-Macrophages in the adhesion 
formation. Th e most M2-macrophages were found in the Spraygel®-group, 
followed by Supraseal®-group, Intercoat®-group, Seprafi lm®-group, the 
controlgroup and at last the Adept®-group. Th ere was no corelation found 
between the number of M2-macrophages and the extent of fi brosis.
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Conclusion. Despite the simple surgical approach, adequate diagnosis fi nd-
ing and appropriate therapeutic decision-making are very challenging in 
case of an angioneurotic edema since this diagnosis does not fulfi ll classi-
cal constellation of a morphologically caused, neoplasia-imposing intesti-
nal obstruction with need for a surgical intervention but showing at least 
a few characteristics. Finally, only jejunal resection and histological inves-
tigation led to diagnostic evidence prompting to the additional therapeutic 
measure, namely, to optimize ongoing medication.

P08.34
Expression pattern of histone deacetylases in gastrointestinal 
stromal tumors compared to clinic-pathological data
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Background. Th e importance of epigenetics in carcinogenesis, tumor pro-
motion and chemo resistances increased dramatically over the last years 
[1] heading towards new therapeutic options like inhibition of histone 
deacetylases (HDACs) [2]. Knowledge of specifi c HDAC expression pat-
terns in gastrointestinal stromal tumors (GIST) could initiate the develop-
ment of therapeutic and tumor-specifi c HDAC inhibition.
Methods. Immunohistochemical expression analysis of all HDAC classes 
(Class I, IIA, IIB, III & IV) was performed on ten human tissue microar-
rays (TMA) encompassing 216 GISTs resected between 1997 and 2015. 
All GIST cases were clinically and pathologically characterized according 
to published guidelines.
Results. 216 cases (120 (55.5%) female versus 96 (44.5%) male) with 
GIST (mean age 67 ± 13 years) showed the following basic clinicopatho-
logical characteristics (n (percentage): mitotic activity (low/high) 151 
(69.9%)/65 (30.1); localization (esophagus/stomach/small intestine/rec-
tum) 2 (0.9%)/141 (65.3%)/68 (31.5%)/5 (2.3%); and overall tumor sta-
tus (pT1-4) 63 (29.2%)/102 (47.2%)/35 (16.2%)/16 (7.4%). Comprehen-
sive immunohistochemical profi ling revealed a signifi cant up-regulation 
(for nuclear (nu) and cytoplasmatic (cy) expression) of all HDAC classes 
in PNET in following increasing sequence: HDAC9 (nu), HDAC4 (nu), 
HDAC8 (nu), HDAC6 (cy), SIRT1 (nu), HDAC10 (nu), HDAC11 (nu), 
HDAC3 (nu), HDAC10 (cy), HDAC4 (cy), HDAC5 (cy), HDAC5 (nu), 
HDAC1 (nu), HDAC2 (nu). Expression levels of HDACs could be associ-
ated to mitotic and proliferation activity of the GISTs assessed by H&E as 
well as pHH3 and Ki-67 staining. Finally, statistical analysis revealed dif-
ferent HDAC expression patterns for grading, morphology, localization 
and T-stage as well as for clinical outcome parameters like recurrence, 
metastasis and survival.
Conclusion. Overall, we could demonstrate that specifi c members of all 
four HDAC classes are expressed in GISTs with association to tumor grad-
ing and proliferation. Especially, selective up-regulation of these HDACs in 
GIST wit highly malignant potency indicates a possible new target in these 
GIST subgroups in order to inhibit invasion, migration and metastasis as 
already successfully shown in other human tumor entities.
References
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guished, some of them associated with specifi c molecular characteristics. 
A rare variant is the clear cell carcinoma of the large intestine. At present, 
morphological and molecular characterization of such adenocarcinomas 
is preliminary.
Methods. Th e rectosigmoid of a 52-year-old man was investigated accord-
ing to routine procedures in surgical pathology and histopathology. Molec-
ular analysis of RAS, BRAF, and MSI status was performed. Th e osmium 
technique was used for tissue-based lipid analysis.
Results. Th e macroscopic examination revealed an ulcerated tumour in 
the rectum with destruction of the muscularis propria. Histomorphologi-
cal, a conventional adenocarcinoma (about 70%) in association with clear 
cell carcinoma (about 30%) was found. Clear cells were stronger immu-
nostained for keratin 20 and EMA, but negative for CD10, keratin 7, and 
CD56. Th e tumour cells displayed constant immunostaining for CDX2, 
CEA, and beta-catenin (membranous). Clear cells located in the junction 
to the conventional adenocarcinoma were frequently positive for lipids, 
whereas in other regions clear cells were negative for lipids and mucins. 
Molecular, exon-2 mutation in KRAS, but wildtype in BRAF and MSS were 
found in both tumour components.
Conclusion. Clear cell carcinoma is a rare variant of colorectal adenocar-
cinoma that frequently includes components of conventional adenocarci-
noma. In view with the literature our data argue for a switch in tumour 
metabolism with a temporary storage of lipids in the clear cell component.
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Uncommon diff erential diagnosis of unclear recurrent abdominal 
discomfort by morphologically detectable alterations of the 
intestine – angioneurotic edema in lack of C1-esterase inhibitor 
versus ACE inhibitor/AT1 blocker uptake or sprue
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Medicine, Magdeburg, Germany, 3University Hospital, Institute of Pathology, 
Magdeburg, Germany, 4University Hospital, Dept. of Gastroenterology, 
Hepatology and Infectious Diseases, Magdeburg, Germany

Background. Recurrent edematous changes within the GI tract with sub-
sequent obstruction, repeat vomiting/refl ux or obstipation including fol-
lowing manifestation of an ileus can be caused by a bride spectrum of 
diff erential diagnoses. In particular, in the context with unclear, partially 
intense and recurrent abdominal discomfort diagnosis fi nding, adequate 
assessment/interpretation and the appropriate therapeutic approach can 
be diffi  cult and challenging.
Methods. Aim & Method: Th e aim of the presented scientifi c report is 
based on the description of an uncommon clinical case as well as recent 
and selected literature to illustrate diff erential diagnosis including aspects 
of correct diagnosis fi nding and acquired knowledge on a suffi  cient treat-
ment in daily clinical practice.
Results. Case presentation, course & outcome: A 46-years old female pa-
tient was admitted in the Dept. of Gastroenterology because of recurrent 
postprandial vomiting including weight loss of 30 kg within the last ap-
proximately 5–6 months. CT scan revealed unclear thickening of the jeju-
num. Subsequently, patient underwent segmental resection of the jejunum 
due to considerable degree of suff ering and tendency of worsening. Lapa-
rotomy confi rmed only the thickening at 3 subsequent segments of the je-
junum (3 cm long each) as already known from the preoperative CT scan. 
By the thickenings consisting of jelly-like structures, lumenal obstruction 
was induced and a subsequent incomplete ileus was generated (histopa-
thology: submucous, partially transmural, segmental edema comparable 
with an angioneurotic edema – amyloidosis as well as malignancy could 
be excluded). A C1 esterase inhibitor diagnostic resulted in physiologi-
cal fi ndings. A further search for possible causes revealed ACE inhibitor 
medication for hypertension, which has not been taken since the surgical 
intervention. Sprue could not been confi rmed from a clinical, endoscopic 
and histologic perspective.
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Conclusion. A comprehensive gene expression meta-analysis of HCC re-
vealed 3 subclasses, refl ecting diff erent hepatocyte phenotypes in liver 
physiology and development. We suggest a classifi cation using immunos-
taining for a set of bimodally expressed, mutually exclusive markers, al-
lowing prognostic stratifi cation as well as providing a basis for examining 
subtype-specifi c eff ects of future targeted therapies.
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The Interleukin 6 Receptor promotes cholangiocarcinoma
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Background. Cholangiocarcinoma (CCC) is a malignant neoplasm orig-
inating from the bile duct epithelium. CCC is subdivided into three ana-
tomical locations: intrahepatic (iCCC), extrahepatic (eCCC), and gallblad-
der carcinoma (GBC). Since systemic chemotherapy and radiotherapy are 
not helpfull, surgical resection is the most promising treatment. Cholangi-
ocarcinogenesis is believed to be driven by infl ammation, which is, among 
others, mainly regulated via the JAK/STAT pathway. Th is pathway can be 
activated through classic and trans IL-6 signaling. Classic IL-6 signaling is 
guided by the membrane-bound form of the IL-6R (IL-6R), whereas the 
soluble form of the receptor mediates IL-6 trans-signaling. 
Th erefore, we hypothesize that classic signaling and trans-IL-6 signaling 
have a diff erent impact on cholangiocarcinogenesis.
Methods. Expression analysis of the genes and proteins involved in the 
solubilization process of the IL-6R, as well as STAT3 activation, was done 
by qRT-PCR and immunoblotting. Th e expression of the IL-6R was ana-
lyzed using immunofl uorescence staining in fi ve CCC cell lines (TFK-
1, Mz-ChA-1, Mz-ChA-2, Sk-ChA-1, and EGI-1). Survival analysis was 
performed using primary cholangiocarcinoma data of the cancer genome 
atlas.
Results. CCC cell lines express the proteins involved in the solubilization 
of the IL-6R, and endogenous IL-6 was detected in the cell culture super-
natant. Activation of STAT3 by tyrosine and serine phosphorylation was 
proven. CCC cell lines showed positive immunofl uorescence reactivity 
for the IL-6R. Blocking the IL-6R using Tocilizumab led to a decrease in 
STAT3 phosphorylation. IL-6R is expressed in GBC and has an infl uence 
on the overall patient’s survival.
Conclusion. CCC cell lines may be able to solubilize the membrane-bound 
form of the IL-6R physiologically. Targeting this receptor may open new 
therapeutic options for patients suff ering from CCC.

