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KN Keynote Lecture: H. Rodewald (Heidelberg)  

Deconvolution of hematopoiesis by fate mapping, barcoding and single cell transcriptomics  

W. Pei1, X. Wang2, A. Fanti1, G. Alessandro2, K. Busch1, K. Klapproth1, Q. Zhang2, C. Quedenau3, S. Sauer3, 
T. B. Feyerabend1, T. Höfer2, H. R. Rodewald1  

1German Cancer Research Center (DKFZ), Division of Cellular Immunology, Heidelberg, Germany, 2German 
Cancer Research Center (DKFZ), Division of Theoretical Systems Biology, Heidelberg, Germany, 3Max 
Delbrück Centrum, Scientific Genomics Platforms (BIMSB/BIH), Berlin, Germany  

Fate mapping and other genetic reporter experiments demonstrate that Tie2+ hematopoietic stem cells 

(HSC) represent the tip of the hematopoietic hierarchy (Busch et al. Nature 2015; Ito et al. Science 2016). 

We fate mapped the output from HSC in vivo by kinetic analysis of label emergence from stem cells to 

peripheral blood and immune cell types. We found large numbers of HSC contributing to steady state 

hematopoiesis in adult mice, yet the contribution of individual HSC is low, and the day-to-day blood and 

immune cell production is largely provided by downstream short-term stem cells and multipotent progenitors 

(Busch et al. Nature 2015; also Sun et al. Nature 2014 using transposon barcoding; reviewed in Höfer et al. 

Annu. Rev. Immunol. 2016; Busch and Rodewald HR. Curr. Opin. Hemato. 2016; Höfer and Rodewald Blood 

2018). Using inducible fate mapping, we addressed the differentiation rates emerging from HSC under stress 

conditions, including systemic infection, irradiation, bleeding and specific lineage ablations. These functional 

differentiation data are complemented with single cell transcriptome data of stem and progenitors under 

challenges. Towards high resolution tissue deconvolution, we devised a barcoding system, in which an 

artificial recombination locus (termed Polylox) serves as Cre recombinase-dependent substrate in cells in 

vivo (Pei, Feyerabend et al. Nature 2017). We introduced barcodes during embryonic development when 

HSC first emerge, and studied the sizes and lineage outputs from HSC clones. Individual HSC clones in 

healthy mouse bone marrow can reach very large sizes with age but they do not appear to be pathological. 

Endogenous barcoding of hematopoiesis during both embryonic and adult stages reveal common myeloid-

erythroid, and common lymphocyte pathways, supporting the view of a tree-like hematopoietic structure. To 

reveal in parallel fate and transcriptome, we most recently developed PolyloxExpress. Using this new single 

cell approach, we detected transcriptional signatures characteristic of active versus inactive HSC, and 

multilineage versus lineage restricted stem cells. Collectively, work in recent years has shed new light on the 

physiology of the generation of blood and immune cells from stem cells under normal and pathological 

conditions.  
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DGP01 Immunpathologie I - Orthologie und Defizienz des Immunsystems  

 
DGP01.02  

The Gut: Center of Immunity- Rare inflammatory bowel diseases caused by immunodeficiencies  

C. Posovszky1, T. F. E. Barth2  

1Universitätsklinikum Ulm, Klinik für Kinder- und Jugendmedizin, Ulm, Germany, 2Universitätsklinikum Ulm, 
Institut für Pathologie, Ulm, Germany  

Die Darmmukosa bildet eine physikalische Barriere und enorme Grenzfläche an der die angeborene und 

adaptive Immunabwehr stattfindet, um den Körper vor potentiell schädlichen Substanzen und Erregern zu 

schützen. Das intestinalen Immunsystem ist das größte Immunorgan des Körpers. Es ist ständig aktiv und 

sorgt für eine geregelte Immunabwehr und Toleranz. Erkrankungen mit gestörter Darmbarriere oder 

Immunabwehr führen zu infektiösen, chronisch entzündlichen und autoimmunen Darmerkrankungen unter 

dem klinischen Bild von Durchfall, blutigen Stühlen und Malabsorption sowie im Kindesalter auch 

Gedeihstörung. Die differentialdiagnostische Abklärung stellt bei dieser Gruppe seltener Erkrankungen eine 

interdisziplinäre Herausforderung dar. In Abhängigkeit von der zugrundeliegenden Störung des 

Immunsystems finden sich häufig typische klinische, immunologische und histologische Befunde, die in der 

Zusammenschau zur endgültigen Diagnosestellung mit molekulardiagnostischer Bestätigung beitragen. 

Histologische Befunde bei angeborenen Immundefekten mit Darmbeteiligung und die Immunpathologie 

werden im Folgenden beispielhaft für unterschiedliche Entitäten angeborener Immundefekte dargestellt.   

 

Immunpathologie I - Orthologie und Defizienz des Immunsystems  

DGP01.04  

Accelerated partial breast irradiation: Macrophage polarisation shift classification identifies high-risk 
tumours in early hormone receptor-positive breast cancer  

S. Schnellhardt1, R. Erber2, M. Büttner-Herold3, M.-C. Rosahl1, O. J. Ott1, V. Strnad1, M. W. Beckmann4, L. 
King5, A. Hartmann2, R. Fietkau1, L. Distel1  

1Department of Radiation Oncology, Universitätsklinikum Erlangen, Friedrich-Alexander-Universität 
Erlangen-Nürnberg, Erlangen, Germany, 2Institute of Pathology, Universitätsklinikum Erlangen, 
Comprehensive Cancer Center Erlangen-EMN, Friedrich-Alexander-Universität Erlangen-Nürnberg, 
Erlangen, Germany, 3Department of Nephropathology, Institute of Pathology, Universitätsklinikum Erlangen, 
Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany, 4Department of Gynecology and 
Obstetrics, Universitätsklinikum Erlangen, Comprehensive Cancer Center Erlangen-EMN, Friedrich-
Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany, 5Intensive Care Unit, Redcliffe Hospital, 
University of Queensland, Brisbane, Queensland, Australia  
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Question  

Multiple studies have demonstrated correlations between high numbers of tumour-associated macrophages 

(TAMs), especially of M2-like phenotype, and increased mortality in patients with advanced breast cancer. 

We investigated the potential of utilising the two main macrophage phenotypes as prognostic biomarkers in 

early hormone receptor-positive (HR+) breast cancer.  

Methods  

The studied cohort of 136 patients was selected and treated in the course of an institutional APBI phase II 

trial. Patient selection was characterized by HR positivity, small tumour size and no nodal and distant 

metastasis. Tissue microarrays (TMAs) from pre-radiation therapy resection samples were double stained for 

CD68 and CD163 using immunohistochemistry. CD68+/CD163- cells were considered M1-like macrophages 

and CD68+/CD163+ was representative of M2-like macrophages. M1 and M2 macrophage densities were 

analysed semi-automatically in the stromal and intraepithelial tumour compartment. 

Results  

Low M1 (≤ 1.0 cells/mm²) as well as high M2 densities (≥ 55.7 cells/mm²) were strongly associated with 

decreased disease-free survival (DFS) (p < 0.05). Combined TAM phenotype densities were studied after 

defining a macrophage shift classification: M1-shifted (M1 high, M2 low) and non-shifted (M1 low, M2 low; 

M1 high, M2 high) tumours entailed a favourable outcome (N = 91, 12yr DFS: 93%). In contrary, a M2-shifted 

(M1 low, M2 high) TAM population was associated with an extremely high risk of metastasis or recurrence of 

disease (N = 41, 12yr DFS: 68%, p < 0.001).  

Conclusion  

The full predictive potential of TAMs in early breast cancer was revealed in a combined analysis of both 

phenotypes. The M2-shifted phenotype identified a high-risk subgroup of patients who are probably not 

suitable for partial breast irradiation.  

 

Immunpathologie I - Orthologie und Defizienz des Immunsystems  

DGP01.05  

The Immune System of Adipose Tissue - Obesity-Associated Inflammation  

P. Fischer-Posovszky1, P. Möller2  

1Universitätsklinikum Ulm, Klinik für Kinder- und Jugendmedizin, Ulm, Germany, 2Universitätsklinikum Ulm, 
Institut für Pathologie, Ulm, Germany  

Das Fettgewebe ist ein endokrines Organ. Mittels seiner Sekretionsprodukte kommuniziert es mit anderen 

Organsystemen und übermittelt den Füllstand der Energiereserven. Durch die übermäßige Ansammlung von 

Fettgewebe im Kontext der Adipositas kommt es zu einer Infiltration von Immunzellen. Dieser 
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Übersichtsvortrag stellt die verschiedenen Populationen von Immunzellen im Fettgewebe dar und diskutiert 

ihre lokalen und systemischen Einflüsse. 

 

 

Immunpathologie I - Orthologie und Defizienz des Immunsystems  

 

DGP01.06  

The thymoproteasome: a specialized form of proteasomes involved in thymic development of CD8+ T 
cells  

M. Kasahara  

Hokkaido University Graduate School of Medicine, Department of Pathology, Director and Chairman, 
Sapporo, Japan  

The proteasome is a multi-subunit protease that degrades intracellular proteins into small peptides. Besides 

playing a vital role in many fundamental cellular processes, it is involved in the production of peptides 

presented by major histocompatibility complex (MHC) class I molecules. In addition to the standard 

proteasome shared in all eukaryotes, jawed vertebrates equipped with MHC-based adaptive immunity have 

two specialized forms of proteasomes known as immunoproteasomes and thymoproteasomes. The 

immunoproteasome, which contains cytokine-inducible catalytic subunits with distinct cleavage specificities, 

facilitates MHC class I-mediated antigen presentation through efficient production of MHC class I-binding 

peptides. The thymoproteasome, which contains a unique catalytic subunit β5t, is a tissue-specific 

proteasome expressed exclusively in cortical thymic epithelial cells. Accumulated evidence indicates that the 

thymoproteasome plays a crucial role in CD8+ T development by generating unique peptides optimized for 

positive selection. Here I present some of our recent work concerning the thymoproteasome. 
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DGP02 Immunpathologie II - Umwelt- und Autoimmunität  

 

DGP02.03  

Persistent T-cell-receptor beta clonotypes in refractory Coeliac Disease are stimulated by common 
antigens.  

V. Seitz1, 2, K. Gennermann3, S. Schaper2, A. Dröge2, D. Lenze1, A. Sommerfeld1, E. Berg1, M. Joosten1, M. 
Schumann4, S. Hennig2, D. Groth3, S. Elezkurtaj1, M. Hummel1  

1Charité Universitätsmedizin Berlin, Institut für Pathologie, Berlin, Germany, 2HS Diagnomics GmbH, Berlin, 
Germany, 3Universität Potsdam, Institut für Biochemie und Biologie, Potsdam, Germany, 4Charité 
Universitätsmedizin Berlin, Medizinische Klinik für Gastroenterologie, Infektiologie und Rheumatologie, 
Berlin, Germany  

Question  

Coeliac Disease (CD) is an autoimmune disorder caused by gluten intolerance that affects mainly the small 

intestine and has a prevalence of 1% in the Western population. Life-long gluten-free diet is the only therapy 

available, however up to 10% of the patients become refractory. In a proportion of refractory patients 

dominant T-cell clones develop, followed by transformation into enteropathy-associated T-cell lymphoma. 

The initiation of CD is well understood. Gluten-proteins are modified by transglutaminase enzyme and trigger 

T-helper cells. However, little is known regarding the role of cytotoxic T-cells - which can persist for many 

years - and their antigen specificity. The current scientific concept suggests that cytotoxic T-cells kill the 

intestinal cells non-specifically due to generation of an inflammatory environment. This view is challenged by 

the hypothesis that the cytotoxic T-cell cells may carry T-cell-receptors (TCRs) directed against specific 

antigens. The aim of this study was to test the concept of a specific stimulation of persistent T-cell clones in 

refractory Coeliac Disease (RCD).  

Methods  

We analyzed rearranged TCRbeta sequences employing TCRbeta multiplex PCR from 63 histologically 

characterized tissue samples derived from 15 RCD patients with biopsies from different time points, followed 

by next generation sequencing (NGS). Next we calculated similarity scores for the TCRbeta antigen-binding 

Complementarity Determining Region 3 (CDR3) amino acid sequences using Blast. A high CDR3 similarity 

indicates the recognition of common antigens. For each patient two CDR3 similarity scores were calculated: 

(i) among different persistent clonotypes, defined as being present in more than one sample of the patient 

and (ii) non-persistent clonotypes, being present in only one sample of the patient. Identical clonotypes in 

different samples of a patient were excluded. Similarity scores were compared using paired students t-tests. 

Results  

Persistence of dominant TCRbeta clonotypes was detected in samples taken more than 5 years apart. In 

addition, our analysis proved that in RCD the CDR3 were significantly (P < 0.001) more similar to each other 

among different persistent clonotypes compared to non-persistent clonotypes, indicating stimulation by 

common specific antigens. 
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Conclusion  

Dominant TCRbeta clonotypes can persist for many years in RCD. Our CDR3 similarity score analysis 

suggests that persistent TCRbeta clonotypes are stimulated by specific antigens in RCD.  

 

Immunpathologie II - Umwelt- und Autoimmunität  

DGP02.04  

Autoimmune enteropathy of the adult - a rare and difficult, but important differential diagnosis of 
chronic diarrhea  

A. Beck1, L. Schulte2, P. Möller1  

1Universitätsklinikum Ulm, Institut für Pathologie, Ulm, Germany, 2Universitätsklinikum Ulm, Klinik für Innere 
Medizin I, Ulm, Germany  

Background 

Autoimmune enteropathy (AIE) is an extremely rare autoimmune disorder which affects the entire 

gastrointestinal tract and manifests as severe, sometimes life-threatening, chronic diarrhea. If at all, 

diagnosis is established late in course of the illness in many patients, so that AIE can not be treated properly 

until then. Even if AIE diagnosis is made, not all patients respond to known therapeutic options. A 

complicating fact is that the underlying pathomechanism is not fully understood by now, but on the basis of 

current knowledge, adult autoimmune enteropathy is considered to be a heterogenous group of diseases. 

 

Aim 

Aim was to illustrate the diagnostic difficulties and the histological hallmarks of autoimmune enteropathy by 

means of a case report. 

 

Methods 

We reviewed the literature with emphasis on histology and re-evaluated the gastrointestinal biopsies and the 

clinical course of a young woman with fatal AIE and homozygous germline-mutation of the CLEC7A-gene. 

 

Results 

The most important histological feature of AIE is villous atrophy. Four different histological patterns are 

known. There are many differential diagnoses to be considered relating to both histology and symptoms. 

Histology alone is not sufficiently sensitive and consistent to allow a solely histopathological diagnosis. In the 

literature diagnostic criteria are named. The patient we are reporting fulfilled these criteria. Her course of 

disease is documented closely in multiple intestinal biopsies taken over the four years of disease duration, 

showing a morphological change over time. Besides, this is the first time a homozygous CLEC7A mutation is 

described in a patient with autoimmune enteropathy. 
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Conclusion 

In order to recognize this rare disease early there is a need for a special awareness among attending 

physicians and pathologists. Furthermore, the dialog between attending physicians and pathologists is of 

highest importance.  

 

Immunpathologie II - Umwelt- und Autoimmunität  

DGP02.06  

Inhibition of canonical IKK/ NF-κB signaling in pancreatic stellate cells promotes development of 
autoimmune pancreatitis in mice  

L. K. Chan1, 2, M. Gerstenlauer1, M. Tsesmelis1, F. Leithäuser3, A. Kleger4, T. Wirth1, H. J. Maier1, 5  

1Universitätsklinikum Ulm, Institut für Physiologische Chemie, Ulm, Germany, 2Current address: 
Universitätsspital Zürich, Institut für Pathologie, Zürich, Switzerland, 3Universitätsklinikum Ulm, Institut für 
Pathologie, Ulm, Germany, 4Universitätsklinikum Ulm, Klinik für Innere Medizin I, Ulm, Germany, 5Current 
address: Novartis Pharma GmbH, Nürnberg, Germany  

Question  

Autoimmune pancreatitis (AIP) is a rare type of chronic pancreatitis with often unclear immunological 

triggers. The NF-κB pathway plays an important role in pancreatitis, although its precise contribution has 

remained controversial and may very much depend on the cell type. Pancreatic stellate cells (PSCs) have 

gained significant interest in inflammatory and fibrotic conditions of the pancreas and may also be regulated 

by NF-κB signaling. We wanted to elucidate the role of canonical NF-κB signaling in pancreatic stellate cells 

in the context of inflammatory and fibrotic conditions.  

Methods  

We deleted NEMO (NF-κB essential modulator), a regulatory subunit of the IKK complex essential for 

canonical NF-κB signaling, from PSCs in mice in vivo. The consequences of NEMO deletion were analyzed 

in pancreas, liver and serum by morphological and molecular methods, both in the absence and the 

presence of an additional inflammatory stimulus (secretagogue-induced pancreatitis elicited by the injection 

of the CCK analogue caerulein), upon steroid treatment, and upon genetic ablation of chemokine receptors.  

Results  

Mice with conditional deletion of NEMO in PSCs developed features of AIP with infiltration of eosinophils, B 

cells and T cells. These features were observed spontaneously, but could be enhanced by eliciting 

pancreatitis through injection of caerulein. Serological markers of AIP, including circulating IgM, IgG and 

ANA, were elevated. Transcriptomic profiling showed that animals displayed molecular signatures 

resembling human AIP. Corticosteroid therapy strongly ameliorated the pancreatitis seen upon deletion of 
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NEMO in PSCs. RNA sequencing revealed upregulation of chemokines providing interactions with CCR2-

positive cells and contributing to tissue eosinophilia. Deletion of CCR2 strikingly attenuated the AIP features.  

Conclusion  

Our findings indicate an important immunomodulatory role of NF-κB signaling in PSCs, with its deregulation 

constituting possibly an important trigger of AIP.  

 

Immunpathologie II - Umwelt- und Autoimmunität  

DGP02.07  

Comparative analysis of the immune microenvironment in usual interstitial pneumonia and 
organizing pneumonia.  

R. Krupar1, 2, F. Stellmacher1, C. Rosero1, T. Goldmann1, S. Perner1, 2  

1Forschungszentrum Borstel, Leibniz Lungenzentrum, Pathologie, Borstel, Germany, 2Institut für Pathologie, 
Universitätsklinikum Schleswig-Holstein, Lübeck, Germany  

Question  

Usual interstitial pneumonia (UIP) pattern is the histological correlate of idiopathic pulmonary fibrosis. One 

characteristic feature of UIP are fibroblast foci (FF), which are considered the initiation point of progressive 

lung fibrosis. Although they show histological similarities to intraluminal fibroblastic buds (FB) of organizing 

pneumonia (OP), FF represent irreversible structural alterations with little response to current therapies. FB 

in contrast are responsive to corticosteroid treatment and can undergo complete repair. In this study we 

hypothesize that a specific immune microenvironment (IM) of FF and FB promotes their differential behaviour 

and leads to defective repair in FF.  

Methods  

FFPE tissue of 5 UIP and 5 OP cases underwent serial sections and consecutive immunohistochemical 

staining for CD8, CD4, FOXP3, PD1, PDL1, CD68 and pSMAD3. QuPath was used for analyses of scanned 

IHC slides. Areas of FF or FB (4 – 10 per case) were manually annotated and the number of positive cells in 

FF and FB were automatically quantified per mm2. 

Results  

All analyzed immunocyte subtypes were present in FB as well as in FF with variable amounts. CD8+ T cells 

and CD68+ macrophages tended to be lower in FF than FB (725 vs. 1378 per mm2, p=0.282 and 1934 vs. 

3992 per mm2, p=0.060). In contrast CD20+ B cells and FOXP3+ Tregs were higher in FF than FB (828 vs. 

221 per mm2, p=0.109 and 200 vs. 102 per mm2, p=0.291). The amount of CD4+ T cells, PD1+ cells and 

PDL1+ cells were similar in FF and FB. The number of FOXP3+ cells normalized to CD4+ cells tended to be 

higher in FF (0.07 vs. 0.03, p=0.0868) and the CD8/FOXP3 ratio was lower in FF (5.37 vs. 15.04, p=0.164) 
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compared to FB. High numbers of pSMAD3+ cells, as indicator of TGFβ activity, were found in both groups. 

But CD8+ and CD68+ cells relative to pSMAD3 expression were decreased in FF compared to FB (0.20 vs. 

1.13, p=0.293 and 0.54 vs. 2.00, p=0.083).  

Conclusion  

Our first results indicate differences in the IM of UIP FF and OP FB with trends towards an 

immunosuppressive IM in FF. TGFβ activity is present in both groups, but negatively affects the number of 

CD8+ T cells and macrophages in FF. Extension of the cohort will further define immunological differences 

between FF and FB to guide potential immunotherapeutic treatment options for UIP. 

 

 
Quantification of CD8+ T cells in one FF and FB: After selection and manual annotation (yellow circle) of 4 – 
10 FF or FB for each case, positive cells (red circles) were automatically quantified to determine CD8+ T 
cells per mm2 of annotated area. 
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Immunpathologie II - Umwelt- und Autoimmunität  

DGP02.08  

The complement system - a hot topic not only in renal medicine  

K. Amann, C. Daniel, M. Büttner-Herold  

Universitätsklinikum Erlangen, Nephropathologie, Erlangen, Germany  

Die derzeitige große Bedeutung des Komplementsystems für die Nephrologie und Nierenpathologie beruht 

ganz wesentlich auf neuartigen pathophysiologische und therapeutischen Erkenntnissen der letzten Jahre 

aus klinischen und genetischen Studien bei Kindern mit atypischem hämolytisch urämischem Syndrom 

(aHUS), der prototypischen Erkrankung einer Überaktivierung des alternativen Komplementweges. Diese 

manifestiert sich an verschiedenen Organen wie auch der Niere in Form einer thrombotischen 

Mikroangiopathie. Die bei dieser Erkrankung gefundenen Pathomechanismen, die zu einer Überaktivierung 

des alternativen Komplementweges führen, mündeten im erfolgreichen klinischen Einsatz eines Hemmers 

von C5-b9, der terminalen Komplementkaskade, die lokal für den Gewebsschaden verantwortlich ist. 

Nachfolgendend wurden auch angesichts des mittlerweile verfügbaren technologischen Fortschritts weitere 

systemische und renale Erkrankungen identifiziert, bei denen es aufgrund einer Mutation im 

Komplementsystems mit entsprechender Prädisposition bei zusätzlich auftretenden Schädigungsreizen z.B. 

durch Infekte, hormonelle Veränderungen, etc. bei den Patienten über eine Überaktivierung des 

Komplementsystems zum Krankheitsausbruch kommt. 

Durch das zunehmende Wissen über die Regulation und damit die Beeinflussbarkeit der verschiedenen 

Komplementwege sowie v.a. durch die Entwicklung zahlreicher pharmakologischer Hemmsubstanzen des 

Komplementsystems hat der Stellenwert des Komplementsystems nicht nur in der Nephrologie und 

Nierenpathologie in den letzten Jahren stark zugenommen und dazu geführt, dass das Komplementsystem 

derzeit zweifellos eines der „hot topics“ der Medizin darstellt. 
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DGP03 Immunpathologie III - Varia  

 

DGP03.01  

The ambiguous role of the inflammatory micromileu in solid tumors  

M. Gaida  

UNIVERSITÄTSMEDIZIN der Johannes Gutenberg-Universität Mainz, Institut für Pathologie, Mainz, 
Germany  

Hintergrund: Zu den Aufgaben des Immunsystems gehört neben der Infektabwehr auch die Abwehr von 

Tumoren. Entsprechend weisen alle soliden Tumoren ein unterschiedlich ausgeprägtes fibro-

inflammatorisches Mikromilieu auf, das aus myo-fibroblastären Zellen, extrazellulären Matrixkomponenten 

und Infiltraten von verschiedenen Immunzellen besteht, die sich hauptsächlich aus T Zellen, Neutrophilen 

und Makrophagen zusammensetzten. Insbesondere das duktale Adenokarzinom des Pankreas (PDAC) ist 

ein Prototyp eines Tumors mit einem ausgeprägten inflammatorischen Mikromilieu, bei dem der Großteil der 

Tumormasse aus nicht-neoplastischen Stroma- und Immunzellen besteht. Eigene Daten und Daten aus der 

Literatur weisen auf eine protektive Rolle tumorinfiltrierter T Zellen für den Host hin. Andererseits konnten wir 

zeigen, dass eine definierte T-Zellsubpopulation paradoxerweise das Fortschreiten des Tumors fördert. 

Unsere Untersuchungen konzentrieren sich nun auf diese, als „Th17“ bezeichneten Zellen im entzündlichen 

Tumormikromilieu. 

Ziel der Arbeit: Aufklärung der Mechanismen der Tumor-infiltrierenden Immunzellen und ihrer Mediatoren im 

proinflammatorischen Tumor-Mikromilieu. 

Material und Methoden: Humanes Pankreaskarzinomgewebe wurde für (immun-) histologische Färbungen 

und morphometrische Analysen verwendet und die Ergebnisse mit klinischen Parametern und mit 

diffusionsgewichteter Magnetresonanzbildgebung korreliert. Die molekularen Mechanismen wurden in 

Zellkulturansätzen unter Verwendung von humanen Tumorzellen und humanen Immunzellen mit 

molekularbiologischen Methoden und funktionellen Assays für Zellwachstum, Invasion und Chemoresistenz 

analysiert. Die in-vivo-Korrelation unserer Ergebnisse sowie funktionelle Interventionen wurden in murinen 

und aviären (Xenotransplantat) -Modellen getestet. 

Ergebnisse und Diskussion: Tumorinfiltrierende Immunzellen vom Typ Th17 und deren Mediatoren förderten 

in Abhängigkeit von Dichte, Aktivierungsstatus und Zytokinprofil das Fortschreiten des Tumors. Auf 

molekularer Ebene identifizierten wir als Ursachen eine Th-17-vermittelte Steigerung der Tumorzellmigration 

und der -invasion, eine erhöhte Neoangiogenese, sowie eine Reorganisation des Tumorstromas und der 

Tumor-Mikroarchitektur. Die Daten zeigen, dass je nach Aktivierungszustand und Zytokinprofil die 

Progression des Pankreaskarzinoms begünstigt wird. 

Schlüsselwörter: Pankreaskarzinom, solide Tumore, inflammatorisches Tumormikromilieu, 

Tumorprogression 
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Tumour Infiltrating Lymphocytes Assessed on Haematoxylin Eosin Stained Pre-Treatment Biopsies 
of Oesophageal Cancer Patients Predict Benefit from Chemotherapy - Results from the UK MRC 
OE02 Trial  

M. Häller1, N. Sefcovicova1, S. Jolani2, M. Nankivell3, W. H. Allum4, D. Cunningham4, R. E. Langley3, H. I. 
Grabsch1, 5  

1Department of Pathology, GROW School for Oncology and Developmental Biology, Maastricht University 
Medical Center +, Maastricht, Netherlands, 2Department of Methodology and Statistics, Maastricht 
University, Maastricht, Netherlands, 3Medical Research Council Clinical Trials Unit at University College 
London, London, United Kingdom, 4Royal Marsden Hospital NHS Foundation Trust, London and Surrey, 
United Kingdom, 5Pathology & Data Analytics, Leeds Institute of Medical Research at St James’s, University 
of Leeds, Leeds, United Kingdom  

Question  

Neoadjuvant chemotherapy (NAC) followed by surgery is one standard of care for treatment of patients with 

locally advanced (resectable) oesophageal cancer (OeC). However, patient outcomes remain poor. It has 

been suggested that only a subset of patients might benefit from NAC. Studies in breast cancer suggest that 

tumour infiltration by lymphocytes (TILs) assessed on routine Haematoxylin/Eosin (HE) stained sections 

predict benefit from NAC. The aim of the current study was to explore the predictive and prognostic value of 

TILs measured in the pre-treatment biopsies from OeC patients recruited into the OE02 trial.  

Methods  

HE stained sections from the diagnostic pre-treatment biopsy were collected retrospectively from 158 

patients treated with surgery alone (S patients) and 147 patients treated with two cycles of cisplatin + 5-

fluoruracil followed by surgery (CS patients). Slides were digitized and individual biopsy pieces were 

analysed by two independent observers quantifying %area TILs in the stroma (sTILs) and tumour cell 

compartment (tuTILs) separately according to proposed international guidelines. The relationship between 

the lowest, highest and average TILs score per patient and compartment and clinicopathological parameters 

including overall survival and treatment interaction was investigated.  

Results  

Treatment interaction was observed only for the lowest tuTILs score (interaction p=0.02) which was therefore 

used for further analyses. The median (range) of the lowest tuTILs was 0% (0-20%). tuTILs were classified 

as high (>5%) versus low (≤5% ) based on the treatment interaction analysis results. CS patients with a 

lowest tuTILs of ≤5% (n=74) had a survival benefit compared to S patients (n=76), p=0.003. Survival of CS 

patients with a lowest tuTILs >5% (n=60) was similar to that of S patients (n=61), p=0.741. There was no 

relationship between lowest tuTILs score, histological phenotype (squamous carcinoma vs 

adenocarcinoma), gender, or age.  
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Conclusion  

This is the first study suggesting that the extent of intratumourepithelial lymphocyte infiltration in the 

diagnostic HE stained pre-treatment biopsies from OeC patients with resectable disease can identify patients 

who are likely to benefit from neoadjuvant chemotherapy. Our findings represent an important step forward 

towards personalising treatment for OeC patients. Validation in independent patient cohorts is underway.  

 

Immunpathologie III - Varia  
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Interspatial distribution of tumor and immune cells in correlation with PD-L1 in molecular subtypes 
of gastric cancers  

B. Dislich1, N. Blaser1, B. Gloor2, K. Mertz3, R. Langer1  

1Institut für Pathologie, Universität Bern, Bern, Switzerland, 2Inselspital, Universität Bern, Abteilung für 
Viszeralchirurgie, Bern, Switzerland, 3Kantonsspital Baselland, Institut für Pathologie, Liestal, Switzerland  

Question  

EBV-positive and mismatch repair deficient (MMRd) gastric cancers (GC) show higher levels of tumor 

infiltrating lymphocytes (TILs) and increased PD-L1 expression and thus are more likely to respond to 

immunotherapy. The majority of GC, however, are EBV-negative and MMR proficient (MMRp). We analyzed 

PD-L1 expression and immune infiltrates in EBV-negative MMRpGC in comparison to EBV-positive and 

MMRdGC to evaluate whether alternative biomarkers may indicate an immunogenic phenotype susceptible 

to immunotherapy/immune checkpoint inhibitors beyond EBV and MMR.  

Methods  

A next generation tissue microarray of 401 primary resected GC was analyzed by EBER in situ hybridization, 

MSH1, PMS2, MSH2, MSH6, PD-L1 and CD8 immunohistochemistry. PD-L1 positivity was defined as 

combined positive score >1%. CD8+TILs and their proximity to cancer cells within various distances (1,5, 20, 

100 micrometers) were digitally analyzed on the HALO™ image analysis platform.  

Results  

Twelve cases were EBV-positive, 48 cases MMRd and 341 cases EBV-negative MMRpGC. EBV-positive 

and MMRdGC were more often PD-L1-positive (73%, 19%), demonstrated increased numbers of CD8+ TILs 

and increased proximity of CD8+TILs to tumor cells compared to EBV-negative MMRpGC (p<0.001 each; 

total number of CD8+TIL and within all distances). In addition, PD-L1-positive tumors demonstrated 

increased numbers of CD8+TILs with increased proximity to tumor cells compared to PD-L1-negative tumors 

(p<0.001 each; total number of CD8+TIL and within all distances). This was also observed for PD-L1-

positive, but EBV-negative MMRpGC (p<0.001; total number of CD8+ TIL and within 1 and 5 micrometers).  
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Conclusion  

PD-L1 and CD8 immunohistochemistry, supplemented by digital image analysis, may be helpful to identify 

EBV-negative MMRpGC candidates with high immunoreactivtiy indices, indicating susceptibility to 

immunotherapy. 
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Question  

Plasmacytoid dendritic cells (pDCs) can essentially contribute to the induction and regulation of innate and 

adaptive antitumor immunity. However, they can also act as tolerogenic DCs by inhibiting tumor-directed 

immune responses. Due to these important properties, pDCs may profoundly influence tumor progression. 

So far, little is known about the role of human pDCs in primary tumors and their therapeutic modulation. 

 

Here, we investigated the frequency and clinical relevance of infiltrating pDCs in colon cancer. In addition, 

we explored the impact of neoadjuvant radiochemotherapy (nRCT) on the characteristics of rectal cancer-

infiltrating pDCs and CD8+ T cells.  

Methods  

Immunohistochemical staining of BDCA-2 was used to determine the frequency of tumor-infiltrating pDCs in 

colon cancer tumors and in matched pre- and post-nRCT rectal cancer samples. Double 

immunohistochemistry and immunofluorescence experiments were performed to assess the percentage of 

GrzB-expressing CD8+ T cells and CD83- or IFN-α-expressing pDCs in the matched rectal tissues. In 

addition, the spatial distribution of CD8+ T cells and pDCs within the rectal tumors was explored by multiplex 

immunofluorescence.  
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Results  

pDCs were detectable in all colon tumor samples. Remarkably, a higher pDC density was significantly 

associated with an increased progression-free and overall survival of colon cancer patients. When 

investigating the influence of nRCT on rectal cancer-infiltrating pDCs, their frequency was significantly higher 

in the nRCT-treated cohort relative to the untreated cohort. Furthermore, nRCT treatment increased the 

proportion of mature and activated pDCs. Similarly, the number of GrzB-expressing CD8+ T cells infiltrating 

rectal tumors was significantly enhanced by nRCT. Additional experiments revealed the existence of regions 

with a high density of pDC and CD8+ T cells in all analyzed nRCT-treated rectal cancer tissues.  

Conclusion  

The correlation between a higher frequency of colon cancer-infiltrating pDCs and good prognosis indicates 

that pDCs may essentially contribute to antitumor immunity in patients. Moreover, our findings provide 

evidence that nRCT significantly alters the frequency and phenotype of pDCs in addition to CD8+ T cells, 

which may influence the clinical response of rectal cancer patients to nRCT. 
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Inter- and Intra-tumor Heterogeneity of the Tumor Microenvironment in Pulmonary Adenocarcinoma  
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Rempel1, C. Plöger1, M. von Winterfeld1, M. Schneider2, H. Winter2, T. Muley2, M. Meister2, R. Penzel1, V. 
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Question  

Recent findings indicate that the currently approved predictive biomarker for immune checkpoint blockade 

(ICB), i.e. PD-L1 expression, is imperfect. Hence, additional biomarkers are warranted, and ICB-related gene 

expression profiling (GEP) was advocated as a promising approach enabling comprehensive interrogation of 

the ICB-effector compartment. Here, we assessed inter- and intra-tumor heterogeneity of the immunological 

microenvironment using a comprehensive gene expression approach (770 genes) to further elucidate the 

biological bias for new diagnostic applications.  

Methods  

Formalin-Fixed Paraffin-Embedded tissue were derived from ADC specimens resected at the Thoracic Clinic 

and diagnosed at the institute of pathology (both at University Hospital Heidelberg). Multi-regional GEP 

analysis (2-4 samples/tumor) was performed for 24 ADC using the Nanostring IO-360-Panel. ANOVA and F 
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statistics was used to evaluate variance of mRNA expression. Genes with significantly higher inter-tumor 

variance was isolated using the F-test. Multiple testing was addressed using the Benjamini-Hochberg 

method to control the false discovery rate (FDR).  

Results  

In an unsupervised hierarchical clustering of the entire sample set, the 2-4 segments of each tumor clustered 

together. For 752 of the 770 genes (97.7%) the inter-tumor variance was significantly higher than the intra-

tumor variance (FDR<5%). For 257 of the 770 genes (33.4%) the inter-tumor variance was more than ten-

fold higher than the intra-tumor variance.  

Conclusion  

In our preliminary analysis of ICB-GEP, variance of expression levels between tumors was substantial and 

exceeded ITH for the majority of analyzed genes. In depth analysis are ongoing to further delineate the 

influence on affected gene signatures and pathways.  

   

DGP04 A case I will never forget - on demand  
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Multiple HPV-Infections in a Deep-Seated Rectal Polyp and Perianal Condylomata Acuminata  
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1Dept. of Pathology, Gulu University, Gulu, Uganda, 2Darmklinik Exter, Gastroenterologie, Vlotho-Exter, 
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Question  

A unique case-report in a 58-years old man is presented. During a preventive coloscopy there were a polyp 

0.3 cm in diameter 8 cm ab ano and three perianal small nodules, namely a tubular adenoma with low grade 

intraepithelial neoplasia and condylomata acuminata, respectively.  

Methods  

HPV-infections were assayed with standard methods.  

Results  

In the PCR HPV LR type 6 were detected. For the rectal polyp this is an original finding. However, 

morphological correlates were not seen. The virus may be harboured in the hyperplastic cryptal mucosa 

which borders the adenomatous changes. In the condylomas it may hide in the characteristic acanthotic part. 

Koilocytosis was not a feature. – In the L1 productive immunostains there was no reaction in the polyp. In the 

condylomata nuclei in the superficial parakeratosis were positive for infection with HR-HPV. P16 as used for 

CIN lesions was positive and negative in the tubular adenoma and the condylomata, respectively.  
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Conclusion  

The condylomata underline the generally not accepted view that particularly in higher age-groups 

koilocytosis may be absent. Although in the condylomata neoplastic changes were not seen, both tumours 

are essentially new HPV-associated precursor lesions of cancer. - Management may differ, but early reports 

on HPV-infections in the upper anal canal and the deep rectum are scarce. A useful denotation for the newly 

identified lesion could be rectal adenocondyloma with LGIEN. Already in 1991 HPV 16 infections were 

demonstrated in anal adenocarcinomas and in 2007 HPV 16 and 33 in two anal adenomas; in 2012 in a 

large series of anorectal adenocarcinomas from Uganda 68.1 % showed p16 expression. - HPV-assays in 

anal and deep seated rectal hyperplastic polyps, adenomas and adenocarcinomas deserve clearly more 

attention. 
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An infraorbital tumor in a 75 years old male patient  
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Question  

A 75years old male patient presented with two tumor nodules (infraorbital and lateral nose). Excision showed 

a spindle cell neoplasm with characteristic plexiform growth pattern in the vicinity of a medium-sized nerve. 

On immunohistochemistry, the tumor showed strong nuclear expression of Sox10 with barely visible 

expression of S100 and NSE, while MelanA and HMB45 were completely negative. The final diagnosis was 

low grade malignant peripheral nerve sheath tumor (MPNST). 3 months later, the patient developed 

pulmonary nodules and a segment resection revealed a typical pigmented malignant melanoma with strong 

expression of melanocytic markers including S100. With this information, the initial diagnosis of MPNST was 

questioned and the differential diagnosis of desmoplastic malignant melanoma of the orbital region was 

raised. However, BRAF, NRAS, and KIT were all wildtype in both tumor mainfestations and it was difficult to 

formally prove a causal relationship between the two tumors.  

Methods  

The two tumor manifestations were subjected to a number of sophisticated molecular analyses, including 

panel sequencing of 78 cancer related genes, shallow whole genome sequencing (WES), runs of 

homozygosity (ROH), and analysis of identity (AOI) using 250 very rare autosomal SNPs.  
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Results  

Panel sequencing revealed few shared mutations including an identical NF1 p.L2128Efs*19 mutation with 

varying allelic frequency in the primary tumors and in the tentative lung metastases, while many other 

mutations were found exclusively either in the orbital tumors or the lung lesions . WES revealed many 

shared and only few private chromosomal gains and losses among the tumor lesions. ROH analysis 

revealed large regions with LOH in one of the "metasases", affecting gene loci e.g. of BRCA1, SMAD4, ATM, 

RAD51C, TP53, BRIP1, SDHD. AOI showed very high concordance (85%) between the nasal and the orbital 

tumors and similarly high concordance between the facial tumors and one of the lung lesions.  

Conclusion  

Although the overall clinical situation strongly favoured desmoplastic melanoma (DM) in the disguise of a 

malingant peripheral nerve sheath tumor, unveiled by lung metastases of conventional pigmented malignant 

melanoma, extensive molecular analyses were required to formally prove this and to determine a causal 

relationship between the two tumor manifestations. Desmoplastic melanoma accounts for only 4% all 

malignant melanomas and represents an important pitfall especially for non-dermatopathologists.  
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CIC fusion-positive sarcoma of the spermatic cord  
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Question  

Apart from testicular germ cell tumours and tumours of the sex cord stroma, the WHO classification of 

tumours of the urinary system and male genital organs includes malignant soft tissue tumours. Among them, 

liposarcomas of the spermatic cord are the most common entities. Other mesenchymal tumours with smooth 

muscle, skeletal muscle, fibroblastic/myofibroblastic, or nerve sheath differentiation are very rare. We 

present a rare case of a 70-year-old man with an tumor of the right spermatic cord without elevated tumor 

markers. No lymph node or organ metastases were detectable by that time.  

Methods  

Immunhistochemistry was performed on paraffin embedded tissue. The expression of CD99, CD56, WT-1, 

Vimentin, Keratin, CK20, EMA, Synaptophysin, CD30, myogenin, desmin, chromogranin, caldesmon, actin, 

S100, CD34, CD45, CD3, CD4, CD8, CD20, myeloperoxidase, CD57, granzyme B, perforin, ALL4, OCT3/4, 

TLE1 and INI1 were investigated. In addition, molecular analysis was performed using fluorescence in situ 



33 
 

hybridization (FISH) for EWSR1 and CIC.  

Results  

Histologically, the paratesticular region and spermatic cord that was infiltrated by an undifferentiated cellular 

tumor which was partially inoculated and necrotic. Immunohistochemically, the tumor cells were positive for 

CD99, CD56, nuclear WT-1, and vimentin but negative for keratin, CK20, EMA, synaptophysin, CD30, 

myogenin, desmin, chromogranin, caldesmon, actin, S100, CD34, CD45, CD3, CD4, CD8, myeloperoxidase, 

CD57, granzyme B, perforin, and CD20. No expression of SALL4, OCT3/4, TLE1, or loss of INI1 expression 

was noted. 

Performing FISH analysis, no translocation of the EWSR1 gene was found. However, analysis of the CIC 

gene by FISH showed aberrant break apart signals in 88% out of 50 evaluated tumor cell nuclei. Thus, a 

translocation with chromosome 19q13.2 as translocation partner was observed (CIC fusion-positive).  

Conclusion  

In conclusion, an Ewing-like sarcoma with CIC fusion of the spermatic cord was diagnosed.  

   

DGP05 Immunonkologie II  
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Categorizing Immune Cell Infiltrate of HNSCC as “hot”, “cold” or “excluded” allows prediction of 
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Perner1, 3  
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Question  

Head and neck squamous cell carcinoma (HNSCC) represent a very common cancer worldwide. The 

prognosis is still rather poor despite intensive efforts over the past decades. Furthermore, it is still difficult to 

predict patients’ prognosis. The aim of this study was to categorize the immune cell infiltrate of HNSCC as 

being either “hot”, “cold” or “excluded” by reading standard H&E slides. Then we investigated correlation with 

clinic-pathological features.  

Methods  

Previously, we had set up a large HNSCC tumor tissue and patient data cohort. Our cohort is representative 

for epidemiological data and reflects the aggressive biology of this cancer. The cohort contained resection 

specimen of n=290 patients. From these, we assessed representative routine H&E slides. Primary tumor and 
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recurrent disease specimen were categorized as being either “hot”, “cold” or “excluded”. A “hot” or “inflamed” 

tumor offers immune cells distributed diffusely throughout the tumor. A “cold” or “immune desert” tumor lacks 

immune cells whereas an “excluded” tumor shows immune cells in the desmoplastic septa of the tumor 

borders  

Results  

When correlating these categories with survival data we found the immune profile in primary tumors to 

indicate significant differences in overall survival (OS). In the five year range, patients with “cold” tumors 

experienced a worse OS than those that were “hot” or “excluded”. In the ten year survival data, additionally 

patients with “excluded” tumors showed a worse prognosis than those with “hot” tumors (p <0,05). “Hot” 

tumors had the longest survival time (median survival 145 months versus 109 and 69 months for “excluded” 

and “cold” tumors, respectively). 

No significant differences were found in disease free survival or survival after relapse when setting in context 

with immune profile in primary or relapsed tumors.  

Conclusion  

It is possible to categorize HNSCC by their immune cell infiltrate as being either “hot”, “cold” or “excluded” by 

simply reading standard H&E slides. Applying these categories shows significant differences in overall 

survival. This may prove to be a valuable, easy to learn and inexpensive tool in daily routine pathology to 

better predict patient outcome. 

Further studies on larger cohorts are to follow to validate our findings.  
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Question  

Biallelic loss of CDK12 has recently been identified to define a novel subtype of prostate cancer (PCa) 

characterized by recurrent gains in loci of genes involved in DNA replication. Subsequently, CDK12 altered 

PCa associates to elevated neoantigen burden that may be suitable for immunotherapy with checkpoint 

inhibitors. Up to now, data about CDK12 refer to its genetic alterations in PCa while its characterization on 

protein level and its association with tumor infiltrating T-lymphocytes are lacking.  
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Methods  

Immunohistochemistry (IHC) for CDK12 was performed on a well characterized PCa cohort with 74 benign 

specimens, 391 primary tumors from 222 patients, 63 locally advanced tumors, 92 lymph node metastases, 

and 56 distant metastases. CDK12 was quantified by a semi-automated image software (Definiens) and then 

categorized into negative, weak, moderate and high expression. Density of tumor associated T-lymphocytes 

per tumor area was assessed by IHC for CD3 which was graduated into negative (>1%), slight (1-5%), weak 

(>5-10%), moderate (>10-50%) and high (>50%). 

Results  

CDK12 significantly increases during disease progression showing highest levels in lymph node and distant 

metastases while benign prostate tissues harbor no or weak CDK12 expression (ANOVA p<0.001). Kaplan-

Meier curve reveals 5-year-biochemical recurrence free survival rates of 89.5%, 69.1%, 59.1% and 20.0% for 

primary tumors expressing no, weak, moderate and high CDK12 (log-rank p=0.05). High CDK12 expression 

significantly associates with attenuated tumor associated T-lymphocytes (p=0.009) revealing CD3 negativity 

in 64.7% of CDK12 high expressing tumors. Intratumoral CDK12 and the density of CD3 positive T-cells 

correlates adversely in particular in locally advanced tumors (p=0.007). Overall, tumor associated T-cells are 

significantly reduced in distant metastases compared to local PCa (p<0.001). 

Conclusion  

This is the first study highlighting the prognostic potential of CDK12 for surgically treated PCa and its 

overexpression in advanced, metastatic tumors. Future studies have to show whether CDK12 protein 

expression might be a surrogate marker for genomic CDK12 alterations. Of note, CDK12 overexpressing 

tumors can be designated as immunologic “cold” tumors which reveal a more aggressive phenotype. In 

unison, distant metastases show attenuated tumor associated lymphocytes supporting the poor response to 

immunotherapy of patients suffering from metastatic PCa. 
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Tumor-microenvironment interactions in classical Hodgkin lymphoma: pathogenetic mechanisms 
and prognostic relevance  

-  

-  

Classical Hodgkin lymphoma (cHL) is histologically characterized by a quantitatively dominating immune cell 

infiltrate. Its composition differs depending on the histological subtype and EBV-status. Current pathogenic 

concepts postulate, that the malignant cells, the so-called Hodgkin- and Reed-Sternberg (HRS) cells act as 

master recruiters, thereby actively shaping the microenvironment to support their proliferation and outgrowth. 

The development of modern technology platforms and sophisticated methodologies allowing a detailled 

description of genetic, phenotypic and functional properties of tumor and microenvironmental cells was of 

major relevance for broadening our understanding of the complex biology of cHL. It is conceivable that by 

using novel techniques such as mass cytometry and single cell sequencing we will not only gain further 

insights into tumor evolution and intratumoral heterogeneity but we will also be able to characterize the tumor 

microenvironment at unprecedented resolution. 

So far genetic studies have identified important mechanisms by which the HRS cells are enabled to escape 

immune surveillance. Beside an insufficient antigen presentation, mediated by mutations and structural 

chromosomal changes in key components or regulators of major histocompatibility class I and II molecules, 

copy number gain of the 9p24.1 genomic locus encompassing JAK2 and the ligands of the programmed cell 

death protein 1 (PD1), PD-L1 and PD-L2, plays an important role in the pathogenesis of this disease as the 

engagement of those ligands with their cognate receptor leads to suppression of the immune response. Of 

importance, the reversibility of this inhibitory receptor-ligand interaction is key to the clinical success that 

checkpoint inhibitors had and continue to have in cHL patients, especially in the relapse setting. In addition, 

comprehensive assessment of microenvironment composition, integration with results from genetic studies 

and correlation with clinical outcome have led to the development of prognostic models which may assist in 

an improved risk stratification, informed selection of treatment regimens and therefore better outcomes.  
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Question  

Anaplastic large cell lymphoma (ALCL) and classical Hodgkin lymphoma (cHL) are lymphomas that contain 

CD30-expressing tumor cells and have numerous pathological similarities. Whereas ALCL is usually 

diagnosed at an advanced stage, cHL more frequently presents with localized disease. The aim of the 

present study was to elucidate the mechanisms underlying the different clinical presentation of ALCL and 

cHL.  

Methods  

Chemokines and receptors were studied in cHL and ALCL cases by immunohistochemistry. Additionally, the 

microenvironment was quantified. Furthermore, interaction of ALCL and cHL cell lines with T cells from 

peripheral blood was studied in a cell culture model. Intrinsic motility of ALCL and cHL cell lines was 

analyzed by time-lapse microscopy in 3D collagen gels and microchannels as well as transwell migration 

assays.  

Results  

Chemokine and chemokine receptor expression were similar in primary ALCL and cHL cases apart from the 

known overexpression of the chemokines CCL17 and CCL22 in the Hodgkin and Reed-Sternberg (HRS) 

cells of cHL. Consistent with the overexpression of these chemokines, primary cHL cases encountered a 

significantly denser T cell microenvironment than ALCL. Additionally to differences in the interaction with 

their microenvironment, cHL cell lines presented a lower and less efficient intrinsic cell motility than ALCL cell 

lines, as assessed by time-lapse microscopy in a collagen gel, microchannels and transwell migration 

assays.  

Conclusion  

We thus propose that the combination of impaired basal cell motility and differences in the interaction with 

the microenvironment hamper the dissemination of HRS cells in cHL when compared with the tumor cells of 

ALCL. 
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Question  

Follicular lymphoma (FL), especially low grade FL, is characterized by the presence of a densely populated 

tumor microenvironment (TME) contributing a substantial part to the lymphoma mass.  

Methods  

In a cohort of 71 FL patients treated either by rituximab (R) only or rituximab and lenalidomide (R2) derived 

from the SAKK 35/10 trial, gene expression profiling using the HTG EdgeSeq Precision Immuno-Oncology 

Panel was performed in order to investigate the impact of the TME on progression-free survival (PFS). T 

helper 17 (Th17) T-cells were quantified by immunohistochemistry using expression of retinoic-acid-receptor-

related orphan nuclear receptor gamma (RORγt) as a surrogate.  

Results  

GEP showed that an activated Th17 response, characterized, among others, by increased RNA-levels of 

IL17A and IL22, was associated with inferior PFS in the R-treated group (p=0.039) while this effect was not 

seen in the R2 group. Quantifying Th17 cells by immunohistochemistry (RORγt), a trend to worse PFS for 

cases with lower amounts of Th17 cells defined as ≤ 7.5 positive cells/mm2 was also observed. In contrast to 

our previous study investigating the role of PD1- and GATA3-positive T-cells, GEP did not reveal a 

significance for the global presence of Th1 and Th2 cells. 

Conclusion  

This study gives interesting new insights into the complex interaction of FL cells and their microenvironment 

and elucidates a new potential role of a Th17-enriched TME to predict poorer PFS. It further shows the 

changing prognostic impact of the TME in the setting of different drugs and suggests that the negative 

prognostic role of a Th17-enriched TME may be overcome by addition of lenalidomide to R.  
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Question  

Myelodysplastic syndromes (MDS) are heterogeneous diseases of hematopoietic stem cells, associated with 

peripheral cytopenias induced by ineffective hematopoiesis and a variable risk of progression to secondary 

acute myeloid leukemia (sAML). The relationship between immune regulation, progression, molecular 

abnormalities, and the response to immunoregulatory therapies in MDS is largely unknown. The aim of this 

study is to analyze the tumor microenvironment and the spatial distribution of the immune cell repertoire 

depending on immune regulatory mechanisms and interactions with the hematological stem cells in MDS 

and sAMLs.  

Methods  

Bone marrow biopsies (BMBs) from 76 patients with MDS and sAML were examined, 10 BMPs from healthy 

donors (HDs) with normal blood count and without evidence of MDS served as controls. Parameters relevant 

to diagnosis, therapy regimen and the course of the disease with follow-up of five years are recorded for all 

patients. Multispectral imaging (MSI) using antibodies against CD3, CD8, FOXP3, MUM1p and CD34 was 

performed. The spatial proximity of immune cell subpopulations and stem cells was determined and 

correlated with both, the expression of the immunosuppressive enzyme indoleamine 2,3-dioxygenase (IDO) 

and the checkpoint molecule programed death ligand -1 (PD-L1) was investiagted performing conventional 

immunohistochemistry. Further correlations with therapy response to demethylating drugs was carried out.  

Results  

All BMBs of patients with MDS and sAML with <30% blasts showed an accumulation of the examined T and 

B cell subpopulations in the neighborhood of CD34+ blasts, whereby the number was comparable within the 

respective groups and increased significantly when the blast content exceeded 30%. These findings were 

not affected by karyotype, clinical risk stratification systems, or treatment response to hypomethylating drugs. 

Increased IDO expression was detected in MDS patients with progression to sAML within five years follow-

up, while PD-L1 status had no significant influence on the prognosis. 

  

Conclusion  

MDS shows significant alterations of the immune cell repertoire in the course of the disease, depending on 

the blast count. The progression risk to sAML can not be predicted by the spatial distribution of the immune 
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cells in relation to the CD34+ blasts or the PD-L1 status. In contrast, IDO-1 expression correlates with the 

course of the disease.  
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The role of iNKT cells for immune tolerance and tumor control  
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Invariant natural killer T (iNKT) cells are a distinct subset of T lymphocytes being characterized by the 

expression of a semi-invariant T-cell receptor and surface molecules also found on NK cells. The instant 

release of specific immunoregulatory cytokines and effector molecules allow a rapid crosstalk with other cells 

of the immune system. Therefore, iNKT cells have been extensively studied in allogeneic hematopoietic cell 

transplantation (HCT). It accumulated a convincing body of evidence that iNKT cells prevent graft-versus-

host disease and maintain immune tolerance even allowing combined hematopoietic cell and solid organ 

transplantations without lifelong immunosuppression. Various complementary immunologic pathways have 

been elucidated that are critical for these iNKT-cell-mediated effects. iNKT cells also promote graft-versus-

leukemia effects that eradicate persistent malignant cells after allogeneic HCT. Being equipped with effector 

molecules such as perforin and granzymes, iNKT cells directly lyse their target cells. Alternatively, iNKT cells 

transactivate other immune cells through cytokines resulting in strong anti-tumor responses. Enrichment of 

allografts or adoptive transfer strategies using iNKT cells constitute an attractive cytotherapeutic approach to 

improve outcomes after allogeneic HCT.  
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Question  

In order to evaluate patient’s suitability for immunotherapy, various biomarkers are utilized. One such 

biomarker is the tumor mutational burden (TMB), which calculates the number of non-synonymous mutations 

across all coding regions (exome). It is assumed that a high number of mutations correlate with a great 

variety of tumor neoepitopes. The neoepitopes are recognized as foreign and will supposedly activate the 

immune system. Last year, we presented an approach for evaluation of neoepitope quality in addition to 

quantity in a collective of 48 NSCLC patients [1]. Mutations causing changes in epitope quality (altered 

antigen processing) were strongly linked to a significant decrease in overall survival. In our recent work, we 

address the exact changes in epitope processing. 

Methods  

48 NSCLC patients were analyzed retrospectively. Mutations were identified by targeted amplicon-based 

sequencing encompassing 22 genes. Then epitope databases (e.g. immune epitope database) were 

browsed to extract epitope sequences associated with mutations in specific genes. The algorithm NetChop 

was utilized to predict proteasomal cleavage, while the NetMHC algorithm calculated the binding affinity of 

resulting epitopes to MHC class I. Immunogenicity of epitopes was predicted using amino acid enrichment 

and position importance.  

Results  

Across all patients, 366 epitopes were generated by proteasomal processing. Around 50% were lost during 

steps following proteasomal processing. Of all epitopes, which had contact to MHC class I, two distinct 

groups were identified. In one group, the mutated epitopes lost their affinity to MHC class I when compared 

with their wildtype counterparts. The second group consisted of mutated epitopes, which were still binding to 

MHC class I. However, their capability to activate CD 8 positive T lymphocytes was impaired. 
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Figure 1: Differences in epitope presentation. (A) The epitope is presented and activates T cells. (B) Due to 
structural differences, no immune activation occurs. (C) The Epitope is not bound by MHC class I 
 
 
 
  
Conclusion  

Our results indicate that these patients may show signs of two immune escape strategies in association with 

antigen processing. Reducing epitope variety, especially of immunodominant epitopes is often considered an 

escape strategy some tumors [2]. The other mechanism regarding epitopes of low immunogenicity is in line 

with our presented concept of processing escapes [3].  
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Question  

Colorectal cancer is one of the leading cancer related deaths worldwide and therapeutic options are limited 

particularly for recurrent or metastatic disease. It has been shown that elevated infiltration of cytotoxic CD8+ 

T cells in the tumor stroma corresponds to a better prognosis for the patient.  

Methods  

Recently, in mouse models of colorectal cancer we have shown that metabolic alterations in tumor cells can 

influence their level of antigen-presentation. In tumor cells with experimental deletion of the transcription 

factor Stat3 we observed a marked increase of mitochondrial turnover and accumulation of their 

components, most notably iron, within lysosomes.  

Results  

This resulted in the destabilization of lysosomal membranes and release of lysosomal proteases into the 

cytoplasm, where these enhanced antigen-presentation by tumor cells and stimulated anti-tumor immunity in 

vivo. Furthermore, pharmacological stimulation of mitophagy or lysosomal membrane permeabilization was 

effective to trigger an anti-tumor immune response. 
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In addition to elevated mitochondrial turnover in Stat3-deficient tumor cells, using electron microscopy 

imaging we observed structural defects of mitochondria, e.g. cristaelysis, and enhanced mitochondrial 

fission. However, in vitro metabolic profiling revealed that Stat3-deficient tumor cells had increased overall 

mitochondrial biomass and elvated respiratory activity. Furthermore, the rate of cell proliferation under 

glucose-starvation and glycolysis-inhibition was elevated.  

Conclusion  

Taken together, our data indicates that despite structural damage of mitochondria and elevated 

mitochondrial turnover Stat3-deficient tumor cells maintain an increased level of mitochondrial biomass and 

respiratory activity. This data highlights the pleotropic role of mitochondria in tumor cells and the contribution 

of metabolic derangements to anti-tumor activity. Pharmacological modulation of metabolic pathways and, 

specifically, lysosomal or mitochondrial function might provide useful future therapeutic strategies in cancer 

therapy.  
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Question  

Breast cancer tumor draining lymph nodes (LNs) are known to display distinct morphologic changes 

depending on the intrinsic subtype (Seidl et al, Sci Rep 2018). Hereby, draining LNs of triple negative (TN) 

breast cancers (TNBC) are characterized by a higher amount of secondary lymphoid follicles, a surrogate for 

an activated humoral immune response. As PD1+ T-follicular helper cells (Tfh) are important drivers of the 

germinal center (GC) reaction, quantitative and qualitative analyzes were performed.  

Methods  

Thf were quantified in 22 Sentinel LNs from 19 patients with TN breast cancer within the LNs compartments 

(GCs and interfollicular regions) by morphometry from digitalized immunostained tissue sections. T-cell 
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clones were analyzed by T-cell receptor gamma chain (TCRg) analysis in the primary tumor and TNLNs. 

From the latter, germinal centers were analyzed as well after laser-capture microdissection.  

Results  

Within 22 sentinel LNs, 774 GCs were quantitatively and morphometrically analyzed. Patients overall survival 

was significantly worse for patients with a higher number (≥58) and area density of Tfh within GCs of TNBC 

draining LNs. In 10 patients, the same clones were identified in the tumor and the LN. TCRg analysis of GCs 

isolated by laser-capture microdissection revealed that 5 patients shared the same T-cell clones in the tumor 

and the GCs, respectively. In two patients, those clones were highly enriched inside the GCs.  

Conclusion  

Tumor draining lymph nodes are important relays of cancer immunity and therefore good candidates to 

predict the outcome of TNBC itself. Notably, the higher number of secondary follicles in draining LNs of 

TNBC -compared to other intrinsic BC subtypes- could be driven by the same T-cell clones in the LNs and 

the tumor stroma. However, only a minor fraction of patients shows a high proportion of these clones in the 

GC itself, which speaks for more factors (e.g. soluble or cellular) shaping the LN pattern and still having to be 

identified.  
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Question  

PRAME, NY-ESO-1 and SSX2 are testis-selective cancer testis antigens (CTAs) with re-expression in 

numerous cancer types. Their ability to elicit spontaneous humoral and cellular immune responses have 

rendered it to a good candidate target for cancer immunotherapy. However, the expression has never been 

studied in soft tissue tumors in a large well characterized cohort. In this study, we investigated, whether 

PRAME, NY-ESO-1 and SSX2 expression have any impact on the prognosis or clinicopathological 

parameters of soft tissue tumors. 
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Methods  

On protein level we examined PRAME, NY-ESO-1 and SSX2 expression in tumor tissue of 249 soft tissue 

tumors using immunohistochemistry. Expression levels were correlated with clinicopathological parameters 

including long- term survival in an observational study. 

Results  

Expression of PRAME, NY-ESO-1 and SSX2 was observed in 25, 19, and 11 specimens, respectively. 

Expression of PRAME was observed in 82 undifferentiated pleomorphic sarcomas (UPS) in 7%, 50 

leiomyosarcomas in 6%, 28 synovial sarcomas in 11%, 47 dedifferentiated liposarcomas in 4%, 9 

angiosarcomas in 33%, 11 MPNSTs in 43% and 22 mixed sarcomas in 14%. Expression of PRAME showed 

a statistically significant shorter patients’ 10-year survival (p=0.005), and was correlated with higher grading 

(G2 vs G3, p=0.001). Furthermore expression of NY-ESO-1 was correlated to statistically significant better 

patients’ 10-year survival (p=0.037), and was seen more frequent in lower grading (G2 vs G3, p=0.029). The 

low number of SSX2 expression do not allow any statistical analysis.  

Conclusion  

PRAME, NY-ESO-1 and SSX2 show a distinct expression pattern in different subgroups of soft tissue 

tumors. PRAME and NY-ESO-1 expression is significantly associated with patients survival and grading. 

CTAs are considered to be promising candidate targets for immunotherapy. 
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Question  

Immune checkpoint blockade has improved results of chemotherapy in the treatment of advanced non-small 

cell lung cancer (NSCLC), but durable disease control is reached only in a minority of patients. Identification 

of long term responders (LTR) using the currently approved biomarker PD-L1 is imperfect.  

Methods  

Formalin-fixed and paraffin-embedded (FFPE) biopsies from a cohort of 49 stage IV NSCLC patients with in-

depth clinical tracking were profiled using the Nanostring IO-360 Panel (expression of 770 genes). The 
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cohort included 18 LTR (durable responses longer than 15 months), 21 rapid progressors (RP, disease 

progression within two months) and 10 patients with intermediate duration of response. The abundance of 14 

specific immune cell populations and a total TILs score (total TILs) were estimated from the mRNA 

expression of marker genes.  

Results  

Gene expression profiling was feasible from the small biopsies obtained in a routine diagnostic setting. 

Neither PD-L1 protein expression nor PD-L1 mRNA expression could discriminate between LTR vs. RP 

status in this clinical cohort. In contrast, LTR under immunotherapy showed a strong association with total 

TILs (AUROC=0.83, p=0.00025). Because specific immune cell populations showed strong correlations with 

the total TILs, we carved out the contribution of specific immune cell subsets by calculating residuals with 

respect to the linear regression fit against total TILs. Following this concept of partial correlation, we 

described the effect of the tumor immune microenvironment on LTR as a combination of the total TIL score 

and additional relative scores of each immune cell subpopulation. The relative scores of two specific immune 

cell types were independent markers of progression-free survival in bivariate analyses. 

  

Conclusion  

Gene expression profiling with deconvolution of immune cell subsets helps to predict the long-term benefit 

from immunotherapy. Validation of this result in additional cohorts and in-situ analysis of the identified key 

immune cell subpopulations are underway.  
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Question  

Malignant neoplasms of the salivary glands are rare, and therapeutic options are limited. Results from 

KEYNOTE-028 indicated a possible use for checkpoint inhibitors in a subset of patients, but there are no 

established criteria for PD-L1 scoring in salivary gland carcinomas (SGCs). Our aim was to employ 

established scoring criteria for PD-L1 expression (TPS, CPS or IC) in a representative cohort of SGCs. 
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Methods  

We analyzed immune cell infiltrate as well as PD-L1 (SP263) expression by immunohistochemistry on full-

slide samples from 94 patients applying tumor proportion score (TPS), combined positivity score (CPS) and 

immune cell (IC) score. We included 41 adenoid cystic carcinomas (AdCC), 21 mucoepidermoid carcinomas 

(MEC), 16 acinic cell carcinomas (ACC), 12 adenocarcinomas, NOS (AC, NOS), 2 carcinomas ex 

pleomorphic adenoma (CA ex PA), 1 salivary duct carcinoma (SDC) and 1 epithelial-myoepithelial carcinoma 

(EMC).  

Results  

We found significantly elevated CD3+, TP, CP and IC scores in AC, NOS compared to AdCC, MEC and 

ACC. CPS correlated with node-positive disease. Moreover, AC, NOS displayed IC scores of 2 or 3 in a 

majority (67%) of cases (p=0.0031). There was strong nuclear or null p53 staining in 80% of AC, NOS cases 

but not in other SGCs.  

Conclusion  

We present here for the first time the use of established scoring criteria for PD-L1 expression in malignant 

salivary gland tumors. Our findings support a unique role for AC, NOS among the family of SGCs since its 

immunogenicity qualifies it as a possible target for immune checkpoint inhibition. 
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Question  

Immune checkpoint inhibitors (ICIs) have shown dramatic efficacy in numerous advanced cancers and their 

future clinical use will increase considerably. However, the fact that >70% of cancer patients do not respond 

to ICIs calls for the development of novel biomarkers to stratify patients into probable responders vs. non-

responders prior to treatment. This is critical to limit potentially devastating adverse effects, mitigate 

significant economic costs, and improve clinical outcomes. 

Cutaneous T-cell lymphoma (CTCL) is a rare, incurable CD4+ T cell malignancy of the skin with 5-year 

survival rates below 30% in advanced stages. In a clinical trial of the anti-PD-1 antibody pembrolizumab, 
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38% of CTCL patients showed a durable clinical response. However, standard tests including 

comprehensive immunohistochemistry failed to predict pembrolizumab response in this cohort. We reasoned 

that highly multiplexed imaging of the CTCL microenvironment using CODEX (CO-Detection by indEXing) 

could provide insight into ICI response mechanisms, reveal novel biomarkers, and enable prediction.  

Methods  

Using CODEX, we visualized 55 protein markers simultaneously in a tissue microarray (TMA) of matched 

pre- and post-treatment skin biopsies from 7 pembrolizumab responders and 7 non-responders. 

Computational processing of fluorescence images, single-cell segmentation, and marker quantification were 

followed by unsupervised machine learning and supervised curation. TMA cores on adjacent sections were 

laser-capture micro-dissected and subjected to RNA sequencing.  

Results  

CODEX imaging allowed discriminating malignant CD4+ tumor cells from reactive CD4+ T cells. 21 different 

cell type clusters with spatial information were identified. Advanced computational analysis revealed 10 

distinct, conserved cellular neighborhoods (CNs) that changed in frequency and distribution during 

pembrolizumab therapy. In responders, effector-type CNs were significantly increased after treatment. In 

contrast, in non-responders, an immunosuppressive-type CN enriched in regulatory T cells was significantly 

increased before and after therapy. In addition, RNA sequencing revealed higher expression of effector-type 

cytokines and chemokines in responders.  

Conclusion  

Combining highly multiplexed tissue imaging with RNA sequencing allows discovering novel, predictive 

spatial biomarkers of immunotherapy response and will pave the way for future studies that functionally 

address the identified cell types and cellular interactions.  
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Question  

The heterogeneity and the prognostic significance of PDL1 expression in muscle invasive bladder cancers 

(MIBC) and their lymph node metastases (LNM) are unknown.  

Methods  

125 patients with urothelial MIBC underwent cystectomy and extended pelvic lymphadenectomy with 

curative intent and were followed according to a standard protocol. All patients had LNM (90 patients ≥ two) 

and 48 patients received adjuvant chemotherapy. Tissue microarrays were constructed with four samples 

from each MIBC and two from each LNM. PDL1 expression was assessed by immunohistochemistry 

(SP263; Ventana guidelines) as a continuous variable separately in each sample for tumor cells (TC) and 

associated immune cells (IC) and data were averaged for MIBC and LNM. Overall survival (OS) analyses 

were done separately for PDL1 expression level (< 5%, 5-20%, >20%) in TC and IC of the MIBC and the 

LNM, respectively.  

Results  

PDL1 low expression is found within MIBC in 75% (TC) and 62% (IC) of the cases. Their metastatic 

components, however, show PDL1 moderate/high expression in 71% (TC) and in 63% (IC) (Fig.1). The 

PDL1 expression difference between MIBC and their matched LNM is only significant for IC (p=0.007) and 

the correlation is low in IC and moderate in TC (Spearman: 0.269 vs. 0.596).  

Cox regression analyses corrected for the major risk factors, age and chemotherapy status show that PDL1 

expression in IC of the LNM is the most robust predictor of OS when tested together with all PDL1 

expressing tumor components. Survival is significantly better for patients with high PDL1 level (p=0.007), 

while there is no such difference between low and moderate PDL1 levels (p=0.864) (Fig2). 

 
Average expression: primary tumors vs metastatic component. 
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OS adjusted for the significant risk factors age and chemotherapy status. 
 
 
 
  
Conclusion  

MIBC and their corresponding LNM can differ substantially in PDL1 expression. Consequently, they are not 

appropriate substitutes for assessing for the potential use of anti-PDL1 therapies. High PDL1 expression in 

IC of LNM indicates favourable prognosis. This phenomenon has been demonstrated in other tumor entities 

and might reflect an activated tumor immunology.  

 

Immunonkologie III  

DGP07.09  

The quantity of intra- and peritumoral immune cell infiltrate varies depending on the PD-L1 status in 
advanced bladder cancer: A comparative study of the intra- and peritumoral immunarchitecture.  

U. Sommer1, I. Michalk1, C. Thomas2, K. Jöhrens1, D. Aust1, 3, 4, G. Baretton1, 3, 4  

1Institut für Pathologie, Uniklinikum Dresden, Dresden, Germany, 2Klinik und Poliklinik für Urologie, 
Uniklinikum Dresden, Dresden, Germany, 3Tumor- und Normalgewebebank des Universitäts Krebszentrums, 
Uniklinikum Dresden, Dresden, Germany, 4Deutsches Konsortium für Translationale Krebsforschung 
(DKTK), Dresden, Germany  
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Question  

Muscle invasive bladder cancer (MIBC) is one of the most lethal urologic malignancies with a 5-year survival 

rate of about 50%. In metastatic state, first-line chemotherapy is still the treatment of choice. Within the last 

years, immune checkpoint inhibitiors (CPI) have revolutionized the treatment of metastatic MIBC in the post-

platinum setting. Using CPI for first-line treatment, immunohistochemical determination PD-L1 status is 

indispensable. Currently, there are different evaluation algorithms available. Based on the CPI that is 

planned to be used. Algorithms vary from only taking immune cells into account (IC-score) up to a combined 

examination of tumor and immune cells (CPS). Since it is known that the intra- and peritumoral immune cell 

infiltrate is of major importance for prognosis and course of tumor diseases, the question arises how PD-L1 

status on tumor and immune cells will change the composition of this important infiltrate.  

Methods  

A total of 50 radical cystectomy specimens from patients with locally advanced MIBC were studied. FFPE 

sections were immunostained in double reactions for CD3/Ki67 and CD8/GrB and in single reactions for PD-

L1, CD4 and FoxP3. Slides were digitized and evaluated for the number of intraepithelial and peritumoral IC.  

Results  

The total number of CD3+, CD3+Mib+, CD8+, CD8+GrB+, CD4+ and FoxP3+ immune cells is significantly 

higher in PD-L1 positive specimens than in negative tumors (p<0.001 – p=0.0049). This finding applies to the 

peritumoral stroma as well as to tumor infiltrating immune cells. A separation of the quantity of the immune 

cell infiltrate succeeds when applying IC-scoring as well as CPS over all above mentioned immune cell 

subgroups whereas the sole application of TC-scoring shows significant differences in the cytotoxic T cells 

(CD8+ and CD8+GrB+; p=0.008) but not in the other immune cell groups.  

Conclusion  

A positive PD-L1 status in both IC-score and CPS is associated with a higher number of intra- and 

peritumoral immune cells. This can be regarded on the one hand as a regulatory/escape mechanism of the 

tumor and on the other hand is the basis for an optimal effect of checkpoint inhibitor therapy. In this tumor 

entity, the sole consideration of the PD-L1 status on tumor cells is only associated with an increased number 

of cytotoxic immune cells, but not with an altered quantity of the remaining immune cell infiltrate.    
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The Characterisation of wtVHL Clear Cell Renal Cell Carcinoma  

A. A. Batavia1, 2, J. Kuipers2, P. Schraml1, N. Beerenwinkel2, H. Moch1  

1University Hospital Zurich, Department of Pathology and Molecular Pathology, Zurich, Switzerland, 2ETH 
Zurich, Department of Biosystems Science and Engineering, Basel, Switzerland  

Question  

Molecular characterisation of cancers is central to precision medicine. This is vital for Renal Cell Carcinomas 

(RCC) where traditional therapies e.g. chemotherapy are ineffective. Clear cell RCC (ccRCC) are by far the 

most common forms of kidney cancer, the majority of which are characterised by the biallelic inactivation of 

the VHL tumour suppressor gene via gene mutation, copy deletion, and/or promotor hypermethylation. 

However, wtVHL ccRCCs form 2-12% of all ccRCC. These tumours have a similar histological phenotype to 

classical ccRCC (VHL inactivated) but progress more aggressively, conferring a poorer survival. In order to 

develop treatment rationales specific to wtVHL ccRCC we aim to identify the pathways by which they develop 

and the features distinguishing them from classical ccRCC. Ultimately, we wish to identify novel markers and 

therapeutic targets for this subgroup of patients.  

Methods  

An individualised multi-omics analysis is conducted in order to identify and assess wtVHL ccRCC in 

comparison to classical ccRCC and normal references. wtVHL samples from the University Hospital Zurich 

(USZ) tissue biobank were also identified. Differentially expressed and methylated genes were determined 

specific for wtVHL ccRCC. NetICS was then applied to integrate genetic aberrations consisting of mutations 

and CNVs with differential gene expression. NetICS identifies genes orchestrating the differential gene 

expression given the genetic aberrations, termed mediators, which are not themselves aberrated.  

Results  

Of the 242 ccRCC samples within the TCGA, we find 9 wtVHL ccRCC samples with an additional 12 in the 

USZ biobank. We see wtVHL ccRCC are heterogeneous concerning their mutation and CNV profiles but also 

distinct from classical ccRCC. Common aberrations at both a mutation and CNV level found in classical 

ccRCC are not seen in wtVHL ccRCC. Several factors promoting EMT, stemness, extracellular matrix 

degradation and cell mobility are found to be upregulated in wtVHL ccRCC such as MMPs, Wnt and TGF-β. 

Additionally we also find an increased mediator effect of genes associated with cell proliferation, migration, 

and invasion in these tumours.  

Conclusion  

Together, we believe the factors we identify result in the more invasive and metastatic phenotype attributed 

to wtVHL ccRCC. This work will be further complemented by a pan-cancer analysis to determine the location 

of these tumours within the broader spectrum of tumour biology using Cancer Integration via Multikernel 
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Learning.  
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Incidences of MYD88, CD79B, CARD11, and BTK Somatic Mutations Discriminates Large Cell Variant 
of Gastric Marginal Zone B-Cell Lymphoma (MZBL) from Nodal and Extranodal DLBCL  

R. Dugge1, S. Weissinger1, R. Marienfeld1, P. Mӧller1, A. Viardot2, T. Barth1  

1Ulm University, Institute of Pathology, Ulm, Germany, 2University Hospital Ulm, Department of Internal 
Medicine III, Ulm, Germany  

Question  

Helicobacter pylori induced gastritis may lead to small celled gastric extranodal marginal zone B-cell 

lymphoma (SC-MZBL) of the mucosa-associated lymphoid tissue (MALT), with eventual progression to large 

cell marginal zone B-cell lymphoma (LC-MZBL). The WHO regards LC-MZBL as ‘‘diffuse large B-cell 

lymphoma (DLBCL) in the presence of MALT lymphoma”1. Previously, our lab has shown LC-MZBL to be 

distinct from DLBCL based on morphology, immunohistochemistry, chromosomal profiling and expression 

profiling2-6. Chromosomal translocations, missense and frame shift mutations affecting the NF-κB pathway 

play a role in the establishment and progression of gastric MZBL7. DLBCL harboring MYD88 and CD79B 

mutations form a distinct entity (“MCD-type”8 and partially “cluster 5”9). Both mutations were found 

particularly in extranodal DLBCLs. The aim of this study was to highlight the incidence of somatic gene 

mutations in MYD88, CD79B, CARD11, and BTK, which affect the NF-κB pathway in gastric small and large 

cell variants of gastric MALT B-cell lymphoma and to compare those findings with data from nodal and 

extranodal DLBCL. 

Methods  

To evaluate the incidence of those mutations, we analyzed previously described 2-6 SC-MZBL (N=9) and LC-

MZBL (N=24). We performed targeted resequencing using a custom panel containing MYD88, CD79B, 

CARD11. and BTK. Sequencing was done by using MiSeq Device (Illumina) and data analysis was achieved 

with the biomedical workbench 5.0.1.  

Results  

The incidence of mutations widely differs between gastric MALT MZBL, nodal and extranodal DLBCL. MALT 

lymphomas have a lower incidence of MYD88 and BTK mutation in combination with a higher incidence of 

CARD11 mutations as compared to nodal and extra nodal DLBCL. Additionally, MALT lymphomas have a 

lower incidence of CD79B mutations as compared to extranodal DLBCL and higher incidence of CD79B 

mutations as compared to the nodal DLBCL. Interestingly REL amplifications are mutual exclusive with 
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CD79B and CARD11 mutations in SC- and LC-MALT lymphomas. 

 

 SC MZBL n=9 LC MZBL n=24 Extranodal DLBCL 
n=121 Weissinger 
et al., 2018 

Nodal DLBCL n=78 
Hallas et al., 2019 

MYD88 0% 0% 43.8% 10.3% 

CD79B 11% 4.7% 31.4% 1.3% 

CARD11 33.3% 42.8% 15.8% 12.8% 

BTK 0% 0% 3.3% n.d. 
 
 
 
Conclusion  

The characteristic somatic mutation profile of the studied genes further support our view, that LC-MZBL 

should be considered as an entity distinct from that of nodal and extranodal DLBCL.  
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An AI-based prostate diagnostic tool demonstrates high performance and identifies missed prostate 
cancers in France’s largest network of pathology institutes  

D. Laifenfeld1, J. Sandbank1, 2, C. Linhart1, F. Neumann3, L. Bien1, C. Reouven1, R. Harduf1, M. Amin4, O. 
Levrel3, S. Rossat3, D. Raoux3  

1Ibex Medical Analytics, Tel Aviv, Israel, 2Maccabi Healthcare Services, Institute of Pathology, Rehovot, 
Israel, 3Médipath, Frejus, France, 4University of Tennessee Health Science Center, Memphis, United States  

Question  

Prostate cancer is the second leading cause of cancer-related deaths, compounded by complexity of 

diagnosis, insufficient diagnostic reproducibility, and a growing shortage in pathologists. 

Ibex Medical Analytics, focusing on AI-based cancer diagnostics, has developed an algorithm to detect and 

grade prostate adenocarcinoma, in addition to detection of diagnostic features such as inflammation, high-

grade PIN and perineural invasion. The algorithm utilizes state-of-the-art Artificial Intelligence (AI) and 

Machine Learning techniques and was trained on hundreds of thousands of image samples from multiple 

labs in Europe, US and Israel. Medipath is the largest network of pathology institutes in France, servicing 

370,000 patients, including 5,000 prostate biopsies annually. Together, Ibex and Medipath assessed the 

performance of the Ibex prostate algorithm on slides diagnosed as benign from 5 different labs within the 

Medipath network and detected and characterized missed cancers.  

Methods  

150 anonymized cases (100 benign, 50 cancer) amounting to 1,140 H&E slides with pre-specified features, 

were used for calibration of the prostate algorithm to the Medipath preanalytic processes and to set a 

threshold score. Upon calibration, 100 consecutive cases reported as benign were scanned with a Philips 

UFS scanner, uploaded to Ibex cloud and analyzed by the prostate algorithm. Slides that passed the 

threshold score were sent for review by three independent pathologists (M.A., O.L. & M.S.).  

Results  

The algorithm demonstrated specificity of 98.8% and sensitivity of 96.9% on the calibration set. 25 of the 

study set slides passed the threshold and were sent for review. Following the independent review by three 

pathologists, cancer was diagnosed in 10 unique cases by at least two reviewers. The missed cancers 

included both low- and high-grade tumors; most were small, but several were large (≥3 mm). More statistics 

on missed cancers & algorithm performance will be shown.  

Conclusion  

The Ibex AI-based algorithm demonstrated high sensitivity and specificity in detection of adenocarcinoma of 

various grades and sizes. The algorithm detected cancers that had been missed in the original diagnosis, 

some of which were high-grade cancers. AI algorithms, such as developed by Ibex should be used in various 

stages of the diagnostic process, to ensure patient safety and to enable higher accuracy in a fraction of 
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pathologist effort and time, resulting in more reliable, objective diagnosis and faster turn-around-time.  
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Reduced miR-196a expression enhances the sensitivity towards HOX/PBX complex inhibition by 
small peptides in cell lines derived from recurrent chordomas  

C. Seeling1, A. Lechel2, M. Svinarenko2, P. Möller1, T. F. E. Barth1, K. Mellert1  

1Institut für Pathologie, Universitätsklinikum Ulm, Ulm, Germany, 2Institut für Innere Medizin I, 
Universitätsklinikum Ulm, Ulm, Germany  

Question  

Chordomas are rare, malignant tumors, thought to arise from intraosseus notochordal remnants. 

Locoregional recurrences following surgery occur in approximately 50% of patients and are associated with 

poor prognosis, since relapsed chordomas usually show a more aggressive behavior. This study aims to 

identify and to target active signaling pathways during tumor recurrence, using a novel cell line progression 

model established from a primary and the corresponding recurrent chordoma.  

Methods  

The primary and the corresponding recurrent chordoma derived cell lines, U-CH11 and U-CH11R, were 

immunocytochemically characterized, population doubling times (PDT) were determined by MTS-assays. 

Chromosomal aberrations were identified by aCGH analysis. Gene expression was measured using the 

4x44K Gene Expression Microarray (Agilent). To validate expression differences of selected genes and 

miRNAs, qRT-PCR experiments were conducted. In silico analysis predicted potential miRNA target genes. 

The HOX/PBX dimer formation was inhibited using the peptides SZH7 and HXR9.  

Results  

Both, U-CH11 and U-CH11R cells show similar cytology and immunocytological profiles. However, U-CH11R 

has a higher KI-67 index corresponding with faster PDT in cell culture. Besides, a high concordance of 

chromosomal alterations between U-CH11 and U-CH11R was observed by aCGH analysis, indicating that 

the cells of the recurrent chordoma are clonally related to the primary lesion. Expression analysis revealed 

numerous upregulated genes in U-CH11R, including many genes encoding transcription factors of the HOX-

Cluster and PBX-cofactors. Several of these genes (n=134) were also upregulated comparing expression 

profiles of unpaired primary and recurrent chordoma cell lines (n=6). In silico miRNA target gene prediction 

analysis revealed an involvement of the miRNA-196a in the regulation of these genes. In line with this, the 

expression of the miRNA was significantly lower in U-CH11R compared to U-CH11 and the additionally 

tested cell lines established from recurrent tumors (n=3) compared to unpaired primary chordoma derived 
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cell lines (n=6). Moreover, a higher sensitivity towards the HOX/PBX antagonizing peptides HXR9 and SZH7 

was observed in U-CH11R, indicated by lower IC50-values and higher cleaved-Caspase 3 and CFOS levels.  

Conclusion  

The HOX/PBX network is upregulated by a lower expression of miRNA-196a in recurrent chordoma derived 

cell lines, resulting in a higher sensitivity to small peptide mediated HOX/PBX complex inhibition.  

 

Bewerbungen Promotionspreis - on demand  

DGP08.06  

Biomarker profiles predicting a higher risk for lung metastasis in colorectal cancer  
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Germany, 2Medizinische Klinik und Poliklinik III, Klinikum der Universität München, LMU München, München, 
Germany, 3Comprehensive Cancer Center München, München, Germany, 4Deutsches Konsortium für 
Translationale Krebsforschung (DKTK), Heidelberg, Germany, 5Tumorregister München (TRM), Institut für 
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Universität München, München, Germany  

Question  

In colorectal cancer (CRC) distant metastasis to organs such as liver or lung is the most important life-

threatening trait. Metastatic spread is supposed to be mainly driven by molecular alterations in different 

carcinogenic pathways. The present study compared mutation and expression profiles of distinctive 

biomarkers in CRC patients with different clinical metastatic pattern.  

Methods  

In total 246 CRC patients with either non-metastatic CRC (control group; N=82), with exclusive liver 

metastasis (group 1; N=82) or with exclusive lung metastases (group 2; N=82) were identified. As for a case-

control study, patients were matched according to T-category, N-stage, grading, sex and primary tumor site. 

Paraffin embedded specimens of the primary tumor or the metastasis were examined for mutations in the 

KRAS-, NRAS- and BRAF-genes using pyrosequencing and for immunohistochemical expression of CD133 

and β-catenin.  

Results  

In patients with lung-only metastasis, 52 of 82 (63.4%) showed a mutation of the MAP-kinase pathway in 

either the KRAS-, NRAS- or BRAF-gene. This mutation frequency was significantly higher than in the control 

group (39 of 82 [47.6%]; p=0.04). In contrast, no difference in the mutation frequency of the MAP-kinase 

pathway was observed between patients with liver-only metastasis and non-metastatic CRC (42 of 82 

[51.2%]; p=0.64). Regarding the expression of the stem cell marker CD133 more patients with liver-only 
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metastasis showed high expression (>50% positivity) than the control group (25 of 82 [30.5 %] vs. 12 of 82 

[14.6%]; p=0.02). No differences in β-catenin expression was found in all groups. In a head-to-head 

comparison of patients with lung-only versus liver-only metastasis patients with lung-only metastasis more 

often showed a combination of a mutation in the MAP-kinase pathway and a high β-catenin expression (23 

of 82 [28.0%] vs. 11 of 82 [13.4%]; p=0.02).  

Conclusion  

This case-control study demonstrates that mutations in the MAP-kinase pathway are associated with 

metastasis to the lung whereas the expression of stem cell associated markers such as CD133 correlates 

with metastasis to the liver. A marker combination of a mutation in the MAP-kinase pathway and a 

deregulation of the Wnt/β-catenin pathway is connected to metastasis to the lung indicating that this 

biomarker combination could predict higher risk of lung metastases. These findings could have an impact on 

the risk stratification for pulmonary and hepatic metastasis in the clinical management of CRC.  
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Proteomics uncover EphA2 overexpression in cetuximab resistant colorectal cancer cell lines as a 
potential novel therapeutic target  

L. Torlot1, A. Jarzab2, J. Albert1, A. Pok-Udvari1, J. Kumbrink1, T. Kirchner3, B. Küster2, A. Jung1  

1Pathologisches Institut, Ludwig-Maximilians-Universität, Molekularpathologie, Munich, Germany, 2Chair of 
Proteomics and Bioanalytics, Technische Universität München, Munich, Germany, 3Pathologisches Institut, 
Ludwig-Maximilians-Universität, Munich, Germany  

Question  

Metastatic colorectal cancer (mCRC) is typically treated with FOLFIRI and anti-EGFR-specific antibodies like 

cetuximab (CMAB). Primary and acquired resistance to CMAB have been shown to be caused by activating 

alterations in the RAS genes (KRAS or NRAS). It is mostly unclear how these alterations affect the molecular 

biology of resistant tumour cells. For clarification we used chemical proteomics to assess kinome 

reprogramming associated with acquired CMAB resistance in CRC cell lines.  

Methods  

CMAB sensitive and four resistant CRC cell lines (Lim1215, DiFi) cultivated in the presence/absence of 

CMAB were objected to mass-spectrometric (LC-MS/MS) quantification of total proteome.  

Results  

LC-MS/MS successfully identified ∼7000 different proteins. Among these EPHA2 was the most strongly 

overexpressed protein kinase in all resistant cell lines. Increased migration found in resistant cell lines (p < 
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0,001) was significantly reduced by EPHA2 targeting using either ephrin-A1 stimulation (p < 0,001) , RNAi 

(RNA interference) by siRNA (p < 0,001), or anti-EPHA2-specific antibodies (p < 0,001). Thus, the EPHA2-

axis might be a potential novel therapeutic option for CMAB resistant mCRC. Finally, clinical data confirmed 

EPHA2 overexpression as a predictor of worse survival in patients with CRC in the TCGA dataset (p = 

0,0271) indicating a general importance of the EPHA2-axis in mCRC.  

Conclusion  

Acquired CMAB resistance in CRC cell-lines is reflected by significant changes in the kinome. LC-MS/MS 

analysis yielded EphA2 as a downstream effector of KRAS mediated resistance and a driver of cell 

migration. These data along with recent findings show EphA2 to be a marker of poor prognosis in patients 

with CRC and a potential actionable antibody target for future targeted therapies.  
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Tumor-associated macrophages in classical Hodgkin lymphoma: hormetic relationship to outcome  

L. Werner1, J. Dreyer1, D. Hartmann1, M. Barros1, M. Büttner-Herold2, U. Grittner3, G. Niedobitek1, 4  

1Institut für Pathologie, Unfallkrankenhaus Berlin, Berlin, Germany, 2Institut für Pathologie, 
Universitätsklinikum Erlangen, Erlangen, Germany, 3Charite, Institut für Biometrie und klinische 
Epidemiologie, Berlin, Germany, 4Institut für Pathologie, Sana Krankenhaus Lichtenberg, Berlin, Germany  

Question  

Tumour-associated macrophages (TAM) are associated with poor outcome in many tumors, including 

Hodgkin lymphoma (HL), and this effect is commonly attributed to the prevalence of M2 macrophages in the 

tumor microenvironment. Recently, it has been shown that MYC controls the expression of M2-specific 

genes in macrophages and that deficiency in MYC-positive macrophages inhibits tumour growth in a mouse 

models.  

Methods  

76 HL samples were subjected to immunohistochemical double staining using macrophage-specific 

antibodies (CD68, CD163) and a reagent detecting MYC. Numbers of labelled cells were assessed in the 

context of disease-free survival (DFS) and overall survival (OS). For each cell population, cases were divided 

into three groups with low, intermediate and high cell numbers.  

Results  

MYC+ cells accounted for 21% and 18% of CD68+ and CD163+ cells, respectively. Cases with highest 

numbers of macrophages usually showed worst DFS and OS. In most scenarios, intermediate numbers of 

macrophages were associated with best outcome. A consistent relationship of MYC+ macrophages with 
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outcome was not seen. Also, while numbers of MYC- macrophages were significantly higher in EBV+ cases, 

no differences were observed for MYC+ macrophages between EBV+ and EBV- cases.  

Conclusion  

Our observation that intermediate numbers of TAM in HL microenvironment may be associated with better 

outcome than very low or very high numbers is reminiscent of the “hormesis hypothesis” and suggests that a 

relative lack of TAM may allow HL growth while with increasing numbers macrophages display an inhibitory 

effect. Above a certain threshold, TAM may again support tumor growth. This notion merits further 

investigation and should be considered in studies of other tumour entities.  
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Histomorphological and molecularpathological prognostic factors in colorectal cancer  

K. Erlenbach-Wünsch  

Pathologisches Institut, Erlangen, Germany  

Question  

Kolorektale Karzinome (CRC) stellen eine der häufigsten Krebsarten dar. Gegenstand der vorliegenden 

Arbeit waren Aspekte der Identifizierung/ Abklärung morphologischer, immunhistochemischer und 

molekularpathologischer Prognosefaktoren bei CRCs und ihren Vorläuferläsionen. Die schematische 

Aufarbeitung von sog. perikolischen/perirektalen Tumorknötchen in fortgeschrittenen CRCs hinsichtlich 

Verteilung im Fettgewebe, Kontur und Bezug zu Blut- und Lymphgefäßen, Nervenscheiden sowie dem 

Tumor selbst belegte ihre hohe prognostische Relevanz sowie die Bedeutung einer präziseren, bislang 

fehlenden optimalen Einordnung in der pT-Kategorie der TNM-Klassifikation. Die prognostische Relevanz 

eines ypN0-Status verglichen mit einem echten pN0 ohne CRT ist noch nicht klar. Patienten mit 

prätherapeutisch stattgehabten (ypN0+) vs. fehlenden (ypN0) oder fraglichen (ypN0X) regionären LK-

Metastasen nach nCRT bei rektalen Karzinomen wurden untereinander in 3 Gruppen und mit Patienten mit 

pN0-Status ohne CRT hinsichtlich lokoregionärer Rezidive, Fernmetastasen, Gesamtüberleben (OS), 

krankheitsfreiem Überleben (DFS) sowie tumorbezogenem Überleben (CRS) verglichen. Es ergaben sich 

keine statistischen Unterschiede. Zur Frage, ob serratierte fibroblastische Poylpen (FP) echte epitheliale 

Neoplasien oder reaktiv-hyperplastische Läsionen darstellen, wurden BRAF-Mutationsanalysen 

durchgeführt. Eine V600E BRAF Mutation fand sich in 54% der mikrodissezierten epithelialen Läsionen und 

in 0% der Stromakomponenten. Somit handelt es sich bei den FPs um echte Neoplasien, die hinsichtlich 

ihres Wachstumsmusters zuverlässig eingeteilt werden sollten. Immunhistochemische Doppelfärbungen 
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(FOXP3/CD8) zur Immunzellinfiltration und Analyse von Zell-Zell-Interaktionen wurden an Biopsien bei 

fortgeschrittenem Rektumkarzinom vor CRT und Operationspräparaten nach CRT zur Unterscheidung 

funktionell aktiver vs. inaktiver Entzündungszellen durchgeführt. Das spezielle Verteilungsmuster hilft, 

prognostische Voraussagen zu optimieren. Der Regressionsgrad nach Dworak et al, die Intensität der E-

cadherin Färbung und das Tumorwachstum wurden bestimmt. Die Kombination Wachstumsmuster und 

Regressionsgrad könnte die Identifizierung der sog. high-risk Patienten beim Rektumkarzinom ermöglichen.  

Conclusion  

Unsere Ergebnisse betonen die Forderung einer histomorphologisch exakten Aufarbeitung, ergänzt durch 

immunhistochemische und molekularpathologische Untersuchungen, auch im Zeitalter der genomischen 

Medizin.  
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Intratumoral heterogeneity of gastric cancer and its impact on the validation of prognostic and 
predictive biomarkers  

C. Halske  

Christian-Albrechts-Universität zu Kiel, Institut für Pathologie, Kiel, Germany  

Question  

Magenkarzinome messen bei der Erstdiagnose häufig mehr als 5 cm. Sowohl die Diagnose eines 

Magenkarzinoms als auch die damit verbundene Biomarkertestung für eine zielgerichtete Tumortherapie 

wird in der Regel an wenigen Millimetern messendem Biopsiematerial durchgeführt, welches jedoch nur 

einen winzigen Ausschnitt des Gesamttumors widerspiegelt und die intratumorale Heterogenität nicht 

erfassen kann. Zielsetzung der Arbeiten war es daher, das Ausmaß der intratumoralen Heterogenität des 

Magenkarzinoms und dessen Einfluss auf die Etablierung von prädiktiven und prognostischen Biomarkern 

zu untersuchen.  

Methods  

Die Arbeiten wurden an Tumorgewebe von ca. 500 Patienten durchgeführt, bei denen aufgrund eines 

Adenokarzinoms des Magens oder ösophagogastralen Übergangs eine partielle oder komplette 

Gastrektomie erfolgte. Untersucht wurde die Proteinexpression von mehreren neuen potentiellen oder 

bereits etablierten Biomarkern wie den Tyrosinkinase-Rezeptoren HER2 und MET, dem Proliferationsmarker 

Ki67, den Immuncheckpoint-Regulatoren PD-L1/PD-1 und VISTA, der EBV-Status sowie der 

Mutationsstatus des PIK3CA-Gens. Für den Großteil der durchgeführten Untersuchungen wurden 

Großflächenschnitte von FFPE-Tumorgewebe verwendet. Weitere Mutationsanalysen (next generation 
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sequencing) wurden an kryokonserviertem Tumormaterial durchgeführt. Die Ergebnisse wurden mit klinisch-

pathologischen Parametern und dem Überleben korreliert. Weiterhin wurden tissue microarrays angefertigt, 

um Gewebe von einer Größe, die mit Magenbiopsaten vergleichbar ist, untersuchen zu können.  

Results  

Sämtliche von uns untersuchte Biomarker wiesen im Magenkarzinom eine ausgeprägte intratumorale 

Heterogenität auf, welche bei der Untersuchung von kleinem Probenmaterial wie Magenbiopsien zu einem 

Probensammelfehler führen und somit die Auswahl von geeigneten Patienten für eine zielgerichtete 

Tumortherapie verhindern könnte.  

Conclusion  

Das Magenkarzinom weist eine ausgeprägte intratumorale Heterogenität auf. Für eine Biomarkertestung an 

Biopsiematerial sollten mindestens fünf Biopsien aus unterschiedlichen Tumorarealen untersucht werden. 

Wenn möglich, sollte der Biomarkerstatus an Resektatmaterial erhoben bzw. bei vorangegangener Biopsie 

am Resektat wiederholt werden. Die Anwendung von sog. "Surrogatmarkern" kann für die Auswahl von 

geeigneten Patienten für eine zielgerichtete Tumortherapie hilfreich sein. Bei Forschungsarbeiten sollten 

tissue microarrays beim Magenkarzinom nicht zur Anwendung kommen. 
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Rising Stars - Rudolf-Virchow-Preisträger und aktuelle Habilitationen  

DGP09.03  

Predicting response and outcome after chemotherapy and new, targeted approaches in malignant 
pleural mesothelioma  

F. D. Mairinger  

Universitätsklinikum Essen, Institut für Pathologie, Essen, Germany  

Question  

Platin-analoga are the drug of choice for the treatment of malignant pleural mesothelioma (MPM), resulting in 

response rates of merely 6 to 16%. The reasons for the rather poor efficacy largely unknown. Against the 

unsatisfactory background, we investigated the impact of platinum uptake, -metabolism as well as DNA-

damage response on therapy outcome.  

Methods  

FFPE samples of 236 MPM patients and healthy tissue from 20 patients with spontaneous pneumothorax 

were used. For functional validation, 6 cell lines were analyzed in the same manner. Specimens were 

screened by digital gene expression analysis for 366 mRNAs and 800 important miRNAs using NanoString 

technology. Additionally, 48 selected candidate genes were analyzed in a multiplex manner using the 

PlexSet chemistry. Complementary, we discovered gene expression levels of significant targets via qPCR 

and protein expression levels via IHC. Methylation patterns were analyzed of 284 different CpG sites via 

mass spectrometry (MassARRAY EpiTYPER). To proof casuistic association, viability, necrosis and 

apoptosis of all cell lines were analyzed before and after incubation with cisplatin. Knock-down of target 

genes was induced by RNA interference.  

Results  

mRNA levels of DDR pathway members (MMR, BER, NER) are significantly associated with response to 

chemotherapy as well as OS and PFS in MPM patients. Especially genes involved in TP53-mediated DNA 

damage recognition, those compiled under the term “BRCAness” as well as metallothioneins have been 

identified to mediate tumors’ response rates against cisplatin-based chemotherapeutic regimes.  

Conclusion  

Beside modern therapeutic concepts, biomarker stratification is urgently needed concerning nowadays state-

of-the-art chemotherapeutic to improve and individualize MPM-therapy, saving non-responders from 

inefficient and side-effect loaded therapy. Our results will hopefully find their way into clinical and 

pathological practice, resulting in a benefit for patients and improved clinical outcome.  

 



65 
 

Rising Stars - Rudolf-Virchow-Preisträger und aktuelle Habilitationen  

DGP09.04  

Metabolic and molecular alterations in preneoplastic clear cell lesions of the liver and the kidney in 
experimental and human carcinogenesis  

S. Ribback  

Institut für Pathologie, Universitätsmedizin Greifswald, Greifswald, Germany  

Question  

Our investigations focussed on clear cell, glycogen storing hepatocellular foci and renal tubules, that are 

known to be preneoplastic lesions of hepatocellular carcinoma (HCC) and renal cell carcinoma (RCC) in 

carcinogenesis models in rats and mice. In humans, the significance of clear cell lesions in the non cirrhotic 

liver and kidney has not been clarified yet, meaning whether these alterations are also preneoplastic in 

humans.  

Methods  

Human clear cell lesions were compared to morphological similar parenchymal alterations of the rat and 

mouse by histology, immunohistochemistry, western blot analysis and electron microscopy. 

The in vivo effect of dual PI3K/mTOR-inhibition and EGFR-tyrosine-kinase inhibitor was examined in 

different carcinogenesis models of the rat. 

The hepatocarcinogenesis models of intraportal pancreatic islet transplantation (IPIT) and hydrodynamic tail 

vein injection of activated protooncogenes was combined with a knockout of chREBP in the mouse.  

Results  

In humans, clear cell glycogen storing lesions occur often in non-cirrhotic liver tissue and renal cortical 

parenchyma. They closely resemble preneoplastic lesions of experimental hepato- and nephrocarcinogesis 

regarding glycogen and lipid storage, increased proliferative activity, upregulation of enzymes of glycolysis 

and de novo lipogenesis and of protooncogenic pathways of AKT/mTOR and Ras/raf-1/MAPK. 

In vivo dual inhibition of PI3K/mTOR in the kidney led to reduced proliferative activity, increased autophagy 

and down-regulation of glycolytic and lipogenic enzymes in glycogenic tubules of the diabetic rat. 

In-vivo EGFR-inhibition in the liver could reduce growth and proliferative activity of preneoplastic 

hepatocellular foci, but progression to HCC`s was not influenced. 

In the mouse, preneoplastic foci induced by IPIT revealed much more glycogen storage, no more lipid 

storage, a decreased proliferative activity, downregulated glycolysis and de-novo-lipogenesis after knockout 

of chREBP. Additionally, HCCs induced by hydrodynamic teil vein injection of activated AKT1 were 

considerably reduced after knockout of chREBP.   

Conclusion  

The significance of small clear cell alterations in human liver and renal parenchyma for carcinogenesis was 

demonstrated, due to already existing metabolic, molecular and proliferative alterations like in experimental 
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carcinogenesis and human HCC and RCC. 

Therefore, these clear cell alterations represent indicator lesions for an increased risk of carcinogenesis.  
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KOOP02.03  

Prehabilitation in ALPPS induced liver regeneration: insight into the molecular mechanisms and 
quick fix of mitochondrial dysfunction  

A. Budai1, A. Fulop2, A. Kiss1, A. Szijarto2  

12nd Department of Pathology, Semmelweis University, Budapest, Hungary, 21st Department of Surgery, 
Semmelweis University, Budapest, Hungary  

Question  

ALPPS (Associating Liver Partition and Portal Vein Ligation for Staged Hepatectomy) is able to induce 

significantly faster and more pronounced liver regeneration to achieve the curative resection. However, it is 

associated with significant deteriorations of liver function, caused by severe mitochondrial damage. 

The question of this study was whether prehabilitation has beneficial effects on pathologic mitochondrial 

mechanisms in ALPPS treated animals.  

Methods  

Male Wistar rats (n=60) were randomised into 2 groups; ALPPS and ALPPS+P (prehabilitated). 

Prehabilitated animals underwent 6 weeks of aerobic exercise by running. All of the animals were underwent 

ALPPS operation and were sacrificed 0 (internal control), 24, 48, 72 and 168 hours after the intervention. 

Liver regeneration rate and Ki67 index was measured by morphometric analysis and immunohistochemistry. 

Mitochondrial oxidation was measured by high-resolution oxygraphy, ATP production was assessed by 

colorimetry. Protein contents of mitochondrial biogenesis factors as PGC1-α (Peroxisome proliferator-

activated receptor gamma coactivator 1-alpha) NRF1 and NRF2 (Nuclear respiratory factor 1 and 2) and 

inflammatory cytokines IL1-B (Interleukin 1 beta), IL1-RA (Interleukin 1 receptor antagonist), and IL6 

(Interleukin 6) were measured alongside the elements of the respiratory chain by western blotting.  

Results  

Liver regeneration rate in the ALPPS+P group significantly exceeded that of the ALPPS group. This was 

accompanied by significantly elevated Ki67 index in the ALPPS+P group 24 and 48 hours following 

operations. PGC1-α protein concentrations were significantly elevated in the ALPPS+P group 48 hours after 

the operations. NRF1 and NRF2 levels were also significantly higher in the ALPPS+P group during the first 

72 postoperative hours when compared with the ALPPS only group. IL6 and IL1-B levels were significantly 
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elevated in the ALPPS only group in comparison to ALPPS+P group at the 48th and 72nd postoperative 

hours, while IL1-RA concentrations surged significantly higher in ALPPS+P. The protein levels of all 

respiratory chain components showed significant elevation in the ALPPS+P group compared to the ALPPS 

only treated animals.  

Conclusion  

ALPPS is a valuable, yet quite risky approach to treat liver cancer patients. Utilization of such technique 

causes severe mitochondrial dysfunction, which might be remedied by simple methods such as physical 

prehabilition, which can upregulate mitochondrial biogenesis and reduce severe inflammation.  

 

Hungarian-German Workshop 2020 - virtuelle Sitzung  

KOOP02.06  

The prognostic role of HER2 gene copy number variations in immunohistochemistry-equivocal (2+) 
invasive breast cancer  

I. Kocsmar, A.-M. Tőkés, D. Käfer, É. Kocsmár, A. Kovács, J. Kulka, G. Lotz  

2nd Department of Pathology, Semmelweis University, Budapest, Hungary  

Question  

HER2 status of breast cancers with equivocal immunohistochemistry (IHC 2+) is required to test by 

fluorescence in situ hybridization (FISH) technique. Due to tumor heterogeneity, HER2 and/or C17 

(chromosome 17) copy number variations can be identified in various fraction of minority of the tumor cells 

(5-49%) even in HER2 FISH negative/equivocal cases. Our aim was to determine the prognostic significance 

of the HER2/C17 copy number variations in HER2 negative breast cancers.  

Methods  

The HER2 IHC and dual-color FISH results were available in the case of 342 breast cancer patients in the 

period between 2010 and 2015 in our institute. Male breast cancers, recidive tumors, bilateral breast 

cancers, and patients received neoadjuvant chemotherapy before sampling or having incomplete follow up 

data were excluded from the study. Therefore, the final statistical analyses were performed on 205 cases. 

Molecular subtypes were defined according to the St. Gallen 2013 consensus recommendations. The IHC 

and FISH analyses were performed based on the ASCO/CAP 2013 guidelines. Distant metastases-free 

survival was the primary endpoint (DMFS). The impact of the ratio of amplified and polysomic tumor cell 

population on clinical outcome were analyzed. 
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Results  

The median follow up was 43.48 months. Distant metastases were observed in 28.29% of the cases. There 

was no significant correlation between the ratio of the polysomic tumor cells and the clinical outcome (p: 

0.36). In the 153 HER2 negative cases (luminal A-like, HER2 negative luminal B-like and triple 

negative/basal like breast cancers), univariate analysis revealed significant positive correlation between the 

ratio of the HER2 amplified cells and the longer DMFS (p: 0.014). By analyzing the subtypes separately, this 

correlation remained significant only in the case of the HER2 negative luminal B-like group (p:0.025), where 

by using multivariate analysis, the ratio of the amplified cells proved to be an independent prognostic factor 

from the Ki67 and progesterone receptor expression.  

Conclusion  

The prognostic significance of the HER2 heterogeneity in HER2 negative breast cancers is mostly unknown. 

According to our results, the higher HER2 amplified tumor cell ratio surprisingly might be a positive 

prognostic variable for the HER2 negative luminal B-like breast cancers. However, further validation of our 

results on larger cohorts is required. 
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KOOP02.05  

Retrospective Timing of Tissue Storage by Kinetics of Proteom Alterations – The „Proteomic Clock” 
Concept  

É. Kocsmár1, I. Kocsmár1, G. Lotz1, M. Cosenza-Contreras2, 3, M. Schmid2, 3, G. Rácz4, A. Kiss1, M. Werner2, 

3, 5, O. Schilling2, 3, 5, P. Bronsert2, 3, 5  

12nd Department of Pathology, Semmelweis University, Budapest, Hungary, 2Institute of Surgical Pathology, 
Medical Center - University of Freiburg, Freiburg, Germany, 3Faculty of Medicine, University of Freiburg, 
Freiburg, Germany, 41st Department of Pathology and Experimental Cancer Research, Semmelweis 
University, Budapest, Hungary, 5German Cancer Consortium (DKTK) and Cancer Research Center (DKFZ, 
Freiburg, Germany  

Question  

Protein degradation plays a pivotal role in the decomposition of tissue specimens after patient deceasing. 

Comprehensive analyses of changes in the composition of proteins using high resolution mass 

spectrometry-based proteomics provides more insight into biological processes in the background. Here we 

delineate the dynamics of protein degradation in human liver and kidney tissue, derived from post mortem 

examination.  

  

 



69 
 

Methods  

Patients were included with an exact time interval between the time point of the death and the date autopsy 

procedure (6 to 96 hours; 52 tissue specimens derived from 26 patients). Fresh frozen tissue samples were 

processed for liquid chromatography - tandem mass spectrometry with subsequent label-free quantification. 

Representation pattern of the proteins in the mass-composition were identified by comparative analysis of 

co-expression networks of the targeted tissues. Stable and unstable proteins were coupled with the Gene 

Ontology (GO) database and analyzed according to cellular compartments and the associated molecular 

functions. 

Results  

Dynamic changes in representation of proteins in the mass composition revealed different biological 

mechanism behind the decomposition of the investigated organs. Hereby in kidney tissue specimens 

cytoskeletal proteins proved to be stable during the increasing time intervals whereas proteins included in 

mitochondrial respiratory chain complex became underrepresented. Considering liver tissue specimens, 

proteins of the lipid metabolism became underrepresented during increasing time. Proteins involved in 

pigment storage were accumulated. Statistical clustering analyses of mutual stable and unstable proteins 

derived from the two investigated organs revealed a predominant over-representation of cytoskeletal 

proteins, while proteins of mitochondrial respiratory chain complex showed an unstable behavior during 

increasing time. 

Conclusion  

Identification of stable and unstable proteins over the days after the death allowed to introduce the concept 

of the customized „proteomic clock” of the targeted organs. Understanding the biology behind the dynamic 

changes of the mass composition over the time offers breathtaking opportunities for diagnostic and 

therapeutic improvements in the future and paves the way for proteomical quality analyses of snap frozen 

and formalin fixed-paraffin embedded tissue specimens. 
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Hungarian-German Workshop 2020 - virtuelle Sitzung  

KOOP02.07  

Reduced isolated red signal pattern of ALK FISH in lung cancer patients  

I. Kocsmar1, G. Smuk2, G. Pajor2, É. Kocsmár1, K. Szuhai3, T. Tornóczky2, G. Lotz1  

12nd Department of Pathology, Semmelweis University, Budapest, Hungary, 2Department of Pathology, 
University of Pécs, Pécs, Hungary, 3Department of Molecular Cell Biology, Leiden University Medical Center, 
Leiden, Netherlands  

Question  

Fluorescence in situ hybridization (FISH) is widely used for detection of anaplastic lymphoma kinase (ALK) 

gene rearrangement. Rare atypical signal pattern with reduced isolated red (RIR) ALK 3’ FISH signals was 

described in ALK positive non-small cell lung cancer (NSCLC). Our aim was to examine the incidence and 

diagnostic significance of this unusual finding among the diagnostic samples of two routine FISH 

laboratories.  

Methods  

FISH analysis with dual color ALK break apart probe and/or triple color break apart/fusion ALK-EML4 FISH 

test was re-examined in 996 NSCLC cases. ALK rearrangement of cases with atypical RIR signals was 

confirmed by next generation sequencing and ALK immunohistochemistry. The signal pattern was analyzed 

with ImageJ software on red channel of composite z-stack FISH images by measuring the peak and total 

fluorescence intensity of both the attenuated and normal red signals in 50 tumor cells of each case with RIR 

signals.  

Results  

Extraordinary RIR signals were found in three out of 59 ALK positive cases. Sequencing and positive ALK 

immunohistochemistry verified an existing ALK rearrangement in each of RIR signal cases. Both peak and 

total intensity of RIR signals was significantly decreased; in comparison with means of the non-rearranged 

signals the peak/total intensity means of RIR signals were reduced to 50/34%, 55/55% and 58/67% in case 

1-2-3, respectively (p<0.001 for each pairwise comparison).  

Conclusion  

RIR is a rare and challenging signal pattern among ALK positive cases. Thus, risk of misinterpreting these 

true FISH positive cases is high, especially by using manual analogue fluorescent microscope without z-

stacking.  
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AG01.01  

Significance of tumor regression in lymph node metastases of gastroesophageal adenocarcinomas 
after neoadjuvant treatment  

D. Reim1, M. Osecky2, A. Novotny1, M. Feith1, J. Slotta-Huspenina3, W. Weichert3, H. Friess1, D. Kröll4, C. A. 
Seiler4, K. Ott5, K. Becker3, R. Langer2  

1Department of Surgery, Klinikum Rechts der Isar, Technische Universität München, München, Germany, 
2Institute of Pathology, University of Bern, Bern, Switzerland, 3Institut für Allgemeine Pathologie und 
Pathologische Anatomie, Technische Universität München, München, Germany, 4Department of Surgery, 
Inselspital, University Hospital Bern, Bern, Switzerland, 5Chirurgische Klinik, Klinikum Rosenheim, 
Rosenheim, Germany  

Question  

The presence of lymph node metastases is one of the most important negative prognostic factors in 

gastrroesophageal adenocarcinomas. Tumor regression after neoadjuvant therapy can be observed in lymph 

node metastases similarly as in primary tumors. We evaluated the prognostic impact of histological 

regression in lymph nodes (LN) and lymph node metastases (LNM) in esophageal and gastric 

adenocarcinomas (EAC/GC) after neoadjuvant treatment . 

Methods  

We analyzed three well characterized cohorts with a total of 719 gastroesophageal adenocarcinomas, 

including 303 GC and 291 EAC treated with neoadjuvant chemotherapy (CTX) and 125 EAC treated with 

neoadjuvant radiochemotherapy (RCTX). Regressive changes in LN and LNM (nodular and/or hyaline 

fibrosis, sheets of foamy histiocytes or acellular mucin) were assessed by histology.  

Results  

In total, regressive changes were observed in 213/719 cases. LN were categorized according to absence or 

presence of both regressive changes and residual tumor (LN-/+ and Reg-/+). 236 cases were LN-/Reg-. 53 

cases without vital LNM revealed regressive changes (LN-/Reg+). 160/430 cases with LNM showed 

regressive changes (LN+/Reg+), and 270/430 cases with LNM had no signs of regression (LN+/Reg-). 

Overall, LN/Reg categorization correlated with overall survival with the best prognosis for LN-/Reg- and the 

worst prognosis for LN+/Reg- (p<0.001). LN-/Reg+ cases had a better outcome than LN+/Reg+ and 

LN+/Reg- (p=0.001) and the latter two subgroups had a better prognosis than LN+/Reg- (p=0.003). The 

LN/Reg categorization was also an independent prognostic factor in multivariate analysis (HR=1.25; 95%CI 

1.12-1.39; p<0.001). Similar results were obtained when analyzing GC and EAC separately (univariate: 

p<0.001 each; multivariate: HR=1.27; 95%CI 1.08-1.5; p=0.004 and HR=1.22; 95%CI 1.06-1.4; p=0.005), or 

EAC treated with CTX or RCTX (univariate: p<0.001 and p=0.001; multivariate: HR=1.26; 95%CI 1.07-1.5; 

p=0.007 and HR=1.2; 95%CI 0.9-1.57; p=0.2)  

Conclusion  

The presence of regressive changes after neoadjuvant treatment is a relevant additional prognostic factor 



72 
 

both in LN and LNM of GC and EAC and the information about regression in LN should be included in 

standard pathology reports 

  

 

Gastroenteropathologie - on demand  

AG01.02  

Y chromosome loss is a frequent event in Barrett´s adenocarcinoma and associated with poor 
outcome  

H. Löser1, C. Woelwer1, H. Alakus2, S.-H. Chon2, T. Zander3, R. Büttner1, A. Hillmer1, C. Bruns2, W. 
Schröder2, F. Gebauer2, A. Quaas1  

1Uniklinik Köln, Institut für Pathologie, Köln, Germany, 2Uniklinik Köln, Klinik und Poliklinik für Allgemein-, 
Viszeral-, Tumor- und Transplantationschirurgie, Köln, Germany, 3Uniklinik Köln, Medizinische Klinik I, Köln, 
Germany  

Question  

The loss of the Y chromosome (LoY) is a frequently described phenomenon in various malignancies. To 

date, there is no reliable information on the actual frequency, type of Y chromosome loss (isolated or 

complete loss) and homogeneity as well as the prognostic significance in esophageal adenocarcinoma 

(EAC).  

Methods  

We analyzed a large tumor collective of 685 EAC with different fluorescence in-situ (FISH) probes using a 

tissue micro array and considering further molecular tumor alterations and clinical aspects. Commercially 

available FISH probes were validated in ten esophageal tumor cell lines of known Y chromosome status. 

Results  

433 (63.2%) patients with EAC were analyzable for LoY. Neoadjuvant treatment was administered in 403 

patients (58.5%). The median follow-up was 57.7 months (calculated 5-year survival rate 26.6%). Singular 

LoY of one chromosome arms was present in 0.9% (q-arm, n = 4) and 2.5% (p-arm, n = 11), complete LoY in 

55.7% (n = 241). LoY was not affected by neoadjuvant treatment. LoY was strongly associated with 

shortened overall-survival (OS). Patients with Y chromosome showed a median OS of 58.8 months (95%CI 

33.1 - 83.2 months), patients with LoY showed an OS of 19.4 months (95%CI 14.8 - 24.0 months, p < 0.001). 

LoY is an independent prognostic marker with a hazard ratio of 0.558 (95%CI 0.378 – 0.823). A correlation 

between LoY and TP53 mutations (p = 0.005), loss of chromatin remodeling proteins ARID1a and BRG1 (p = 

0.014 and p = 0.041, respectively) and presence of immune checkpoint regulator LAG3 (p = 0.040) was 

seen. No correlation with amplification of KRAS, Her2/neu, PIK3CA, c-myc and GATA6 was seen. 
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Conclusion  

Our study shows that complete loss of the Y chromosome is a common phenomenon in EAC. The LoY is 

heterogeneously distributed within the tumor, but corresponding lymph node metastases frequently show 

homogeneous LoY indicating a selection and metastasizing advantage with poor overall prognosis. It cannot 

be completely ruled out that LoY is an epiphenomenon in the context of a "complex karyotype" in EAC. 

Former studies of Barrett mucosa indicate LoY as biologically relevant for tumor initiation and maintenance. 

Barrett mucosa occurs only twice as frequently in men as in women, but EAC shows a male predominance 

of up to 9:1. Currently no convincing gender-specific lifestyle aspects explain this difference, so genetic 

explanatory models are favoured. Further analyses concerning the biological impact of Y chromosome loss 

in EAC are needed.  

 

Gastroenteropathologie - on demand  

AG01.03  

Loss of SMAD4 in gastric cancer is associated with poor patient outcome  

A. Liu, C. Halske, H.-M. Behrens, S. Krüger, C. Röcken  

Institut für Pathologie, Universitätsklinikum Schleswig-Holstein, Kiel, Germany  

Question  

SMAD4 is a tumor suppressor gene that plays an important role in various different tumor types of the 

gastrointestinal tract. The loss of protein expression causes the progress of different carcinomas, such as 

those of pancreaticobiliary tract. In this study we explored to putative tumor biological significance of SMAD4 

in gastric cancer (GC).  

Methods  

Immunohistochemistry was performed on whole tissues sections of 487 primary GCs using a monoclonal 

antibody directed against SMAD4. Scoring of each tumor was assessed by determining a histoscore (H-

score), which combined both, immunostaining intensity (0, 1+, 2+, 3+) and percentages of immunopositive 

tumor cells. Finally, an H-score was calculated according to the formula: H-score = [0 x percentage of 

immunonegative tumor cells] + [1 x percentage of weakly stained tumor cells] + [2 x percentage of 

intermediately stained tumor cells] + [3 x percentage of strongly stained tumor cells]. The percentage of 

tumor cells always added up to a total of 100%. Finally, the cohort was divided into four quartiles (Q1-Q4) 

according to the H-scores: Q1 enclosed cases with the lowest H-score values (= decreased or loss of 

SMAD4 expression) and Q4 still with the highest H-scores (=retained expression).  

Results  

A decreased expression of cytoplasmic SMAD4 (Q1-3 vs. Q4) correlated significantly with local tumor growth 
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(p=0.003) and UICC stage (p=0.007). No significant correlation was found between nuclear SMAD4 

expression and any clinicopathological patient characteristic. Patients with SMAD4 loss showed significantly 

lower median overall survival (OS; 13.4 months, 95% C.I. 11.2 - 15.6; p=0.001) and tumor specific survival 

(TSS; 14.9 months, 95% C.I. 12.1 - 17.7; p=0.003) compared with retained SMAD4 expression (OS: 22.2 

months, 95% C.I.10.0 - 34.5; TSS: 25.0 months, 95% C.I. 11.5 - 38.5)  

Conclusion  

Our study provides evidence of a tumor biological significance of SMAD4 in GC: any loss of cytoplasmic 

SMAD4 expression is linked to local tumor growth and worse patient outcome supporting its putative role as 

tumor suppressor.  
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AG01.05  

Combined Analysis of Computed Tomography and Histology Leads to an Evolutionary Concept of 
Echinococcus multilocularis Infections in Humans  

J. Grimm1, A. Beck1, J. Nell1, J. Schmidberger2, A. Hillenbrand3, A. Beer4, B. Dezsényi5, R. Shi6, M. Beer6, 
P. Kern7, D. Henne-Bruns3, W. Kratzer2, P. Möller1, B. Grüner7, T. Gräter6, T. F. Barth1  

1Institut für Pathologie, Universitätsklinikum Ulm, Ulm, Germany, 2Klinik für Innere Medizin I, 
Universitätsklinikum Ulm, Ulm, Germany, 3Klinik für Allgemein- und Viszeralchirurgie, Universitätsklinikum 
Ulm, Ulm, Germany, 4Klinik für Nuklearmedizin, Universitätsklinikum Ulm, Ulm, Germany, 5Department of 
Infectology, Central Hospital of Southern Pest National Institute of Hematology and Infectious Diseases, 
Budapest, Hungary, 6Klinik für Diagnostische und Interventionelle Radiologie, Universitätsklinikum Ulm, Ulm, 
Germany, 7Sektion Klinische Infektiologie, Universitätsklinikum Ulm, Ulm, Germany  

Question  

Alveolar echinococcosis (AE) is a life-threatening parasitic disease caused by the larval stage of the 

tapeworm Echinococcus multilocularis. The aim of our study was to correlate computed tomography (CT) 

data with histological data to identify distinct histological patterns for different types of AE lesions.  

Methods  

We classified 45 AE liver samples into five types using the Echinococcus Multilocularis Ulm Classification for 

Computed Tomography (EMUC-CT). [1] We then analysed these cohort for various histological and 

immunochemical parameters by computer-based measurements (Diskus software, Hilgers Technisches 

Büro, Königswinter, Germany) on a photo microscope. For immunochemistry, we used the monoclonal 

antibody Em2G11 which binds the AE antigen Em2. [2] 
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Results  

The different types of CT lesions revealed significant differences in the analysed histological parameters 

such as thickness of the surrounding layer of epithelioid cells, fibrosis, and lymphocytes, thickness and 

distribution of the laminated layers, distance between the border zone and the laminated layer and amount 

and spreading of small particles of Echinococcus multilocularis (spems). [2] Based on this data, we propose 

a progression model of the infection. In this model EMUC-CT type IV is the initial lesion, characterized by a 

single necrotic area with a central alveolar structure containing the laminated layer, a small fibrotic peripheral 

zone, a larger distance between the laminated layer and the adjacent border zone and only few spems. We 

assume that this lesion progresses through CT lesion types I, II, and III, characterized by shorter distances 

between the laminated layer and the border zone, higher number of spems distributed inside and 

surrounding the lesion and a pronounced fibrotic rim (mostly in CT type III). Eventually, the different CT type 

lesions may converge to a highly regressive, calcified stage (CT type V).  

Conclusion  

Our analyses revealed that AE liver lesions of different CT types are reflected by distinct histological patterns 

in humans. These results suggest that the CT types mark sequential stages of the infection, which progress 

over time. These various histological patterns might help to identify different stages of this disease which 

may have different prognoses and even different treatment options.  
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Question  

Alveolar echinococcosis (AE) is caused by the metacestode stage of the tapeworm Echinococcus 

multilocularis. AE diagnostics currently rely on imaging techniques supported by serology; however 

unequivocal detection of AE is difficult using these techniques. Although polymerase chain reaction (PCR)-

based methods to detect tapeworm DNA in biopsies have been suggested for several species, no fully 

validated protocol which adheres to generally accepted guidelines has so far been presented for AE 

diagnostics. We herein aimed to establish a PCR protocol for metacestode biopsies and evaluated the 

method using DNA extracted from micro dissected tissue of various probes of infected, formalin fixed paraffin 

(FFPE) human tissue blocks.  

Methods  

Based on tapeworm 12S rDNA sequences we established a PCR protocol for robust detection of as less as 

50 parasite cells per specimen. For method evaluation we analyzed 45 samples of tissue from liver, heart, 

brain, soft tissue and cytological probes of aspirates of FFPE-material from 18 different patients with 

immunochemically confirmed AE. Of each patient we analyzed different areas of the lesion: full-blown 

lesions with typical laminated layer (group 1); tissue with mAbEm2G11-positive small particles of 

Echinococcus multilocularis (spems) (group 2); mAbEm2G11-negative tissue adjacent to the main lesion 

(group 3); lymph node tissue with mAbEm2G11-positive spems (group 4).  

Results  

9/15 of the AE lesions with laminated layer (group 1) were positive by PCR. Of this group 1 all samples 

preserved less than 5 years (6/6) were tested positive. A longer time of conservation of FFPE negatively 

influenced the PCR detection rate. 11/15 samples of group 2 and 7/9 samples of group 3 were negative by 

PCR. We further compared the PCR results of six lymph nodes with mAbEm2G11-positive spems (group 4) 

and show that all probes from lymph nodes with spems are negative by PCR.  

Conclusion  

We have established a sensitive PCR method for the detection of E. multilocularis in human tissue. However, 

not all cases with IHC confirmed AE were positive by PCR partly depending on the time of paraffin 

conservation. The diagnostic sensitivity of material containing only spems is higher by IHC. Likewise, in PCR 

we detected E. multilocularis in IHC negative liver tissue. The results support the view that spems in lymph 
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nodes do not contain parasitic DNA or viable cells of the parasite. Therefore, this finding suggests that 

spems in human lymph nodes are supposed to be not infectious.  
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Question  

Pancreatic cancer is associated with high mortality and resistance to standard therapies. Identifying 

molecular mechanisms that drive tumorigenesis continues to be of great importance.  

Methods  

Patient samples were analyzed by immunohistochemistry. We employed a mouse model of KRasG12D-

driven PDAC with pancreas-specific deletion of κB-Ras. Tissue and cell analyses were performed using 

FACS, (immuno-)histochemistry, ultra-low attachment growth (GILA) assay, colony formation and invasion 

assay and western immunoblotting.  

Results  

We show that low levels of non-canonical κB-Ras GTPases are frequently detected in pancreatic ductal 

adenocarcinoma (PDAC) patient samples and correlate with higher histologic grade. Loss of κB-Ras proteins 

leads to dramatically accelerated tumour development and shortened median survival. κB-Ras deficiency 

strongly promotes acinar-to-ductal metaplasia (ADM) during tumour initiation as well as tumour progression 

through direct intrinsic effects on proliferation and invasion of ductal tumour cells. Notably, κB-Ras proteins 

are also required for acinar regeneration after pancreatitis, demonstrating a general role in control of acinar 

plasticity. On a molecular level, upregulation of Ral GTPase activity and Sox9 expression underlies the 

observed phenotypes, which identifies a previously unrecognized function of Ral signalling in ADM 

regulation.  

Conclusion  

Our results provide evidence for a prominent tumour suppressive role of κB-Ras proteins in the pancreas 

and highlight low κB-Ras levels and consequent loss of Ral control as risk factor for pancreatic cancer 
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development. Our observations thus emphasize the necessity to search for therapeutic options that allow 

interference with Ral-driven signalling.  
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Question  

Pancreatic ductal adenocarcinoma (PDAC) is the most frequent malignancy of the pancreas and remains 

one of the most lethal cancers. For unknown reasons, patients with amplification of the urokinase 

plasminogen activator receptor (uPAR) gene have a particularly poor prognosis. uPAR signaling has been 

associated with migration, metastasis and cell proliferation mediated through Ras-ERK signaling. The 

specific function of uPAR in the progression of PDAC has not been elucidated.  

Methods  

Stable homozygous uPAR knock out (uPAR-/-) clones derived from the PDAC cell line AsPC-1 by 

CRISPR/Cas9 were used to evaluate the function of uPAR in tumor progression and chemotherapy 

resistance. The functional significance of the main findings was confirmed in 57 PDAC samples with clinical 

follow-up.  

Results  

Ablation of uPAR resulted in the activation of FAK, SRC, CDC42, and p38MAPK, induced a dormant 

epithelial phenotype with activation of autophagy and increased chemoresistance against gemcitabine. 

Inhibition of FAK, CDC42, p38MAPK and autophagy resulted in a switch towards MAPK/ERK signaling and 

rendered the cells more chemosensitive. Knockdown of KRAS resulted in downregulation of uPAR. Patients 

whose PDACs showed a uPARlow/ p38MAPKhighphenotype had a significantly better prognosis than patients 

with uPARhigh or uPARlow/ p38MAPKhigh tumors.  

Conclusion  

uPAR reinforces deregulated MAPK/ERK signaling in KRAS-mutated PDAC and prevents cell adhesion 
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mediated drug resistance and cellular dormancy mediated by FAK. Patients with uPARhigh PDACs might 

benefit from inhibition of uPAR, while patients with uPARlow/p38MAPKhigh tumors might profit from the 

addition of an autophagy inhibitor (e.g. chloroquine) to cytotoxic chemotherapy.  
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Question  

Tenascin C is an extracellular matrix molecule synthetized in the pancreas by activated stellate cells and 

overexpressed in pancreatic regeneration and carcinogenesis. During regeneration, acinar cells undergo a 

reversible change called acinar-to-ductal metaplasia (ADM). The plasticity of the acinar cells is considered a 

prerequisite for successful regeneration. A failed regeneration after pancreatitis is a significant risk factor for 

pancreatic cancer. In this study, the functional role of Tenascin C during pancreas regeneration was 

investigated using the model of cerulein-induced acute pancreatitis in C57BL/6 wildtype mice.  

Methods  

Tenascin C expression and integrin-mediated signaling were analyzed at various time points by quantitative 

RT-PCR, immunoblotting and morphology. The impact of Tenascin C on induction of ADM and on the 

enrichment of a progenitor cell status of pancreatic acinar cells was addressed in vitro and using 3D-

cultures.   

Results  

Tenascin C was overexpressed during the acute phase of cerulein-induced inflammation in wildtype-mice 

accompanied by overexpression of several integrins (αv, α8, α9, β1, β3, β6) and by the activation of 

representatively selected pancreatic progenitor und differentiation genes (Pdx1, Bmi1, Ring1b, Sox9, Hes1). 

Tenascin C-levels returned normal after regeneration in wildtype-mice. In in vitro experiments with acinar cell 

suspensions, we showed a modulatory, time- and dose-dependent effect of Tenascin C on the expression of 

progenitor and differentiation genes, which could be partially reversed by pharmacological inhibition of some 

integrin receptors. In a 3D-culture model of cerulein-treated acinar cells, treatment with recombinant 

Tenascin C led to a reduced number of ADMs, as well as to an increase of their proliferation rates. 
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Conclusion  

Tenascin C has a pro-regenerative role in pancreas by activating the integrin signaling pathway, modulating 

the expression of progenitor and differentiation genes and by reducing the number of acinar cells undergoing 

ADM.  
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Question  

Pancreatic neuroendocrine tumours (PanNETs) are a rare and heterogenous group of malignant tumours 

which little is known about genetically and clinically valuable prognostic factors. Loss of MMR correlating with 

MSI has not been investigated well in PanNETs. Recent studies show an inconsistency in the occurrence of 

MSI in PanNETs. Furthermore, new investigations show a relation of altered DAXX and ATRX in developing 

PanNETs with potential prognostic value. 

Purpose: The purpose of this study is to evaluate the prevalence and prognostic role of MMR, ATRX and 

DAXX in PanNETs.  

Methods  

Tumour tissue of 74 patients with curative resected primary PanNETs were identified after re-classification 

according to WHO 2019. MSI was analysed using immunohistochemistry and fragment length analysis. Loss 

of DAXX and ATRX in PanNETs was evaluated by immunohistochemistry and defined by a complete nuclear 

loss. Correlation with clinicopathological characteristics were obtained by univariate and multivariate 

statistical analysis.  

Results  

3/74 tumours (4%) were identified as MSI-high. MSI-high was either associated with a high UICC tumour 

stage or poor prognosis. IHC nuclear loss of DAXX and ATRX was observed in 8/74 (11%) and 6/74 (8%) 

respectively. Loss of DAXX was independently associated with higher tumour grade and reduced survival 

and showed a tendency towards a poor prognosis. Tumours showing a loss for ATRX were not 

independently associated, but appear to correlate with a high tumour stage and grade as well as a low 

survival status.  
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Conclusion  

MSI has a low prevalence in PanNET but may reveal an unfavourable prognosis. Loss of DAXX is 

associated with an unfavourable prognosis and a loss of ATRX might indicate an unfavourable prognosis, 

too. This supports the hypothesis that DAXX- and ATRX-negative tumours are a more aggressive subtype of 

PanNETs.  
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Question  

Metabolic changes are observed in early and late stages of Pancreatic Neuroendocrine Tumors (PanNET) in 

mouse models. In human PanNET, RNA-expression analysis showed changes in glucose metabolism in 

more aggressive PanNET. Metabolism, as an emerging hallmark of cancer, has not been thoroughly 

investigated in pancreatic neuroendocrine neoplasia. 

We investigated the expression of the lactate transporter Monocarboxylate Transporter 4 (MCT4) in 

pancreatic microadenomas, neuroendocrine tumors of different stages and neuroendocrine carcinomas 

(NEC) as a potential metabolic surrogate marker for glucose usage.  

Methods  

We assessed the expression of MCT4 by immunohistochemistry in 81 pancreatic microadenomas from 

seven MEN1 patients and one VHL patient as well as 106 sporadic PanNET. Expression levels were 

correlated with clinico-pathological features.  

Results  

The majority of MEN1 associated pancreatic microadenomas were negative for MCT4 (n=56, 69.1%). Single 

cell expression was observed in 17 cases (21.0%) throughout all MEN1 microadenomas. On the contrary, 

eight (66.7%) of twelve VHL-associated microadenomas were MCT4 positive. 

In sporadic PanNET, we observed three different patterns: homogenous positivity, heterogenous positivity 

associated with vessel pattern and negative tumors. MCT4-positivity was significantly associated with tumor 

stage, grading and relapse. In multivariable analysis, this was not independent from tumor stage.  
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Conclusion  

MCT4-expression is increasing from microadenomas to small PanNET and large PanNET. In the VHL-

setting, already microadenomas are positive consistent with a VHL-induced pseudohypoxic mechanism. The 

lactate transporter expression in large tumors might be induced both by genetic pseudohypoxic mechanism 

as well as by true hypoxia, as suggested by association with vessels. In these tumors, targeting of lactate 

transporters might be a therapeutic option.  

 

Gastroenteropathologie - on demand  

AG01.16  

Integrative analysis reveals early and stable genetic changes in intraductal papillary 
cholangiocarcinogenesis  

B. Goeppert1, D. Stichel2, S. Luiken1, T. Albrecht1, M. Loeffler1, A. M. Schlitter3, O. Neumann1, M. Vogel4, A. 
Mehrabi5, K. Hoffmann5, B. Köhler6, C. Springfeld6, Y. Assenov7, D. Weichenhan7, C. Plass7, I. Esposito8, P. 
Schirmacher1, A. von Deimling2, S. Roessler1  

1Institute of Pathology, Heidelberg University Hospital, Heidelberg, Germany, 2Department of 
Neuropathology, University Hospital Heidelberg, Heidelberg, Germany, 3Institute of Pathology, Technical 
University of Munich, Munich, Germany, 4Diagnostic and Interventional Radiology, Thoraxklinik at University 
Hospital Heidelberg, Heidelberg, Germany, 5Department of General, Visceral and Transplantation Surgery, 
Heidelberg University Hospital, Heidelberg, Germany, 6University Hospital Heidelberg, National Center for 
Tumor Diseases, Heidelberg, Germany, 7Cancer Epigenomics, German Cancer Research Center (DKFZ), 
Heidelberg, Germany, 8Institute of Pathology, Heinrich-Heine University and University Hospital of 
Düsseldorf, Düsseldorf, Germany  

Question  

A detailed understanding of the molecular alterations in the course of cholangiocarcinogenesis is crucial for a 

better understanding of this disease and may pave the way to early diagnosis and better treatment options 

for cholangiocarcinoma (CCA) patients. Two main subtypes of biliary precursor lesions that lead to invasive 

cholangiocarcinoma (CCA) are nowadays recognized and described in detail in the current WHO 

classification of Digestive System Tumours: the microscopic biliary intraepithelial neoplasm (BilIN) and the 

macroscopically visible intraductal papillary or tubulopapillary neoplasms of the bile duct, IPNB and ITPN, 

respectively. In this study, we focused on the molecular alterations in IPNB and ITPN to better understand 

early tumorigenic events and differences between IPNB and ITPN.  

Methods  

We analyzed a clinicopathologically well-characterized patient cohort (N=54) with intraductal papillary or 

tubulopapillary biliary precursor lesions, designated as IPNB and ITPN of the biliary tract. For a large subset 

of patients, the triplet sample set of non-neoplastic biliary epithelium, IPNB or ITPN, and invasive CCA was 

available. We conducted immunohistochemical analyses as well as genome wide DNA methylation profiling 

and next generation sequencing analyses of IPNB, ITPN and invasive CCA for molecular analysis.  
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Results  

According to morphological and immunohistochemical analysis of MUC1, MUC2, MUC5AC and CDX2 the 

cohort consisted of 44 (81.5%) IPNB and 10 (18.5%) ITPN. Anatomically, ITPN were mostly associated with 

intrahepatic CCA, whereas IPNB co-occurred mostly with distal CCA. IPNB exhibited pancreatobiliary, 

gastric or intestinal growth patterns, while oncocytic IPNB were not present in the cohort. All ITPN showed a 

pancreatobiliary phenotype except for one case which had a purely oncocytic histology. At the molecular 

level, the most frequently mutated genes in IPNB were TP53, KRAS, SMAD4 and CDKN2A; all alterations 

that are also typically found in extrahepatic CCA (perihilar and distal CCA). In addition, IPNB exhibited 

significantly more mutations than ITPN. Interestingly, no mutation was detected in the only case with 

oncocytic histology. Consistently, IPNB and ITPN differed in their DNA methylation profiles.  

Conclusion  

Integrative analysis revealed that IPNB harbor early and stable genetic alteration in intraductal papillary 

cholangiocarcinogenesis and IPNB are enriched in mutations typical for extrahepatic CCA.  
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Question  

Intrahepatic cholangiocarcinoma (ICC) represents an aggressive carcinoma with a dismal prognosis. For 

resection specimens, histopathological prognosticators are limited to standard AJCC parameters. Tumor 

budding (TB), a quantitative leviable parameter for tumor cell separation and infiltration, first described in 

1949 by Imai et al., represents a promising prognostic factor for several cancers. This study investigated the 

prognostic impact of tumor budding in ICC, using a semi-automated approach. 

Methods  

From the Memorial Sloan-Kettering Cancer Center pathology archives a cohort of 92 patients, surgical 

treated for ICC were HE stained and digitalized (Roche DP200 Slide scanner). Tumorbudding was analyzed 

according to the International Tumor Budding Consensus Conference 2016 via QuPath (Version 0.1.2) in ten 

0.785mm² vision fields within the tumor center and the tumor host-interface each. Within each field, 

automated QuPath cell detection was conducted and manually reviewed. Tumorbudding was correlated with 
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clinico-pathological parameters including AJCC classification, hepatitis status, age, ethnicity, treatment, 

gender, patients overall (OS) and progression free survival (PFS) via uni- and multivariate analyses using R 

(Version 3.6.0) and R Studio portable (Version 1.1.463). 

Results  

From 92 patients, 6071 tumor buds were analyzed. The median value for tumor budding in tumor budding 

hot spots was four within the tumor host interface and five within the tumor center. Tumor budding also 

significantly correlated with patient nodal status and tumor stage in bivariate analyses. Considering patients 

OS and PFS, tumor budding revealed significant correlations in uni- and multivariate analyses (p<0.001). 

Conclusion  

Our data emphasize that - beside colon, breast and pancreatic cancer - tumor budding also represents an 

independent prognosticator in ICC for patients OS and DFS. 
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Question  

Cholangiocarcinoma (CCA) are aggressive malignancies with a 5-year survival of less than 10 %. CCA are 

of either intrahepatic (iCCA) or extrahepatic (eCCA) origin. iCCA are subdivided into small duct- (iSCCA) and 

large duct type (iLCCA), due to cellular origin and molecular pattern. We investigated the 

immunohistochemical (IHC) and molecular pattern of CCA: Besides known molecular alterations (p53, Her2, 

FGFR-2) we focused on loss of function alterations of the SWI/SNF-complex subunits. It is a chromatin 

remodeler, which recently received attention as possible new prognostic and therapeutic target in several 

other cancers. Overall survival of SWI/SNF-complex mutated patients was analyzed dependent on their 

CCA-subtypes. 

  

Methods  

Since 2000, a total of 52 CCA patients underwent surgery within the surgical department of the University 

Hospital of Cologne and complete follow-up data was retrospectively collected. Tissue microarray analysis 
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(TMA) was performed from all patients. Exclusion criteria were death within 14 days after surgery and 

systemic chemotherapy prior to operation. IHC analysis was performed for CCA -subclassification into 

iSCCA (N-cadherin +/CD56 +) and iLCCA (MUC5a/c +, S100P +), for the SWI/SNF-complex (ARID-1a, 

BRM, BRG, PBRM-1 and INI-1) and for p53. Her2- and FGFR2-mutations were evaluated by FISH-analysis. 

For statistical analysis IBM SPSS v26.0 was used. Significance for overall survival was analysed by Logrank-

test (p< 0.05). 

Results  

 

 
Cholangiocarcinoma with loss of function alterations in the SWI/SNF-complex are associated with worse 
overall survival. Red curve = wildetype (n=32), blue curve = patients with on loss of function alterations of the 
SWI/SNF-complex (n=10). 
 
The patient cohort consisted of 17 eCCA and 35 iCCA patients (27 iSCCA and 8 iLCCA). Loss of any tested 
SWI/SNF-complex subunit appeared in 30% of eCCA, about 25% of iLCCA, and in about 15% of iSCCA. 
ARID1a was lost predominantly in eCCA and iLCCA, whereas iSCCA showed a heterogeneous mutation 
pattern. SWI/SNF-complex loss of function alterations were associated with a highly significant worse overall 
survival (p = 0.009) in CCA patients (Fig 1). Further subtyping revealed that it predominantly accounts for 
iCCA. 
  
Conclusion  

Loss of function alterations of the SWI/SNF- complex lower survival of iCCA patients significantly. Our 

findings suggest that the SWI/SNF-complex may be a promising predictive marker and therapeutic option in 

future and worth further investigation. 
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Question  

Wnt/β-Catenin signalling has emerged to play a major role cancer stem cell (CSC) self-renewal, also in 

CSCs of colorectal cancer. We have discovered a PRC2-β-Catenin dependent mechanism of gene 

repression. Through trimethylation of β-Catenin at lysine (K) 49 (β-Cat K49Me3) β-Catenin functions as a 

transcriptional co-repressor. Understanding the role of β-CatK49Me3 in colorectal cancer, especially the 

involvement in CSC self-renewal may help to develop more effective cancer therapy methods.  

Methods  

Tissue specimens of colorectal cancer (n=10) were examined for β-CatK49Me3 by IHC. Cell culture analysis 

included colorectal cancer cell lines LS174T, HCT116, SW480, DLD1 and non-tumor cell line CcD841. Cell 

lines were examined for protein and mRNA expression, ChIP and cell viability. Antibodies against β-Cat 

K49Me3 and β-Cat K49Ac, siRNA against β-Catenin, expression constructs GFP-β-Cat K49 (Mut), 

Demethylase inhibitor GSKJ4 as also 5-Fluorouracil (5-FU) were used.  

Results  

Analysis of colorectal cancer cell lines revealed high expression of β-Cat K49Me3 and β-Cat K49Ac 

compared to a non-tumor cell line. Importantly, IHC analysis revealed that β-Cat K49Me3 is expressed in 

colorectal cancer. With ChIP and transfection experiments of β-Cat K49 point mutants, activation of 

stemness genes LGR5, TERT and ASCL2 as well as repression of differentiation gene MUC2 were shown to 

be dependent on post-translational modifications at β-Cat K49. Importantly, stabilization of β-Cat K49Me3 by 

inhibition with GSKJ4 led to strong repression of stemness gens accompanied by increased sensitivity of 

colorectal cancer cells to 5-FU in cell viability assays.  

Conclusion  

The results indicate that β-Cat K49 may regulate a stemness program in colorectal cancer cells, which may 

modulate sensitivity to chemotherapeutic reagents. Therefore, β-Catenin K49 is an interesting target to be 

further exploited for therapeutic intervention.  
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Question  

Colon cancer has the third highest prevalence of cancer and is the second leading cause of cancer death 

across all ages and both sexes in the Western world. Till today, the prognosis and therapy of colon cancer is 

evaluated by the TNM staging system. However, the molecular portrait of the tumor also known as 

‚consensus molecular subtypes (CMS) classification' has not yet been established as a predictive biomarker 

correlating with clinical outcome. 

 

The aim of this study is to construct a representative cohort of colon cancer samples using tissue microarray 

technology (TMA Grand Master 3DHISTECH), which allows to show a variety of different tumors on a single 

section and define the subtypes by using immunohistochemistry and molecular diagnostics. The TMA-based 

CMS shall be linked to clinical data to evaluate their prognostic value compared to the TNM classification.  

Methods  

All patients diagnosed with colon cancer in between 2007 and 2018 at the University Hospital Frankfurt were 

checked for their usability. Therefore, quality and quantity of the tumor material were verified by examining 

new sections of the colon cancer area. These were colored by using hematoxylin and eosin stain. 

Afterwards, a digital scan was created to mark two spots on the tumor slide which were punched for the 

TMA. One spot located at the cancer invasion front, the second one in the middle of the cancer. To 

determine the molecular subtypes (CMS1-4) of the TMA cohort, various immunohistochemistry and 

molecular methods were used. Clinical data were provided in collaboration with the University Center for 

Tumor Diseases Frankfurt (UCTF).  

Results  

Overall 312 colon cancer cases could be placed in a good quality on the TMA. They showed the following 

distribution: pT1 17/312 (5,5%), pT2 49/312 (15,7%), pT3 192/312 (61,5%) and pT4 54/312 (17,3%). 138 

patients (44,2%) had a nodal positive status (pN1 65/312 (20,8%); pN2 73/312 (23,4%)). 13,1% of all 

patients (41/312) had a distant metastasis. Grade groups were as follows: G1 16/312 (5,1%), G2 247/312 

(79,2%), G3 38/312 (12,2%), and GX 11/312 (3,5%). Results of each colon cancer patient were linked with 



88 
 

clinicopathological and molecular data.  

Conclusion  

This TMA offers the possibility to have a large cohort of colon cancer patients including their CMS 

classification and clinical data using it to proof new prognostic markers. Furthermore, it constitutes the 

cornerstone for upcoming research projects.  
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Question  

Intratumor heterogeneity is a common feature of colorectal cancer (CRC). Here, we analyzed whether 

mesenchymal-like CRC cells promote the progression of epithelial-like CRC cells via paracrine mechanisms.  

Methods  

Six CRC cell lines that show an epithelial phenotype were treated with conditioned media (CM) from CRC 

cell lines that show a mesenchymal phenotype, and effects on epithelial-mesenchymal transition (EMT), 

migration, invasion, and chemoresistance were determined. Secreted factors potentially mediating these 

effects were identified by using cytokine arrays. Associations of these factors with tumor progression and 

patient survival were determined.  

Results  

CM obtained from mesenchymal-like CRC cells induced EMT associated with increased migration, invasion, 

and chemoresistance in epithelial-like CRC cell lines. Notably, activation of p53 in mesenchymal-like CRC 

cells prevented these effects of CM. Increased concentrations of several cytokines were identified in CM 

from mesenchymal-like CRC cell lines and a subset of these cytokines showed repression by p53. The 

down-regulation of nidogen-1 (NID1) was particularly significant and was owing to p53-mediated induction of 

microRNA-192 and microRNA-215, which directly target the NID1 messenger RNA. NID1 was found to be 

required and sufficient for inducing EMT, invasion, and migration in epithelial-like CRC cells. In primary 

CRCs, increased NID1 expression was associated with p53 mutation and microRNA-192/215 down-

regulation. Importantly, increased NID1 expression in CRCs correlated with enhanced tumor progression 

and poor patient survival.  
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Conclusion  

Taken together, our results show that CRC cells promote tumor progression via secreting NID1, which 

induces EMT in neighboring tumor cells. Importantly, the interference of p53 with this paracrine signaling 

between tumor cells may critically contribute to tumor suppression.  
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Question  

Colorectal cancer (CRC) is one of the most frequent tumors in western societies and associated with 

significant burden of disease and a dismal prognosis in advanced disease stages. The desmosomal protein 

Desmoglein 3 (DSG3) is a protein involved in cytoskeletal functions but also has signaling properties. DSG3 

expression has previously been associated with worse prognosis in pancreatic cancer and we showed a 

similar association in a cohort of 224 resected CRC cases. Here, we examined the malignancy promoting 

properties of DSG3 in CRC in vitro.  

Methods  

We identified DSG3-expressing and DSG3-negative CRC cell lines using the cancer cell line encyclopedia 

(CCLE) and confirmed the results using Western Blot and qRT-PCR. To study DSG3 function in CRC cell 

lines in vitro, we created inducibly expressing clones of DSG3-negative cell lines using lentiviral transduction 

and established siRNA-mediated DSG3 knockdown in DSG3-positive CRC cell lines. We examined the 

effect of DSG3 expression on proliferation using Xcelligence assays, on migration using Ibidi cell culture 

inserts, on invasion using matrigel invasion assays and on chemotherapy resistance using a resazurin cell 

viability assay. 

Results  

We identified four DSG3 expressing cell lines and five DSG3 negative cell lines. Using limiting dilution, single 

cell clones carrying a doxycycline inducible DSG3 expression construct were created. SiRNA-mediated 

DSG3 knockdown significantly reduced proliferation, migration and invasion of DSG3 expressing cell lines. 

Doxycycline induced DSG3 expression gene dose dependently affected proliferative, migratory and invasive 

properties of CRC cell clones: High DSG3 overexpression significantly reduced migration, invasion and 

proliferation, whereas modest DSG3 expression showed an adverse effect. Surprisingly, DSG3 knockdown 
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significantly increased chemotherapy resistance towards 5-fluouracil in two DSG3-positive cell lines.  

Conclusion  

DSG3 expression is associated with increased proliferation, migration and invasion in vitro. The malignancy 

promoting effects of inducible DSG3 expression were gene dose dependent, paralleling our data on the 

prognostic effect of DSG3 expression in a CRC cohort. This indicates two distinct pools of DSG3 involved in 

different cellular functions. In line with our retrospective data from a large patient cohort, our functional in 

vitro data indicate an important role of DSG3 in malignancy and warrant further investigation to characterize 

DSG3 as a potential therapy target.  
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Question  

Analysis of cell-free DNA (cfDNA) in liquid biopsies is a supplementary tool for non-invasive tumor cell 

mutation detection. However, the mechanisms of cfDNA release from tumor cells, which may include diverse 

histotypes, are still not well understood. Here, a model system for cfDNA release of colorectal cancer (CRC) 

cells was established and used to study effects of modulating agents of cfDNA release.  

Methods  

Eight CRC cell lines (Caco-2, DLD-1, HCT116, HT-29, LS174T, RKO, SW480, SW620) were screened for 

cfDNA released into the cell culture supernatant under standard conditions in time course experiments (4, 6, 

8, 12, 24 and 48 h). Next, SW480 and SW620 cells were treated with hypoxia (1 % O2), chemotherapeutic 

agents (5-FU and oxaliplatin) and radiation (on dose 2 and 5 Gy), to monitor the effect on cfDNA release.  

Results  

In SW480 cells, cfDNA was detected quantitatively and qualitatively in cell culture supernatants at all time 

points. Fragment size analyses showed a ladder pattern corresponding to mono- and oligonucleosomal 

fragments. In contrast, the other seven cell lines showed no (Caco-2, DLD-1, HT-29), very low (HCT116, 

RKO, SW620) or well detectable (LS174T at 48 h) levels of cfDNA in the cell culture supernatants. 
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In SW480 cells, hypoxia, chemotherapeutic agents and radiation increased the amount of released cfDNA. 

In SW620 cells, which are derived from a lymph node metastasis from the same patient as the primary tumor 

cell line SW480, there was a slight increase of cfDNA in the cell culture supernatant post radiation.  

Conclusion  

This study shows that cell cultures may represent a suitable model system to further investigate open 

aspects of liquid biopsies. Especially, this allows the examination of mechanistic effects of cfDNA release in 

specific molecular cell types (MSS or MSI) or in case-matched primary and metastatic cells or even the 

dependence on therapeutic regimens.  
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Question  

Pancreatic ductal adenocarcinoma (PDAC) is an extremely aggressive cancer, that often exhibits high 

metastatic burden at the time of diagnosis. Its high potential for metastasis is one of the main concerns of 

PDAC, which repeatedly results in a poor outcome and lack of significant improvement in effective 

treatments in the last decade. Distinguishing primary PDAC from PDAC metastasis can not only give 

significant insight for a precise diagnostic, but also insightful information for understanding tumor 

development. Mass spectrometry Imaging (MSI) allows spatially resolved visualization of protein/peptide 

expression profiles, which enables the direct correlation with histological features, hence offering an 

unbiased and fast approach for tissue classification.  

Methods  

Tissue microarrays comprising samples from primary PDAC (n=26) and their respective metastases were 

subjected to on-tissue tryptic digestion and incubated in a humid environment followed by matrix application 

using an automated sprayer. Samples were analyzed utilizing a Bruker RapifleX MALDI-TOF mass 

spectrometer. Subsequently, matrix was removed, sections were stained by hematoxylin and eosin and 

scanned using the Aperio slide scanner for histopathological annotation. Data analysis was performed by 

using the SCiLs Lab and FlexImaging 5.1 software (Bruker).  
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Results  

For statistical analysis the sample set was divided: 35% of the samples were used for training and 35% for 

validation. The remaining 30% were used for classification. The results from the classification were 

compared with the results of histology. Classification could be achieved with high accuracy (99,1%) based 

on nine discriminative m/z features. These were obtained by the ratio of area under the curve (AUC) (ranging 

from 0.83 up to 0.94). Amongst the features with the highest AUC values were m/z 971.5 and m/z 1028.6.   

Conclusion  

These results show that MSI can be employed to distinguish between metastatic and primary PDAC with 

high accuracy. Identification of the discriminative features could uncover metastasis-specific proteins that 

could serve as biomarkers or potential drugable targets.  
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Question  

In colorectal cancer (CRC), oncogenic mutations transform the hierarchically organized and homeostatic 

epithelium into invasive cancer tissue. This process is accompanied by inflammatory and stromal responses. 

Intratumoral cellular diversity of both cancer cells and associated non-neoplastic cells may be of clinical 

significance by affecting disease progression and therapy response. [1] [2]  

Methods  

To define changes in cell type composition and potential cellular interactions induced by oncogenic 

transformation, we established a workflow for clinical single-cell RNA sequencing of CRC using recently 

developed techniques. [3] In short, tissue samples of CRC and matched normal colon mucosa of eight CRC 

patients were enzymatically dissociated and single-cell libraries were prepared using a commercial droplet-

based system. This way, we profiled transcriptomes of >50,000 single cells. Data analysis was performed 

using Cellranger, Seurat and Velocyto.  
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Results  

We find that tumor formation goes along with changes in epithelial, immune and stromal cell compartments 

in all patients. In the epithelium, we identify a continuum of tumor-specific stem cell and progenitor-like 

populations, and persistent multilineage differentiation. We find multiple stromal and immune cell types to be 

consistently expanded in tumor compared to the normal colon, including cancer-associated fibroblasts, 

pericytes, monocytes, macrophages and a subset of CD8+ T cells. We identify epithelial tumor cells and 

cancer-associated fibroblasts as relevant for assigning CRC consensus molecular subtypes (CMS). Our 

survey of growth factors in the tumor microenvironment identifies cell types responsible for increased 

paracrine EGFR, MET and TGF-β signaling in tumor tissue compared to normal colon. We show that 

matched CRC organoids retain cell type heterogeneity, allowing to define a distinct differentiation trajectory 

encompassing stem and progenitor-like tumor cells.  