P08.38
Overexpression of stathmin is linked to the nuclear import factor 
karyopherin-alpha 2 in HCC

E. Drucker*1, K. Holzer1, E. Eiteneuer1, S. Roessler1, A. Ori2, P. Schirmacher1, 
S. Singer1

1University Hospital Heidelberg, Institute of Pathology, Heidelberg, 
Germany, 2EMBL, Heidelberg, Germany

Background. Members of the karyopherin superfamily serve as nuclear 
transport receptors/adaptor proteins and provide exchange of macromol-
ecules between the nucleo- and cytoplasm. We could previously demon-
strate that a subgroup of karyopherins, including karyopherin-alpha 2 
(KPNA2), is overexpressed in hepatocellular carcinoma (HCC) [1]. How-

P08.35
Syndecan-mediated epithelial mesenchymal transformation und 
migration of colon carcinom cells and its modulation by MAP-
kinases

S. Ussat*1, I. Haeusler2, F. Meyer2, S. Franke1, D. Jechorek1

1Otto-von-Guericke-University, Institute of Pathology, Magdeburg, 
Germany, 2Otto-von-Guericke-University, Department of Surgery, 
Magdeburg, Germany

Background. Tumor budding is recognized as adverse prognostic factor of 
colorectal carcinoma. Th e acquisition of a motile, invasive phenotype by 
tumor cell buds of the invasive margine requires epithelial-mesenchymal 
transition (EMT). Syndecan-4 and syndecan-1 (SDC4/SDC1) are trans-
membrane proteoglycans with important functions in cell-cell and cell-ex-
tracellular matrix adhesions and are involved in pathways of cytoskele-
tal regulation. Alteration in SDC1/SDC4-expression in colon carcinoma 
shows association to local invasiveness, tumor spread and overall survival.
Methods. In this study, we examined the functional link between SDC1/
SDC4-expression and EMT, budding and migration of colon carcinoma 
cells. Furthermore, the regulation of SDC1/SDC4-expression by MAP-ki-
nases and its eff ect on tumor cells migration was investigated.
Results. Th e human colorectal cell lines HT–29 and HCT 116 were cul-
tivated in an in vitro model of wound repair and documented by time 
laps video microscopy for 96 h. Proliferation und migration speed were 
measured in 1 h-periods. Specifi c inhibition of syndecans by siRNA-treat-
ment showed that EMT and budding formation of carcinoma cells and 
migration speed are diff erently expressed with regard to SDC1/SDC4-ex-
pression level. Loss of SDC4 led to decreased formation of buds and re-
duced motility, whereas inhibition of SDC1 promoted tumor cell prolif-
eration, budding and directed migration. Furthermore, colon carcinoma 
cells treated with specifi c inhibitors of JNK, p38 and ERK1/2 showed al-
terated mRNA- and protein-expression of SDC1- and SDC4. Inhibition of 
MAP-kinase resulted in variable changes of EMT, budding and motility 
of tumor cells, mainly showing defi cient budding and delayed migration 
aft er loss of ERK1/2 and JNK.
Conclusion. Syndecans are involved in proliferation and cytoskeletal re-
modeling during EMT and formation of tumor cells buds and infl uence 
speed of directed migration in colon carcinoma. MAP-kinase can reg-
ulate expression of syndecans, and therefore, syndecan-mediated tumor 
cells spreading could be modulated by MAP-kinases and their inhibitors.

P08.36
Classifi cation of hepatocellular carcinoma based on bimodally 
expressed genes refl ecting distinct hepatocellular phenotypes

L. Frick*1, J. Friemel1, A. Adili2, L. Quagliata3, L. Terracciano4

1University Hospital Zurich, Institute of Surgical Pathology, Zurich, 
Switzerland, 2Technical University of Munich, Institute of Virologie, 
Munich, Germany, 3University Hospital Basel, Institute of Pathology, Basel, 
Switzerland, 4Institute of Pathology, Molecular Pathology, Basel, Switzerland

Background. Hepatocellular carcinoma (HCC) is recognized to be a highly 
heterogeneous disease. However, previously proposed molecular classifi ca-
tions of HCC have not found widespread use in clinical practice.
Methods. Based on observations in mouse models and human HCC, we 
chose to focus on sets of genes showing a bimodal pattern of expression 
(“on-or-off  switch” genes), thus facilitating their use in classifi cation. In a 
combined gene expression dataset of 1765 HCC patients, consensus clus-
tering of bimodally expressed genes was performed. In an additional co-
hort, immunohistochemistry was used to classify patients.
Results. A global analysis of transcriptomic data using bimodally expressed 
genes revealed 3 subclasses of HCC: Th e “perivenous” subclass, showing 
a strong association with β-catenin mutations; the “liver progenitor” sub-
class, associated with poor survival and high serum α-fetoprotein expres-
sion, and the “mature hepatocyte” class. Th ese groups showed subtype-spe-
cifi c gene expression and molecular alterations, and were associated with 
previously suggested molecular classifi cations of HCC.
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histology but presented also with model-specifi c fi ndings. Major criteria 
to distinguish the diff erent lesions on the morphological level were ar-
chitectural distortion, trabecular thickness and the occurrence of intral-
esional necrosis.
Conclusion. Liver lesions in rodents are variable and diffi  cult to classify ac-
cording to present valid publications especially under comparative aspects. 
Th is work off ers new insights in rodent hepatocellular proliferative lesions 
and a new algorithm for a simplifi ed classifi cation system in rodent animal 
models for HCC and its putative precursor lesions.

P08.40
Spontaneous omental bleeding in a 20-year-old patient with 
hemophilia A – rare reason for emergency laparotomy

C. Chiapponi1, V. Aumann2, F. Meyer*1, C. Wybranski3, O. Jannasch1

1University Hospital, Dept. of General, Abdominal & Vascular Surgery, 
Magdeburg, Germany, 2University Hospital, Dept. of Pediatrics, Magdeburg, 
Germany, 3University Hospital, Dept. of Radiology and Nuclear Medicine, 
Magdeburg, Germany

Background. Spontaneous bleedings need to be considered a serious & de-
manding condition, in particular, in case of coagulopathy.
Methods. By means of a scientifi c case report, clinical, diagnostic & peri-
op. management of a 20-year-old male with moderate hemophilia A who 
presented with unspecifi c abdominal discomfort & revealed spontaneous 
intraabdominal bleeding is described incl. representative data from the 
literature.
Results. Case & clinical course: Patient’s complaints comprised acute dis-
tress with abdominal pain for appr. 12 hours, vomiting & paleness (medical 
history, not signifi cant for trauma or hypertension). Physical examination: 
hypotension; lab parameters: hemoglobin 11.2 g/dL, factor-VIII activity 
15%. Immediate cT scan revealed a hemoperitoneum due to an active 
bleeding in the left  upper quadrant (suspicious for the greater omentum), 
which required laparotomy because of threatening hemodynamic instabil-
ity confi rming bleeding site leading to coagulation, removal of hematoma 
& lavage of the abdominal cavity (with preop. i. v. administration of 3,000 
IU of recombinant factor VIII). Postop. course was uneventful accompa-
nied by 2,000 IU of factor VIII i. v. daily to achieve continuous activity of 
>50% (discharge on the 5th postop. day).
Conclusion. In patients with coagulopathies, abdominal pain can be due 
to spontaneous hemorrhage. For this reason radiologic imaging & sur-
gical consult are measures of highest priority in these patients to i) initi-
ate appropriate therapy &, thus, ii) prevent disfavorable clinical course & 
further complications. Interestingly, there is only one further case of id-
iopathic intraabdominal bleeding associated to this coagulopathy in the 
current literature. 
Although spontaneous hemoperitoneum does not oft en occur, a patient 
with hemophilia & abdominal pain should receive radiologic imaging of 
the abdomen promptly starting with abdominal ultrasound. CT & visceral 
angiography can subsequently specify & more precisely diagnose as well as 
(if required) localize bleeding vessels. Interventional radiologic treatment 
(same angiographic session) or surgery can be used to stop the bleeding 
if there is enough time to manage. An experienced hematologist should 
be involved in the periop. management of these patients. Th e case has to 
be summarized & interpreted as spontaneous idiopathic bleeding out of 
the greater omentum most likely promoted by temporarily increased in-
traabdominal pressure due to vomiting as reported in the literature & an 
incompliant patient.

ever, the function of KPNA2 in HCC remains poorly understood. Here, 
we set out to investigate the functional association of KPNA2 and stathmin 
(STMN1), a liver cancer-relevant, microtubule (MT)-destabilizing protein 
[2], which emerged from a combined proteomic and transcriptomic ap-
proach, as described below.
Methods. KPNA2 was depleted in HLE cells by using RNAi and changes 
in global protein abundance were quantifi ed by quantitative mass spec-
trometry (LC/MS-MS). “Downstream targets” with the strongest diff er-
ential expression upon KPNA2 knockdown and a high correlation to 
KPNA2 expression in a HCC patient transcriptomic data set (> than 240 
HCC patients) were validated using immunoblotting and qRT-PCR. Sub-
sequent functional and mechanistic analyses included cell viability assays, 
co-transfection experiments and cellular fractionation assays.
Results. Th e proteomic data set (~1700 proteins) revealed stathmin among 
the most downregulated proteins following KPNA2 knockdown. Th is ef-
fect could be validated on protein and mRNA level in HLE and HLF cells. 
Furthermore, a strong positive correlation between KPNA2 and STMN1 
transcript levels was found in human HCC patient samples, indicated by a 
correlation coeffi  cient of r = 0.81 (p < 10–8). Ongoing experiments suggest 
that the loss of cell viability upon KPNA2 knockdown can be partially res-
cued by exogenous stathmin overexpression. Finally, KPNA2-dependent 
import of the transcription factor E2F1 appears to be required for driving 
stathmin expression in HCC cells.
Conclusion. In conclusion, these data so far suggest that KPNA2 regulates 
stathmin by import of E2F1 to maintain tumor cell viability and thereby 
provide a link between nuclear transport and MT-interacting proteins in 
HCC.
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A comparative classifi cation approach of proliferative 
hepatocellular lesions in rodent animal models

C. Mogler*, W. Weichert, K. Steiger
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Pathological Anatomy, Munich, Germany

Background. Rodent animal models for hepatocellular carcinoma (HCC) 
are an important tool to study hepatocarcinogenesis in vivo. Indeed, not 
all proliferative hepatocellular lesions observed in animal models are HCC 
but also include various subtypes of foci or reactive changes. Although 
approaches to classify such lesions histopathologically exist, they do not 
necessarily cover all morphological fi ndings esp. in genetically engineered 
animal models. Th e aim of the study was therefore to establish an extend-
ed classifi cation for proliferative liver lesions in rodent model systems.
Methods. Over 600 H&E stained liver lesions of fi ve diff erent genetic, or-
thotopic and chemically induced HCC rodent animals models (mouse 
and rat) were independently evaluated by two pathologists (one veterinary 
pathologist, one human pathologist), both with longstanding experience 
in rodent histopathology. Lesions were classifi ed into diff erent grades and 
subtypes of HCC, adenoma, foci of cellular alterations (FCA) and reactive 
changes with respect to WHO classifi cation of human liver tumors and 
the INHAND criteria of rodent hepatobiliary system. Based on the evalu-
ated cases modifi ed morphological criteria and a diagnostic algorithm to 
better classify proliferative liver lesions in animal models were established.
Results. Th e rodent animal models for HCC compared in this study 
showed various liver lesions including malignant (HCC), possible pre-
malignant (adenoma/FCA) and/or reactive lesions (regenerative hyper-
plastic nodules, oval cell hyperplasia). Th e models showed overlapping 
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determined by immunofl uorescence analysis as well as qPCR. In addi-
tion, cell size was analysed. Inhibition of p53 was achieved by RNAi-me-
diated knockdown or Pifi thrin-α treatment and verifi ed by immunofl uo-
rescence analysis. Finally, autophagy was assessed based on the formation 
of LC3-positive vesicles.
Results. Using the small molecule Pifi thrin-α to inhibit p53 in Isoproter-
enol- or Phenylephrine-induced hypertrophy, we found that the expres-
sion of hypertrophic marker genes is reduced in Pifi thrin-α treated cells. 
Furthermore, the increase in cell area typically observed in hypertrophic 
cardiomyocytes was blocked by p53 inhibition. RNAi-mediated knock-
down of p53 mimicked the eff ect of Pifi thrin-α on hypertrophic cardio-
myocytes indicating that Pifi thrin-α acts indeed in a p53-specifi c manner. 
Initial experiments suggest that p53 inhibition activates autophagy in car-
diomyocytes which is known to exert anti-hypertrophic eff ects.
Conclusion. Taken together our results indicate that p53 inhibition atten-
uates the formation of cardiac hypertrophy aft er adrenergic stimulation 
providing a potential therapeutic strategy to prevent or delay the onset of 
pathophysiological hypertrophy.