Conclusion  

Our single-cell analyses provide insights into cell types and signals shaping CRC cell plasticity. Detailed 

tumor characterization considering cellular diversity may inform on tumor cell subsets which selectively 

contribute to tumor progression, respond differently to targeted therapies, or mediate therapy resistance. 

Future molecular classification of CRC on the single-cell level could allow more personalized targeted 

therapeutic approaches.  
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Question  

The formation of cell-junctions plays a pivotal role during embryo- and organogenesis and is relevant for 

tissue integrity, but also formation, progression, invasion, and metastasis of malignant tumors. The classical 

cadherins, E- and N-cadherin, are thought to appear mutually exclusive and have been linked to the 

metastatic behaviour of carcinoma cells. So far, it is widely believed, that E-cadherin suppresses tumor 

formation and loss of E-cadherin promotes invasion and metastasis of carcinomas, while the presence of N-

cadherin promotes tumor invasion and metastasis (called epithelial to mesenchymal transition, EMT). We 

could demonstrate that E-cadherin and N-cadherin form cis-E: N-cadherin heterodimers in adherens 

junctions of hepatocytes and embryonally related cell types.  

Methods  

E- and N-cadherin were analyzed in vitro in cultured cells as well as in situ in tumors with corresponding 

normal tissues by protein biochemical methods and immunohistochemistry using tissue microarrays of 

hepatocellular carcinomas (HCC), cholangiocarcinomas (ICC), adenocarcinomas of the gallbladder, ductal 

adenocarcinomas of the pancreas (PDAC), adenocarcinomas of the colon (CRC), clear cell renal cell 

carcinomas (CC-RCC), and ovarian carcinomas, among others.  

Results  

In normal tissues, E- and N-cadherin form heterodimers in hepatocytes and intrahepatic bile ducts, and to 

lesser degree in extrahepatic bile ducts, the gallbladder epithelium and the excretory ducts of the pancreas. 

In immunoprecipitates of hepatopancreatobiliary tumors such as HCC and ICC, E: N-cadherin heterodimers 

are detected together with the respective adherens junctions plaque proteins α- and β-catenin, plakoglobin, 

and vinculin. In corresponding cell cultures (e.g. HepG2, HuH7, PLC and Hep3B), besides colocalization of 

E- and N-cadherin, also mutually exclusive localization of E-cadherin or N-cadherin is observed. Whereas 

nearly all HCC, most ICC and some PDAC express both E- and N-cadherin, most other adenocarcinomas of 

the gastrointestinal tract such as colorectal adenocarcinomas harbor only E-cadherin, whereas N-cadherin is 

negative.  

Conclusion  

Cis-E: N-cadherin heterodimers are a characteristic feature of hepatocytes, cholangiocytes and epithelial 

cells of the pancreatic ducts and are most often preserved in tumors  
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Question  

The aim of our study was to categorize a large cohort of gastric carcinomas (GC) into the four molecular 

subgroups Epstein-Barr virus (EBV) positivity, microsatellite instability (MSI), genomically stable (GS) and 

chromosomal instability (CIN) according to the classification system of TCGA and to analyze the prognostic 

and predictive relevance of these molecular subgroups in the context of platinum/5-FU preoperative 

chemotherapy (CTx).  

Methods  

We analyzed 759 adenocarcinomas of the stomach or the gastro-esophageal junction encompassing 143 

biopsies before CTx and 616 resected tumors without and after CTx. EBV positivity and MSI were 

determined by standardized methods. MSI was classified as MSI-High (-H), MSI-Low (-L) and microsatellite 

stable (MSS). CIN was detected by microsatellite based multiplex PCR assays consisting of 19 microsatellite 

markers covering 14 chromosomal regions and was categorized into low CIN (-L), low CIN-medium (-M), 

high CIN-M and high CIN (-H). Mutation profiling was performed for a subset of the tumors (n=52) by next-

generation sequencing using a GC related gene panel.  

Results  

Frequencies of EBV, MSI-H, MSI-L, high CIN-M and the remaining CIN-groups were 4%, 10%, 4%, 24% and 

58% in the resected tumors. The molecular classification according to TCGA was of prognostic relevance 

considering all resected tumors with MSI-H and EBV showing the best survival (p=0.021). Our modified 

classification system was significantly correlated with response to CTx with MSI-L and CIN-H being 

associated with better response (p=0.016). Regarding prognosis of the modified classification in particular 

MSI-L was associated with worse survival of patients treated with surgery alone (p=0.007) and high CIN-M 

was associated with worse survival of patients treated with perioperative CTx (p=0.030). The modified 

molecular classification emerged as an independent prognostic factor in the resected tumors treated with 

surgery alone including pre-therapeutically available clinical factors (p=0.05). The most frequent sequence 

variants were found in TP53 (65%), CDH1 (15%) and TGFBR2 (12%). Mutations in genes involved in 

PI3K/AKT signaling and TP53 were mainly found in the high CIN-M subgroup.  
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Conclusion  

High CIN-M and MSI-L could be identified as novel distinct molecular subgroups with potentially predictive 

and prognostic impact in the context of preoperative CTx. This may be useful for the implementation of 

alternative treatment strategies for GC patients.  
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Question  

Lifetime risk of biliary tract cancer (BTC) in primary sclerosing cholangitis (PSC) exceeds 20% and BTC is 

currently the leading cause of death in PSC patients. To open new avenues for management, we aimed to 

delineate novel and clinically relevant genomic and pathological features of a large panel of PSC-associated 

BTC (PSC-BTC).  

Methods  

We analyzed formalin-fixed paraffin-embedded tumor tissues of 186 PSC-BTC patients from 11 centers in 8 
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countries with all anatomical locations included. To assess the mutational profiles of PSC-related BTC, we 

performed targeted deep sequencing of 186 PSC-BTC tumor DNA samples covering 165 exons of 40 

relevant genes to detect mutations and copy number variations. In addition, we tested for translocations 

using a custom panel covering 27 hepatobiliary cancer-associated gene translocations. Expression of 

potentially clinically relevant targets was evaluated by immunohistochemical analyses.  

Results  

Irrespective of the anatomical localization, PSC-BTC exhibited uniform molecular and histological 

characteristics similar to extrahepatic cholangiocarcinoma. We detected a high frequency of genomic 

alterations typical of extrahepatic cholangiocarcinoma, e.g. TP53 (35.5%), KRAS (28.0%), CDKN2A (14.5%), 

and SMAD4 (11.3%), as well as potentially druggable mutations (e.g. HER2/ERBB2). We found a high 

frequency of non-typical/non-ductal histomorphological subtypes (55.2%) and of the usually rare BTC 

precursor lesion, intraductal papillary neoplasia (18.3%).  

Conclusion  

Genomic alterations in PSC-BTC include a significant number of putative actionable therapeutic targets. 

Notably, PSC-BTC show a distinct extrahepatic morpho-molecular phenotype, independent of the anatomical 

location of the tumor. These findings advance our understanding of PSC-associated 

cholangiocarcinogenesis and provide strong incentives for clinical trials to test genome-based personalized 

treatment strategies in PSC-BTC.  
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Question  

Resistance towards therapeutic drugs and a lack of clinically relevant biomarkers are key challenges in the 

treatment of prostate cancer and novel therapeutic approaches are urgently needed. Cyclin K (CycK), a 

regulatory subunit of CDK12 and CDK13, is involved in transcriptional regulation of DNA damage repair 

genes by modulating the phosphorylation of the C-terminal domain of the RNA polymerase II. In our previous 

work we found that a decreased expression of CycK was associated with a prolonged biochemical 

recurrence-free survival of the patients who received an adjuvant chemo- and/or anti-hormone therapy. 

Hence, inhibition of CycK might represent a promising therapeutic approach in prostate carcinoma. 
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Methods  

Prostate carcinoma cell lines were treated with the covalent CycK-CDK12/CDK13 inhibitor THZ531. The 

functional consequences of the inhibition of CycK on cell cycle distribution, proliferation, apoptosis and DNA 

damage response pathways were examined. In addition, immunohistochemical staining of patient derived 

prostate tissue treated with THZ531 was performed to investigate the clinical relevance of CycK as 

therapeutic target.  

Results  

We found that the inhibition of the CycK-CDK12/13 complex with THZ531 reduced proliferation and caused 

apoptotic cell death. Moreover, treatment with THZ531 resulted in a reduced expression of several genes 

involved in DNA damage repair. This was accompanied by DNA double strand breaks and activation of DNA 

damage response pathways. In addition, treatment of fresh prostate carcinoma tissue with THZ531 caused 

considerable DNA damage.  

Conclusion  

These results provide a rationale for the clinical relevance of CycK-CDK12/13 inhibition. Therefore, the 

further investigation of CycK as therapeutic target for the treatment of prostate cancer is warranted. 
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Question  

Prostate cancer (PCa) is the most common cancer type in men. PCa which has formed bone metastasis is 

considered incurable. Epigenetic aberrations, including changes in DNA methylation patterns and/or histone 

modifications, are key drivers of prostate carcinogenesis and have been shown to trigger PCa metastasis. 

Histone lysine demethylases are epigenetic enzymes that can remove both repressive and activating histone 

marks. The histone lysine demethylase KDM5C is overexpressed in PCa. Recent evidence indicates that 

members of the KDM5 cluster may also be involved in PCa metastasis. We want to expand the knowledge 

about the underlying molecular mechanism and impact of KDM5C in metastatic PCa.  
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Methods  

KDM5C protein expression was analysed by immunohistochemistry in lymph node positive as well as 

castration-resistant prostate cancers. To downregulate KDM5C expression in PC3 cells lentiviral short 

hairpin RNA technology was used. Knockdowns of KDM5C were investigated by cell migration and invasion 

assays and different genomic methods e.g. RNA-Seq were used to identify target genes of KDM5C. 

PamGene was used to profile the differences in the kinase activity of PC3 control cells and KDM5C 

knockdown cells. To study the function of KDM5C in vivo, we performed mouse xenograft models.  

Results  

KDM5C was found to be highly upregulated in metastatic PCa. KDM5C knockdown reduces migration and 

invasion capacity, whereas it does not influence cell growth. Tumour cell invasion and metastasis are 

promoted by aberrant activation of the epithelial-mesenchymal transition (EMT). Knockdown of KDM5C 

leads to enhanced E-cadherin and to reduced N-cadherin and Slug protein expression. Different transcription 

factors e.g. SNAIL, TWIST, ZEB1/2 which repress E-cadherin expression are downregulated in KDMC 

knockdown clones. Ligands of Hedgehog signalling (SHH, DHH) and Notch signalling (JAG1) were 

downregulated, while ligands of the Wnt pathway (WNT5A, WNT7A) were upregulated in KDM5C 

knockdown clones. In PC3 control cells and KDM5C knockdown cells, various kinases are differentially 

activated. Finally, in mice, the growth of PC3 xenograft tumours is severely impaired by KDM5C knockdown. 

This shows that inhibition of KDM5C could be a therapeutic option for PCa.  

Conclusion  

KDM5C is overexpressed in metastatic PCa and may be directly associated with cell invasiveness of 

prostate tumour cells. Inhibition of KDM5C could be an attractive therapeutic strategy to impair PCa growth.  

 

Uropathologie - on demand  

AG02.03  

Tissue-based predictive molecular imaging - PSMA expression pattern on primary prostate cancer 
specimen could predict detection rate of 68Ga-PSMA-11-PET in a biochemical recurrence setting  

J. H. Rüschoff1, D. A. Ferraro2, U. J. Mühlematter2, 3, B. Kranzbühler4, J. Müller2, M. Messerli2, L. Husmann2, 
T. Hermanns4, D. Eberli4, I. A. Burger2, 5, N. J. Rupp1  

1Institut für Pathologie und Molekularpathologie, UniversitätsSpital Zürich, Zürich, Switzerland, 2Klinik für 
Nuklearmedizin, UniversitätsSpital Zürich, Zürich, Switzerland, 3Institut für diagnostische und interventionelle 
Radiologie, UniversitätsSpital Zürich, Zürich, Switzerland, 4Klinik für Urologie, UniversitätsSpital Zürich, 
Zürich, Switzerland, 5Institut für Nuklearmedizin, Kantonsspital Baden, Baden, Switzerland  

Question  

After biochemical recurrence (BCR) of prostate cancer, tumor manifestations can be reliably detected by 
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prostate-specific membrane antigen (PSMA) targeted PET. However, ~10% of cases are negative on PSMA-

PET, despite high PSA levels (> 3 ng/ml). The aim of this study was to investigate immunohistochemical 

PSMA expression patterns in primary prostatectomy specimen and to correlate these results to PSMA-PET 

results after BCR.  

Methods  

Prostate cancer patients who sustained a biochemical recurrence and were investigated by 68Ga-PSMA-11-

PET for BCR after radical prostatectomy (RPE) between April 2016 and December 2018 with available RPE 

specimens were selected. When available, also lymph node metastases were included. PSMA 

immunohistochemistry was performed and evaluated for intensity (PSMAmemb) and percentage of PSMA-

negative tumor area (PSMA%neg) in the prostate adenocarcinoma and corresponding lymph node 

metastases.  

Results  

A total number of n=74 patients with n=120 scans matched the inclusion criteria. In n=30 cases, additional 

lymph node metastases were available. The PSMA%neg in the prostatectomy specimen had a significant 

association with PSMA-PET negativity (p< 0.001). The scan-based specificity of PSMA%neg above 50% for a 

negative PSMA-PET was 97% (72/74) and for a PSMA%neg of 80% or above was 100% (74/74). A positive 

correlation was found for PSMAmemb and PSMA%neg between the primary tumor and the corresponding lymph 

node metastasis (r=0.446, p=0.002 & r=0.841, p < 0.001).  

Conclusion  

PSMA-negative tumor area was a predictor of negative PSMA-PET scans. Even at very high PSA levels, 

PSMA-PET scans were negative in most of the patients with PSMA%neg above 50%. Histopathological 

analysis for PSMA expression percentage of the primary tumor could help to identify PSMA-negative 

carcinomas and prevent futile repeat scans.  
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Question  

Laser Scanning Confocal Microscopy (LSCM) is a novel micro-imaging technique providing optical sections 
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of the examined tissue[1]. The method is routinely used for the diagnosis of tumours in dermatological 

specimens. Preliminary examinations found good feasibility in the examination of prostate cancer[2]. We 

report on the application of LSCM in pre-therapeutic prostate biopsies.  

Methods  

Prostate biopsies from twelve patients (total number of biopsy specimens: n=210) were investigated using a 

VivaSope® 2500 by Mavig (Munich, Germany) immediately after biopsy acquisition. Afterwards, 

conventional histological analysis was performed applying standard procedures (FFPE) and if necessary by 

immunohistochemistry (AMACR, p63 and p40). Randomized and blinded evaluation of LSCM scans was 

performed by three pathologists reporting image quality, presence of prostatic tissue, presence and 

description of prostate cancer according to the current guidelines. Primary endpoints were the levels of 

agreement between LSCM- and FFPE-diagnoses as well as interobserver concordance. DNA was then 

extracted from two comparable tumor-free biopsies of each case, one of each has been pre-examined in 

LSCM whereas the counterpart was FFPE-processed exclusively.  

Results  

LSCM images showed a very good concordance with the histological sections allowing direct correlation of 

the LSCM images and conventional sections 
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Correlation of LSCM and conventional histology. Nearly perfect accordance between digital Scan (left) and 
FFPE-section (right) 
 
. Carcinoma infiltrates from 1.8 mm in size could be resiliently diagnosed and assigned to Gleason patterns 
in LSCM, whereas evaluation of dignity was problematic in smaller foci. In some cases, we found an 
attenuated staining for p40 and AMACR of the tissue after preliminary processing for LSCM. There was no 
significant difference in the amount of DNA from FFPE-processed biopsies compared to the material pre-
screened with LSCM.  
Conclusion  

LSCM appears to be a promising tool for a timely detection of larger tumors requiring therapy. This technique 

allows material sparing diagnoses preserving tumor-carrying biopsies as unfixed material for further 

(molecular) analysis. Combined with the technique of MRI-navigated biopsies, integration of histological, 

topographical and molecular data might lead to new approaches for local therapies. 

  



103 
 

Literaturangaben  

 [1] Wilhelm, S., et al. , Confocal Laser Scanning Microscopy. Principles., Carl Zeiss GmbH 

 [2] Puliatti, S., et al., (2019), Ex vivo fluorescence confocal microscopy: the first application for real-time 

pathological examination of prostatic tissue., BJU Int, 2019, 469-476, 124(3) 

 

Uropathologie - on demand  

AG02.05  

Identification of protein profiles by mass spectrometry associated with development of castration-
resistant prostate cancer  

A. Offermann1, M. C. Hupe2, M. Polzer1, J. Kirfel1, A. S. Merseburger2, T. Gemoll3, S. Perner1, 4  

1Universitätsklinikum Schleswig-Holstein, Campus Lübeck, Pathologie, Lübeck, Germany, 
2Universitätsklinikum Schleswig-Holstein, Campus Lübeck, Klinik für Urologie, Lübeck, Germany, 3Section 
for Translational Surgical Oncology and Biobanking, Department of Surgery, University of Luebeck and 
University Medical Center Schleswig-Holstein, Campus Luebeck, Lübeck, Germany, 4Forschungszentrum 
Borstel, Leibniz Lungenzentrum, Institut für Pathologie, Borstel, Germany  

Question  

Patients suffering from advanced prostate cancer (PCa) are routinely treated with androgen deprivation 

therapy (ADT). Initially, the treatment leads to tumor regression and decline of serum PSA levels for an 

indefinite period of time. However, after this initial therapy response patients develop castration-resistant 

PCa (CRPC) defining the most aggressive type of PCa. There are currently no biomarkers predicting 

individual response to ADT, and only limited therapy options for the treatment of CRPC. Aim of this study 

was to identify novel molecular structures associated with the development of CRPC.  

Methods  

Hormone-naïve PCa tissue from 50 patients obtained by radical prostatectomy or transurethral resection 

were used for protein isolation followed by mass spectrometry (MS) to identify the most abundant peptides in 

primary PCa. All patients received ADT during the observation period. Early relapse was defined as 

development of CRPC within the first year of ADT. The log2 fold change values were calculated between 

different patient groups and statistically tested using student t-test.  

Results  

A total of 111 proteins were identified to be significant differentially expressed between tumor tissues from 

patients who developed CRPC and patients who did not, and 141 proteins between patients who developed 

an early or late progress under ADT. The most differentially expressed proteins are involved in processes of 

(I) cellular metabolism including up-regulation of Apoliproteins and CYP enzymes, both associated with 

deregulation of cholesterol homeostasis, in patients who developed early CRPC, (II) angiogenesis as well as 

(III) immune modulators. Within the latter, we observed a striking up-regulation of several immunoglobulins in 
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patients with early progress. Supervised clustering allowed significant patient stratification into protein 

expression profiles predicting success of ADT.  

Conclusion  

In the current study, we identified a protein expression pattern on hormone-naïve PCa tissue that associates 

with early development of CRPC. Deregulation of metabolic modulators may foster PCa cells to grow and 

survive under androgen deprivation. Up-regulation of immunoglobulins by cancer cells that has been recently 

reported as pro-tumorigenic mechanism might also be involved in the progression of PCa to lethal CRPC. 

Conclusively, further advancements of our results will provide predictive markers for the response to widely 

used ADT as well as therapeutic targets for the treatment of CRPC. 

 

 

Uropathologie - on demand  

AG02.06  

Structured reporting of prostate biopsies – a LIS-based, open format and database centered in-house 
solution  

H. Reis1, T. Hager1, S. Skottky1, V. Waue2, B. Hadaschik3, R. Zwönitzer2  

1Universitätsmedizin Essen, Universität Duisburg-Essen, Institut für Pathologie, Essen, Germany, 
2Imassense Deutschland GmbH, Berlin, Germany, 3Universitätsmedizin Essen, Universität Duisburg-Essen, 
Klinik für Urologie, Essen, Germany  

Question  

Several different parameters need to be reported in prostate biopsies especially when prostate cancer is 

present. These data are critically relevant for treatment of patients, cancer statistics, cancer center 

certifications and research. However, free-text based reporting is prone to structural deficits. Aim of the 

present project was to create a template-based solution for structured reporting of prostate biopsies that is 

included in the LIS, fills databases and therefore is able to store, query and communicate open-format, 

structured data with regard to the complete patient’s case data.  

Methods  

Following the PDCA-cylce, requirements were formulated by a pathologist (10/2017) based on routine 

diagnostic parameters, clinical need, requirements from certifications bodies and research interest. 

Requirements were in implemented (10/2017-12/2017) in a structured data input mask directly in the LIS 

(ISP®, Imassense Deutschland GmbH). The process and results were optimized in 2018/2019. System was 

launched for use in daily diagnostic routine in 07/2019. Continuous re-evaluation of the system is ongoing.  

In practical terms, macroscopic information is entered by technicians while microscopic evaluation is dictated 

by the pathologist and digitally recognized (Nuance ®, Dragon Medical Practice Edition; V12.20.350.066). 

Diagnostic data are entered by the pathologist, the report is automatically generated when saved and can be 
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signed out digitally.  

Results  

Since launch date, over 100 prostate biopsy repots have been created using the new technology. None of 

the reports has been disapproved for missing data, while report-layout was a subject of discussion. The 

structured reports received positive feedback from clinicians, tumor documentation units, cancer registries 

and colleagues.  

Conclusion  

We have created a solution for reporting of prostate (cancer) biopsies that is structured including mandatory 

codes and not only a template-based text-module but database-filling. The stored data is used to create the 

report and can be utilized for statistics for cancer registries, in the process of cancer center certification and 

ethic committee controlled research. The availability is a main advantage over the former need to 

retrospectively collect data with the danger of incompleteness.  
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Question  

Fumarate hydratase deficient renal cell carcinoma (FHdRCC) is a rare subtype of renal cell carcinoma that is 

typically associated with the hereditary leiomyomatosis and renal cell carcinoma syndrome (HLRCC). 

Correct diagnosis is crucial not only because of the poor prognosis associated with FHdRCC but also due to 

the potential heritability of the disease, and possible therapeutic implications. Pathologists need to recognize 

morphological sentinel features suggesting FH deficiency to trigger FH immunohistochemistry and molecular 

studies. Here, we comprehensively characterize two novel HLRCC cases from our practice on a 

morphological, immunohistochemical and genetic level.  
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Methods  

We included tissue from two cases including FHdRCCs, uterine leiomyomas and a dermal leiomyoma. The 

tumors were characterized by conventional morphology, immunohistochemistry and next generation 

sequencing using a custom designed Ion Ampliseq Panel including 27 (neuro-)endocrine tumor-related 

genes.  

Results  

One FHdRCC case exhibited an unusual morphology with accumulation of “colloid-like” cytoplasmic 

inclusions reminiscent of the eosinophilic globules described in FH-deficient leiomyomas. These inclusions 

could potentially serve as a novel sentinel feature of FHdRCC. Of interest, this case showed in addition 

partially retained FH expression, hampering correct diagnosis. Comprehensive next-generation sequencing 

analyses of HLRCC-associated RCCs and leiomyomas in our patients revealed divergent genetic changes in 

the FH gene in different tumors from the same patient. While all leiomyomas (uterine and dermal) showed a 

FH loss of heterozygosity as a wildtype allele inactivating event, one FHdRCC showed a second, 

undescribed FH NM_000143.3; c.947C>T; p.Ala316Val mutation accompanying the preexisting splice site 

mutation c.378+2T>C. In the other HLRCC-RCC case the detected FH mutation (NM_000143.3; c.462T>G; 

p.Asn154Lys with a somatic loss of heterozygosity) is another variant of unknown significance that we link to 

HLRCC- and thus classify as likely pathogenic mutation in the FH gene.  

Conclusion  

These findings allow new morphological and molecular insights into the biology of the HLRCC syndrome and 

corroborate the “second hit” hypothesis of tumor formation in HLRCC patients.  
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Question  

About 30% of seminoma (SEM) patients present with moderate human chorionic gonadotropin (hCG) 

elevations at first diagnosis. In case of hCG positivity, the presence of a non-SEM component, i.e. 

choriocarcinoma (CC), is often assumed. This study characterizes histological specimens from patients with 

pure SEM who presented with high serum hCG elevations at first diagnosis. An immunohistochemical and 

molecular characterization of hCG+ pure SEM patients, including different germ cell tumor (GCT) cell lines, 

was performed.  

Methods  

Of 1031 patients with hCG+ pure SEM included in a registry, 41 patients with extraordinary high hCG levels, 

randomly defined as >1500 IU/l, were identified. Immunohistochemistry and qRT-PCR analysis included 

markers of SEM, EC and CC/trophoblast was performed. For comparison, the cell lines TCam-2 (SEM), 

2102EP, NCCIT and NT2/D1 (EC) as well as JAR, JEG3 and BeWo (CC) were included. In addition, a GCT 

cohort in The Cancer Genome Atlas (TCGA) was stratified into hCG+/SOX17+ as well as SOX2- cases and 

screened for expression of trophoblast markers.  

Results  

The median hCG levels of this cohort was 5356 IU/l (range: 1652 IU/l – 108977 IU/l) pre-orchiectomy. All but 

one patient presented with disseminated disease at first diagnosis. Pathologically, all investigated samples 

were classified as SEM with syncytiotrophoblast cells. The SEM cells were positive for SALL4, OCT3/4 and 

D2-40. Syncytiotrophoblasts were positive for hCG, GATA3 and p63 whereas SOX2, and CDX2 were 

negative. In hCG+/SOX17+/SOX2- SEM samples from the TCGA cohort (n = 25), positivity for EOMES, 

GATA3, TEAD4 and HLA-G was found in < 20% of cases, while TFAP2C, KRT7, MMP2/9, VIM and PLAP 

positivity was found in 28-56 % and PLAP in 84%. CDX2, ELF5, CD9 and HAND1 were negative. By qRT-

PCR analysis expression of the trophoblast stem cell marker CDX2 (very weakly), EOMES and TFAP2C as 

well as the thropectoderm-specifier TEAD4, but not of GATA3, was detected. Additionally, expression of 

SOX17 and PRAME, but not SOX2, was detected, confirming the pure SEM-like gene expression signature.  
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Conclusion  

Excessively increased hCG serum levels can appear in patients with pure SEM. To explain hCG serum 

levels, it is important to diagnose the subtype of a SEM with syncytiotrophoblast cells. Due to the absence of 

EC markers, but presence of SEM and CC/trophoblast markers, we postulate that these hCG+ cells 

resemble trophoblast-like cells, which arose from differentiation of SEM cells.  
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Question  

The spermatocytic tumor is a rare testicular germ cell tumor (TGCT) and accounts for 1-4% of TGCT. It 

belongs to the group of type III germ cell tumors. In contrast to type II germ cell tumors, they typically occur 

in older patients. Pathogenically, they also differ from other germ cell tumors because they do not arise from 

a germ cell neoplasia in situ (GCNIS). The only recurrent molecular hallmark in spermatocytic tumors is an 

increase amount of chromosome 9 material. As a rare tumor entity, the unambigous diagnosis and in 

particular the differentiation from type II germ cell tumors or malignant testicular lymphoma is difficult but 

important, since these tumors require a completely different therapy. The aim of this study was to establish a 

diagnostic algorithm for spermatocytic tumors in order to clearly separate these histological entities.  

Methods  

In this study, a collective of 34 spermatocytic tumors was examined by immunohistochemistry and molecular 

analysis. In addition, 53 type II germ cell tumors – including seminomas, embryonic carcinomas and yolk sac 

tumors - and five malignant primary testicular lymphomas served as a control group. The collective was 

examined immunohistochemically for the expression of SALL4, vimentin, CD45, D2-40, PLAP, OCT3 / 4, 

Glypican-3, SOX-9, CD117, Oct-2, and DMRT1. In terms of molecular analysis, an NR4A3 FISH was 

performed to detect possible changes on chromosome 9.  

Results  

All spematocytic tumors showed an expression of SALL-4 and DMRT-1. Furthermore, about half of the cases 

showed an inhomogeneous and variable expression pattern of D2-40, PLAP and CD117. They were 
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negative for vimentin, CD45, OCT3 / 4 SOX-9 and OCT-2. In addition, the NR4A3-FISH detected 

chromosomal changes on chromosome 9 in the abovementioned spermatocytic tumors. 

Conclusion  

In terms of differential diagnosis, seminomas and malignant lymphoma must be distinguished from 

spermatocytic tumors, since the first named entities require a completely different therapy. This work shows 

that the immunohistochemical algorithm (positivity for SALL-4 and DMRT-1 and negativity for OCT3 / 4 and 

vimentin) is very well suited for the diagnosis of spermatocytic tumors. In addition, molecular analysis using 

FISH can be consulted in unclear cases.  
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Question  

The aim of this study was to assess the response of different subtypes of renal cell carcinoma (RCC) to 

tyrosine kinase inhibitors and a glycolysis inhibitor in primary cell cultures as a patient-individualized in vitro 

model. 

Methods  

Fresh tissue from 29 renal tumors, the correspondent non-neoplastic tissue and two metastases of clear cell 

RCC (ccRCC) was cultivated. The similarity between the cell cultures and the tissue of origin was verified by 

immunohistochemistry and, in case of ccRCC, by exon sequencing of the von-Hippel-Lindau gene (VHL). 

RNA from ccRCC and benign tissue was analyzed using RNA sequencing. The cell cultures were exposed 

to various tyrosine kinase inhibitors (TKI) and the glycolysis inhibitor 2-deoxy-D-glucose (2-DG), alone or in 

combination, and the therapy response was assessed by Cell Titer Glow.  

Results  

89.6 of RCC and 100% of non-neoplastic tissue could be cultivated. The cell cultures shared the 

immunohistochemical patterns with their tissue of origin, and cell cultures of ccRCC the VHL status of the 

tumor they derived from. RNA sequencing of ccRCC tissue revealed a shift towards glycolysis and a 

downregulation of respiratory chain components. All subtypes of RCC were susceptible to cabozantinib 
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treatment. The therapy response to the glycolysis inhibitor 2-DG alone was moderate in all subtypes of RCC. 

Adding 2-DG increased the susceptibility of ccRCC and especially of chRCC to pazopanib.  

Conclusion  

This study provides a fast and reliable protocol for the generation and characterization of primary cell 

cultures of different renal cancers. An increase in the susceptibility to tyrosine kinases inhibitors therapy in 

combination with 2-DG for ccRCC and chRCC subtype was observed. 
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Question  

Genome-wide mRNA-based expression profiling has identified molecular subtypes of urothelial bladder 

cancer. However, there is little evidence about the evolution of molecular subtypes during bladder cancer 

progression.  

Methods  

Molecular subtypes of a total of 100 precursor lesions and bladder cancer samples were assessed on 

protein and gene expression level using immunohistochemistry and NanoString-based gene expression 

analysis. 37 lesions of a whole organ mapping bladder were further analyzed to characterize progression 

mechanisms involved in bladder cancer carcinogenesis using a comprehensive 770-gene containing 

expression panel (PanCancer Progression Panel, NanoString).  

Results  

Hierarchical clustering of gene expression revealed three major subtypes: “luminal”, “luminal extracellular 

matrix (ECM)-like”, and “basal”. The majority of precursor lesions was classified as “luminal ECM-like” 

indicating an important role of ECM remodeling for bladder carcinogenesis. Subtypes evolved during stages 

of bladder cancer progression and were finally fixated during the transition from Carcinoma in situ to invasive 

carcinoma on mRNA level. Immunohistochemistry revealed almost complete congruence with the genotypes 
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and the transformation process. Pathways involved in bladder cancer progression included angiogenesis, 

ECM-remodeling, activation of epithelial to mesenchymal transition (EMT), increase of cell motility, cellular-

discohesion and activation of oncogenic signaling pathways like ERBB2/ERBB3-signaling. 

Conclusion  

Bladder cancer subtypes evolve during tumorigenesis and are fixated during the transition of Carcinoma in 

situ to invasive lesions. ECM-remodeling, EMT-activation and upregulation of potentially druggable 

oncogenic signaling pathways (ERBB2/ERBB3) are common features of bladder cancer progression. 
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Question  

Patients with muscle-invasive bladder cancer (MIBC) treated with neoadjuvant chemotherapy (NAC). and 

pathological complete response (pCR) usually have the best prognosis Improved response to NAC has been 

associated with basal tumor characteristics in the literature. Steroid hormone receptors, such as estrogen 

receptor (ESR1), and tyrosine kinases receptors, such as human epidermal growth factor receptor 2 (HER2), 

are molecular targets and have been associated with oncological outcome in UBC. In the present work, the 

association of basal (KRT5) and luminal (KRT20), ESR1 and HER2 mRNA expression in MIBC at 

transurethral resection with pCR at RC after NAC was analyzed.  

Methods  

Formalin fixed paraffin embedded tumor tissue samples from transurethral resections (TUR) of 49 patients 

(38 men, 11 women, median age 63) with MIBC were analyzed for ESR1, HER2, KRT5 and KRT20 mRNA 

expression, measured in 40-∆Ct values and normalized against the control gene CALM2. After NAC, RC 

was performed and the specimens were evaluated for pCR, defined as ypT0N0M0.   

Results  

After NAC, 17/49 patients (35%) had pCR. Using partition models, we found that patients with high-KRT20 

(≥39.5 ∆Ct) had a significant higher chance of pCR (57% vs. 26%, p=0.04). Using a cutoff for KRT5 at 
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<38.1∆CT within the subgroup of patients with low-KRT20 (<39.5∆CT, n=35), we found poorest response 

among low-KRT20/low-KRT5 compared to low-KRT20/high-KRT5 and high-KRT20 (13% vs 37% vs. 57%, 

p=0.29), respectively. For low-KRT20/low-KRT5, low-KRT20/high-KRT5 and high-KRT20 median KRT5 was 

34.8 vs. 39.5 vs. 34.1∆CT (p=0.001) and median KRT20 was 37.9 vs. 32.9 vs.40.1∆CT (p=0.001), 

respectively. Tumors with elevated HER2 expression (>38.835 ∆Ct) had a higher chance of pCR (50% vs. 

16%, p=0.0099). Tumors with low ESR1 expression (<34.3 ∆Ct) more often showed pCR (48% vs. 22%, 

p=0.04). Elevated HER2 expression was positively correlated with luminal expression features such as 

KRT20 and negatively with basal characteristics (KRT5).  

Conclusion  

Patients with MIBC showing a high expression of HER2 and/or KRT 20 and/or low expression of ESR1 have 

a significantly higher chance of pCR following NAC. These results are in part contradicting previous studies 

and need further verification in larger cohorts. They might improve patient selection for NAC in MIBC. 

Interestingly, the cutoffs identified in the present study are almost identical to those already known in breast 

cancer. 
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AG02.16  

Heterogeneity-analysis of molecular subtypes of muscle-invasive bladder cancer and their precursor 
lesions in multiregion mapped whole-organ bladders  

V. Weyerer1, F. Lange1, A. Wullweber1, R. Stöhr1, S. Bertz1, S. Wach2, H. Taubert2, B. Wullich2, D. Sikic2, P. 
Strissel3, R. Strick3, A. Hartmann1, M. Eckstein1  

1Institute of Pathology, University Hospital Erlangen, Erlangen, Germany, 2Department of Urology and 
Pediatric Urology, University Hospital Erlangen, Erlangen, Germany, 3Department of Gynecology and 
Obstetrics, University Hospital Erlangen, Erlangen, Germany  

Question  

In the recent years, molecular subtypes of urothelial bladder cancer have been described which seem to 

have a predictive effect for the efficacy of chemotherapy regimens and therefore are now under clinical 

investigation. Due to this clinical implication and possible decision guidance, the aim of our study is to 

characterize in which extent precursor lesions and tumors exhibit a heterogeneity of molecular subtypes, 

which possibly could influence response to chemotherapy regimens.  

Methods  

23 positions of three whole-organ mapped bladder specimens were histomorphologically reviewed for 

classifying location of normal urothelium, precursor lesions and different areas of the tumor. 

Immunohistochemical analysis of luminal (CK20, GATA3, FOXA1) and basal markers (CD44, CK14 and 
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CK5/6) was carried out in selected precursor lesions and tumors to map the distribution of luminal and basal 

subtypes across the different positions/lesions.  

Results  

Out of three analyzed multiregion mapped bladder tumors, one showed a heterogenous luminal and double-

negative molecular subtype in multiple tumor positions as well as a mixed morphology including conventional 

urothelial and neuroendocrine areas. Moreover, among the second analyzed bladder tumor, all tumor 

positions showed a high expression of basal markers whereas the included Carcinoma in situ demonstrated 

a luminal subtype with almost total absence of basal markers. The third analyzed mapped bladder tumor 

demonstrated a homogenous luminal molecular subtype in all precursor and tumorous lesions.  

Conclusion  

This first analysis of three multiregion mapped bladder tumors shows divergent results of subtype 

distribution: Heterogeneity of subtypes can be observed, but other tumors and associated precursor lesions 

show a homogenous distribution of subtypes. To further elucidate how often subtype heterogeneity occurs in 

whole multiregion mapped bladder tumors, data of further bladder specimens will be presented at the 

meeting.  
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AG02.17  

Tumor budding predicts outcome in patients with locally advanced bladder cancer receiving 
adjuvant chemotherapy  

M. Eckstein1, R. Stöhr1, J. Lehmann2, P. Wild3, A. Hartmann1, K. Junker4, M. Stöckle4, S. Bertz1  

1Universitätsklinikum Erlangen, Institut für Pathologie, Erlangen, Germany, 2Urologische 
Gemeinschaftspraxis Prüner Gang, Kiel, Germany, 3Universitätsklinikum Frankfurt, Institut für Pathologie, 
Frankfurt/Main, Germany, 4Universitätsklinikum des Saarlandes, Klinik für Urologie und Kinderurologie, 
Homburg/Saar, Germany  

Question  

To assess the prognostic impact and predictive value of tumor budding in patients with locally advanced 

bladder cancer. 

Methods  

Formalin-fixed paraffin-embedded tumor samples from 122 patients with locally advanced bladder cancer 

(pT1 N+ and >=pT2 N0/N+) who had been enrolled for several clinical trials including several therapy 

regimens (cisplatin and methotrexate (CM); methotrexate, vinblastine, epirubicin, and cisplatin (MVEC); 

Gemcitabine monotherapy; Gemcitabine plus cisplatin). 
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Representative tumor slides were chosen to assess tumor budding in five representative high-power fields 

(HPF) at the invasion front of the tumor. Budding analysis was performed on slides stained with 

pancytokeratin AE1/AE3. Tumor buds were counted if they consisted of a maximum of five cohesive tumor 

cells. 

Clinical and follow-up data including disease specific survival and progression free survival were available for 

all 122 patients.  

Results  

The cohort included 122 patients (93 male, 29 female). Evaluation of tumor stage revealed n=3 pT1, n=19 

pT2, n=86 pT3 and n=14 pT4 tumors. Lymphonodal metastasis was present in 65/122 cases. All tumors 

were high-grade according to the current WHO classfication. 

To analyse the prognostic impact of tumor budding we applied the median cut-off level of an average of 9.2 

buds/5 HPF. Multivariate analysis included classical clinical and histopathological risk factors: gender, 

patient age, pT stage, lymphonodal metastasis, lymphatic vessel invasion and venous invasion. In 

multivariate analysis tumor budding was an independent risk factor for disease specific survival and tumor 

progression with a significantly higher risk of tumor related death in patients with >9.2 Buds/5HPF (HR=8.92 

(95%-CI 3.87-24.38, p< 0.0001). Analysis of progression specific survival revealed a significantly higher risk 

of tumor progression in patients with >9.2 Buds/5HPF HR=7.12 (95%-CI 3.11-16.28), p<0.0001).  

Conclusion  
According to our preliminary data assessment of tumor budding may serve as an independent prognostic 
and potentially predictive parameter in a cohort of patients with locally advanced bladder cancer receiving 
adjuvant chemotherapy. 
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AG02.18  

Characterization of a Novel Neuropilin-2 Isoform in Bladder Cancer  

P. L. Dix1, S. Förster1, G. Kristiansen2, T. Mayr1, M. H. Muders1  

1Institut für Pathologie, Universitätsklinikum Bonn AöR, Rudolf-Becker-Labor für Translationale 
Prostatakarzinomforschung, Bonn, Germany, 2Institut für Pathologie, Universitätsklinikum Bonn AöR, Bonn, 
Germany  

Question  

Neuropilin-2 expression is prognostic for bladder cancer aggressiveness and patient survival. Our lab has 

further shown that tumor-derived neuropilin-2 (NRP2) is a predictive marker for radiochemotherapy after 

local tumor resection. We demonstrated that NRP2 plays an essential role for disease progression and 

therapy resistance by inducing anti-apoptotic and autophagic pathways in cancer cells. Three major splice 

isoforms (NRP2a, NRP2b, s9NRP2) are produced from the NRP2 gene locus. A next generation sequencing 
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approach revealed an additional splice product produced from the NRP2 gene. Our goal was to identify this 

NRP2-017 isoform as a soluble modulator of NRP2 signaling and autophagy.  

Methods  

Next generation-based enrichment of NRP2 terminal exon sequences from the pancreatic cell line Panc89 

are used to amplify full-length NRP2-017 by PCR, followed by sequence determination via the Sanger 

method. mRNA expression of reference and novel NRP2 splice isoforms is analyzed in a panel of eight 

urothelial cell lines. Sequence-tagged recombinant NRP2-017 and soluble s9NRP2 proteins are produced in 

HEK293 cells and secretion of the NRP2 isoforms into the culture supernatant is verified. Modulating activity 

of NRP2-017 is analyzed via an autophagic flux assay in the monocytic cell line THP-1.  

Results  

We identified NRP2-017 as a novel full-length NRP2 isoform. The corresponding protein spans the entire 

NRP2 extracellular domain structure. NRP2-017 mRNA is expressed at variable levels in our bladder cancer 

cell line panel. TGFß treatment enhances the expression of this isoform in vitro. Recombinant NRP2-017 is 

stably secreted by HEK293 cells into the culture supernatant. Like the recombinant isoform, endogenous 

NRP2-017 protein is detected in supernatants of bladder cancer cell lines.  

Conclusion  

We identified a novel NRP2 splice isoform, validated its expression at the mRNA and protein level. TCGA 

data indicate that NRP2-017 mRNA is down-regulated during bladder tumorigenesis. The further analysis of 

NRP2-017 will expand our understanding of molecular mechanisms of NRP2 isoform functions on tumor 

cellular behavior in bladder tumorigenesis/metastatic spread.  
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Novel and known NRP2 isoforms. Reference splice isoforms of human neuropilin-2 in grey. NRP2a and 
NRP2b differ in their 3’ ends, s9NRP2 is secreted. CUB, FV/VIII, MAM, TM (protein domains). NRP2-017 
contains all extracellular protein domains. 
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AG02.19  

Linking NRP2 with EMT and Chemoradioresistance in Bladder Cancer  

T. Mayr1, A. Schulz2, I. Gorodetska2, S. Förster1, K. Datta3, A. Dubrovska2, M. H. Muders1  

1Institut für Pathologie, Universitätsklinikum Bonn AöR, Rudolf-Becker-Labor für Translationale 
Prostatakarzinomforschung, Bonn, Germany, 2Technische Universität Dresden & Helmholtz-Zentrum 
Dresden-Rossendorf, Faculty of Medicine & University Hospital Carl Gustav Carus, OncoRay - National 
Center for Radiation Research in Oncology, Dresden, Germany, 3University of Nebraska Medical Center, 
Dept. of Biochemistry & Molecular Biology, Omaha, NE, United States  

Question  

γTransurothelial resection of bladder tumors, followed by adjuvant radiochemotherapy is a therapeutic option 

for muscle-invasive bladder carcinoma. We have already shown that neuropilin-2 (NRP2) is a negative 

predictive marker for this treatment regimen. We focused on the impact of NRP2 in bladder carcinoma cell 

survival during chemoradiotherapy in vitro and identified target genes of NRP2 in the modulation of epithelial 

to mesenchymal transition (EMT) during this process.  

Methods  

We analyzed the TCGA bladder carcinoma cohort (BLCA) to check for genes that correlate with NRP2 

expression in this tumor entitiy and verified the result in a bladder cancer cell line panel (Broad Institute 

Cancer Cell line Encyclopedia, 28 cell lines). qRT-PCR analysis was performed to analyze interaction of 

relevant gene products by siRNA-mediated depletion. NRP2 expression in bladder carcinoma cell lines was 

either ablated via CRISPR/Cas9 (RT112) or depleted by siRNA (J82). NRP2-negative RT112 subjected to 

cisplatin and increasing doses of ionizing radiation were evaluated in clonogenic assays. Gene expression of 

NRP2-negative and parental cell lines was analyzed in the presence or absence recombinant TGFβ1 using 

the RT2 Profiler PCR Array to study the impact of NRP2 in EMT.  

Results  

Analysis of TCGA bladder cancer data revealed a strong correlation of NRP2 expression with the Hedgehog 

mediator GLI2. NRP2 and GLI2 synergize in the prognostic impact on survival of bladder cancer patients. 

This correlation was corroborated by cell line data, but appears functionally interdependent only at mRNA 

level, suggesting a further translational control of this process. Our study of NRP2 function in modulating 

EMT revealed five potential target gene products. However, only secreted phosphoprotein 

1/SPP1/Osteopontin correlates with GLI2 expression, independent of TGFβ1 treatment. In vitro treatment of 

RT112 cells and NRP2-ablated cell clones by radiation, with or without cisplatin treatment revealed higher 

sensitivity in the absence of NRP2 only in the combination therapy.  

Conclusion  

NRP2 and GLI2 emerge to form a triad with SPP1 in modulating EMT: the combined SPP1/NRP2 expression 

signature improved the prognostic value in the TCGA bladder cancer cohort, and SPP1 depletion regulates 
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key EMT regulators. An in vitro model for chemoradiotherapy in bladder carcinoma corroborates our 

published patient observations. Further studies will shed light on the functional involvement of SPP1 this 

process.  
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AG03.02  

Carl Julius Rothberger (1871-1945) und seine Entrechtung im „Dritten Reich“  

D. Groß  

Institut für Geschichte, Theorie und Ethik der Medizin, Uniklinik RWTH Aachen, Aachen, Germany  

Question  

Wie wirkte sich die jüdische Herkunft Rothbergers auf dessen Leben und Karriere an der Universität Wien im 

ersten Drittel des 20. Jahrhunderts aus, und welche Veränderungen brachten der „Anschluss“ Österreichs 

an das Deutsche Reich (1938) und die Machtübernahme der Nationalsozialisten mit sich? Und schließlich: 

Welche Rolle spielt Rothberger heute im kollektiven Gedächtnis der Stadt? Gibt es eine Form des 

öffentlichen Erinnerns?  

Methods  

Grundlage des Beitrags sind umfangreiche, zum Teil erstmals ausgewertete Primärquellen des Archivs der 

Universität Wien (UAW), des Österreichischen Staatsarchivs (ÖStA) sowie der Handschriftensammlung der 

Archivaliensammlung der dortigen Medizinischen Fakultät. Der Quellenbestand wurde ergänzt durch 

zeitgenössische Zeitungsbeiträge und die einschlägige Sekundärliteratur.  

Results  

Der jüdische Mediziner und Hochschullehrer Carl Julius Rothberger (1871-1945) gehört zu den 

bekanntesten Experimentalpathologen der Medizingeschichte. Vor allem seine Arbeiten über das 

Vorhofflimmern, den Schenkelblock und die Arhythmia perpetua haben bis heute Bestand. 

Demgegenüber wurde seiner Biografie und seinen stigmatisierenden Erfahrungen als jüdischer 

Hochschullehrer bislang wenig Beachtung geschenkt. 

Conclusion  

Trotz seiner Bekanntheit wurde Rothberger nach dem "Anschluss" Österreichs an das nationalsozialistische 

Deutschland wegen seiner jüdischen Abstammung 1938 verhaftet und interniert.  
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AG03.03  

Number of pathologists in Germany: comparison with EU countries and USA/Canada and the effects 
of part-time models  

B. Märkl1, S. Bauer2  

1Universitätsklinik Augsburg, Instiut für Pathologie und Molekulare Diagnostik, Augsburg, Germany, 
2Universitätsklinikum Augsburg, Instiut für Pathologie und Molekulare Diagnostik, Augsburg, Germany  

Question  

Developments in the field of pathology have a direct and strong influence on large parts of clinical medicine. 

The rapid development of pathology within the last 10 years is in contrast to a shortage of qualified 

personnel which has become noticeable in many places. The aim of the present study is to compile basic 

information on the density of physicians in pathology and to compare it with the situation in Europe and 

overseas. In addition, model calculations will shed light on the effects of part-time work models. 

Methods  

Various publicly accessible databases (of various European countries as well as USA/Canada) were 

examined with regard to relevant parameters. These were essentially: population size, physician density in 

general, number of specialists (total, general surgery, gastroenterology and pathology). To calculate the 

impact, different scenarios were calculated based on a number of 1800 pathologists.  

Results  

Figures from 26 European countries and USA/Canada were evaluated. The number of pathologists in 

relation to the population is the second lowest in Germany among those evaluated. In contrast, the general 

physician density per 1000 inhabitants in Germany is the third highest. In terms of the ratio of specialists, 

general surgeons and gastroenterologists to pathologists, Germany ranks first, third and fourth. 

The analysis of the effects of part-time work shows that here in particular the ratios for further training and 

specialist working hours are shifting unfavourably and, in relation to total working life, are only 1:2 or less 

depending on the model. The reduction of working time would result in a loss of working time in Germany 

within 10 years, which would be equivalent to 150 full-time jobs. 

Conclusion  

The density of pathologies in Germany is among the lowest in Europe while the general physician density is 

among the highest. This imbalance carries the danger of a supply bottleneck in the event of a generally 

increasing shortage of skilled workers. The situation is aggravated by part-time work models, which are an 

indispensable measure for reconciling family and career. Consensus structural countermeasures appear to 

be urgently needed to counter this danger in a meaningful way.  
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AG03.04  

German Pathologist Walter Büngeler (1900-1987) – Nazi victim or political influencer in Brazil?  

M. Schmidt  

Universitätsklinikum RWTH Aachen, Institut für Geschichte, Theorie und Ethik der Medizin, Aachen, 
Germany  

Question  

Dieser Beitrag soll Büngelers Angaben aus seinem „Entnazifizierungsverfahren“ anhand von 

zeitgenössischen Unterlagen prüfen und sein Verhältnis zum Nationalsozialismus und zum NS-Regime 

hinterfragen. 

Insbesondere Büngelers Tätigkeit als Kontaktperson der Nationalsozialisten in Brasilien, über die bisher 

nichts Näheres bekannt ist, soll im Vortrag genauer untersucht werden, ebenso wie seine Strategie im 

Entnazifizierungsverfahren nach 1945.  

Methods  

Archivgut-Auswertung und abgleich mit der Sekundärliteratur  

Results  

Die zeitgenössischen Unterlagen zeigen deutlich, dass Büngeler nicht als Opfer der Nationalsozialisten oder 

der Umstände seiner Zeit gesehen werden kann. Vielmehr handelt es sich bei seiner Übersiedelung nach 

Brasilien um eine geplante politische Aktion der Nationalsozialisten, um die brasilianische Kultur- und 

Wissenschaftspolitik zu beeinflussen. 

Conclusion  

Walter Büngeler ist einer der international bekanntesten deutschen Pathologen des 20. Jahrhunderts. 1936 

verließ er das nationalsozialistische Deutschland nach Brasilien und kehrte 1942 nach dem Kriegseintritt 

Brasiliens auf der Seite der Alliierten zurück. Nach 1945 stellte er sich als Opfer der Umstände der Zeit dar, 

der aus politischen Gründen erst von den Nationalsozialisten und später aus Brasilien vertrieben worden 

war. Dies ermöglichte es ihm, die Entnazifizierung glimpflich zu überstehen und an seine Karriere 

anzuschließen. 
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AG03.05  

Historic pathological gross specimen and their multi-dimensional testimony – reflections during the 
inventory at the University Bern  

I. Raas1, P. Eichhorn2, U. Andraschke3, H. Steinke4, T. T. Rau1  

1Universität Bern, Institut für Pathologie, Bern, Switzerland, 2Friedrich-Alexander-Universität Erlangen-
Nürnberg, Institut für Pathologie, Erlangen, Germany, 3Friedrich Alexander Universität Erlangen-Nürnberg, 
Zentralkustodie, Erlangen, Germany, 4Universität Bern, Institut für Medizingeschichte, Bern, Switzerland  

Question  

Scientific subjects and their academic investigators are generally connected and influence each other in a 

reciprocal way. According to the actor-network-theory, which can serve as a description model for knowledge 

creation and academic innovation, items like a pathological gross specimen directly influenced the way of 

thinking about diseased organs decades ago. Still, collections of historical pathological gross specimen exist 

and could be analysed in their current multi-dimensional value and role within a modern pathology world.  

Methods  

All available historical specimen primarily sited at different locations on the campus were re-transferred to the 

Institute of Pathology of the University Bern. An inventory with photo-documentation was performed, 

probable diagnosis of today added, the origin of the specimen traced back via accessible separate historic 

documents and specimen checked for need of restoration.  

Results  

The historical pathological collection of the Institute of Pathology of the University Bern comprises 126 

specimen, which are reaching back towards 1894 with peak years between the 1920-30es and the last 

specimen dating from 1996. According to the surgical activities of Theodor Kocher and Johann Friedrich de 

Quervain a substantial number of thyroid specimen was evident, that were additionally analysed after 

surgery in a macroscopic description text book. 

Conclusion  

The preserved pathological gross specimen harbour a didactic value, describe the results of an artisanal 

creation process, confront us with ethical and legal issues and their change over time. The specimen 

represent a testimony of an academic pathological culture – locally and in the context of an international 

movement, which in our case serves as an early example for a surgical-pathology school and creation of 

laboratory activities.  
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AG03.06  

The pathologist Hans Klein (1912-1984) and National Socialism  

S. Wilhelmy, M. Schmidt  

Universitätsklinikum RWTH Aachen, Institut für Geschichte, Theorie und Ethik der Medizin, Aachen, 
Germany  

Question  

Wie gestaltete sich die Tätigkeit des Pathologe Hans Klein (1912-1984) und seine Beteiligung an NS-

Verbrechen während der Zeit des „Dritten Reiches“ – und inwieweit nahm dies Einfluss auf seine 

Lebenssituation nach 1945? Im Mittelpunkt stehen hierbei sowohl seine Mitwirkung an den verschiedenen 

NS-Verbrechen, hier insbesondere seine Bezugspunkte zur NS-„Kinder-Euthanasie“, seine 

rassenhygienischen Forschungen und sein Kontakte zur SS, als auch die geschickte Nutzbarmachung 

vergangener NS-Kontakte, um seiner beruflichen Karriere in der Nachkriegszeit Kontinuität zu verleihen. 

Methods  

Die Untersuchung der Person Klein stützt sich vorrangig auf zeitgenössischen Originaldokumente aus 

deutschen und britischen Archiven, die einer Quellenanalyse unterzogen werden. 

Results  

Als Oberarzt des Pathologen Berthold Ostertag am Berliner Rudolf-Virchow-Krankenhaus obduzierte Hans 

Klein u.a. Opfer der „Kinder-Euthanasie“ und fertigte von diesen pathologische Präparate an. Darüber hinaus 

kooperierte er mit dem Rassenhygieniker Hans Nachtsheim bezüglich „erbpathologischer“ und 

rassenhygienischer Forschungen. Ab 1944 war er im SS-Sanatorium Hohenlychen tätig und hatte so auch 

Kontakte zur Führungsspitze der SS. 1945 untersuchte er Organe der Versuchspersonen von Kurt 

Heißmeyers TBC-Experimenten, die als die „Kinder vom Bullenhuser Damm“ in die Geschichte eingingen. 

Hierzu wurde seine Beteiligung 1946 im Neuengamme-Prozess von den Briten gerichtlich verhandelt – Klein 

war aber zu diesem Zeitpunkt und in der Folge für die Briten nicht auffindbar. 

Er nutzte seine Kontakte aus der NS-Zeit, u.a. zu Hans Nachtsheim und Robert Rössle, um sich 1949 in 

Heidelberg zu habilitieren über die „Pelger-Anomalie“ und arbeitete dort als Dozent. 1961 ernannte ihn die 

Universität Heidelberg zum apl. Professor, 1965 wurde er Abteilungsvorstand am Heidelberger Institut für 

Gerichtsmedizin. Auch der spätere Prozess gegen Kurt Heißmeyer 1966 in der DDR legte abermals die 

Mitarbeit von Hans Klein an den Versuchen offen, jedoch ohne juristische Konsequenzen.  

Conclusion  

Trotz seiner Beteiligung an verschiedenen NS-Verbrechen konnte er seine Karriere in der Bundesrepublik 

nahtlos fortsetzen. Dies war insbesondere durch seine Verbindung zu Personen aus der NS-Zeit möglich. 

Juristisch wurde er nie zur Verantwortung gezogen. 
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AG03.07  

Immunotherapy and tumor microinvironment - historical aspects and actual context  

T. Braunschweig1, K. Schierle2  

1Institut für Pathologie, Uniklinik RWTH Aachen, Aachen, Germany, 2Institut für Pathologie, 
Universitätsklinikum Leipzig, Leipzig, Germany  

Question  

The therapy of malignant tumors was significantly affected and based on radiotherapy and later 

chemotherapeutical drugs in the first half of the 20th century. The beginnings of the nowadays very 

successfully implemented immunotherapy are discussed to be bechanced before that time what remains to 

be elucidated. 

Methods  

Online databases and archives as Pub Med were used. 

Results  

First approaches of immunological therapies to malignant tumors were executed at the end of the 19th 

century but were lacking detailed theoretical background. Impressed by a rapid and fatal clinical course of a 

female young patient, suffering of a bone tumor, and inspired by case reports from Germany, W. Coley, 

surgeon at the Hospital for Special Surgery in New York, developed a mixture of bacterial strains, from 

erysipelas, Streptokokkus pyogenes and Serratia marcescens to inoculate tumors or perform injections to 

patients with malignant bone tumors. His descriptions showed successful treatments in numerous patients 

as well as complete remissions. Even not having descriptions of histological or cellular changes of these 

patients, this approach could be classified as first attempts of immunotherapy. Having set a basis for the 

cellular understanding of immunology by P. Ehrlich and E. Metchnikoff (Nobel-Prize winner of 1908) it is 

years later that publications can be found about immunological and cellular aspects in malignant tumors. In 

the beginning of 1970th, articles about xenografts in mice and peritoneal inocculation of the so called 

“Ehrlich Fluid” (malignant ascites of mice containing undifferentiated murine carcinoma cells) can be found 

demonstrating immune responses to this fluid/containing cells as well as changes in immune responses after 

exposition to cell contents or fluid extracts. Less tumor growths of xenografts could be observed after 

immunization as well as after injection of anti-tumor antibodies. In this context, the term tumor 

microenvironment appeared and might also be coined in this time. Even it is rather used as a description for 

complex protein contents in the fluid and tumor tissue than the complex cellular organization in tumors. Most 

likely as a consequence from these experiments, the development of the first specific therapy of melanoma 

with activation of the immune system with interleukin 2 can be seen - yet another mile stone in 

immunotherapy. 
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Conclusion  

In this work, the beginning of immunotherapy and developments in th1970th are discussed and put in an 

actual context. 
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AG03.08  

Victim or profiteer? Gerhard Domagk (1895-1964) and his role in national socialism  

H. Uhlendahl  

Institut für Geschichte, Theorie und Ethik der Medizin (RWTH Aachen), Aachen, Germany  

Question  

Als Entdecker der Sulfonamide zur Therapie von bakteriellen Infektionen und Nobelpreisträger für Medizin 

gehört Gerhard Domagk (1895-1964) zweifelsohne zu den bedeutendsten Pathologen des 20. Jahrhunderts. 

Aufgrund des Verbots der Annahme des Nobelpreises im Jahr 1939 durch das nationalsozialistische Regime 

und einer damit einhergehenden kurzzeitigen Verhaftung durch die Gestapo wurde Domagk häufig als 

Leidtragender oder gar als Opfer des Nationalsozialismus stilisiert. Eine Herausgabe von Domagks eigens 

verfassten Lebenserinnerungen durch seinen ehemaligen Arbeitgeber Bayer (1995) sowie eine Domagk-

Biographie von Ekkehard Grundmann (2001) erwecken überdies den Eindruck, Domagk habe der NS-

Ideologie eher ablehnend gegenübergestanden. Diesen Darstellungen stehen einige Forschungsarbeiten 

gegenüber, die Domagk als Profiteur des NS-Regime skizzieren. Es stellt sich also die Frage, wie die Rolle 

Domagks im Nationalsozialismus tatsächlich zu bewerten ist.  

Methods  

Der Vortrag verfolgt das Ziel, die tatsächliche Rolle Domagks im Nationalsozialismus zu auszuleuchten, 

indem die verschiedenen Darstellungen der Forschung mit den aus diversen Aktenbeständen 

(Universitätsarchiv Münster, Landesarchiv NRW, Unternehmensarchiv der Bayer-AG) bezogenen 

historischen Fakten abgeglichen werden.  

Results  

Es wird sich zeigen, dass Domagk weder als NS-Opfer noch als -täter bewertet werden kann. Seine eigens 

formulierten Erinnerungen lassen ihn aber zumindest zeitweise als überzeugten Nationalsozialisten 

dastehen. Darüber hinaus verfügte er über ein weitreichendes Netzwerk innerhalb der NS-Ärzteschaft und 

konnte bedingt vom NS-Regime profitieren.  

Conclusion  

Die nach wie vor populäre Einordnung Domagks als NS-Opfer auf der Grundlage des Verbots der 
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Nobelpreisannahme und der damit einhergehenden Gestapo-Haft führt in die Irre. Seine persönliche 

Einstellung, sein Netzwerk und der Nutzen, den ihm das Regime teilweise brachte, erlauben eine 

Einordnung seiner Person als Mitläufer.  
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Targeted Sequencing in nodal T-cell lymphoma of follicular helper T cell origin  
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Question  

In the new WHO classification angioimmunoblastic T-cell lymphoma (AITL), follicular T-cell lymphoma 

(FTCL) and nodal peripheral T-cell lymphoma (PTCL) with follicular helper T cell (TFH) phenotype (TFH-

TCL) were unified under a common heading. They share some morphological, immunophenotypic, genetic 

and clinical overlap with each other but also have a number of unique, distinctive features. This project was 

aimed to explore the molecular pathogenesis and differences of TFH-related lymphomas.  

Methods  

Targeted deep-sequencing for 19 selected genes using the Ion Torrent PGM was performed on FFPE 

tissues from 32 TFH-related lymphomas.  

Results  

A total of 51 mutations were identified in the 32 TFH-related lymphoma cases, including 31 missense and 9 

nonsense SNVs, and 11 frameshift deletions, which were predicted to be deleterious. Thirty of the 32 cases 

showed ≥1 mutation with 2 samples of FTCL showing no mutation. The most common alterations involved 

TET2 were found in 70% of the cases and showed a complex mutational structure. The RHOA G17V 

mutation was identified in 65% of the AITL cases and 57% of the FTCL cases and none of the TFH-TCL 

cases. Less common mutations affecting members of the JAK/STAT pathway were found in 3 of the cases. 

Mutations of TCR pathway-related genes were also detected with different frequencies. IDH2 mutations were 

detected in 31% of the cases, including R172S, R172M, R172T, and R172G. AITL exhibit a higher frequency 

of TET2/DNMT3A mutations than FTCL and TFH-TCL. Mutations in RHOA, TET2, and IDH2 showed strong 

correlations; the predominant TET2 alleles showed significantly higher allelic burden than mutant RHOA 

alleles in most cases, whereas RHOA and IDH2 mutations had similar allele frequencies. Cases with the 

RHOA G17V mutation expressed a great number of TFH markers (especially ICOS and CD10) and had a 
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significantly higher number of EBV-positive bystander B-cells than wild-type cases. Cases with IDH2 R172 

mutation had a significantly higher expression of CD10 than wild-type cases.  

Conclusion  

AITL present more recurrent mutations than FTCL and TFH-TCL. The remarkable correlations between 

mutations in RHOA, TET2, and IDH2 suggest that TET2 mutations predated RHOA and/or IDH2 mutations, 

supporting multistep pathogenesis. Significant correlations of the RHOA G17V mutation and the IDH2 R172 

mutation with TFH immunophenotype support a direct role for the RHOA and IDH2 mutations in AITL 

oncogenesis.  
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Optimized Xenograft Protocol for Chronic Lymphocytic Leukemia Results in High Engraftment 
Efficiency for All CLL Subgroups  

S. Decker1, A. Zwick1, S. K. Saleem1, S. Kissel1, A. Rettig1, C. Dierks1, K. Aumann2  

1Universitätsklinikum Freiburg, Department Innere Medizin I, Freiburg, Germany, 2Universitätsklinikum 
Freiburg, Institut für Klinische Pathologie, Freiburg, Germany  

Die präklinische Arzneimittelentwicklung bei humaner chronischer lymphatischer Leukämie (CLL) erfordert 

robuste Xenograft Protokolle, die das gesamte Krankheitsspektrum einschließlich aller prognostischen 

Untergruppen abdecken. Ineffiziente Transplantation prognostisch günstiger CLLs, Überwachsen mit co-

transplantierten T-Zellen und die Notwendigkeit einer allogenen Humanisierung oder Bestrahlung sind 

Limitationen aktueller CLL-Xenograft Modelle. Daher haben wir ein effektives und reproduzierbares 

Xenograft Protokoll etabliert, das die Transplantation verschiedenster CLL-Subtypen ohne Humanisierung 

oder Bestrahlung ermöglicht. Unmanipulierte NOG-Mäuse ermöglichten im Gegensatz zu den üblicherweise 

verwendeten BRG -Mäusen die Transplantation aller getesteten CLL-Untergruppen mit einer 100%igen 

Erfolgsrate, wenn frische CLL-Zellen mit einem geringen Anteil humaner T-Zellen (2% –4%) gleichzeitig 

intraperitoneal und intravenös injiziert wurden. Morphologische, immunhistochemische und 

durchflusszytometrische Untersuchungen ergaben, dass die von 24 verschiedenen CLL-Patienten 

transplantierten NOG-Mäuse peripher ausschwemmende Lymphominfiltrate in Knochenmark und Milz 

entwickelten, die über 4 bis 6 Wochen zunahmen und dann durch die expandierenden humanen T-Zellen 

überwuchert wurden. Um unser Modell für zukünftige Behandlungsstudien zu validieren, wurde der Ibrutinib-

Therapieeffekt überprüft. Im Verlauf der Behandlung verursachte Ibrutinib eine zweifache Verringerung der 

CLL-Zellen in Milz und Blut, hatte jedoch nur einen geringen Einfluss auf die Lymphomlast im Knochenmark. 

Ein Effekt auf die humane T-Zellzahl blieb aus.Zusammenfassend haben wir ein einfach zu verwendendes 

CLL-Xenograft Protokoll entwickelt, das eine zuverlässige Transplantation für verschiedenste CLL-Subtypen 
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ohne Humanisierung oder Bestrahlung von Mäusen ermöglicht. Dieses Protokoll kann verwendet werden, 

um die CLL-Biologie zu untersuchen und Daten neuartiger Medikamente zu generieren.  
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Identification of genome-wide copy number alterations in localized-stage follicular lymphoma using 
the OncoScan technology  
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Question  

Follicular lymphomas (FL) represent the majority of indolent B-cell Non-Hodgkin lymphomas, and are 

predominantly diagnosed in advanced clinical stages (III/IV) in approximately 85%, contrasting with only 15% 

of FL diagnosed in clinical stages I and II (FLI/II). First evidence suggests genetic differences between early- 

and advanced-stage FL, and preliminary data suggest that in-situ follicular neoplasia (ISFN) represents a 

precursor of FL. 

Methods  

On the basis of the OncoScan CNV Assay, genome-wide analysis of copy number alterations (CNAs) of 

DNA derived from formalin-fixed paraffin-embedded tissue was performed. Using this Assay, DNAs of early-

stage FL (n=165) and ISFN (n=10) samples were analyzed for their underlying CNAs. The application of the 

Genomic Identification of Significant Targets in Cancer (GISTIC) 2.0 algorithm allowed the identification of 

common significantly aberrant regions recurrently affected in FLI/II.  

Results  

The number of CNAs per sample was 4.67 in ISFN (range: 1 to 13), 6.19 in FLI (range: 1 to 17) and 7.25 in 

FLII (range: 1 to 19). Most frequent and most significant CNAs in FLI/II were gains in 19p13.3 (64%), 
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14q32.33 (45%), 12q14.3 (24%), 8q24.3 (16%), 2p16.1 (15%) and 1q23.2 (10%). Genetic regions of 

22q11.23 (22%), 8p11.22 (19%), 19p13.3 (19%) 6q23.3 (12%) and 6q14.1 (12%) were predominantly 

deleted in FLI/II. Deletions in chromosomes 1p31 (4%), 1q21 (5%), 6q23.3 (12%) and 15q14 (5%) were 

exclusively seen in FLII when compared to FLI. Of eight evaluable ISFN samples, two cases showed no 

CNA at all, while the remaining samples harboured varying numbers of CNAs (range: 1 to 13). Overlapping 

CNAs were detected in the chromosomal loci 1p36.33 (2/6, 33%), 10q25.3 (2/6, 33%) and 14q32.33 (2/6, 

33%), respectively. Results obtained from OncoScan CNV Assays were validated by quantitative PCR 

(qPCR) and FISH, indicating that qPCR is not an adequate tool for the technical validation of genomic gains 

and losses. 

Conclusion  

Within the present project, analysis of OncoScan data enabling a comprehensive description of 

chromosomal regions differently altered support the hypothesis of genetic differences in early-stage FL and 

ISFNs. 
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Novel molecular subgroups within the Adhesion- and Receptor Tyrosine Kinase Signaling Network in 
Multiple Myeloma  
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Question  

Recent sequencing studies from our center showed that almost 100% of MM cases harbour at least one 

genetic hit within the receptor tyrosine kinase (RTK) -adhesion-signaling network and that RTK-mutations are 

associated with an adverse prognosis. Furthermore, MYC-overexpression is a feature of progression and is 

associated with a worse outcome. Consequently, MYC as well as genes of the RTK-adhesion-network may 

play a central role in MM pathogenesis.  

Methods  

To further elucidate their role, whole exome sequencing of 66 primary MM samples derived from 43 patients 

(18/43 patients with longitudinal biopsies) with corresponding non-tumour samples was performed, and 

found that samples clustered into two molecular subgroups according to the presence of mutations in 
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adhesion molecules versus RTKs and their effectors. Moreover, all archived biopsies of each sequenced MM 

patient were assessed for MYC-expression by immunohistochemistry.  

Results  

All but one sample could be assigned to a molecular subgroup and with few exceptions sequential samples 

remained in their original subgroup over time suggesting two distinct pathogenetic pathways. MM samples 

that were exclusively affected by mutations in adhesion molecules (MSG1, n=10) expressed MYC at low 

levels (p<0.01) and remained MYC-low over time, while the MM subgroup with RTK and/or effector 

mutations (MSG2, n=53) were mostly MYC-high or became MYC-high at some point during the course of the 

disease. All MM samples with high-risk features at diagnosis accumulated in MSG2 (p≤0.05) and vice versa 

RTK-mutations and/or high MYC expression accumulated significantly in high-risk MM (p<0.01). In addition, 

MSG2-MM displayed a signifcantly higher overall tumor mutational burden (p=0.01) which was in turn 

signifcantly correlated with cMYC-expression (p<0.01) and the occurrence of mutations in the DNA-repair 

system (p<0.0001).  

Conclusion  

These results suggest that MSG1-MM and MSG2-MM constitute two different pathogenetic subgroups that 

might require different therapeutic approaches. MSG2-MM seem to be a genomically more instable 

subgroup that might benefit from combined therapies including for instance RTK- or novel MYC-inhibitors. In 

contrast, MSG-1 MM may belong to a more indolent subgroup which might fare sufficiently well with current 

treatment regimens or may even profit from milder treatment options. 
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CARD9 is a driver of proliferation in the cell line U-RT1 and is expressed in a subset of cases of 
Richter Transformation.  

J. Maier, R. Marienfeld, T. F. Barth, P. Möller, K. Mellert  

Institute of Pathology, Ulm, Germany  

Question  

B-cell chronic lymphatic leukemia (CLL) undergoes malignant transformation to diffuse large B-cell 

lymphoma (DLBCL) called Richter’s transformation (RT) in about 5% of cases. The underlying mechanisms 

of transformation and molecular features of these tumors remain to be elucidated. 

We established the first cell line of a RT named U-RT1. We showed strong expression of CARD9 on mRNA 

and protein level. Lymphoid cells use CARD11 for activation of the NFκB pathway via CARD11-BCL10-
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MALT1 (CBM) complex. Using Co-Immunoprecipitation we identified an alternative CBM-Complex in U-RT1 

with CARD9 instead of CARD11. We showed strong NFκB activity of U-RT1 without activating mutations of 

CARD11, MYD88 or CD79α. Our next aim was to investigate the dependency of U-RT1 from CARD9 and to 

examine whether CARD9 can be found in other RT, as well as de novo DLBCL, and DLBCL which 

transformed from indolent lymphoma other than CLL.  

Methods  

We used siRNA knockdown and MTT cell viability assay to asses viability of U-RT1 after CARD9 

knockdown. Clinico-pathological data of 39 patients were collected, among them 13 patients with RT, 11 

patients with DLBCL transformed from follicular lymphoma (DLBCL-FL), 5 patients with DLBCL transformed 

from lymphoplasmacytic lymphoma (DLBCL-LPL) and 10 patients with de novo DLBCL. Formalin Fixed 

Paraffin Embedded (FFPE) blocks were used for immunohistochemistry to investigate expression of CARD9.  

Results  

Knockdown of CARD9 in U-RT1 led to significant reduction of cell viability in the U-RT1 cell line (p=0.0018). 

In RT cases, 61% show cytoplasmic expression of CARD9 in neoplastic B cells. In contrast only 18% of 

DLBCL-FL and 10% of de novo DLBCL cases were CARD9 positive. All tested DLBCL-LPL lacked 

immunoreactivity for CARD9.  

Conclusion  

Expression of CARD9 is present not only in the cell line U-RT1 but also in about 60% of analyzed RT cases. 

Since CARD9 is essential for the proliferation of the cell line U-RT1, this finding suggests that CARD9 is a 

driver of proliferation/transformation in RT, while transformation of other indolent lymphoma to DLBCL as 

well as development of de novo DLBCL seems not to be associated with overexpression of CARD9. 
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Routine high-throughput targeted sequencing of lymphoproliferative diseases: clinical utility and 
challenges  

T. Menter, V. Pillonel, D. Juskevicius, M. Bihl, S. Dirnhofer, A. Tzankov  

Institut für Pathologie, Universitätssptal Basel, Basel, Switzerland  

Since 2016, a high-throughput targeted sequencing (HTS)-panel encompassing 68 genes frequently mutated 

in lymphoid malignancies (“lymphoma-panel”) is an accredited diagnostic tool at our institute. Here, we 

retrospectively evaluate the feasibility and clinical utility of integrating this HTS platform into routine practice 

on 80 cases of lymphoid proliferations that have been sequenced in the period from 2016 to 2019. HTS was 



131 
 

useful in most instances (87%), yielding diagnostically, predictively and/or prognostically meaningful results 

(47, 41 and 17 cases, respectively). In 42/50 cases (84%), in which conventional histopathological evaluation 

remained indecisive, molecular subtyping with the HTS-panel was helpful to either confirm (24%) or support 

a favored diagnosis (27%), enable a differential diagnosis (24%) or reject a suspected diagnosis (10%). 

Strikingly, 68 actionable or potentially actionable mutations in 34/80 cases (43%) were detected. These 

mutations might have enabled patient selection for targeted therapies. HTS had implications for prognosis in 

all 15 cases interrogated for risk assessment and significantly impacted on clinical management and 

treatment decision in several occasions. In conclusion, HTS-panel analysis enables more accurate 

molecularly aligned diagnoses in lymphoid proliferations as well as prognostic risk assessment and reveals 

numerous genomic alterations, which could potentially be used for targeted personalized medicine 

approaches especially in patients with advanced or relapsed lymphomas. This study demonstrates the 

feasibility and utility of an HTS lymphoma-panel in a routine clinical setting.  
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Separation and overlap of mastocytosis and myeloproliferative neoplasias  
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In der WHO-Klassifikation (2017) werden die Mastozytosen als eigenständige Krankheitsgruppe und 

nicht wie früher als Subgruppe der myeloischen Neoplasien zusammengefasst. Damit wird man der 

Tatsache, dass es sich bei Mastzellen um eine sehr spezielle Art der myeloischen Zellen handelt und 

sich die Mastozytosen meist sehr gut von anderen myeloischen Erkrankungen abgrenzen lassen, 

gerecht. Mastozytosen sind eine sehr heterogene Krankheitsgruppe mit einem ungewöhnlich breiten 

klinischen Spektrum und einem vielfältigen morphologischen Erscheinungsbild. Die Diagnose 

integriert dabei klinische Parameter (wie z.B. erhöhte Serumtryptase und typische 

Hautveränderungen im Sinne einer Utrikaria pigmentosa), Mutationsnachweis (Kit-D816V) und die 

Histomorphologie, wobei immunhistochemische Untersuchungen in der Regel unverzichtbar sind. 

Die Klassifikation umfasst kutane Mastozytosen, indolente systemische Mastozytosen, die (neu 

eingeführte) smoldering systemische Mastozytose, die aggressive systemische Mastozytose und als 

Besonderheit und diagnostisches Problem systemische Mastozytosen mit assoziierter klonaler 

hämatologischer Nicht-Mastzell-Erkrankung (SM-AHN). Dazu kommen verschiedene Formen der 

seltenen Mastzellenleukämie, darunter die hoch aggressive akute Variante, und das 

Mastzellensarkom. Wichtig ist eine Abgrenzung der SM-AHN und der MCL von metachromatischen 

Leukämien, z.B. der myelomastozytären Leukämie, oder von Leukämien mit KIT-Mutationen, wobei 
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die Histomorphologie und das immunhistochemische Markerprofil entscheidend sind.  

Um eine zielgerichtete Therapie zu ermöglichen, ist es essentiell, all diese Entitäten exakt zu 

diagnostizieren und differential-diagnostisch von „Nicht-Mastozytose-Erkrankungen“ abzugrenzen. 
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Question  

Functional inactivation of GATA-1 transcription factor or splicing aberrations following SF3B1 mutation 

associated with impaired maturation and increased apoptosis of erythroid precursors seem to be the 

background of anemia in myelodysplastic syndromes (MDS). Erythropoietic precursors proliferate and 

differentiate within a specialized niche, the erythroblastic island (Ery-I). Whether alterations of this niche 

contribute to erythroid failure in MDS is largely unknown up to now.  

Methods  

We evaluated diagnostic and follow-up bone marrow (BM) biopsies from a total of 356 patients with MDS for 

alterations of Ery-Is and compared the results to those observed in 52 persons with healthy marrow.  

Results  

45.7% of MDS patients showed alterations of Ery-Is resembling those observed in aging healthy BM. In more 

than 50% of MDS patients, severe alterations of Ery-Is not observed in aging healthy BM evolved, 

characterized by impaired formation, disruption and significant loss of Ery-Is, associated with an expansion 

of CD169+ marrow macrophages not showing the adherence to erythropoietic cells observed in healthy 

marrow. Significant risk factor for these alterations was a haploinsufficiency of the gene encoding for the 

ribosomal protein subunit S14 (RPS14) associated with 5q deletion (del(5q)) with and without other 

chromosomal aberrations. Anemia markedly aggravated in all patients with del(5q) (n=88), not associated 

with RPS14-/p53-dependent alterations of normoblasts and proerythroblasts, but with RPS14-dependent 
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loss of Ery-Is following intrinsic (S100A8+) and extrinsic (TNF-a-overproduction) alterations of marrow 

macrophages (P<0.00005), observations which could be confirmed in a mouse model of RPS14 

haploinsufficiency. Similar alterations of Ery-Is occurred in MDS patients without del(5q) (n=268) who 

evolved erythrocyte-transfusion-dependent anemia (P<0.00005). Impaired formation, disruption or loss of 

Ery-Is contributed to more than 70% of the degree of anemia and predicted the evolution of severe 

transfusion-dependent anemia in MDS with as well as without del(5q) (P<0.00005).  

Conclusion  

In summary, a serious alteration of the erythropoietic niche characterized by a macrophage-associated loss 

of Ery-Is appears to be the leading change in the evolution of severe (transfusion-dependent) anemia in 

MDS patients with and in a relevant proportion of those without del(5q), a novel finding questioning all those 

current concepts of anemia in MDS that do not consider alterations of erythropoietic niche.  
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Question  

Lung adenocarcinoma is one of the most common carcinomas of the world. The only curative therapy is a 

total resection in early tumor stages. However, in many patients the tumor reappears after R0-surgery. The 

fundamental mechanisms are mostly unknown. For this reason, we aimed to compare the molecular features 

of resected lung adenocarcinomas of patients with and without early postsurgical relapse.  

Methods  

100 patients with stage IA-IIIA lung adenocarcinoma were clinically characterized and divided into cohorts. 

The first cohort included patients with a relapse within two years postsurgical and the control cohort included 

patients without a relapse within two years. 

Molecular characterizations were accomplished using Immunohistochemistry (IHC), Fluorescence in situ 

hybridization (FISH) and Next Generation Sequencing (NGS). We used a validated NGS gene panel of 92 

amplicons of the following genes: KRAS, EGFR, BRAF, PIK3CA, AKT1, ERBB2, PTEN, NRAS, STK11, 
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MAP2K1, ALK, DDR2, CTNNB1, MET, TP53, SMAD4, FBXW7, FGFR3, NOTCH1, ERBB4, FGFR1 and 

FGFR2. In addition, we performed gene expression profiling using three different nanoString nCounter 

PanCancer panels (Immune Profiling, Pathway, Progression). Validation of differentially expressed genes 

was performed by quantitative Polymerase Chain Reaction (qPCR) and IHC.  

Results  

Patients with early post-surgical relapse (n=49, average time to relapse 10 months) were compared to the 

control cohort (n=40, average time to relapse 35 months). 75% of the patients had a history of smoking with 

an average of 40 packyears. There were more male than female (62% vs. 38%), with a median age of 65 

years. ALK, ROS1 and RET rearrangements were not present in the patient cohort. As detected in the NGS 

analysis, the most frequently mutated genes were TP53 and KRAS (both around 40%). EGFR mutations 

were enriched in the control cohort without early relapse. 

In the immunohistochemical characterization of PD-L1, PD-L2, PD-1, CD34, CD45, CD4, CD8 and Ki67, we 

did not detect any associations with one of the two cohorts. By nanoString technology we identified several 

significantly differentially expressed genes associated with early relapse after total resection. Selected 

candidate genes were confirmed on mRNA as well as protein level.  

Conclusion  

Differentially expressed genes were detected between two cohorts with and without postsurgical tumor 

recurrence within two years. These results could help to develop novel therapy options. 
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Question  

Small-cell lung cancer (SCLC) is a highly aggressive neoplasm, characterized by early development of 

metastasis and very poor clinical outcome. The therapeutic possibilities are limited and poorly improved in 

the last decades. Enhancer of zeste homolog 2 (EZH2) is a member of the polycomb repressive complex 2. 

EZH2 is a histone methyltransferase that is involved in epigenetic gene silencing through the trimethylation 

of H3K27. Thus, EZH2 has been identified as a biomarker of aggressive and highly proliferating tumors, 

emerging as a potential target for cancer therapy. Here, we aimed to correlate the expression profile of the 
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EZH2 and H3K27me3 proteins in tumor tissues of non-treated SCLC patients with patient's outcome.  

Methods  

EZH2 and H3K27me3 expression was analyzed by immunohistochemistry in 48 SCLC tumor biopsies. The 

protein expression was quantified in a semi quantitative way and correlated with clinicopathological factors 

and patients overall survival. To mimic an EZH2 loss, H209 SCLC cells were treated with two different EZH2 

inhibitors (DZNep and EPZ, respectively) for 48 h in a low cytotoxic dose and the in vivo growth pattern was 

investigated in the chorioallantoic membrane (CAM) model.  

Results  

All patients died within one year after diagnosis. There was a heterogeneous expression pattern for EZH2 

and H3K27me3 with strong expression of EZH2 and H3K27me3 in appr. 50 % of the patients. The Kaplan 

Meier curve showed a significant association between high EZH2 expression and shorter overall patient 

survival time after 12 and 25 weeks of follow up, respectively (p = 0.030; p = 0.014). Morphologically, CAM 

tumors derived from DZNep or EPZ treated tumor cells formed more compact tumors with complete loss or 

at least less aggressive invasion into the surrounding CAM tissue. EPZ treatment seems to have a better 

side effect spectrum than DZNep. 

Conclusion  

We suggest that strong EZH2 and H3K27me3 expression in non-treated SCLC patients is related to worse 

prognosis. Hence, we suggest that EZH2 inhibitors should be considered in future trials for SCLC. 
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Question  

STK11-mutated non-small cell lung carcinomas (NSCLC) have recently been described as a unique 

subgroup of pulmonary adenocarcinomas. STK11/LKB1 is an important tumor suppressor gene involved in 

the regulation of cell proliferation and survival. Patients with non–small-cell lung cancer (NSCLC) and STK11 

mutations often have other co-mutations. Here we aim to describe the mutational patterns and 

clinicopathological parameters of cases with STK11-mutated adenocarcinomas.  
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Methods  

We retrieved STK11-mutated cases and performed a retrospective analysis of the mutational spectrum, 

immunohistochemical data and clinical parameters.  

Results  

Nine cases of STK11-mutated adenocarcinomas were identified all diagnosed with stage III/IV disease 

except of one patient in stage IIB. Two patients were females (22%), 4 patients died during follow-up while 5 

are still alive. Negative or minimal PD-L1 expression (TPS ≤ 1%) in 4 patients was associated with deadly 

outcome in 3 of them. Concomitant STK11/KRAS mutations were found in 5 cases while simultaneous 

STK11/TP53 mutations were observed in 4 cases. Treatment consisted mainly of chemotherapy +/- 

radiotherapy except for one patient being only operated. Immunohistochemistry of p53 did not obviously 

correlate with TP53 mutation status. Two cases showed a pronounced p63 expression.  

Conclusion  

Lung adenocarcinomas with STK11 mutations constitute a heterogenous group of NSCLC that merits further 

considerations.  
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Question  

Lung cancer is the leading cause of cancer- related mortality, with non-small cell lung cancer as the 

prevalent form with a poor 5-year survival of approximately 15%. Despite advances in treatment options 

including surgery, radiation, chemotherapy and targeted therapies, prognosis remains poor owing to the 

presence of locally advanced or widely metastatic tumours in the majority of patients at the time of diagnosis. 

Therefore, in our study we focus on tumour progression and metastasis formation.  
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Methods  

In total, 40 samples corresponding to 14 patients with advanced lung adenocarcinoma and paired distant 

metastases have been identified. The molecular signatures of primary tumours were compared to their 

metastases. Tumour genotyping was done by NGS (next-generation sequencing) using a validated panel 

analysing 92 amplicons from 22 genes including BRAF, STK11, KRAS and EGFR as well as FISH analysis 

detecting gene fusions and amplifications. Formalin fixed paraffin embedded (FFPE) tissues of primary 

tumours as well as metastases were used for expression profiling using the nanoString nCounter PanCancer 

Progression Panel, proteomic data by MS (mass spectrometry) and IHC (immunohistochemical) analyses.  

Results  

FFPE lung carcinoma tumour samples were molecularly analysed by NGS showing TP53 mutation in 50% 

and KRAS mutation in 29% as the most frequent variants. As detected by NGS and FISH analysis our cohort 

comprises no cases with targetable aberrations in EGFR, BRAF, ALK or ROS1. One case was identified to 

carry a HER2 amplification. mRNA expression profiles of primary tumours and metastases were examined 

with nanoString technology. Although the interpatient variability was high, we detected 102 of 770 analysed 

genes to be significantly differentially expressed. We validated 13 of these differentially expressed genes 

including CLU, VIM and VCAN using qPCR. Proteomic data was gained by comparative MS and 1500 

proteins were identified in each sample. 61 proteins were differentially expressed. Verification of selected 

candidates including Tryptase and Mucin was performed using IHC on TMAs of more than 90 primary lung 

adenocarcinomas and distant metastases.  

Conclusion  

We identified differentially expressed genes and proteins within the group of primary lung adenocarcinomas 

and their matched metastases tissue. These findings give a better understanding of tumour progression and 

metastasis formation and might help to develop biomarker specific therapy.  
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Question  

Malignant pleural mesothelioma (MPM) is a predominantly asbestos-related and biologically highly 

aggressive tumour associated with a remarkably poor prognosis. Combined with antifolates, platin analoga 

are the drug of choice for the treatment of MPM. Nevertheless, treatment results in a response rate of merely 

14% and a median survival of less than seven months. In view of the therapeutic limitations, opportunities for 

novel treatment strategies are urgently needed. Radiopharmaceutical treatment may be promising 

alternatives.  

Methods  

Formalin-fixed paraffin-embedded (FFPE) tumour specimens from 105 patients suffering from MPM were 

screened immunohistocemically for CXCR4 and MSLN expression levels. Furthermore, gene expression 

data (whole-transcriptome sequencing) as well as copy number alterations (CNA) and methylation data 

(bisulphite whole-methylome sequencing) of 87 malignant pleural mesothelioma patients were retrieved from 

the The Cancer Genome Atlas (TCGA) database and analysed for CXCR4 and MSLN gene expression 

levels, CNA as well as promoter methylation.  

Results  

81 tumours (77.1%) showed CXCR4 protein expression with 30 (28.6%) with Score 1; 24 (22.9%) with Score 

2; and 27 (25.7%) with Score 3, respectively (figure 1A). Taken together, 48.6% of all samples show an 

overall strong staining with a score of 2 or above. 62 tumours (59.0%) showed MSLN protein expression with 

24 (22.9%) with Score 1; 27(25.7%) with Score 2; and 11 (10.5%) with Score 3, respectively (figure 1B). 

Taken together, 36.2% of all samples show an overall strong staining with a score of 2 or above. 

In addition, MSLN stainings revealed a significant association between low protein expression and shortened 

overall survival (p=0.016, HR: 0.62 [95% CI: 0.42-0.91]). Especially when grouped in high-vs-low (cut-off <= 

score 2), the group of low expressing cases showed a significant higher risk to succumb to the disease early 

(p=0.006, HR: 3.74 [95% CI: 1.46-9.56])  

Conclusion  

Both CXCR4 and MSLN are strongly expressed in about half and third of all mesothelioma samples, 

respectively. Taken together, Especially CXCR4 may be a promising target for radiotherapeutic intervention, 

open up the chance for modern treatment strategies to effectively combat this scourge.  
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Question  

Malignant pleural mesothelioma (MPM) is a highly aggressive tumor with dismal prognosis. Nowadays, 

multimodal therapy including chemotherapy using cisplatin or carboplatin combined with pemetrexed has the 

best prospects. Intracellular heavy metal detoxification by metallothioneins (MT) is associated with early 

failure to platin-based chemotherapy. The effect of induction of MTs gene expression or its saturation by 

exposition to metal ions like zinc or cadmium is still not analyzed in depth.  

Methods  

We investigated different MPM cell lines and one fibroblast cell line during cisplatin treatment and 

supplementation of zinc. Therefore, we performed cell state analysis via an enzyme-activity based 

fluorescent assay, analyzing apoptosis, necrosis and viability of cells. Additionally, treated cells were also 

tested for MT2A expression by using qPCR and IHC.  

Results  

Overall, a significantly decreased induction of apoptosis under platin-based treatment could be observed 

with increasing concentration of zinc (figure 1). This effect has been verified in all analyzed cell lines in 

different strength. Additionally, higher zinc concentrations lead to significant induction of MT2A expression 

levels. 
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Boxplot of the correlation between the apoptosis rate (y) and concentration of zinc in µM (x) using the data 
from the ApoTox triplex assay for the cell lines MSTO-211H, MRC-5, NCI-H2452 and NCI-H2052. 
 
 
Conclusion  

MT expression is induced by zinc in a dose-dependent manner and impedes a successful cisplatin therapy. 

Therefore, heavy metal supplementation during cisplatin therapy, e.g. through cigarette smoke, should be 

avoided. This should be considered in further treatment approaches, hopefully leading to improved clinical 

management of patients suffering from this severe disease.  
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Question  

Well-differentiated papillary mesothelioma (WDPM) is a rare, mostly incidentally detected tumour, usually 

occurring in the peritoneum of young women. Its presents frequently as a small single tumour with indolent 

clinical course. In few cases, WDPM represents as a multiloculated tumour, with higher risk of recurrence 

and transformation to malignant mesothelioma (MM). Less is known about the pathogenesis of WDPM 

leading to recurrence or malignant transformation. Loss of BAP1 expression and homozygous p16 deletion 

are well-known reliable marker for detection malignant mesothelioma (MM). MTAP is located in the same 

gene region (9p21) as p16 and often co-deleted in MM cases with homozygous p16 deletion. Further, loss of 

MTAP protein expression was described as a reproducible surrogate for homozygous p16 deletion in MM. 

The aim of this study is to evaluate the loss of BAP1 and MTAP protein expression in WDPM of peritoneum. 

Methods  

To analyse the protein expression of BAP1 and MTAP formalin fixed and paraffin embedded specimen of 

124 WDPM of peritoneum were investigated by immunohistochemistry. The patients comprised 71 (57%) 

females and 53 (43%) males, with age ranging from 23 to 90 years (median age 50 years). 105/124 (85%) 

were consistent with classical WDPM. 82/105 (78%) of classical WDPM presented as solitary tumour and 

23/105 (22%) as multiloculated lesions of peritoneum.17/124 (13%) WDPM showed synchronous MM and 

2/124 (2%) were classified as borderline tumours. 

Results  

Loss of BAP1 expression was detected in 45/124 (36%) and loss of MTAP expression in 24/124 (19%) of all 

analysed specimens. 36/45 (80%) tumours showing no BAP1 expression were classical WDPM (31/36 

solitary, 5/36 multiloculated) and 9/45 (20%) WDPM with synchronous MM. 20/24 (83%) tumours with loss of 

MTAP Expression were classical WDPM (15/20 solitary, 5/20 multiloculated) and 4/24 (17%) WDPM with 

synchronous MM. All four WDPM with synchronous MM with loss of MTAP were BAP1 negative. Common 

loss of BAP1 and MTAP expression was observed in 14 classical WDPM. In the two borderline tumours, 

expression of BAP1 and MTAP was obtained.  

Conclusion  

This is first study representing loss of BAP1 and MTAP in WDPM. Our data supports that loss of BAP1 and 

MTAP may reflect the uncertain biological behaviour of WDPM. In cases of WDPM with synchronous MM, 
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BAP1 and MTAP immunohistochemistry are useful markers for detection of MM. Further analyses are 

needed to elucidate the role of BAP1 and MTAP loss in the pathogenesis of WDPM. 
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Question  

Primary germ cell tumors of the mediastinum (PGCTM) are a rare group of tumors. The diagnosis of PGCTM 

might be difficult because in most cases only small tissue samples are available. The aim of this study was to 

find a diagnostic immunohistochemical and molecular algorithm for PGCTM. Therefore, we performed 

immunohistochemical stainings and molecular analysis of isochromosome 12p as the most common 

molecular alteration.  

Methods  

In total, 32 PGCTM were analyzed by immunohistochemistry, including 18 seminomas, 1 yolk sac tumors, 1 

choriocarcinomas, 7 teratomas and 5 mixed germ cell tumors. The expression pattern for SALL4, OCT3/4, 

LIN28, podoplanin, SOX2, SOX17, CD30, AFP, ß-HCG, Glypican-3, CD117, GATA3, cytokeratin and CK19 

was investigated. In addition, real time quantitative polymerase chain reaction (rt-qPCR) was performed to 

discover an isochromosome 12p.  

Results  

All seminomas showed a strong expression of SALL-4, OCT3/4 and D2-40, whereas CD117, LIN28 and 

SOX17 stained weaker. Yolk sac tumors were strong positive for SALL-4, Glypican-3, pancytokeratin and 

weaker for LIN28. The expression of AFP in our cases differed from single cell expression to strong positivity 

in most of the tumor cells. In choriocarcinoma, the expression pattern embraced SALL-4, ß-hCG, CK19 and 

GATA-3 as well as LIN18. In teratomas, especially epithelial components were partially positive for different 

markers (e.g. SOX2, SALL-4, GATA-3) besides a strong cytokeratin expression. 

In addition, one case of mixed PGCTM proved to be a NUT carcinoma with speckled nuclear expression of 

NUT (>50% of cells). The tumor cells also showed a strong nuclear expression of SOX2 and a weaker 

expression of SALL-4. 

The analysis of isochromosome 12p was technically possible in 17 out of 32 cases. In 11 out of 17 cases, it 
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was detectable by rt-qPCR.  

Conclusion  

In summary, we could find a diagnostic pathway for PGCTM. First of all, germ cell origin should be confirmed 

by SALL-4 expression. It is the more precise and stronger staining marker than LIN28. Further stainings in 

order to subdivide the tumors should include OCT3/4, D2-40, SOX-2, Glypican-3 and ß-hCG. If necessary, 

other markers like AFP, CK19 and GATA-3 can be used. In addition, molecular analysis of i12p is helpful to 

confirm germ cell origin as it is detectable in a subset of PGCTM. Furthermore, we could show that a rare 

case of NUT carcinoma can be a diagnostic pitfall because of the expression of germ cell markers.  
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Question  

Die Pulmonale Hypertonie (PH) und das vaskuläre Remodeling der Lungenstrombahn kommen in einer 

Vielzahl von Lungenerkrankungen vor und führen einer hohen Morbidität und Mortalität. Hierbei kann das 

Gefäßremodeling sowohl die prä-kapilläre Lungenstrombahn, wie in der Pulmonalarteriellen Hypertonie 

(PAH), als auch die post-kapilläre Lungenstrombahn, wie in der Pulmonal-venösen Verschlusserkrankung 

(PVOD), betreffen. Ein Remodeling der Lungenvenen ist mit der Gefahr eines lebensbedrohlichen 

Lungenödems durch leitliniengerechte PH-Medikation assoziiert. 

Methods  

Die zugrunde liegenden molekularen Entstehungsmechanismen des kompartimenten-spezifischen 

Gefäßremodelings und deren Einfluss auf den Krankheitsverlauf sind bisher wenig verstanden. Deshalb 

untersuchten wir in unserer Studie humane Lungenexplantate von Patienten die an PAH, PVOD, wie auch 

an idiopathischer Lungenfibrose und Chronisch-obstruktiver Lungenerkrankung litten. Hierbei fokussierten 

wir uns auf Entzündungs- und Kinasen-spezifische Gene, und nutzten innovative Techniken wie Nanostring, 

Massenspektrometrie, Multipleximmunhistochemie und funktionelle Pathway-Analysen. 
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Results  

Es konnte ein molekulares, krankheitsspezifisches Profil für die untersuchten Entitäten nachgewiesen 

werden. Außerdem konnten wir erstmals ein Neuronales Netzwerk entwickeln mit dessen Hilfe eine 

molekulare Differenzierung zwischen PAH und PVOD möglich ist. Des Weiteren waren viele funktionelle 

Gemeinsamkeiten zwischen PVOD und der idiopathischen Lungenfibrose zu erkennen.  

Conclusion  

Unsere Ergebnisse legen nahe, dass die molekulare Differenzierung zwischen PAH und PVOD in Zukunft 

die klinisch heraufordernde Diagnosesicherung erleichtern könnte. 
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Question  

The Mediator complex is a central integrator of transcription, and a hub for the regulation of gene expression. 

CDK8 and its paralog CDK19 are part of its kinase domain and shown to be linked to cancer progression in 

different cancer entities. Signal transducer and activator of transcription (STAT) 1 is an important immune 

modulator and a downstream substrate of CDK8/CDK19. So far, little is known about the role of CDK8 and 

CDK19 in head and neck squamous cell carcinomas (HNSCC) progression and metastasis as well as its link 

to STAT1 activity yet.  

Methods  

Immunohistochemistry (IHC) for CDK19 and pSTAT1 was conducted on samples of 130 primary tumors, 73 

local recurrences, 32 lymph node metastases and 25 distant metastases of HNSCC from different locations. 

Staining results were evaluated by semi-automatic tissue analysis software Definiens. IHC for PD-L1 known 

to be affected by STAT1 was conducted on samples of 66 local recurrences and evaluated by independent 

pathologists.  

Results  

Compared to primary tumors, CDK19 is significantly overexpressed in local recurrences and distant 

metastases as well as in primary tumors that developed local recurrence after initial therapy. CDK19 
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expression correlates with pSTAT1 expression in local recurrences, lymph node metastases and distant 

metastases. pSTAT1 expression correlates with PD-L1 expression in recurrent tumors.  

Conclusion  

Our data indicate a significant role of CDK19 in the progression and recurrence of HNSCC. For the first time, 

we could link CDK19 mediated phosphorylation of STAT1 to increased PD-L1 expression in malignant 

tumors on protein level. Our data identify CDK19 as a potential biomarker in HNSCC and support current 

developments to target CDK19 and its paralog CDK8 in advanced cancer.  
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Question  

With the introduction of the 8th edition of the TNM classification of HNSCC, p16 became the crucial marker to 

divide oropharyngeal squamous cell carcinoma (OSCC) in two groups, namely p16 positive and p16 

negative. The immunohistochemical testing for p16 is used as surrogate marker for human papilloma virus 

HPV in cancer development. It is used instead of HPV DNA testing because it can be made available 

worldwide, is easier to perform and less costly.  

Methods  

A paraffin tissue cohort of 133 OSCC was analyzed for p16 via IHC (p16CINtec©, Ventana Medical Systems 

Roche, Oro Valley, AZ, USA) and for HPV DNA using HPV 3.5 LCD-Array Kit (Chipron, Berlin, Germany). 

For each case tissue areas with preferably high tumor cell content were selected for DNA extraction using 

microdissection. Isolation of DNA was performed using the Maxwell RSC DNA FFPE Kit and the Maxwell 

RSC instrument (Promega, Fitchburg WI, U.S.A.).  

Results  

Among the p16 positive OSCC there are 86.9% HPV positive cases tested by chip analysis (true positive). 

So among those are 13.1 % HPV negative cases using the above mentioned method (p16 false positive). 

We found no (0%) p16 false negative cases. Assuming HPV DNA detection method as gold standard, 

specificity was calculated to be 90%. Positive predictive value was 87 %. p16 sensitivity and negative 
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predictive value were equally 100 %.  

Conclusion  

So far the recently introduced distinction between p16 positive and p16 negative OSCC in the 8th edition of 

TNM has only an impact as a prognostic tool for HNSCC. It is rarely used to make decisions regarding 

therapy. However, first studies are implemented to de-escalate therapy for p16 positive OSCC because of 

the better prognosis. But the better prognosis is clearly due to HPV infection, which is suggested by p16 

positivity. Our study reveals 13.1 % false p16 positive cases that showed no proof of HPV DNA infection. 

This equals to a positive predictive value of 87 %. If these p16 false positive patients were to receive therapy 

de-escalation it is to be feared that this under-treatment puts them at high risk for worse prognosis. 

Our data presented here clearly show that we may have to rethink methods to analyse HPV status in OSCC 

before we can discus therapy de-escalation. Methods other than p16 by proxy analysis may need to be 

considered prior to making critical therapeutic decisions. Only this way we can avoid a potentially harmful 

therapy de-escalation of p16 false positive OSCC with the high risk of a worse outcome of the patient.  
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Question  

The differential diagnosis and classification of salivary gland neoplasms can often be difficult and 

challenging. Recently, a range of highly specific molecular aberrations, in particular gene fusions as well as 

mutations, in different salivary gland tumor entities have been described. However, due to the frequent 

aberrations in otherwise rarely mutated genes, molecular testing is often expensive and time consuming. 

Therefore, we designed a novel RNA-based next generation sequencing panel including 27 genes, 

specifically involved in salivary gland and odontogenic neoplasms.  

Methods  

A custom-designed next generation sequencing (NGS) panel based on the Archer FusionPlex technology 

including 27 genes, known to be specifically involved in salivary gland and odontogenic neoplasms, was 

developed. For validation, RNA from FFPE material of a variety of different salivary gland neoplasm entities 
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was sequenced. The results were compared to the results of our current diagnostic standard for the 

respective alterations (FISH, NGS, Sanger sequencing).  

Results  

The customized NGS panel reliably detected the known translocations and mutations using RNA from FFPE 

tissue. The panel allowed analysis of both common alterations in salivary gland and odontogenic neoplasms, 

including the detection of NTRK1-3 fusions that can be used as therapeutic targets.  

Conclusion  

This newly developed, salivary gland neoplasm specific NGS panel reliably detects gene fusions and 

mutations known to be associated with specific entities. This approach can be a comprehensive, time-

efficient and powerful tool to facilitate the diagnosis and classification in difficult cases.  
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Question  

The extracellular matrix (ECM) is an essential part of the tumor microenvironment and its distinct 

composition plays a pivotal role in tumor initiation, progression and metastasis. In this context, 

overexpression and crosslinking of collagens in the ECM can lead to stromal stiffness which impairs anti-

tumor drug delivery. Thus, a plethora of ECM-modulating drugs have recently been evaluated to assess their 

therapeutic potential. Until now, the ECM composition of salivary gland carcinomas (SGC) has not yet been 

evaluated.  

Methods  

In order to find common or entity-specific ECM alterations we quantitatively analyzed the RNA of 28 ECM-

related genes in a set of 11 Adenoidcystic (AdCy), 14 Mucoepidermoid (MuEp) and 9 Salivary duct 

carcinomas (SaDu) from the parotid gland, using the Nanostring nCounter technology. These three entities 

are among the most prevalent SGC and they reflect characteristic features of this tumor group.  

Results  

We revealed two distinct patterns of ECM alterations: A significant RNA-overexpression of collagens 1A1, 
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1A2, 3A1, 5A1, 5A2 and 11A1, Fibronectin 1 and Osteopontin with incremental steps from AdCy to MuEP 

and SaDu suggested a common alteration of the ECM. Conversely, AdCy and MuEp displayed a distinct 

overexpression of individual genes: For MuEp we found a highly significant overexpression of Laminin B3 (p 

< 0.001) which resulted in a significant difference to SaDu. AdCy were characterized by a distinct RNA-

overexpression of Collagens 11A2, 4A5, and 27A1 (p< 0.01, 0.05 and 0.001, respectively). Moreover, non-

hierarchical clustering and principal component analysis reflected a specific ECM expression pattern for 

AdCy cases.  

Conclusion  

For the first time, we report the ECM composition of SGC on an RNA level. While a similar carcinoma-

induced stromal signature was observed for MuEp and SaDu, overexpression of Laminin B3 and Collagen 

27A1 was specific for MuEp and AdCy, respectively. Interestingly, Collagen 27A1 has not yet been 

associated with any type of cancer.Together, our findings contribute to understand the ECM composition of 

SGC, which will be essential for the future aim to overcome chemoresistance. 
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Question  

Diagnosis and differential diagnosis of salivary gland epithelial-myoepithelial carcinoma and its variants can 

be difficult. Recently published literature shows an increasing amount of HRAS mutations (>80%) in this 

entity. We describe an unusual case of a widely solid-oncocytic differentiated parotid epithelial-myoepithelial 

carcinoma with regard to comparative molecular sequencing of distinct morphological areas.  

Methods  

Morphological and immunhistochemical features were determined. Two distinct areas (solid-oncocytic vs. 

more classical differentiation) were both investigated by "Next Generation Sequencing" (Oncomine 

Comprehensive Assay v3 and ArcherDX FusionPlex Sarcoma panel).  
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Results  

Both morphological distinct areas showed an identical HRAS (p.Q61R) mutation. Interestingly, the solid-

oncocytic differentiated area showed an additional loss of heterozygosity (LOH) of ARID1A, which was not 

detectable in the more classical areas. ARID1A immunohistochemistry visualized the different tumor clones 

with retained and lost expression. No PLAG1 or HMGA2 translocation was found.  

Conclusion  

This case shows morphological and molecular heterogeneity including a comprehensive HRAS, and a 

heterogeneous LOH of ARID1A. As the HRAS mutation is assumed to be the tumor driver, the additional 

ARID1A LOH is probably a sign of tumor progression. It might be involved in morphological changes, as 

ARID1A loss was visualized predominantly in the solid-oncocytic areas by immunohistochemistry.  
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Question  

Recently, HPV-related multiphenotypic sinonasal carcinoma (HMSC) has been described, encompassing 

frequently adenoid cystic-like or other salivary gland tumor-like growth patterns and distinct high-risk HPV 

association (in particular type 33). Despite aggressive morphology, the literature indicates a less aggressive 

biological behavior, whereas recurrences can commonly be observed. We report four more cases of this rare 

entity with special regard to morphology, immunohistochemical features, HPV types and occupational data.  

Methods  

Four cases were obtained from the archives of the Department of Pathology and Molecular Pathology. 

Comprehensive histological, immunohistochemical, and molecular features (DNA HPV typing) were 

determined, and correlated to clinical data.  

Results  

All cases occured in females, presenting with a polypoid tumor in the nasal cavity. Histological patterns were 

comprised of basaloid tumor cells with adenoid cystic-like features, extensive keratinization in one case, a 
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prominent solid-reticular pattern and a distinct glomeruloid growth pattern, each in one case. p16 

immunohistochemistry was "block-type" positive in all cases. SOX-10 and LEF-1 expression could be 

observed in all cases. HPV types involved type 56 (2x), 33 and 82. No metastatic spread or recurrences 

could be observed in a follow-up period of 3 - 50 months. Three of four patients were nurses / nursing 

assistant.  

Conclusion  

HPV-related multiphenotypic sinonasal carcinoma may harbor HPV type 82 and can show a distinct 

glomeruloid growth pattern, as well as extensive mature keratinization. We describe an unusual 

accumulation of cases in nurses, drawing attention to a potential occupational risk factor. This accumulation 

warrants further studies in larger cohorts.  
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Question  

Primary tumors of the orbit arise from several soft tissue types or bone, resulting in their large diversity. 

Other tumors invade the orbit secondarily from neighboring ocular adnexa zones as eye lid, conjunctiva, 

lacrimal gland, periorbital tissues or the eye globe. Also, orbital metastasis can occur. We aimed to evaluate 

the frequency, diagnosis and differential diagnosis of orbital tumors lesions according to WHO classification 

systems.  

Methods  

This investigation was designed as a retrospective, single-center cohort study. Histological results and 

electronic medical charts were re-evaluated of patients with orbital tumors from 2014 to 2019.  
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Results  

A total of 38 patients with orbital tumors were found (22 male and 16 female with a median age of 61 years 

[range 0.2 to 89 years]). The cohort contained 22 primary orbital tumors and 16 tumors which had 

secondarily invaded the orbit, including 2 uveal melanomas (UM) with extraocular extension, and 2 

metastases. The majority of tumors were malignant with 63.2%. Comparing age groups, we found that 

33.3% pediatric tumors, 50% adult tumors in the age group 18-60 years, and 78.9% tumors in patients > 60 

years were malignant. In adults NHL was the most common malignant orbital tumor with 31.4%. However, 

soft tissue tumors, including orbital vascular tumors or (vascular) malformations, formed the largest group 

with 13 benign cases and 3 sarcomas. 

Conclusion  

The histological spectrum of orbital tumors in adults > 60 years seemingly differs from that seen in adults 

below 60 years of age and children. In addition to clinical appearance and imaging, histological, 

immunohistochemical and in some cases molecular analyses are necessary to differentiate and classify the 

orbital mass lesions in line with the current WHO classification systems.  

   

AG07 AG Knochen-, Gelenk- und Weichgewebspathologie - on demand  

 

AG07.02  

Monoallelic deletions of components of the DNA damage response pathway correlate with higher Ki-
67 index in chordoma cell lines  
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Question  

Chordomas are rare malignant bone tumors of the axial skeleton predominantly arising in the bones of the 

clivus and the sacrum. Loss of genomic integrity resulting from defects in the DNA damage response (DDR) 

pathway is commonly associated with the carcinogenesis of various tumor entities. So far, little is known in 

terms of the DNA damage response in chordoma. Therefore, the aim of the current study was to elucidate 

the role of ATM and its direct interaction partners as key players of DDR in chordoma cell lines and tissue 

samples.  

Methods  

DNA of 14 chordoma cell lines was used to perform aCGH analysis. The analysis focused on chromosomal 

aberrations of ATM and two of its direct interaction partners, checkpoint kinase 2 (CHEK2) and TP53, 

respectively. Furthermore, we analyzed the expression pattern of key members of the DDR signaling 

pathway (ATM, CHEK2, p53, MDM2, p21 and Ki-67) by immunocytochemical staining and subsequent 
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quantitative and qualitative scoring. Besides, we performed a targeted Next Generation Sequencing (NGS) 

analysis of the ATM gene and TP53 in chordoma probes, including 14 cell lines as well as primary tumor 

material of 25 chordoma patients.  

Results  

Array CGH analysis revealed a frequent loss of chromosomal material including the ATM, the CHEK2 as well 

as the TP53 gene region. A monoallelic deletion of the ATM gene and/or the CHEK2 gene locus was 

observed in 9 out of 14 cell lines, 6/14 cell lines showed a copy loss in TP53. A loss of at least one of the 

three genes was found in 13/14 chordoma cell lines. Monoallelic deletions of two genes were found in 7/14, 

deletions of all three of these tumor suppressors were seen in 2/14 cell lines. In addition, we showed a 

correlation between these chromosomal aberrations and the tumor cell proliferation (measured as Ki-67 

index). Two or more copy losses of either ATM, CHEK2, or TP53 correlated with a higher Ki-67 index of at 

least 10% in 11/13 chordoma cell lines. Targeted NGS of ATM revealed an accumulation of SNPs (single 

nucleotide polymorphisms) in our chordoma samples (n=39; 14 cell lines and 25 patient tissue samples). We 

detected 8 different missense mutations in 14/39 samples, 3 of which were cell lines. 5 of these mutations 

were predicted to affect the protein function.  

Conclusion  

Genomic aberrations of components of the DNA damage repair (DDR) machinery are frequent in chordoma 

cells and may have an impact on cell proliferation in chordomas and therefore play a role in the 

tumorigenesis of these rare tumors.  
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Question  

Giant cell tumor of bone (GCTB) is a bone tumor characterized by the H3F3A mutation G34W. GCTB has a 

local aggressive growth behavior and metastasizes rarely. Since 2014 the antibody Denosumab, 

antagonizing the Receptor Activator of NF-kB Ligand (RANKL), is approved to treat GCTB. We report on a 

patient who suffered from lung metastasis of GCTB before treatment with Denosumab and local recurrence 

of GCTB of the left distal femur under treatment with Denosumab. Aim of our study was to analyze the 

impact of Denosumab on DNA methylation.  

Methods  

We determined the DNA methylation status of six GCTB tissue samples from one patient, among them one 

primary tumor, one lung metastasis and four positions of the Denosumab treated recurrent tumor. We 

compared the methylation profile of these samples to 14 untreated GCTB tissue samples. DNA methylation 

analysis of more than 850,000 CpG loci was performed using the Infinium HumanMethylationEPIC BeadChip 

Arrays (Illumina). The analysis of DNA methylation data was done with the GenomeStudio, the Qlucore 

Omics Explorer and the RStudio software. The STRING web resource was used to identify gene 

enrichments.  

Results  

No significant effect on the global DNA methylation level was seen after Denosumab treatment. In 

unsupervised comparisons of untreated and treated GCTB samples it was not possible to separate distinct 

groups in Principle Component Analysis (PCA). In a second unsupervised comparison (σ/σmax= 0.6; 1104 

CpG) of the primary tumor, the lung metastasis, and the average value of the four different positions of 

recurrence of the same patient, a cluster emerged consisting of the recurrence and the lung metastasis. The 

primary tumor was located in another octant of PCA. 

Further analysis revealed 583 hypermethylated loci in the recurrence compared to the primary lesion and 

lung metastasis. Among them, several genes encoding histones (e.g. HIST1H4E) and collagenes (e.g. 

COL12A1) were found, reflecting the morphological changes detected after Denosumab treatment with less 

H3F3A-mutated stromal cells and almost no giant cells. Furthermore, the oncosuppressor gene PTEN and 

the embryonic transcription factor MEIS1 were found to be hypermethylated in the recurrent lesion after 

Denosumab treatment, pointing to different signaling patterns after treatment.  
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Conclusion  

Denosumab influences the DNA methylation status of certain genes in the analysed tumor tissue. However, 

no differences were observed regarding the global DNA methylation pattern.  
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Question  

Giant cell tumor of bone (GCTB) is an intermediate malignant neoplasia of long bones that is driven by an 

H3F3A-mutation. Paraneoplastic RANKL secretion induces osteoclast differentiation and osteolytic activity. 

Treatment with the humanized anti-RANKL antibody Denosumab leads to dramatic changes in the histology 

of GCTB. Recently several reports hypothesize that there are associated sarcomas after Denosumab 

therapy. Our aim was to analyze morphologic changes after Denosumab treatment in detail.  

Methods  

For detection and quantification of H3F3A-mutated tumor cells we performed immunohistochemistry with the 

mutation-specific monoclonal antibody RM263. Two GCTB with tumor recurrence and two GCTB with 

malignant transformation under Denosumab treatment were included. Double immunohistochemistry was 

used to show co-expression of RANK-Ligand and RANK-receptor. The effect of RANKL, Osteoprotegerin 

(OPG) and Denosumab on the proliferation of the stable H3F3A-mutated cell line U-GCT4 was analyzed by 

MTS assays.  

Results  

Morphological analysis revealed a decrease in the number of osteoclastic giant cells after denosumab 

treatment accompanied by a reduction of H3F3A-mutated tumor cells and induction of local fibrosis and 

osteoid formation by an H3F3A-wild-type population. Ki-67 rate dropped from 5% to 1% under Denosumab 

treatment. 

Furthermore, we analyzed two cases of sarcoma after Denosumab treatment. In one case the H3F3A-

mutation persisted in the sarcoma, in a second case the mutation was lost. Ki-67 rate was about 80% in the 

sarcomas as compared to 5% in the GCTB before transformation. 

Osteoclasts are believed to be controlled by RANKL secretion of the neoplastic H3F3A-mutated tumor cell 
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population. Recently, a novel feedback mechanism of osteoclastic cells on osteoblasts by RANK-receptor 

containing vesicles has been 

described [1]. Therefore, we performed double stainings and detected RANKL and RANK-receptor in GCTB 

tissue pointing to a feedback mechanism also in GCTB.  

GCTB cell lines treated with RANKL diminished proliferation while OPG induced an increase in proliferation. 

Denosumab had no significant effect on proliferation rate.  

Conclusion  

Data confirm a strong impact of Denosumab on GCTB that may influence progression to sarcoma or give 

rise to a sarcoma not clonally related to the initial GCTB.  

The RANKL and OPG axis seems to be disturbed in vitro.  

A positive feedback mechanism via RANK-loaded exosomes might influence growth of GCTB.  

Literaturangaben  
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Hiroshi Suzuki, (2018), Coupling of Bone Resorption and Formation by RANKL Reverse Signalling , Nature, 
195-200, 7722, https://doi.org/10.1038/s41586-018-0482-7 
  

 

AG Knochen-, Gelenk- und Weichgewebspathologie - on demand  

AG07.05  

Low grade fibromyxoid sarcoma vs. sclerosing epithelioid fibrosarcoma – what makes the 
difference?  

E. Wardelmann, S. Elges, J. Sperveslage, M. Trautmann, S. Huss, W. Hartmann  

Gerhard-Domagk-Institut für Pathologie, Universitätsklinikum Münster, Münster, Germany  

Question  

Low grade fibromyxoid sarcoma (LGFMS) and sclerosing epithelioid fibrosarcoma (SEF) are related 

translocation-positive soft tissue tumors, both characterized by MUC4 expression. Morphologically, LGFMS 

are composed of spindled isomorphic fibroblasts in a myxoid or collagenous background whereas SEF show 

a diffuse or trabecular proliferation of epithelioid cells in a sclerosing stroma. A third subgroup, designated as 

LGFMS/SEF, shows morphological patterns of both subtypes. Molecularly, in LGFMS gene fusions involving 

FUS and CREB3L2 represent the most common translocation subtype, with CREB3L1 or CREB3L3 

substituting for CREB3L2 in a subset of cases while in SEF EWSR1-CREB3L1 occur most frequently. Here, 

we evaluated 38 cases of all three subtypes to correlate clinicopathological and molecular data.  
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Methods  

In the GIST- and sarcoma registry Münster, 38 cases were retrieved between 2010 and 2019, including 20 

LGFMS, 13 SEF and 5 LGFMS/SEF.  

Results  

The group of LGFMS patients displayed a mean age of 40 years, the SEF patients of 44 years and the 

LFGMS/SEF cases of 47 years. Nearly half of all tumors were located in the extremities (12 lower, 6 upper 

limbs), the trunk was affected in 8, the abdomen/pelvis in 7, and the head and neck region in 3 patients. 

Mean tumor size was 10.6 cm in the whole cohort with LGFMS being significantly smaller than SEF (LGFMS 

9.4 cm/ SEF 11.8 cm). Comparison according to translocation subtypes showed that EWSR1-translocated 

tumors were larger than FUS-translocated lesions (mean 13.4 cm vs. 10.4 cm). 

All LGFMS displayed FUS-translocations whereas EWSR1-translocations occurred in about half of the SEF 

and LGFMS/SEF cases instead. In 6 patients, metastases to liver, lung and/or bone were present at primary 

diagnosis; in 3 additional cases, metastases occurred in the course of the disease. Even after tumor-free 

intervals of 252 months (240 months) local recurrences (lung metastases) occurred. 6 out of 9 recurrent 

tumors were SEF or LGFMS/SEF, implying a more aggressive biological behaviour of these subgroups 

compared to LGFMS.  

Conclusion  

LGFMS, SEF and LGFMS/SEF hybrid tumors are characterized by constant MUC4-positivity and similar 

FUS-/EWSR1-gene fusions with different CREB3-like genes (CREB3L1/2/3). However, there is evidence of 

relevant differences between these tumors concerning age, location, size and tumor biology which have to 

be confirmed by further, currently ongoing data acquisition.  
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Question  

Detection of disease-defining translocations in sarcomas has been gradually incorporated in routine 

diagnostics. We present a consecutive series of mesenchymal and sarcomatoid tumors of soft tissue and 

bone, which were subjected to targeted RNA-based next-generation sequencing (NGS) for the identification 
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of gene fusions.  

Methods  

Formalin-fixed and paraffin-embedded (FFPE) tumor samples from 118 patients were screened using 

specific fusion assays (Archer FusionPlex Sarcoma or, in a few cases, Archer FusionPlex Solid tumor).  

Results  

The great majority of tumor samples (92%) met the quality criteria and were successfully sequenced. Gene 

fusions were detected in 63 cases, including among others 19 Ewing´s sarcomas (EWSR1-FLI1 and 

EWSR1-ERG), 4 CIC rearranged round cell sarcomas (CIC-DUX4), 2 alveolar rhabdomyosarcomas (PAX3-

FOXO1), 1 mesenchymal chondrosarcoma (HEY1-NCOA2), 8 myxoid liposarcomas (FUS-DDIT3 or 

EWSR1-DDIT3), 1 cutaneous clear cell sarcoma (EWSR1-ATF1), 1 myoepithelioma (EWSR1-PBX3), 1 

primary pulmonary myxoid sarcoma (EWSR1-CREB1), 2 synovial sarcomas (SS18-SSX1 and SS18-SSX2), 

2 low-grade fibromyxoid sarcomas (FUS-CREB3L2), 2 dermatofibrosarcoma protuberans (COL1A1-

PDGFB), 2 inflammatory myofibroblastic tumors (EML4-ALK and SQSTM1-ALK), 1 congenital infantile 

fibrosarcoma (CIF; ETV6-NTRK3), and 1 biphasic sinonasal sarcoma (PAX3-FOXO1). In one of five USP6-

rearranged lesions, SP7 was found as a new USP6 fusion partner in an aneurysmal bone cyst. Rare fusion-

positive cases included FUS-NFATC2 spindle cell sarcoma of bone and benign giant-cell rich lesion of bone, 

EWSR1-PATZ1 sarcoma of bone, and PTBP1-MAML2 composite hemangioendothelioma with 

neuroendocrine marker expression. Finally, an EML4-ALK fusion was found in one cervical sarcoma and one 

high-grade endometrial stromal sarcoma. The broad spectrum of fusion-negative cases ranged from benign 

tumors (e.g. cellular angiofibroma) over undifferentiated sarcomas to sarcomatoid carcinomas and 

dedifferentiated melanomas.  

Conclusion  

Our data show that RNA-based targeted NGS is a sensitive and precise ancillary method for the detection of 

disease-defining gene fusions in FFPE samples of mesenchymal tumors, identifies novel fusion partners, 

and rare entities of fusion-associated sarcomas. Besides aiding diagnosis, this approach also identifies drug 

targets. These rare tumor entities should be prospectively analyzed for their biological and clinical 

significance in consortial programs.  
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Question  

Sclerosing epithelioid fibrosarcoma (SEF) is an aggressive soft tissue sarcoma. In the majority of cases, 

there is overexpression of MUC4 and most cases show EWSR1-CREB3L1 gene fusions. A subset of SEF 

displays composite histological features of SEF and low-grade fibromyxoid sarcoma (LGFMS). These 

“hybrid” tumors are more likely to harbor the FUS-CREB3L2 fusion, which is also seen in most LGFMS.  

Methods  

We here characterize a series of eight soft tissue neoplasms with morphological features highly overlapping 

with LGFMS and SEF but lacking MUC4 expression and EWSR1/FUS-CREB3L gene fusions. Next 

generation sequencing using RNA panels was applied to all cases as well as validating FISH testing.  

Results  

Seven tumors showed fusions of the YAP1 and KMT2A (Y-K) genes, and one had a fusion of PRRX1 and 

KMT2D (P-K); all but one case displayed reciprocal gene fusions. At gene expression profiling, Y-K/P-K 

tumor were distinct from LGFMS/SEF. The patients were 4 females and 4 males aged 11 to 91 yrs. Tumors 

with known locations were in the lower extremity (5), trunk (2), upper extremity (1); three originated in acral 

locations. Tumor size ranged from 2.5-13 cm. Proportions of SEF- and LGFMS-like areas varied 

considerably among tumors. All tumors showed infiltrative growth and mitotic figures per 10 high power fields 

ranged from 0 to 18. Follow-up was available for 5 patients (11-321 months), two of them developed local 

recurrences and one died of metastatic disease.  

Conclusion  

YAP1-KMT2A fusions sarcoma represents a distinctive subset of sarcomas in the spectrum of LGFMS/SEF. 

They likely represent the reported MUC4-negative small subset of LGFMS/SEF. The clinical behavior of 

these soft tissue sarcomas remains to be further delineated in larger series with extended follow-up, however 

our limited clinical data indicate that they are potentially aggressive.  
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Question  

Podocyte foot process effacement and progressive detachment from the glomerular basement membrane 

(GBM) are uniform patterns of severe glomerular diseases. This pathogenic cascade commonly results in 

focal segmental glomerulosclerosis (FSGS) and ultimately glomerular scarring. So far it was rather unclear 

which protein networks mediate efficient adhesion of podocytes towards the GBM and if this interaction also 

might functionally influence this basement membrane. 

Methods  

A broad repertoire of conditional and inducible knockout mouse models targeting Epb41l5 were employed to 

study the functional role in vivo. In particular, histology, confocal immunofluorescence as well as correlative-

light-electron microscopy approaches were employed. These in vivo studies were complemented by 

quantitative matrisome and secretome proteomics (SILAC, TMT). CRISPR/Cas9 modified podocyte cell 

lines, complex cell culture approaches, as well as in vitro generated extracellular-matrix assays.  

Results  

Detailed histological workup as well as ultrastructural analysis of conditional and inducible Epb41l5 

knockout mice revealed a pronounced alteration of the glomerular basement membrane characterized by 

thickening as well as focal splittering of this specialized basement membrane. In line with these in vivo 

observations, EPB41L5 knockout podocytes showed a pronounced deficiency in synthesis and assembly of 

extracellular matrix structures (ECM). Employing ECM and secretome proteomics we detected significant 

changes in matrisome signatures (e.g. lower levels of laminin-a-5) between knockout and wild type 

podocytes. Co-culture and ECM-transfer experiments demonstrated a clear inferiority of ECM-derived from 

EPB41L5 knockout podocytes when compared to wild type controls. Mechanistically, decreased levels of 

inherent cellular contractility were identified as an underlying cause of impaired ECM-synthesis and 

assembly due to EPB41L5 deficiency. Analysis of glomerular biopsy specimens revealed pronounced 

reduction of EPB41L5 in disease entities such as diabetic nephropathy or FSGS. 

Conclusion  

Our results demonstrate a novel role for the podocyte specific adhesion protein EPB41L5 in determining the 

integrity and microstructure of the glomerular basement membrane. These findings point towards a central 

gatekeeper function of EPB41L5 in modulating podocyte function, given the dramatic expressional decrease 
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of EPB41L5 in various glomerular disease entities. 

  

 

AG Herz-, Gefäß-, Nieren- und Transplantationspathologie - on demand  

AG08.06  

Deep-learning based classification of glomerular disease patterns.  
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Pathologisches Institut, Universitätsmedizin Mannheim, Mannheim, Germany  

Question  

Die drei Kompartimente des Nierenparenchyms (Glomeruli, Gefäße und Tubulointerstitium) weisen 

unterschiedliche Veränderungsmuster auf, die verschiedenen Erkrankungen zugeordnet werden können. 

Das Ziel dieses Projektes war es, mit den Methoden des Maschinenlernens Tools zu entwickeln, die eine 

maschinenbasierte Erkennung der glomerulären Erkrankungsmuster ermöglichen.  

Methods  

Ein Bilddatensatz mit mehreren Tausenden Varianten der normalen glomerulären Morphologie und der 

prototypischen glomerulären Erkrankungsmuster wurde vorbereitet (u.a. normale Niere, diabetische 

Glomerulosklerose, mesangiale Proliferation, membranoproliferative Glomerulonephritis, Nekrose und 

extrakapilläre Proliferation, Amyloidose, segmentale und globale Glomerulosklerose). Die Bilder wurden 

einem überwachten deep-learning mit convolutional neural networks zugeführt.  

Results  

Mithilfe des deep-learning mit convolutional neural networks konnte eine automatisierte Erkennung der 

glomelurären Erkrankungsmuster mit einer Genauigkeit von vorerst 80% erzielt werden. Ungenauigkeiten 

traten – ähnlich wie bei humaner Evaluation – z.B. bei der Abgrenzung einer geringgradigen mesangialen 

Expansion vom Normalbefund und bei der Abgrenzung einer extrakapillären Proliferation von einer 

segmentalen Sklerose.  

Conclusion  

Deep-learning mit convolutional neural networks scheint für die bildmorphologische Evaluation der 

glomerulären Erkrankungsmuster grundsätzlich geeignet zu sein.  
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A novel model of primary renal fibrosis  
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Question  

The pathological outcome of progressive chronic kidney diseases (CKD) is fibrosis. Understanding fibrosis 

and its mechanisms is a key element needed for finding ways to stop and prevent progressive organ 

damage. However, in all current animal models, fibrosis is a secondary process induced by a primary insult 

most often targeting the epithelium, endothelium or inflammation. This makes it hard to decipher, which 

mechanisms are specifically involved in fibrosis. Here, we present a novel model of primary fibrosis in the 

kidney.  

Methods  

To induce primary renal fibrosis we used transgenic mice with a constitutively active Platelet-derived Growth 

Factor Receptor β (PDGFR-β) under the mesenchymal promoter FoxD1.  

Results  

Transgenic mice developed spontaneously renal interstitial fibrosis and mesangial glomerular sclerosis with 

mesangial hypercellularity. In later fibrosis stages secondary tubular damage appeared and renal function 

declined. The transgenic mice developed anemia, a typical finding in patients with advanced CKD. All this 

occurred with only late and mild inflammatory reaction, although array analyses showed a prominent 

involvement of interferone response genes. Inducing disease models in the transgenic mice led to an 

aggravated disease course. . On the other hand, blocking the PDGFR-β signaling using the tyrosine kinase 

inhibitor imatinib halted disease progression.  

Conclusion  

In conclusion, activation of PDGFR-β in renal mesenchymal cells induces progressive “pure” renal fibrosis, 

leading to organ injury and mimicking some characteristic findings of CKD in patients. Our model might be a 

valuable tool to highly-specifically study the mechanisms and consequences of renal fibrosis. Our data also 
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provide experimental evidence that fibrosis is not simply a consequence of kidney injury, i.e. wound-healing, 

but per se is detrimental and leads to progression of renal disease.  
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Analysis of the podocyte specific matrisome composition via mass spectrometry based quantitative 
proteomics  

J. I. Maier  

Universitätsklinikum Freiburg, Institut für Klinische Pathologie, Freiburg, Germany  

Question  

Glomerular epithelial cells (i.e. podocytes) are critically required for the integrity of the kidney filtration barrier. 

As podocytes are exposed to continuous physical forces such as filtration pressure, they heavily rely on a 

tightly balanced adhesion machinery. Recently, it has been demonstrated that the podocyte specific protein 

EPB41L5 is essential for podocyte function [1]. However, additional features for EPB41L5 in podocytes are 

not known to date. Here, we tested our hypothesis whether EPB41L5 might modulate the extracellular matrix 

(ECM) composition [2].  

Methods  

In order to characterize the ECM on a global level, optimized workflows for efficient decellularization were 

established (Fig. 1) and subsequent analysis of the abundance of matrisome proteins was conducted via 

quantitative proteomics. Furthermore, the matrisome datasets were validated employing western blot and 

immunofluorescence. CRISPR/Cas9 modified cell lines were used for further functional analysis.  
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Fig. 1: This schematic demonstrates the optimized workflows for efficient decellularization and preparation of 
podocyte derived ECM for further analysis. 
 
 
Results  

The matrisome analysis of EPB41L5 knockout and wildtype podocytes showed an obvious change in the 

composition of matrisome core and matrisome associated proteins (e.g. COL4A2, LAMA5, LAMC1, FN1). 

Interestingly, a strong reduction of the ECM crosslinking protein transglutaminase 2 (TGM2) was detected. 

Inhibition of TGM2 via Cystamine resulted in a phenocopy of EPB41L5 knockout in podocytes characterized 

by diminished ECM synthesis. Moreover, Cystamine treatment affected cell spreading and focal adhesion 

quantity. Evaluation of EPB41L5 knockout derived ECM demonstrated a pronounced inferiority in mediating 

polarization of reseeded and co-cultured endothelial cells.  

Conclusion  

Global proteomic characterization of EPB41L5 knockout derived ECM revealed pronounced impact on 

matrisome protein composition. In addition, a potential mechanism via downregulation of TGM2 could be 

identified. Based on these observations, a significant influence of EPB41L5 on the ECM composition and 

organization and thereby on physiological functions of the glomerular basement membrane was 

demonstrated. Further in vivo studies and cross-validation in human glomerular biopsies need to be 

performed to evaluate the relevance of EPB41L5 as a prospective marker for progressive podocyte 

diseases.  
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Reducing the high sampling error of diagnostic endomyocardial biopsies in clinically suspected 
myocarditis – primary fixation of all biopsy probes in RNAlater und afterwards embedding in paraffin 
and/or Epon-Araldite for microscopic studies  

G. Mall  

Pathologie im MVZ am Klinikum, Darmstadt, Germany  

Die Größe von Endomyokardbiopsien beträgt 2-3 mm. Die Wahrscheinlichkeit, einen Entzündungsherd zu 

treffen, ist oft gering. Dies spielt vor allem dann eine Rolle, wenn es auf die Differenzialdiagnose 

Autoimmunmyokarditis versus Virusmyokarditis ankommt. Die Primärfixation in RNAlater ermöglicht eine 

optimale Myokard-Histologie und Immunhistochemie an Paraffinschnitten 

und eine sehr gute Elektronenmikroskopie an Kunststoffschnitten. Diese Methode hat 2 Vorteile:  

1. RNA Viren können nach RNAlater-Fixation auch in geringer Kopienzahl nachgewiesen werden und dshalb 

bietet die Methode diagnostische Sicherheit. 

2. In Fällen, in denen sich aus Klinik und Histologie Hinweise auf eine ungewöhnliche genetische 

Erkrankung des Herzens ergeben, ist eine elektronenmikroskopische Untersuchung am Kunststoffschnitt mit 

optimal erhaltener Ultrastruktur möglich.  
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Left ventricular assist devices (LVAD) are currently used to either "bridge" patients with terminal congestive 

heart failure (CHF) until cardiac transplantation is possible or optionally for those who are ineligible for 

transplantation ("destination therapy"). Mechanical support is associated with a marked decrease of cardiac 

dilation and cardiomyocyte hypertrophy as well as numerous cellular and molecular changes ("reverse 

cardiac remodelling"), which can lead to ameliorated cardiac function in a subset of patients ("bridge to 

recovery"), in which the device can be removed without a further need for cardiac transplantation 

("weaning"). Gene expression profiles have demonstrated that individuals who recover after LVAD show 

different gene expression than those who do not respond to ventricular unloading. Molecular systems altered 

during unloading encompass signal transduction, transcriptional regulation, cell stress proteins, apoptosis, 

matrix remodelling, neurohormonal activation and inflammatory mediators. A significant decline of both the 

number of polyploid cardiomyocyte nuclei and the individual cardiomyocyte DNA content as well as a 

significant increase of binucleated cardiomyocytes after mechanical support could be demonstrated, 

suggesting an increase of diploid cardiomyocytes either through cell cycle progression with completion of 

mitosis or by increased proliferation of stem cells. In fact, an increase of ABCG2/BCRP+ side population 

stem cells is observed after LVAD, suggesting a role for stem cell proliferation during "reverse cardiac 

remodelling". In summary, these changes on numerous cellular and molecular levels can be viewed as the 

biological basis of cardiac recovery observed in a number of CHF patients treated with LVAD systems. In 

combination with pharmacological approaches, these data not only help to significantly improve the quality of 

life of affected individuals, but also provide important insight in the regenerative capacities of the human 

myocardium. 
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Hautinfektionen sind ein häufiges Problem in der dermatologischen Praxis. Für viele dieser Erkrankungen 

stehen kulturelle und/oder serologische Methoden zur Diagnostik zur Verfügung. Es gibt jedoch auch 

Erreger, die nur schwer kultivierbar sind oder bei denen die Serologie nicht verlässlich ist. Mitunter ist das 

klinische Bild auch untypisch, so dass nicht gleich an eine Infektionskrankheit gedacht wird. Daher bleibt die 

Hautbiopsie ein wichtiger Baustein in der Diagnostik von Hautinfektionen. Wenn ein Direktnachweis des 

vermuteten Erregers histomorphologisch auch unter Zuhilfenahme von Spezialfärbungen oder 

Immunhistochemie nicht möglich ist, kommt der genauen Analyse des Infiltratmusters, der 

Infiltratzusammensetzung und möglicher epidermaler Veränderungen große Bedeutung zu. Es wurden 

zahlreiche Infiltratmuster (Patterns) definiert, die auf bestimmte Erreger hinweisen können. Für den 

Histopathologen ist es wichtig, diese Reaktionsmuster zu kennen, da er den Kliniker auf die zur Bestätigung 

der Infektion notwendige Zusatzdiagnostik (Kultur, Serologie) aufmerksam machen sollte. Das Paraffin-

eingebettete Material kann außerdem durch molekularbiologische Verfahren wie in-situ-Hybridisierung oder 

PCR gezielt auf bestimmte Erreger untersucht werden. Diese Diagnostik ist zwar bisher nur nach GOÄ 

abrechenbar, jedoch in bestimmten Konstellationen (z.B. bei der frühen Borreliose oder auch bei 

Leishmanien-Infektionen) den serologischen und kulturellen Methoden in Präzision und Praktikabilität 

überlegen. Studien mit molekularbiologischer Erregerdiagnostik aus Biopsiematerial haben in den letzten 

Jahren wesentlich dazu beigetragen, das histomorphologische Spektrum erregerbedingter Hautinfiltrate 

besser zu charakterisieren. Im Vortrag soll auf neue oder noch wenig bekannte Reaktionsmuster und auf 

differenzialdiagnostische Schwierigkeiten bei der Diagnostik von Hautinfektionen aufmerksam gemacht 

werden. Die sinnvolle Einbindung molekularer Diagnostik als nachgeschaltete Methode in der 

Dermatopathologie wird unter erkrankungsspezifischen Gesichtspunkten erörtert.  

 

 

 

 



167 
 

AG Dermatopathologie - on demand  

AG09.03  

The sentinel node invasion level (SNIL) – a simple, non-metric classification for sentinel node tumor 
burden in melanoma  
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Universitätsmedizin Göttingen, Göttingen, Germany, 4Institut für medizinische Statistik, Universitätsmedizin 
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Question  

In the light of new adjuvant melanoma therapies, we aimed to improve a new pathologic staging by 

introducing the sentinel node (SN) invasion level (SNIL) as a simple, non-metric classification of nodal tumor 

burden. 

Methods  

The SNIL describes which intranodal microanatomic structures are infiltrated by melanoma cells, taking into 

consideration the SN with the highest tumor burden. The tumor burden categories were defined as follows: 

SNIL 0 – SN-negative; SNIL 1 - melanoma cells confined to intracapsular lymph vessels, subcapsular 

sinuses or intermediate sinuses; SNIL 2 – melanoma cells infiltrate the cortex or paracortex; SNIL 3 – 

metastasis infiltrating the medulla or the fibrous SN capsule. In the present study we investigated 1,250 

patients with a SN biopsy (SNB), thereof 344 patients were SN-positive (median follow-up time 75 months) 

and compared the SNIL with established SN tumor burden classifications. 

Results  

In multivariate analyses, the SNIL allowed separating three clearly distinct groups of SN-positive patients 

with regard to their prognosis. The 5-year melanoma-specific survival (MSS) rates for patients classified as 

SNIL 1, SNIL 2, and SNIL 3 were 91.4 %, 83.5 %, and 31.7 %, respectively. After adjustment for Breslow 

index, ulceration, and age, the MSS of patients classified as SNIL 1 was virtually identical to that of SN-

negative patients. The accuracies of the AJCC N-classification, the Rotterdam- and the S-classification were 

confirmed. The maximum diameter of the largest SN metastasis and the tumor penetrative depth were not 

significant predictors in cases classified as SNIL 1. 

Conclusion  

The SNIL is a simple SN tumor burden classification that can assist in individual decisions for or against 

adjuvant therapy. 
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Pediatric Melanocytic Neoplasm  

K. Busam  

Memorial Sloan Kettering Cancer Center, Dermatopathology, New York, United States  

The lecture will review a range of melanocytic neoplasms that can affect children. The focus will be on 

diagnostic problems, such as the distinction of proliferative nodules from melanoma in the setting of a giant 

congenital nevus or the distinction of a benign Spitz tumor from a Spitz melanoma. Clinical context, 

microscpic features, and the value of ancillary studies for diagnosis, such as immunohistochemistry, 

cytogenetic and mutation analysis will be discussed.  
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1Department of Pathology, Memorial Sloan Kettering Cancer Center, New York, United States, 2University 
Hospital, Department of Biomedicine, Basel, Switzerland, 3Virchow Hospital/Charite, Pediatric Pathology, 
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Question  

Cancer Testis antigens were originally named after their (supposedly) prototypical expression pattern, since 

they were found in normal adult tissues solely in testicular germ cells and in a variety of malignant 

neoplasms. Based on this tumor-associated expression pattern, CT antigens are considered ideal targets for 

cancer immunotherapy. Interestingly, little is known about their potential presence in other tissues, especially 

in fetal organs.  

Methods  

We analyzed formalin-fixed paraffin embedded tissues from 52 thymi (week 15-42), 50 placentas (week 5-

42) and 15 fetal ovaries (week 13-40) by immunohistochemistry for the presence of the following CT 

antigens (using the following mAbs): MAGE-A1 (mAb MA454), MAGE-A4 (mAb 57B), MAGE-C1/CT7 (mAb 
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CT7-33), NY-ESO-1 (mAbs E978 or ES121); placenta and thymus were also analyzed for GAGE (mAb #23) 

and MAGE-C2/CT10 (mAb CT10#5).  

Results  

In thymus, 39/52 cases showed expression of at least one CT antigen and 13 remained negative. Most 

commonly expressed were MAGE-A4, CT7, and CT10. No thymus was positive for NY-ESO-1. In placenta, 

the most dominant CT antigens were MAGE-A4, which was present in the trophoblast at all gestational ages. 

Presence of NY-ESO-1, GAGE and CT7 was restricted to first and second trimester placentas and less 

homogeneous. CT10 and MAGE-A1 were negative in all tested placentas. In fetal ovary, the most abundant 

antigens were CT7 and MAGE-A4, which were both present in a high number of oogonia and at all tested 

gestational ages. NY-ESO-1 and MAGE-A1 were only focally positive in a small subset of germ cells. 

Conclusion  

Opposite to their name, expression of Cancer Testis antigens in normal tissue is not restricted to testicular 

germ cells. They are also present in fetal ovary, placenta and thymus. Since the biological function of CT 

antigens remains largely unknown, interpretation of the expression pattern in the tested tissues remains 

speculative. Their presence in oogonia mirrors their expression in spermatogonia in adult testis, and 

consequently CT antigens appear to play a similar role in germ cell maturation of both organs. Interestingly, 

in thymus, the most prevalent expression is seen in CT antigens which are the least immunogenic while NY-

ESO-1, which remained completely negative, is the most immunogenic CT antigen in the autologous host in 

cancer patients. In placenta, CT antigens may exert an immunological function preventing a detrimental 

immune reaction at the maternal/fetal interface.  
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Question  

Ewing sarcoma (EwS) is a highly aggressive bone-associated cancer with an undifferentiated small-round-
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cell phenotype. Using comparative transcriptomics and immunohistochemistry, we previously identified the 

proteins BCL11B and GLG1 to be highly specific for EWSR1-FLI1-positive EwS among morphological 

mimics. In the current study, we aimed at validating the high specificity of both potential diagnostic markers 

in a larger series of EwS and other small-round-cell tumors, and at answering the question whether they are 

also suitable for diagnosing EwS with non-FLI1 fusion partners.  

Methods  

Tissue microarrays (TMAs) were generated comprising 133 molecularly confirmed EwS cases and 320 

samples from morphological mimics. TMAs were stained for BCL11B, GLG1 and CD99, and 

immunoreactivity scores (IRS) were determined by three independent observers. Statistical analyses were 

carried out to define optimal cut-offs and sensitivity/specificity of the potential markers.  

Results  

We confirmed that high BCL11B and/or GLG1 IRS in CD99-positive EwS samples are diagnostic for EwS 

with a specificity of 97.5% and a sensitivity of 63.2% (IRS cut-offs for BCL11B and GLG1 >6 and >9, 

respectively). Only negligible heterogeneity in IRS was observed across TMA cores taken from the same 

tumor, suggesting robustness of the proposed marker combination even in small biopsies. In addition, 

BCL11B and GLG1 also qualified for diagnosing EwS in EWSR1-ERG-positive cases, which is consistent 

with ChIP-Seq data for EWSR1-ERG and -FLI1 demonstrating binding of these fusion oncoproteins to super-

enhancers closely located to BCL11B and GLG1.  

Conclusion  

Collectively, we validated BCL11B and GLG1 as robust immunohistochemical markers that may help to 

diagnose EwS in conjunction with CD99, especially when molecular pathology techniques are not available.  
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Question  

Wilms tumors are the most common pediatric renal tumor, occurring mostly before the age of six. They are 

believed to arise from renal precursor cells having failed to differentiate properly with disarrayed 

blastematous, epithelial and stromal elements. While current treatment protocols are successful in 90% of 
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low-risk and intermediate-risk patients, treatment in advanced, anaplastic or relapsed disease remains 

challenging. The immune tumor microenvironment (TME) provides insights into tumor evolution as well as 

novel treatment strategies. Here we examined systematically the expression of known stem cell genes and 

infiltrating immune cells in Wilms tumors.  

Methods  

Microarray mRNA gene expression datasets (GSEs) from clinico-pathologically annotated Wilms tumors 

within public archives (Gene Expression Omnibus, GEO) were used to assess expression of known stem cell 

markers and to characterize the immune TME. 53 cases were obtained from SIOP studies (Europe) and 306 

cases from COG studies (North America). We determined the relative fraction of 22 immune cell types using 

CIBERSORT, a deconvolution algorithm. To validate our findings, we performed immunohistochemical 

analysis of selected immune cells in tumor tissue microarrays (TMA) in Wilms tumors (n=175).  

Results  

GSEs of 359 primary Wilms tumors were analyzed showing high expression of HIF1 alpha, catenin beta 1, 

lysine demethylase 5B and nestin. While in COG protocols tumor tissue is obtained prior to adjuvant 

chemotherapy, patients treated in Europe (SIOP) receive chemotherapy prior to surgery, thus allowing 

assessment of pre- and post treatment immune profiles. Histological data was available in 341 cases (95%). 

160 cases (44.6%) showed a triphasic subtype, 146 cases (40.7%) were classified as blastemal subtype, 27 

cases (7.5%) were of a predominantly epithelial and 8 cases (2.2%) of a predominantly stromal subtype. 

CIBERSORT analysis showed that CD8+ T cells and M2 macrophages were the predominant immune cell 

fractions in Wilms tumors. Density and distribution of macrophage infiltrates was semi-quantified in Wilms 

tumors by immunohistochemistry, showing a predominance of CD163 positive macrophages in stromal rich 

areas, whereas blastemal tumor areas were macrophage poor.  

Conclusion  

Further studies are necessary to confirm this computational approach using immunohistochemistry to assess 

whether these findings open up novel immunotherapeutic treatment options in clinically advanced, 

histologically unfavorable or relapsed tumors.  
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Question  

Despite advances in the treatment of neuroblastoma, patients with high-risk disease still have dismal survival 

prognosis. Neuroblastoma cells display elevated expression of the anti-apoptotic BCL-2 proteins, suggesting 

that BH3-mimetics may be a promising treatment option. Here, we investigated the role of BCL-2, BCL-XL 

and MCL-1 in neuroblastoma.  

Methods  

A panel of neuroblastoma cell lines and primary patient-derived cells were exposed to BH3-mimetics 

targeting BCL-2 (ABT-199), BCL-XL (A1331852) or MCL-1 (S63845). In addition, protein expression and 

interaction patterns were analysed using Western blotting and immunoprecipitation.  

Results  

All tested BH3-mimetics were able to induce apoptosis in neuroblastoma cell lines, indicating that not only 

BCL-2, but also BCL-XL and MCL-1 may be promising therapeutic targets. Primary patient-derived cells 

displayed highest sensitivity to A1331852, highlighting the important role of BCL-XL in neuroblastoma. 

Further analysis into the molecular mechanism of apoptosis revealed that A1331852 and S63845 displaced 

pro-apoptotic proteins like BIM and BAK from their anti-apoptotic targets, subsequently leading to activation 

of BAX and BAK and caspase-dependent apoptosis.  

Conclusion  

By using selective BH3-mimetics this study demonstrates that BCL-2, BCL- XL and MCL-1 are all relevant 

therapeutic targets in neuroblastoma. A1331852 and S63845 induce rapid apoptosis that is initiated following 

a displacement of BAK from BCL-XL or MCL-1, respectively.  
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Question  

DICER1-mutant intracranial sarcoma with rhabdomyosarcoma-like features are recently defined extremely 

rare neoplasms occurring predominantly in childhood.  

Methods  

We report the case of an 8-year-old female, who presented with hemiparesis of the left side. MRI revealed a 

tumor located in the right frontoparietal hemisphere, which was surgically completely removed. The resected 

tissue measured 2 cm and consisted of partly bloody, partly soft, and partly myxoid fragments. Histological 

and immunohistochemical examinations were performed.  

Results  

Histologic examination showed a highly cellular neoplasm consisting of elongated spindle cells partly with 

elongated pleomorphic nuclei including bizarre nuclear features. A subset of cells displayed clear 

rhabdomyoblastic morphology 
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HE: Area of the tumor rhabdomyoblastic features 
 
with distinct nuclear expression of Myo D1 and Myogenin. The diagnosis of an atypical rhabdoid tumor 
(ATRT) was ruled out documenting retained nuclear expression of INI-1. Further negative 
immunohistological markers were: S100, CD99, GFAP, Synaptophysin and CD56. Based on morphology 
and the immunohistochemical pattern, initially the diagnosis of rhabdomyosarcoma of the brain was favored. 
Further investigations revealed that the tumor belonged to the methylation class of a sarcoma with DICER1-
mutation, corresponding to the recently proposed entity of intracranial sarcoma with rhabdomyosarcoma-like 
features, DICER1-mutant (SCS-RMSlike-DICER1). 
  
Conclusion  

In the past, intracranial sarcoma harboring DICER1-mutation have not been investigated extensively due to 
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their rarity and insufficient follow-up. Previous studies have demonstrated that PIRMS commonly affects 

children and young adults, as observed in the present case. The prognosis is poor with an overall survival of 

only 9.1 months; however, prolonged survival with the use of multimodal treatment has recently been 

reported. This case once again demonstrates the link between PIRMS and DICER1-mutation, and provides 

further evidence for this probably distinct entity.  
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Question  

Peritoneal malignant mesotheliomas (PMMs) are rare tumors primarily restricted to adult patients and 

attributable to asbestos exposure in a substantial number of cases. PMMs occurring in young patients 

without previous exposure to asbestos are extremely rare. We here describe a case of a young male patient 

with mesothelioma with a CHEK1 and NF1 mutation. 

Methods  

A 13-year-old boy was admitted to hospital for general malaise, anemia and fevers. He was investigated to 

rule out a haematological malignancy. CT-imaging studies revealed a large mesenterial mass in the pelvis. 

Biopsies were taken and later a debulking resection specimen was received. Routine stains and 

immunohistochemical stains were performed. Furthermore, molecular testing was undertaken. 

Results  

Histological examination of the specimens revealed a proliferation of atypical epithelioid cells which strongly 

expressed calretinin and CK5/6, compatible with epithelioid PMM. The expression of BAP-1 was retained in 

the tumor cells. Using NGS (oncomine assay) mutations were detected in the NF1 and CHEK1 gene, but 

genetic alterations frequently found in PMMs, such as p16, BAP-1 and NF2 mutations, were not found. Since 

NF1 mutations have not been described in mesotheliomas, the question raised whether the patient could 

have a NF1 germline mutation. 

Conclusion  

The diagnosis of a PMM (epithelioid subtype) in a child is already a very rare diagnosis. The combination of 

a CHEK1 and NF1 mutation has not been reported in the literature yet. The CHEK 1 mutation has been 
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reported before and so has been a NF2 mutation. However, NF1 does not seem to be a recognized mutation 

in PMMs, but a recognized germline mutation of neurofibromatosis type 1 with an increased risk of MPNST, 

glioma, GIST, pheochromocytoma, rhabdomyosarcoma, breast cancer and leukaemia. Further clinical 

investigation revealed café au lait spots in the boy and his father, who also had a clinical history of an 

Astrocytoma grade 1. This young patient and his family are currently investigated for neurofibromatosis. This 

is the first case of a PMM in a patient with a NF1 mutation in a very likely a background of a 

neurofibromatosis type 1. 
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Question  

Cardiac operations in congenital heart defects during the first months of life are often linked with ‘delayed 

sternal closure’ (DSC). Such DSC resulted from myocardial edema developing intraoperatively. Besides a 

prolonged stay at the intensive care unit this edema requires a further operation to close the chest. Against 

this background we have analyzed the development of the edema development by histology and by 

bioelectrical measurements in neonatal and adult pigs. 

Methods  

5 landrace piglets (2.9±0.5 kg, aged 6-10 d) and 5 adult pigs (30.5±3.9 kg, aged > 3 mos) were 

anaesthetized, intubated and median thoracotomized. The aorta was x-clamped and the hearts were excised 

and incubated at constant temperature (35°C) for 4 hrs. During ischemia a 4-electrode probe was placed at 

the epicardial surface of the left ventricle to continuously measure the bioelectrical properties of the ischemic 

myocardium. By this probe an alternating current (100 Hz – 1MHz) was intermittently (every 5 min) 

applicated using a Handyscope HS 5, TIE PIE with a customized preamplifier. The alternating current at low 

frequencies only passes the extracellular space, while at high frequencies it crosses also the intracellular 

space including membranes. Dividing values at low frequencies by values at high frequencies, the 

extracellular space index can be calculated (ECSIimp). 

Additional to these impedance measurements (IM) specimen were taken from the left ventricle at certain 

intervals to perform ELMI investigations to also analyze the developing, ischemia induced edema (ECSIhisto). 

Since drying and weighing of morphologic specimen is not suitable to distinguish between intra- and 
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extracellular water, grey scale images were used being obtained by ELMI. All such images were analyzed by 

means of the customized computer software HISTO.EXE. 

Results  

Initially, up to 60 min, ECSIhisto was lower than ECSIimp indicating a more distinct extracellular edema. After 

60-min-ischemia at 35°C such differences disappeared. Additionally, IM was used to determine gap junction 

uncoupling (GJU), particularly, if dielectric permittivity at 13 kHz was measured. In neonates GJU occurred 

after 54±5 min vs. 90±7 min in adults (p<0.05). 