P09.03
Macrophage density in 6-week-surveillance biopsies predicts 
future renal transplant function at 4 years post transplantation
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Background. Infl ammation is diffi  cult to quantify by eye at low densities. 
We measured leukocyte abundance in early surveillance biopsies by digital 
image analysis to test for predictive value of leukocyte subsets.
Methods. In six-week surveillance biopsies (n = 67), T cells (CD3), B cells 
(CD20), macrophages (CD68, clone PGM1) and dendritic cells (CD209) 
were stained and subsequently scanned (Leica). Macrophage subtyping was 
performed by CD206- (M2) and HLA-DR-CD68 (M1) double staining. Leu-
kocyte densities were assessed in whole slide images using a digital approach.
Results. Renal cortical T cell, B cell and macrophage infi ltration was sig-
nifi cantly higher in histological rejection (n = 11; borderline = 8, cellular re-
jection = 2, humoral rejection = 1). Above median, macrophage density was 
associated with lower combined patient and graft  survival (p < 0.05). Both B 
cell and macrophage densities inversely correlated with estimated glomeru-
lar fi ltration rate (eGFR) four years aft er transplantation. In addition, mac-
rophage infi ltration correlated with eGFR loss. Among histological meas-
urements (including a complete Banff  classifi cation), only macrophage 
density was a signifi cant predictor of an eGFR<30 ml/min aft er four years 
(p < 0.01) and part of the best eGFR prediction set in multivariable linear 
regression analysis of multiple clinical and pathological parameters. Th e 
macrophage cutoff  value retained its discriminative power for survival and 
eGFR in a second independent cohort (n = 50). Neither macrophage locali-
zation nor subtypes were associated with renal function or survival.
Conclusion. In summary, digital high-resolution assessment of CD68+ 
macrophage infi ltration shows prognostic value in early renal transplant 
biopsies. Innate immunity seems to play a major role in long term kidney 
allograft  function.

Poster session Cardiovascular, renal and 
transplantation pathology
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Cardio-protective action of Protease-Activated Receptor-2 (PAR-2) 
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Background. Protease activated receptor-2 (PAR-2) is a G-protein cou-
pled receptor that can be activated by a panel of serine proteases being se-
creted in response to injury. In diff erent disease models it has been shown 
that pro-infl ammatory as well as pro-fi brotic signal transducing cascades 
were activated by PAR-2. At present it is unknown whether PAR-2 medi-
ated processes also play a role in cardiac injury following Angiotensin II 
infusion.
Methods. To investigate this, Angiotensin II (AngII) was continuously in-
fused into 12 weeks old wildtype (wt, n = 8) and PAR-2-/- mice (n = 8) for 
4 weeks using osmotic minipumps. Sham operated animals of both geno-
types served as controls. At the end of the experiment hearts were collect-
ed for histological, immunohistological and mRNA expression analysis. 
Here we focused on cardiac hypertrophy, myocardial capillary supply and 
fi brosis and PAR-2 activating proteases.
Results. Cardiac PAR-2 mRNA expression was downregulated by 40 ± 20% 
in AngII treated wt mice compared to untreated controls. In addition, 
cardiac expression of potential PAR-2 activating proteases like factor x, 
chymase, tryptase were not signifi cantly changed by AngII treatment. 
Four weeks aft er treatment with AngII relative heart and left  ventricle 
weight was signifi cantly increased in both genotypes but the increase was 
much higher in wt (more than 44 ± 12%) compared to PAR-2 ko animals 
(25 ± 10%). However, despite mean diameters of left  ventriculi were higher 
in Ang II treated wt mice, left  ventricular wall thickness was higher in PAR-
2 ko mice. In addition, interstitial cardiac fi brosis was signifi cantly higher 
in AngII-treated PAR-2 ko mice compared to wt controls, as assessed by 
sirius red stain (>3-fold) and collagen I mRNA analysis (>2-fold). Further-
more, cardiac arterial wall thickness was highest in Ang II treated PAR-2 
defi cient mice. Mean arterial blood pressure values were similar in both 
genotypes aft er Ang II treatment.
Conclusion. Th e PAR-2 receptor exerts rather cardio-protective eff ects in 
the investigated AngII-mediated injury model. Further investigations are 
needed to explain the underlying mechanisms.

P09.02
The p53 inhibitor Pifi thrin-α attenuates cardiomyocyte 
hypertrophy induced by adrenergic stimulation

R. Becker*, D. C. Zebrowski, F. B. Engel
University Hospital Erlangen, Department of Pathology, Erlangen, Germany

Background. Cardiac failure is a major cause of death in industrialized na-
tions. Th e two main causes underlying heart failure are: 1) the irreversible 
loss of cardiomyocytes due to their inability to proliferate, 2) compensato-
ry cardiac hypertrophy induced in response to insuffi  cient cardiomyocyte 
function, which can result in pathological tissue remodeling and a decrease 
of contractile function. Yet, the mechanism which governs the transition 
from compensatory to pathological hypertrophy remains largely elusive. 
Th e stress-response protein p53 has been shown to act in later stages of 
pathological hypertrophy (e. g. apoptosis of cardiomyocytes, loss of con-
tractile function). However, the role of p53 in the formation of pathologi-
cal hypertrophy has not been studied.
Methods. To study the eff ect of p53 inhibition in pathological hypertro-
phy, primary rat neonatal cardiomyocytes were stimulated with Isopro-
terenol- or Phenylephrine. Changes in hypertrophic marker genes were 
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secondary to chemotherapy, TMA secondary to glomerulonephritis, post-
partal TMA, hypertension-associated TMA, CNI-induced TMA) and 15 
controls (CNI therapy without TMA and in addition mild intersititial in-
fl ammation without glomerular abnormalities). (ii) For analyzing the ef-
fect of input RNA we used additional 8 patients selected by a maximum 
number of glomeruli per biopsy. Th ese patients had diff erent glomeru-
lar and hypertension-related renal diseases. (iii) Another 8 selected pa-
tients with IgA-Glomerulonephritis and 4 without glomerular abnormal-
ities were analysed for the practicability of microdissection of glomerular 
(sub)structures (parietal epithelial cells and crescents excluding segmen-
tal sclerosis).
Results. Only with a proper resolution of the camera and screen provid-
ed by the new generation of microdissection systems (for example MMI 
(Molecular Machines and Industries), but not with older systems we could 
microdissect glomerular (sub)structures. Selected compartment specifi c 
transcripts (WT1, PAX2 and GLEPP1) seem to be good discriminators for 
microdissected glomerular substructures. Comparing the eff ect of input 
RNA (20, 60, 150 and 300 microdissected glomeruli) samples with 150 and 
300 microdissected glomeruli displayed the lowest intergroup variance in 
the relative expression of one selected mRNA transcript. According to the 
algorithms of geNormPlus and NormFinder GAPDH, PGK1 and POL-
R2A are more stable compared to GUSB and PPIA.
Conclusion. Providing data for reference gene stability and the amount of 
input RNA this work can be of utmost importance for further implemen-
tation of compartment specifi c glomerular analysis into routine diagnos-
tics. Between 60 and 150 microdissected glomeruli seem to be suffi  cient for 
valid replicates. Furthermore, we demonstrated successful microdissection 
of cellular substructures like parietal epithelial cells.
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Non-invasive molecular imaging of kidney fi brosis
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Background. Th e pathological correlate and currently the best predictor of 
progression of chronic kidney diseases (CKD) is renal fi brosis, i. e. exag-
gerated accumulation of extracellular matrix (ECM) proteins. Currently, 
apart from renal biopsy, there is diagnostic approach that would non-inva-
sively and specifi cally assess renal fi brosis. Here, we aim to establish a novel 
molecular imaging technique based on a specifi c elastin-targeted contrast 
agent to monitor renal fi brosis in experimental murine models of CKD.
Methods. Th ree murine models of kidney fi brosis of diff erent etiologies 
were used: unilateral ureteral obstruction (UUO), unilateral ischemia/rep-
erfusion injury (IR) and adenine nephropathy. Th e expression and regula-
tion of elastin was studied using qRT-PCR, western blotting, immunohis-
tochemistry and electron microscopy. In vivo elastin accumulation during 
renal fi brosis was imaged using an elastin-specifi c magnetic resonance im-
aging (MRI) agent ESMA, for which optimal conditions were evaluated, 
and compared to nonspecifi c MRI contrast agent Gd-DTPA. In vivo fi nd-
ings were validated ex vivo by quantifi cation of elastin as well as of gad-
olinium using inductively coupled plasma mass spectrometry (ICP-MS) 
and laser ablation ICP-MS (LA-ICP-MS).
Results. Th e ECM protein elastin was expressed at low levels in healthy kid-
neys, and was undetectable in cortical interstitium. In renal fi brosis, elastin 
was highly upregulated in the interstitium in both cortex and medulla. In 
vivo MRI performed 24 h aft er contrast-agent injection showed a signif-
icantly higher accumulation of the elastin-specifi c contrast agent ESMA 
in fi brotic kidneys compared to both healthy kidneys and to fi brotic kid-
neys of mice injected with Gd-DTPA. Elastin imaging could also visualize 
and quantify renal elastin during fi brosis progression and also regression. 
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Analysis of spatial immune cell patterns as basis for novel 
biomarkers
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M. Yigitsoy1, N. Brieu1, G. Schmidt1, F. Feuerhake2

1Defi niens AG, Munich, Germany, 2Hannover Medical School, Institute 
of Pathology, Hannover, Germany, 3Hannover Medical School, Clinic for 
Nephrology, Hannover, Germany