Conclusion  

Ischemia induced myocardial edema develops faster in neonates than in adults, which can be evaluated by 

IM and/or ELMI. IM is more advantageous, since not only edema formation but also GJU can continuously 

and atraumatically be analyzed.  
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Question  

Introduction: Microcephaly or rather micrencephaly in the narrow sense is a rare neurological disorder due 

to exogenous or more often genetic factors. The latter conditions are also referred to as ‘primary’ 

microcephaly, occurring in both ‘isolated’ and ‘associated’ or ‘syndromic’ forms. With regard to the relatively 

monomorphic picture of prenatal onset progressive microcephaly and to the enormous genetic heterogeneity 

diagnostic assignment is difficult and requires detailed examination of fetal phenotypes, the identification of 

involved causative genes and the interpretation of novel genetic variants of unknown significance (VUS).  

Methods  

Here we report on five fetuses with prenatal onset of severe ‘primary microcephaly' (MCPH) , three of them 

concerning ‘recurrent’ cases. Termination of pregnancy in the 18th, 19th, 21st and 24th gestational week resp. 
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was followed by syndrome-oriented fetal autopsies, including photographic documentation, radiographic and 

histologic examinations, and also - according to the phenotype - by goal directed molecular analyses.  

Results  

Two of our five cases of MCPH correspond to an isolated form with no accompanying malformations. They 

were assigned to autosomal recessive MCPH5 and MCPH20 by verification of compound heterozygosity for 

a nonsense and a splice site mutation in the ASPM gene and of two compound heterozygous missense 

mutations in the KIF14 gene, resp. Three of the cases were syndromic. One was associated with 

microphthalmia, chorioretinal dysplasia and lymphatic swellings on the back of the feet, and was due to a 

heterozygous de novo stop mutation of the KIF11 gene. A further case showed associated hydrops, 

macrosomia, skeletal and cardiac anomalies in the presence of a homozygous nonsense mutation in the 

WDR81 gene. The third case displayed additional arthrogryposis and malformations of the eye probably 

caused by two single-nucleotide VUS in the PNKP gene, a paternal silent mutation affecting the last base of 

exon 4 likely disrupting splicing and maternal missense variant.  

Conclusion  

Diagnosis of isolated ‘primary microcephaly’ requires molecular panel analysis, covering all 24 known MCPH 

genes for confirmation, statement on recurrence risk and prenatal diagnosis in subsequent pregnancies. 

Under consideration of 'syndromic microcephaly' the knowledge of distinct fetal phenotypes may be helpful 

for goal directed molecular analyses and for the validation and weighting of genetic variants, even VUS. 
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Question  

In assisted reproduction correlation between implantation failure (IF) and endometrial natural killer cells resp. 

of T-cells in the endometrium and correlation between those cells in endometrium and peripheral blood is 

much under debate. We wanted to test this as well as the correlation of cell counts in endometrium with 

those in blood samples.  

Methods  

Endometrial samples (ES) from 37 patients with IF after 8 or more embryo transfers and from 29 fertile 

females (control group, CG) were taken in proliferative and secretion phase. From 12 of the patients with IF 

blood samples (BS) were taken. ES were stained immunohistochemically for CD56, CD16, CD4 and CD8. 

Cell counts were analyzed by the software NuclearQuant (NQ). BS were analyzed by flow cytometry. By a 

created study score quantifying the cell numbers a comparison with NQ-results was established.  

Results  

Counts of CD56 were significantly higher in the proliferative phase in the IF-group compared to CG, but not 

during cycle day 19 to 23. For these days there was only a slight tendency towards elevated cell counts to be 

stated. For CD16 and CD4/CD8 ratio there was no significant difference between IF-group and CG, 

independent of the cycle days. The concordance between cell count in NQ and study score on average was 

79,5 %. There was no positive correlation between endometrial cell count and blood cell counts for CD56, 

CD16, CD4 and CD8 cells. 

Conclusion  

The statistically insignificant augmentation at cycle days 19-23 (implantation window) – which is less 

significant than in most literary sources – points out that CD56 seems to play a role in implantation failure. 

This theory is supported by the augmented CD56-positive cell numbers in proliferative phase of IF-group. 

The missing difference of cell counts for CD16 between IF-group and CG is in accordance with the few 

literary sources studying that topic. The insignificant difference of the CD4/CD8-ratio in the IF-group resp. 

CG in this study is in accordance with literature but still cannot definitely exclude a role of the CD4/CD8-ratio 

in the event of IF. There are only few studies so far treating that topic and more studies are needed to make 

reliable statements. The missing positive correlation of CD56, CD16, CD4 and CD8 cells in blood compared 

to endometrium – so far existing studies here have conflicting results – supports the theory that for these cell 
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count endometrial biopsies should be taken.  
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Question  

Chronic histiocytic intervillositis of unknown etiology (CIUE) is a rare placenta lesion and is associated with 

recurrent miscarriage, intrauterine growth restriction and stillbirth. The polarisation of intervillous CD68+ 

histiocytic cells is not known, yet.  

Methods  

Immunohistochemical evalulation of CD163, CD206, CD209, CD11c and CD18 in a total of 41 placenta 

samples.  

Results  

In CIUE, intervillous CD163+ histiocytes over-express CD11c/CD18 and down-regulate CD206/209. In 

contrast CD163+ decidual and Hofbauer cells have low CD11c/CD18 and higher CD206/CD209 

expressions.  

Conclusion  

Intervillous cells in CIUE are CD163+/CD18+/CD11c+/CD206-/CD209-; CD163 expression indicates M2-like 

polarisation and CD11c/CD18 form the complement receptor 4 (CR4). This could indicate a complement 

mediated trigger for aberrant cell accumulation in CIUE.  
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Question  

Paediatric and Perinatal Pathology (PPP) is a subspeciality of histopathology with different status in the 

English-speaking world in comparison to the German-speaking world. There exists a specialist training for 

paediatric and perinatal pathology in Great Britain, US, Canada and Australia. In Germany, Switzerland and 

Austria, there is no distinct training available for this subspeciality. 

What are the reasons for such differences in the recognition of this subspeciality?  

Methods  

The latest literature of the different pathology associations from overseas and Germany were reviewed and 

compared. It was looked at the PPP training in the Anglo-American world in contrast to the German speaking 

countries. Finally, the financing of PPP was examined and related to the distinct status. 

Results  

There exist three publications related to the standard operation procedures (SOPs) for perinatal autopsies 

from the Royal college of pathologists (UK) discussing different clinical setups. None were available from the 

German pathology association. Similar results were found for paediatric surgical specimens. 

Great Britain, US and Australia require a three-year PPP training, whereas in Germany, Austria and 

Switzerland any Pathologist who completed the general pathology training can diagnose PPP specimens.In 

the Anglo-American world, PPP departments are additionally funded by government bodies and the 

examination of PPP specimens and PPP autopsies could only be reimbursed at designated PPP 

departments. In comparison, in Germany, any pathology department can cover and reimburse the PPP 

service. In Germany, there is no additional funding for PPP services.  

Conclusion  

There are significant differences regarding the training, financial support/reimbursement and guidance by 

official bodies in English-speaking versus German-speaking countries. The Anglo-American approach 

recognizes the differences between paediatric and adult diseases. Paediatric surgical specimens cover 

usually a very different set of diseases than seen in the adult population. For example, life-style acquired 

cancers are extremely rare whereas malignancies, deriving from immature embryological cells and 

developmental abnormalities are relatively common. The subclassification of paediatric malignancies is 

complex and a quick and reliable diagnosis is paramount for the prognosis and therapy. The clinical 

indication for fetal and perinatal post mortems vary also considerably from the indications for adult post 



182 
 

mortems. 
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Question  

Umbilical cord (UC) can display varying lengths and coiling abnormalities, associated e.g. with intrauterine 

fetal death (IUFD), fetal growth restriction, fetal distress, low Apgar scores, fetal congenital anomalies or 

abnormal insertion. Up to now there are very limited studies characterizing the UC concerning length, 

diameter and coiling with respect to maternal gestational diabetes. We studied whether GDM had higher 

coiling index or excessive cord length than controls, adding to the risk profile of these patients.  

Methods  

Placentas of 84 patient (age 20-43 yrs, control: n=55) with additional data (patient and newborn, incl. 

postnatal course) were collected, measured, weighted. UC length and diameter were measured and coils 

counted. Patients were divided according to BMI and clinically proven gestational diabetes (GDM). Statistical 

analysis was performed using Microsoft Excel® and SPSS (IBM®). Assuming that patients with placental 

weight > 600 g might have an undiagnosed GDM, UC diameter, length and coiling were assessed for this 

group additionally.  

Results  

For clinically defined GDM and control group there was no correlation with UC length, number of coils, 

diameter, placental and maternal age, weight at beginning of pregnancy or height. On the other hand, for 

placental weight > 600 g there was a statistical significant correlation between number of coils and UC length 

resp. mother’s height, but none for UC length and placental weight, birth weight, maternal weight, UC 

diameter, maternal age. 

For placentas, < 600 g there was a statistical significant correlation between UC length and placenta resp. 

birth weight, but none between UC length and maternal weight, age or height resp. UC diameter and number 

of coils. 

With regard to coiling (individual and hyper-/hypo-/normocoiling) there were no correlations with maternal 

age, birth weight, child sex and maternal height, neither for placentas < or > 600 g nor clinical diagnosis of 

GDM. For maternal weight and coiling there was only a correlation for placentas < 600 g. No statistical 
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significance was seen for coiling and BMI resp. Apgar score after 5 min. 

Conclusion  

According to our results there was only a correlation between maternal weight and coiling for placentas < 

600 g but none between UC length or coiling or GDM resp. elevated placenta weight, latter being an 

indicator for undiagnosed GDM. These results are in contrast to the only other study published on this 

subject. 
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Question  

Biallelic variants of the FAT4 gene may be associated with two syndromes: Van Meldergem syndrome and 

Hennekam syndrome. While the former is associated with skeletal, cerebral and renal changes, the latter 

typically shows lymphedema. Both have in common a mild to moderate mental disability and a typical facial 

habitus. So far only a small number of patients has been described in the literature.  

Methods  

The routine examination of a 31-year-old female patient in the 23rd gestational week showed cerebral 

abnormalities, missing kidney anlage and IUGR. During the 24th week of pregnancy the findings were 

confirmed by MRI and a pulmonary hypoplasia as well as a small intestine obstruction were detected. The 

molecular genetic analysis showed a compound heterozygosity in the FAT4 gene. Fetocide was performed 

in the 25 6/7 gestational week with subsequent complete autopsy.  

Results  

The autopsy of the female fetus confirmed the severe cerebral malformations. Furthermore, it showed an 

esophageal atresia with fistula formation to the trachea, a hypoplastic distal aorta with a complex course of 

the intraabdominal vessels, a cystic-dysplastic horseshoe kidney and a malformation of the cloacal region 

with external male genitals and agenesis of the vagina. In addition, osseus malformations of the spine and 

arm were found.  
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Conclusion  

Despite of a considerable overlap to VATERL association, the anomalies of brain, extremities, trachea and 

kidney are described in the van Meldergem syndrome. In summary, this case report may expand the 

phenotype associated with FAT4 gene abnormalities. 
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Question  

Placenta accreta spectrum (PAS) defines abnormal adhesion resp. invasion of placental tissue to resp into 

the underlying myometrium. Depending on the depth of myometrial invasion, one distinguishes between 

superficial invasion (placenta accreta; PA), invasion of up to 2/3 (placenta increta; PI) or full myometrium 

thickness (placenta percreta; PP).The latter is often accompanied by penetration of serosa and (rarely) 

underlying organs. Due to diffuse invasion of the myometrium, PP implies hysterectomy.  

Prior research concluded that trophoblast biology is responsible for the “exaggerated” implantation. 

However, nowadays the scarred uterine wall and its pathophysiological environmental conditions are held 

responsible for defective implantation of the placenta.  

Methods  

A 47-year old patient at 27 weeks+4 days of gestation with a history of back wall myomectomy in 2017 was 

referred to hospital with ongoing irregular rectal bleeding. Due to decreasing hemoglobin parameters and 

persistence of symptoms, the patient underwent surgery in which a rupture of the uterine back wall with 

penetration and infiltration of placental tissue into the small intestine was observed. The affected bowel 

tissue was resected, and the baby delivered by caesarian section.  

Results  

Macroscopic evaluation of the small bowel resectate and placenta revealed a mural defect in the intestine 

wall and adherent placenta tissue. Microscopically placental villi were observed on the serosa as well as the 

subserosa. Placenta showed no lesions specific for PP, especially no infiltrates in deep myometrial tissue.  

Conclusion  

While there was no evidence for classic trophoblastic infiltration of uterine wall, especially myometrium, we 



185 
 

conclude that a circumscribed invasion of the placental tissue through the scarred uterine wall had occurred. 

That is typical for PP although in our case the typical diffuse myometrial infiltration, defining PP, was 

excluded. 

Major risk factors for placenta accreta spectrum are placenta previa and previous surgical manipulation of 

the uterus, including ‚superficial‘ damage e.g. uterine curettage or myomectomy.  

There are very few reports about PAS in patients with previous myomectomy. Our case shows, that, even 

though suggestive, not all cases in which placenta tissue penetrates adjacent organs can automatically be 

attributed to PP. Especially when uterine scarring is so deep that there is no myometrium left for invasion, 

PAS should not be diagnosed. 

 

 

Kinder- und Fetalpathologie - on demand  

AG10.16  

Description of a complex, hitherto undiscribed gut malrotation as an incidental finding in an autopsy 
case of a fetus in 26th gestational week.  

M. Brada, E. Haralambieva, M. Reinehr  

Institut für Pathologie und Molekularpathologie, UniversitätsSpital Zürich, Zürich, Switzerland  

Question  

Gut malrotation is a rare developmental anomaly with to date few existing case reports giving insight into this 

poorly understood topic, usually with emphasis on commonly described forms, while unusual presentations 

rarely have been described in detail. Also very little is known about the pathophysiologic background. We 

present a detailed description of our finding of this complex gut malrotation, which to our knowledge has not 

yet been described in current literature.  

Methods  

We performed a complete autopsy of a fetus in the 26th gestational week, who died unexpectedly during 

emergency C-section. A few days earlier surgery of an extensive meningomyelocele had been performed 

with initial uneventful follow up. The parents of the child gave their consent to a full work up. A review of the 

current literature was performed and shall be incorporated in this case presentation.  

Results  

As the leading cause of death we identified a very recent rupture of the Glisson’s capsule with consecutive 

hematoperitoneum. Histological work up of the liver revealed a massive increase in extra medullary 

hematopoiesis. We interpret this finding as stress hematopoiesis in reaction to extensive surgery combined 

with relevant blood loss. Additionally, we incidentally found a complex gut malrotation. The entire colon was 

located on the right side of the abdomen, crossing behind the superior mesenteric artery thereby possibly 
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exerting pressure on the root of mesentery.  

Conclusion  

Prenatal ultrasound and magnetic resonance imaging have improved detection of fetal anomalies. 

Nevertheless this autopsy case illustrates how limited their sensitivity is when it comes to identifying gut 

malrotations, especially in rare and poorly understood forms. This incidentally found complex malrotation is 

the first detailed description of an entirely right sided colon in the abdominal cavity combined with an atypical 

course of the transverse colon. Even though in this case clinical presentation was dominated by the liver 

capsule rupture, the beginning of a hemorrhagic infarction of proximal parts of the small bowel predicts 

possible relevant complications of this malrotation. Once the feeding process would have launched and 

required full bowel function this situation might have culminated in ileus caused by volvulus.  

   

AG11 AG Zytopathologie - virtuelle AG-Sitzung  

 

AG11.02  

Cytological findings in glandular lesions of the uterine cervix  

I. Baltisser  

Institut für Histologische und Zytologische Diagnostik AG, Aarau, Switzerland  

Background: Cervical lesions are a very heterogeneous group, including benign proliferations, 

adenocarcinoma in situ and invasive adenocarcinomas. Some recent developments in the pathology of 

glandular tumours of the uterine cervix make an exact classification of glandular lesions in only the 

cytological specimens more difficult. 

Objectives: The aim of this topic is to give an overview of the status and future perspectives of 

cytomorphological diagnostic and biomarkers in this setting. 

Methods: Our own expertise and literature data were considered and evaluated. We especially covered the 

benign group with microglandular hyperplasia, tubal metaplasia and reactive withdrawal induced changes, as 

well as an adenocarcinoma in situ of usual type and invasive adenocarcinoma of usual type. 

Result and conclusion: Immuncytochemical markers may occasionally take a role in evaluating benign 

endocervical glandular proliferations, the mainstay of their interpretation occurs morphologically in the 

conventional routinely stained smears. Adenocarcinoma in situ of usual type has very characteristic 

cytological criteria, which are reproducible in the daily work and for this HPV-related lesion p16 positivity is a 

very useful marker. The present classification of invasive adenocarcinoma of the endocervix requires 

knowledge of new immunhistochemical and molecular technologies. Due to HPV vaccination we can expect 

a decrease of HPV associated adenocarcinomas and a relative increase of HPV negative, clinically more 

aggressive adenocarcinomas. The cytological features of some groups of non HPV associated 
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adenocarcinomas are not specific. For example, the cytological appearance of an adenoma malignum is 

very difficult to distinguish from reactive glandular epithelium in Pap-stain only. Here, the biomarkers are 

more helpful. 

 

 

AG Zytopathologie - virtuelle AG-Sitzung  

AG11.04  

Thyroid Bethesda System for Reporting Thyroid Cytopathology (TBSRTC): The recent changes for 
practitioners  

S. Canberk  

Ipatimup - Institute of Molecular Pathology and Immunology, University of Porto, Porto, Portugal  

Reflecting the clinical importance of cytomorphological findings is a vital point of any cytology report. In 

thyroid, this is only possible to understanding and interpreting “The Bethesda System for Reporting Thyroid 

Cytopathology (TBSRTC”) and correctly performing in our daily practice. Although, is not perfect, it is a fact 

that TBSRTC became widely-used system by the success of decreasing the number of unnecessary 

surgeries. 

Recently, the second edition of TBSRTC was published, due to the recent advances in the pathological and 

molecular diagnosis of thyroid nodules. We, as daily cytology practitioners, need to update ourselves for 

providing a reproducible framework with the clinicians. 

Following these recent advances and changes in the second edition of TBSRTC, this lecture will be focused 

on; 

- Presence of NIFTP and its effect to the reporting / management 

- Molecular tests that were implemented to the recommendations of gray zone categories 

- Recognizing variants of PTC were encouraged by the second edition due to the effect on the patient 

management. 
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AG Zytopathologie - virtuelle AG-Sitzung  

AG11.03  

Interest of breast fine needle aspiration in 2020. Experience of Institut Curie, Paris  

J. Klijanienko  

Institut Curie, Paris, France  

INTRODUCTION. In recent years, many centers have introduced core-needle biopsy (CNB) as an exclusive 

diagnostic technique of breast lesions. Unfortunately, the use of CNB may be limited by number of targets 

and small target size. Fine needle aspiration (FNA), being simple, rapid, repetitive and non-invasive method 

is an alternative traditionnal diagnostic technique. We present our experience in diagnosis of palpable and 

nony-palpable breast lesions using FNA and CNB. 

 

MATERIAL AND METHODS. We have retrospectively reviewed the representative series of 492 palpable 

breast lesions which were studied by FNA and CNB during the same procedure and 2601 non-palpable 

breast lesions which were studied by FNA and correlated to histology (biopsy, surgical specimen) in a 

second time. 

 

RESULTS. For palpable lesions, FNA sensitivity, specificity, PPV and NPV were : 97%, 100%, 100% and 

53.3%, respectively; whereas in CNB it was 94.7%, 100%, 100%, 43.2%. When both techniques were used 

it was 98%, 100%, 100% and 95% respectively. For non-palpable lesions it was 92.6%, 96.8%, 94.8 and 

95.4% respectively. 

 

CONCLUSION. FNA is an extremely accurate diagnostic method in breast lesions. The concomitant use of 

FNA with CNB seems to be the optimal diagnostic technique. 
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AG11 AG Zytopathologie - on demand  

 

AG11.05  

Cytology of supernatant fluid in lung cancer  

F. A. Flockerzi, M. Dölker, K. Rentz, R. M. Bohle  

Klinik für Innere Medizin, Pneumologie, Universität des Saarlandes, Homburg, Germany  

Question  

In malignant lung cancer a fast and appropriate diagnosis is crucial. So far, gold standard of histopathologic 

diagnosis is a histological treatment of a biopsy. Besides standard cytological methods (bronchoalveolar 

lavage, endotracheal aspiration) an additional method of diagnosis could be cytology of supernatant fluid. 

Methods  

n=564 biopsies and supernatant fluids were under suspect of a malign lung tumor. The findings were treated 

retrospectively and supplemented with additional information, such as further clinical reports of the patients. 

In case of supernatant fluid, cytospin and HistoGel-based cell blocks were analyzed. Results of histology and 

standard cytological methods were compared with results of cytology of supernatant fluid. The statistical 

analysis was based on the Chi-squared test, Fisher’s exact test and McNemar’s test. 

Results  

A malignant tumor or carcinoma in situ could be detected in n=430 cases by supernatant cytology and 

histology. In histology (hematoxylin-eosin staining) n=416 cases showed a positive result. In n=98 cases 

supernatant cytology showed a positive result, in n=396 cases supernatant cytology showed a "doubtful" or 

"suspicious" finding. When comparing results of cytospin and HistoGel-based cell block, HistoGel-based cell 

block showed significantly more positive results. 

Conclusion  

The histological reprocessing of biopsies is the gold standard in the diagnosis of malignant lung tumors. 

However, many malignant tumors can be diagnosed by analyzing supernatant cytology in some cases too. A 

further preparation of the supernatant specimen with immunohistochemical stains can enable or confirm a 

tumor diagnosis. 
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AG Zytopathologie - on demand  

AG11.06  

Correlation of cytological and histological findings in the diagnosis of clinically noticeable lesions of 
the vulva  

G. Richter, U. Hahlbohm  

Institut Dr. Richter, Hameln, Germany  

Question  

While cytology using pap smear in the area of the cervix uteri has been an integral part of cancer screening 

as well as its preliminary stages for decades, the diagnostic significance of cytological diagnostics in the area 

of the vulva is repeatedly controversial. In the present study, the cytological diagnoses were compared with 

the results by histological examination.  

Methods  

A total of 119 vulvar lesions were histologically examined in the first half of 2019 using routinely H&E-

staining in combination with Periodic acid-Schiff reaction and immunohistochemistry by using monoclonal 

antibiodies against Ki 67 and p16. After histological examination the results were compared with previously 

recorded cytological findings in 45 cases - in 74 cases there is no cytological result known / no cytological 

examination was carried out.  

Results  

In the 74 samples without cytological pre-diagnosis, there were 4 cases with mycosis, 2 lichen planus, 16 

lichen sclerosus, 1 LSIL (VIN I) and 1 HSIL (VIN II). In the 45 samples with previous cytological examination 

32 specimens shows cytological unsuspected findings / Lichen sclerosus. In 5 cases of cytological moderate 

dysplasia we find in all cases a HSIL (VIN II / III) and in 6 cases of cytological severe dysplasia we detect in 

4 cases a HSIL (VIN II / III) and 2 cases of squamous cell carcinoma. Two cases of cytological moderate 

dysplasia show a lichen sclerosus in histological examination.  

Conclusion  

In nearly every of clinically noticeable vulvar lesions with following histological examination the previous 

cytological diagnosis discriminates between essential lesions that may require intervention and purely 

lichenoid lesions. This would correspond to a specificity of 94% and a sensitivity of 100% with regard to 

lesions requiring treatment and this difference is statistically significant (p<0,01). If this observation will be 

confirmed on larger collectives, histological clarification could be dispensed with in most cases. And this 

could lead to significantly improved comfort for the affected patients.  
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AG12 Gynäko- und Mammapathologie - on demand  

 

AG12.01  

Common copy number gain on chromosome 2q in microglandular adenosis of the mammary gland  

M. Radner1, J. L. van Luttikhuizen2, S. Bartels1, J. Bublitz2, L. Rieger1, H. Christgen1, H. Stark1, M. Lafos1, D. 
Steinemann2, U. Lehmann1, M. Christgen1, H.-H. Kreipe1  

1Medizinische Hochschule Hannover, Institut für Pathologie, Hannover, Germany, 2Medizinische Hochschule 
Hannover, Institut für Humangenetik, Hannover, Germany  

Question  

Microglandular adenosis (MGA) is a rare neoplasia of the mammary gland, which in a subset of cases may 

be associated with triple-negative breast cancer (BC). The biology of MGA is poorly understood.  

Methods  

In this study, n=8 MGA lesions (n=4 with and n=4 without associated BC) were subjected to a 

comprehensive characterization using immunohistochemistry, genome-wide DNA copy number (CN) 

profiling, fluorescence in-situ hybridization (FISH), next generation sequencing (NGS) and DNA methylation 

profiling.  

Results  

Median patient age was 61 years (range 57 to 76 years). MGA lesions were estrogen receptor (ER)-

negative, progesterone receptor (PR)-negative, HER2-negative and S100-positive. DNA CN alterations 

(CNAs) were highly complex in some cases. CN gain on chromosome 2q was the most common CNA and 

was validated by FISH. NGS demonstrated an average of two mutations per case (range 0 to 5) affecting ten 

different genes (ARID1A, ATM, CTNNB1, FBXW7, FGFR2, MET, PIK3CA, PMS2, PTEN, TP53). CNAs and 

mutations were similar in MGA and adjacent BC, indicating clonal relatedness. DNA methylation profiling 

showed different patterns of DNA methylation in MGA as compared to unrelated ER-positive or triple-

negative BCs.   

Conclusion  

In conclusion, MGA is characterized by common CN gain on chromosome 2q and distinct DNA methylation 

pattern. This may provide new clues to the peculiar biology of this rare neoplasia. 
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Gynäko- und Mammapathologie - on demand  

AG12.02  

Expression of PIWI-like 1 and PIWI-like 2 in breast cancer using immunohistochemistry.  

R. Erber1, H. Taubert2, S. Wach2, L. Häberle3, 4, J. Meyer3, 4, R. Schulz-Wendtland5, M. W. Beckmann3, P. A. 
Fasching3, 6, P. Gass3, A. Hartmann1, M. Rübner3  

1Institute of Pathology, University Hospital Erlangen, Friedrich-Alexander University Erlangen-Nuremberg 
(FAU), Comprehensive Cancer Center Erlangen-EMN, Erlangen, Germany, 2Department of Urology and 
Pediatric Urology, University Hospital Erlangen, Friedrich-Alexander University Erlangen-Nuremberg (FAU), 
Comprehensive Cancer Center Erlangen-EMN, Erlangen, Germany, 3Department of Gynecology and 
Obstetrics, University Hospital Erlangen, Comprehensive Cancer Center Erlangen-EMN, Friedrich-
Alexander-University Erlangen-Nuremberg (FAU), Erlangen, Germany, 4Department of Gynecology and 
Obstetrics, Biostatistics Unit, Erlangen University Hospital, Friedrich-Alexander-University Erlangen-
Nuremberg (FAU), Erlangen, Germany, 5Institute of Diagnostic Radiology, University Hospital Erlangen, 
Comprehensive Cancer Center Erlangen-EMN, Friedrich-Alexander-University Erlangen-Nuremberg (FAU), 
Erlangen, Germany, 6Division of Hematology/Oncology, Department of Medicine, David Geffen School of 
Medicine, University of California at Los Angeles, Los Angeles, United States  

Question  

PIWI-like 1 and PIWI-like 2, predominantly expressed in germline, are reported to play a crucial role in stem 

cell self-renewal. Moreover, enhanced expression of these proteins can be found in several tumor entities. In 

breast cancer, however, only few studies have investigated the expression of PIWI-like 1 and PIWI-like 2 and 

their influence on patients’ outcome. Therefore, we assessed the protein expression of these markers in 

breast cancer, investigated the relation to the subtypes of the disease and studied their influence on survival 

in breast cancer patients.  

Methods  

We analyzed the expression of PIWI-like 1 and PIWI-like 2 using immunohistochemistry (IHC). The patient’s 

cohort was part of the Bavarian Breast Cancer Cases and Controls (BBCC) study and contained overall 894 

breast cancer patients including 776 cases with available archived formalin fixed and paraffin embedded 

tumor tissue. For each marker, tissue microarrays, containing samples from the tumor center, the invasion 

border and normal parenchyma apart from the breast cancer were stained. Both, percentage and intensity of 

stained tumor cells and non-neoplastic cells were assessed. Furthermore, PIWI-like 1 and PIWI-like 2 

expression levels are planned to be correlated with clinical and pathological features including subtyping and 

survival.  

Results  

Regarding PIWI-like 1, 12.6% (59/467) of assessable breast cancer cases showed any positive staining in 

the tumor center and 7.1% (31/434) of evaluable cases were PIWI-like 1 positive in the invasion front. Only 

0.6% (1/167) of assessable non-neoplastic breast epithelium showed any PIWI-like1 expression. The 

evaluation of PIWI-like 2 revealed 98.3% (456/464) of assessable breast cancer cases in the central tumor 

area being positive. In the invasion front, 97.9% (412/421) of evaluable breast cancer cases were PIWI-like 2 

positive. All assessable cores with non-neoplastic breast epithelium were PIWI-like 2 positive (100%, 
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119/119). Further statistical analysis (including correlation of PIWI-like 1 and PIWI-like 2 expression with 

clinical and pathological parameters, intrinsic subtypes and outcome) is ongoing.  

Conclusion  

In this study, we found the majority of breast cancer cases and all non-neoplastic breast epithelium being 

positive for PIWI-like 2, whereas less than 13% of investigated breast cancer cases showed positive PIWI-

like 1 expression. Further analyses will show whether these two biomarkers harbor any diagnostic, 

prognostic or predictive relevance in breast cancer.  

 

Gynäko- und Mammapathologie - on demand  

AG12.03  

First insight into the molecular function of Klf7 in breast cancer  

A.-M. Lüchtenborg1, 2, P. Metzger3, 4, V. Oria5, K. Fröhlich1, A. Thomsen6, A. Malyi7, T. Erbes2, 8, M. Börries3, 

5, O. Schilling1, 2, J. Maurer9, M. Werner1, 2, P. Bronsert1, 2  

1Institute of Surgical Pathology, University Medical Center Freiburg, Freiburg, Germany, 2German Cancer 
Consortium (DKTK) and German Cancer Research Center (DKFZ), University of Freiburg, Heidelberg, 
Germany, 3Faculty of Medicine and Medical Center – University of Freiburg, Institute of Medical 
Bioinformatics and Systems Medicine, Freiburg, Germany, 4University of Freiburg, Faculty of Biology, 
Freiburg, Germany, 5Faculty of Medicine and Medical Center – University of Freiburg, Institute of Molecular 
Medicine and Cell Research, Freiburg, Germany, 6Department of Radiation Oncology, University Medical 
Centre Freiburg, Freiburg, Germany, 72nd Department of Pathology, Semmelweis University, Budapest, 
Hungary, 8Department of Gynecology and Obstetrics, Faculty of Medicine and Medical Center – University of 
Freiburg, Freiburg, Germany, 9RWTH Aachen, Department of Gynecology and Obstetrics, Aachen, Germany  

Question  

The Krüppel-like Factor 7 (Klf7) is a member of the Klf/Sp transcription factor family. While the molecular 

function of its most famous member Klf4, one of the “magic four transcription factors”, is well known, Klf7 is 

understudied. Here, we aimed at elucidating the molecular function of Klf7 in breast cancer.  

Methods  

Klf7 expression in breast cancer and its correlation with clinico-pathological parameters was explored by 

immunohistochemistry in a cohort of 98 archival tissue cases of breast cancer patients and TCGA data. In 

order to elucidate the molecular function of Klf7, comparative functional assays (WST-8 proliferation assay, 

Ibidi migration assay, sphere formation assay, cell cycle analysis via propidium iodide staining and FACS 

measurement) of MDA-MB-231 cells with endogenous and overexpressed levels of Klf7 were performed. 

Alterations in mRNA and protein content in those cells were analyzed by RNASeq and explorative 

quantitative mass spectrometry. Subsequently gene-set enrichment analysis using Consensus Path DB, 

Gene Ontology, Reactome and KEGG databases were carried out. Differences in ribosomal composition 

were studied by targeted proteomics. Processing defects of rRNA was explored by northern blot. 
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Results  

Both, archival patients’ tissue and TCGA data statistically revealed significant correlations between Klf7 

expression, intrinsic breast cancer subtype, tumor size and patients overall survival. Migration and colony 

formation differed significantly with Klf7 level while proliferation was independent of Klf7 expression level. 

Interestingly, a change in cell cycle phase was observed. Comprehensive –omics studies in MDA-MB-231 

identified 757 and 220 significantly dysregulated proteins and RNAs, respectively. Of note, 35% of 

significantly altered proteins were downregulated in Klf7 overexpression compared to control. Gene-set 

enrichment analysis of RNASeq and mass spectrometry data indicated that Klf7 is involved in rRNA and 

ribosomal biogenesis, which could be proven by northern blot and a targeted proteomics approach.  

Conclusion  

Klf7 plays a role in the more aggressive breast cancer subtypes. Accordingly, Klf7 impacts colony formation, 

migration and cell cycle in cell culture. Interestingly, we identified rRNA processing and ribosomal biogenesis 

as one of the molecular functions of Klf7. This might imply an influence of Klf7 on the cells overall translation 

capacity .  

 

Gynäko- und Mammapathologie - on demand  

AG12.04  

Regulation of eukaryotic initiation factor expression by tamoxifen-regulated micro RNAs  

N. Nass1, A. Behringer1, M. Porsch2, I. Große2, J. Haybaeck1, 3, 4  

1Otto von Guericke University, Medical Faculty, Department of Pathology, Magdeburg, Germany, 2Martin-
Luther University Halle-Wittenberg, Institute of Computer Science, Halle (Saale), Germany, 3Medical 
University of Innsbruck, Department of Pathology, Neuropathology, and Molecular Pathology, Innsbruck, 
Austria, 4Medical University of Graz, Department of Pathology, Diagnostic & Research Center for Molecular 
BioMedicine, Graz, Austria  

Question  

In cancer, protein biosynthesis is frequently dysregulated, which is mainly assigned to an altered expression 

of eukaryotic initiation factors (eIFs). We observed differential eIF expression in a 4-OH-tamoxifen adapted, 

estrogen receptor positive breast cancer cell line when compared to the parental MCF-7 cells. As we also 

identified 4OH tamoxifen-regulated micro RNAs, we became interested to analyze whether these miRNAs 

may contribute to changes in eIF expression and can also serve as prognostic biomarkers. 

Methods  

Cell lines were analyzed by Western blotting for eIF expression. MicroRNAs were screened in 4OH 

tamoxifen adapted MCF-7 cells using nCounter technology and these data were verified by qRT-PCR. 
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miRNA mimics were used for transfection and proliferation/viability, migration by scratch assays and eIF 

expression was investigated. Survival analysis for the miRNAs was done using public databases.  

Results  

Besides already known Tamoxifen-regulated miRNAs such as miRNA-375, we additionally identified miRNA-

1972 as significantly down-regulated. We also observed specific alterations in eIF expression in Tamoxifen 

adapted cells. Analyzing eIF mRNA abundance in public databases suggested a role of miRNA-92a as 

putative eIF regulating molecule. Transfection with a miR1972 mimic stimulated proliferation in MCF-7, but 

inhibited proliferation in Tam-adapted MCF-7. This was enhanced in the presence of 4OH tamoxifen. Similar 

effects were found for migration. miR-92a mimic stimulated the proliferation in both cell lines. Especially 

eIF4A was found to be regulated by both miRNAs under study. In survival analysis, high miR92a- and 

miR1972 expression correlated with poor prognosis for breast cancer patients.  

Conclusion  

These miRNAs can serve as prognostic biomarkers and may also represent novel targets for breast cancer 

therapy. Modulation of eIF abundance might be part of their role in tumor biology. 

 

 

Gynäko- und Mammapathologie - on demand  

AG12.05  

PD-L1 expression using TPS and CPS in High Grade Serous Carcinoma of the Female Genital Tract - 
Experience in a Large Clinical Cohort Reclassified by Immunohistochemistry  

A. K. Fischer1, N. Neudeck1, M. Grube2, J. Pasternak2, K. Greif1, C. Beschorner1, S. Brucker2, D. 
Wallwiener2, F. Fend1, S. Kommoss2, A. Staebler1  

1Department of Pathology and Neuropathology, University Hospital of Tübingen, Tübingen, Germany, 
2Department of Obstetrics and Gynecology, University Hospital of Tübingen, Tübingen, Germany  

Question  

High grade serous tubo-ovarian carcinoma (HGSC) is still one of the most lethal carcinomas of the female 

genital organs. The presence of high numbers of tumor infiltrating lymphocytes (TILs) has been shown to 

correlate with prolonged overall survival (OS). Recent clinical studies compare single checkpoint-inhibitor 

therapy to combined immune-targeting therapies and adoptive cell therapy. HGSC may be difficult to 

distinguish from other histotypes of ovarian carcinoma, specifically high-grade carcinomas. Therefore, we 

present a large consecutive cohort of HGSC first re-classified via immunohistochemistry before investigating 

the PD-L1 expression status comparing two antibodies for evaluation of the Combined Positivity Score 

(CPS) and the Tumor Proportion Score (TPS).  
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Methods  

A consecutive series of 420 cases diagnosed as HGSC and treated at the Womens’ Hospital of the 

University Tuebingen from 2000 until 2016 was reviewed by two independent pathologists. Tissue 

microarrays (TMAs) were stained for a panel of four markers including WT1, p53, progesterone receptor and 

Napsin-A. Cases which were unclassifiable via morphology and immunohistochemistry will be analyzed by 

NGS with a panel of known targets in ovarian carcinomas. PD-L1 analysis was performed by using two 

different antibodies along with a merged scoring systems (22C3 vs 28-8). PD-L1 via CPS and TPS was 

analyzed by two independent pathologists, one of them accredited for CPS and TPS evaluation.  

Results  

In 89.5% (n= 376/420), diagnosis of HGSC was confirmed (WT1+, p53 aberrant, Napsin-A neg.). 25 cases 

(5.9%) were reclassified and excluded: 12 (2.8%) low-grade serous, 9 (2.1%) endometrioid, 2 (0.5%) clear 

cell carcinoma, 2 (0.5%) atypical proliferative serous tumors (APSTs), 3 cases for other reasons (0.8%) 

(2=metastasis of other primary, 1=technical reasons). 16 cases (3.8%) will be subjected to mutational 

analysis by NGS (data not completed yet). Within the re-classified 376 HGSC (100%), 131 presented any 

PD-L1 expression via CPS (34.8%), 215 were negative (57.2%), 30 cases were not evaluable for technical 

reasons ( 8%). For CPS mean value, cut-offs were 0 (n=215, 57.2%), <1 (n=84, 22.3%), 1-25 (n=47, 12.5%), 

25 (n=0, 0%).TPS data will follow.  

Conclusion  

Within our collective of re-classified HGSC of the female genital tract, PD-L1 is expressed in a subgroup of 

HGSCs suggesting an important role in the tumor microenvironment and providing a potential therapeutic 

target.  
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Gynäko- und Mammapathologie - on demand  

AG12.06  

Dramatic increase of tubal carcinoma – facto or fake ? Beware populistic data interpretation.  

L.-C. Horn1, S. Teubenheim2, A. Gläser2, N. Dornhöfer3, S. Stark3, J. Einenkel3, A. K. Höhn4  

1Institute of Pathology, University Hospital of Leipzig, Leipzig, Germany, 2Clinical Cancer Registry Leipzig 
Region (KKRL), Germany, Leipzig, Germany, 3Division of Gynecologic Surgical Oncology, Department of 
Obstetrics & Gynecology (Institute of Trier), University Hospital of, Leipzig, Germany, 4Institute of Pathology, 
Division of Breast Gynecologic & Perinatal Pathology, University Hospital of Leipzig, Germany, Leipzig, 
Germany  

Question  

Extrauterine high-grade serous carcinoma (HG-SC) may arise from the ovary, the Fallopian tube and rarely 

from the peritoneal surface epithelium. Regardless of its origin, the vast majority of patients with HG-SC 

share clinical symptoms, represent with advanced stage disease and suffers from poor prognosis. Recent 

data suggest that there is an increasing incidence of HG-SC arising from the Fallopian tube.  

Methods  

Retrospective analysis of the date from the Clinical Cancer Registry of Leipzig between 2000 and 2018 

regarding the site of origin of HG-SC. Comparism of the site of origin within the background of recent 

recommendations of the ISGyP and ICCR for the handling and reporting of extrauterine serous pelvic 

Müllerian carcinomas based on molecular findings.  

Results  

406 cases of extrauterine serous pelvic Müllerian carcinomas were included. All patients were surgically 

treated at the University Hospital of Leipzig. Between 2000 and 2010 (period I) the majority of cases 

originated from the ovary (90.8%), followed by Fallopian tubal (8.4%) and peritoneal origin (0.8%). Within the 

years 2011 and 2018 (period II) the frequencies changed to 61.1%; 38.9% and 0%. 

Conclusion  

The frequencies of the sites of origin were stable within period I. Within period II the frequency of "ovarian 

cancer" droped of 47%, whereas a dramatic rise of "tubal cancer" of 325% was seen. Based on conventional 

criteria, 70%, 17%, and 13% of high-grade serous carcinomas qualified for classification as ovarian, 

peritoneal, and tubal in origin, respectively. Populistic interpretation of the data may indicate that there is a 

decrease of ovarian and dramatic increase of tubal carcinoma during the last several years worldwide. But, 

recent research indicated that in fact the vast majority of extrauterine HG-SC originate from the distal 

Fallopian tube. These findings changed the handling of surgical specimens by incorporating the SEE-FIM- 

and SEE-FIM-like protocol in routine workup. Following the recommendations of international consensus 

statements and those from the ICCR, all extrauterine HG-SC with the presence of serous intraepithelial 

carcinoma (STIC) or involvement of the FT by invasive tumor should be classified as tubal origin. In 

conclusion, the reported increase of tubal cancer resulted as a consequence of more careful handling of the 
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specimens (SEE-FIM-like protocol) and the change of the definition of the origin of extrauterine HG-SC 

based on histopathologic and molecular findings.  

 

 

Gynäko- und Mammapathologie - on demand  

AG12.09  

Prognostic impact of tumor budding in endometrial carcinoma  
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Question  

Tumor budding is defined as single cells or clusters of up to four cells at the invasive front of solid tumors. It 

has shown prognostic impact in colorectal, esophageal and pancreatic cancers, as well as lung and 

urological cancers, among others. However, the role in endometrial carcinoma is rarely investigated.  

Methods  

We evaluated tumor budding in a retrospective endometrial cancer cohort of n=254 patients according to the 

international tumor budding consensus guidelines for colorectal cancer (ITBCC). All other prognostic 

parameters like TNM, grading, MELF-pattern were monitored were reviewed according to latest standards. 

Results  

The presence of any tumor budding (26.4% of cases) in comparison to no signs of tumor budding was 

associated with significantly worse overall survival in univariate analysis (p=0.0209) and remained a strong 

independent prognostic factor in multivariate analysis (p=0.0308) only surpassed by the pT (p=0.017) and 

pN category (p=0.0037) among the other classical prognostic parameters.  

Conclusion  

Tumor budding as a biological phenomenon exists in endometrial carcinoma but is less frequent than in 

colorectal cancer, but with noticeable prognostic impact. Probably, the thickness of the myometrial wall 

impairs the sprouting of tumor buds quantitatively. Further studies to investigate a possible Epithelial-

MesenchymalTransition (EMT) phenotype in endometrial carcinoma and a subgroup analysis in TCGA data 

is warranted and might sharpen the precise role of tumor budding in endometrial carcinoma.  
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Endometrial stromal sarcomas with BCOR-rearrangement harbor MDM2 amplifications  

F. Kommoss1, D. Stichel2, F. Sahm2, W. Hartmann3, A. Stenzinger1, G. Mechtersheimer1, H.-P. Sinn1, D. 
Schmidt4, F. Kommoss5, A. von Deimling2, C. Koelsche1  
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Diagnostik, Trier, Germany, 5Institut für Pathologie, Friedrichshafen, Germany  

Question  

Recently a novel entity of endometrial stromal sarcoma (ESS) defined by recurrent genomic alterations 

involving BCOR has been described (HGESS-BCOR). We identified an ESS with ZC3H7B-BCOR gene-

fusion which harbored high counts of copy number alterations (CNAs) including amplification of the MDM2 

locus. This index case prompted us to investigate copy number alterations in HGESS-BCOR.  

Methods  

We compiled a multicenter cohort of four BCOR-rearranged ESS which were analyzed for CNAs, MDM2 

amplification by FISH as well as MDM2 immunohistochemistry (IHC). Additionally, we analyzed a cohort of 

mesenchymal uterine neoplasms, including 17 low-grade ESS, 6 classical high-grade ESS with YWHAE-

rearrangement, 16 uterine tumors resembling ovarian sex cord tumors, 7 uterine leiomyoma and 8 uterine 

leiomyosarcomas for CNAs.  

Results  

CNA profiling identified variant amounts of CNAs with an amplification of the 12q15 region involving the 

MDM2 locus in all four HGESS-BCOR. Three HGESS-BCOR were available for subsequent validation 

analyses using MDM2-FISH and MDM2 IHC, which confirmed MDM2 amplification and overexpression of 

MDM2 in all cases. All other uterine neoplasms of our series were non-amplified for MDM2.  

Conclusion  

Our results indicate MDM2 amplification to be a novel diagnostic marker for HGESS-BCOR and imply MDM2 

as potential therapeutic target in these clinically aggressive tumors.  
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Endometriosis-associated malignancy: Mutational landscape and clinicopathological features  

E. Wardelmann1, M. Trautmann1, A. Jagdhuhn2, D. Schmidt3, R. Isermann4, V. Reichert4, F. Noack5, U. A. 
Ulrich4  

1Gerhard-Domagk-Institut für Pathologie, Universitätsklinikum Münster, Münster, Germany, 2Städtisches 
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Krankenhaus, Gynäkologie und Geburtshilfe, Berlin, Germany, 5Martin-Luther-Krankenhaus, Institut für 
Pathologie, Berlin, Germany  

Question  

Endometriosis is a challenging disease in woman of reproductive age and defined by the presence of ectopic 

endometrium in extrauterine locations. The incidence is estimated at 5-10 % and its presentation, symptoms 

and severity varies highly with an unpredictable course. Despite extensive research, the pathogenesis of 

endometriosis remains elusive. Although endometriosis is considered a benign condition, it has been 

demonstrated to share oncogenic characteristics with malignant tumors such as neoangiogenesis and tissue 

invasion. According to epidemiological studies, endometriosis is associated with an increased risk for various 

malignancies (e.g. ovarian cancer) and designated as a cancer precursor. Recent genomic studies 

highlighted that mutations which are present in endometriosis-associated malignancy (EAM) can also be 

found in adjacent endometriosis lesions. The objective of this study was to evaluate the genomic spectrum of 

EAM and correlate our findings with clinicopathological parameters.  

Methods  

In total, 53 EAM tissue specimens were selected from the archives of multiple cooperating endometriosis 

and gynecological cancer centers in Germany, Austria and Switzerland. Retrospective analysis of the EAM 

cohort was approved by the Ethics Review Board (University of Bonn). A customized Qiagen GeneRead 

DNAseq Mix-n-Match V2 panel (in total 1028 amplicons covering 63.8kb, Gerhard-Domagk-Institute of 

Pathology, Münster) was used to sequence the complete exonic region of 27 genes (AKT1, ALK, AR, BRAF, 

CTNNB1, DDR2, EGFR, ERBB2, FGFR3, GNA11, GNAQ, GNAS, IDH1, IDH2, KIT, KRAS, MET, NRAS, 

PDGFRA, PIK3CA, PTEN, RET, SDHA, SDHB, SDHC, SDHD and TP53) that are frequently mutated in 

cancer.  

Results  

Clinicopathological data were initially collected from 200 patients, but corresponding FFPE tissue specimens 

were only available for 130/200 (65%). All diagnoses were reviewed by experienced pathologists (DS, 

Viersen and EW, Münster) and 53/130 (41%) were confirmed as EAM. With regard to clinical data, 21 

patients (39.6%) were classified as FIGO I, 27 patients (50.9%) as FIGO II and 4 patients (7.5%) as FIGO III. 

Overall, genomic alterations were detected in AKT1, ALK, BRAF, CTNNB1, DDR2, ERBB2, GNAS, IDH1, 

IDH2, KRAS, NRAS, PTEN, PDGFRA, PIK3CA, PTEN, SDHB, and TP53.  



201 
 

Conclusion  

Based on our results and existing data on incidence/risk factors of EAM, the possibility of malignant 

transformation should be included into diagnostic procedures for patients with endometriosis.  
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Question  

Due to the histomorphologic continuum from mucinous cystadenoma (MCA) to mucinous borderline tumor 

(MBOT) and mucinous ovarian carcinoma (MOC) the classification of mucinous ovarian neoplasms can be 

challenging. However, immunohistochemical biomarkers for assessment of the dignity and prognosis as well 

as standardized guidelines for the grading of MOC are still missing. Furthermore the recognition of 

metastatic adenocarcinomas is often problematic in mucinouse ovarian neoplasms. 

With the aim to find diagnostic and prognostic biomarkers for mucinous ovarian neoplasms, we herein 

analyzed MCAs, MBOTs MOCs and mucinous ovarian carcinomas of unknown primary (MOCUP). 

Methods  

After immunohistochemical re-classification the study group included 24 MCAs, 24 MBOTs, 40 MOC and 11 

cases of MOCUP (diagnosed between 1985 - 2015). Immunohistochemical analyses for PAX8, CK20, CK7, 

SATB2, CDX2, ER, PR, MUC1, MUC5AC and REG4 were performed and correlated to clinic-pathological 

parameters and patients overall survival. In addition, the type of growth pattern (expansive versus 

destructive) was analyzed. 

Results  

Analysis of 11 MOCUP revealed 6 metastasis of colorectal and one of endometrioid origin. One case was 

classified as a primary MOC. In three cases the tumor origin remained unclear.  

Expression of MUC5AC was continuously deceased from MCA to MBOT and MOC (p < 0.000). Furthermore 

expression of REG4 was significantly decreased in MOC compared to MBOT and MC (p = 0.040). Regarding 

MOC the destructive growth pattern, CK20-positivity and PAX8-negativity showed significant correlations to a 

worse overall survival in multivariate cox regression analyses (growth pattern: p = 0.016, CK20: p = 0.013, 

PAX8: p = 0.008). 
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Conclusion  

Mucinous ovarian neoplasms are difficult to interpret. Although careful histopathologic evaluation and 

extensive immunohistochemical analyses were performed three out 11 MOCUP remained of unclear 

primary, whereas seven cases revealed metastasis of extra-ovarian origin.  

Regarding primary ovarian mucinous neoplasms decreased expression of MUC5AC and REG4 seems 

indicate tumor-progression from MCA to MBOT and to MOC and may be potential markers for assessment of 

the tumor-dignity. Finally the type of growth pattern (expansive versus destructive) and 

immunohistochemistry for CK20 and PAX8 turned out to be independent prognostic factors for MOCs. 

Further studies should be initiated to valid the type of growth pattern, CK20 and PAX8 as reasonable 

parameters for a binary grading-system. 
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Question  

Based on the increasing need for the detection of a growing number of molecular alterations in cancer, 

multiplexed analysis of nucleic acid (DNA, RNA from tissue and peripheral blood samples) is of high 

importance for treatment decisions. A variety of gene panels for use on mainly two next generation 

sequencing (NGS) platforms are already in use for molecular diagnostics to cover the growing number of 

patients and the growing complexity of the molecular alterations. With respect to this development, a flexible 

time and resources sparing NGS approach would be extremely advantageous. Here, we describe a novel 

generation of sequencing device - Ion Torrent Genexus Integrated Sequencer - which allows an automation 

of the entire sample processing with very limited hands-on time.  

Methods  

Starting from nucleic acids, library preparation, templating and sequencing is completely automated by the 

Genexus instrument. For the instrument validation we analyzed pre-characterized clinical formalin-fixed, 

paraffin-embedded (FFPE), liquid biopsy (LB), and reference cell line samples with the Oncomine Precision 

Assay (OPA). The OPA covers hotspot mutations, copy number variations, and gene fusions of 50 cancer 

driver genes and requires only 10ng DNA/RNA for FFPE and 20ng cfTNA.  
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Results  

The comparison of the known mutation and fusion status of reference cell lines and pre-characterized clinical 

samples with the OPA assays revealed complete concordance. Detected allele frequencies correlated with 

the expected values achieved by OFA or Illumina TST170 gene panels. Detection of fusion genes led to 

comparable results for alterations covered by the respective assays. Analysis of pre-characterized liquid 

biopsy samples by the OPA assay provided corresponding results. Hands-on-time from run setup to loading 

the Genexus with reagents and 32 libraries (16DNA + 16RNA) was as little as 1 hour, the turnaround time 

from starting a run to completion of analysis was 27 hours.  

Conclusion  

Genexus™ NGS instrument represents a highly automated IonTorrent system which needs only very little 

hands-on-time and overall processing time for the generation of sequencing data. The OPA gene panel 

shows an excellent sensitivity and specificity for DNA and RNA alterations in FFPE tissue samples and liquid 

biopsies. The conjunction of both provides an interesting solution for molecular pathology to cover growing 

number and complexity of precision medicine. 
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Increased flexibility for next generation sequencing by combination of two different hybrid capture 
kits for ctDNA analysis  
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Question  

The field of ctDNA detection is moving fast for all cancer entities and molecular diagnostics needs to keep 

pace with the reliable detection of new biomarkers. For analysis of ctDNA an accurate detection with high 

sensitivity and specificity is obligatory. 

For a proof of concept we choose to combine the Roche AVENIO ctDNA kit with a custom targeted panel 

and the TST170 kit from Illumina. The aim was to test for compatibility of DNA baits from different suppliers 

to surpass the limits of the fixed gene sets available in AVENIOs ctDNA kits and be able to replace them with 

custom designs from Illumina.  

Methods  

The preassembled Roche AVENIO ctDNA Targeted Kit includes 17 genes and cannot be customized. It 

starts with an adapter ligation and a first amplification. The first amplification equals the generation of a 
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whole genome library. For the following target enrichment we used baits from our customized Illumina Kit 

which includes 26 clinically relevant genes or baits from the TST170 kit. In this experimental approach we 

tested both bait-sets with predefined standard DNA as well as previously analysed samples from routine 

diagnostics. UMI based sequences were mapped with BWA and collapsed by fgbio. Mutations were called 

and filtered for artifacts by Mutect2 (GATK 4.1.4.1) and a population allele frequency of > 1% was chosen for 

removing most of the germline variants (dbGaP). Translocations were called in the Roche Avenio targeted 

panel by manta and delly. The sequencing results were analyzed on an in-house bioinformatic pipeline 

(0,1% AF). 

Results  

The substitution of the enrichment baits in the Avenio panel by Illumina TST 170 baits by showed very 

promising results by the means of coverage, duplication rate of reads and library complexity. We reached a 

median coverage of 200x with a balanced distribution of coverage around the regions of interest. The 

exchange of the baits with a smaller custom design panel (6.7 kb) also worked without further changing of 

protocols and resulted in a mean bait coverage of 3355x with a sequencing capacity of around 4 mio. paired-

end-reads. Also all previously known mutations were found in the custom panel. 

Conclusion  

The combination of reagents from both providers as well the bioinformatic data analysis performed very well 

with so it seems that the baits are perfectly interchangeable between the two suppliers. Here we combine the 

advantages of two high quality systems to maximize flexibility of the biomarker selection and the detection of 

ctDNA mutations.  
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Question  

With the approval of treatment decisions for patients with non-small cell lung cancer carrying EGFR T790M 

mutations in liquid biopsies (LB), cell-free DNA (cfDNA) analysis in molecular pathology has gained high 

priority. Most recently, the results of the SOLAR-1 trial demonstrated for PIK3CA-mutated hormone receptor 

positive (HR+)/ HER2-negative advanced breast cancer that patients benefit significantly from therapy with a 

PIK3CA inhibitor. Analysis for PIK3CA mutations can be performed employing tumor tissue samples or liquid 

biopsies. Especially for the latter, a sensitive and specific PIK3CA mutation detection assay is essentially 

required to come to reliable treatment decisions.  

Methods  

We evaluated and established a LB mutation detection workflow with focus on PIK3CA mutation hotspots. 

For this purpose, we extracted cfDNA from human reference plasma controls spiked with mutated DNA at 

decreasing allele frequencies as well as from tissue samples. Targeted next generation sequencing (NGS) 

was carried out on a ThermoFisher Scientific S5XL platform after amplicon and library generation using two 

gene panels with and without unique molecular identifiers. Data interpretation was performed to determine 

the limit of detection (LoD), accuracy, specificity and sensitivity of both multiplex PCR-based assays with 

focus on PIK3CA mutation detection.  

Results  

With both assays the detection of therapeutically relevant PIK3CA mutations was feasible, whereas there 

were differences in the performance concerning the tested parameters. Spike-in controls of well controlled 

amounts in human reference plasma samples at various concentrations are very helpful tools to test, validate 

and establish NGS assays for a reliable and highly sensitive detection of PIK3CA mutations in liquid 

biopsies.  

Conclusion  

Our data demonstrate that both assays were appropriate as a multi-biomarker NGS tool enabling a sensitive 

detection of PIK3CA driver mutations in LB and FFPE-based tissue samples.  
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Liquid biopsy strategies in pancreatobiliary cancers: Plasma vs bile  

C. Driescher1, K. Fuchs2, W. Göring1, L. Häberle1, V. Keitel2, D. Häussinger2, I. Esposito1  

1Institute of Pathology, University Hospital Dusseldorf, Dusseldorf, Germany, 2Institute of Gastroenterology, 
Hepatology and infectious diseases, University Hospital Dusseldorf, Dusseldorf, Germany  

Question  

Diagnosis of pancreatobiliary cancers remains challenging and histological confirmation is necessary for 

ultimate diagnosis. However, this requires invasive procedures with varying sensitivity and specificity. The 

detection of tumor-derived cell-free DNA (cfDNA) in body fluids, such as plasma, represents a promising 

liquid biopsy approach, bypassing some of the drawbacks of classic tissue biopsies. We compared two liquid 

biopsy sources, plasma and bile, to detect genetic aberrations specific for pancreatobiliary cancers in cfDNA.  

Methods  

We extracted cfDNA from plasma (n=33) and bile (n=20) obtained from patients with pancreatobiliary 

cancers during routine diagnostic procedures. In addition, control samples (n=27) were collected from 

patients with benign conditions, such as chronic pancreatitis, choledocholithiasis and pancreatic cysts. 

Tumor-specific aberrations were identified by next generation sequencing using a panel of 50 oncogenes 

and tumor suppressor genes on a S5 Sequencing platform. Available matched tumor tissue (n=22) served as 

control.  

Results  

Overall, the most frequently mutated genes were KRAS (70%), TP53 (43%), SMAD4 (13%) and CDKN2A 

(10%). 39% of plasma samples displayed pathogenic mutations that were concordantly present in matched 

tumor tissue samples. The concordance rate was higher in metastasized patients. In contrast, 90% of 

pathogenic tumor mutations were detected in cfDNA from bile. Comparing plasma and bile from the same 

patient directly, only half (53%) of the mutations found in cfDNA from bile were found in the corresponding 

plasma sample. In cases where sequencing from tissue failed, e.g. due to insufficient DNA quality, cfDNA 

analysis, especially from bile, could provide information about the mutational status of the tumor. 

Conclusion  

Plasma has its limitations as liquid biopsy source in pancreatobiliary cancers, due to low cfDNA 

concentrations, especially in patients with local tumors. Bile, on the other hand, is a more reliable source of 

cfDNA in pancreatobiliary cancers. Bile cfDNA sequencing provides additional information about the 

mutational status of the tumor as well as tumor heterogeneity and can integrate/replace tissue sequencing if 

this is not feasible. 

In conclusion, bile cfDNA sequencing is a promising liquid biopsy strategy, which can aid histological 

diagnosis, avoiding possible complications and limitations of repeated tissue sampling in pancreatobiliary 
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cancers.  
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TMB and Mutational Signatures in MSI-H and POLE/POLD1 mutated colorectal cancer  
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Question  

POLE/POLD1 mutation (POL-mut) and mismatch repair deficiency resulting in microsatellite instability (MSI-

H) represent separate causes of hypermutation in colorectal cancer (CRC). Hypermutated cancer is known 

to respond well to immune checkpoint blockade exemplified by the histology-agnostic FDA approval of 

pembrolizumab for MSI-H cancer in 2017. We analyzed tumor mutational burden (TMB) and mutational 

signatures of POL-mut, MSI-H and microsatellite stable (MSS) CRC.  

Methods  

We examined TMB including specific classes of mutations (missense, silent and nonsense mutations as well 

as indels, deletions and insertions) and mutational signatures of single base substitutions (SBS) connected 

with hypermutation (SBS10a, SBS10b and SBS44) in the colorectal samples (COAD and READ) of the 

TCGA. The TMB cohort consisted of 554 samples, divided in four groups of POL-mut/MSI-H (n=17), POL-

mut/MSS (n=13), POL-wt/MSI-H (n=58) and POL-wt/MSS CRC (n=466). The SBS signature subcohort 

consisted of 492 samples.  

Results  

Hypermutated (POL-mut or MSI-H) compared to POL-wt/MSS tumors had a significantly higher missense 

mutation load (AUC=0.98, p=2.9e-47) and a significantly higher indel load (AUC=0.98, p=1.5e-46). POL-

mut/MSS compared to MSI-H tumors had a significantly higher missense mutation load (AUC=0.92, p=1.8e-

6) and a significantly lower indel load (AUC=0.98, p=3.6e-8). POL-mut/MSI-H compared to POL-wt/MSI-H 

tumors separated less strong with a significantly higher missense mutation load (AUC=0.70, p=0.013) and a 

significantly higher indel load (AUC=0.72, p=0.0061). Mutational signatures SBS10a and SBS10b separated 

significantly POL-mut/MSS CRC from the rest (AUC=0.94, p=1.4e-61). Mutational signature SBS44 

separated significantly MSI-H from MSS CRC (AUC=0.82, p=4.7e-67).  

Conclusion  

Two dimensional classification using either missense mutation load and indel load or SBS10a/10b and 

SBS44 clearly distinguished three groups of CRC: MSI-H CRC, POL-mut/MSS CRC and POL-wt/MSS CRC, 
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while the separation of the POL-mut/MSI-H from POL-wt/MSI-H tumors was less strong or absent. This 

observation is consistent with a scenario of later occurrence of POLE/POLD1 mutation than MSI in the 

typical tumor evolution of double positive (POL-mut/MSI-H) CRC.  

 

Molekulare Pathologie - on demand  

AG13.12  
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Question  

Small cell lung cancer (SCLC), which occurs in 15% of all lung cancer cases, is an exeptionally lethal 

malignant tumour. Due to the rapid growth, the diagnosis is mostly made at an advanced stage, when the 

disease has already metastasized. The current treatment is based on initially effective chemotherapy, though 

remission with an acquired resistance to the therapy arises rapidly. Previous genomic studies using fresh 

tumour tissue have shown, that it is feasible to distinguish different expression patterns in SCLC cells. Due to 

the lack of fresh tissue of most SCLC samples, the use of archival FFPE material is required. The goal of this 

study is to further understand the intra- and intratumoral heterogeneity of small cell lung cancer using single 

cell RNA-sequencing from FFPE tissues.  

Methods  

The initial protocol includes following steps: deparaffinisation, rehydratation and resuspension of 50 μm 

sections and 1,5 mm biopsy punches, as well as antigene retrieval (incubation at 80°C) afterwards. To 

isolate the single cells we compared two methods: incellPREP (CellSee) and FFPE Tissue Dissociation Kit 

(Miltenyi Biotec) and performed a quality control on achieved material using a microscope and FACS. For 

technical validation purposes, tumour cell lines (HCC78, H2228) and corresponding FFPE cell pellets have 

been used. Next, single cell RNA-sequencing (MACE, GenXPro) will be performed.  

Results  

The morphology of native cells and the cells on prepared cytospins under the microscope, as well as the 

applied FACS gating strategy (including discrimination of doublets), have shown that a significant amount of 

single cells (70%) could be isolated from FFPE samples. The quantity was validated by comparing FFPE cell 

pellets with fresh cell culture cells. Furthermore, RNA quality control of different isolation techniques will be 

performed, leading to the single cell RNA-sequencing.  

 



209 
 

Conclusion  

To summarize, FFPE samples are an underestimated and rarely used material for single cell studies. 

Therefore, their utilisation opens a possibility to apply this technique to different tumour types, especially 

when fresh tissue samples are not available. Conducting the proper analysis of data could lead to a deeper 

understanding of the biology of cancer, and in this study in particular, to distinguish the molecular subtypes 

of SCLC to find new therapeutic vulnerabilities. 

 

* Claudia Döring, Verena Tischler - shared senior authors  
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Question  

Small blue round cell sarcomas (SBRCSs) are a heterogenous group of soft tissue tumors for which 

morphology-based diagnosis is sometimes challenging. Molecular pathological identification of characteristic 

gene fusion events is increasingly important in sarcoma diagnostics. CIC-DUX4 rearrangement is considered 

the most prevalent genetic event in EWSR1-rearrangement negative SBRCSs. According to the complex 

structure of the DUX gene locus harboring multiple gene copies with highly similar sequences, both FISH 

and NGS based methods have been reported to have difficulties in the correct identification of CIC-DUX4 

translocation events. The aim of the current study was to use gene expression signatures extracted from 

RNA hybrid capture based NGS data to identify CIC-DUX4 rearranged sarcomas independent of the fusion 

event.  

Methods  

RNA was isolated from microdissected FFPE tissues. Targeted RNA sequencing was performed using the 

Illumina TruSight RNA Fusion panel and the ArcherDx FusionPlex Sarcoma panel. Ten sarcoma samples 

with potential CIC-DUX4 translocations according to histomorphology, as well as 11 Ewing sarcomas, were 

examined for the presence of gene fusion events. Additionally, mRNA expression data was obtained using 

absolute count data derived from the TruSight RNA Fusion panel.  

Results  

All Ewing sarcomas harbored classical gene fusions involving the EWSR1 gene locus. Notably, only the 
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ArcherDx FusionPlex Sarcoma panel was able to identify the CIC-DUX4 gene fusions in the potential CIC-

DUX4 rearranged cases, whereas the TruSight RNA Fusion panel did not identify these fusion events. Using 

a custom bioinformatics pipeline based on gene expression estimated from gene counts, CIC-DUX4 

rearranged sarcomas could be correctly identified from the TruSight RNA Fusion panel data.  

Conclusion  

Gene expression signatures generated from hybrid capture NGS based RNA sequencing data are a valuable 

tool to discriminate soft tissue tumors according to their diagnosis and specific genetic alterations.  
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Performance Evaluation of Different Protein Extraction Parameters in FFPE Specimens  
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Question  

In spite of recent technical advances in bottom-up proteomics, data quality and translational usability still 

hinge on accurate preanalytical sample preparation. Formalin-fixed paraffin-embedded (FFPE) tissue poses 

further hurdles to accurate protein extraction due to cross-linking and chemical alterations. While numerous 

extraction protocols and chemicals have been described, comparative analyses are limited. Various 

parameters were thus investigated in their qualitative and quantitative effects on protein extraction efficacy. 

Special emphasis was put on membrane proteins as key subgroup of functionally relevant proteins.  

Methods  

FFPE samples from urothelial carcinomas were subjected to different deparaffinization, protein extraction, 

antigen retrieval and digestion protocols. Performance was characterized by western blot analysis of cellular 

compartment markers as well as liquid-chromatography-coupled mass spectrometry (LC/MS).  

Results  

Deparaffinization could be simplified and shortened by careful melting and dissolving instead of aggressive 

detergents. Standard commercially available extraction buffers provided good performance with relatively 

low levels of SDS. Optimization of antigen retrieval temperature increased yield and reduced agglutination 

while extraction buffer volume and pressure did not have significant effects. Simple digestion protocols 

proved equal to more complex and time-consuming approaches.  
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Conclusion  

Preanalytical protein extraction can be optimized at various levels to reduce time, costs and biased selection 

of proteins.  
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Systematic multi-omics cell line profiling uncovers heterogeneity of Ewing sarcoma fusion 
oncogene-mediated gene regulation  
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Question  

Ewing sarcoma (EwS) is an undifferentiated bone-associated cancer defined by chimeric EWSR1-ETS 

fusion oncoproteins. Apart from EWSR1-ETS, EwS features a striking paucity of additional somatic and 

epigenetic alterations. Despite its monomorphic histology and its simple genetic make-up, EwS is clinically 

heterogeneous. Prior studies based on a limited number of cell line models suggested that interaction of 

EWSR1-FLI1 with specific enhancer-like GGAA-microsatellites and ETS-like binding sites may contribute to 

EwS tumorigenesis and clinical heterogeneity of EwS. However, the limited number of EwS cell line models 

precluded to uncover principles of EWSR1-ETS-mediated gene regulation and to capture the full spectrum of 

(clinical) heterogeneity. For the same reason, the possible differences and commonalities regarding the 

functional outcomes of the different EWSR1-ETS fusion oncoproteins have not been systematically 

investigated, so far.  

Methods  

We created the Ewing Sarcoma Cell Line Atlas (ESCLA) comprising 18 EwS cell lines with doxycycline 

(dox)-inducible shRNA-mediated EWSR1-ETS silencing. Knockdown of the respective fusion oncogene was 

validated on the mRNA and protein level. All cell lines were profiled by whole-genome sequencing, Illumina 
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EPIC arrays (methylome), Affymetrix Clariom D microarrays (gene expression/splicing), ChIP-Seq for the 

respective fusion oncoprotein and histone marks, as well as by mass spectrometry (proteome).  

Results  

Using the ESCLA, we show commonalities and differences in DNA binding and gene regulation across cell 

lines and across EWSR1-ETS fusion oncoproteins (EWSR1-FLI1 type 1/2; -ERG). Combined transcriptomic 

and proteomic analyses show a statistically highly significant correlation between mRNA and protein levels 

of EWSR1-ETS regulated genes, and comparative analyses with primary tumors show that these EwS cell 

line constitute suitable models for this disease. Using bioinformatic analyses in conjunction with survival 

data, we identified a subset of EWSR1-ETS regulated genes that strongly correlate with patient outcome, 

and determined genetic mechanisms for their differential regulation in EwS cells.  

Conclusion  

Collectively, we uncovered principles of EWSR1-ETS-dependent gene regulation and heterogeneous 

expression of clinically relevant genes in EwS. We anticipate that our ESCLA constitutes a rich resource for 

modelling and understanding tumor heterogeneity of EwS, which will contribute to the identification of new 

prognostic markers and therapies.  
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Clinical validation of targeted NGS panels for somatic variant and biomarker detection in solid 
tumors; from small to big screening panels  

G. Froyen, B. Cruys, E. Geerdens, B. Maes  

Jessa Hospital Hasselt, Hasselt, Belgium  

Targeted Next-Generation Sequencing (NGS) is now the standard method in molecular diagnostic 

laboratories for somatic variant detection in solid tumor specimens. The gene content of most panels 

however, is currently restricted to ten to fifty genes for which often only the hotspots regions are included. 

Screening the hotspots of a restricted number of genes has long been sufficient to provide the most relevant 

information with diagnostic, prognostic or therapeutic value that would guarantee optimal clinical 

management of cancer patients. However, the large number of ongoing clinical trials for a multitude of 

somatic variants in a growing number of genes, as well as the detection of novel pan-cancer biomarkers 

including NTRK fusions, microsatellite instability (MSI), Tumor Mutation Burden (TMB), and Homologous 

Recombination Deficiency (HRD), makes the screening of these smaller panels vastly insufficient. Hence, 

more elaborative variant profiling panels will soon be required. However, since analytical and clinical 
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validation of the smaller NGS panels already is a tedious task it is currently unclear how the validation of 

comprehensive panels will need to be conducted in molecular pathology labs with the aim to acquire 

accreditation. 

At the Jessa hospital, we initially validated the TruSeq Custom Amplicon (TSCA) panel (Illumina) for the 

detection of Single Nucleotide Variants (SNVs) and indels in hotspots of 23 genes as well as Copy Number 

Variation (CNV) detection of 3 relevant genes in a variety of solid tumor samples. Next, we extended this 

panel to 75 genes by switching to the AmpliSeq for Illumina panels in which detection of known fusions of 

driver genes was included. Currently, we are validating the TSO500 panel (Illumina) containing 523 tumor-

related genes. Next to the detection of SNVs, indels and CNVs, this kit also allows to screen for known and 

unknown fusions in 55 driver genes as well as for the biomarkers MSI, TMB and HRD. Data on the analytical 

validation of this comprehensive targeted panel will be presented as well as the additional clinical value that 

comes along with this test. 
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AI-supported cognitive computing to support histopathology routine  
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Question  

The world of histopathology is becoming increasingly digitized and automated to leverage the enormous 

potential of precision medicine. Computer-aided algorithms or mathematical models, based on high-quality 

training sets, initially guided by pathologists’ cognitive knowledge, can be applied in order to make educated 

predictions on treatment decisions. Artificial intelligence (AI) can further exceed pathology expertise by 

unveiling hidden meaning out of huge and complex amounts of data.  

Methods  

An AI-native digital pathology ecosystem that augments the pathologist’s capabilities accelerates new 

biomarker discovery, and can build new diagnostic and prognostic insights. Intelligent and self-learning 

software solutions support and empower pathologists to make quicker and more accurate diagnosis as well 

as scoring clinically relevant decisions based on the accurate and robust quantification of multiple target 

molecules including spatial relationships and contextual information.  
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Results  

With the availability of multiplex staining techniques, high-resolution image analysis tools and high-end 

computer hardware, machine learning solutions now offer diagnostic rulesets and algorithms that still require 

clinical validation in well-designed studies. Before entering routine clinical practice, expert pathologists need 

to check plausibility and develop trust into the output coming from such „computational pathology” on object 

segmentation and classification to accept image and data analysis solutions to make compliant decisions to 

sign out individual cases.  

Conclusion  

Besides all the euphoria regarding the emerging opportunities caused by the introduction of AI in the field of 

diagnostic histopathology, there remain relevant issues to solve and limitations to be noted. Hence, we 

report some of the major challenges and opportunities of AI in pathology: standardized image acquisition and 

automated object classification under GDPR compliance to understand the tissue immune landscape, 

visualizing tumor heterogeneity and guide treatment decisions based on quantified, multiple biomarker after 

robust clinical validation of AI-based algorithms, exemplified through checkpoint-inhibitor molecules, tumor 

infiltration lymphocytes and the associated genomic profile.  
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Question  

With an increasing number of patients diagnosed with non-alcoholic steatohepatitis (NASH), a feasible and 

reliable diagnostic tool for scoring the extent of fibrosis is needed. While there are many non-invasive tools, 

such as fibroscan, MRI scans and lab markers, according to the guidelines of the American Association for 

the Study of the Liver (AASLD), semiquantitative histological characteristics, i.e. inflammation and 

ballooning, remain essential for the diagnosis of NASH. However, microscopic evaluation has limitations, 

due to known high inter- and intra-observer variability. Here, we applied a deep-learning approach for the 

histological scoring of NASH.  

Methods  

In an ongoing prospective study, 36 patients (total n = 150) with the clinical diagnosis of non-alcoholic 
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steatohepatitis (NASH) underwent an MRI liver scan as well as a liver biopsy for disease activity 

assessment. Hematoxylin and Eosin (H&E), Masson and Reticulin staining were performed and the NAFLD 

Activity Score (NAS) was assessed by three independent pathologists. Additionally, an open source animal-

trained image-based deep learning approach was applied to the present cases on scanned Masson stained 

slides. Finally, results were compared to clinical scores and additional non-invasive measurements of 

steatosis and fibrosis.  

Results  

In our study, inter-observer agreement was 90% on all assessed cases. Results of the applied deep learning 

model and pathological NAS assessment were significantly correlated in both inflammation and ballooning 

during NAS scoring. In addition, microscopic assessment by a trained pathologist and computational 

assessment of H&E and Masson images performed equally fast. Non-invasive MRI measurement showed a 

moderate correlation in steatosis assessment, compared with histological estimations (median difference 

13%, p<0.001).  

Conclusion  

Applying a deep-learning approach to NAS scoring in NASH patients offers a standardized, robust and time 

effective solution in the diagnosis and grading of NASH. Having a trained computational algorithm allows for 

reproducible and objective NAS scoring in daily routine.  
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Artificial intelligence - convolutional neural networks as a diagnostic tool for salivary gland 
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Question  

Malignant salivary gland tumors represent a particular challenge in diagnostics due to their large number of 

histopathological entities, their rare occurrence and diversity of clinical and histological presentation. The aim 

of our work is to investigate the usefulness of convolutional-neuronal networks as a diagnostic tool in the 

diagnosis of cancer of the salivary glands. 
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Methods  

Histological samples of tumor preparations of 141 patients were used. These were divided into small image 

sections, whereby several 100,000 images were created, which were then manually labelled, e.g. 

mucoepidermoid carcinoma, fat tissue, normal salivary gland tissue etc. The labelled images were then 

processed by the award-winning CNNs Inception V3, Inception V2 Resnet, Alex-Net.  

Results  

There is a high variance in the time it takes the different CNNs to analyze the labelled images. Furthermore 

the results show a high sensitivity of up to > 95% across all CNNs. Tumor entities with a clear characteristic 

look can be detected very accurately. Tumours without clear characteristics are much more difficult for CNNs 

to detect.  

Conclusion  

The advancing performance of automated and computer-aided analysis of histopathological images could be 

a solution to simplify the diagnosis by the pathologist and save time in finding the diagnosis. In addition, the 

characteristic tumor entities can be identified very well, which could potentially save the pathologist time and 

allow him to concentrate on the more difficult cases.  
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Deep learning to assist dermatopathological assessment of basal-cell carcinoma (BCC)  
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Question  

Accurate and fast assessment of resection margins is an important part of a dermatopathologist's clinical 

routine. For the most common diagnoses, starting with basal-cell carcinoma (BCC), we aim to develop a 

digital algorithm to assist the pathologist by marking critical regions in the digital whole slide images (WSI) 

that are expected to have the highest probability of exhibiting pathological features. This will help the 

pathologist in making optimal use of their limited time for examining histological slides.  

Methods  

A convolutional neural network (CNN) architecture was developed, trained and validated on 50 WSI of 

hematoxylin and eosin (H&E) stained tissue samples containing normal regions as well as BCC lesions. The 

training data was annotated by two clinical dermapathologists, marking the location of tumor tissue. Data 
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augmentation techniques were used to increase the diversity of the collected data. The neural network takes 

both local and non-local information into account to assign a probability of BCC tissue being present in each 

section. Thus, the result is an automatic annotation of the critical region. The performance of the system was 

evaluated on several WSI and clinical pathologists' feedback was used to improve the performance, with a 

focus on minimizing non-detected tumor regions (false negatives, FN).  

Results  

The algorithm performs well on test WSI of suspected BCC tissue, exhibiting a low FN rate and accurately 

checking the resection margins for remaining lesions. In order to build confidence in the methodology, ways 

to inspect the CNNs were studied. In particular, these interpretation methods revealed high accordance 

between the pathologists’ annotations and the regions that were important for the given CNN decision.  