Background. Pathology of immunology and transplantation medicine 
share the medical need for robust, immune cell-based biomarkers extract-
ed from tissue biopsies. In an interdisciplinary approach [1], the Tissue 
Phenomics methodology was applied to mine clinically annotated image 
data. We provide proof-of-concept that spatial distribution of immune 
cells gives valuable hints towards novel transplantation biomarkers. Cor-
relating spatial immune cell patterns in renal allograft  biopsies with the 
yearly loss of Glomerular Filtration Rate (GFR), we show that features 
with prognostic value can be discovered. Th e potential of this technology 
is currently investigated in the SYSIMIT consortium (e:Med, BMBF grant 
01ZX1608C, www.sysim.it).
Methods. In a pilot study of 10 renal transplant patients, protocol needle 
biopsies aft er transplantation were retrieved from an existing cohort (Men-
gel M. et al., 2007) and two consecutive sections were stained for CD8 and 
in a dual stain for CD3/CD20. Whole Slide Images (WSIs) were acquired. 
A module for cell segmentation and classifi cation automatically identifi es 
positive and negative cells for each marker [2]. Another module for au-
tomated landmark detection enables the local alignment of WSIs. Finally, 
a platform prototype produces spatially aligned maps of cell densities for 
each cell type. Th e cell densities within manually annotated regions of in-
terest and their vicinity were used as input and correlated with clinical data.
Results. Spatial distributions of T- and B-cell phenotypes in the context 
of the renal architecture (e. g. glomeruli) were quantifi ed, and displayed 
using co-registered cell density heatmaps. Testing multiple relational fea-
tures, the quotient between CD20+ and CD8+ cells’ mean densities in a 
distance of ~150 to 300 μm to the glomerula was found as a feature with 
a signifi cant correlation to the individual averaged GFR loss/year (Spear-
man’s CC = 0.48; p = 0.05; not corrected for multiple testing).
Conclusion. Th ese results indicate a signifi cant potential of the Tissue Phe-
nomics framework to identify novel immune-response related diagnostic 
algorithms for renal allograft  rejection. Th e implemented methodology is 
based on a comprehensive evaluation of digital pathology data and is scala-
ble towards additional cases and biomarkers within a clinical study setting.
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Comprehensive workup for mRNA expression analysis of 
lasermicrodissected glomeruli
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Background. Glomeruli are excellent predetermined natural structures for 
lasermicrodissection. Compartment specifi c glomerular gene expression 
analysis of formalin-fi xed paraffi  n-embedded (FFPE) renal biopsies im-
proves research applications. Th e major challenge for such studies is to ob-
tain good quality RNA from small amounts of starting material. Especially 
renal biopsies suff er from small amounts of starting material. In this work, 
we provide data for an optimized workfl ow of glomerular mRNA analysis.
Methods. In total biopsies from 60 patients were analyzed. (i) For determi-
nation of reference genes we analyzed 25 patients with TMA (TTP, TMA 
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nephron number aggravates the course of obstructed nephropathy, a mod-
el for ureteric malformation or obstruction that oft en occurs in children.
Methods. Th e GDNF+/– mouse was used as a model for low nephron num-
ber (about 30% reduction). Unilateral ureter obstruction (UUO) was in-
duced in 12 wildtype (wt) and 8 GDNF+/– mice by ligature of the left  ure-
ter for 7 days. At the end of the experiment we collected the left  obstructed 
kidney and the right kidney served as control. Kidney sections were ana-
lyzed for proliferation (Ki67), fi brosis (sirius red, collagen IV, alpha smooth 
muscle actin) and infl ammation (CD3, CD4, CD8a and F4/80).
Results. Seven days aft er model induction we observed a signifi cant in-
crease of myofi broblasts in obstructed kidneys of both genotypes, as as-
sessed by semi-quantitative scoring of interstitial alpha smooth muscle 
actin (αSMA) positive cells. Interestingly, in GDNF+/– mice these αS-
MA-positive cells were increased by 70 ± 24% compared to obstructed wt 
control kidneys. In addition, sirius red and collagen IV staining, as mark-
ers for renal fi brosis, were both signifi cantly higher in GDNF+/– mice by 
30–60% compared to obstructed wt control kidneys. Next we analyzed re-
nal infl ammation at the end of the experiment. CD3, CD4 and CD8a pos-
itive T-cells were signifi cantly increased by 3–10 times in the obstructed 
kidney compared to non-obstructed controls in both genotypes. Howev-
er, the highest numbers of T-cells were always detected in obstructed kid-
neys from GDNF+/– mice without being signifi cant diff erent compared 
to obstructed wt controls. Renal macrophages, as assessed by F4/80 stain-
ing, were signifi cantly increased in obstructed kidneys with comparable 
cell numbers in both genotypes. Proliferation of interstitial renal cells was 
found to be about 3 times higher in obstructed kidneys with a tendency 
to higher proliferative activity in GDNF+/– mice.
Conclusion. Reduced nephron number resulted in accelerated renal fi bro-
sis in the unilateral ureter obstruction model. Th e minor diff erences in 
renal infl ammation are unlikely to be the major trigger for these signifi -
cant changes in fi brosis.

P09.09
Disturbed mitochondrial biogenesis secondary to endoplasmic 
reticulum stress in autosomal dominant tubulointerstitial kidney 
disease – UMOD (ADTKD-UMOD)

E. Kemter*1, T. Fröhlich2, G. J. Arnold2, E. Wolf1, 2, R. Wanke3

1Chair for Molecular Animal Breeding and Biotechnology, Gene Center, LMU 
Munich, Munich, Germany, 2Laboratory for Functional Genome Analysis 
(LAFUGA), Gene Center, LMU Munich, Munich, Germany, 3Institute of 
Veterinary Pathology, Center for Clinical Veterinary Medicine, LMU Munich, 
Munich, Germany

Background. Endoplasmic reticulum (ER) stress and unfolded protein re-
sponse caused by maturation and secretion defects of mutant uromodulin 
(UMOD) in the thick ascending limb of the Henle’s loop are the primary 
pathomechanisms of ‘autosomal dominant tubulointerstitial kidney dis-
ease – UMOD’ (ADTKD-UMOD), a hereditary progressive disease leading 
to end-stage renal disease in middle-aged patients. Little is known about 
disease mechanisms and only symptomatic treatment is available which 
fails to prevent disease progression. A broader view into the molecular 
derangements in ADTKD-UMOD might be useful to develop novel ther-
apeutic strategies.
Methods. We performed a holistic proteome analysis using quantitative 
liquid chromatography-tandem mass spectrometry (LC-MS/MS) of the 
aff ected kidney compartment in a well characterized mouse model for 
ADTKD-UMOD, the UmodC93F mutant mouse line. Results of the holistic 
proteome study were extended by Western blot analyses as well as immu-
nohistochemical and morphological studies of UmodC93F mutant mice and 
a second ADTKD-UMOD mouse model with a less pronounced disease 
phenotype, the UmodA227T mutant mouse line.
Results. In total, 212 diff erentially abundant proteins were identifi ed by 
quantitative LC-MS/MS. Numerous ER proteins, including BiP, phospho-
rylated eIF2α, ATF4, ATF6 and CHOP, were increased abundant, consist-
ent with unfolded protein response. Th e abundance of hypoxia-induci-
ble proteins with stress survival functions, i. e. HYOU1, TXNDC5 and 

Compared to Gd-DTPA, ESMA imaging accurately refl ected elastin dep-
osition and fi brosis in diff erent murine models of renal fi brosis, enabled 
repeated assessment of fi brosis in the same animals, and allowed therapy 
monitoring of an anti-fi brotic NLRP3 infl ammasome inhibitor.
Conclusion. We have established a specifi c molecular imaging protocol for 
non-invasive monitoring of renal fi brosis and found that elastin may serve 
as a specifi c imaging biomarker for the diagnosis, staging and treatment 
monitoring of renal fi brosis in chronic kidney diseases. Our data lay the 
basis for the establishment of a novel clinically translatable imaging probe.

P09.07
Renal senescence is altered in mice with reduced nephron number

K. Lohrer*1, K. Benz2, A. Melk3, C. Daniel1, K. Amann1

1University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
2Friedrich-Alexander-University of Erlangen-Nürnberg, Department of 
Pediatrics and Adolescent Medicine, Erlangen, Germany, 3Hannover Medical 
School, Department of Human Genetics, Hannover, Germany

Background. Long term consequences of reduced nephron number result 
in histopathological changes in the kidney, impaired kidney function and 
development of hypertension. However, the exact pathogenesis of these 
changes in the consequence of lower nephron number are still unknown. 
Here we tested the hypothesis that low nephron number accelerate renal 
senescence and thereby mediates renal impairment.
Methods. Female wildtype C56bl6 control and GDNF+/– mice, as a model 
for reduced nephron number (about 30% reduction), were used for com-
parison of age dependent renal changes in young (24–28 weeks) and old 
(80–81 weeks) animals. Each of the investigated 4 groups consisted of 10 
animals. Senescence and proliferation markers, including p21, P-p44, p53, 
pRb, cyclin D1 and Ki67 were analyzed in glomeruli, renal cortex and me-
dulla using kidney sections and immunohistochemistry. In addition, renal 
histopathological changes were analyzed using semi-quantitative scores for 
glomerular and tubular changes.
Results. Old GDNF+/– mice showed a nearly doubled proteinuria com-
pared to age matched wt controls. In the glomeruli the cyclin dependent 
kinase inhibitor p21 was signifi cantly increased in old mice (3-fold) of both 
genotypes wt and GDNF+/– with signifi cantly higher expression in old 
GDNF+/– mice compared to old wt controls. Similarly, glomerular expres-
sion of p53 and pRb were signifi cantly increased in old compared to young 
mice but did not vary between both genotypes. In contrast, cyclin D1 and 
Ki67 were also upregulated in glomeruli from old wt and GDNF+/– mice, 
but the expression of both proliferation markers was more than 40% re-
duced in old GDNF+/– mice compared to wt controls. Interestingly, glo-
merular phosphorylation of p44 MAPK was signifi cantly upregulated in 
GDNF+/– compared to wt mice but this was not age dependent. In the re-
nal cortex Ki67 positive cells were signifi cantly increased in wt old versus 
young mice, but this was not the case in old GDNF+/– mice.
Conclusion. In old GDNF+/– mice with a 30% reduction in nephron num-
ber we found lower glomerular proliferation and upregulation of p21, in-
dicating partial acceleration of senescence which may be at least in part 
responsible for some of the longtime sequelae of low nephron number.