Conclusion  

The method shows promising first results for automated assistance in directing the dermapathologist's 

attention to the most critical regions in a set of tissue samples. The proposed system may be used as a 

starting point to develop an AI-guided framework to assist the pathologist in completing routine tasks with 

maximum efficiency. 
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Characterization of the ECM remodeling potential of HCT116 DAPK-/- cells using multiphoton 
microscopy  
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Question  

Colorectal cancer (CRC) is one of the leading courses of cancer-related deaths worldwide. The majority of 

CRC-related deaths are majorly caused by the metastatic dissemination of cancer cells. Therefore, it is of 

great interest to better understand the molecular mechanisms responsible for metastasis. One of the earliest 

steps of metastatic dissemination is the invasion into the adjacent tissue and intravasation into the 

blood/lymphatic vessel network. During this process, the remodeling of the extracellular matrix (ECM) by 

either the tumor cells themselves or by corrupted stroma cells is essential. Recently, it was shown that the 
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death-associated protein kinase (DAPK1) is a metastasis suppressor in CRC. Here we aimed to investigate 

the capability of DAPK1 to remodel the ECM.  

Methods  

We generated DAPK1 deficient HCT116 monoclonal cell lines using the CRISPR/Cas9 technology. The 

ECM remodeling potential of HCT116 DAPK1 -/- cells was assessed in vivo by using the chorioallantoic 

membrane (CAM) model. For this, in ovo xenografts were harvested after 5 days of incubation and 

subsequently the tumor cell-ECM interaction, in particular the texture of the collagen-I meshwork of the 

chicken CAM, was analyzed. In parallel we determined the collagen amount, fiber size and orientation by the 

Sirius Red staining of FFPE slices in 2D. By using multiphoton microscopy it was possible to visualize cells 

and tissue structures in 3D. This technique is based on a non-linear excitation of fluorophores as well as on 

second-harmonic generation (SHG) from molecules that lack inversion symmetry such as collagen-I.  

Results  

First, we compared multiphoton microscopy to the corresponding Sirius red staining of FFPE tissue. Further, 

we demonstrated that the loss of DAPK1 resulted not only in changes in the growth pattern but also in a 

remarkable remodeling of collagen-I fibers in the ECM of CAM xenografts. This finding was further confirmed 

by our NANOSTRING and Mass-spec analyses where we found uPAR remarkably upregulated in DAPK1 -/- 

cells. 

Conclusion  

We suggest that DAPK1 exerts its metastasis suppressor function via inhibition of ECM remodeling capability 

of colorectal tumor cells. 
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Open Source based unifying NGS pipeline  
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Question  

With the advances in research in the last decades the field of molecular pathology has steadily increased in 

complexity. Many companies offering specific and custom panels for targeting multiple biomarkers combined 

with bioinformatic. While some suppliers offer their analysis tools for free, others sell all in one solutions 

coming with a premium price tag. These tools are often optimized for specific chemistry and tasks but limited 

in flexibility. Especially the use of chemistry from a different supplier will often not work at all. 

Aim of this project is to develop a unifying open source pipeline, able to process Illumina NGS data created 

by different chemistry from common suppliers. The benefit of creating one streamlined set of outputs for all 

kinds of different inputs should reduce the requirements for the molecular pathologist to learn and handle 

different programs and manually handling and converting results. Mistakes introduced by human by manual 

handling of data can lead in some cases to wrong treatment options for the patient.  

Methods  

UMI based DNA sequences were mapped with BWA and collapsed by fgbio. Mutations were called and 

filtered by GATK4 and a population allele frequency of > 1% was chosen for removing germline variants. 

Translocations were called with manta and delly.  

Results  

We developed a highly efficient and scalable pipeline handling UMI based panels from different suppliers 

(Agilent, Illumina, Qiagen, Roche, Archer) generating streamlined results for tumor only analysis of WES, 

targeted panels and liquid biopsy including fusion detection. 
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Figure1: Schematic display of analyses workflow using custom tools from different vendors (A) vs. using a 
streamlined open source NGS pipeline able to handle inputs from different vendors (B). 
 
 
  
Conclusion  

The more different chemistries and suppliers a laboratory uses in their daily work the more effort it will take to 

gather results from different outputs, evaluate different cutoffs and thresholds and finally write medical 

reports. This interpretation of output from different result sources is error-prone and should be avoided. Also 

the time consumption can scale up very quickly by increasing sample throughput. Taking the effort in 

establishing such a pipeline for a clinical setting is a time consuming effort but will free up resources handling 

and processing and is also customizable to include new panels with low effort. 
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Question  

Tumor-Stroma-Ratio (TSR) is a relatively new prognostic biomarker in colorectal cancer that has the 

potential to provide additional prognostic assessment and stratification for therapy adjustment. Until now, 
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analyses have been performed mainly by estimation based on H.E. morphology. The aim of the present 

study was to investigate the prognostic significance of TSR in different tumor areas using a simple semi-

automated approach with the open source program ImageJ. 

Methods  

We examined 206 conventional pT3 and pT4 adenocarcinomas. Special histological tumor types were not 

included.  

Results  

Based on the thresholds established by us, 31 tumors (15%) were classified as tumors with low tumor 

proportion (TP) (≤ 15% TP), 42 tumors (20%) were classified as with high TP (≥54% TP) and 133 tumors 

(65%) were classified as with medium TP. Both tumors with high and low TP were associated with an 

unfavorable overall survival compared to the mean TP (p = 0.001 and p = 0.03). 

Furthermore, the TP was an independent risk factor for the occurrence of distant metastases in addition to T-

status, microsatellite status and tumor spread. 

Patients with a high TP showed significant tumor budding less frequently, 

(p = 0.012), lymphovascular invasion (p = 0.049) and lower number of identified lymph nodes (p = 0.042) 

compared to tumors with low TP.  

Conclusion  

The results provide first indications that a tumor proportion that is also extremely high/low in stroma is also 

associated with an unfavorable prognosis and that this subgroup may be difficult to identify with other 

classical histopathological methods. 
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Commercial or open-source digital image analysis tools – an example for automated quantification of 
Ki67-expression in breast cancer tumors  
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Question  

Tumor proliferation is assessed as part of the routine diagnostic workflow by the Ki67 index. Digital image 

analysis systems offers reproducible quantitative data compared to conventional methods and reduce inter-

observer and intra-observer variability. Here, we aim to compare analytical features of two image analysis 

tools and estimate their efficiency in data preparation.  

Methods  

We integrated a commercially available system from Leica Biosystems and an open-source tool Qupath into 

our digital image analysis workflow. We collected tissue blocks from 306 cases of anonymized breast cancer 

patients. We ran a pilot test consisting of 10 cases. Ki67-immunohistochemistry (clone MIB-1, Dako) was 

performed on a Benchmark XT system (Ventana). The slides were digitized and tumor regions were 

annotated electronically. We compared usability of the annotation drawing features, inter-tool region of 

interest (ROI) transfer compatibility, and usability of cell detection function.  

Results  

Both, Leica and QuPath offer rectangle, eclipse or free-hand polygon tools for manual annotations, but 

QuPath has two additional tools available. QuPath has no default feature for inter-software annotation 

transfer. Leica offers default export/import annotations to/from xml files. While QuPath has a ‘Rotate 

annotation’ feature available, a comparable option is absent in Leica. Leica is also limited to rotate an image 

by 90° or 180° whereas images can be rotated to any degree of orientation on QuPath. To allow for cell 

segmentation, in QuPath, optical density (OD) of the DAB staining can be measured by sample selection. 

For Leica, the user needs to know details about colour vectors or choose an error-prone automatic mode. 

Running the algorithm and exporting the result data on QuPath requires creating scripts compared to the 

built-in ‘analyze’ and ‘data export’ options on Leica. In addition to the analyzed image overlay, QuPath has a 

heat-map feature allowing visualization of spatial resolutions. No such option exists in Leica system.  

Conclusion  

Annotation drawing is more efficient using the open-source tool Qupath and the possibility to create a 

heatmap would be beneficial in the commercial system. On the other hand, the inter-tool annotation transfer 

is far more robust in Leica. The Leica system is more user-friendly by offering default options to analyze and 

extract data. Integration of QuPath in a routine pathology setting is therefore, questionable.    
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Virtual microscopy has been employed in research for years, but the adoption of digital 

pathology in clinical practice has stalled. In contrast to radiology, where digital 

workflows simplified hospital operations and reduced costs, digitizing tissue sections in 

pathology adds overhead to laboratory workflows without eliminating the glass 

slides. With recent technological advances in machine learning (ML), the value 

proposition of digital pathology hinges on artificial intelligence that promises reduced 

costs and improved diagnostic abilities. Several ML models have shown promising 

results in research settings, but integrating models into diagnostic workflows poses 

major technical, operational and regulatory hurdles for pathology departments and their 

institutions. 

We are currently conducting the Breast Cancer Scanning Initiative to develop and 

clinically evaluate an ML model for classification of breast biopsy specimens. Women 

with radiologically suspicious breast lesions are biopsied and lesions classified as 

histologically high-risk are surgically removed. We aim to predict which breast lesions 

would not require resection to reduce the number of unnecessary surgeries. To this 

end, we set out to develop a ML model using image-based features learned from digital 

slides and evaluate the model clinically. 

Key challenges for the adoption of digital pathology include the development of ML 

models and their clinical validation and integration into enterprise imaging systems. The 

common steps of ML-related digital pathology projects are image acquisition, cohort 

creation, image annotation, algorithm development, and validation of algorithm results. 

We outline the importance of computational pathology and emphasize technical aspects 

of digital pathology relevant for ML model training, validation and testing. In addition, 

non-computational challenges include modifications of laboratory operations to 

accommodate digital diagnostics in the age of AI as well as financial sustainability and 

reimbursement of computational tests. 

The interdisciplinary nature of the risk and benefit assessments of digital pathology 

solutions exceeds the ability of individual practices and require approaches to entail 

industry collaborations and regulatory science initiatives. Despite these challenges, the 
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adoption of digital pathology is pending, and the current, pre-competitive phase of 

adoption is an ideal time to assess risks and benefits from within pathology.  

 

Digitale Pathologie - virtuelle AG-Sitzung  

AG14.05  

Classifying molecular subtypes of gastric adenocarcinoma on H&E stainings via deep learning.  

S. Gretser1, N. Flinner2, V. Lindenstruth2, R. Büttner3, A. Quaas3, P. J. Wild1  

1Institut für Pathologie, Universitätsklinikum Frankfurt, Frankfurt am Main, Germany, 2Frankfurt Institute for 
Advanced Studies, Frankfurt am Main, Germany, 3Institut für Pathologie, Uniklinik Köln, Köln, Germany  

Question  

Gastric adenocarcinoma remains one of the most common and deadly neoplasms worldwide. As in most 

neoplasms, the histology of the tumor plays an important role the prognosis and survival of the patient. 

Several histological classification systems have been proposed, but the most commonly used are the 

Lauren- and WHO-classification. Recently, a molecular classification for gastric adenocarcinoma into 

Epstein-Bar-Virus positive (EBV), microsatellite instable (MSI) and high (CIN) or low (GS) on somatic copy-

number aberrations has been suggested. Classifying tumors into these these subtypes without genomic 

analysis would offer a very viable solution.  

Methods  

In this study, we present a deep learning approach (using cNN’s) for automated molecular subtyping of 

gastric adenocarcinoma on tumor tissue slides with Hematoxylin and Eosin (H&E) stainings. Our system was 

trained using detailed annotations of the tumor tissue on a training and validation cohort of 133 patients and 

was then evaluated on an independent test cohort of 37 patients. The training and validation cohort used 

was the initial cohort (TCGA) which was already used when the molecular subtypes were first described. The 

validation cohort was an independent and already classified cohort (based on morphology and 

imunhistochemistry) from the institute of pathology of the university hospital cologne (UHC).  

Results  

cNN’s trained on TCGA data are not transferrable to UHC data. Excluding GS from the UHC data set 

recovered the transferability, indicating that GS is hard to classify without molecular data. We next 

investigated the question if a consensus prediction on patient level is meaningful: The overall accuracy 

improves, however in case of nearly equal frequencies for different subclasses the partial distribution 

sometimes indicates a heterogenity for some tutor samples. Patients where nearly all parts of the tumor are 

classified same and correctly form our „core molecular subtypes“ which can be used to define their 

morphological features: Gradient-weighted class activation maps of the cNN trained with these „core 
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molecular subtypes“ uncover that densely packed lymphocytes are responsible for EBV classification, GS is 

classified via connective like tissue and MSI and CIN seem to be classified based on their shape of glands. 

Conclusion  

Classification of CIN, EBV and MSI is feasible without sequencing. In future deep learning can replace the 

need of genomic analysis to clearly identify the GS subtype. 
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Predicting the molecular subtype of muscle-invasive bladder cancer from conventional 
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A.-C. Woerl1, 2, M. Eckstein3, J. Geiger1, 2, D. C. Wagner1, T. Daher1, P. Stenzel1, A. Fernandez1, A. 
Hartmann3, M. Wand2, W. Roth1, S. Foersch1  
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Question  

Muscle-invasive bladder cancer (MIBC) is the second most common genitourinary malignancy and is 

associated with high morbidity and mortality. Recently, molecular subtypes of MIBC have been identified, 

which have highly important clinical implications. 

Methods  

In the current study, we tried to predict the molecular subtype of MIBC samples from conventional 

histomorphology alone using deep learning.  

Results  

By using an state-of-the-art convolutional neural network (mibCNN) we achieved high performance on this 

multiclass classification problem. Furthermore, the computers accuracy was similar or superior to a group of 

pathology experts. Using different visualization techniques, we furthermore identified histopathological 

features which were most relevant to our model.  

Conclusion  

This approach could potentially be used in a clinical decision support system or to predict other clinically 

relevant parameters such as survival or response to therapy. 
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Two-photon microscopy for sectioning-free virtual H&E imaging  

J. P. Kolb1, M. Strauch1, D. Weng1, M. Wacker1, W. Draxinger1, N. Merg2, J. Hundt2, S. Karpf1, R. Huber1  

1Universität zu Lübeck, Institut für Biomedizinische Optik, Lübeck, Germany, 2Universität zu Lübeck, 
Lübecker Institut für Experimentelle Dermatologie, Lübeck, Germany  

Question  

The routine pathology workflow relies on paraffin sectioning to obtain single-cell layer thick sections. Despite 

being quite labor- and time-intensive, the only current alternative is frozen sectioning. It delivers faster 

results, but at the cost of the quality of the sections. We evaluate, whether two-photon microscopy (TPM) [1] 

of bulk tissue samples is a viable alternative by creating images that resemble standard H&E-stained slides 

without any sectioning.  

Methods  

The bulk tissue samples are quick-stained (2-10 min) with acridine orange (nuclei stain) and sulforhodamine 

101 (counterstain) to achieve an H&E compatible staining. Our home-built two-photon microscope [2], 

achieving high three-dimensional resolution, images the unsectioned tissue samples. Due to the TPM 

process, the fluorescence of both stains can only be excited within the small focal volume of the microscope. 

The sample is scanned and the fluorescence from the focus is collected by two separate spectral channels 

(nuclei- and counterstain). The data is used to create an H&E-equivalent image ready for histological 

assessment.  

Results  

H&E-like images of a porcine skin sample were successfully acquired without sectioning using our TPM 

microscope.  
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a) virtual H&E image of an unsectioned piece of porcine skin with zoom-in; b) paraffin section of the same 
piece of tissue 
 
This takes considerably less time and work than the preparation of H&E-stained paraffin sections of the 
same sample for bright-field microscopy. Both methods show similar image quality and features. We plan to 
extend our investigation to other tissue types of tissue and more samples. Moreover, we plan to further 
increase the speed of the TPM microscope with improved system hardware and by reprogramming our 
processing software. 
  
Conclusion  

In the future, virtual H&E imaging with TPM will provide an alternative to frozen- and paraffin sectioning in 

the pathology workflow. Remaining challenges are faster imaging and data processing. The potential 

combination with other imaging modalities (e.g. TPM fluorescence-lifetime-imaging [3]) and creation of 3D 

images might increase the diagnostic accuracy. We will further investigate the comparability to standard H&E 

staining and whether fluorescent immunostains could be used, too. 
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Nodal lymphangiogenesis in sentinel and non-sentinel lymph nodes of invasive breast carcinoma: Is 
there a lymphovascular niche in the setting of clinical pathology?  
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Question  

Several studies have demonstrated the de novo formation of lymphatic vessels or the reorganization of 

lymphatic sinus in tumor-draining lymph nodes, partly preceding the detection of lymphatic metastases. This 

„lymphovascular niche“ is supposed to facilitate the survival of metastatic tumor cells. Only few studies on 

nodal lymphangiogenesis in invasive breast cancer have been published, but these did not examine negative 

sentinel lymph nodes (SLN) and did not specify tumor types.  

Methods  

Suitable cases with SLN and/or non-SLN (NSLN) of patients diagnosed with invasive breast cancer were 

identified in the archives of the Institute of Pathology in Marburg und the corresponding clinical und 

histopathological data extracted. Paraffin blocks of SLN and/ or NSLN of 95 patients were examined 

immunohistochemically for D2-40 as to percentage and staining intensity of endothelial cells of the 

subcapsular sinus. The number of D2-40-positive lymph vessels in existing metastases was evaluated with 

two established methods (Chalkley count and number per HPF). Data was explored as to TNM parameters, 

grading, tumor type, size of metastasis, lymph vessel number and receptor/ HER2 status by t-, chi-squared 

or Fisher's exact test.  

Results  

Staining intensity and stained proportion of the subcapsular sinus for D2-40 correlated in SLN and NSLN (p 

< 0.001). Both methods for quantification of lymph vessels were equivalent. The number of newly formed 

lymphatic vessels correlated with the size of metastases (p < 0.001). Interestingly, micrometastasis occurred 

more often in younger patients. There was no significant difference with respect to tumor types.  

Conclusion  

Intranodal lymphangiogenesis could not be verified in tumor-free lymph nodes. Lymphangiogenesis was 

detected in association with metastases, with newly formed lymphatic vessels being significantly more 

numerous in larger metastases. SLN and NSLN demonstrated a strong and uniform positivity of the 

subcapsular sinus for the lymphatic endothelial marker D2-40 not correlating with clinical and 

histopathological parameters. The concept of intranodal lymphangiogenesis remains to be further elucidated 

in the setting of clinical pathology.  
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On the regulation of Survivin and Regucalcin in Non-Small Cell Lung Cancer tissues  
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Question  

ince the epigenetic age of Non-Small Cell Lung Cancer (NSCLC) tissues is different from the chronological 

age of the patients, we analyzed Regucalcin and Survivin, molecules which are known to be involved in the 

process of aging.  

Methods  

We applied Methylome and transcriptome analyses from HOPE-fixed tissues, as well as 

immunohistochemistry.  

Results  

We show that both molecules are epigenetically modified in NSCLC tissues, if compared to the 

corresponding tumor-free tissues from the same donors. A high transcription of Survivin in adenocarcinomas 

was negatively correlated with patients’ survival, whereas a high Regucalcin-transcription was correlated 

positively. This separation was even sharper in stage 1 adenocarcinomas. Among those, smokers with low 

expression of Survivin show a better prognosis, while high expression of regucalcin was found to be 

protective in never smokers. Analysis of both molecules was also performed by immunohistochemistry using 

tissue microarrays. We observed a high abundance of Survivin also in the adjacent immune cells of the 

tumors.  

Conclusion  

Epigenetic modifications of Survivin and Regucalcin take place in Non-Small Cell Lung Cancer and lead to 

enhanced expression of Survivin on the one hand and reduced expression of Regucalcin on the other, 

suggesting a possible role as prognostic markers.  
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Multi-region digital spatial profiling (DSP) quantifies spatial heterogeneity of hepatocellular 
carcinoma tissue biomarkers.  
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Question  

Numerous studies on immune checkpoint inhibitors (anti-PD-1, anti-PD-L1, and anti-CTLA-4 antibodies) 

have exhibited potential therapeutic effects for advanced hepatocellular carcinoma (HCC). However, a 

subset of patients actually did not benefit from it. Here, we quantified proteome inter-tissue and inter-tumor 

heterogeneity based on a multi-region analysis of tissues using DSP and identified specific molecular targets 

for ICI treatment. 

Methods  

Tissue specimens of eight patients with alcohol-related cirrhosis-induced HCC (ASH-HCC) and eight patients 

with hepatitis C virus related cirrhosis-induced HCC (HCV-HCC) were collected. Multiple regions of interest 

of HCC and matching cirrhosis tissue per patient were prepared using tissue microarray (TMA) technology. 

Two TMA slides were considered as replicates using an immune-oncology panel of DSP.  

Results  

In general, a high correlation was found between DSP counts of two independent TMA replicate slides 

(R2=0,898) using the same regions of interest. The variability depending on tissue type and etiology. 

Significant expression changes between HCC and cirrhosis were detected (n=19/58; 32,8%) considering 

eight proteins with a Z-Score >3 in HCV-HCC compared to four proteins with a Z-Score >3 in ASH-HCC. The 

identified proteins address metabolic and adhesion processes as well as T-Cell modulation including 

transcription factors (FOXP3) and immune modulatory receptors (CTL4, IL2RA). Moreover, HCV-HCC 

revealed the aberrant presence of B-cell and macrophage antigens. 

Liver cirrhosis discrimination exhibited more complex signaling including defense/immunity proteins and 

receptors referring to biological adhesion and leukocyte activation (n=15/58; 25,9%; Z-Score>3 in nine 

targets) whereas EpCAM expression differed among tumor tissue of both etiologies (n=1/58; 1,7%; Z-

Score>3).  

Conclusion  

Our study extends the current to protein biomarker discovery and histopathological characterization of HCC, 

allowing for multifaceted characterization of disease biology and interrogation of mechanisms of immune 
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evasion. Meanwhile, DSP is confirmed as a reproducible method with the capability of highly multiplexed 

measurements of protein expression.  
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Formalin Gas Phase Based Protocol for Multiple Immunostainings – FOLGAS  
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Question  

Immunofluorescence (IHC) and immunohistochemistry (IF) based staining represent standard methods for 

the detection of target molecule localization in tissue. Multiple staining yields superior analytic quality 

compared to serial single staining. The two main limitations on formalin-fixed paraffin-embedded (FFPE) 

tissues hindering the wide use of multiple stainings are: 1) same primary antibody species leading to cross-

reactivity and 2) different epitope retrievals for different primary antibodies. To solve these issues, a protocol 

for immunohistochemical and immunofluorescence staining with multiple antibodies was developed.  

Methods  

For the first staining, two µm thick FFPE sections were subject to epitope retrieval, blocked (endogenous 

biotin / peroxidases) and incubated with the primary antibody. Afterwards, sections were incubated with a 

mixed polyclonal (anti-mouse or anti-rabbit) secondary antibody (biotinylated or directly coupled to a 

horseradish peroxidase) and visualized by chemical reaction or fluorescence. Re-fixation in the gas phase of 

35% formalin was performed before the next staining in 50ml tubes at 37°C overnight. Subsequent staining 

procedures were performed up to a triple-staining. Counterstaining was performed with hematoxylin or DAPI. 

To compare with single stains, all slides were evaluated semi quantitatively by two independent pathologists 

for cellular localization, number of stained cells and staining intensity.  

Results  

Eleven different antibodies were tested, using five different epitope retrievals on tonsil sections. Multiple 

stainings in IHC (one double, three triple stainings) and IF (one double, one triple staining) show good optical 
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results. No significant differences were identified between the triple staining and the corresponding single 

staining during semi quantitative evaluations of IHC and IF by two independent observers. A tendency 

towards slightly stronger signals in the final of the triple staining compared to the single staining was 

detected.  

Conclusion  

The presented FOLGAS protocol is a reproducible, easy to use and economic method for multiple 

immunostainings. The only adaption of the protocols is the re-fixation step in the gas phase of formalin prior 

to the next epitope retrieval. However, the optimal sequence of the different retrievals and stainings should 

be tested. In future, CyTOF based staining methods of FFPE sections will be tested for FOLGAS 

applicability.  
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Digital gene expression analysis of immunotherapy-treated patients reveals impairment of the 
immune respsone due to altered antigen processing.  
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Question  

Last year, we presented our findings in immunotherapy-treated NSCLC patients. A small subset of patients 

harbored mutations that caused changes in tumor antigen processing, which led to altered tumor epitopes. 

This risk group was also linked to significantly reduced overall survival time in multivariate analysis with PD-

L1 expression [1]. To gain knowledge how altered antigen processing influences immunotherapy-treated 

patients and the immune response, gene expression data of the same NSCLC-cohort were analyzed and 

correlated to our previous findings.  

Methods  

The cohort contained 48 patients, treated with nivolumab. Altered antigen processing was predicted by two 

neural network algorithms, NetChop and NetMHC. The Nanostring PanCancer Immune Profiling Panel was 

utilized to generate gene expression data of 770 genes linked to various immune pathways. KEGG pathway 

analysis was used to uncover links between altered antigen processing and the regulation of immune 

pathways.  
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Results  

KEGG analysis revealed a downregulation of pathways linked to NK-, T-and B cell-mediated immune 

responses in the risk group.  

 
Differential gene expression in association with T cell signaling (A) and B cell signaling (B). Green: strong 
expression in patients without altered processing 
 
 

 
Differential gene expression in association NK cell-mediated cytotoxicity. Green: strong expression in 
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patients without altered processing. 
 
 

 
Differential gene expression in association with leucocyte transendothelial migration. Green: strong 
expression in patients without altered processing. 
 
Furthermore, leukocyte migration seemed impaired. Single-gene correlations displayed significantly low 
expression of CD276, TRAF2 and IRAK4 in the risk group. CREB5, ITGAL and SOCS1 were most impacted 
by the number of altered epitopes.  
Conclusion  

In previous works, we gained insight that immune cell-mediated toxicity and leucocyte migration may be 

affected by altered antigen processing [1] [2]. The results of the recent study coincide perfectly with our 

established hypothesis and further proof that altered antigen processing has a negative impact on patients 

under immunotherapy. Thus, altered processing may proof useful to predict therapy outcome and should 

therefore be taken into consideration for therapy decision.  
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Peritumoral lymphocyte count and PD-L1 status in penile carcinomas  
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Question  

Human Papilloma virus infection (HPV) has been shown to play a significant role in the development of 

penile cancer. This leads to the assumption that an insufficient immune response significantly contributes to 

carcinogenesis. However, in contrast to many other tumour entities, data on immunomodulatory aspects in 

penile cancer is sparse. Therefore we investigated the peritumoural immune cell infiltrate (pt-ICI) as well as 

the PD-L1 status in a series of penile carcinomas.  

Methods  

70 penile cancers with known HPV infection status were investigated and classified according to the UICC, 

8th edition. pt-ICI were semiquantitatively evaluated on Hematoxylin and Eosin stained slides by using a 

three tiered scale (few lymphocytes vs median amount of lymphocytes vs many lymphocytes). Additionally, a 

subgroup of cancers were stained with an antibody against PD-L1 (Clone ZR3, Zeta).  

Results  

Lymphocyte count correlated with HPV status (Cohens effect strength: d = 0.5643, medium effect) und was 

inversely correlated with increasing pT-stage. PD-L1 was expressed intratumourally and in pt-ICIs. No 

correlation existed between the PD-L1 status and other distinct tumour characteristics in our cohort.  

Conclusion  

Our findings suggest the patient`s immune response to play a relevant role in the development of penile 

cancers at least in subsets of patients. Whether this will result in response to immunomodulatory therapy is 

unknown and should be subject of further studies.  
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Question  

IgG4-related diseases(IgG4-RD) is a newly recognized chronic-inflammatory condition characterized by 

tissue infiltration with lymphocytes and mostly IgG4-secreting plasma cells and various degrees of storiform 

fibrosis. The lesions can sometimes be qualified even as pseudotumor and bring to symptoms of 

compression. The disease was identified for the first time in 2001 in the pancreas (autoimmune pancreatitis 

linked with the presence of elevated levels of serum IgG4) but it became soon noticeable other potential 

organ system involvement.  

Methods  

Here, we present six different clinical cases (4 men, 2 women) that were surgically treated due to a tumorous 

lesion and revealed as IgG4-associated disease during histopathological evaluation.  

Results  

The tumors occurred in five different sites (kidney (2 cases)  



237 
 

 
Kidney with a IgG4-assiciated pseudotumor in the medullary region. 
 
, spleen, gallbladder, pterygopalatine fossa and axilla) in six patients with an average age of 58 ± 15 (41 – 
80) years. Macroscopically, the lesions showed in the majority of cases a sharply delimited tumefactive 
aspect with an averaging dimension of 4.1 ± 1.2 (2.7 – 6) cm. We observed a highly variable spectrum of 
histological patterns with at the extremities dense proliferation of lymphocytic infiltrates and admixture of 
fibroblastic cells or strong sclerotic lesions with less cellular activity on the other side. However, a 
significantly increased number of IgG4-positive plasma cells could be noticed in each case (198 ± 30 cells 
per HPF, 160 – 250). The background inflammatory infiltrate consisted of T- and B-lymphocytes and 
eosinophilic granulocytes of differing densities. 
All the patients are currently alive and none of them experienced a recurrence of the disease. The collection 
of further clinical data (e.g. serum IgG4-levels) is currently ongoing. 
  
Conclusion  

As already mentioned IgG4-RD is a multiorgan system condition with various pathological features that 

occurring across a wide range of organ systems. For a correct diagnosis is consequently required a good 

collaboration between the pathologist and the physician as well as the knowledge that these entities can 

present as a mainly tumorous lesion. 

  

 

 



238 
 

ePoster-Ausstellung  

P.009  
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Question  

What is the role of small nerve fibers in the cancer stroma of PDAC and how do they influence the stromal 

component on survival? 

We hypothesize that existence of small nerve fibers are one of the key components in cancer progression 

and they are of main importance in communication with immune cells.  

Methods  

Histological slides from 155 patients with PDAC were selected RWTH University Hospital Aachen and used 

for the immunostaining Protein Gene Product 9.5 (PGP9.5). (EK 106/18) 

Nerve fiber density (NFD) 

Nerve Fiber Density (NFD) was evaluated by counting the number of nerve fascicles with diameters of < 100 

μm in 20 continuous fields at x 200 magnification. Nerve fiber density results were grouped into 3 categories: 

1) negative, no nerve fibers, 2) weak expression, 1-10 nerve fibers and 3) moderate/strong expression >10 

nerve fibers. 

Type of Immune Cells and their spatial arrangements  

The dominant type of immune cells was determined by the pathologist on the corresponding H&E slide and 

by ‘eyeballing’ scored into three categories: 1) lymphocyte predominant, 2) neutrophil predominant or 3) no 

immune cells. Their spatial arrangement was determined by QuPath v0.1.6 by using a classifier for the 

distance from each immune cell to the nearest annotated tumor gland.  

Results  

We found a highly significant correlation in the group with a high NFD (group 3; having more than 10 positive 

nerve fibres) and an overall survival. By machine learning we determined the mean distance from the 

nearest tumor gland from each immune cell. The patients with a high Nerve Fiber Density have lymphocytes 

more distant from the nearest tumor gland. 
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Figure 1: survival curve of NFD, Kaplan-Meier Survival Analysis of High versus Low NFD on overall survival. 
 
 
 

 
Figure 2: Process using Machine Learning to determine Immune Cell spatiality. A. Annotated Slide.B+C. The 
classifier D+E. Plot with amount of immune cells (y-axis) and the distance to nearest tumor gland (x-axis). 
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Conclusion  

Surprisingly in this study we found that a high NFD correlates with a better survival in patients with PDAC. 

The spatial distribution of the lymphocyte predominant phenotype showed lymphocytes at a further distance 

from the tumor in case of a high NFD. 

This can be a new therapeutic strategy in increasing life expectancy of patients with PDAC. 

  

 

ePoster-Ausstellung  

P.010  

Testing, establishment and validation of new antibodies for immunohistochemical evaluation in 
pathology  

S. Lösch, C. Heinrich, B. Bier, E. Eltze  

Institut für Pathologie Saarbrücken-Rastpfuhl, Saarbrücken, Germany  

Question  

In pathology and medical diagnostics, immunohistochemistry is used, for example, to classify and diagnose 

malignant tumours. The results of immunohistochemistry depend on many factors including the type of tissue 

pretreatment, the concentration of the primary antibody, its incubation time and also the type of detection 

system. The present work deals with the testing and validation of antibodies against MUC-1, MUC-2, MUC-

5AC and MUC-6.   

Methods  

First suitable different tissues were tested and the pH value of the pretreatment buffer of the heat induced 

epitop retrival, the antibody dilution of the primary antibody, depending on the antibody and the incubation 

time. To establish validation based on the guidelines of the DAKKS protocols of inter-precision assay and an 

intra-precision assay were tested.  

Results  

Useful tissue for MUC-1, MUC-5AC and MUC-6 is gastric corpus and duodenum for MUC-2. The tissues 

were tested and the pH value of the pretreatment buffer of the heat induced epitop retrival, the antibody 

dilution of the primary antibody, depending on the antibody, varies between 1:200-1600 or 1:500-1:4000 and 

the incubation time between 10 minutes and 30 minutes 

For the intra-assay precision biopsy specimens, tumour tissues were compared with specimens from for 

instance gastrectomy with nearly identical stainings. For inter-assay precision the same protocol was 

repeated three times on different days with slightly variable but sufficient stainings.  
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Conclusion  

After establishing useful control tissues for testing and validation of MUC-1, MUC-2, MUC-5AC and MUC-6 a 

solid staining protocol could be established and validated for biopsy and gross specimens. Antibody staining 

using osseous tissue may need another protocol. 

  

 

ePoster-Ausstellung  

P.011  

Immuno-molecular characterization of patients with malignant melanoma  

S. Schatz1, M. Falk1, M. Tiemann2  

1Institut für Hämatopathologie Hamburg, Molekularpathologie, Hamburg, Germany, 2Institut für 
Hämatopathologie Hamburg, Hamburg, Germany  

Question  

Molecular stratification and immuno-oncology has positively impacted the outcome of patients with malignant 

melanoma. Apart from predictive biomarkers like BRAF mutations and PD-L1 expression, data indicates that 

the composition and number of tumor infiltrating lymphocytes (TIL) may have prognostic value in several 

tumor entities. We analysed 200 melanoma biopsies using an amplicon-based Next Generation Sequencing 

(NGS) panel and compared the data to conventional diagnostics (PCR/Sanger) on the same samples. For 

43 patients, in addition to NGS data, we performed detailed pathological evaluation of TIL count and 

composition.  

Methods  

200 samples of malignant melanoma were retrospectively identified from our pathological documentation 

software with known status for BRAF/NRAS and KIT. DNA was subjected to amplicon-based NGS covering 

19 genes on the Illumina MiSeq platform. For 43 cases analyzed by NGS, we performed IHC evaluation of 

TIL with antibodies against CD3/CD8 (cytotoxic T cells), CD3/CD4 (T helper cells), CD3+/FOXP3 (regulatory 

T cells), CD19/CD20 (B cells), CD68 (histiocytes) using the Ventana platform (Roche Diagnostics) or Leica 

Bond III. Absolute TIL numbers were determined by counting 3 HPH (high power fields).  

Results  

We describe a significant gain of diagnostic information comparing NGS vs. conventional genetic testing. By 

NGS, since the whole BRAF gene is covered, class II and III mutations are detectable at significantly higher 

levels. In tendency, we observed a higher degree of TIL infiltration in driver mutation positive vs. driver 

negative tumors. Elevated numbers of TIL were observed in tumors with a PD-L1 tumor proportion score 

(TPS) of < 10%, versus TPS >10%.  



242 
 

Conclusion  

NGS diagnostics in melanoma is reasonable to increase diagnostic and clinical information on a patient´s 

tumor. In addition, regarding immuno-oncological treatment, it might become necessary to consider the 

degree of tumor infiltration in the future. 

  

 

ePoster-Ausstellung  

P.012  

Fibroblast growth factor receptor 1 gene amplification and protein expression in human lung cancer  

O. Elakad1, A.-M. Lois1, K. Schmitz2, S. Yao3, S. Hugo1, L. Lukat1, M. Hinterthaner4, B. Danner4, A. von 
Hammerstein-Equord1, K. Reuter-Jessen1, H.-U. Schildhaus5, P. Ströbel1, H. Bohnenberger1  

1University Medical Center of Goettingen, Pathology, Göttingen, Germany, 2Innpath GmbH, Innsbruck, 
Germany, 3University Medical Center of Goettingen, Pathology, Goettingen, Germany, 4UMG, Göttingen, 
Germany, 5University Hospital of Essen, Essen, Germany  

Question  

Fibroblast growh factor receptor 1 (FGFR1) is considered as potential molecular target in squamous cell lung 

cancer (SQCLC) patients. Amplified FGFR1 can be targeted using specific receptor kinase inhibitors. 

However, clinical trials have shown sustainable responses to FGFR1 inhibitors only in a small fraction of 

FGFR1 amplified SQCLC patients.  

Methods  

FGFR1 amplification has been analyzed through fluorescence in situ hybridization (FSIH) in 208 SQCLC and 

45 small cell lung cancer (SCLC) patients. The antibody used for IHC was validated through knocking out 

FGFR1 gene in SQCLC cell line by the CRISPR/Cas9 system. Afterwards, protein expression was analyzed 

through immunohistochemistry in the same patients and in 121 adenocarcinoma (AC) patients. Amplification 

and expression were correlated to each other, clinicopathological characteristics and overall survival.  

Results  

FGFR1 gene amplification has been diagnosed in 23% and 8% of SQCLC and SCLC patients, respectively. 

Kaplan-Meier analysis have shown no significant correlation between FGFR1 gene amplification and overall 

survival in any of the histological subgroups. Specificity of immunostaining has been confirmed through 

knocking out FGFR1 gene in lung cancer cell line using CRISPR/Cas9 system. Strong expression of FGFR1 

protein has been measured in 9%, 35% and 4% of SQCLC, AC and SCLC patients, respectively. FGFR1 

protein expression levels were not correlated to overall survival. No significant correlation between FGFR1 

gene amplification and protein expression could be confirmed in patient samples. 
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Conclusion  

FGFR1 gene amplification and protein overexpression do not seem to be correlated, which might explain the 

modest results of clinical trials based on FGFR1 amplification status as predictive biomarker. Our results 

suggest including FGFR1 protein expression levels as a selection biomarker for further clinical trials using 

FGFR1 inhibitors in SQCLC.  

 

ePoster-Ausstellung  

P.013  

Evaluation of PDAC organoids as a model for in-vitro testing of chemosensitivity  

A. Faller, M.-S. Bösherz, S. Hakroush, J. Kitz, S. Kueffer, P. Ströbel  

Universitätsmedizin Göttingen, Institut für Pathologie, Göttingen, Germany  

Question  

This project aims to test in-vitro cultures of organoids, meaning three-dimensional organ-like growing primary 

cells of Pancreatic Ductal Adenocarcinomas (PDACs), for differing responses to chemotherapeutics and set 

those in relationship with their molecular biological makeup.  

Methods  

Primary cells were collected from resected Pancreatic Ductal Adenocarcinoma and were cultivated as 

organoids. After establishing stable organoids over several passages, chemosensitivity for conventional 

chemotherapeutics was evaluated via MTT-Assay. Furthermore, to detect their molecular biological makeup, 

paraffin-embedded organoids were stained immunohistochemically. Afterward, viability of the organoids and 

immunohistological features were correlated.  

Results  

The cultivated organoids show comparable (immuno-)histochemical characteristics to the original tissue. 

Several experiments conducted in a 96-Well Format demonstrate that organoid chemosensitivity can be 

tested using conventional viability assays, such as MTT, with reproducible results. Moreover, different PDAC 

organoid lines vary in their chemosensitivity to Gemcitabine, Paclitaxel, and Cisplatin. The connection 

between chemosensitivity and immunohistological makeup in this model is yet to be determined.  

Conclusion  

Primary cell organoids of PDAC appear to be a practicable in-vitro model for efficiency screening of different 

chemotherapeutics. In this regard, they allow the analysis of chemosensitivity concerning the individual 

immunohistochemical marker lineup. Thus, these PDAC organoid models could be a step toward 

understanding the heterogeneity of Pancreatic Ductal Adenocarcinomas and may aid in the translational 
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search for efficient personalized treatment options for this still poorly treatable type of cancer.  

 

ePoster-Ausstellung  

P.014  

Expression of disialoganglioside GD2 and prognosis in breast cancer subtypes.  

R. Erber1, S. Kailayangiri2, H. Hübner3, M. Rübner3, A. Hartmann1, L. Häberle3, 4, J. Meyer3, 4, A. 
Mackensen5, R. Schulz-Wendtland6, M. W. Beckmann3, P. A. Fasching3, 7, N. Farwick2, C. Rössig2, P. Gass3  

1Institute of Pathology, University Hospital Erlangen, Friedrich-Alexander University Erlangen-Nuremberg 
(FAU), Comprehensive Cancer Center Erlangen-EMN, Erlangen, Germany, 2University Children´s Hospital 
Münster, Pediatric Hematology and Oncology, Münster, Germany, 3Department of Gynecology and 
Obstetrics, University Hospital Erlangen, Comprehensive Cancer Center Erlangen-EMN, Friedrich-
Alexander-University Erlangen-Nuremberg (FAU), Erlangen, Germany, 4Department of Gynecology and 
Obstetrics, Biostatistics Unit, Erlangen University Hospital, Friedrich-Alexander-University Erlangen-
Nuremberg (FAU), Erlangen, Germany, 5Department of Internal Medicine 5, Haematology and Oncology, 
University Hospital Erlangen, Friedrich-Alexander University Erlangen-Nürnberg (FAU), Comprehensive 
Cancer Center Erlangen-EMN, Erlangen, Germany, 6Institute of Diagnostic Radiology, University Hospital 
Erlangen, Comprehensive Cancer Center Erlangen-EMN, Friedrich-Alexander-University Erlangen-
Nuremberg (FAU), Erlangen, Germany, 7Division of Hematology/Oncology, Department of Medicine, David 
Geffen School of Medicine, University of California at Los Angeles, Los Angeles, United States  

Question  

The disialoganglioside GD2 is a tumor-associated antigen with restricted expression and was proposed as a 

target of recently tested immunotherapies (e.g. anti-GD2 antibodies, GD2 CAR T cells) in neuroblastoma and 

other solid tumors. To date, knowledge about GD2 expression and its impact on prognosis in breast cancer is 

limited. In this study, we analyzed the GD2 expression in breast cancer subtypes and its influence on survival.  

Methods  

The investigated breast cancer cohort comprised overall 894 breast cancer patients from the Bavarian 

Breast Cancer Cases and Controls (BBCC) study including 776 cases with available archived formalin fixed 

and paraffin embedded tumor tissue. GD2 protein expression was assessed using both 

immunohistochemistry (IHC) and immunofluorescence (IF) on tissue microarrays. GD2 expression was 

assessable in 568 cases by IHC and 503 cases by IF and was correlated with intrinsic subtypes and 

patient’s outcome.  

Results  

50.2% (IHC) and 69.8% (IF) of assessable breast cancer cases were GD2 positive. GD2 expression was found 

particularly in luminal breast cancer. The proportion of GD2-expressing tumors was significantly lower in triple 

negative (TNBC) compared to the other breast cancer subtypes using IHC. Using IF, TNBC and HER2 

positive breast cancers had lower proportions of GD2-positive tumors compared to luminal tumors. Neither 

GD2 IHC nor GD2 IF showed significant association with disease-free or overall survival, neither in the overall 
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cohort nor in the molecular breast cancer subtypes.  

Conclusion  

We identified GD2 expression in more than 50% of our breast cancer cohort with preference for luminal 

tumors. Although we could not detect any correlation of GD2 expression with prognosis, our data show that 

GD2 positivity is frequent in breast cancer. Thus, GD2 positive patients with advanced breast cancer may 

benefit from GD2-targeting immunotherapies, which are currently under clinical testing. Further investigation 

of this issue is needed.  

 

ePoster-Ausstellung  

P.015  

Can low autopsy rates be increased? – Yes, we can!An Analysis of oncological cases  

J. Waidhauser1, 2, M. Trepel3, B. Märkl4  

1Universitätsklinik Augsburg, II. Medzinische Klinik, Augsburg, Germany, 2Universitätsklinik Augsburg, Institut 
für Pathologie und Molekulare Diagnostik, Augsburg, Germany, 3Universitätsklinik Augsburg, II. Medizinische 
Klinik, Augsburg, Germany, 4Universitätsklinik Augsburg, Instiut für Pathologie und Molekulare Diagnostik, 
Augsburg, Germany  

Question  

Declining autopsy rates have been a concern of pathologists as well as of clinicians for decades. There are 

several reasons that are stated for this decline: costs, cultural reasons and presumed fewer indications in 

times of approved diagnostic possibilities among others. Especially, in oncological patients data on autopsies 

and discrepancies between clinical and autoptic diagnoses are scarce. 

  

Methods  

In this retrospective study we present numbers and rates of autopsies conducted at University Medical 

Center Augsburg during the past 10 years. Subsequently an analysis of post mortem examination protocols 

of 120 patients who died between 2015 and 2019 in the department of hematology and clinical oncology was 

conducted. The focus was set on clinical and autoptic causes of death and the specific question that was 

addressed to the pathologist. Subsequently, discrepancies were classified according to Goldman and Battle 

into major and minor ones.  

Results  

Yearly autopsy numbers varied between 60 and 120with a minimum in 2014 and subsequently continuously 

rising numbers until 2019. 
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Figure 1 - Autopsy numbers by year. Note: 2019 are numbers until 10/2019 
 
Of the 120 autopsies conducted in the department of hematology and oncology between 2015 and 2019, 67 
cases were oncological cases with pre-mortem known and active oncological diagnosis. The specific 
question to the pathologist was “cause of death” in 48% of cases, followed by questions relating to the tumor 
disease and to infectious complications.  

 
Main questions by the clinicians. 
 
Major discrepancies were detected in 51% of oncological patients  
Conclusion  
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In contrast to the general reported decline of autopsy rates, we present rising autopsy numbers over the past 

5 years with an increasing number of oncological cases who underwent a post mortem examination. A high 

number of 51% showed major discrepancies in the clinical presumed and autoptically confirmed cause of 

death. These findings are in contrast to an expected decline of discrepancies in times of precise endoscopic 

and radiological methods and underline the importance of conducting autopsies to ensure quality of 

diagnostic and treatment. 

  

 

ePoster-Ausstellung  

P.016  

GBA tissue ring trial: The second round with an extended concept  

C. Kaufhold-Wedel1, D. Kieslich de Hol2, C. Hartfeldt3, E. Herpel2, 4, P. Schirmacher4, S. Schmitt1  

1BioMaterialBank Heidelberg at the Institute of Pathology, Heidelberg University Hospital, Heidelberg, 
Germany, 2NCT Tissue Bank, National Center for Tumor Diseases, Heidelberg, Germany, 3German Biobank 
Node, Charité - Universitätsmedizin Berlin, Berlin, Germany, 4Institute of Pathology, Heidelberg University 
Hospital, Heidelberg, Germany  

Question  

Well-characterized tissue samples of high quality are indispensable for biomedical research, as they 

generate reliable and reproducible data. Pre-analytical tissue-related processes such as transportation, 

tissue handling and storage potentially have a great impact on sample quality. A useful tool to assess this 

impact and to identify associated critical conditions is the accomplishment of interlaboratory comparisons. 

The collected data and derived conclusions are valuable resources that allow a harmonization and a 

refinement of tissue-related processes to ensure consistent high sample quality.  

Methods  

In order to assess the status-quo of tissue-related processes within biobanks, the German Biobank Alliance 

(GBA) established in cooperation with the BioMaterialBank Heidelberg (BMBH) a ring trial program and 

successfully conducted the first round in 2017. Briefly, pig liver tissue samples were centrally distributed to 

10 participating biobanks. The participants performed histochemical staining on cryosections and nucleic 

acid extractions according to the individual local standard operating procedures. Quality and quantity of 

nucleic acids were confirmed by measurements performed by an independent reference laboratory. Based 

on the promising results we extended the concept in the course of the second round performed in June 

2019. Human colon tissue was distributed and processed in parallel with backup pig liver tissue as described 

above. Additionally and in preparation for a potential accreditation according to DIN ISO 20387, we included 

a histopathological examination of digitally distributed sections. Upon analysis, measures of individual 

improvement and harmonization will be derived based on the results of both, the first and the second round.  
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Results  

The results of the second round demonstrate an improvement of performance for each participant for both, 

histology and RNA extraction. The analysis of the pathological anatomical examination provided satisfying 

and consistent results. Furthermore, we conclude from the analysis of backup samples processed during the 

first round, that the storage time of 1,5 years and individual storage conditions did not have an impact on 

sample quality. 

Conclusion  

The insights gained by the accomplishment of the ring trial described here raise the awareness that efforts 

invested into the assessment of tissue-relevant processes are valuable and lead to continuous improvement 

and preservation of high sample quality. 

 

 

ePoster-Ausstellung  

P.017  

Whole exome sequencing vs. Gene panel sequencing – impact on diagnostic assessment for 
precision medicine in oncology  

N. Pfarr1, Y. Beil1, S. Kreutzfeldt2, C. Albig1, K. Beck2, S. Fröhling2, W. Weichert1  

1Technische Universität München, Institut für Pathologie, München, Germany, 2Nationales Centrum für 
Tumorerkrankungen (NCT), Universitätsklinikum Heidelberg, Heidelberg, Germany  

Question  

The implementation of massive parallel sequencing (MPS) approaches in diagnostic allows a broader 

spectrum of therapeutic options for patients, such as inclusion in studies or experimental therapies. So far, 

these questions have mainly been addressed using whole exome sequencing approaches, e.g. in the NCT 

MASTER program. This procedure can only be used to a limited extent as part of routine diagnostics due to 

time, amount and type of material required. Since available tissue specimens is often sparse the use of more 

focused techniques such as gene panels is getting more and more relevant. But the use of such smaller 

panels might have an impact on clinical decision making.  

Methods  

DNAs and corresponding RNAs from 32 patients with lung cancer from NCT MASTER who previously 

undergone whole exome sequencing (WES) were resequenced applying two panels of different size: 1. 

DNAs were sequenced using the panel from the national network genomic medicine (nNGM) covering 

hotspot regions from 20 known lung cancer related genes and 2. All DNAs and corresponding RNAs were 

also sequenced using the pan cancer TSO500/TST170 gene panel from Illumina. Purpose of this study is to 

evaluate the efficiency of panel based sequencing vs WES to detect therapy-relevant alterations. 
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Additionally, we want to investigate the impact using these different approaches on therapy decision.  

Results  

Sequencing of all samples is finished and results will now be collected and sent blinded to NCT MASTER for 

clinical annotation. Recommendations will afterwards be compared to the original decisions based on WES 

data. Data analysis from all samples sequenced applying the nNGM panel is finished. Nine from 32 patients 

did not reveal any alterations. All except for 4 samples analysed applying the nNGM panel revealed the 

same alterations identified by WES. In some cases, the discrepancies might be due to the fact that the 

nNGM panel is a hotspot panel not covering the complete gene regions. But in most cases therapy relevant 

alterations in EGFR, BRAF, and others were detected. Data analysis from the TSO500 sequencing approach 

is still ongoing. All WES data will additionally undergo re-evaluation and clincal annotation.  

Conclusion  

Using different approaches for sequencing might have an impact on decision making for therapy in oncology. 

We evaluate results from three different sequencing approaches, WES, nNGM panel sequencing and 

TSO500/TST170 hybrid-capture based sequencing and compare their putative influence on decision making.  

 

ePoster-Ausstellung  

P.018  

Molecular genetic profiling and monitoring of hematopoetic malignancies by gene panel sequencing 
in an interdisciplinary setting  

S. Dintner1, S. Sommer2, M. Schmutz2, J. Waidhauser2, A. Langer1, M. Eberle1, M. Trepel2, B. Märkl1, R. 
Claus2  

1Universitätsklinikum Augsburg, Institut für Pathologie und molekulare Diagnostik, Augsburg, Germany, 
2Universitätsklinikum Augsburg, II. Medizinische Klinik, Augsburg, Germany  

Question  

Recent genome profiling studies have generated an advanced understanding of the landscape of somatic 

mutations in hematopoietic malignancies. An increasing number of genes and variants are known to harbor 

prognostic and predictive significance in many myeloid malignancies such as acute myeloid leukemia (AML). 

These can be used to stratify patients with regard to risk and prognosis, to guide patient management and to 

monitor the course of therapy and response. Thus, delivering results for molecular genetic analyses within a 

reasonable time frame can be critical for optimal patient management. Here, we evaluated the applicability of 

a gene panel for molecular genetic profiling of hematopoietic malignancies and the feasibility of delivering 

genomic profiling within a clinically reasonable time frame. 
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Methods  

The AmpliSeq for Illumina Myeloid panel allowing for simultaneous analysis of nucleotide variants, copy 

number alterations and structural aberrations (such as gene fusions) in specimens from hematopoietic 

malignancies from peripheral blood (PB) and bone marrow (BM) was implemented in our lab.  

Results  

Since the beginning of 2019, we analyzed PB or BM specimens from 178 patients with hematologic 

malignancies including AML, MDS or CLL and other malignancies. High quality DNA and RNA could be 

isolated from 99% patient specimens. In summary, we were able to detect 270 somatic mutations on DNA 

and 21 gene fusions on RNA. In 13 cases, sequential samples over the disease course were assessed and 

monitoring of genetic variants as marker for residual disease down to a LOD of 1%. In one case with 

suspected atypical immune thrombocytic purpura (ITP) and lack of response to thrombopoietin (TPO) 

agonist treatment, we were able to identify a novel “loss of function” variant in the transmembrane domain of 

the MPL gene leading to premature termination of transcription. Sequencing of skin appendages revealed 

presence of this mutation in the patient’s germline. 

Conclusion  

Implementing a workflow covering the process from nucleic acid isolation to the final diagnostic report in our 

diagnostic molecular pathology laboratory within an appropriate time frame of 4 to 10 days is reasonable. 

Gene panel testing by the NGS approach was applicable for sensitive and accurate detection of gene 

mutations to individualize patient management, to enhance genetic profiling of hematologic malignancies 

and to initiate research projects in a highly innovative and interdisciplinary setting.  

 

ePoster-Ausstellung  

P.019  

Translational Molecular Diagnostic in Intrahepatic Cholangiocarcinoma  

T. Longerich1, K. H. Weiss2, C. Springfeld3, A. Stenzinger1, P. Schirmacher1  

1UniversityHospital Heidelberg, Institute of Pathology, Heidelberg, Germany, 2UniversityHospital Heidelberg, 
Internal Medicine IV, Heidelberg, Germany, 3UniversityHospital Heidelberg, National Center for Tumor 
Diseases, Department of Medical Oncology, Heidelberg, Germany  

Question  

Patients with advanced cholangiocarcinoma are mainly treated by conventional chemotherapy. However, 

intrahepatic cholangiocarcinoma is molecularly different from perihilar or other extrahepatic 

cholangiocarcinomas and promising results may be achieved, when a personalized treatment can be applied 

in these patients (NCT02989857). Here, we present the umbrella concept of the Liver Cancer Center 

Heidelberg (LCCH) aiming at precision oncology and enrichment of clinical studies. 
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Methods  

LCCH patients with advanced hepatobiliary carcinomas were screened for druggable targets since 2018. For 

characterization of intrahepatic cholangiocarcinoma, the Oncomine™ Comprehensive Assay v3 was used to 

interrogate genetic alterations in 161 genes. In addition, gene fusions were detected using the Archer 

Archer® Comprehensive Solid Tumor Assay.  

Results  

So far, 51 patients with intrahepatic cholangiocarcinoma were analyzed. Potentially druggable 

protumorigenic alterations were detected in 77% of patients (range: 1-5 targets/patient). Druggable gene 

fusions were observed in 10% of patients. The updated cohort and the translation of the molecular findings 

into clinical management will be presented during the meeting.  

Conclusion  

The LCCH umbrella concept identifies therapeutic targets in most patients suffering from advanced 

intrahepatic cholangiocarcinoma suggesting a central role of molecular diagnostics of intrahepatic 

cholangiocarcinoma for future treatment of these patients. 

 

 

ePoster-Ausstellung  

P.020  

Molecular Pattern Diagnostics: MACE-Seq based genome-wide RNA-signatures for therapeutic 
match-making between tumor pathways and drugs  

L. Jost1, K. Hoffmeier1, R. Jüngling2, A. Rodriguez1, R. Horres1, P. Winter1, B. Rotter1  

1GenXPro GmbH, Frankfurt am Main, Germany, 2GenXPro GmBH, Frankfurt am Main, Germany  

Question  

Tumors, even from similar entities, show a broad and often highly individual spectrum of activated genes and 

biological pathways. Many times several treatment options exist and patients need to go through trial-and 

error approaches during treatment due to the lack of predictive biomarkers. We aimed at improving the 

likelihood of therapeutic effect by matching genome wide gene expression profiles with known molecular 

drug effects.  

Methods  

We applied MACE-Seq, a highly sensitive method for genome wide gene expression analyses at low cost, to 

analyze 75 tumors of different origin and stages using FFPE derived tumor- and healthy surrounding tissue. 

By matching upregulated known drug targets from drug-target databases, we identified individual therapeutic 

interventions based on the distinct gene expression profile.  
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Results  

More than 20.000 transcripts were assesed per sample using the MACE-seq approach. the gene expression 

profiles were used to derrogate the activated molecular pathways. Both, pathways and drug targets were 

matched to the the drug targets from the DGIDB and other databases. In more than 50% of the samples 

expected cancer drugs were identified. In addition, further FDA or EMA approved drugs were mathcing to the 

molecular profiles.  

Conclusion  

In the current clinical setting our method can help to identify among the approved therapeutic medical 

options the one that is most likely beneficial based on the presence and prevalence of upregulated targets 

and pathways. Our method can also help to identify new options in currently untreatable late stage cancers 

and for the analyses of organoids and other cancer surrogates.  

 

ePoster-Ausstellung  

P.021  

Addressing the medical need for treatment of patients with papillary Renal Cell Carcinoma (pRCC) 
Type 2  

S. Angori, A. Kahraman, H. Bolck, P. Schraml, H. Moch  

University Hospital of Zurich, Department of Pathology and Molecular Pathology, Zürich, Switzerland  

Question  

Renal cell carcinoma (RCC) affects nearly 300,000 patients worldwide and is responsible for approximately 

100,000 deaths each year. Papillary renal cell carcinoma (pRCC) is an aggressive and highly lethal subtype 

accounting for 15 to 20% of RCCs. Importantly, pRCC is not a single disease but consists of at least two 

main subtypes with distinct molecular background: pRCC type 1 and type 2, often associated with a worse 

and more aggressive outcome. 

Recently, activation of the Nrf2-ARE pathway was also recognised as a tumour promoting mechanism 

responsible for pRCC type 2. Under normal condition, this pathway is able to sense and respond to 

increases in oxidative stresses. In cancer cells, Nrf2 over-activation promotes tumour progression and 

resistance to chemotherapeutics. As no effective targeted treatment exists for pRCC type 2 tumours to date, 

pharmacological inhibition of Nrf2 represents a promising therapeutic approach. For this reason, we want to 

investigate the molecular background of pRCC type 2, by focusing on the aberrant activation of the Nrf2-

ARE pathway.  

Methods  

Comprehensive molecular characterization of 60 formalin-fixed, paraffin-embedded (FFPE) pRCC tumour 
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samples by copy number (CN) analysis and Whole Exome Sequencing (WES) technology will allow us to 

identify grouped-cases based on their genetic background. Moreover, we will identify patients with mutations 

in the Nrf2-ARE pathway. From the latter cases, we are establishing a suitable patient-derived cell model 

that closely resembles human pRCC tumours with Nrf2-ARE alterations that can be applied for functional 

studies and pre-clinical drug profiling.  

Results  

CN variation profiles reveal that pRCC samples are characterised by Chromosomal gains. pRCC type 1 

show more frequent CN gains in Chr 7 and 17 than in pRCC type 2 while Chr 16 gain is more predominant in 

pRCC type 2. WES analysis confirms that pRCC tumours show different mutations in genes as CDKN2A, FH 

and c-MET. In addition, we find a subgroup of samples with mutations in genes involved in the Nrf2-ARE 

pathway. Additionally, for the first time, we were able to establish 4 pRCC type 1 and 3 pRCC type 2 patient-

derived cell model for functional in vitro study.  

Conclusion  

With this approach, we want to further characterise the molecular background of pRCC type 2 tumours that 

have not been comprehensively studied to date. This work will open up new possibilities for the clinical 

management of a distinct subset of pRCC patients.  
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Microtubule binding drugs as a phenotype specific targeted cancer therapy  
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Question  

Microtubule binding drugs (MTDs, e.g. Paclitaxel, Eribulin, Vinca alkaloids) are very effective anticancer 

agents. Their mechanism of action, however, is poorly understood, and no reliable predictive biomarkers 

exist. They were believed to act against tumors through killing of mitotic cells, but ~20 recently developed 

targeted antimitotic drugs with different targets (Polo kinase, kinesin, and Aurora kinase inhibitors) have 

largely failed in clinical trials. This suggests that an antimitotic effect is insufficient to achieve a therapeutic 

index and additional, so far unknown mechanisms of action of MTDs exist.  
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Methods  

To detect such postulated nonmitotic effects, we have developed a mouse xenograft intravital imaging 

setup[1] and a 3D culture model of breast cancer development with low proliferation rates[2], similar to real 

solid tumors.  

Results  

We found that Paclitaxel, a MT stabilizer in wide clinical use, is able to selectively kill nondividing tumor cells, 

but not normal cells. This effect occurs only in cell collectives, but not single cells, that show a certain 

organization pattern of the MT cytoskeleton which is characteristic for migratory, front-back polarized cells.  

Conclusion  

This effect would constitute an example how a cell's phenotype and spatial context, rather than its genotype, 

determine its vulnerability to a targeted agent. In the future, we will use tissue samples from patients treated 

with Taxol to validate our hypothesis and identify new potential predictive biomarkers for MTD efficacy. 

Specifically, we plan to use multiplexed immunofluorescence of up to 40 proteins to generate a 

multidimensional dataset containing high resolution confocal imaging data along with spatial information and 

clinical outcome data. On this dataset, we will apply single cell 3D segmentation approaches to characterize 

posttranslational modifications and organization of the microtubule cytoskeleton and identify relevant tumor 

and stroma cell subpopulations that will be isolated and further studied at the transcriptome level and in 3D 

culture models. We hope that our findings will enable preselection of patients who will benefit from MTD drug 

based therapy and contribute to a better understanding of the mechanism of action of these powerful drugs. 
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Patient-derived cell models capture the tumor heterogeneity of clear cell renal cell carcinoma 
(ccRCC)  
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Question  

Overcoming tumor heterogeneity is one of the key challenges for cancer treatment, particularly in profoundly 

heterogeneous tumors such as clear cell renal cell carcinoma (ccRCC). In fact, targeted therapies have only 

moderately improved ccRCC patient outcomes and it is plausible that marked inter- and intra-tumor 

heterogeneity (ITH) has hampered their benefit. Adequate cell models capable of reflecting the subclonal 

compositions of ccRCCs in vitro would enable important insights into the causes and consequences of tumor 

heterogeneity and promote the development of more effective therapeutic strategies for individual patients.  

Methods  

We have developed patient-derived cell (PDC) models from ccRCC tumors that we comprehensively 

characterized on the genotypic and phenotypic level. To address the ability of modelling ccRCC subclonal 

architecture in vitro we determined the presence of genomically defined subclones by next-generation 

sequencing and tumor phylogeny reconstruction. Lastly, we assessed how these advanced cell culture tools 

can be applied for the development of better treatment strategies by proof-of-concept drug screening. 

Results  

Between 2014 and 2019, we successfully generated 2D and 3D PDC models from 39 ccRCC patients and 

confirmed their concordance with the original tumor tissues in terms of histology, biomarker expression, 

cancer driver mutations and copy number alterations. Subsequently, in-depth genetic characterization of six 

representative cases revealed that each of the parental ccRCCs was composed of 5-19 genetically diverse 

subclones and these distinct subpopulations of tumor cells were largely retained by the corresponding PDC 

cultures. Clonal compositions were remarkably stable during serial passaging of PDCs suggesting that these 

models represent an attractive approach to study the consequences of ITH in vitro. Indeed, drug profiling in 

2D and 3D PDC models revealed patient-specific response patterns that could not be anticipated by 

interrogating commercially available cell lines.  

Conclusion  

Taken together, we demonstrate that PDC models mirror inter- and intra-tumor heterogeneity of ccRCC in 

vitro. Therefore, these cell models can constitute relevant functional tools offering insights into evolutionary 

potential and treatment susceptibility of distinct ccRCC subclones and will help us to define targetable 

strategies that take into account ITH profiling in individual patients.  
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A Deep Learning-based pipeline for the automation of the HER2 gene amplification status detection 
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Question  

The human epidermal growth factor receptor 2 (HER2) gene amplification status is important for therapy 

assessment in breast and gastric cancer. Pathologists can visually assess the HER2 status based on FISH 

imaging using 

using a fluorescence microscope or fluorescence scanner. To automatize this daily clinical routine in terms of 

speed, accuracy and objectivity, a multi-step deep learning (DL) based pipeline was developed to mimic the 

evaluation steps performed by pathologists.  

Methods  

The DL pipeline relies on (1) the detection, localization and classification of interphase nuclei, (2) their HER2 

and CEN17 fluorescence signals based on (2a) object detection and (2b) pixel-wise segmentation networks 

and (3) the visualization of the decision making of the networks to enable interpretability by pathologists. In 

addition, we are developing a (4) browser-based graphical user interface, which enables the pathologist to 

access the whole-slide and the slide-wide prediction results (1-3), generated by our DL system.  

Results  

The current accuracy of our DL pipeline is on par with a number of pathologists for the classification of whole 

FISH slides. Moreover, by classifying each nucleus independently by different networks, our system provides 

deep medical reports increasing both robustness and interpretability.  

Conclusion  

Our pipeline is a large step in automating the evaluation of the HER2 status of tumors using whole FISH 

slide scans and in optimizing the documentation of each tumor sample by automatically annotating and 

reporting of the HER2 gene amplification status. This system is in principle also transferable to all current 

FISH-based analyses (e.g. ALK, ROS1 translocation) which are routinely performed at pathology institutes.  
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Digital image analysis of multiplexed immuno fluorescence versus conventional 
immunohistochemistry in colorectal cancer using QuPath – an opportinity for scoring immune cells?  

S. Jungen, J. Galvan Hernandez, I. Zlobec, T. T. Rau  

Universität Bern, Institut für Pathologie, Bern, Switzerland  

Question  

Conventional immunohistochemistry (cIHC) is the standard diagnostic tool for scoring immune cells in 

colorectal cancer. However, limitations exist in correct alignment of consecutive slides or counting errors e.g. 

with double positive cells like CD3 and CD8 positive immune cells. Multiplex immuno fluorescence (mIHC) 

could overcome these problems and quantify cells simultaneously in the tumour microenvironment. 

Additionally, scanning techniques could lead to routine evaluation of fluorescence slides outside of the dark 

room and at low costs, if open source tools are used.  

Methods  

We tested a 4-color mIHC approach and compared this method to cIHC. Consecutive slides of a colon 

cancer case were either stained with mIHC using a 4-color-fluorescence Opal-Kit to detect immune cells 

(CD3 and CD8 positive cells) and tumour cells (PanCK positive cells) and DAPI for nuclei, or stained with the 

cIHC method used in the Immunoscore consortium to detect the same antigens. All slides were digitized with 

a Pannoramic scanner (3D Histech) and displayed with CaseViewer. Virtual tissue microarrays (TMAs, n=20) 

with ROIs of 0.6mm each were placed into the slides and imported to QuPath. All virtual TMAs were 

analyzed for total cell count, CD3, CD8 and PanCK positive cell counts. Finally, the cell counts of the 

multiplexed IHC test slide were compared to the control slides stained with conventional IHC using a 

Pearson correlation analysis.  

Results  

Results show a close correlation between the cell counts detected with mIHC versus cIHC. The Pearson 

correlation coefficient for each of the virtual TMAs shows 0.87 for total cell count, 0.94 for CD3 positive cells, 

0.97 for CD8 positive cells and 0.95 for PanCK positive cells, respectively.  

Conclusion  

mIHC is an interesting approach for parallel detection and quantification of different cell types within one 

tissue sample and shows similar results of cell counts compared to cIHC. Limitations are areas of strong 

autofluorescence and steric inhibition during antigen binding. The digital image analysis process could be 

well established using QuPath as open source tool and could represent an alternative for cellular 

quantification within the tumor microenvironment. 
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Quality Management in Pathology - Evaluation of a Questionnaire Action and Consequences  
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Question  

According to the Federal Association of German Pathologists, every accredited and certified institute is 

required to conduct "customer surveys" as part of quality management in order to maintain and continuously 

improve the quality of the diagnoses.  

Methods  

A questionnaire campaign was conducted including all internal and external submitters to measure our 

quality, analyze the submitters' satisfaction and find out their individual wishes and problems. The 

questionnaire addressed various issues such as macroscopy, submitted material, findings, classifications, 

compilation and transmission of findings and also left room for individual comments.  

Results  

Questionnaires were sent to 120 submitters, 78 of which responded (65%). We evaluated the returned 

questionnaires and found that the submitters were generally satisfied with our performance, only in small, but 

quite numerous details we found potential for improvement. We then tried to respond appropriately to their 

criticism by analyzing internal procedures and restructuring or optimizing processes within the institute in 

order to improve our quality and therewith the submitter's satisfaction. After that, we re-evaluated the 

questionnaire and the way it was conducted.  

Conclusion  

Questionnaire campaigns are a valuable item for quality control. Although accreditation and certification 

represent a requirement within the health care system today, only limited information are available for 

pathology laboratories in Germany. The present study may keep this item in mind to collect valuable data for 

the quality management of diagnostic histopathology. 
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A Frozen Section decision - suspected diagnosis of peritoneal carcinomatosis in a patient with giant 
cystic ovarian tumor  

K. Puetz1, B. Markiefka1, B. Morgenstern2, F. Thangarajah2, R. Büttner1, H. Loeser1  
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Question  

Frozen Section question: peritoneal carcinomatosis in intraoperative suspected high-grade serous carcinoma 

with involvement of the ovary and peritoneum. 

Increase of CA-125.  

Methods  

Frozen Section, work up of formalin-fixed and paraffin embedded tissue, immunohistochemistry  

Results  

Frozen section diagnosis could be specified as a teratoma in the ovary with accompanying peritoneal 

nodular spindle cell proliferation, suspected gliomatosis. 

After extensive processing of the tissue including immunohistochemistry the diagnosis of a cystic teratoma, 

immature (G1, low grade) with peritoneal gliomatosis could be confirmed.  

Conclusion  

With a typical intraoperative impression of a high-grade serous ovarian carcinoma with extensive peritoneal 

carcinomatosis, the frozen section diagnosis was already classified as benign with a significant effect on the 

further surgical procedure. 

Knowledge of this rare constellation of cystic teratoma with accompanying gliomatosis is important for 

pathologists and clinical colleagues alike. In this case we see a clear indication for frozen section with focus 

on a definite immediate decision. 
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report  
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Question  

Sarcoidosis is a granulomatous multisystemic disease with a yet unknown etiology, which mostly takes a 

chronic progressive course. The lungs are often affected, but the disease can also manifest itself in 

numerous other organs. Cardiac involvement becomes clinically apparent in only 5% of cases. Typical 

symptoms are various cardiac arrhythmias or slowly progressive heart failure. Cardiac sarcoidosis is 

associated with high morbidity and mortality. It is therefore important to consider the possibility of sarcoidosis 

even with unusual cardiac symptoms and to arrange further diagnostics at an early stage.  

Methods  

We describe the case of a 68-year-old female patient who presented to the emergency department with 

progressive dyspnea and a significantly reduced general condition and died unexpectedly one day later due 

to ventricular fibrillation.  

Results  

On autopsy, extensive cardiac sarcoidosis with granulomatous infiltration of the atrial septum, the left 

ventricular wall and notably the mitral valve apparatus itself was discovered, causing severe mitral valve 

insufficiency. Importantly, large areas of the right atrial and ventricular heart conduction system were 

affected by the disease, providing an anatomical correlate to the fatal arrythmia noted clinically.  

Conclusion  

Cardiac sarcoidosis, though rare, should be considered in the differential diagnosis of cardiac valve 

abnormalities, as it is associated with different therapeutic and prognostic implications. Physicians should be 

alert of cardiac sarcoidosis not only in cases presenting with cardiac arrhythmia but also with severe valvular 

dysfunctions. 
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Question  

Histological criteria for the diagnosis of melanocytic skin lesions such as benign nevus and malignant 

melanoma may be equivocal. We used mass spectrometry imaging (MSI) technology to determine proteomic 

differences between these lesions. These proteomic patterns may assist in the differential diagnosis.  

Methods  

Formalin-fixed paraffin-embedded tissue from cutaneous melanomas (n = 27) and melanocytic nevi (n = 12) 

were cut at 3 µm. One section per case was mounted onto a conductive glass slide for IMS analysis, while 

the adjacent serial section was used for hematoxylin and eosin (HE) staining and annotation of the tumor 

area. Unstained sections were processed for deparaffination, heat-induced epitope retrieval, in-situ trypsin 

digestion and matrix application. From these sections, mass spectral data were acquired at a spatial 

resolution of 50 µm using a rapifleX MALDI Tissuetyper mass spectrometer. The histology-annotated image 

was merged to an image of the MSI section and spectra were collected from each tumor annotation from 

each section. The MSI data were then imported into SCiLS Lab software and R for processing, generation of 

peptide profiles and statistical analysis.  

Results  

Spectra were extracted from both benign and malignant lesions and compared. Principal Component 

Analysis highlighted spectra patterns correlating with melanoma and nevus tissue. Comparison of the mass 

spectra average profiles revealed several significant peptide peaks (P< 0.001, AUC >0.7) between the two 

tissue types. Specifically, 137 and 89 peptides were overexpressed in melanoma and nevus, respectively. 

These peaks were used to generate a Linear Discriminant Analysis classification model, which could 

discriminate melanoma from nevus with an accuracy of 100%. Some significant discriminant peptides such 

as m/z 976.5, 1287.5, 1410.6, 1428.7, were identified as actin, macrophage migration inhibitory factor, CK5, 

and vimentin.  

Conclusion  

A proteomic signature discerning melanoma from benign nevus was established using MSI and might be 

used as a supplement to standard histology.  



262 
 

ePoster-Ausstellung  

P.030  

Lymphadenopathy due to tattoo pigment. Clinicopathological analysis of sentinel lymph nodes.  
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Question  

There is an increasing number of case reports with patients suffering from lymphadenopathy due to 

migration of skin tattoo pigment. In addition, this phenomenon might influence therapy management of 

cancer patients. We therefore studied tattoo-associated lymphadenopathy (TAL) of axillary sentinel lymph 

nodes in a cohort patients suffering from breast cancer.  

Methods  

Patients were retrospectively reviewed from the breast cancer center of Klinikum Lippe hospital between 

2013 and 2017 (n=778). Out of this cohort, 13 patients obtained TAL (all f; median age 50.69 years); we 

compared these patients in a matched-pairs study with a non-tattoo patient group (all f; median age 51.23 

years). Furthermore, histological analysis was performed applying standard procedure as well as 

immunohistochemistry using antibodies against CD3, 20, 68 and S100.  

Results  

The matched-pairs analysis showed that the size of the sentinel lymph node did not differ between tattoo-

group and non-tattoo-cohort (1.48 cm vs. 1.58 cm); however, in patients with TAL significantly more sentinel 

nodes were excised than in the non-tattoo group (3.15 vs. 2.0, p = 0.039). With regard to morbidity, there 

were no differences between both groups (e.g., lymph edema was not observed). By means of microscopy, 

we found that tattoo pigment was most commonly localized perisinusoidal and in the sinus of the lymph node 

and onely rarely detectable in the germinal centers and/or the capsule. Furthermore, pigment occurred 

mainly in the cytoplasm of CD68+ macrophages, while lymphocytes (CD3/20) or dendritic cells (S100) did 

not obtain significant amounts of pigment.  

Conclusion  

Our study confirms previous case reports on lymphadenopathy in patients with tattoos demonstrating 

pigment in perisinusoidal and sinusoidal compartment of the lymphatic pulpa, but rarely in the capsule or 

germinal centers. Moreover, the macrophages are suggested to play a central role in intracorporal 

processing of the pigment particles. Soran et al. investigated 15 patients with TAL suffering from breast 

cancer and suggested that the number of sentinel lymph nodes might be increased due to macroscopic 

alterations; comparable to our results, they found median number of 3.5 lymph nodes in TAL. Thus, tattoos 

could lead to increased number of unnecessarily excised lymph nodes; however, it remains to be studied in 
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long-term follow-up whether tattoo pigment might influence the outcome of the patients.  
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Question  

Neoadjuvant therapy (NAT) is ermerging in the management of pancreatic ductal adenocarcinoma (PDAC). 

However, tumor regression grading (TRG) of PDAC based on histomorphology is not standardized, and only 

limited data support its usefulness as a prognostic marker. The aim of this study was to evaluate the 

prognostic relevance of immunohistochemical (IH) and molecular parameters in pre-operatively treated 

PDAC.  

Methods  

Tissue samples from patients with neoadjuvant treated PDAC were reviewed (n=18). TRG was assessed 

according to the score by the American College of Pathologists (CAP). CAP score was determined for 

primary tumor, lymph node metastases, and distant metastases, if present. Expression of p16, p53, SMAD4, 

and proliferation index (Ki67) were evaluated by IH. Additionally, next generation sequencing (NGS) using 

the Cancer HotSpot Panel v2 (Thermofisher) was performed.  

Results  

Most common CAP score was 2 (partial response; 78%). Complete response was observed in one case. 

Based on IH, coexistence of aberrant expression of p16 and p53 showed an association with reduced overall 

survival (OS) (p=0.06). Aberrant expression of SMAD4 also showed an association with poor OS (p=0.07). 

NGS was successful in 16 cases. Pathogenic variants were found in 14 cases, including variants of KRAS 

(87.5%), TP53 (68.7%), CDKN2A (25%) and SMAD4 (25%). In cases with pre-therapeutic biopsies (n=3), 

identical pathogenic variants were found before and after NAT. In a cohort of primarily resected PDACs 

(n=28) used for comparison, frequencies of pathogenic KRAS and TP53 variants were similar (85.7% and 

60.7%), while pathogenic CDKN2A and SMAD4 variants were less frequent (7.2% and 17.9%). SMAD4 

mutations were correlated with poor OS (p=0.02). TP53 mutations correlated with the presence of distant 
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metastasis (p=0.03). CAP score was not correlated with OS. However, high CAP score (poor regression) 

showed a trend for positive correlation with the total number of mutated genes (p= 0.07).  

Conclusion  

CAP score did not correlate with patient survival, questioning its role as a prognostic factor. However, an 

association was observed with the number of mutated genes, suggesting that the mutational burden of 

PDAC might be involved in therapeutic response. Immunohistochemical and molecular analyses may be 

more reliable for the management of patients after NAT compared to histomorphology alone. Evaluation in 

larger independent cohorts of patients is needed to validate our preliminary results.  
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Question  

Clear cell carcinoma of the colon is a rare tumor with approximately 16 reported cases in the literature. 