P09.08
Reduced nephron number accelerated renal fi brosis in a mouse 
model for unilateral ureter obstruction (UUO)

N. Bartmann*1, K. Benz2, K. Amann1, C. Daniel1

1University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
2Friedrich-Alexander-University of Erlangen-Nürnberg, Department of 
Pediatrics and Adolescent Medicine, Erlangen, Germany

Background. An association between low nephron number and subse-
quent development of hypertension in later life has been demonstrated. 
Th e underlying pathomechanisms are unknown, but glomerular and post-
glomerular changes have been discussed. Here we investigated if lower 
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a variety of signaling modalities such as signaling via the intracellular do-
main or via the NTF in a non-cell-autonomous manner. Here, we inves-
tigated whether the expression pattern of adhesion GPCR Gpr126 is al-
tered during kidney disease, which aff ects more than 10% of the adult 
population.
Methods. An in silico analysis of available databases was performed. Via 
qPCR and immunohistological/immunofl uorescence analysis Gpr126 ex-
pression was analysed in human, mouse and rat samples of healthy and 
diseased kidneys. In addition, a reporter mouse expressing lacZ under the 
control of the endogenous adgrg6 promoter was generated.
Results. Th e analysis of databases (Nephroseq, GEO) and the available lit-
erature suggests that Gpr126 is expressed in the distal part of the collecting 
duct in healthy kidneys and that it is expressed in the “tubulointerstitium” 
aft er injury. Further, its expression is reduced in kidneys whose function 
fails aft er transplantation. Th e analysis of LacZ reporter mice showed that 
Gpr126 is expressed in early mouse kidney development in the nephric 
duct, the ureteric bud, and in the metanephric mesenchyme prior to in-
duction. In adult mice, LacZ expression was detected in large vessels in the 
cortex, the pelvis, mainly the distal part of the collecting ducts, and in pa-
rietal epithelial cells, which was confi rmed by anti-Gpr126 antibody stain-
ing in human kidney 0-biopsies. qPCR and immunohistological analyses 
of diseased human, mouse and rat kidneys demonstrated that Gpr126 ex-
pression is markedly upregulated and that Gpr126 is expressed in a larger 
number of tubular cells (TCs, also proximal TCs) as well as in intraglomer-
ular cells. Finally, Gpr126 expression levels correlated in an inducible rat 
model for focal segmental glomerulosclerosis (Tg(NPHS2:hDTR)) with 
the severity of the induced disease.
Conclusion. Collectively, these data indicate for the fi rst time that Adgrg6 
(Gpr126) plays an important role in kidney development and disease.

P09.12
The spectrum of immunglobulin light chain induced nephropathy

M. Büttner-Herold*1, T. Chuva2, K. Minuth1, F. Pfi ster1, C. Daniel1, A.-S. Meyer1, 
K. Amann1

1Pathology, Nephropathology, Erlangen, Germany, 2Instituto Português de 
Oncologia do Porto, Nephrology, Porto, Portugal

Background. Th e study was performed to systematically analyze the prev-
alence of monoclonal gammopathy (MG) associated disease in a cohort 
of consecutive renal biopsies collected in one nephropathological insti-
tute and to better understand the role of light chain proximal tubulopathy 
(LCPT) in this context.
Methods. Files of all renal biopsies of a period of 23 months were reviewed 
and all cases with MG associated disease or a history of MG or mature 
B-cell neoplasm were collected and reviewed with special regard to LCPT 
and results obtained by light chain (LC) immunohistochemistry.
Results. 320 specimens were included, of which 21% were diagnosed with 
myeloma-cast-nephropathy, 17% with AL amyloidosis, 5% with light chain 
deposition disease (LCDD) and 6% with membranoproliferative glomeru-
lonephritis (MPGN). 25% of biopsies showed a LC restriction in proximal 
tubules. Th is fi nding was associated with another LC-induced pathology in 
72%, particularily myeloma-cast-nephropathy (59%) and in a smaller pro-
portion with AL amyloidosis (8%), myeloma infi ltration (2.5%) and LCDD 
(2.5%). None of the cases diagnosed with MPGN showed LC restriction in 
proximal tubules. Interestingly, 11% of cases with LC restriction in prox-
imal tubular epithelia were not accompanied by signifi cant acute tubular 
injury. Th is fi nding was in most cases associated with lambda LC, whereas 
cases with intracytoplasmic crystals or congestive type LCPT were in the 
vast majority of kappa subtype. In cases with acute tubular injury without 
crystals or congestion 60% were kappa and 40% lambda subtypes.
Conclusion. In our cohort, myeloma-cast-nephropathy was the most prev-
alent LC-associated renal disease followed by AL amyloidosis. Clear-cut 
cases of LCPT were most commonly associated with kappa light chains, 
whereas most cases without signifi cant tubular injury were associated with 
lambda LC. Th is might suggest that an accumulation of kappa LC in prox-
imal tubules has a higher tubulotoxic property and is therefore a more 

ERO1L, was also increased. TAL cells in ADTKD-UMOD showed a de-
creased proportion of mitochondria and reduced abundance of multiple 
mitochondrial proteins, associated with disturbed post-translational pro-
cessing and activation of the mitochondrial transcription factor NRF1. Im-
paired fi ssion of organelles, as suggested by reduced abundance of FIS1, 
may be another reason for disturbed biogenesis of mitochondria and per-
oxisomes. Reduced amounts of numerous proteins of the oxidative phos-
phorylation and citrate cycle pathways, and activation of the LKB1-AM-
PK-pathway, a sensor pathway of cellular energy defi cits, suggest impaired 
energy homeostasis.
Conclusion. In conclusion, our study revealed secondary mitochondrial 
dysfunction in ADTKD-UMOD.

P09.10
Knock out of Leukemia-Inhibitory-Factor Receptor (Lifr) impairs 
renal development in mice

M. Goerk*1, A. Kosfeld2, R. G. Weber2, K. Amann1, C. Daniel1

1University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
2Hannover Medical School, Department of Human Genetics, Hannover, 
Germany

Background. Leukemia-inhibitory-factor (LIF) receptor is a transmem-
brane receptor that can be activated by LIF and several cytokines from 
the IL-6 family. LIF is shown to be involved in bone metabolism, cachex-
ia, neural development, embryogenesis, infl ammation but also induces 
mesenchymal-to-epithelial conversion during kidney development. Con-
sequently in Lif defi cient mice embryonic kidneys were reduced in size. In 
addition, homozygous Lifr defi cient mice are embryonal lethal. However, 
since embryos were shown to die due to neuronal complications the rele-
vance of the LIFR in renal development remained unclear.
Methods. Here we investigated kidneys from males and females at E15.5 
from 14 wildtype and 12 Lifr-defi cient mice. Changes in renal develop-
ment were analyzed using light microscopy and immunofl uorescence 
staining for glomerular and tubular cell markers as well as signal trans-
duction molecules P-STAT3 and P-ERK1/2. In addition, the number and 
volume of glomeruli was evaluated in both genotypes by 3D reconstruc-
tion of embryonic kidneys using confocal microscopy and Fiji-soft ware 
with 3D-OC plugin.
Results. Embryonic kidneys from Lifr defi cient mice were signifi cantly 
smaller in size (about 20%) at E15.5 compared to wt controls. Comma 
shaped bodies, premature and mature glomeruli were signifi cantly re-
duced in number in Lifr defi cient mice. In addition, 3D analysis of kid-
neys stained for podocalyxin revealed that glomeruli were reduced by 50% 
and mean glomerular volume was also reduced by 20% in Lifr defi cient 
mice compared to wt controls. In contrast, the number of s-shape bodies 
was increased in these mice. Phosphorylation of the Lifr signal transduc-
tion molecule STAT3 was more than 3 times lower and ERK-1/2 was about 
30% lower in Lifr defi cient mice.
Conclusion. Lifr defi ciency in mice resulted in impaired glomerulogenesis 
may be due to impaired STAT3 or ERK1/2 signaling.

P09.11
Adgrg6 (Gpr126) expression is markedly increased upon kidney 
injury

S. Cazorla Vazquez*, G. Musa, E. Pfi ster, C. Daniel, K. Amann, F. B. Engel
University Hospital Erlangen, Department of Pathology, Erlangen, Germany

Background. Th e G protein-coupled receptor (GPCR) superfamily is the 
largest known receptor family in the human genome. Although the family 
of adhesion GPCRs comprises the second largest sub-family, it is unclear 
how they mediate their physiological and pathological functions. Th ey 
contain extended N-termini with various adhesion domains, which are 
separated from the seven transmembrane domain by a GPCR autopro-
teolysis-inducing (GAIN) domain. Cleavage at the GPS motif results in a 
N-terminal fragment and a C-terminal fragment. Th is property permits 
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housekeeper genes. Continuous distributed variables were compared us-
ing Student’s unpaired t-test, paired t-test or Mann-Whitney U test when-
ever appropriate. Human Brain RNA was added to 3 wells to serve as a 
process control.
Results. All samples were successfully run with the HTG EdgeSeq WT 
miRNA as singletons. Of a total of 7 consecutive patients with GCT (4 
localized seminomas, 2 metastatic seminomas and 1 localized non-sem-
inoma) 27 serum samples, which were collected before, during and aft er 
therapy were analyzed. Besides descriptive statistics, miRNA transcripts 
were correlated with clinical data.
Conclusion. Using a multiplex sequencing assay we discovered new po-
tential biomarkers, which merit confi rmation in larger, currently ongo-
ing cohort studies.

P10.02
Analysis of the expression of programmed cell death (PD-1), 
programmed cell death ligand (PD-L1) and infi ltrating CD8+ T 
lymphocytes in urothelial carcinoma and its precursor lesions by 
immunohistochemistry

S. Fuß*1, 2, N. Gaisa2, A. Cassataro2, R. Knüchel2, T. Braunschweig2

1Pathology Institute, Aachen, Germany, 2RWTH Aachen University Hospital, 
Institute of Pathology, Aachen, Germany

Background. Ligand PD-L1 expressed on the surface of tumor cells TC) 
and tumor attendant histiocytic cells, so called immune cells (IC) plays 
an important role in deactivation of cytotoxic (CD8+) T cells expressing 
receptor PD-1 New therapeutic approaches to the therapy of urothelial 
carcinoma try to inhibit the interaction of ligand and receptor in order to 
recover the function of cytotoxic T cells. Th ese trial approaches mostly ad-
dress patients with inoperable invasive urothelial carcinoma that already 
received chemotherapeutical treatment. For stratifi cation, PD-L1 expres-
sion was measured by immunohistochemistry. Th e intention of this study 
is the consideration of PD-L1 and PD-1 expression on epithelial cells and 
immune cells in low grade and precursor lesions of urothelial carcinoma 
compared to invasive carcinoma.
Methods. Tissue micro arrays were made by using archived tissue samples 
of low-grade papillary urothelial carcinoma (pTa LG), high-grade papillary 
urothelial carcinoma (pTa HG), urothelial carcinoma in situ (CIS), inva-
sive urothelial carcinoma (TCC) and benign urothelium. Immunohisto-
chemical stains using anti-PD-L1 clones SP263, SP142, and 28.8 were ap-
plied as well as stains against PD-1 and CD8+ T lymphocytes. 
Only membranous stained cells regardless intensity and completeness 
were count.
Results. Among low-grade and high-grade precursor lesions mostly mini-
mal expression of PD-L1 on TC of < 1% or no staining could be observed. 
Higher expression in TC could be detected in CIS cases and TCC PD-
L1 expression of IC was comparable in diff erent non-invasive lesions and 
TCC. Applied PD-L1 antibodies diff ered in amount of stained cells as well 
as intensity.
Conclusion. Hardly any of urothelial neoplasms express an appreciable 
amount of PD-L1 on epithelial cells. PD-L1 is expressed both in invasive 
urothelial carcinoma and its precursor lesions in IC, independent of dif-
ferent stainings. Th e consistency of some noticeable staining pattern might 
be proven in further studies.

reliable indicator of LC-induced tubular injury than lambda LC restric-
tion, which might well indicate a mere over-fl ow phenomenon in a pro-
portion of cases.