These tumors have well-formed glands lined with clear cells and sometimes they have a solid clear cell 

growth pattern. All reported cases that have been stained have shown typical a CK 20+ / CK 7- phenotype 

and they have also stained with CDX2. It is more in men described and in the left colon. Cases are reported 

that have arisen in conventional adenomas with clear cell change.   

Methods  

We present a case of a 46 years old caucasian male with a history of Hodgkin's disease in adolescence with 

subsequent chemotherapy and radiotherapy in childhood (at that time whole body radiation). There is also 

an appendectomy, several sports injuries, depression, alcohol abuse and nephrolithiasis. For imaging 

purposes there is also a cystic mass in the kidney on the left. Colonoscopy was performed and several 

polyps were identified. These were partly removed and partly biopted with following histological examination 

after routinely H&E-staining. Immunhistochemistry using the ventana machine and molecularpathologic 

investigations using PCR with following sequencing were performed.  

Results  

More than 20 Polyps with hyperplastic polyps and adenomas were detected in the following histological 

examination of biopsy after routinely H&E-staining. In addition, in one tubulovillous adenoma we detect 
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moreover nests of clear cell histologically similar to clear cell tumors of the lung. In immuohistochemistry 

using the ventana machine and ventana antibodies (ready for use kit) we identifies pan-cytokeratin, 

cytokeratin 20 and CDX2 in the tumorcells. While the reaction for CK 7, PAX8, synaptophysin, chromogranin 

A and SOX10 is still negative. 

Conclusion  

We present a clear cell carcinoma of the sigmoid colon, have arisen in conventional adenoma. The tumor 

have well-formed glands lined with clear cells, shows typical a CK 20+ / CK 7- phenotype and have also 

stained with CDX2. Moreover we detect more than 20 hyperplastic polyps and serrated, tubulovillous 

adenomas. The patient is a 46 years old caucasian man with a history of Hodgkin's disease in adolescence 

with subsequent chemotherapy and radiotherapy in childhood (at that time whole body radiation).  
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Question  

Abdominal bleedings have been increasingly managed by minimally invasive approaches (such as image-

guided radiology/GI endoscopy), which might be not feasible in some cases.  

Methods  

Scientific case report based on i) selective references from the relevant medical literature & ii) clinical 

experiences obtained in daily practice. 

Results  

(Case presentation) Medical history: A 46-year old male patient (with known cachexia & renal insufficiency - 

converted to hemodialysis after pancreatitis-induced infection of the peritoneal dialysis catheter) developed a 

bleeding of the upper GI tract during postoperative course after several necrosectomies (consequence, open 

“frozen abdomen”) during the intermediate time course of an acute necrotizing pancreatitis. 
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Findings: Hb-relevant bleeding episodes associated with RR depression & repeated need of transfusion & 

substitution of blood products with consecutive alteration of coagulation. In addition, there was an aortic 

dissection revealed by abdominal CT scan. 

Diagnostic: Short-term control of laboratory parameters (in particular, Hb/Hk, platelet count, coagulation 

status), abdominal CT scan & following digital subtraction angiography (DSA) detecting an arterial bleeding 

out of the caudal pancreatic arteries (originating from splenic artery) & revealing the option of image-guided 

stop of the bleeding with stenting/coiling. 

Therapy: CT-guided transcuteous (as alternative minimally invasive approach) – if needed as bridging – as 

follows: Direct puncture of the pseudocyst, rinsing with sodium chloride & application of 50 mL of fibrin glue 

along with periinterventional transfusion & substitution of blood products as well as intensive care. 

Clinical course/outcome: Immediate & sustaining cessation of the bleeding in addition to the controlled 

pulmonary infection – finally tranferral to a rehabilitation clinic.  

Conclusion  

Due to a simultaneous aortic dissection, the selected CT-guided percutaneous injection of thrombin foam 

was a reasonable, feasible & safe alternative procedure for bridging (gain of time) i) preserving minimal 

invasiveness & ii) circumventing the approach via aorta, which might have been necessary in case of a 

conventional approach by (supra-)selective, image-guided stop of the bleeding into the pseudocyst due to 

acute pancreatitis. However, there is a lack of extensive experiences, in particular, to provide a long-lasting 

therapeutic success, which should be further evaluated in a systematic manner.  
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Question  

Liver cancer is the second most common cause of cancer-related death worldwide, with hepatocellular 

carcinoma (HCC) being its predominant form. There is an urgent need to identify new prognostic markers to 

determine prognosis and select specific therapies. Hypoxia-inducible lipid droplet-associated protein 

(HILPDA) is induced in different cancer types, predicts worse prognosis and inhibits fatty acid oxidation, but 
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its role in HCC, a tumor that frequently shows increased amount of lipid droplets, has not been investigated 

so far.  

Methods  

To investigate HILPDA-expression in HCCs in a large cohort of patients by immunohistochemistry, we 

established a tissue microarray of HCCs of 574 patients. Kaplan-Meier, Wilcoxon rank-sum test, log rank and 

univariate Cox’s regression analysis and Spearman´s rank correlation were used to determine associations 

between HILPDA-expression, patients’ survival, etiology of underlying liver disease and other clinical 

parameters. In vitro, proliferation rate and migratory activity were analyzed in Huh7 cells upon HILPDA 

overexpression.  

Results  

We detected specific HILPDA immunoreactivity in over 95% of the HCCs, with strong HILPDA expression in 

about 5 %, intermediate expression in about 25 % and low expression in about 65 % of primary HCCs. 

HILPDA was significantly induced in HCCs compared to surrounding non-neoplastic normal and cirrhotic 

liver tissue, and even further increased in lymph node metastases and recurrent HCCs. Increased HILPDA 

expression correlated with decreased survival (HR 1.31; 95% CI, 1.04-1.64, p< 0.05) and was associated 

with higher tumor grade, increased proliferation, and micro- and macrovascular invasion. Patients suffering 

from chronic hepatitis C showed increased HILPDA levels in HCC and non-neoplastic liver, whereas 

hemochromatosis and NASH were associated with lower HILPDA expression. We did not detect a significant 

association of HILPDA expression with other clinical parameters. In vitro, HILPDA overexpression resulted in 

an increased proliferation rate and increased tumor cell migration, whereas knock-down of HILPDA reduced 

proliferation.  

Conclusion  

HILPDA expression was induced in HCC and was further increased in relapses and lymph node metastases, 

as determined by immunohistochemistry. Higher HILPDA levels were associated with unfavorable prognosis, 

higher tumor grade and micro- and macrovascular invasion. Mechanistically, HILPDA overexpression led to 

increased tumor cell proliferation and increased migratory activity.  
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Diabetes-induced impact onto the early postoperative outcome in colon cancer surgery (interims 
results)  

R. Kreyer1, R. Otto2, S. Wolff1, I. Gastinger2, H. Lippert2, R. Croner1, F. Meyer1  

1University Hospital at Magdeburg (Germany), Dept. of General, Abdominal, Vascular and Transplant 
Surgery, Magdeburg, Germany, 2Otto-von-Guericke University at Magdeburg (Germany), Institute for Quality 
Assurance in Operative Medicine, Magdeburg, Germany  

Question  

The aim of this study was to investigate the influence of diabetes mellitus as well as the factors associated 

with this metabolic disease onto early postoperative and long-term oncological outcomes following colon 

cancer (Ca) surgery. 

Methods  

 Patients with colon Ca -/+ diabetes mellitus were registered in this prospective multi-center observational 

study, in particular, characterized by 68 items including pre-, peri- and post-operative factors as well as 

histological findings in Germany from 2009 to 2011. Early postoperative outcome comprised morbidity (in 

particular, determined by specific and general complication rates) and in-hospital mortality. 

Long-term oncological outcome was specifically characterized by 5-yr-overall survival (5-yr-OS), 5-yr-

disease-free survival (5-yr-DFS) and 5-yr-local recurrence rate (5-yr-LRR).  

Results  

In total, 9,167 patients were enrolled. Patient were subdivided as follows: 20.5% w/ diabetes (out of whom 

37.8% were insulin-dependent) and 79.5% w/o diabetes (age range of +/- diabetes patients, 34-97 vs. 18-98 

yr; sex ratio [m/f], 52.9/47.1 vs. 56,2/43,8 %). The initially higher progression rates of tumor (Tu) disease 

(P=0.018) as well as the more advanced Tu stages according to the UICC classification was found in 

diabetes patients (P=0.293). Furthermore, diabetes patients showed significantly worse ASA scoring 

(P<0.001). With a total morbidity of 35.8%, diabetes patients had significantly more general postoperative 

complications (P<0.001). However, the slightly higher rate of special postoperative complications in diabetes 

patients was not significant (P=0.224). With a total in-hospital mortality of 4.2%, diabetes patients showed a 

significantly higher rate (P<0.005). Diabetes patients had a significantly lower 5-yr-OS (diabetes, 49.8% vs. 

non-diabetes 59.7%; P<0.001). A clearly worse 5-yr-DFS was also found in the diabetes category (diabetes, 

57.7% vs. non-diabetes, 67.6%, P<0.001). However, there was no significant difference of the 5-yr-LRR 

comparing diabetes vs. non-diabetes patients (2.4% vs. 2.8%; P=0.664).  

Conclusion  

 The highest postoperative complication rates, as well as the worst 5-year OS rates and the lowest 5-year 

DFS were found in the diabetes patients. Furthermore, impact of insulin-dependent diabetes and diabetic 

risk potential (incl. other accompanying disease, in particular, cardiopulmonary) need to be considered.  
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Question  

The aim was to investigate the impact of various diagnoses (chronic pancreatitis [“Pan.“] vs. cancer of the 

pancreatic head [“Ca“]) & interindividual differences such as age & accompanying diseases onto the early 

postoperative outcome in comparable interventional invasiveness, surgical trauma as well as surgical 

intervention-induced SIRS-associated alterations.  

Methods  

Over a defined time period, all consecutive patients who had undergone surgical intervention in “Pan.“ & 

“Ca“ at the surgical department of a tertiary center were registered & various outcome parameters such as 

postoperative morbidity (general/specific complication rates) & 30-d-mortality were determined.  

Results  

From 2003-2015, overall 315 patients were registered out of whom n=295 (sex ratio: m/w=181:114 [1.59:1]; 

median age: 59 [range: 20-82] years [yrs.]) could be evaluated - 197 cases with Ca (66.8%) & 98 individuals 

with Pan. (33.2%). In comparison, median age was 68.5 (range, 37-82) versus (vs.) 51 (range, 20-72) yrs. in 

Ca & Pan. (p<0.001), resp.; mean ASA scoring was 2.3 (CA [range, 1-4]) & 2.1 (Pan. [range, 1-4]; p=0.084), 

resp. Median preoperative hospital stay was 2 [range, 0-17] d in both diseases whereas median 

postoperative stay was 18 (Ca [range, 2-88]) & 15 (Pan. [range, 6-48]) d, resp. (p=0.029). Surprisingly, there 

were similar general & specific complication rates of 21.3% (Ca) vs. 21.4% (Pan.) & 40.1% (Ca) vs. 43.9% 

(Pan.) (p=0.274; p=0.616); in addition, there was only a marginal difference of the 30-d-mortality: 3.6% (Ca) 

vs. 2.0% (Pan.) (p=0.723). 

Out of the potential factors with an impact onto morbidity & mortality such as gender, age, ASA class, 

intraoperative transfusion, duration of surgical intervention & preoperative diagnosis, univariate analysis 

resulted in ASA class with a significant impact onto the morbidity (p=0.013). 

In patients with postoperative morbidity, the number of intraoperatively transfused red cell packs was 

significantly greater than in subjects with no morbidity (1.156 vs. 0.304; p=0.000). Morbidity had a significant 

effect onto mortality (p=0.000). 

Multivariate analysis using logistic regression did not show any significant associations.  
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Conclusion  

The initially hypothesized disadvantageous impact of a malignant tumor disease compared with chronic 

inflammation can not be confirmed based on the morbidity & mortality as elucidated despite significantly 

older patients & a longer postoperative hospital stay.  

 

ePoster-Ausstellung  
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Effects of primary cancer-associated fibroblasts and normal fibroblasts on EMT of colorectal cancer 
cells  

H. Deng  
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Question  

To explore the characteristics of primary cancer associated fibroblasts (CAFs) and normal fibroblasts (NFs) 

and study their effects on the epithelial-mesenchymal transition (EMT) of colorectal cancer (CRC) cells.  

Methods  

CAFs and NFs were cultured and identified. The viability and senescence were compared between CAFs 

and NFs. The effects of the two types of cells on the EMT and migrating ability of SW620 cells were 

examined by indirect coculture method.  

Results  

Both of CAFs and NFs were found to express fibronectin and a-SMA but not E-cadherin. The expression of 

a-SMA and the senescence were greater in CAFs than in NFs. CAFs induces the EMT and migration of CRC 

cells by down-regulating E-cadherin and up-regulating vimentin and fibronectin. The expression of phospho-

β-catenin (Ser552) and Disheveled 3 were up-regulated after CAFs treatment. NFs were discovered to inhibit 

colorectal cancer cells’ EMT, migration, and the total levels of β-catenin and Dishevelled 3 were decreased,  

Conclusion  

The viability and senescence of CAFs were greater than those of NFs. CAFs promote the EMT, migration 

and up-regulation of Wnt signaling in CRC cells. However, NFs have the opposite effect.  
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Question  

Chronic hepatitis C (HCV) and B (HBV) are major risk factors for liver cirrhosis, favouring the development of 

hepatocellular carcinoma (HCC). The lipid metabolism plays a major role in the pathogenesis of HCV-

infection, as HCV requires lipid droplets (LDs) for the production of infectious virus particles. Amphiphilic 

proteins of the perilipin-family are either constitutively (perilipins 1 and 2) or exchangeably (perilipins 3-5) 

associated with LDs and determine their formation, maintenance and degradation. Aim of this project was to 

further the understanding of LD-histopathology in chronic hepatitis.  

Methods  

Liver biopsies of 231 HCV-patients were immunohistochemically stained for the perilipins 1 and 2, scored 

and correlated with clinical parameters. In addition, a collective of 33 liver biopsies of patients with HBV 

infection, 12 with autoimmune hepatitis, 4 with HEV infection and 15 with liver metastases were investigated 

as control.  

Results  

In liver biopsies of chronic hepatitis C, staining intensity of perilipin 1 and 2 correlated with the degree of 

steatosis. Steatosis was highest in HCV genotype 3 especially when compared to genotype 1b, but did not 

significantly correlate with HCV virus load. Interestingly, besides significant steatosis in most of the liver 

biopsies with chronic hepatitis B and C as measured, also in 36 % of the HCV liver biopsies and in 18% of 

the HBV liver biopsies, perilipin-positive clusters of hepatocytes with microvesicular steatosis were observed 

that were only visible immunohistochemically. Neither a clear correlation with HCV-infected hepatocytes was 

found using RNA-chromogen-in situ hybridization, nor of perilipin-positive clusters with HBs- or HBc-positive 

clusters in liver biopsies with chronic hepatitis B. Also in autoimmune hepatitis and non-neoplastic livers of 

patients resected for liver metastases, perilipin-positive clusters could be noted.  

Conclusion  

The finding of microvesicular steatotic foci is not only a pathologic feature of viral hepatitis, but appears as a 

general sign of metabolic dysregulation in chronic liver diseases, the significance of which will need further 

investigations to unravel whether it constitutes a reactive / degenerative or even (early) preneoplastic 

process. Importantly, larger steatotic foci may be detected by radiology and may constitute a differential 
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diagnosis to other liver lesions. 

This project contains data of an unfinished doctoral thesis.  
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Question  

Gastric polyps do not occur frequently in daily clinical practice.  

Methods  

By means of a scientific case report based on i) selective references from the relevant medical & scientific 

literature & ii) clinical management experiences obtained, the interesting & demanding case of a patient with 

rare gastric polyps is to be demonstrated.  

Results  

Case presentation (clinical patient-, finding- & therapy-dependent aspects): 

Medical Hx: 35-years old patient with known anemia in recurrent vomiting (incl hematochezia) & necessary 

transfusion + weight loss & cachexia (therapeutic attempt with Cetuximab for suspicious Menetrier’s diaease 

was not successful) 

Accompanying diseases: colon diverticles/polyps, steatosis hepatis, refluc esophagitis, chronic bronchitis, 

depressive episodes with psychophysical exhaustion, allergy for penicillin. 

Diagnostic measures: Endoscopy of upper GI tract – gastric polyps filling nearly the whole gastric lumen; 

histopathological investigation (biopsy): suspicious Dx of juvenile polyposis of the stomach; capsule 

endoscopy: no hint for polyps oft he small intestine but multiple colon polyps. 

Therapy: Open gastrectomy with D2-lymphadenectomie & Roux-en-Y jejunal loop for reconstruction oft he 

esophagojejunostomy. Intraoperatively, massively enlarged stomach with a pylorus calibre of 5 cm. 

Histopathological investigation: Massive, macroscopically impressive cespitose juvenile polyps (Ø: 5-40 mm) 

in chronic pangastritis w/o intestinal metaplasia or atrophy of mucosal glands & moderate chronic duodenitis 

(no reflux signs at the esophageal mucosa/ malignancy/intraepithelial neoplastic growth). 

Course: Temporary increase of inflammtory parameters, antibiotics (Tazobac®), excision of a 
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fuidcollection/abscess an the drainage site, discharge to rehabilitation on the 15th postoperative day.  

Conclusion  

Familiary juvenile polyposis (autosomal-dominant hereditary disease) is characterized by multiple juvenile 

polyps (in particular, colon/stomach/small intestine)/hamartomatous polyps (frequently with inflammatory 

changes & erosions at the surface) with occurrence of frequent GI bleeding episodes & increased risk for 

malignancy. However, treatment of the very rarely occuring exclusively gastric polyps has been well 

established. As a limitation, there is only a low level of systematic diagnostic & therapeutic expertise 

availabel due to only single cases reported so far. Familiary humangenetic recommendation of patients as 

well as colonocscopy to remove colon polyps appear recommendable.  
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Question  

Quality management is essential in daily surgical care, in particular, in pursuing optimal diagnostic and 

therapeutic algorithm. 

The aim of this overview is to summarize results on the surgical management of colon cancer(Ca), its quality 

assurance & their consequences for daily surgical practice.  

Methods  

Prospective multicenter observational study data on diagnostic, treatment & outcome of patients with colon 

Ca over a defined study period.  

Results  

(selective): 

1) Case load in general does not provide necessarily a significant impact onto the outcome. 

2) Age can be considered a risk factor, however, it can not be considered a contraindication for surgcial 

treatment of colon cancer. 

3) Hartmann’s procedure is still indicated in high-risk patients and emergency cases (ileus, perforation) to 
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reduce morbidity and mortality. 

4) Hospital volume does not provide a significant impact onto the early postoperative outcome. Therefore, 

there is no need for centralisation of surgical care in colon cancer to tertiary centers since the quality of 

surgical care is similar at each level of care. 

5) Implantation of self-expanding stents (SEMS) can be considered an efficient measure in endoscopic 

palliation of the malignant colonic stenosis – it reduces postoperative complications in bridging of stenosing 

tumor growth of colon cancer until surgical intervention. 

6) Laparoscopic approach in resection of colon cancer is reasonable in a well defined portion of patients; it 

should be performed by experienced surgeons since conversion to open surgery is associated with a 

significant increase of morbidity, mortality and hospital stay. 

7) Anastomotic insufficiency in colon resection is a rare but severe complication, which is associated with 

specific risk factors (such as operation time, ASA score, male sex, ileus, tumor lesion at the left hemicolon, 

cardiovascular and hepatogenic accompanying diseases, hand suture [one row], occurrence of 

intraoperative complications, BMI > 30 kg/m2); their knowledge in the perioperative decision-making process 

is of vital importance in order to sufficiently prevent an increase of morbidity and mortality. 

8) The recently suggested German-wide model for quality assessment generates valid and comparable 

results to other population-based studies; it needs no further specific support to be implemented by the 

health system in each hospital.  

Conclusion  

The aquisition of such data and its sufficient analysis as well as interpretation can provide important hints & 

knowledge for future care.  
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Question  

To analyze patient-, tumor finding-, diagnostic- and treatment-associated data on outcome as well as quallity 

assurance of surgical care in the management of rectal cancer(Ca).  
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Methods  

Prospective multicenter observational study (design) in patients with rectal Ca over a defined study period.  

Results  

Hospital volume did not have a significant impact onto the oncosurgical long-term outcome but showed an 

inverse correlation to the frequency of creation of a permanent stoma and postoperative morbidity. 

Neoadjuvant radiochemotherapy did not increase the risk of a postoperative anastomotic insufficiency or 

dysfunction of the urinary bladder after sphincter-preserving rectal resection with curative intention. Specific 

study results on the diagnostic accuracy of endorectal ultrasonography (EUS) to assess T-category could not 

be confirmed in daily surgical practice. Creation of a protective enterostoma did not reduce the frequency of 

a postoperative anastomotic insufficiency but it lowered the frequency of following surgical or interventional 

consequences. Quality of Total Mesorectal Exzision (TME) depends on patient- (such as patient’s age, 

tumor site, pT-category) and treatment-associated factors (such as technique of surgical dissection, 

surgeon’s case load). 

Patient’s age is a risk factor but it can not be considered a general contraindication for resection of rectal 

cancer. Oncological outcome after laparoscopic rectum resection is comparable with that after open 

resection. However, necessity for conversion can worsen long-term oncosurgical outcome. Limited resection 

of pT1-low-risk carcinoma may provide an acceptable oncosurgcial outcome but needs to be considered a 

compromise to radical resection. Rate of abdominoperineal rectum exstirpation (APR) has been reduced in 

routine surgical care down to approximately 20% over the last years. Isolated invasion of lymphatic vessels 

could not be identified as independent risk factor for local or systemic tumor 

recurrence and, in addition, did not show an impact onto long-term survival after radical resection. 

Disturbances of wound healing after APR can be reduced down to 5% by using antibiotic-releasing collagen-

based biomaterial constructs in addition to the well-established wound closure of each single layer.  

Conclusion  

The results i) reflect real situation in abdominal surgery in Germany, ii) have influenced disease-specific 

clincial management, and iii) may define novel subjects of up-coming studies.  
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Question  

Cholangiocarcinoma is a rapidly fatal cancer entity with a median survival of less than one year. In contrast 

to many other malignancies, no substantial therapeutic breakthrough has been made in the past few 

decades, thereby limiting the treatment to cytotoxic chemotherapy with little beneficial effect for most 

patients. Targeted therapy tailored to the individual has shown substantial success in the recent past as a 

promising avenue for cancer therapy. In this study, we aimed to assess the prevalence of HER2 gene 

amplification in non-liver-fluke associated cholangiocarcinogenesis as a potential targeted treatment option.  

Methods  

We determined the frequency of amplification of the HER2 gene in a comprehensive and well-characterized 

European cholangiocarcinoma cohort encompassing 436 patients including intrahepatic (n = 155), proximal 

(n = 155) and distal (n = 126) cholangiocarcinoma by strict application of a combined immunohistochemical 

and in situ hybridization algorithm following the current guidelines for HER2 assessment in gastric cancer.  

Results  

We identified a proportion of 1.4% (n = 6) patients that demonstrated HER2 gene amplification, with the 

highest rate among the distal cholangiocarcinoma patients (2.4%). None of the patients with equivocal (2+) 

immunohistochemical staining results exhibited gene amplification molecularly. In four of the five patients 

with HER2 positivity, gene amplification was already present in concomitantly tested high-grade biliary 

intraepithelial neoplasia (80%). HER2 gene amplification was not significantly associated with other clinical 

parameters, including survival.  

Conclusion  

This study identifies HER2 gene amplification as a rare event in cholangiocarcinoma of the Western 

population, occurring already in high-grade BilIN in a subset of patients. Furthermore, we provide a robust 

testing algorithm that may be used prior to therapy administration in future clinical trials evaluating the role of 
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HER2 as a predictive marker in cholangiocarcinoma.  
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Question  

The tumor suppressor gene TP53 is frequently altered in gastric cancer (GC) and the TP53 status is part of 

new molecular classifications, like the ACRG classification. The clinical significance of p53 expression in GC, 

especially in the context of neoadjuvant chemotherapy (CTx) is controversially discussed. The aim of our 

study was to determine the prognostic and predictive relevance of p53 expression in a large cohort of 

patients treated with or without a platin/5FU based neoadjuvant chemotherapy (CTx). In addition, we 

analyzed p53 expression for an association with molecular subtypes as microsatellite instability (MSI) and 

Epstein-Barr virus (EBV) positivity.  

Methods  

Specimens from 699 GC patients (270 resected tumors without CTx, 297 after CTx and 132 biopsies before 

CTx) were analyzed. p53 expression was assessed on tissue microarrays by immunohistochemistry and was 

scored in three groups as complete loss of expression, wildtype expression and overexpression. MSI-High (-

H), MSI-Low (-L) and EBV status were determined by standardized methods. Mutation analysis of TP53 was 

performed by next generation sequencing (NGS) in a subset of tumors. p53 expression was evaluated for an 

association with clinicopathological features and the molecular subtypes. 

Results  

Aberrant p53 expression was found in 49% of the tumors and showed a concordance of 90% with mutations 

determined by NGS. 

Aberrant p53 expression was an independent negative prognostic factor in patients without CTx (p<0.01). 

The prognostic relevance in this patient group was particularly seen in distal (p<0.01), but not in proximal 

tumors (p=0.26). Also in the biopsy cohort before CTx an association of p53 with survival was only seen in 

distal tumors (p=0.04). No association between p53 expression and tumor regression was found. 

Aberrant p53 expression was associated with proximal tumor localization and in non-CTx patients with 
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intestinal type tumors (each p<0.01). In all patient groups wildtype p53 expression was associated with EBV+ 

and MSI-H, and aberrant p53 expression with MSI-L.  

Conclusion  

The comparison with NGS-analyses indicates that the three tired evaluation of p53 expression is a valid 

method for the determination of the TP53 status in GC. 

Furthermore, our results show that the prognostic relevance of p53 in GC differs regarding tumor localization 

and altered p53 expression is a characteristic feature of the MSI-L phenotype. 
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Question  

Sphinoglipids (SL) are structural components of membranes and lipoproteins. However, the diverse 

functions of SLs exceed those of simple buildings blocks and include modulation of intra- and extracellular 

signaling. Key enzymes involved in the catabolism of complex SL (“salvage pathway”), such as HexA and 

HexB, require the GM2A activator protein. While several metabolic functions of the tumor suppressor protein 

p53 are known, a role of p53 in modulating the salvage pathway of complex SL has (to the best of our 

knowledge) not yet been described in liver cancer. Here, we aim to characterize the role of GM2A, that we 

identified as a p53 activation target, within the p53 network.  

Methods  

We performed cell viability assays (MTT) and the induction of apoptosis by PARP cleavage (immunoblotting) 

and Caspase 3 assays in liver derived tumor cell lines transfected with control or GM2A siRNA under +/-

Nutlin 3a (or Camptothecin) treatment. Under similar conditions proteomics (LC-MS/MS), transcriptomics 

(gene expression arrays) as well as lipidomics (LC-MS/MS) were conducted. 

Results  

Depletion of GMA2 led to decreased cell viability and increased apoptotic cell death in liver cancer cells 

particularly under stressed conditions. Transcriptomic and proteomic analyses revealed GM2A to be required 
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for the full induction of p53 targets including anti-apoptotic genes/proteins. Furthermore, GM2A dependent 

changes of (sphingo-) lipid metabolism upon GM2A knockdown was observed.  

Conclusion  

We conclude that GM2A is a pro-survival p53 activation target in liver cancer and that its anti-apoptotic 

function involves most likely p53 target gene induction and lipid catabolism. The underlying mechanisms by 

which the anti-apoptotic phenotype of GM2A and associated multi-omics changes are connected is currently 

further investigated. 
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Question  

Chromosome 8p is frequently deleted in a variety of cancer entities and has been shown to correlate with 

poor patient survival in hepatocellular carcinoma (HCC). SH2D4A is located on 8p and was previously 

described as tumor suppressor. SH2D4A has been shown to prevent the nuclear translocation of the pro-

tumorigenic transcription factor STAT3. Here, we investigated the interaction of SH2D4A and STAT3 to shed 

light on the extranuclear functions of STAT3 in cooperation with the adaptor protein SH2D4A.  

Methods  

Using an immunoprecipitation-mass spectrometry (IP-MS) approach, we identified proteins potentially 

binding to SH2D4A. Interaction partners linking SH2D4A and STAT3 were further investigated. Gene 

expression was analyzed by RT-qPCR, whilst protein levels were visualized by immunoblotting. Luciferase 

assay was used to detect STAT3 transcriptional activity. Using co-immunoprecipitation and proximity ligation 

assay, we determined protein binding of STAT3, SH2D4A, and PHB (Prohibitin). Cellular localization was 

analyzed using cell fractionation and immunofluorescence staining. Mitochondrial activity was measured by 

oxygen consumption rates using the Seahorse® assay.  

Results  

IP-MS revealed the scaffold protein PHB as potential binding partner of SH2D4A. We confirmed direct 
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interaction of STAT3, PHB and SH2D4A in silico and in vitro. Immunofluorescence imaging revealed co-

localization of these proteins with mitochondria. These interactions were selectively interrupted by the small 

molecule and PHB ligand FL3. FL3 led to a reduction of STAT3 protein levels and transcriptional activity. 

Besides, altered protein abundance of p62 and LC3 revealed inhibition of autophagy upon FL3 treatment. 

Additionally, mitochondrial fusion markers OPA1, OMA1 and FIS1 were dysregulated. Deregulated 

mitochondrial integrity was confirmed by significant reduction of mitochondrial respiration.  

Conclusion  

The interaction of SH2D4A and PHB is involved in the mitochondrial function and integrity. The 

demonstrated interaction with STAT3 accompanied by its reduction of transcriptional activity further suggests 

that SH2D4A is linking STAT3 to its mitochondrial functions in liver cancer and inhibition by the PHB-ligand 

FL3 may have therapeutic effects.  
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Mechanisms of invasiveness and metastasis in colorectal cancer – functional relevance of phospho-
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Question  

PEA-15 (phosphoprotein enriched in astrocytes of 15 kDa) is a multifunctional protein containing a classical 

death effector domain (DED) and two phosphorylation sites at Ser104 and Ser116. It is associated with 

many fundamental cellular processes like apoptosis, proliferation and migration. Therefore, PEA-15 has 

been widely investigated in different cancer entities. Although colorectal carcinoma (CRC) is one of the three 

most commonly diagnosed cancers worldwide and characterized by a high mortality due to metastasis, the 

role of PEA-15 in CRC is rarely described.  

Methods  

Single cell clones ectopically overexpressing either PEA-15 (PEA-15wt), a non-phosphorylatable double 

mutant (PEA-15AA) or two non-phosphorylatable single mutants (PEA-15S104A and PEA-15S116A) were 

generated in two different CRC cancer cell lines, HCT116 and DLD-1. Effects of PEA-15 overexpression on 

proliferation, migration, invasiveness and spheroid formation were examined. Additionally, 

immunohistochemical staining of patient derived CRC tissue was performed to investigate the clinical 

relevance of PEA-15 and both phosphorylated forms.  
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Results  

First results indicate a PEA-15 mediated regulation of migration depending on its phosphorylation status in 

HCT116 cells. Similar effects of phospho-PEA-15 on invasiveness as well as cellular adhesion could be 

seen. Several genes functionally related to migration, invasiveness and cellular adhesion are regulated in 

phospho-PEA-15 overexpressing HCT116 cells. The process of spheroid formation appeared to be more 

challenging for both, phospho-PEA-15 overexpressing HCT116 and DLD-1 cells. Immunohistochemical 

staining of patient derived CRC tissue provided first indications of a differential expression of PEA-15 and its 

phosphorylated forms in CRC.  

Conclusion  

Our results demonstrate that phospho-PEA-15 has an impact on cellular migration, invasiveness, spheroid 

formation and cellular adhesion in CRC. Therefore, the further elucidation of underlying mechanisms as well 

as the evaluation of phospho-PEA-15 as a prognostic factor for patients with CRC is warranted.  
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Question  

Mast cells are important players of the tumor microenvironment. They have been shown to influence growth, 

progression, angiogenesis and metastasis of intestinal tumors. Genetically engineered mouse models 

(GEMMs) are the most frequently used animal models for human intestinal cancer. Regarding localization 

and histochemical characteristics there are at least three different mast cell subtypes in mice: interepithelial 

mucosal mast cells (ieMMCs) resp. globule leukocytes (GLs), lamina proprial mucosal mast cells (lpMMCs) 

and connective tissue mast cells (CTMCs) [1]. It is not certain whether there are identical mast cell subtypes 

in humans as well.  

Methods  

We performed a descriptive pathohistological approach and aimed to characterize different mast cell 

subtypes in mice and men immunohistochemically. In murine neoplasia, ieMMCs are visible by using 

MCPT1- (mast cell protease 1) Immunohistochemistry (IHC), lpMMCs and CTMCs by using MCPT4- or mast 

cell tryptase-IHC. LpMMCs cannot be histochemically visualized in FFPE-sections. In human intestinal tumor 
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sections, we performed Tryptase-, Chymase-, Histamine-, CD117- and Ki67-IHC. We accomplished IHC in a 

cohort of 23 human intestinal adenocarcinomas, 12 high-grade and 18 low-grade adenomas as well as in a 

cohort of 40 mice (in total 13 intestinal adenocarcinomas, 50 high-grade and 57 low-grade adenomas).  

Results  

We could successfully establish an IHC based subtyping to identify different mast cell subtypes in mice, by 

reproducing the algorithm postulated by Vogel et al.. IeMMC and lpMMCs are detectable in murine 

precursors and intestinal adenocarcinoma. So far, we could immunohistochemically detect ieMMCs in 

human intestinal specimen as well, but not to the same extent as in mice.  

Conclusion  

We conclude that the variable presence of mast cells may influence the development of intestinal tumors in 

mice and men differently. Our suggestion is, that mice might not be an ideal model for human intestinal 

carcinogenesis esp. with respect to the tumor immune-microenvironment. It will be subject to further 

investigations, if other animal models are more appropriate.  

Literaturangaben  

 [1] Vogel, P.; Janke, L.; Gravano, D.M.; Lu, M.; Sawant, D. V.; Bush, D.; Shuyu, E.; Vignali, D. A. A.; Pillai, 

A.; Rehg, J. E., (2018), Globule Leukocytes and Other Mast Cells in the Mouse Intestine, Veterinary 

Pathology, 76-97, 55 
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Question  

Conditions of continuous liver injury and chronic inflammation are risk factors for hepatocellular carcinoma 

(HCC). The NF-κB pathway is a critical modulator of these conditions and represents an important link 

between inflammation and tumorigenesis. However, the precise contribution of the NF-κB pathway in HCC 

remains controversial. We wanted to elucidate the contribution of the NF-κB pathway in hepatic malignancies 

by using a transgenic mouse model of HCC in combination with the hepatocyte-specific ablation of a central 
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component of the NF-κB pathway.  

Methods  

We created a mouse model of HCC based on the transgenic overexpression of MYC, a well-known 

oncogene in HCC. We conditionally ablated NEMO (NF-κB essential modulator), a regulatory subunit of the 

IKK complex which is essential for canonical NF-κB signaling. The tumors developing in the presence or 

absence of NEMO were analyzed by morphological and molecular methods and mice were followed for 

survival.  

Results  

NEMO deletion accelerated tumor development and shortened survival. Proliferation, inflammation and 

fibrosis were increased in MYC-induced tumors in the absence of NEMO. Molecularly, several signaling 

pathways, e.g. MAP kinase and STAT signaling, were activated upon NEMO deletion. Importantly, deletion 

of NEMO modified the tumor phenotype from hepatocellular carcinoma to combined hepatocellular 

cholangiocarcinoma. The intrahepatic cholangiocarcinoma tumor component showed increased expression 

of progenitor markers (e.g. Sox9) and reduced expression of mature hepatic markers (e.g. CPS1). 

Tumorigenesis was reversible when transgenic MYC expression was turned off.  

Conclusion  

NEMO deletion from hepatocytes accelerated tumor development in a MYC-induced mouse model of HCC 

and shortened survival, suggesting a tumor-suppressive function of NF-κB signaling in this context. Also, 

NEMO deletion modified the tumor phenotype to combined hepatocellular cholangiocarcinoma. To our 

knowledge this is the first mouse model of combined hepatocellular cholangiocarcinoma, which may provide 

insights into the development of this rare malignant tumor.  
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Question  

The Notch pathway is an evolutionary conserved signaling pathway, which has a pivotal role for 

physiological liver development and regeneration. Aberrant activation of Notch signaling is a potential driver 

of liver inflammation, formation and progression of hepatocellular carcinoma (HCC) and intrahepatic 

cholangiocarcinoma (iCCA). However, unlike for the Notch receptors, the role of diverse Notch pathway 

components and downstream effectors is poorly understood. Here, we elucidated the function of the so far 

uncharacterized Notch pathway regulators and chromatin modifiers Strawberry Notch 1 and 2 (SBNO1/2) 

and their implication in hepatocarcinogenesis.  

Methods  

Whole exome sequencing of 54 human HCC specimens was performed and the impact of patient-derived 

mutations was assessed using multiple prediction algorithms. The function of SBNO1/2 was investigated by 

knockdown and overexpression experiments in liver cancer cell lines and subsequent analyses of cell 

viability, clonogenic growth and migratory capacity. Regulation of Notch pathway activity by Strawberry 

Notch proteins was validated using real-time PCR and Western blot. Applying co-immunoprecipitation and 

proximity ligation assays, a potential protein interaction with the Notch transcription factor RBPJ was tested. 

In addition, tissue microarray analysis served to determine the levels of Strawberry Notch proteins in HCC 

and iCCA patient material.  

Results  

We identified 20 mutations in 15 different Notch pathway-associated genes affecting 25.9% (14/54) of 

patients in the present cohort. Among them, SBNO2-E492K was predicted to have a high biological 

relevance. In vitro experiments showed that Strawberry Notch was overexpressed in liver cancer cell lines. 

Knockdown of SBNO1 expression reduced the tumorigenic characteristics of HCC cells. Furthermore, it was 

verified that SBNO1 directly binds to the Notch transcription factor RBPJ in situ and in vitro. Thereby, SBNO1 

augmented Notch signaling activity of HCC cells by enhancing transcription of downstream Notch target 

genes. In addition, we observed a tumor-specific overexpression of SBNO1 in a subset of iCCA patients.  

Conclusion  

This is the first study to analyze the role of Strawberry Notch proteins in human carcinogenesis. Our data 

suggest that particularly SBNO1 might be implicated in liver tumor development via Notch signaling. 
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Investigating the role of SBNO2 and the patient-derived SBNO2-E492K mutant is subject of our current 

research.  
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Question  

Can MALDI imaging be used to identify morphopathological and diagnostic relevant subgroups of ampullary 

carcinomas (e.g. intestinal or pancreatobiliary types) and does MALDI display their heterogeneity?  

Methods  

MALDI imaging combines two major fields of bioanalytical methods: the protein/peptide detection and 

analysis determined by means of mass spectra according to time-of-flight masses (m/z), and the 

macroscopic anatomy of the visible, morphological shape of tissue compartments. Regions of interest (ROI) 

defined by pathological assessment are translated into mean mass spectra and can be used for subsequent 

bio-statistical analyses of protein occurrence.  

Results  

In a present study, we investigated a cohort of ampullary adenocarcinomas (n=21, 3 unknown), including 

both intestinal and pancreatobiliary subtypes. We defined differences in the proteome and compared mass 

alterations to immunohistology results of congruent samples. Based on the different prognosis of the 

pancreatobiliary and intestinal types, we analyzed representative mean spectra to identify subtype-specific 

mass spectra patterns. Subsequently, we explored unknown test cases and determined their subtype as well 

as normal, original and tumor tissue compartments according to their mass spectra patterns.  

Conclusion  

Our goal is to offer MALDI imaging as a diagnostic enhancement for pathological/immunohistochemical 

analyses. We will provide our MALDI pipeline as a broad application in tumor diagnostics and for cancer 

research projects, targeting the identification for new protein/peptide biomarkers.  
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Question  

The tumor suppressor protein p53 represents an important barrier in liver tumorigenesis. Tumorsuppressive 

p53 responses including cell cycle arrest, apoptosis, and senescence are mediated by activation or 

repression of p53 target genes. 

The chromatin remodeling enzyme "lymphoid specific" helicase (HELLS) has recently been shown to play an 

important protumorigenic role in hepatocarcinogenesis (Law et al.,2019). However, a regulation of HELLS by 

p53 has not yet been demonstrated in liver cancer.  

Methods  

A large scale proteomics approach (LC/MS-MS, ~5000 quantified protein groups) was employed to identify 

previously unrecognized p53 repression targets in liver cancer. LC-MS/MS was conducted using HepG2 

cells treated with either with DMSO or Nutlin-3a (to induce p53) for 24h. Results were validated in HepG2 

and Huh6 cells upon Nutlin-3a or Camptothecin (CPT) treatment by immunoblotting and qRT-PCR. Rescue 

experiments were performed by using siRNA mediated knockdown of TP53 followed by qRT-PCR. HELLS 

protein levels in murine Trp53-/- or Trp53+/+ hepatocellular carcinomas (HCC) and in human HCC were 

analyzed by immunoblotting. 

Results  

We found HELLS with a -2.64 log2 fold-change (q < 0.01) among the most strikingly reduced proteins upon 

Nutlin-3a treatment by our proteomic approach. We could confirm significantly reduced protein and mRNA 

levels of HELLS following p53 induction either by Nutlin-3a or CPT treatment in HepG2 and Huh6 cells as 

measured by immunoblotting or qRT-PCR. Furthermore, reduced HELLS transcript levels under Nutlin-3a 

treatment were completely rescued by siRNA-mediated knockdown of TP53. Consistent with these findings 

we observed that HELLS is overexpressed in murine and human HCC and correlates with the p53 status.  

Conclusion  

These data demonstrate that HELLS is a strong transcriptional repression target of wild-type (wt) p53. While 

the underlying mechanism of p53-mediated repression of HELLS is currently being determined, (functional or 

mutational) inactivation of wt p53 appears as an important event leading to HELLS overexpression in liver 
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cancer.  
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Question  

Operational errors in pathology may result in devastating consequences for the patient. Such errors may be 

caused by mislabeling the specimens, mix-up of the tissue samples or by contamination through floaters or 

pick-ups during tissue processing within the laboratory. Here we report a case of suspected mix-up in a 

patient with hysterectomy performed by LASH-technique. 

Methods  

A 44-year old woman 0-para, IV-gravida represented with bleeding irregularities and large uterine fibroids. 

Her last menstrual period occurred 12 weeks ago (82 days) followed by persisting vaginal bleeding. 

Complete processed fractional curetting showed microglandular hyperplasia of endocervical glands and 

endometrium in very early proliferative phase. Four weeks later the patient was treated by total hysterectomy 

and elective bilateral salpingectomy using LASH approach because of persisting bleeding disorders. The 

specimen was examined by embedding 12 samples in 5 blocks and represented atrophic endometrium and 

uterine fibroids with regressive changes. Surprisingly, one slice showed chorionic villi of the 1st trimester with 

heavily regressive change. Additional embedding of 17 samples in 7 blocks showed no pregnancy related 

tissue. Re-examination of the completely processed tissue with additional deeper cuts of the D&C-specimen, 

obtained four weeks before, also revealed no gestational tissue. Thus, contamination of the patient's tissue 

by tissue pick-up during tissue embedding was suspected and molecular identity testing was performed. 

Results  

Using Pyrosequencing a Single nucleotide polymorphism (SNP) assay initially designed to detect 

hematopoietic chimerism revealed an exact biallelic match in 6/9 SNPs and an allelic frequency change 

consistent with paternal DNA in 3 SNPs. 

Conclusion  

As part of a thorough quality assurance, proper documentation of test requisitions and tracking forms are 
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absolutely mandatory. Despite these efforts, specimen mislabeling or other mix-ups can, and do, occur with 

a reported frequency of <0.5%. Identity testing in suspected case mix-up or tissue contamination has 

important implications for patient safety. Tissue identity testing by single nucleotide polymorphism analysis, 

as often used in the hematooncological setting, offers discriminating power in resolving tissue mix-up or 

contamination. In the present case it can be concluded that the patient suffered from additional miscarriage 

of her unrecognized fifth pregnancy  
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Question  

A 23-year old young woman came to the hospital with vaginal bleeding disorder. An endometrial polyp was 

diagnosed and removed. The primary diagnosis of the pathologist was endometrial stroma sarcoma of 

unknown grade of malignancy, most likely a fibromyxoid variant of high-grade endometrial stroma sarcoma. 

No data of immunohistochemistry were available.  

Methods  

HE-staining showed a tumor with moderately number of spindle cells, growing in sheets and infiltrating the 

myometrium. The tumor cells had oval to fusiform nuclei with minimal atypia and low-mitotic activity (5/10 

HPF). No necrosis was observed. Immunostainings and molecular analysis were performed.  

Results  

The tumor cells were strongly and diffusely positive for estrogen (ER-alpha) and progesterone receptor (PR), 

cyclin D1 and more weakly for CD10, CD56 and CD99. The tumor cells were negative for h-caldesmon and 

smooth-muscle actin. Ki-67 was low (5%). Our molecular analysis (NGS) with an Archer sarcoma FusionPlex 

panel (including 26 genes) revealed that the tumor harbors the YWHAE-NUTM2B(FAM22)- gene fusion, 

whihc is associated with high-grade sarcomas. No fusion between JAZF1 and SUZ12(JJAZ1) or other 

fusions were identified. Based on morphology, the tumor displayed characteristics of a low-grade 

endometrial stroma sarcoma, the immune profile demonstrated a mixture of low- and high-grade and the 

molecular result pointed to a high-grade sarcoma.  

Conclusion  

According to the literature and regarding the WHO, endometrial stroma sarcoma can be diveded into low-
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grade, high-grade and undifferentiated sarcoma. The low-grade variant has less atypia, less mitosis, is ER, 

PR and CD10 positive and harbors a fusion between JAZF1 and SUZ12(JJAZ1) or other fusion partners. 

The high-grade variant at least has focally high-grade round cells, high mitotic activity, often necrosis and 

typically harbors the YWHAE-NUTM2B(FAM22)- gene fusion. The undifferentiated subtype shows high-

grade cytology, a brisk mitotic activity, common lymphovascular invasion and mostly do have complex 

chromosomal changes, but no gene fusion. 

Based on these histologically, immunohistochemically and molecular descriptions, the present tumor could 

not be assigned to any subclass. In the absence of classification, the guidelines for further surgical approach 

are unclear.  
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Question  

In 2000, a distinct form of an intraepithelial lesion was described which was termed “stratified mucin-

producing intraepithelial lesion” (SMILE). In 2016, a special subtype of invasive cervical adenocarcinoma 

(AC) was described in association with SMILE and termed invasive stratified mucin-producing carcinoma (i-

SMILE). Given the limited morphological data and the importance of diagnostic accuracy we analyzed a case 

series.  

Methods  

Detailed histopathologic and immunohistochemical analysis of nine cases of i-SMILE which were identified 

during a re-classification study of up-front surgically treated cervical adenocarcinoma. PCR-analysis was 

performed for HPV-infection.  

Results  

The mean age of the patients was 45.3 years (range 28 - 61) with a mean tumor size of 4.9cm (3.0 - 6.4cm). 

6/9 patients represented with local advanced disease, i.e. stage pT2a/b and/or pelvic lymph node 

involvement. I-SMILE morphology was retained in lymph node disease and distant metastases, respectively. 

All cases were at least poorly differentiated and 3/9 represented with mixed histology where i-SMILE was 

associated with endocervical adenocarcinoma (NOS). Two cases were initially classified as endocervical 
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adenocarcinomas (NOS), two as mucinous AC, 1 mixed NOS & mucinous, two as adenosquamous 

carcinomas and 1 as glassy cell carcinoma and 1 as i-SMILE, respectively. The vast majority of the 

informative cases were associated with high risk HPV-infection, mainly HPV type 18. All cases showed 

negative immunostaining for: vimentin, estrogen and progesterone receptor, Her-2, CDX-2, GATA-3, HNF-1b 

and PAX-8. There was a wild-type staining for p53 and block positivity for p16 with diffuse staining for CK 7. 

3/9 cases showed positive staining for p63 and p40 respectively and 6/9 for MUC-6.  

  

Conclusion  

I-SMILE represent a HPV-driven carcinoma with block positivity for p16, Müllerian derived indicated by 

strong and diffuse PAX-8 and CK 7 staining. The diffuse staining for MUC-6 indicates glandular 

differentiation and the p63/p40 may be supportive for primitive/immature squamous differentiation. I-SMILE 

is recognized as a mucinous subtype of HPV-associated adenocarcinoma by the International Endocervical 

Adenocarcinoma Criteria and Classification (IECC) system representing phenotypic plasticity. 
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Ectopic prostate tissue of the uterine cervix – report of a case series with detailed clinicopathologic 
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L.-C. Horn1, G. Teichmann2, J. Einenkel3, A. Dannemann3, A. K. Höhn4  

1Institute of Pathology, University Hospital of Leipzig, Leipzig, Germany, 2Department of Obstetrics & 
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Breast Gynecologic & Perinatal Pathology, University Hospital of Leipzig, Leipzig, Germany  

Question  

Ectopic prostatic tissue (EPT) within the female genital tract may occur within ovarian teratoma. Its presence 

within the uterine cervix is extremely rare with lower that 25 reported cases. Here we report a case series 

with detailed morphologic and immunohistochemical examination.  

Methods  

Clinicopathologic analyses of 5 consecutive cases examining clinicopathologic data and 

immunohistochemical staining for CK 34 b-E12, p63, p16, P504-S, PSA, androgen and estrogen receptor, 

CEA and MIB-1. 

Results  

The age of the patients ranged between 29 to 61years with a mean of 38 years. All lesions were seen in 
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conisation specimens, which were obtained because of atypical pap smears or bioptic proven CIN 3. The 

maximum size of the ETP ranged between 0.3 and 1.2 cm (mean 0.75cm). The majority of cases occurred 

within the lateral wall of the uterine cervix, located outside the endocervical glandular field. All but one case 

was associated with mesonephric remnants and was complete removed by konisation procedure. There was 

a variable amount of squamous epithelium without any atypia within the lesions. Immunohistochemically, the 

squamous epithelium showed positive staining for p63 CD 10 ER, GATA-3 and CK 34 b-E12, but was 

negative for TTF-1, PAX-8, P 504-S and PSA. The glandular component showed similar immunopehnotype 

but focal positive staining for AR, PSA and P 504-S. Both components represented wild-type staining for p53 

and mosaic like pattern for p16 with low proliferative activity (<5%).  

  

Conclusion  

ETP is very rare and in all cases are incidental findings. The main differential diagnoses include benign 

squamous metaplasia within endocervical glands, glandular involvement of CIN 3 (H-SIL), adenoid basal cell 

and adenosquamous carcinoma. Immunohistochemical panel, including p16, CEA, CD 10, Ki-67 and CK 34 

b-E12 may be helpful in difficult cases.  
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Highly differentiated follicular carcinoma arising from struma ovarii in a 33-year old woman  
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1Pathologisches Institut, Ludwig-Maximilian-Universität München, München, Germany, 2Pathologisches 
Institut, Ludwig-Maximilians-Universität München, München, Germany, 3Klinikum der Ludwig-Maximilians-
Universität München, Klinik und Poliklinik für Frauenheilkunde und Geburtshilfe, München, Germany, 
4Pathologisches Insitut, Ludwig-Maximilian-Universität München, München, Germany  

Question  

Background: In the course of a sectio caesarea, a suspicious 1.5 cm peritoneal nodule in a 33-year old 

woman was removed. Histologically this nodule showed typical thyroid-type tissue. Retrospectively, the 

information was available that the young woman had a conspicuous left ovary. With regard to the pregnancy, 

however, no further diagnostic steps were performed. After extensive discussion and literature research, the 

interdisciplinary tumor board decided that surgical oophorectomy and further diagnostic biopsies 

(contralateral ovary, peritoneal, pelvic wall and diaphragm) should be done.  

Methods  

HE-staining of the primary nodule showed within the peritoneum thyroid-like tissue with an innocuous 

histology. The removed ovary was enlarged (6.0 x 3.9 x 3.8 cm), the cutting surface cystic and glassy. 
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Results  

The histology showed thyroid-type tissue with micro- to macrofollicular growth pattern, focally in 

hyperfunction with hyalinized stroma, haemorrhage, cystic degeneration and calcification. Besides there 

were sparse cystic remnants of skin and horn material. No residual ovarian structures could be identified. In 

the large amount of peritoneal biopsies, no further thyroid-like tissue was found. Additional molecular 

analysis (NGS: Oncomine comprehensive assay) showed neither gene mutations nor fusions.  

Conclusion  

Discussion: According to the literature and regarding the WHO 2014, struma ovarii with extra-ovarian 

metastasis (in the present case peritoneal) should be designated as “highly differentiated follicular 

carcinoma”. Previously, these cases had been considered as benign strumosis. In the literature there are 

only few cases described, the guidelines for further surgical approach and therapy are unclear. 

In the present case the interdisciplinary consent after surgical resection was either to perform a 

thyroidectomy followed by radioiodine therapy or first do an iodine szintigraphy and an FDG PET-CT to 

localize further manifestations. However, our thyroid specialist would recommend the first variant, as 

monitoring is almost impossible without thyroidectomy. 
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Invasive lobular breast cancer: Inter-observer agreement for histological grading  
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Dämmrich5, G. Kayser6, F. Puls7, F. Länger1, M. Tinguely8, H. Kreipe1, M. Christgen1  
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Question  

Invasive lobular breast cancer (ILBC) and its related pleomorphic variant are the second most common 

forms of breast cancer. The inter-observer agreement of histological grading of ILBC as well as concordance 

for the pleomorphic variant were assessed in this study.  

Methods  

36 cases of ILBC were evaluated by 17 observers with varying degree of histomorphological experience. 
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Various histological features, including nuclear grade, proliferation (using Ki67 immunohistochemistry, 

categorial scoring), histological grade and pleomorphism were examined for all cases. In total, 2.448 

classification calls were obtained. Subsequently, pairwise Cohen’s kappa values were calculated and 

compared between different histological features and between observer subsets with variable 

histomorphological experience.  

Results  

The pairwise inter-observer agreement for histological grade ranged from poor to almost perfect 

concordance. Agreement for the pleomorphic variant ranged from poor to substantial concordance. 

Agreement for nuclear grade ranged from poor to moderate concordance. Agreement for proliferation ranged 

from slight to almost perfect concordance. 

Comparing different features, concordance for proliferation (using Ki67 immunohistochemistry) was superior 

to histological grading, pleomorphism and nuclear grade (p<0.001). This ranking was consistent among 

advanced and experienced histopathologists and among untrained observers. Comparing different levels of 

experience, experienced histopathologists had significantly better results in concordance than untrained 

observers (p<0.001).  

Conclusion  

In summary, pairwise inter-observer concordance of histological grading of ILBC is dependent on 

histomorphological experience. Assessment of proliferation by Ki67 immunohistochemistry is associated with 

favorable inter-observer agreement and can improve the histological grading.  
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Expression of SOX-10 in triple-negative breast cancer is associated with TP53 but not with PIK3CA 
mutations  
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P. Sinn1, M. Kriegsmann1  

1Universitätsklinikum Heidelberg, Heidelberg, Germany, 2MVZ - Zentrum für Histologie, Zytologie und 
Molekulare Diagnostik, Trier, Germany, 3Optipath Institut für Pathologie, Frankfurt, Germany, 4Institut für 
Pathologie, DKTK Partner München, München, Germany  

Question  

SRY-related HMG-box 10 (SOX-10) is commonly expressed in triple negative breast cancer (TNBC). 

However, data on the biological significance of SOX-10 expression is limited. Therefore, we investigated 

immunhistological SOX-10 expression in TNBC and correlated the results with genetic alterations and clinical 

data. 
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Methods  

A tissue microarray including 113 TNBC cases was stained by AR, BCL2, CD117, EGFR, p53, SOX-10 and 

Vimentin. Semiconductor-based panel sequencing data including commonly altered breast cancer genes 

was performed. SOX-10 expression was correlated with clinicopathological, immunohistochemical and 

genetic data.  

Results  

SOX-10 was significantly associated with CD117 and Vimentin, but not with AR expression. An association 

of SOX-10 with BCL2, EGFR or p53 was not observed. SOX-10 positive tumors harbored more often TP53 

mutations but less frequent mutations of PIK3CA or alterations of the PIK3K pathway. SOX-10 expression 

had no prognostic impact neither on disease-free, distant disease-free, or overall survival.  

Conclusion  

While there might be a value of SOX-10 as a differential diagnostic marker to identify metastases of TNBC, 

its biological role remains to be investigated. 

 

ePoster-Ausstellung  
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Investigation of tumor infiltrating lymphocytes of the tumor stroma (sTILs) in triple negative breast 
cancer (TNBC) from sub-Saharan Africa (SAA)  
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Halle/Saale, Universitätsklinik und Poliklinik für Gynäkologie, Halle/Saale, Germany, 3Universitätsklinikum 
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Question  

Breast cancer incidence in sub-Saharan Africa (SSA) is increasing and many studies have shown a high 

proportion of triple negative breast cancer (TNBC). In recent years, the predictive importance of TILs has 

been proven in numerous studies and may could be used in resource-limited African countries. The aim of 

this study is to characterize the tumor-associated immune cell infiltrate, especially the tumor-infiltrating 

lymphocytes in the tumor stroma (sTILs).  

Methods  

340 TNBC from nine countries in SSA were included in the study, immunohistochemical and partly molecular 

typing based on RNA expression data (nCounter platform NanoString ™ Technologies) using the PAM 50 

algorithm was performed. The determination of the sTILs was carried out on representative H&E slices of 

breast cancer according to the specifications of Salgado et al. 2015. The extent of sTILs was divided into 
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defined groups of low (0-10%), intermediate (11-59%) and high lymphocyte infiltration (60-100%).  

Results  

Histomorphological assessment and characterization of 1206 african tissue samples as breast cancer and 

subsequent immunophenotyping revealed average 28.2% of TNBC with big regional differences between 

west an east SSA. The evaluation of H&E stained slices showed a large intra- and intertumoral 

heterogeneity of immune cell infiltrate. 33.3% of the TNBC could be classified in the low, 52.4% in the 

intermediate and 14.3% in the high sTIL group, whereby big differences between the African countries could 

be shown. Within the samples from Mauritius a particularly high proportion of high sTILs with 40.0% could be 

detected, whereas in Ethiopia and Malawi the proportion was much lower with only 8.2%.  

Conclusion  

To our knowledge, this study is the first systematic assesment of sTILs in TNBC from SSA. An increased 

proportion of TNBC was found compared to Caucasian study populations. There are large regional 

differences of both, the quantity of TNBC and the the extent of immune cell infiltration. A correlation with 

existing clinical data and further immunohistochemical studies to evaluate the expression of 

immunomodulatory molecules are currently being carried out.  

 

ePoster-Ausstellung  
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Mesonephric-like adenocarcinomas of the uterine corpus – immunohistochemical and molecular 
analysis of a case series  
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1Division of Gynecologic, Breast and Perinatal Pathology, Institute of Pathology, University Hospital Leipzig, 
Germany, Leipzig, Germany, 2Division Molecular Pathology, Institute of Pathology, University Hospital 
Leipzig, Germany, Leipzig, Germany, 3Institute of Pathology, University Hospital of Leipzig, Leipzig, 
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Question  

Mesonephric-like adenocarcinoma represents a rare subtype of endometrial adenocarcinoma associated 

with a characteristic immunophenotype and KRAS-mutation.  

Methods  

Report of four cases with histopathological, immunohistochemical and molecular analyses. Morphologic 

findings were correlated to outcome and previously described cases.  

Results  

All cases showed a strong and diffusely positive staining for TTF-1, CK 7 and PAX-8, p53 wild-type staining 
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as well as patchy positivity for p16 and two cases luminal staining for CD 10 and were negative for estrogen 

and progesterone receptors with retained staining for the mismatch repair proteins (MLH-1, PMS-2, MSH-2, 

MSH-6). All cases showed negative immunostaining for PD-L1 and harbored KRAS mutation at codon 12 

and were wild type for PIK3CA, POLE and BRCA. 

  

Conclusion  

Uterine ML-AC represents a distinct subtype of endometrial AC, representing <1% of all ECX, associated 

with KRAS-mutation and characteristic immunohistochemical findings. More than 50% of the published 

cases presented with locally advanced disease (>FIGO stage II) and developed a recurrence or died within a 

mean follow-up of 24.7 months (range 3 – 144.5 months), indicating aggressive behavior with a substantial 

risk for distant metastatic disease, especially to the lungs. 
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Second opinion pathologic review as quality management instrument – concordance rates of 
hematopathological cases at the University Hospital of Leipzig in 2013 – 2018  

A. Monecke, C. Wittekind, H. Bläker  

Universitätsklinikum Leipzig, Institut für Pathologie, Leipzig, Germany  

Question  

Secondary review by expert pathologists is common in routine pathological diagnostic practice and is often 

required for clinical trials. We investigated the concordance rate of hematopathological cases in second 

opinion review at the University Hospital of Leipzig in 2013 – 2018. 

Methods  

561 hematopathologic cases during 2013 – 2018 were subject to second opinion pathologic review. We 

compared primary and secondary review diagnoses and calculated concordance rates in regard of tumor 

group (T-NHL, B-NHL, Hodgkin´s lymphoma, reactive lesions), tumor entity, indication for second opinion 

review and specimen. Major reasons for misdiagnosis were identified, if possible.  

Results  

The overall concordance rate was 74.5% with major discordances of 12.2%, wich were defined as implying a 

major impact on therapy and / or prognosis. They decreased by 37.1% over the period of time. Minor 

discrepancies were found in 13.4% of the cases. B-NHLs showed a higher overall discordance rate than T-

NHLs (34% vs. 26,4%, p=0.294) but significantly fewer uncertainties in diagnosis (9,4% vs. 24,5%, p=0.003) 
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as reported by the referential pathologists. In B-NHLs the highest rate of major discrepancies in relation to 

the number of cases were found in Burkitt`s lymphoma (25%), follicular lymphoma (20,4%) and marginal 

zone lymphoma (14,3%) with a tendency to an overgrading in follicular lymphoma in concordance with the 

existing literature [1]. A clear differentiation of follicular lymphoma and marginal zone lymphoma was in some 

cases difficult even in the secondary review. In T-NHLs angioimmunoblastic T-cell lymphoma showed the 

highest rate of major discrepancies (21.4%) owing to the polymorphism of the infiltrate obscuring the 

neoplastic T cells. Major differential diagnoses were Hodgkin`s lymphoma and B-NHLs when blastoid B-cell 

infiltrates were striking. Peripheral T-cell lymphoma, NOS on the other hand showed a concordance of 

85.7% with no major discrepancies. In Hodgkin`s lymphoma aberrant immunohistochemical marker 

expression was a common reason for discordances. The overall discordance rate in classical Hodgkin`s 

lymphoma was 9.8% and in lymphocyte predominant Hodgkin`s lymphoma 42.9%.  

Conclusion  

The results underline the importance of second opinion review by expert pathologists as a quality insuring 

instrument and demonstrate common sources of diagnostic errors in hematopathology. 

Literaturangaben  
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regulators of the JAK/STAT signaling pathway.  
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Question  

Chronic activation of the Janus kinase (JAK)/ Signal Transducer and Activator of Transcription (STAT) 

signaling pathways is crucial for survival and proliferation of Hodgkin/Reed-Sternberg (HRS) cells, the 

malignant cells of the classical Hodgkin’s lymphoma (cHL). Although the molecular basis of this constitutive 

activation has not yet been understood completely, accumulating reports describe an inactivation or reduced 

expression of negative JAK/STAT regulators such as the protein-tyrosine phosphatase 1B (PTP1B) in this 

process. Here, we identified truncated PTP1B variants with a lack of several exon sequences and report 

their impact on JAK/STAT signaling, proliferation, and survival.  
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Methods  

PTP1B mRNA of cHL cases and cell lines was isolated and sequenced by Sanger sequencing. PTP1B 

protein expression was determined by immunohistochemistry analyses. Expression analysis of PTP1B 

mRNA variants was done by semiquantitative RT-PCR. Impact of PTP1BΔ6 and PTP1BΔ2-4 on JAK/STAT 

signaling was determined, using ectopically transfected HEK293 cells and stably transfected L-428 cells 

either expressing PTP1BWT, PTP1BC215S, PTP1BΔ6 or PTP1BΔ2-4. Functional analysis of the PTP1BΔ6 or 

PTP1BΔ2-4 variants was done by western blot analysis using phospho-STAT antibodies, luciferase reporter 

analysis and EMSA. The impact of the PTP1B variants on cell proliferation was examined by MTS assays.  

Results  

Various PTPN1 mRNA variants as well as truncated PTP1B proteins were identified in cHL cell lines and 

primary cHL tumor samples. These PTPN1 mRNA variants lack either one or several exon sequences and 

therefore render these PTP1B variants catalytically inactive. Here we show that PTP1BΔ2-4, a product of a 

mutated PTPN1, is not only catalytically inactive, but also augmented the IL4-induced JAK/STAT activity 

similar to the recently reported novel PTP1BΔ6 splice variant. Moreover, while PTP1BΔ6 diminished the 

activity and protein levels of PTP1BWT, PTP1BWT remained unaffected by PTP1BΔ2-4. These results reveal 

that PTP1BΔ2-4 is a gain-of-function mutant with oncogenic properties, similar to PTP1BΔ6, however, by 

different underlying molecular mechanisms. In essence, our data imply a plasticity of the PTP1B influence on 

JAK/STAT signaling.  

Conclusion  

Collectively, these data indicate that PTPN1 variants, originated either from alternative splicing or from gene 

mutation, might create PTP1B gain-of-function variants with oncogenic potential by augmenting JAK/STAT 

signaling in cHL.  
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GeneScan-based versus NGS-based TCRβ clonality analysis.  
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Question  

The tumor cells of mature T-cell lymphomas harbor identical (clonal) rearrangements of their T cell receptor 

(TCR) genes. The clonality assessment of the rearranged TCR gene is usually realized by multiplex PCR 

developed by the BioMed-2/EuroClonality consortium [1] followed by capillary electrophoresis (GeneScan). 
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However, this procedure shows limited resolution especially in cases with low numbers of clonally 

rearranged TCRs in a high mixture of reactive T-cells. Targeted next generation sequencing (NGS) can 

detect unique and individual TCR rearrangements in a given sample with very high resolution and sensitivity. 

Further, this approach allows detailed insights into single rearrangement events, which are particularly 

important for early diagnosis and monitoring of T-cell neoplasms. Here, we tested a new commercial NGS-

based approach especially designed for DNA extracted from formalin-fixed paraffin-embedded (FFPE) 

samples for the detection of TCRβ rearrangements in celiac disease and T-cell lymphoma.  

Methods  

We analyzed 19 FFPE tissue samples (12 celiac disease; 7 suspicious of T-cell lymphoma). After DNA 

extraction, we performed multiplex PCR using BioMed-2 TCRβ primers [1] followed by GeneScan. For TCRβ 

NGS, the Oncomine™ TCR Beta-SR DNA Assay (ThermoFisher Scientific) was used according to 

manufacturer’s instructions including sequencing on the IonTorrent S5XL. In addition, cell line spiked-in 

controls were used to determine the sensitivity of the NGS assay. We identified individual clonotypes and 

analyzed the data by the bioinformatics pipeline ARResT/Interrogate (1.20.253) [2].  

Results  

The 17 cases tested displayed a very similar length distribution of the PCR products with both assays. This 

holds true for samples with a clonal, oligo- or polyclonal rearrangement pattern. In two discrepant cases, the 

clonal T-cell population harbor biallelic TCRß rearrangements of the same sizes as revealed by TCRβ NGS 

but could not be detected by the BioMed-2 approach.  

Conclusion  

Our comparison of the conventional multiplex PCR (BioMed-2) and TCRβ NGS (Oncomine™ TCR Beta-SR 

DNA Assay) demonstrated a high concordance (17/19 cases). In two cases the NGS approach shows a 

higher resolution due to the identification of individual TCRβ rearrangements. The robustness and reliability 

of NGS-based TCRβ clonality testing was demonstrated and we are thus very confident that NGS-based 

clonality testing will become the future “gold standard”.  
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Question  

Diffuse large B-cell lymphoma (DLBCL) is the most common lymphoid malignancy worldwide and belongs to 

the aggressive B-cell lymphomas. Although a plethora of somatic mutations are described in DLBCL, their 

detection is currently of limited clinical benefit. However new targeted therapeutic options are arising which 

require patient stratification prior to treatment. In this work, we tested two NGS-based panel-sequencing 

strategies – a custom made and one commercial gene panel - to identify somatic mutations in primary 

formalin-fixed paraffin-embedded (FFPE) samples from DLBCL patients.  

Methods  

The custom lymphoma panel covers the complete exonic regions of 32 genes and additionally hotspots of 

114 genes [1]. The commercial lymphoma panel (Ion Torrent Oncomine Lymphoma DNA Assay; 

ThermoFisher Scientific) consists of 25 genes comprising 951 amplicons. Both gene panels were validated 

by analyzing serial dilutions of pre-characterized DLBCL cell lines (OCI-LY1, SU-DHL4; Whole Exome 

Sequencing (WES)). Finally, resulting NGS data and performance of both assays were compared and 

evaluated in terms of mutation detection, handling and feasibility. 

Results  

Pre-characterized mutations (WES) derived from lymphoma cell lines covered by the respective NGS panel 

could be identified by both assays (customized and commercial) and the lower limit of detection (LoD) of 5% 

was reached. Previously not molecularly characterized DLBCL patient samples were analyzed with both 

assays and displayed comparable results for the concurrent mutations. The mutational pattern in patient 

samples was expected from published data for DLBCL. 

Conclusion  

Both tested primer sets were able to detect DLBCL-specific mutations in cell lines as well as in clinical 

samples. This helps in the stratification of DLBCL patients and may serve as a reliable basis for later 

therapeutic decisions.  
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Question  

Rare cases of aggressive B-cell lymphomas with morphologic similarities to Burkitt lymphoma (BL) lack the 

hallmark MYC translocation, but present with the BL-typical immunophenotype CD20+/CD10+/BCL2-/Ki67+. In 

such MYC-negative Burkitt-like lymphomas (mnBLL), a recurrent pattern of imbalances in the long arm of 

chromosome 11 has been described, characterized by a simultaneous gain in 11q23 followed by a loss in 

11q24-qter.1 The frequency of this typical 11q aberration pattern in mnBLL and in other aggressive B-cell 

lymphomas with a “Burkitt-like” morphology remains to be elucidated. 

Methods  

The presence of the 11q imbalance pattern was retrospectively evaluated in a subset of MYC-negative BL 

(n=11), BL with some morphological particularities (n=6), DLBCL with some features of BL (DLBCL-BL; n=6), 

HGBL NOS (n=12) (=cohort 1, n=35), as well as MYC-negative DLBCL NOS (n=62) (=cohort 2) by 

Fluorescence in situ hybridization (FISH) with an in-house probe set, as previously described (Salaverria et 

al. 2014). MYC translocation was tested with a commercial MYC dual-color break-apart probe and was 

extended by analysis with MYC-IGH fusion probe (both Abbott Molecular).  

Results  

Of cohort 1, 33/35 samples were interpretable, harboring 11q aberrations in 17 samples (52%), 

predominantly in cases that had been classified as MYC-negative BL (9/11, 82%), but also in DLBCL-BL 

(3/5, 60%). Furthermore, an 11q aberration was detected in 2/11 HGBL, NOS (18%). While 15/17 samples 

harbored simultaneously 11q23-gain and 11q24-loss, a sole deletion of 11q24 was detected in two 

specimens (12%). Moreover, of 62 MYC-negative DLBCL (cohort 2) one sample (2%) showed the typical 

11q aberration. The 11q-positive specimens were predominantly negative for BCL2-expression (15/17, 88% 

vs. 6/16, 37%; p<0.001) and were significantly younger in age (47 years, range from 9 to 80 vs. 69 years, 
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range from 45 to 89) when compared to 11q-negative tumor samples. Samples harboring aberrations in the 

11q-locus were often characterized by a peculiar morphologic pattern, as indicated by coarse apoptotic 

debris within starry sky macrophages. Interestingly, within routine diagnostic work-up, we observed an 11q 

imbalance pattern in concert with a MYC-translocation in an aggressive B-cell lymphoma with some “Burkitt-

like” morphologic features.  

Conclusion  

In summary, complex 11q alterations do occur in cases classified as MYC-negative BL, but were also 

detected in other categories of aggressive lymphomas. 
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Question  

Exemplary demonstration of vascular alterations including its reconstructive options as part of retroperitoneal 

tumor(Tu) resections out of the broad oncosurgical profile to achieve R0 resection status.  

Methods  

Representative case reports showing technical feasibility and early postoperative outcome.  

Results  

1) Preparative freeing of the tumor adherence of a retroperitoneal soft tissue sarcoma from the aorta near 

the superior mesenteric artery and coeliac trunc incl. “left resection“ of the pancreas (+splenectomy, left 

nephrectomy)/partial gastric/diaphragmatic resection (+thoracic drainage & suture of the intestine). 

2) Multivisceral tumor resection of a retroperitoneal soft tissue sarcoma, with resection oft he coeliac trunc & 

reconstruction of the hepatic artery using venous interponate from the superior mesenteric artery. 

3) Pancreatic head resection in a 45-yera old patient with arterial supplementzation oft he liver out oft he 

superior mesenteric artery (hepatomesenteric trunc) only recognized after ligation and surgical sectioning of 

the gastroduodenal artery → reconstruction with mesentericohepatic venous bypass. 

4) Tumor exstirpation of a right retroperitoneal neurinoma with adherence to inferior vena cava, common iliac 

artery & psoas muscle w/o required vascular reconstruction. 
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5) Tumor resection of a primary inferior-vena-cava sarcoma comprising vena-cava resection incl. the mouths 

of renal veins and reconstruction with ringed PTFE prosthesis (Ø: 20 mm) reimplanting the renal veins. 

6) In-toto exstirpation of a well differentiated retroperiteal leiomyosarcoma of the inferior vena cava with 

tangential resection of the vena-cava wall due to tumor infiltration & following patch plasty (lyophilisized 

bovine pericard; Vascutek, Germany). 

7) Intraoperative lesion of the superior mesenteric artery in tumor resection of a recurrent GIST at the 

mesenteric root (intraperitoneal adhesions after former peritonitis & several laparotomies, recurrent liver 

metastases within segment 3, 4b, 5/8 & ovarian tumor at both sides) reconstructed with venous patch plasty.  

Conclusion  

Vascular reconstructions partially necessary for a better prognosis in interdisciplinary cases of abdominal 

and vascular surgery require clinical and vascularsurgical expertise in reconstructions as well as an 

interdisciplinary collaboration of interventional radiology and intensive care in the perioperative management.  
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Question  

Description of a subclavian steal syndrome (SSS) with occlusion of the left subcl. artery & following 

implantation of a carotido-subcl. prosthetic ipsilateral bypass based on clin. experiences obtained in the 

diagnosis-specific, in particular, peri- & early postop. management. 

Methods  

Scientific case report  

Results  

A 69-year old female patient was admitted to the hospital because of dizziness, vertigo, presyncope & arm 

ischemia. 
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Angio-MRI revealed: the right descending aorta with a left common carotid artery originating proximally from 

the aortic arch side by side with the left subclavian artery (2.5-cm occlusion within the originating segment 

but open left vertebral artery, its 1st branch) providing art. supplementation of the left arm via a retrograde 

flow through the left vertebral artery, further distally the right common carotid artery & the right subclavian 

artery (no stenosis as of right vertebral artery, its 1st branch). 

Interventional (op.) measures: Because of missing institutional long-term results on endovasc. therapy, 

unclear prospect of a successful recanalization of the left subclavian artery as well as the detected vasc. 

anomaly + the impairment of neurol. symptomatology, a carotido-subclavian prosthetic bypass between the 

left common carotid & subcl. arteries was implanted using a 6-mm PROPATEN® graft (W.L. GORE). 

Treatment result & clin. course: The surgical intervention did not show any complications & the intraop. 

angiographic control revealed a regular perfusion of the reconstructed vasc. segment. The postop. neurol. 

status & the neurovasc. Doppler-ultrasonography finding were not significant for any irregularities & detected 

a patent bypass. Within the left vertebral artery, there was still an incompl. steal effect (fluctuating flow), 

within the basilar artery with a slight “presteal“ effect. Yearly clin. & ultrasonography controls have revealed a 

stable postop. finding for 7 years as previously described & no neurol. symptoms have been elicited so far.  

Conclusion  

Open revascularization of the left subclavian artery by implantation of a carotido-subclavian prosthetic 

bypass is practical & a safe vasc.-surgical procedure but challenging, in particular, in case of a rare vascular 

anomaly with limited clin. experiences with regard to this combination, which is an indispensable therapeutic 

approach in case of technically not possible endovasc. therapy or failure of an image-guided intervention, 

which currently needs to be favoured as the initial approach.  
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Question  

Intrarenal 2,8-dihydroxyadenine (DHA) crystals are formed within renal tubules due to increased adenine 

ingestion or poisoning and in patients with adenine phosphoribosyltransferase (APRT) deficiency, a rare 

hereditary kidney disease.  

Methods  

In the current study, we assessed the pathogenic sequelae of 2,8-DHA crystal-induced kidney damage in 

mouse and rat models and patient kidney biopsies. Using knockout mice we further analyzed the role of 

TNFR1, TNFR2, CD44 or AHSG in disease induction and progression.  

Results  

We show that the fate of 2,8-DHA crystals is dependent on crystal size, with smallest crystals being 

endocytosed by tubular epithelial cells or excreted with urine, and bigger crystals leading to obstruction of 

tubules. Medium sized crystals underwent a process in which tubular cells in coordination with macrophages 

overgrow and translocate the crystals into the interstitium restoring the patency of tubular lumen. We term 

this translocation process extratubulation and could detect it in human patient samples, rats, male and 

female mice as well as in young and aged animals. In mice, genetic deletion of Tnfr1 significantly abrogated 

the disease, whereas deletion of Tnfr2, Cd44 or Ahsg, which are involved in pathogenesis of other 

crystalopathies, had no effect on the disease course.  

Conclusion  

Collectively, we have characterized the fate of 2,8-DHA crystals, distinct molecular mechanisms of disease 

progression and the ability to ameliorate 2,8-DHA crystal nephropathy, suggesting disease specific 

interventions to limit disease progression.  
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Question  

Podocyte foot process effacement presents an early and uniform feature of glomerular disease. Balanced 

regulation of small Rho GTPases (e.g. RAC1) is essentially required for foot process plasticity and 

maintenance. Interestingly, dysregulation of small Rho GTPases is a commonly observed feature of 

glomerular disease subtypes such as focal segmental glomerulosclerosis (FSGS). GTPase activating 

proteins (RhoGAP) specifically inactivate small Rho GTPases and thereby present promising targets to 

ameliorate podocyte disease. However, to date knowledge concerning podocyte specific regulation of small 

Rho GTPases by RhoGAPs is rather limited.  