P09.13
Characteristic morphology of anti-VEGF therapy induced renal 
thrombotic microangiopathy

F. Pfi ster*1, K. Amann1, C. Daniel1, M. Klewer1, A. Büttner2, M. Büttner1

1Institute of Pathology, Universitätsklinikum Erlangen, Department of 
Nephropathology, Erlangen, Germany, 2School of Psychology, College of 
Life and Environmental Sciences, University of Birmingham, Birmingham, 
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Background. Renal thrombotic microangiopathy (rTMA) is a severe ad-
verse side eff ect of anti-VEGF therapy in critically ill cancer patients. How-
ever, neither the underlying mechanisms are fully understood nor the spe-
cifi c morphological changes in this setting are known. In this study, we 
collected cases with rTMA and a history of aVEGF therapy from our ar-
chives to review morphological kidney changes in this setting.
Methods. 11 cases of rTMA and a history of aVEGF were morphological-
ly analyzed using light microscopy (global sclerosis, segmental sclerosis, 
normal glomerulus, fi brin thrombi, mesangiolysis, bloodless glomeruli, 
nuclear debris, fragmentocytes, double contoured glomerular basement 
membranes (GBM), intracapillary foam cells, segmental semilunar hyalin-
osis of the capillaries, segmental microaneurysms fi lled with pale material, 
wrinkled GBM), electron microscopy (endothelial fenestration, podocyte 
foot process enfacement, basement membrane structure, deposits) and 
immunohistochemistry (CD34, IgA, IgG, IgM, C1q, C3c).
Results. In aVEGF therapy induced TMA we found a characteristic mor-
phological picture, with segmental glomerular capillary microaneurysms 
with collapse of glomerular endothelia and segmental hyalinosis as typical 
features. Moreover, aVEGF associated TMA was diff usely distributed in 
the glomeruli and spared pre-glomerular vessels. A subgroup of aVEGF 
rTMA was associated with glomerular immune deposits of unclear sig-
nifi cance.
Conclusion. Th e morphology of aVEGF induced rTMA is very particular 
and identifi cation of these changes in kidney biopsies could help to dif-
ferentiate aVEGF-therapy induced TMA from other TMA-triggers and 
reasons of proteinuria and kidney failure in critically ill cancer patients.

Poster session Urological Pathology
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MicroRNAs in testicular germ cell tumors using a novel targeted 
multiplex sequencing assay

C. Fankhauser*1, T. Hermanns1, J. Beyer2, Q. Zhong3, U. Wagner3, P. Wild3

1University of Zurich, University Hospital of Zurich, Department of Urology, 
Zurich, Switzerland, 2University of Zurich, University Hospital of Zurich, 
Department of oncology, Zurich, Switzerland, 3University of Zurich, 
University Hospital of Zurich, Department of Pathology of Molecular 
Pathology, Zurich, Switzerland

Background. Management and follow-up of patients with testicular germ 
cell tumors (GCT) is based on the tumor markers alpha-fetoprotein (AFP), 
beta-human chorionic gonadotropin (bHCG), and lactate dehydrogenase 
(LDH). Because these markers are expressed in <60% of all GCT patients, 
recent research focused on the potential role of microRNAs (miRNAs) as 
new tumor markers. Th e aim of this study was to explore new candidate 
miRNAs in a GCT cohort using a multiplex assay.
Methods. Serum samples were measured by quantitative nuclease pro-
tection assay chemistry and next generation sequencing (NGS) using the 
HTG EdgeSeq miRNA Whole Transcriptome Assay (HTG molecular di-
agnostics, Tucson, AZ, USA). Th is assay enables semi-quantitative anal-
ysis of 2,083 human miRNA transcripts in a single assay, including 13 
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ic PDGFRb expression (+179% to +304% compared to others subtypes) of 
all analyzed tumor groups, papillary type 1 carcinoma showed lowest vas-
cular density and diameter. Vascular diameters were comparable between 
clear cell, papillary type 2 and chromophobe RCC and PDGFRb expres-
sion did not diff er between these groups. Interestingly, vascular density 
was signifi cantly lower in poorly diff erentiated (G3) clear cell (>-30%) and 
chromophobe (>-49%) RCC and mean vascular diameter was signifi cantly 
higher in G3 clear cell (>+29%) and papillary (>+22%) RCC when com-
pared to better diff erentiated G1 or G2 tumors. Furthermore, PDGFRb 
expression was signifi cantly lower in G2 and G3 clear cell RCC (-52% and 
-54%) and higher in G2 and G3 papillary RCC (158% and +81%) when 
compared to G1 tumors.
Conclusion. Subtypes of RCC show signifi cant diff erences in their vascular 
architecture, also depending on tumor grading (G1-G3). Clear cell RCC 
show highest vascular density and highest expression of PDGFRb in peri-
cytes, indicating the importance of angiogenesis in this tumor entity. Fur-
thermore, our data indicate that well diff erentiated clear cell RCC might 
be especially susceptible to anti-angiogenic agents targeting the PDGF/
receptor-pathway.

P10.05
Diff erential prognostic value of MYC immunohistochemistry in 
papillary RCC subtypes

J. Bellut1, S. Bertz2, E. Nolte1, C. Stöhr2, I. Polifka2, E. Herrmann3, R. Jung2, 
A. Hartmann2, B. Wullich1, H. Taubert1, S. Wach*1

1University Hospital Erlangen, Department of Urology, Erlangen, Germany, 
2University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
3University Hospital Münster, Dept. of Urology, Münster, Germany

Background. Th e histomorphological classifi cation of type 1 and type 2 
papillary renal cell carcinomas (pRCCs) has substantially improved the 
prognostication of patients’ long-term outcome. We previously established 
microRNA (miRNA) expression profi les of type1 and type 2 pRCCs and, 
based upon the results, hypothesize a diff erential expression of the MYC 
proto-oncogene in pRCCs.
Methods. An multi-institutional tissue microarray with more than 200 
histomorphological classifi ed pRCCs was acquired from the PANZAR 
consortium. Immunohistochemistry for MYC, the MYC-induced nucle-
ar antigen MINA53 and Ki67 was performed. Th e prognostic value for pa-
tients’ long-term survival was examined using uni- and multivariate sur-
vival models.
Results. As expected, a pRCC type 2 morphology was associated with 
reduced overall and cancer-specifi c survival. Interestingly, pRCCs with 
a mixed type 1/2 morphology showed an even worse clinical outcome. 
When combining the pRCC morphology and immunohistochemical 
staining, only the combination of morphology and MYC staining patterns 
was able to further sub-stratify the group of pRCC type 1 tumors in a good 
and worse prognosis group. None of the patients with pRCC1 tumors and 
the favorable MYC staining pattern (>44% of all pRCC type 1 tumors) 
suff ered a tumor-related death. Patients with pRCC type 1 tumors and the 
adverse MYC staining pattern had an 6.3-fold elevated risk of death (mul-
tivariate corrected for pathological tumor stage and lymph node status).
Conclusion. Although a pRCC type 1 histomorphology is regarded as a fa-
vorable prognostic factor, associated with good clinical outcome, still pa-
tients die of tumor-related causes. We conclude, that in particular for pa-
tients with pRCC type 1 tumors, MYC immunohistochemistry is able to 
provide additional prognostic information for a sub-stratifi cation of this 
patient population. Th is knowledge could be used for the establishment 
of risk-stratifi ed follow-up schemes for patients aft er surgical treatment.

P10.03
Cancertestis antigens CTAG18, MAGE-A3 and STEAP are correlated 
with unfavourable histopathological features and strong 
MAGE-A3 expression is associated with worse progression-free 
survival in urothelial bladder cancer

E. M. Lausenmeyer*1, K. Braun2, J. Breyer1, M. Gierth1, S. Denzinger1, 
M. Burger1, H.-U. Völker2, W. Otto1

1University of Regensburg, Department of Urology, Regensburg, Germany, 
2Leopoldina hospital, Institute of Pathology, Schweinfurt, Germany

Background. Cancertestis (CT) antigens have been shown to be present in 
urothelial bladder cancer (UBC). Yet, their therapeutical and prognostic 
relevance remains unclear. We studied the prognostic value of MAGE-A3, 
STEAP and CTAG18 and their correlation with histopathological factors 
in UBC.
Methods. We retrospectively analyzed non-consecutive 93 patients with 
UBC who underwent treatment in a single center. Besides clinical and his-
topathological parameters, expression of MAGE-A3, STEAP and CTAG18 
(none/weak vs. strong) was assessed by immunhistochemistry. Statistical 
Analysis was performed using SPSS Version 23 (Kaplan-Meier analysis, 
Chi-squared-test).
Results. Median follow-up was 75 months (IQR 27–96 months). 81.7% 
of the patients were male, median age was 68 years. In 76.3% a non-mus-
cle-invasive BC (stage pTa and pT1) was found, 50.5% were staged G3 
according to WHO classifi cation of 1973. About 15% of patients showed 
a strong positive reaction to MAGE-A3 staining and these tumors were 
signifi cantly more oft en correlated with unfavorable WHO grading (G1: 
0%, G2: 10.3%, G3: 23.4%, p = 0.048). Correlation of CTAG18 with WHO 
grading was even more impressive with strong expression in no G1, 31.1% 
of G2 and 51.1% of G3 tumors (p = 0.001). Also existence of associated 
carcinoma in situ (Cis) was associated with strong CTAG18 expression 
(54.2% in Cis vs. 29% in no Cis patients, p = 0.026). Cis was also correlat-
ed with strong STEAP expression (33.3% vs. 7.2%, p = 0.004). Kaplan-Mei-
er-analysis revealed statistically signifi cant worse 5 year progression-free 
survival (PFS) associated with strong expression of MAGE-A3 (59% vs. 
84%, p = 0.035).
Conclusion. Strong CT antigen expression was correlated with unfavora-
ble histopathological features like associated Cis and G3 graded tumors. 
Moreover, strong expression of MAGE-A3 was statistically signifi cant as-
sociated with worse PFS across all stages of UBC. CT antigen screening 
in combination with histopathological parameters might be an appropri-
ate prognostic tool.

P10.04
PDGFRb expression in human renal cell carcinoma – a tissue 
microarray based immunohistochemical study

F. Pfi ster*1, E. Pfi ster1, C. Stöhr2, A. Hartmann2, K. Amann1

1Institute of Pathology, Universitätsklinikum Erlangen, Department of 
Nephropathology, Erlangen, Germany, 2University Hospital Erlangen, 
Department of Otorhinolaryngology – Head and Neck Surgery, Erlangen, 
Germany

Background. Angiogenesis has been studied in detail in clear cell renal cell 
carcinoma and substantial clinical activity of anti-angiogenic drugs in-
cluding inhibitors of vascular endothelial growth factor receptor (VEGFR) 
and/or platelet-derived growth factor receptor (PDGFR) has been shown. 
However, comparative quantitative data on the expression of the pericyte 
marker PDGFRb in diff erent renal cell carcinoma (RCC) subtypes are rare.
Methods. In this study, vascular density and diameter as well as PDGFRb 
expression were investigated in tissue microarrays, including 431 biopsies 
of RCC (336 clear cell, 20 papillary type 1, 42 papillary type 2, 33 chromo-
phobe). In CD31-stained paraffi  n sections, vascular density and diameter 
were measured and staining signal intensity of PDGFRb immunohisto-
chemistry was measured semi-automatically (CellF, Olympus).
Results. While clear cell carcinoma were characterized by highest vascular 
density (+47% to+230% compared to others subtypes) and highest pericyt-
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Methods. We wanted to know whether the stabilization of β-catenin in 
sex cord stromal tumours infl uences SOX-9 expression and could be used 
in the diagnosis of sex cord stromal tumours. In this study 53 cases of sex 
cord stromal tumours and tumour like lesions have been investigated for 
their immunohistochemical expression of β-catenin, cyclin D1 and SOX9. 
In addition, mutation analyses of the β-catenin gene (exon 3; CTNNB1) 
were performed.
Results. We could confi rm that β-catenin mutation in SCT results a nu-
clear β-catenin and cyclin-D1 expression on immunohistochemical anal-
ysis. Th e nuclear expression/stabilization of β-catenin cause the loss of 
SOX9 in these tumours. In contrast SOX9 is considerably expressed in 
non-mutated SCT.
Conclusion. Taken together, the immunohistochemical analysis of β-cat-
enin and SOX9 is useful to distinguish SCT from other sex cord stromal 
tumours of the testis. Furthermore SOX9 could indicate sertoli cells as 
cells of origin.

P10.08
Activating TERT promoter mutations in diff erent renal cell 
carcinoma subtypes

C. Stöhr*1, R. Stöhr1, H. Moch2, R. Hinze3, K. Junker4, A. Hartmann1

1Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany, 2University Hospital Zurich, Institute 
of Surgical Pathology, Zurich, Switzerland, 3Helios Hospitals Schwerin, 
Institute of Pathology, Schwerin, Germany, 4University Hospital Saarland, 
Department of Urology and Pediatric Urology, Homburg/Saar, Germany

Background. Telomerase activity is a prerequisite for unlimited prolifera-
tion potential of cancer cells. Mutations of telomerase reverse transcriptase 
(TERT) subunit create novel ETS1 transcription factor binding motives 
and were found at signifi cant levels in several malignancies. As renal cell 
carcinoma (RCC) cells also demonstrate high telomerase activation they 
recently were tested for activating TERT promoter mutations. Mutation 
frequency was lower than in other malignancies and associated with ag-
gressive tumours. However, the investigated cohort was predominantly 
composed of clear cell (cc) carcinomas. Th e frequency of TERT promoter 
mutations in non ccRCC-subtypes remains unclear and was investigated 
in the present study.
Methods. We analysed DNA from 305 renal tumours of diff erent subtypes 
(122 ccRCC, 55 papillary (pap) RCC, 72 chromophobe (cp) RCC, 8 rare 
other tumours and 48 oncocytomas (O)) for activating promoter muta-
tions using sanger sequencing (n = 24) or SNaPshot analysis (n = 281), re-
spectively. SNaPshot analysis targeted the most aff ected mutation hotspot 
nucleotides -146, -124 and -57 bases from ATG start. We calculated overall 
mutation rate and the mutation rate of each subtype. We tested statistical 
signifi cance in genotype distribution between clinicopathological groups 
by χ² tests (Pearson or Fisher’s exact test as appropriate.
Results. Overall mutation rate of all analysable renal tumours was 5.8% 
(17/292). Subtype specifi c mutation rates diff ered signifi cantly. While 
rare tumours, O and cpRCC were wildtype, pap and ccRCC were mutat-
ed in 14.8% (8/54) and 7.7% (9/177) of tumours. Mutation frequencies 
were signifi cantly diff erent between ccRCC or papRCC and cpRCC, re-
spectively (p = 0.014 or p = 0.001, respectively) and between papRCC and 
O (p = 0.008). No signifi cant diff erences were found between ccRCC or 
papRCC and rare tumours (p = 1,000 for each), between ccRCC and O 
(p = 0.080) or papRCC (p = 0.173). Th ere also was a signifi cant association 
of mutations to higher TNM Stage (p = 0.030). Th e most frequent observed 
mutation was -124 C>T (n = 14, 82.4% of mutations), followed by -124 
C>A, -146 C>T and -57A>C (n = 1, 5.9% of mutations, each.
Conclusion. Th is is the fi rst study on RCC analysing signifi cant numbers 
of non-ccRCC and renal O. Together with the association of TERT pro-
moter mutation and high tumour stage our data support the fi nding that 
activating TERT promoter mutations are rare in RCC and associated with 
more aggressive tumours.

P10.06
The prognostic impact of PD-1 and its ligands in Chromophobe 
Renal Cell Carcinoma

F. Erlmeier*1, 2, A. Hartmann2, 3, A. J. Schrader2, 4, M. Autenrieth5, 
M. Wiedemann6, P. Ivanyi7, S. Steff ens2, 4, W. Weichert1, 8

1Klinikum rechts der Isar, Technical University, Institute of Pathology, Munich, 
Germany, 2German Renal Cell Tumor Consortium, Jena, Germany, 3Friedrich-
Alexander-University of Erlangen-Nürnberg, Institute of Pathology, 
Erlangen, Germany, 4University Hospital, Department of Urology, Münster, 
Germany, 5Technical University Munich, Department of Urology, Munich, 
Germany, 6Ludwig-Maximilians-University, The Munich Cancer Registry 
of the Tumorzentrum Munich at the institute of Medical Information 
Processing, Biometry and Epidemiology (IBE), Munich, Germany, 7Hannover 
Medical School, Department of Hematology, Hemostasis, Oncology and 
Stem Cell Transplantation, Hannover, Germany, 8German Cancer Consortium 
(DKTK), Heidelberg, Germany

Background. In the era of personalized medicine immunecheckpoint in-
hibitors play a signifi cant role in the therapy of metastatic renal cell carci-
noma (RCC). Furthermore, PD-1 and its ligands PD-L1 and PD-L2 can 
serve as prognostic markers in clear cell renal cell carcinoma (ccRCC). In 
contrast to the expression of PD-1 and its ligands in ccRCC, little is known 
about PD-L2 expression patterns in chromophobe RCC (chRCC). Th e aim 
of this study was to evaluate the prevalence, distribution and prognostic 
impact of PD-1 and its ligands in chromophobe (ch)RCC.
Methods. 81 Patients who underwent renal surgery due to chRCC were 
retrospectively evaluated. Tumor specimen were analyzed for PD-1, PD-
L1 and PD-L2 expression by immunohistochemistry. Expression data were 
associated with clinic-pathological parameters and overall survival.
Results. Our results showed no signifi cant associations for PD-1+ tumor 
infi ltrating mononuclear cells (TIMC) or tumoral PD-L1+ expression and 
clinical attributes. In addition, no signifi cant diff erences in 5- and 10-year 
overall survival (OS) for PD-1- TIMC compared to PD-1+ TIMC (90.5% 
and 72.2% versus 100% and 75%; p = 0.41) and for PD-L1- tumors com-
pared to PD-L1+ tumors (91.9% and 76.4% versus 100% and 50%; p = 0.48) 
were observed. Moreover, we identifi ed no signifi cant association between 
clinical-pathological parameters and tumoral PD-L2 expression. In con-
trast, a signifi cant diff erence between 5- and 10-year OS in dependence of 
tumoral PD-L2 expression was found (PD-L2 low: 96.4% and 87.7.4% vs. 
PD-L2 high 87.1% and 56%; log rank: p = 0.029).
Conclusion. To our knowledge this is the fi rst study evaluating the prog-
nostic impact of PD-1 and its ligands in a considerably large cohort of 
chRCC. High PD-L2 expression in tumor cells seems to be associated with 
an impaired OS. Th erefore, PD-L2 might play a role as prognostic marker 
in chRCC demanding further evaluation.

P10.07
Beta catenin mutation and SOX9 expression and its role as 
diagnostic marker in sex cord stromal tumours of the testis

F. Bremmer*1, C. L. Behnes1, H.-U. Schildhaus1, N. Gaisa2, H. Reis3, H. Jarry4, 
H.-J. Radzun1, P. Ströbel1, S. Schweyer5

1University Medical Center, Institute of Pathology, Göttingen, Germany, 
2RWTH Aachen University Hospital, Institute of Pathology, Aachen, 
Germany, 3University Hospital Essen, University of Duisburg-Essen, Institute 
of Pathology, Essen, Germany, 4University medical center, Molecular 
endocrinology, Göttingen, Germany, 5Gemeinschaftspraxis Pathologie, 
Starnberg, Germany

Background. Th e WHO classifi cation on testis tumours includes the group 
of sex cord stromal tumours and divides several histological types such as 
Leydig-cell- (LCT) or Sertoli-cell-tumours (SCT). Beside the physiologi-
cal expression of β-catenin in sertoli-cells of tumourfree testis, it has been 
previously shown that SCT can show a mutation in the β-catenin gene 
(CTNNB-1) causing a nuclear β-catenin and cyclin D1 expression. SOX9 
is expressed in sertoli-cells of non-neoplastic testes. Th e stabilization of 
β-catenin in sertoli-cells causes the loss of the sertoli-cell marker SOX9.
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CK5 and CK20 defi ne distinct molecular subtypes of muscle-
invasive bladder cancer (MIBC) with signifi cant prognostic value

M. Eckstein*1, R. Wirtz2, C.-A. Weiss3, M. Groß-Weege4, J. Breyer5, W. Otto5, 
S. Eidt6, R. Stoehr7, M. Burger5, C. Bolenz8, A. Hartmann1, P. Erben4

1Friedrich-Alexander-University of Erlangen-Nürnberg, Institute of 
Pathology, Erlangen, Germany, 2STRATIFYER Molecular Pathology GmbH, 
Cologne, Germany, 3Medical Faculty Mannheim of the University of 
Heidelberg, Institute of Pathology, Mannheim, Germany, 4University 
Medical Center Mannheim, Department of Urology, Mannheim, Germany, 
5University of Regensburg, Department of Urology, Regensburg, Germany, 
6Institute of Pathology St. Elisabeth-Hospital, Cologne, Germany, 7University 
Hospital Erlangen, Department of Pathology, Erlangen, Germany, 8University 
Hospital, Department of Urology, Ulm, Germany

Background. Diagnosis and therapy of MIBC is infl uenced by an oft en in-
accurate clinico-pathologic staging in TUR specimen and a poor insight 
into molecular variants. Recently MIBC was subclassifi ed in three molec-
ular subtypes by gene expression profi ling (basal, luminal and p53-like). 
Here molecular subtypes of MIBC are analyzed on mRNA level from for-
malin fi xed routine tissue samples for KRT5, KRT20 and MKI67 expres-
sion.
Methods. One-step (q)-RT-PCR was applied for the relative quantifi cation 
mRNA gene expression levels by using gene-specifi c TaqMan®-based in 75 
MIBC samples (median age 66.2 ± 9.63 years). Univariate analysis was car-
ried out and subsequently signifi cant parameters from the univariate anal-
ysis were calculated with the log-rank test. Cox regression analyses were 
performed to assess the relationship between markers and recurrence-free 
survival (RFS) or disease-specifi c survival (DSS). Furthermore in silico 
analysis of MIBC cohorts (MDACC-Cohort GSE48277 + GSE47993) were 
performed.
Results. High expression of KRT5 mRNA and low expression of KRT20 
mRNA is associated with a statistically signifi cantly better RFS and DSS 
(5 year-DSS for KRT5 high vs. low: 68% vs. 21%, p = 0.009, 5 year-DSS 
for KRT20 low vs. high: 75% vs. 22% p = 0.006). In association with his-
topathology a higher expression of KRT5 (median KRT5-mRNA-ex-
pression = 35.5 vs. 32.5 [40ΔCT]) predicts a signifi cant lower rate of 
lymphovascular invasion (LVI, p = 0.0012) and lymphonodal metastasis 
(p = 0.011). In a second step we created combined cytokeratin expression 
subgroups (EpiTyper). We identifi ed a KRT20+/KRT5- subgroup which 
showed a very poor prognosis (5 year-DSS 0%, p < 0.0001) whereas the 
KRT5+/KRT20-/+ subgroup showed a favourable prognosis (5 year-DSS 
65%, p < 0.0001). In silico analysis of the MDACC-Cohort revealed similar 
results concerning a high KRT20 expression (5 year-DSS for KRT20 low 
vs. high: 84% vs. 40%, p = 0.042).
Conclusion. Analysis of KRT5 and KRT20 mRNA expression can distin-
guish non-luminal from luminal bladder tumors with substantially dif-
ferentRFS and DSS rates in MIBC. Th is proves the clinical relevance of 
mRNA based molecular subtyping by few but well established markers in 
clinical routine samples. Multicenter profi ciency testing of standardized 
PCR kits determining KRT5 and KRT20 are ongoing to prove feasibili-
ty of molecular subtyping at local sites and the results will be presented 
at the meeting.

P10.10
Incidental fi nding of a thyroid follicular adenoma with 
68Gadolinium-PSMA-positive PET/CT in a patient with 
metastasized prostate cancer

B. Heitkötter*1, K. Steinestel1, 2, M. Trautmann1, I. Grünewald1, P. Barth1, 
H. Gevensleben3, M. Bögemann4, E. Wardelmann1, W. Hartmann1, K. Rahbar5, 
S. Huss1

1Gerhard-Domagk-Institute of Pathology, Münster, Germany, 
2Bundeswehrkrankenhaus Ulm, Ulm, Germany, 3University Hospital 
Cologne/Bonn, Institute of Pathology, Bonn, Germany, 4Department of 
Urology, Münster, Germany, 5Department of Nuclear Medicine, Münster, 
Germany

Background. PSMA (prostate-specifi c membrane antigen) is a transmem-
brane protein physiologically expressed in normal prostate and other tis-
sues (e. g. small intestine, renal tubules or salivary glands). As it is overex-
pressed by prostate tumor cells, PSMA-PET/CT can be used to rule out 
metastases in patients with advanced prostate cancer.
Methods. We here report on a 66 years old patient with metastasized pros-
tate cancer, where 68Ga-PSMA PET/CT revealed a nodule in the left  thy-
roid lobe showing a focal uptake. As prostate cancer metastasizing to the 
thyroid is extremely uncommon, the lesion was interpreted as being sus-
picious for primary thyroid cancer.
Results. Aft er hemithyroidectomy and histopathological workup, the 
nodule was classifi ed as a benign thyroid adenoma. Immunohistochemis-
try showed strong vascular PSMA expression in the lesion, coexpressing 
CD34. Th yroid parenchyma did not show PSMA staining.
Conclusion. We conclude that a strong (neo-)-vascular PSMA expression 
observed in the thyroid follicular adenoma provides a good explanation 
for the observed 68Ga-PSMA PET/CT uptake.

P10.11
Choriocarcinoma-syndrome. Report of a case and review of the 
literature

V. Spremberg*1, T. Häfner2, O. Espig2, C. Eisenlöff el3, W. Müller3, L.-C. Horn1

1University Hospital Leipzig, Institute of Pathology, Leipzig, Germany, 
2University Hospital Leipzig, Urology, Leipzig, Germany, 3University Hospital 
Leipzig, Institute of Neuropathology, Leipzig, Germany

Background. Pure choriocarcinoma (CCA) of the testis count for about 
0.3% of all germ cell tumors of the testis. Very rarely patients develop a 
CCA-syndrome, characterized by rapidly progressive multiorgan metasta-
ses, complicated by bleeding disturbances. Here we report a case and give 
a review over the literature.
Methods. A 31 years-old represented with increasing coughing since 5 
days, cutaneous papular islands of head and trunk and exophthalmus of 
the left  eye. Clinical examination showed an enlargement of the left  tes-
tis. CT-scan represented multiple metastatic deposits at the brain, lungs 
and liver. Etoposid und Cisplatin were administered by scheduling the re-
section of the testis aft er the fi rst or second course of chemotherapy. Be-
cause of respiratory insuffi  cience and pulmonary hemorrhage, endotra-
cheal intubation with following bronchoscopy and vacuuming of a large 
volume of blood vessel was carried out, complicated by cardiopulmonary 
resuscitation.
Results. Autopsy demonstrated a highly regressive choriocarcinoma of the 
left  testis with multiple metastatic deposits in non-local lymph nodes, in 
both lungs with multifocal bronchus arrosions and intrabronchial bleed-
ing, in multiple visceral organs, skin, M. rectus inferior of the left  eye, bone 
marrow and brain. Cause of death was multiorgan failure with respirato-
ry insuffi  ciency.
Conclusion. Th e current WHO-classifi cation separates mixed and pure 
CCAs which account for about 6.4–17.8% and 0.3% of all testicular germ 
cell tumors. In mixed CCA the prognosis is as worse as higher the part of 
CCA is. In monophasic choriocarcinoma the actuarial survival rate added 
up to < 80% versus 96% in mixed choriocarcinoma. 
A very rare complication is the CCA-syndrome (Logothetis 1984), charac-
terized by explosive metastatic spread of the tumor which occurs in about 
15.4% of non-seminomatous GCT with high HCG-levels (McKendrick et 
al. 1991). Arbitrary a HCG-level of 25.000 IU/l (McKendrick et al. 1991) 
and 50.000 UI/l (Papiani & Einhorn 2007) was defi ned as threshold in that 
setting. CCA-syndrome represents a medical emergency with a short time 
survival rate of about 45% (Papiani & Einhorn 2007).
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HRAS mutations in early-onset bladder cancer

R. Stöhr*1, V. Weyerer1, T. Filbeck2, M.-O. Riener1, M. Burger3, A. Hartmann1, 
J. Giedl1

1University Hospital Erlangen, Department of Pathology, Erlangen, Germany, 
2University Hospital Erlangen, Department of Urology, Erlangen, Germany, 
3University of Regensburg, Department of Urology, Regensburg, Germany

Background. Bladder tumors of early-onset patients are rare and seem to 
exhibit unique features, both clinically and pathologically. Th e few availa-
ble molecular studies observing a low frequency of the known alterations 
found in bladder cancer lead to the hypothesis of a diff erent mutational 
profi le between the various age groups. Recently, a study of few samples of 
young patients reported a higher percentage of HRAS mutations among 
the early-onset cohort compared to elderly samples. Due to the low sample 
size, the impact of these alterations on the age of onset and the frequen-
cy among young patients remain unclear and need further investigation. 
Th e aim of our study was to test the distribution of HRAS mutations 
among the largest cohort of early-onset cases to date and to compare them 
with a consecutive group of bladder tumors.
Methods. 141 early-onset patients aged 45 years old or younger and 144 
consecutive samples were used for comparison. Aft er microdissection, iso-
lation of DNA and amplifi cation the fi ve established hotspot regions of the 
HRAS gene were examined by using SNaPshot approach. Chi-squared and 
Fisher’s exact test were appropriately used for comparison between the two 
cohorts. Kruskal-Wallis non-parametric test was also calculated.
Results. A signifi cantly higher number of HRAS mutations was found in 
tumors from the early-onset cohort compared to the consecutive samples 
(15.6% vs. 5.6%, p = 0.01). Aft er stratifying the young samples according to 
the mutational HRAS status, we observed a signifi cantly younger median 
age among the early-onset mutation carriers than for not mutated patients, 
with 32 and 40 years (p = 0.01) respectively. Th is diff erence was not found 
among the consecutive cohort.
Conclusion. We conclude that tumors of young patients showed a signifi -
cantly higher frequency of HRAS mutations compared to the consecutive 
cohort. Th us, the tested mutations might play a more important role for 
the development of bladder cancer especially among the youngest cohort 
of early-onset patients. Our results strengthen the idea of a diff erent molec-
ular scenario between consecutive and early-onset bladder cancer tumors.
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