Methods  

We examined conditional knockout mouse models as well as murine disease models targeting Srgap1 to 

analyze the physiological role of SRGAP1 in vivo. Moreover, super-resolution microscopy (SIM), electron 

microscopy (TEM, SEM, immunogold labeling), confocal immunofluorescence as well as proximity ligation 

assay (in-situ PLA) were employed. CRISPR/Cas9 generated SRGAP1 human knockout podocyte cells were 

functionally analyzed and quantitative (SILAC based) endogenous interaction proteomics were performed. 

Results  

Here, we identified SRGAP1 as a podocyte specific expressed RhoGAP. Based on state-of-the art 

localization studies we revealed SRGAP1 localization to podocyte foot processes in vivo and cellular 

protrusions in vitro. Srgap1*Six2Cre but not Srgap1*Nphs2Cre knockout mice developed a FSGS like 

phenotype at adulthood. Moreover, Srgap1*Nphs2Cre knockout mice exhibited a sensitized phenotype in 

murine nephropathy models. Detailed analysis based on super-resolution microscopy demonstrated a 

prominent simplification and effacement of podocyte foot processes. In line with this, SRGAP1 knockout 

podocytes showed excessive protrusion formation and disinhibition of the small Rho GTPase machinery in 

vitro. Evaluation of a knockout controlled SRGAP1 proteomics interactome revealed the involvement of 

SRGAP1 with protrusive actin machinery networks. Analysis of glomerular biopsy specimens and disease 

models revealed pronounced reduction of SRGAP1 expression in glomerular disease entities such as FSGS. 

Conclusion  

SRGAP1 is a podocyte specific expressed RhoGAP and is essentially required to maintain podocyte foot 

process architecture under physiological and disease conditions by limiting the activity of protrusive 
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branched actin networks. 
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Question  

To analyze the performance of radiologist assessment categories and quantitative computational imaging 

analysis of apparent diffusion coefficient (ADC) maps using variant machine learning algorithms for the non-

invasive differentiation of clinically significant versus insignificant prostate cancer (PCa).  

Methods  

Retrospectively, 73 patients were included. The patients (mean age ± standard deviation, 66.26 years ± 

7.58) suffered from PCa and were examined with multiparametric MRI (mpMRI) prior to radical 

prostatectomy (RPX, n=33) or biopsy (MRI/US-fusion biopsy, n=10; MRI-guided biopsy, n=30). The matching 

index lesion was annotated on MRI ADC and equivalent histologic slides according to the highest Gleason 

Grade Group (GrG). Respective volumes of interest (VOIs) were determined on MRI for the index lesions 

and normal appearing peripheral zone. VOIs were processed by radiomics analysis. We applied principal 

component analysis (PCA), univariate analysis (UA) with consecutive support vector machines, neural 

networks and random forest for the classification of lesions according to their clinical significance (GrG≥3). 

We evaluated the prediction performance by 100 fold cross-validation of receiver operating characteristics 

area under the curve values.  

Results  

PCA clustered benign versus malignant prostate tissue. Two-dimensional PCA yielded no stratification of 

clinical significance, but UA revealed differences in clinical assessment categories and radiomic features. We 
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trained multiple prediction models with various features-subsets and obtained improved diagnostic accuracy 

by the combination of clinical assessment categories with specific shape features whereas some features 

and models reduced accuracy.  

Conclusion  

The analysis of radiomic features may improve or weaken the diagnostic performance of clinical routine 

mpMRI assessment to non-invasively differentiate clinically significant from insignificant prostate cancer 

depending on feature selection and the used machine learning algorithms. Clinicians need to be cautious 

before translation to clinical practice.  
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Question  

The implementation of the new ISO norm on biobanking from 2019 is an important and inevitable process for 

making biobanking specimens valid and reliable. The Central Biobank Regensburg met this challenge and 

begun to integrate the new requirements into the workflow. 

The aim is to compare existent standard operating procedures (SOP) with the new ISO norm for biobanking 

and to classify necessary changes for the best preservation of the biological quality of a biobank specimen. 

Methods  

We revised already existing SOPs (= Standard Operating Procedures) on the basis of the norm and modified 

these according to new requirements. We subsequently investigated if it is possible to apply the needed 

adaptations during ongoing operation of the biobank.  

Results  

We identified important issues in the ISO, which should be implemented in the local SOP's. These are mainly 

related to monitoring of the quality management, internal and external audits, the management of non-

conforming results and procedures. In addition, the management of chances and pitfalls of the biobank 

should be implemented in the organization of the Central Biobank Regensburg. Furthermore, we 

implemented a backup plan for the case of emergency and continuously worked on improving recorded data 

for important factors influencing the samples. We were able to show that it is possible to implement the new 

ISO norm during ongoing biobank operation. It turned out that it will take some time to actually put all 
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innovations into practice. Particularly modifications in the process of acquisition, processing and distribution 

of samples need to be implemented in accordance with cooperating hospitals and partners. 

Conclusion  

The implementation of the ISO norm in local SOP'S will be critical for the best quality of biobank specimens. 

We could identify three categories of implementation: issue which were easy to implement, issues which 

needs changement of existing SOP's and issues whcih needs cooperation with further infrastructures or 

departments respectively. From this point of view it is crucial to realize, that the implementation have relevant 

interactions with "connecting" infrastructures like specimen transportation system and work-flow in the 

instutute of pathology. Thus, the implementation should be done in close cooperation with all involved 

departments.  
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Question  

A systematic review of histopathology from experimental animal systems is an essential part of up to date 

biomedical research. Especially pathologists at university hospitals are increasingly challenged by these 

specialized and time-consuming duties. To address this problem the unit for Comparative Experimental 

Pathology (CEP) has been established at Technical University Munich in 2016. Since then the CEP - jointly 

lead by veterinary and human pathologists – presents with over 500 incoming projects each year. This 

abstracts gives overview over the projects, project partners and the distribution of projects performed in 

2019.  

Methods  

A systemic review of the incoming projects 2019 has been performed. 

Results  

In 2019 a total of 578 projects has been registered and performed at CEP. Projects included requests on 

both human (269 projects, in collaboration with the local tissue bank) and animal tissue (309 projects). The 

vast majority of animal tissue included rodent tissue (mouse (294 projects) or rat (14 projects)) followed by 

large animal specimens (pig (14 projects), cat (6 projects), dog & chicken (3 projects each)). In addition, 
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special requests appeared on other animals such as cow, sheep or horse (one or two projects each). Most 

projects partners were registered at TUM (n=528), including 191 projects from pathology or pathology-

associated projects. However, also a large number of external partners from both Germany and abroad 

(n=50) used the CEP services. In addition, eight collaborative research centers (either from Munich site or 

elsewhere in Germany) were supported by the CEP. 

Conclusion  

The unit for Comparative Experimental Pathology at Technical University Munich has now been fully 

established as a large comparative pathology laboratory in the field of biomedical research within Europe. 

Large and over the years increasing project numbers demonstrate the need and the benefit of this joint 

human and veterinary pathology core facility.  
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Question  

Non compaction cardiomyopathy (NCM) is a very rare form of cardiomyopathy, caused by disorder of 

endomyocardial morphogenesis. NCM is associated with an advanced risk of cardiac morbidity. Although 

genetic aberrations are described, familiar anamnesis is most often inconspicuous. Most cases are 

diagnosed incidentally or may be overlooked due to lack of knowledge aubout this enitity. Only symptom-

based therapy options are available. Prognosis is good in asymptomatic cases, whereas in symptomatic 

patients severe to dramatic. 

Methods  

We report the autopsy results in the case of a sudden death of an 11 years old boy with unclear cardiac 

symptoms. Histopathologic results as well as clinical correlations and considerations will be presented.  

Results  

An 11 years old boy with inconspicuous familiar anamnesis suddenly got symptomatic with a serious seizure 

while doing sports. At the arrival of the emergency doctor severe asystolic symptoms of unknown origin were 

determined. Echocardiographic sonography showed a thickened myocardium. Frustrating reanimation was 

stopped after two hours. Autopsy was carried out, presenting a male patient of 179 cm size and 56 kilos 
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weight. The heart showing a size of 9.3 x 8.5 x 7.2 cm and 300 g weight. Signs of cardiac decompensation 

as cause of death could be confirmed. Neuropathologic examination of the brain showed correlating 

morphologic features. No further pathologic findings of other organs could be verified. Histopathologic 

examination of the heart proved as very challenging. Morphologic features were rated as inconclusive; the 

possibility of a hypertrophic cardiomyopathy was discussed. Meanwhile the sister of the patient, showing a 

conspicuous syncopal event too, was clinically examined. Finally, she got diagnosed a NCM, being treated 

symptomatically. Based on those findings the heart sections of her decased brother were reevaluated and 

sent to consultant cardiac pathologic examination: Morphologic features primarily correlating with NCM were 

diagnosed. 

Conclusion  

NCM is a very rare, mostly incidentally diagnosed hereditary cardiac disorder, with an increased risk of 

cardiac morbidity. Autopsy is a valuable tool to clarify dramatic courses. Due to rarity of those cases 

histopathologic examinations can be very challenging. Consultancy of cardiac pathologists is obligatory in 

such cases.  
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Question  

Diffuse alveolar damage (DAD) is a common histopathological pattern of acute lung injury irrespective of 

etiology and is mainly associated with acute respiratory failure. As soon as it turns toward fibrosis etiological 

differentiation becomes challenging.  

Methods  

We present a case of a 2,3 yrs old toddler with high-risk neuroblastoma who underwent high-dosage 

chemotherapy with busufan and melphalan followed by autologous stem cell transplantation (ASCT). On day 

+17 after ASCT the patient developed CTCAE grade 4 veno-occlusive disease/sinusoidal obstruction 

syndrome of the liver (VOD/SOS) which was successfully treated with ascites drainage and defibrotide. 

However, on day 27 after ASCT the patient developed respiratory failure and required ventilation support 

including high-frequency oscillation ventilation. On day +63 after ASCT a lung wedge excision was taken. 

Microbiologically metapneumovirus was detected in tracheal secretion.  
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Results  

Histologically the lung biopsy displayed a well-advanced lung fibrosis with dense fibrotic areas, only few 

isolated alveolars lined by hyperplastic pneumocytes with partially enlarged, atypical nuclei. Besides there 

granulation tissue in the few yet discernable lumina of small airways was detectable like in bronchiolitis 

obliterans. Due to extended parenchymal fibrosis an etiological distinction of alveolar capillaries was no 

longer assessable. Considering the (smaller) pulmonary arteries there was no typical transplant 

vasculopathy distinguishable. Besides there were no signs hinting at a VOD.  

Conclusion  

The wedge biopsy displayed the histological pattern of an advanced pulmonary fibrosis with characteristic 

features of DAD resp. bronchiolitis obliterans as starting points. Features of transplant associated 

vasculopathy were not found. Either busulfan or MPV infection might have induced DAD. resp. bronchiolitis 

obliterans. At the final stage it is not possible to distinguish damages induced by drugs from those induced 

by viral infections. Therefore lung biopsies should be should be taken earlier before the histomorphological 

pattern of finals DAD develops. At earlier time points, [TS1] the typical DAD histology resp the typical 

histology for interstial pneumonitis or transplant vasculopathy might be more obvious.  
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Question  

Fetus mit multiplen Fehlbildungen- passend zu Fryns-Syndrom?  

Methods  

Fryns syndrome is a rare hereditary congenital condition with multiple abnomalies and in most cases fatal in 

the neonatal period. Among the characteristic anomalies which have to be at least partly met for the 

diagnosis of Fryns syndrome are congenital diaphragmatic defects such as hernias, thus pulmonary 

hypoplasia, dysmorphic facial appearance (ocular hypertelorism, broad and flat nasal bridge, thick nasal tip, 

long philtrum, low-set and poorly formed ears, macrostomia, micrognathia), distal limb hypoplasia and 

variable additional malformations, for example orofacial clefting, renal dysplasia and/or malformations 

involving the brain, cardiovascular system, gastrointestinal system and genitalia.  
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Results  

So far no genes that can be associated with Fryns syndrome have been identified, so the diagnosis is 

obtained clinically. To acquire the diagnosis in case of fetal death, performing an autopsy is crucial. 

There are some similar conditions such as Pallister-Killian syndrome, which is also a rare disease. Contrary 

to Fryns syndrome it is not hereditary but sporadic due to mosaic tetrasomy 12p. Therefore genetic tests 

should also be performed if the diagnosis of Fryns syndrome is considered. 

Conclusion  

We performed an autopsy on a fetus from the 21st gestation week with multiple malformations. The 

pregnancy was terminated due to abnomalies found in routine ultrasound screening. The autopsy findings 

confirmed the via ultrasound seen abnomalies, furthermore some additional malformations could be 

diagnosed. In total the findings met four of the six typical features, which conforms “narrow definition” and 

thus suggests a strong probability of Fryns syndrome. However, the diagnosis should not be made without 

genetic testing to rule out other rare congenital conditions which can present with similar malformations, 

such as among others Pallister-Killian syndrome, Matthew-Wood syndrome, Simpson-Golabi-Behmel 

syndrome and Donnai-Barrow syndrome. 

This case shows the importance of the cooperation between the clinical disciplines of gynecology, pathology 

and genetics to acquire the diagnosis of Fryns syndrome.  

Literaturangaben  
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Question  

Primary splenic cysts are very rare. They are categorized according to e.g. presence or absence of an 

epithelial lining, etiology, pathogenesis. True cysts are lined by epithelium which is missing in pseudocysts. 

Latter are usually posttraumatic, due to failure of organization of hematomas, rarely can they occur in splenic 

abscess or splenic infarction. With regard to the causative agent splenic cysts can be divided into two types: 

parasitic cysts (usually caused by Echinococcus granulosus) and non-parasitic.  
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Methods  

We present the case of a 12 yr old boy who presented with a history of abdominal pain for 6 weeks, often 

like side stiches. On physical examination a tumor was palpable in the left side Blood tests were 

inconspicious. Ultrasound displayed a splenic cystic tumor of 11x11 cm.  

Results  

Splenectomy specimen of 885 g with a cystic part measuring up to 18 x 14,5 x 7,5 cm filled with dark brown 

liquid. The inner surface displayed a chalk white fibrotic wall with trabecularization adjacent to the splenic 

tissue which was morphologically unremarkable. Histologically there was a fibrotic cyst wall, partly calcified, 

lined by squamous epithelium. Focally there were cholesterol granulomas in the adjacent splenic tissue. 

Cytology of the cyst content revealed blood and few epithelial cells as well as macrophages.  

Conclusion  

Primary splenic cysts constitute 10% of all nonparasitic cysts of the spleen and are predominantly seen in 

paediatric and adolescent age groups.  

We present the rare case of a primary epidermal splenic cyst which represent 2,5% of all splenic cysts in 

childhood. Although a history of incidental trauma is reported in some reports, incidence of documented 

splenic injury is unusual. Likewise there was no such anamnestic hint in the case presented here. 

Nevertheless it cannot be excluded that splenic epithelial cysts result from secondary fluid collection after 

occult injury or spontanous intrasplenic bleeding. This theory is supported by the factor of hemosiderin-

containing fluid within the cyst, focal calcification oft he cyst wall and cholesterol granulomas within the 

spleen. An alternative hypothesis would be an intracystic hemorrhage from ectatic veins within the wall with 

further enlargement secondary to the osmotic effect of the retained fluid. The clinical significance is attributed 

mainly because of their potential to rupture, to infect or to bleed.  

 

ePoster-Ausstellung  
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Critical laryngotracheal stenosis in a newborn with morphological features of a Fraser syndrome  

T. Fischer1, 2, L. Hempel3, I. Petersen1  
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Rechtsmedizin regional, Institut für Rechtsmedizin Gera-Zwickau, Gera, Germany, 3SRH Wald-Klinikum 
Gera, Klinik für Kinder- und Jugendmedizin, Neonatologie, Gera, Germany  

Question  

Fraser syndrome is a rare genetic malformation syndrome with an autosomal recessive inheritance. Affected 

people are viable under certain conditions. Prenatal diagnosis, especially fine ultrasound, is suitable for 

determining the syndrome. Timely diagnosis can help ensure peripartum survival.  



315 
 

Methods  

We report on the special case of a newborn child who died immediately after childbirth with a critical 

laryngotracheal stenosis with features of a Fraser syndrome at autopsy.  

Results  

The mature, hypotrophic male newborn was spontaneously born at the 39th week of pregnancy as a child of 

consanguineous parents (cousins). Despite the efforts at resuscitation, death occurred immediately after the 

birth. Obvious external malformations were pronounced craniofacial dysmorphia (including partial 

cryptophthalmos) and syndactylia on the hands and feet. Clinically, choanal atresia was suspected. 

According to the parents, there was stillbirth in 2010, this child also had syndactylia. The bilateral choanal 

atresia was confirmed at autopsy. In addition to urogenital malformations (unilateral renal agenesis, 

nondescensus testis), there was a critical stenosis of the larynx and upper trachea (microscopically minimal 

1 mm residual lumen) and incomplete lobulation of the lungs. There were sufficient main and secondary 

criteria for the clinical-pathological diagnosis of a Fraser syndrome. We postulated hypoxic-hypercapnic 

asphyxiation as the cause of death due to the syndrome-associated critical laryngotracheal stenosis, with the 

result that ventilation was impossible. There were no other independent organic findings that caused death. 

Clinically, the parents were advised to have genetic counseling.  

Conclusion  

Despite various malformations, neonates affected by a Fraser syndrome are in principle viable. Prenatal 

diagnosis is possible under certain conditions. Mutation analysis was established. The mutation of the 

FRAS1 gene has been identified as one trigger, further genes are discussed. An autosomal recessive 

inheritance is assumed, but spontaneous mutations have also been reported.  

 

ePoster-Ausstellung  
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Case report of an ischiopagus at the 15th gestational week  

M.-L. Eich1, A. Müller2, H. Göbel1  

1Institut für Pathologie, Uniklinik Köln, Köln, Germany, 2Praxis für Pathologie und Praxis für Kinderpathologie 
an der Uniklinik Köln, Köln, Germany  

Question  

Conjoined twins are a very rare gestational complication with an incidence of about 1:50,000-1:200,000 

births and a predominance of female over male of 2:1 to 3:1. Ischiopagi are the rarest form of about 6% 

within the conjoined group of defects. We present a case of an intrauterine death of a femal twin ischiopagus 

developmental defect of gestational week 15.  
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Methods  

Autopsy was performed at thr request of the department of obstetrics. Radiologically they showed a joined 

pelvis with two legs pointing towards ventral and a rudimentary third leg dorsally. They only had one arm 

each. The spines were seperate. 

Results  

The female twin pair presented with fusion at the lower abdominopelvic area with an angle of 90°. The lungs 

of each fetus had adeaquate lobes. The heart of the one fetus showed a single ventricle and tricuspid valve 

atresia. Stomach and small intestine were seperate ending in a joined large bowel. Each fetus had its own 

set of paired kidneys and adrenal glands as well as ureters leading into a joined urinary bladder. The liver, 

pancreas, ovaries and uterus as well as anus were common. examination of the placenta revealed an 

intervillous hematoma.  

Conclusion  

Conjoined twins are a rare developmental defect without a known single cause. Two possibilities are in 

discussion involving the early embryonal plate. There are speculations that either an intial incomplete 

seperation of the plate occurs or that a fusion of two initially separate plates happens. Ischiopagi – as 

presented here – are the rarest form of this kind of defects. Typically one of the twins may show anomalies 

as was present here with the heart changes in one of the twins. The cause of death was not the 

developmental defect but an intervillous hematoma of the placenta. 

 

 

ePoster-Ausstellung  
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Constitutional Mismatch Repair-Deficiency-Syndrome with bi-allelic mutation in the PMS2-Gene with 
multiple neoplasms in a 20-year-old woman.  

B. Walter1, S. Gretser1, U. Rolle2, S. Zimmermann2, E. Gradhand1  

1Dr. Senckenberg. Institut für Pathologie Universitätsklinikum, Sektion Kinder- und Perinatalpathologie, 
Frankfurt am Main, Germany, 2Klinik für Kinder- und Jugendmedizin Universität Frankfurt, Frankfurt am 
Main, Germany  

Question  

Defects in the Mismatch Repair-System are a well-described cause for genetic instability and DNA-

mutations. These mutations can lead to microsatellite instability resulting in the development of life-

threatening malignancies. Defects in the Mismatch Repair-System can occur sporadically or inherited. Mono-

allelic mutation in the Mismatch Repair-System cause the well-known Lynch-Syndrome while bi-allelic 

mutations in the key Mismatch-Repair-Genes cause the constitutional Mismatch Repair-Deficiency-

Syndrome (C-MMRD). We present the neoplasm of a young women with multiple tumours with a background 
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of a Mismatch Repair-Deficiency-Syndrome with bi-allelic mutation in the PMS2-Gene.  

Methods  

The 20-year-old woman was admitted electively to hospital for resection of suspicious subcutaneous 

nodules. The nodules were resected and sent for histological investigation. The patient was known in domo 

and presented a 10-year history of multiple neoplasms (malignant and benign). She had an extensive clinical 

genetic workup in the past. 

Results  

The current surgical specimens showed a bland pilomatrixoma. Previously, the patient had been diagnosed 

with a diffuse large B-cell lymphoma in 2009, an acute lymphoblastic leukemia (ALL) in 2012, a colorectal 

adenocarcinoma in 2012 and a multifocal glioblastoma in 2015. Both of her siblings died from malignancies 

(glioblastoma and ALL followed by an astrocytoma) and her mother was treated for a malignant melanoma. 

In 2013 a bi-allelic mutation in the PMS2-Gene was found. 

Conclusion  

We present the case of a 20-year-old woman with a constitutional Mismatch Repair-Deficiency-Syndrome 

with bi-allelic mutation in the PMS2-Gene causing multiple neoplasms. This is a unique case of a young 

patient with multiple malignancies. Each of her malignancies would have had a poor clinical prognosis. 

However, they all showed a relatively bland behaviour and until now, the patient is in remission and she is 

successfully attending university.  

 

ePoster-Ausstellung  
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Adenoid Cystic Carcinoma of the Head and Neck is an Immune Desert Entity  

S. E. Weissinger1, P. Schuler2, S. Laban2, T. Hoffmann2, J. Döscher2  
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Question  

Adenoid cystic carcinoma (ACC) is a rare malignancy with an incidence of approximately 4.5 newly 

diagnosed cases per year. The prognosis remains poor and late recurrences often occur after 5 years and 

later. To date, there are no reliable prognostic markers for ACC. In several solid tumors, tertiary lymphoid 

structures are associated with improved survival. This study aims to investigate the role of these distribution 

patterns of tumor infiltrating immune cells (TIL) in ACC.  

Methods  

The analyzed cohort consisted of 34 ACC patients with available formalin-fixed paraffin embedded (FFPE) 
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samples of the primary tumor. All patients were treated at the Ulm University head and neck cancer center. 

Sections were stained for CD3, CD4, CD8 and CD20 and evaluated with regard to their distribution of TIL. 

Patterns were determined as infiltrated-excluded, infiltrated-inflamed and presence of tertiary lymphoid 

structures as published before. 

Results  

The cohort comprised locally advanced tumors (T1/2: 48.4 %) as well as small tumors (T3/4: 51.6 %). Lymph 

node involvement was histologically proven in 20.8 % and distant metastases were detected in 11.8 % at the 

time of primary diagnosis. Most tumors (64.7 %) had an infiltrated-excluded TIL pattern. 14.7 % of the cases 

presented an infiltrated-inflamed phenotype or presence of tertiary lymphoid structures, respectively. Neither 

overall survival nor disease-free survival was associated with the immune infiltrate. A low CD4/CD8 ratio of 

TIL, however, was significantly associated with tumor-specific death (p = 0.038).  

Conclusion  

Adenoid cystic carcinoma of the head and neck is a tumor entity being only rarely infiltrated by immune cells. 

This observation could explain the less promising results of recent trials on immune checkpoint blockade of 

ACC. It needs to be clarified how these tumors could be made more immunogenic to be infiltrated by 

immune cells. 

 

 

ePoster-Ausstellung  
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Acyl-CoA synthetase long-chain 5 is a potential diagnostic marker for lung adenocarcinoma  

Y. Ma, Y. Chen, N. Gaßler  

Section Pathology/Institute of Forensic Medicine, Jena, Germany  

Question  

Acyl-CoA synthetases long-chain (ACSLs) is one key player of fatty acid metabolism which is involved in the 

esterification of free fatty acids into fatty-acyl CoA. ACSLs comprise five isoenzymes: ACSL1, ACSL3, 

ACSL4, ACSL5 and ACSL6. Each isoenzyme has its substrate preference, tissue specificity, cellular location 

and post-translational modification. ACSL5 localizing at the outer mitochondrial membrane and endoplasmic 

reticulum has a substrate preference for C16-C18 unsaturated fatty acids and is highly expressed in 

gastrointestinal tract, lung, liver, gallbladder and other tissues. ACSL5 plays a tumor suppressor role in 

colorectal cancer and oncogenic role in glioma. However, the role of ACSL5 in lung cancer has not yet been 

elucidated.  
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Methods  

ACSL5 expression in lung cancer cell lines was analyzed by real-time RT-PCR and western blotting. 

Epigenetic regulation of ACSL5 was determined by demethylation, deacetylation tests, bisulfite sequencing. 

In primary lung tumors, the protein expression of ACSL5 was evaluated by immunohistochemistry on tissue 

microarray.  

Results  

ACSL5 was downregulated in majority of lung cancer cell lines; however, it is interesting to see that in two 

adenocarcinoma (ADC) cell lines harbouring EGFR mutations ACSL5 was highly expressed. After treatment 

with demethylation agent 5’-Aza-2’-DC and deacetylation agent Trichostatin A, ACSL5 mRNA is restored in 

most of lung cancer cell lines. In normal lung tissues, ACSL5 is highly expressed in alveolar cells, partially 

expressed in bronchial epithelial cells, and can also be found in macrophages. In primary lung tumors, 

positive staining of ACSL5 was found in 46.81% (22/47) of ADC and 3.94% (1/34) of squamous cell 

carcinoma, and the difference was statistically very significant (p<0.001). Moreover, higher ACSL5 

expression was significantly correlated with a lower grade in lung ADC (p=0.013).  

Conclusion  

ACSL5 gene silencing is associated with epigenetic regulation. In primary lung tumors, ACSL5 might be a 

novel potential diagnostic marker for lung ADC.  

 

ePoster-Ausstellung  
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Identification of microRNAs potentially regulating tumor suppressor HOPX in human lung cancer 
cells  

Y. Chen, J. Müller, Y. Ma, N. Gaßler  
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Question  

Homeobox gene HOPX is a tumor suppressor gene in various types of cancer including lung cancer. HOPX 

is epigenetically silenced and exerts the tumor suppressive function through Ras-induced cellular 

senescence in lung cancer cells. However, so far the microRNA (miRNA) regulation of HOPX has not yet 

been elucidated. 

Methods  

In this study, database (Tarbase, miRDB, TargetScan and miRtarbase) analysis was performed to predict 

miRNAs which potentially regulate HOPX. Four lung cancer cell lines (H157, H661, H2170 and H1975) were 
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selected for treatment with miRNA mimics and inhibitors (60 nm, 24 hours) by transient transfection. The 

expression of miRNAs and HOPX was investigated by real-time RT-PCR and western blot analysis.  

Results  

Database analysis revealed 8 miRNAs which could target HOPX. After expression analysis, 4 miRNA 

candidates including miR-7162_5p, miR-1301_3p, miR-516_5p and miR-9_1 were selected for validation. In 

H157 treatment with miR-9_1 and miR-516a_5p mimic resulted in a decreased HOPX mRNA expression by 

40% respectively (p<0.01), while treatment with miR-7162_5p inhibitor led to an increased HOPX mRNA 

expression by 2.34 (p<0.001). In H661 treatment with miR-9_1 inhibitor resulted in a 2-fold increase of 

HOPX mRNA expression (p<0.01), while treatment with miR-516a_5p mimic and miR-7162_5p mimic 

reduced the expression level of HOPX mRNA by 50% and 75% respectively (p<0.05). In H2170 treatment 

with miR-9_1 and miR-1301_3p inhibitor respectively markedly increased HOPX mRNA expression to 13-

fold and 90-fold (p<0.05, p<0.001). In H1975 treatment with miR-516a_5p inhibitor resulted in an enhanced 

HOPX mRNA expression level by 86% (p<0.01), while treatment with miR-1301_3p mimic decreased the 

HOPX mRNA level by 90% (p<0.01). Enhanced HOPX protein expression in H2170 was detected after miR-

9_1 inhibitor treatment. 

Conclusion  

miR-9_1 and miR-1301_3p could probably regulate HOPX in lung cancer cells and the underlying regulatory 

mechanisms as well as their functional roles in lung cancer warrant further investigation. 
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Mapping local protein interactomes of eIF3A using proximity-dependent biotin identification (BioID)  
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Question  

Dysregulation of translation initiation can be considered as a hallmark of cancer. This process is catalyzed 

by the eukaryotic initiation factors (eIFs), which have been found to be dysregulated in many types of cancer. 

eIF3A, the largest subunit of the eIF3-complex, was reported to be highly expressed in malignant 

neoplasms, correlating with dedifferentiation and continuously increasing from normal mucosa to neoplastic 

transformation in colorectal cancer. In urinary bladder cancer samples, eIF3A up-regulation corresponds with 
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tumor grade and longer overall survival rates of patients with low grade tumors. The purpose of this study is 

to elucidate whether eIF3A could directly interact with specific proteins that promote and/or control 

carcinogenesis.  

Methods  

The C-terminal BirA* fused eIF3A was used as bait whereas BirA* served as control. We applied the BioID 

proximity-based biotin labeling technique coupled to MS based protein identification. BirA* fused to eIF3A at 

the C-terminal was used as bait whereas birA* served as control in both, colorectal carcinoma HCT116 and 

human embryonik kidney HEK cells.  

Results  

We identified 1057 proteins after 6 h and 1028 proteins after 24 h biotinylation in HCT cells and 1583 

proteins after 6 h and 1541 proteins after 24 h biotinylation in HEK cells, respectively. Under normal 

conditions in both HCT and HEK cells, eIF3A exhibited not only a high affinity to other eIF3- and 40S 

ribosomal subunits but also to several proteins that have not been linked to eIF3 before. GO term enrichment 

analysis revealed that RNA binding and translational initiation activity were mainly enriched in eIF3A 

proximal proteins. However, some eIF3A-proximal protein also function in calcium ion binding, unfolded 

protein binding, protein homodimerization activity and ubiquitin protein ligase binding. When cells were 

treated with 1 mM Thapsigargin, which suppresses protein translation via ER stress, a strong reduction in the 

number of interacting proteins was observed. The remaining interacting proteins mainly belonged to the GO 

term “RNA binding”.  

Conclusion  

These data suggest that we could identify novel proximal proteins of eIF3A using the BioID method. These 

interactions may be important for tumor biology. 
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Integrated Analysis of LINE1 Retrotransposon Activity in Colorectal Cancer  
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University Hospital Salzburg, Paracelsus Medical University, Institute of Pathology, Salzburg, Austria  

Question  

Colorectal carcinoma is the second most frequent cancer with approximately 20-40/100,000 newly 

diagnosed cases per year in the western world. Despite intensive research, the molecular mechanisms 

driving tumourigenesis and genome instability are yet not completely understood. In this context, LINE1 (long 
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interspersed element 1) retrotransposon activity is of high interest. LINE1 retrotransposons are mobile 

genetic elements that show the ability to autonomously perform copy and paste mechanisms within the 

genome. In order to reveal the mechanisms driving tumourigenesis and genome instability in colorectal 

carcinoma, we analysed LINE1 retrotransposon activity in both carcinoma and normal colon tissue. By our 

integrated computational approach, we aimed to clarify the question, if LINE1 reactivation is a hallmark of 

colorectal carcinoma driving tumourigenesis and genome instability.  

Methods  

We performed an integrated computational analysis of LINE1 activity in colorectal carcinoma by applying 

epigenomic LINE1 promoter methylation mapping, LINE1 expression analysis and LINE1 copy number 

profiling in both colorectal carcinoma and matched normal colon tissue.  

Results  

We found that LINE1 activity is highly variable in colorectal carcinoma and normal colon tissue. Epigenomic 

methylation analysis revealed hypomethylation of LINE1 promoter in colorectal carcinoma. Expression of 

LINE1 was highly variable. Copy number profiling showed strong differences in LINE1 copy numbers with 

increased copy numbers in colorectal carcinomas.  

Conclusion  

In summary, we performed an integrated computational analysis of LINE1 activity in colorectal carcinoma 

and matched normal colon tissue and found a considerable epigenomic reactivation of LINE1 in colorectal 

carcinoma, indicating LINE1 as a potential new target in colorectal carcinoma assessment.  
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Question  

Mass spectrometry imaging (MSI) allows analyzing tissue specimens for the spatial distribution of hundreds 

of biomolecules such as proteins, peptides and metabolites. It’s a powerful tool for clinical pathology as it can 

assist in generating diagnoses and prognoses via the measurement of molecular and morphological tissue 

properties. Reproducible and standardized MSI data analysis workflows are currently missing. Therefore, we 

have established an open source analysis pipeline for MSI data in the Galaxy framework. We applied the 

complete workflow to patients derived colorectal cancer (CRC) and matched liver metastasis to characterize 

them on a molecular level and identify tissue specific fingerprints. 

Methods  

We integrated 18 tools dedicated to MSI data analysis into Galaxy to allow reproducible and standardized 

data analysis. The tools are based on Cardinal, MALDIquant and scikit-image and allow all major data 

processing, analysis and visualization steps. This pipeline was used to analyze the spatial peptide 

distribution from formalin-fixed paraffin-embedded (FFPE) primary CRC and patient matched liver metastasis 

tissue specimens that were imaged with a MALDI TOF/TOF.  

Results  

The Galaxy pipeline allowed the web based analysis of the CRC samples in a reproducible manner. 

Unsupervised segmentation of the MSI data enabled differentiation of heterogeneous histopathological 

features such as tumor, stroma or liver tissue characterized by specific peptide content. We will extract the 

tumor regions of this analysis and compare the peptide profiles in primary tumor and metastasis.  

Conclusion  

To conclude, we provide a comprehensive analysis platform for reproducible MSI data analysis that is free to 

use for the scientific community and does not require any programming skills. Furthermore, first results from 

the CRC study highlight the applicability of MSI to study peptide profiles in heterogeneous tumor specimens.  

 

ePoster-Ausstellung  
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FFPE tissue specimens yield high(er) quality of DNA for molecular analysis  

E. Kniess1, M. Kunz1, A. Gaa1, S. Glatzel1, X. Ungefug1, M. Werner1, 2, S. Laßmann1, 2  
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für Translationale Krebsforschung DKTK Partner Site Freiburg, Freiburg, Germany  

Question  

The many processing steps for Formalin-fixed and paraffin-embedded (FFPE) tissue specimens are known 

to limit molecular analyses by for example cross-linking and fragmentation of nucleic acids. Hence, 
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workflows and assays in molecular diagnostics still focus on detection of short DNA fragments. Here, we re-

evaluated, if the current processing steps of FFPE tissue specimens actually results in high(er) DNA quality 

as expected.  

Methods  

Unselected samples (n=88) from routine molecular diagnostics (2015-2019) were included, with both internal 

and external/referral tissue specimens (n=49 resections, n=22 biopsies, n=17 bone marrow biopsies). As 

control, blood samples (n=5), one cytology smear and one cell line were examined. DNA isolation was 

according to SOP-driven routine protocols. DNA quantity was measured by a fluorescence-based approach 

(Qubit). DNA quality was examined for 1) DIN values and for 2) the most frequent highest size fragment 

reached per sample (both via TapeStation), as well as by 3) size-ladder PCR assays of the ß-globin gene 

(268bp, 536bp, 941bp, 1253bp).  

Results  

As expected, variable DNA quantities (0.6ng/µl to >600ng/µl) were obtained from FFPE tissue samples. The 

blood and one cytology smear samples yielded 21ng/µl to above assay limit and the cell line 120ng/µl of 

DNA. Whilst DNA quality of blood/cytology smear (DIN 6.9 to 9.5) and cell lines (DIN 9.2) was high, FFPE 

tissue DNA samples had DINs from 1.8 to 7.2. The most frequent highest size fragment detectable was 

22,500bp to >60,000bp for blood/cytology smear and 54,613bp for the cell line DNA samples, whereas FFPE 

tissue DNA samples only reached 516bp to 22,525bp. Surprisingly, FFPE tissue DNA samples were suitable 

for PCR amplification of small ß-globin PCR product size of 268bp (78/79, 99%) as well as for larger ß-globin 

PCR product sizes of 536bp (75/79, 95%), of 941bp (40/79, 50%) and even of 1253bp (32/79, 41%). For the 

6 blood/cytology smear and cell line DNA samples this was 100%. No direct correlation was seen between 

the DIN value and PCR amplifiability, with DIN<4 samples still yielding ß-globin PCR product sizes of 941bp 

and 1253bp.  

Conclusion  

In this technical study, we show that current FFPE tissue specimen processing workflows ensure high(er) 

quality nucleic acids for further molecular analyses. This provides the opportunity for re-thinking of assay 

design and protocols, for example library preparation for NGS, to broaden applications in molecular 

pathology.  
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Question  

Glioblastoma is the most frequent primary brain tumour with a dismal prognosis. Nevertheless, some 

patients show a prolonged survival. The aim of this study is to compare the expression profiles of tumour 

derived microRNA of long-term survivors with those of short-term survivors, to identify differentially 

expressed microRNAs as well as their target genes to elucidate mechanisms which play a role in varying 

tumour progression and therefore may have influence on the survival time.  

Methods  

24 glioblastoma patients were classified according to their survival time. Profiles of their tumour microRNA 

expressions were determined by Nanostring technology and verified by specific qPCR. Expression of 

potential target genes of differentially expressed microRNAs was assessed by immunohistochemistry. 

Results  

MicroRNA profiles of long-term survivors differed from those of short-term survivors. For further analysis, 

three prominent differentially expressed microRNAs were chosen: miR-130b-3p, which is downregulated in 

long-term survivors, and miR-146b-5p and miR-148a-3p, which are upregulated in long-term survivors. 

Among targets affected by miR-130b-3p are known tumour suppressor genes (e.g. RUNX3, TP53INP1), 

whereas targets of miR-146b-5p and miR148a-3p consist of several genes known to have a role in tumour 

invasion and aggressiveness. For TRAF6 for example, an inverse correlation to the miR-146b-5p expression, 

and therefore a lower expression in long-term survivors, is shown by immunohistochemistry. 

Conclusion  

The microRNA profile differs with the survival of glioblastoma patients. Prominent differentially expressed 

microRNAs are associated with regulation of genes either involved in tumour invasion and progression or 

tumour suppressor genes. Thus, microRNA profiling of glioblastoma patients and determining affected target 

genes could give hints concerning survival and new targeted, gene or microRNA-based, therapeutic 

strategies. 
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ICI-Predicition: Combining RNA and DNA Information for Immune-Checkpoint Inhibition Therapy 
Prognoses  
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Question  

Immune Checkpoint Inhibition (ICI) therapies are rapidly evolving into an important treatment option for 

numerous solid tumors. However, the side effects of ICI therapies are often severe and costs for treatment 

are high. Numerous publications have described biomarkers for the prediction of therapeutic response of 

ICIs, based on FFPE tissue of the tumor and of the tumor microenvironment. The most common biomarkers 

are PDL1 expression, high mutational burden, neoantigen burden and microsatellite instability. More 

recently, T-cell and B-cell specific gene signatures as well as other gene expression signatures were 

described. Nevertheless, none of the currently existing biomarkers were sufficiently predictive.  

Methods  

In an attempt to combine all known nucleic acid based biomarkers in a single bioinformatics workflow, we 

generated an ICI prediction pipeline combining biomarkers based on tumor mutational burden, neoantigen 

burden, microsatellite instability, tumor-infiltrating lymphocytes and gene expression signatures and 

assessed their individual predictive power as well as the predictive power of their combination on the Hugo 

et. al. (2017) dataset consisting of 28 patients with metastatic melanoma treated with an anti-PD-1 therapy.  

Results  

The highest predictive power using the dataset was obtained by using the IMPRES score, based on gene 

expression of 15 genes folllowed by the "Neoantigen Burden".  

Conclusion  

RNA-based signatures should be chosen for ICI therapy outcome prediction based on the Hugo et al. 

dataset. Further data is needed to confirm the results especially for other tumors. The combination of 

different predictors has the potentiel to further increase the predictive power.  
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ePoster-Ausstellung  

P.093  

Molecular analysis of MET gene alterations using NGS and FISH  

A.-A. Schulz, C. Döring, P. Wild, M. Demes  

Universitätsklinikum Frankfurt, Dr. Senckenbergisches Institut für Pathologie, Molekularpathologie, Frankfurt 
am Main, Germany  

Question  

Mesenchymal-to-epithelial transition gene (MET) alterations are also involved in acquired resistance to 

epidermal growth factor receptor inhibitors. MET amplifications present a potential therapeutic target in non-

small cell lung cancer (NSCLC). Although next-generation sequencing (NGS) and fluorescence in-situ 

hybridization (FISH) is conventionally used to assess MET amplications, there is no clinically defined cut-off.   

Methods  

30 formalin-fixed paraffin-embedded NSCLC patients with a mean age of 62 years were selected based on 

increased MET gene copy number (CNV) or present mutations detected by NGS (GeneReader Technology, 

Qiagen). These MET alterations were further assessed by FISH (MET/CEN7, Zytomed).   

Results  

22 NSCLC cases were amplified and one patient was found to have a MET rearrangement by NGS. 7 

NSCLC patients had no MET gene alterations. There were discordant results concerning the copy number 

analysis by FISH compared to NGS.  

Conclusion  

Next generation sequencing enables a DNA and RNA based analysis and interpretation of specific MET 

gene regions to detect amplifications, relevant point mutations or rearrangements. The lack of clinically 

relevant thresholds as well as software with distinct filter combinations that are not used uniformly, contribute 

to discordance. Further clinical data and a uniform approach is needed to define clinically meaningful MET 

alterations. 
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ePoster-Ausstellung  

P.094  

Comparison of ArcherDX VariantPlex® and QIAseqTM Targeted DNA Panel in terms of library 
preparation, variant calling and interpretation.  

R. Pappesch, M. Ball, J. Siemanowski  

Institut für Pathologie, Molekularpathologische Diagnostik, Köln, Germany  

Question  

In the last years next generation sequencing technologies (NGS) have become an integral part of analyzing 

tumors on molecular level. The development of new agents causes a need for panels which are flexible in 

analyzing targets of interest and which are easy to handle. In this study the performance of two lung cancer 

specific custom panels,The VariantPlex® Panel (ArcherDX, Boulder) and the QIAseqTM Targeted DNA Panel 

(Qiagen, Hilden) was analyzed. Both panels were compared to our standard custom GeneRead DNAseq 

Targeted Panel V2 (Qiagen). 

Methods  

For the study, 12 lung cancer samples with different mutation profiles were collected. All samples were 

previously tested in routine diagnostics with the GeneRead panel (Qiagen). For DNA isolation six sections of 

10 μm thickness were cut from FFPE blocks. After macrodissection, deparaffinisation and proteinase K 

treatment, the DNA was purified using the Maxwell 16 FFPE Tissue LEV DNA Purification Kit (Promega, 

Madison) on the Maxwell 16 Instrument (Promega). Libraries were prepared using the VariantPlex® for 

Ilumina® (ArcherDX) and the QIAseqTM Targeted DNA Panel (Qiagen). Quality and quantity of DNA for 

library preparation with VariantPlex were defined with the Archer PreSeq®DNA QC kit for each sample 

individually. For QIAseq DNA input was set to 40 ng/µl per sample. The quality control before sequencing 

was performed using the TapeStation 4200 System for QIAseq TM libraries and KAPA Library Quantification 

Kits (Roche, Basel) for VariantPlex libraries.  

Results  

Both panels provided products in the expected fragment size and in sufficient amounts and were able to 

detect all variants with sufficient coverage of the target genes. In terms of usage and in respect for 

implementation in routine diagnostics both panels showed potential. Where QIAseq can be done already 

automatically using NGS STAR (Hamilton, Gräfelfing) the VariantPlex has so far no solution for automation. 

It can be easily combined with other panels of ArcherDX like FusionPlex® though, whereas QIAseq is 

limited.  

Conclusion  

In this study, a custom VariantPlex panel was tested in comparison with a similar custom panel from QIAseq. 

Since the number of molecular biomarkers is growing continuously, flexibility in design and handling is 

important. Both panels show the potential to be applicable for that challenge and therefor can be 
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recommended for use in routine diagnostics. 

 

 

ePoster-Ausstellung  

P.095  

Amyloid Precursor Protein (APP) Promotes Tumorigenesis by Antagonizing Iron-mediated Oxidative 
Stress and Ferroptosis  

V. Venkataramani  

Department of Pathology, University Medical Center Göttingen, Göttingen, Germany  

Question  

The amyloid precursor protein (APP) plays a pathophysiological key role in Alzheimer disease (AD) due to its 

neurotoxic proteolytic amyloid-beta peptide fragments. However, full-length APP as well as its large N-

terminal soluble sAPPα processing product exert neuroprotective features that are intricately involved in iron 

metabolism. Yet, the functional attributes of APP outside the nervous system and downstream pathways 

remain unclear. 

Methods  

MTS, CFU and CAM-Assay was used to determine proliferation, clonal survival and ex vivo tumorigenicity. 

The new CE-ICP-MS based method was used to quantify the redox-pair Fe2+/Fe3+ in cell and tissue lysates. 

Data were confirmed using the Fe2+-specific probe RhoNox-1. Cellular and Lipid-ROS (reactive oxygen 

species) were analyzed using DCF and BODIPY581/591-C11 dyes. 

Results  

Here, we report that APP functions as iron and redox homeostatic protein that promotes tumorigenesis. We 

confirmed previous findings that APP interacts with heme-degrading enzyme hemeoxygenase-1 (HO-1). 

Loss-of-APP using APP-knockout MEFs and stable APP-depleted prostate cancer cell lines results in the 

translocation of HO-1 from the membrane fraction of the plasma membrane and endoplasmic reticulum to 

mitochondria, resulting in an overactivity of HO-1 releasing free unchecked redox-active iron (Fe2+). Similar 

to (Lipid-)ROS blocker, pharmacological inhibition of HO-1 activity using QC-308 restored the impaired 

clonogenic growth of APP-knockout MEFs. On the molecular level, we discovered a previously unrecognized 

mechanisms by which APP suppresses pro-oxidative Fe2+ accumulation that results in deleterious oxidative 

stress-induced DNA damage in cancer cells, with p38MAPK stress signaling as a crucial mediator of this 

process. Consonant with these findings, in human data set analyses of prostate cancers, high levels of APP 

are significantly associated with a poor event-free survival rate and negatively correlated with tumor 

suppressive p38MAPK activation. As proof of concept, pharmacological disruption of APP increased levels of 

redox-active Fe2+ and p38MAPK-dependent DNA damage and significantly reduced tumor cell clonogenicity in 
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vitro and tumor growth in a xenograft model.  

Conclusion  

Taken together, our results uncover that APP depletion represents a potential novel approach to disrupt iron 

homeostasis that hinders survival and propagation of oncogenic transformed cells and cancer cells as well 

as increasing the responsiveness to ferroptosis-inducing therapies.  

 

ePoster-Ausstellung  

P.096  

LC-MS/MS based amyloidosis subtyping – a valuable tool for routine diagnostics?  

P. Riemenschneider1, E. Hammer2, F. Dombrowski1, S. Singer1  

1Universitätsmedizin Greifswald, Institut für Pathologie, Greifswald, Germany, 2Universität Greifswald, 
Interfakultäres Institut für Genetik und Funktionelle Genomforschung, Greifswald, Germany  

Question  

Subtyping of amyloid depositions in routine diagnostics can be challenging and is usually performed by 

immunhistochemistry using a variety of antibodies. However, in recent years mass spectrometry-based 

techniques, in particular MALDI-Imaging, have been developed to differentiate amyloid subtypes in an 

antibody-independent manner [1] [2]. While also LC/MS-MS based approaches are about to emerge, they 

appear to be limited to few specialized (amyloidosis) centers. Here, we tested the suitability of a previously 

published FFPE-proteomics protocol combining LC/MS-MS with laser microdissection (LMD)[3] to subtype 

amyloidoses cases from the archive of our Institute and current diagnostic cases.  

Methods  

More than 20 formalin fixed and paraffin-embedded (FFPE) tissue blocks of amyloidosis cases were cut in 

10µm sections mounted on LMD-slides, deparaffinized and stained with congo red (CR) according to our 

standard protocol. Stained regions were excised and collected by LMD, proteins were extracted and 

digested. Peptides were cleaned up by SPE (solid phase extraction), dried and measured on an orbitrap 

mass spectrometer (Velos LTQ or Q Exactive (>30 measurements)). Raw files were searched in MaxQuant. 

Results  

Across a variety of tissue types and specimens (biopsies, surgical resection specimen, and autopsy cases) 

we were able to identify common amyloidosis subtypes including AA, AApoAI, AApoAIV, AE, AL (kappa, 

lambda), ASgl, and ATTR. In cases were also antibody-staining was performed the results were generally 

consistent with the LC-MS/MS data. 
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Conclusion  

Despite the limited number (~20) of samples measured so far, we believe that LC-MS/MS-LMD based 

amyloidosis subtyping may serve as a complementary approach to conventional immunhistochemistry even 

in non-specialized centers. However, much more samples including also rare types of amyloidosis need to 

be analyzed and an optimized workflow allowing short turnaround times is required. 

 

[1] Spodzieja M, Rodziewicz-Motowidło S, Szymanska A. Hyphenated Mass Spectrometry Techniques in the 

Diagnosis of Amyloidosis. Curr Med Chem. 2019;26(1):104–120. 

[2] Winter M, Tholey A, Kristen A, Röcken C. MALDI Mass Spectrometry Imaging: A Novel Tool for the 

Identification and Classification of Amyloidosis. Proteomics. 2017;17(22):1700236. 

 [3] Buczak K, Ori A, Kirkpatrick JM, et al. Spatial Tissue Proteomics Quantifies Inter- and Intratumor 

Heterogeneity in Hepatocellular Carcinoma (HCC). Mol Cell Proteomics. 2018;17(4):810–825. 

 

ePoster-Ausstellung  

P.097  

Systematic Analysis of BRCA1/2 Alterations by NGS-based Technology  

S. Ebner, C. Döring, J. Köllermann, P. Wild, M. Demes  

Universitätsklinikum Frankfurt, Dr. Senckenbergisches Institut für Pathologie, Molekularpathologie, Frankfurt 
am Main, Germany  

Question  

The purpose of this study is to analyse and compare molecular alterations of BRCA1/2 in human 

gynaecological tumours as well as prostate and pancreatic carcinomas using three different NGS-based 

technology platforms (GeneReader QIAGEN, Ion S5 Thermo Fisher Scientific, MiSeq Illumina). The aim is to 

identify artificial mutations and to assess especially variations of unknown significance (VUS) as well as 

pathogenic alterations more accurately.  

Methods  

We evaluated 49 cases of gynaecological (39), prostate (8) and pancreatic (2) cancer patients. All cases 

were sequenced with the GeneReader technology (QIAGEN), additionally cases were analysed with the Ion 

S5- (Thermo Fisher Scientific) and with the MiSeq system (Illumina), too. Classification of detected filtered 

and unfiltered variants of BRCA1/2 were evaluated in a comparative way and manually reviewed according 

to distinct online databases. The found alterations were correlated with quality criteria.  

Results  

Many variants were reported to cause disease, but many others remain of unknown clinical significance. 
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Variant analysis is not satisfactory, and the variant interpretation vary among distinct databases. Guidlines 

exist for variant interpretation but the filter set of the software used is essential not to loose clincial relevant 

mutations, too.   

Conclusion  

This project briefly discusses the reliable clinical applications of next generation sequencing regarding the 

correct annotation of detected BRCA1/2 variants correlated with distinct quality criteria. Guidelines on 

filtering and selecting these variants in order to identify those that are disease causing, should be applied 

obligatorily in every routine molecular diagnostic lab to get reliable results. 

 

ePoster-Ausstellung  

P.098  

AVENIO MilliSect System for dissection of FFPE material in molecular pathology  

T. Riedlinger, S. Martin, T. Schaffer-Horscht, M. Hofmann, S. Hansen, P. Wild, M. Demes  

Universitätsklinikum Frankfurt, Dr. Senckenbergisches Institut für Pathologie, Molekularpathologie, Frankfurt 
am Main, Germany  

Question  

The precise recovery of formalin-fixed paraffin-embedded (FFPE) tissue areas is very important for 

subsequent molecular analysis and assessment of therapeutic targets for cancer patients. The purpose of 

this project is to assess the clinical application of an automated microdissection platform (AVENIO MilliSect 

System, Roche).   

Methods  

We evaluated 25 automatically dissected FFPE cases compared to manually dissected ones. The nucleic 

acid was extracted (MaxWell Promega) and the quality was determined by fragment analysis (ABI 3130xl, 

genetic analyzer).  

Results  

The dissection time was 6 min on average. The tumor areas of interest were dissected very precise by the 

Avenio MilliSect instrument. The extracted samples had a measurable nucleic acird concentration (mv= 

27ng/uL) and a good quality. All samples could be further analyzed by next-generation sequencing. 

Conclusion  

The AVENIO MilliSect System is a bit more time comsuming and expensive as compared to manual 

dissection but is a reliable helping tool for precise recovery of FFPE material in molecular diagnostics. The 

nucleic acid exctration is sufficient for further molceular tests like next-generation sequencing.  
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ePoster-Ausstellung  

P.113  

Molecular Heterogeneity within Brain Metastatic Prostate Cancer:A pan-Swiss project  

A. Rodriguez1, 2, D. Akhoundova Sanoyan3, A. Ferguson2, 4, S. Maletti2, S. Selimovic-Hamza2, F. Comoglio5, 
R. Bruggmann5, E. Hewer1, V. Genitsch1, A. Fleischmann6, E. J. Rushing7, H. Moch8, L. Bubendorf9, R. 
Grobholz10, I. Fischer11, W. Jochum12, L. de Leval13, G. Cathomas14, S. Piscuoglio9, 15, 16, S. Gillessen 
Sommer17, 18, 19, M. A. Rubin20  

1University of Bern, Institut of Pathology, Bern, Switzerland, 2University of Bern, Department for BioMedical 
Research (Precision oncology), Bern, Switzerland, 3University Hospital Zurich, Department of Oncology, 
Zurich, Switzerland, 4University of Lausanne, Department of Oncology, Ludwig Cancer Centre, Lausanne, 
Switzerland, 5University of Bern, Interfaculty Bioinformatics Unit, Bern, Switzerland, 6Cantonal Hospital 
Thurgau, Institute of Pathology, Münsterlingen, Switzerland, 7University Hospital Zurich, Institute of 
Neuropathology, Zurich, Switzerland, 8University Hospital Zurich, Institute of Pathology and Molecular 
Pathology, Zurich, Switzerland, 9University Hospital Basel, Institute of Pathology, Basel, Switzerland, 
10Cantonal Hospital Aarau, Institute of Pathology, Aarau, Switzerland, 11Cantonal Hospital Aarau, Institute of 
Pathology, Aargau, Switzerland, 12Cantonal Hospital St. Gallen, Institute of Pathology, St. Gallen, 
Switzerland, 13Lausanne University Hospital, Institute of Pathology, Lausanne, Switzerland, 14Cantonal 
Hospital Baselland, Institute of Pathology, Liestal, Switzerland, 15Clarunis Universitäres Bauchzentrum 
Basel, Basel, Switzerland, 16University of Basel, Visceral surgery research laboratory, Clarunis, Department 
of Biomedicine, Basel, Switzerland, 17Cantonal Hospital St. Gallen, Department of Oncology, St. Gallen, 
Switzerland, 18University of Manchester, The Christie NHS Foundation Trust, Manchester Cancer Research 
Centre,, Manchester, United Kingdom, 19Oncology Institute of Southern Switzerland, Bellinzona, Switzerland, 
20University of Bern, Department for BioMedical Research, Bern, Switzerland  

Question  

Brain metastases (BM) of prostate cancer (PCa) represent a rare event, mostly in the setting of metastatic 

castration prostate cancer (mCRPC). However, its diagnosis seems to be increasing, most likely due to 

prolonged survival with the advent of novel treatment options. To date there is no large-scale study focusing 

on its molecular landscape and its potential intratumoral heterogeneity.  

Methods  

From 50 patients across Switzerland we collected FFPE-tissue from BM, matched PCa and 

benign tissue (BT). Using established protocols based on morphological and immunohistochemical (IHC) 

analyses (e.g., ERG/P53/PTEN), we selected, when present, 

heterogeneous intratumoral regions of interest (ROIs) in both BM and PCa. ROIs underwent next generation 

sequencing (targeted DNA/RNA and WES). Additional cores were taken for TMA construction (Fig. 1). 

Proteomics analyses using CRPC panels will be conduct in situ through GeoMx (Nanostring). Finally, clinical 

data will be correlated with obtained data. 
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Protocol for selection of the regions of interest (ROIs) for the different analyses. 
 
 
Results  

Preliminary data comprises morphological and IHC features from 24 patients: 24 BM (56 ROIs with 14% 

heterogeneity); 15 matched PCa (37 ROIs with 68% heterogeneity). IHC was assessed on 35 ROIs in PCa 

and on 46 ROIs in BM. PCa showed Gleason scores 7-10 (x̄= 9.1). Intraductal carcinoma was present in 7 

ROIs (19%). IHC analyses revealed: 1) P53 positivity (≥50%) or entire negativity in 25 ROIs (71%), (2) ERG 

positivity in 10 ROIs (29%) and 3) the absence of PTEN expression: cytoplasmic in 26 ROIs (74%); nuclear 

in 100%. BM showed 3 ROIs with overlapping morphology of conventional adenocarcinoma and 

neuroendocrine differentiation. IHC-staining showed, 1) p53 positivity (≥50%) or entire negativity in 36 ROIs 

(78%), 2) ERG positivity in 29 ROIs (63%) and 3) the absence of PTEN expression: cytoplasmic in 35 ROIs 

(76%) and nuclear in 100%. Concurrent P53 positivity (≥50%) or entire negativity, ERG positivity and PTEN 

negativity (cytoplasmic and nuclear) was found in 4 ROIs (11%) within PT and in 22 ROIs (48%) within BM.  

Conclusion  

All PCa showed high-grade morphology with greater intratumoral heterogeneity than in 

paired BM. Concurrent P53, ERG positivity and PTEN negativity was more common in BM than in PT. 
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Completed analysis with molecular landscape and tumor evolution will be presented.  

 

ePoster-Ausstellung  

P.099  

Molecular analysis of NSCLC “Super-Responders” to Immune Checkpoint Inhibition  

S. Mayer1, G. Schmidtke-Schrezenmeier2, F. G. Rücker3, C. Buske4, T. F. E. Barth1, P. Möller1, R. B. 
Marienfeld1  

1Institut für Pathologie, Ulm, Germany, 2Klinik für Innere Medizin II, Ulm, Germany, 3Klinik für Innere Medizin 
III, Ulm, Germany, 4Institut für Experimentelle Tumorforschung, Ulm, Germany  

Question  

Lung cancer is the leading cause in cancer related death worldwide, with non-small cell lung cancer 

(NSCLC) being the most frequent subtype. Despite new therapeutic strategies using small molecule 

inhibitors against activating mutations, 5 year survival rate remains dismal. Extended perceptions in 

pathophysiological transactions were leading to new therapy options. Especially using immunotherapy 

progress in treatment success was achieved.  

Immune checkpoint inhibitors are used to dissolve blockade of inhibitory interaction between immune and 

tumor cells, with interference of the PD1-PDL1-interaction being the most prominent example. However, not 

all patients treated with immune checkpoint inhibitors display susceptibility, whereas others show prolonged 

response. Aim of this pilot study was the identification of mechanisms determining long term response or 

resistance towards treatment with immune checkpoint inhibitors. 

Methods  

We defined three groups of patients being (i) non-responders (n=6), (ii) regular responders with progression 

free survival of 3 – 24 months (n=4) and (iii) super-responders with progression free survival of more than 36 

months (n=5) when treated with monoclonal antibody against PD-1, Nivolumab. We determined tumor 

mutational burden, microsatellite instability, mutation status and expression profile using targeted DNA and 

RNA sequencing data obtained with Illumina TS0500 and Illumina Trusight RNA Pan Cancer Panel. 

Results  

In our pilot cohort we did not observe distinct differences between the three groups concerning microsatellite 

instability and tumor mutational burden. However, increased expression of PD-L1 in the super-responders 

and regular responders group was determined compared to non-responders using RNAseq data. 

Furthermore, expression of immune checkpoint proteins Nectin-2 and PVR was found in the group of regular 

responders with consistent expression of PVR and Nectin-2, in 4/4 and 3/4 samples respectively; in contrast 

in the super-responders group only 1 patient showed expression of PVR using RNAseq data.  
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Conclusion  

In essence, our data implies that an absent expression of other immune checkpoint proteins is one reason 

accountable for long term response to anti-PD1 treatment in super-responders.  

  

 

ePoster-Ausstellung  

P.100  

Potential role of Tenascin C (TNC) in human non-small cell lung cancer progression  

M. Schlensog, J. Limberg, L. J. Haeberle, I. Esposito  

Pathologie, Düsseldorf, Germany  

Question  

Tenascin C (TNC) is an extracellular matrix protein and a potential biomarker affecting progression of 

different tumor types, such as pancreatic, bladder and lung cancer. In this study, we investigated the role of 

TNC in a cohort of adenocarcinomas of the lung.  

Methods  

TNC and EGFR expression was evaluated by immunohistochemistry using a cohort of 128 lung 

adenocarcinomas (LUAD) with 32 tumor-adjacent normal lung tissues. In addition, based on the independent 

The Cancer Genome Atlas data set, we examined TNC mRNA expression in LUAD and normal tissue 

samples, validating our immunohistochemical scoring of TNC protein level. Furthermore, in this data set the 

TNC mRNA expression was correlated to parameters like tumor size, mutational status of EGFR. 

Subsequently, LUAD cell lines (with and without EGFR mutation) were tested for their adhesion and invasion 

capabilities during exposure to medium collected from human lung fibroblast (HLF) after TNC downregulation 

by siRNA.  

Results  

Immunhistochemical staining of TNC in our LUAD cohort disclosed a significant increase (P<0.0001) of TNC 

protein level in primary tumor samples compared to normal lung tissue and showed TNC protein expression 

in peritumoral stromal cells. These data were validated by the independent TCGA data set, where a 

significant (p<0.0001) increase of TNC mRNA expression in adeno- as well as squamous cell carcinoma was 

detected. Furthermore, correlation analysis demonstrated a significant correlation of TNC mRNA expression 

and EGFR protein level (P<0.0001; R=0.276) as well as increased TNC mRNA expression in cases with 

higher EGFR copy number. In line with these results, immunhistochemical analysis of EGFR in our cohort 

revealed a significant higher amount of total EGFR protein in patients with higher TNC expression 

(p=0.0115). Additionally, the EGFR-mutated NCI-H1975 LUAD cell line demonstrated a significant decrease 
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in cell invasion when cultured with HLF medium with decreased TNC. In contrast, no change in cell invasion 

was detected in the EGFR- wildtype NCI-H1666 LUAD cell line.  

Conclusion  

Increased TNC protein level is observed in the peritumoral stroma of lung adenocarcinoma samples and 

correlates with EGFR aberrations. Inhibition of TNC in the lung stromal cells leads to reduced invasiveness 

of LUAD cells harboring EGFR mutation. This study provides evidence that TNC expression might be a 

biological relevant factor in human lung adenocarcinoma progression in an EGFR-dependent manner.  

 

ePoster-Ausstellung  

P.101  

Comparison of PD-L1 expression between small biopsy and surgical histologic samples of lung 
adenocarcinoma  

J. Dzambas1, I. Aleksic1, 2, D. Tegeltija3, 4  

1Military Medical Academy, Institute of Pathology and Forensic Medicine, Belgrade, Serbia, 2Faculty of 
Medicine Military Medical Academy University of Defense Belgrade, Belgrade, Serbia, 3Faculty of Medicine 
University of Novi Sad, Pathology, Novi Sad, Serbia, 4Institute for Pulmonary Disease, Pathology 
Department, Novi Sad, Serbia  

Question  

Lung cancer, including adenocarcinoma and squamous cell carcinoma as most common types, is leading 

cause of death among malignant diseases worldwide. In more than 70% of cases, it is diagnosed in late 

stages of diseases. In those cases, small biopsy sample is used for both diagnosing and therapy choosing. 

In spite of new therapeutic choices, overall survival is still low. Immunotherapy is one of the newest therapy 

options and PD-L1 positivity is necessary for the adequate therapeutic response. The aim of this study is 

comparison of immunohistochemical PD-L1 expression of paired small biopsy and surgical histologic 

samples of patients with lung adenocarcinoma.  

Methods  

There were 49 patients in this retrospective study, 71.4% (35/49) male and 28.6% (14/49) female, age 

between 46 and 97 (average 62.85±9.01). All the patients were diagnosed lung adenocarcinoma on small 

biopsy specimen, sampled during bronchoscopy. Diagnoses were confirmed on histologic material after 

surgical resection. Paired samples from small biopsy and surgical specimen of the lung were stained with 

PD-L1 clone 28-8 antibody. Membranous PD-L1 expression was evaluated and reported as percentage of 

positive cells. All the samples with PD-L1 positivity more than 1% were considered to be PD-L1 positive. All 

the data were statistically analyzed using descriptive statistics and non-parametric Mann-Whitney test 

(statistically significant p<0.05).  
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Results  

Small biopsy samples of 28.6% (14/49) patients were PD-L1 positive. 34.7% (17/49) patients had PD-L1 

positive surgical specimens. PD-L1 positivity was concordant in 82.35% cases of small biopsy and surgical 

samples. There was no statistically significant PD-L1 positivity between paired small biopsies and surgical 

samples of lung adenocarcinoma (p=0.86). According to subtype of adenocarcinoma on surgical specimens, 

most of the PD-L1 positive patients, 58.82% (10/17) were diagnosed solid type of adenocarcinoma. PD-L1 

positivity was found in 17.66% (3/17) cases of acinar type of adenocarcinoma and in 11.76% (2/17) of 

papillary and micopapillary types of adenocarcinoma. There is no statistically significant difference neither 

between gender (p=0.56) nor age (p=0.18) of patents with and without PD-L1 positivity.  

Conclusion  

PD-L1 expression of small biopsy and surgical specimens are comparable. Small biopsy specimens are 

suitable for PD-L1 testing in lung adenocarcinoma.  

 

ePoster-Ausstellung  

P.102  

Risk of penile tumor development is independent of the coding variant rs7208422 in the TMC8 
(EVER2) gene  

R. Stöhr1, O. Wendler2, J. Giedl1, N. Gaisa3, G. Richter4, V. Campean5, M. Burger6, B. Wullich7, S. Bertz1, A. 
Hartmann1  
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Question  

HPV infection is a causal agent in many epithelial cancers, but understanding of genetic susceptibility to 

HPV infection and resulting cancer risk is limited. Epidermodysplasia verruciformis is a rare condition of 

extreme susceptibility to cutaneous HPV infection primarily attributable to mutations in TMC6 and TMC8. 

Genetic variation in the TMC6/TMC8 region has been linked to beta-type HPV infection and squamous cell 

carcinoma of the skin, cervical cancer, HPV persistence and progression to cervical cancer. Especially, the 

functional variant rs7208422 of the TMC8 gene was suggested to have a high impact on susceptibility to 

beta-papillomaviruses and their oncogenic potential. The aim of the presented study was the evaluation of a 

possible influence of rs7208422 on penile cancer risk. 
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Methods  

DNA was isolated from archival non-cancerous and tumorous tissue of 104 penile SCC cases. Distribution of 

the rs7208422 (c.917A>T, p.N306l) of the TMC8 gene was determined by direct Sanger sequencing of exon 

8. HPV detection in the SCC tissue was done by usage of GP5+/6+ primers followed by subtype-specific 

PCR. For comparison rs7208422 genotype distribution data of 3810 controls taken from the literature were 

used.  

Results  

The distribution of rs7208422 followed the Hardy-Weinberg equilibrium in both cases and controls. HPV DNA 

was detected in 39% of the penile SCC cases. Overall, there was no significant difference in the distribution 

of rs7208422 neither between cases and controls (p=0,726) nor between HPV positive and negative penile 

SCC cases (p=0,747). There was also no association between rs7208422 genotypes and age of disease 

onset (p=0,904). 

Conclusion  

Our data argue against an influence of the TMC8 rs7208422 SNP on risk for development of penile SCC in 

Caucasians. Even in combination with HPV status the SNP appears not to modify disease risk in HPV 

positive cases as it was reported for several other benign and malignant HPV-associated diseases. 
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Histomorphological analysis of false positive PI-RADS 4 and 5 lesions  
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Question  

Multiparametric magnetic resonance imaging (mpMRI)/ultrasound fusion-guided biopsy (“targeted biopsy” 

(TB)) is en vogue as it improves the detection of clinically significant prostate cancer (PCa). False positive 

and false negative radiological findings however limit the accuracy of TB. Aims of this study were to analyze 

histomorphological findings on regions of interest (ROI) highly suspicious for PCa classified as PI-RADS 4 or 

PI-RADS 5 (Prostate Imaging - Recording and Data System) but cancer-negative in the biopsy, and to 

compare them with findings in radiologically inconspicuous regions. 
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Methods  

Prostate biopsies from 57 patients who underwent TB in addition to systematic standard biopsy (SB) from 

June 2017 to July 2018 at the University Hospital Schleswig Holstein Campus Luebeck were reevaluated. 

Out of 143 ROIs, 34 PI-RADS 4/5 cancer-negative lesions were identified for histomorphological 

reassessment. Contralateral cancer-negative SBs served as control specimens. Chi-square test was used 

for statistical analysis.  

Results  

The prevalence of histomorphological alterations including stromal, glandular, vascular and inflammatory 

alterations were 97% and 79.2% in prostatic tissues from cancer-negative TBs and SBs, respectively. 

Stromal, glandular and inflammatory alterations were noted in the majority of biopsies from both TBs and 

SBs. Statistical analysis demonstrated no significant difference between TBs and SBs regarding stromal, 

glandular and inflammatory alterations. Nevertheless, vascular alterations were exclusively detected in TBs 

(18.2%).  

Conclusion  

Overall, the frequency of histomorphological abnormalities is higher in TBs compared to SBs. Only vascular 

alterations seem to be a signature feature for TBs. Nevertheless, additional pre-/intra-/postoperative factors 

also account for the false negative rate of mpMRI/ultrasound fusion-guided TB. 
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Question  

Die Informationen aus dem pathologischen Befundbericht der Prostatastanzbiopsie stellen im Management 

des Prostatakarzinoms einen essentiellen Bestandteil für Risikostratifizierung und Therapieentscheidungen 

dar. Durch zusätzliche Parameter ist der Informationsgehalt von Stanzbiopsiebefunden zunehmend 

komplexer geworden. Mit Hilfe einer repräsentativen Umfrage zu den pathologischen Befundberichten von 

Prostatastanzbiopsien sollte ermittelt werden, wie diese von Urologen interpretiert und für 

Therapieentscheidungen berücksichtigt werden. 
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Methods  

Über den Berufsverband der Deutschen Urologen e.V. (BDU) wurde ein Fragebogen zu 

Prostatastanzbiopsie-Befunden an seine niedergelassenen Mitglieder verschickt. Bei Abschluss der Studie 

lagen 109 Antworten, davon 106 auswertbare Fragebögen, vor. 

Results  

Die Anzahl positiver Stanzen und der prozentuale Tumoranteil werden hinsichtlich der Tumorausdehnung für 

die Risikostratifizierung und das Therapiemanagement für Urologen als relevanteste Angaben angesehen. 

Bei multiparametrischen (mp)-MRT-Fusionsstanzen wird eine separate Angabe zur Anzahl positiver Stanzen 

innerhalb des Standard-Schemas und der mpMRT-positiven Foci bevorzugt. Am häufigsten wird die Stanze 

mit dem höchsten Gleason-Score für die weitere Therapieplanung berücksichtigt, wobei dem prozentualen 

Gleason-4-Muster auch eine wichtige Bedeutung zukommt. Nur etwa die Hälfte der befragten Urologen 

wünscht sich zusätzlich die Angabe der neuen Grade Groups nach ISUP/WHO. Als weitere gewünschte 

Parameter werden u.a. der Ki67-Proliferationsindex, der PSMA-Expressionsstatus sowie das Vorhandensein 

einer intraduktalen oder neuroendokrinen Tumorkomponente aufgeführt.  

Conclusion  

Zusammenfassend zeigt unsere Umfrage, dass für die Angaben histopathologischer Parameter im 

Befundbericht einer Prostatastanzbiopsie kein einheitlicher Standard existiert und dass es bei der 

Interpretation der Berichte eine Variabilität gibt. Weitere Studien und eine klare Aussage seitens der 

Fachgesellschaften und Leitlinien werden zukünftig nötig sein, um ein einheitliches Diagnose-/Prognose-

Schema zu etablieren. 
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Question  

We aim to identify Switch Sucrose nonfermentable (SWI/SWF) chromatin remodeling complex alteration in 

clear cell renal cell carcinoma (ccRCC) followed by correlation and survival analysis.  
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Methods  

This investigation was designed as a retrospective, single-center cohort study and included 45 high grade 

ccRCC (ISUP/WHO grade III or IV). Using tissue microarray technology, immunhistochemical staining with 6 

SWI/SNF pathway members (SMARCB1, SMARCA2, SMARCA4, SMARCC1, SMARCC2, and ARID1A) in 

addition to conventional RCC markers and von Hippel Lindau (VHL) in-situ hybridization was performed.  

Results  

The sample included 32 male and 13 female patients, aged 44 to 84 years (median 68). The cohort 

contained 31/45 ISUP grade III and 14/45 ISUP grade IV ccRCC. Broken down by stages, there were 33/45 

and 3/45 patients presenting with pT3 or pT4, respectively. In 25/31 cases metastases were detected 0 to 6 

months after diagnosis. All cases showed a differentiated clear cell component varying from microscopic to 

major component. The undifferentiated component presenting with sarcomatoid and/or rhabdoid tumor cell 

morphology was significantly associated with variable SWI/SNF complex protein loss (p=0.004). The highest 

frequencies of complete or partial SWI/SNF protein loss was seen for SMARCB1, ARID1A, SMARCA2 and 

SMARCC1 in 12, 12, 11, and 8 cases, respectively. Partial or complete loss of at least 1 SWI/SNF complex 

subunit was noted in the low grade tumor components of 9/33 and 5/33 ccRCC (total 14/33 (42.2%) cases), 

respectively. Partial or complete loss of at least 1 SWI/SNF complex subunit was noted in the high grade 

tumor components of 18/45 and 5/45 ccRCC (total 23/45 (51.1%) cases), respectively. A total of 13/25 

patients with variable SWI/SNF protein loss died (mostly within 24 months). Survival analyses revealed no 

significant differences in overall survival and progression-free survival in the SWI/SNF-deficient group 

compared to the SWI/SNF-intact group.  

Conclusion  

As previously reported, SWI/SNF deficiency is associated with an undifferentiated rhabdoid or sarcomatoid 

tumor morphology and worse outcome. SWI/SNF deficiency may be important in dedifferentiation of ccRCC. 

A similarly high frequency of variable SWI/SNF complex protein loss was found both in the differentiated and 

undifferentiated component in ccRCC, and this might point to an early event in carcinoma evolution.  
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Question  

The ability to combine multiple immunohistochemical (IHC) markers within a single tissue section facilitates 

the evaluation and detection of co-expressions, while saving tissue. Aim of this study was to evaluate a 

newly developed 5x multiplex (MPX) IHC staining for the detection of prostate cancer. 

Methods  

The 5x multiplex (MPX) IHC staining consisted of the following IHC markers: Basal cell cocktail 

(34βE12+p63), p504s (SP116), ERG (EPR3864), Ki-67 (30-9) and PSMA (EP192) and was applied on whole 

sections of n=37 radical prostatectomies including normal and cancerous tissue. Four different colors 

including brown, magenta, yellow and teal coded for the different antibodies, whereas magenta was used 

twice for nuclear Ki-67 and cytosolic / membranous PSMA. The staining of the multiplex IHC was compared 

to separately evaluated single stains of ERG, PSMA and p504s.  

Results  

The proper staining of the Basal cell cocktail and Ki-67 could be assessed by internal positive controls in the 

MPX staining. The proportion of PSMA and p504s expression in the tumor cells revealed a significant 

correlation between the multiplex and single stains (p < 0.01). The combination of PSMA and p504s revealed 

frequently a complementary expression pattern in cases with scant expression of a single of these markers. 

A concordant staining pattern was found for ERG (14/14 prostate cancers were identified ERG positive with 

both methods). 

Conclusion  

We evaluated a newly developed 5x MPX IHC staining for prostate adenocarcinoma, which shows a robust 

staining pattern of all five different antibodies. These results make this approach a powerful investigative 

tool, visually facilitating the recognition of prostate cancer, in particular by adding PSMA in p504s scarcely 

expressed cases. Additionally, this staining can corroborate a prostate origin in metastases and could also 

enable easier further image based analysis. 
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Question  

Telomerase activity is a prerequisite for unlimited proliferation of cancer cells. Mutations of telomerase 

reverse transcriptase (TERT) subunit creating novel ETS1 transcription factor binding motives were found at 

significant levels in several malignancies. Renal cell carcinoma (RCC) cells demonstrate high telomerase 

activation, but data on TERT promoter mutations are limited. Our aim was to clarify TERT promoter mutation 

frequencies (mf) among different RCC subtypes and to test for associations to clinicopathological 

parameters and patient survival.  

Methods  

We analysed DNA from three RCC cohorts (cohort 1: enriched for papillary (pap) and chromophobe (cp) 

RCC, n = 292; cohort 2: consecutive RCC series, n= 448; cohort 3, cp RCC, n = 79) for activating promoter 

mutations using Sanger sequencing or SNaPshot analysis, respectively. SNaPshot analysis targeted the 

most frequently affected mutation hotspot nucleotides -146, -124 and -57 bases from ATG start. We 

calculated overall mf and the mf of clear cell (cc), pap (cohort 1, 2) and cp (all cohorts) RCC. We also tested 

genotype distribution differences between clinicopathological groups for statistical significance using χ² tests 

(Pearson or Fisher’s exact test as appropriate) and genotype associations to overall survival in cohort by log 

rank tests. P-values <0.05 were regarded significant. Survival data for cohort 1 were not available.  

Results  

Overall mf of all analysable RCC tumours was 5.8%, 10.5%, 0.0% in cohorts 1, 2 and 3 respectively. Mf of 

subtypes differed significantly in cohort 1 (p=0.02) and insignificantly in cohort 2 (p=0.125) between cc, pap 

and cp. Combined mf of ccRCC, papRCC and cpRCC among all cohorts were 10.7%, 18.6% and 2.3%, 

respectively. There was no significant association of mf to tumour stage in cohort 1 (p=0.2) but in cohort 2 

(p=0.005), where mf increased with pT. Cohort 1 also displayed no association of mf to tumour grade 

(p=0.651), while in cohort 2 mf increased significantly with G (p=0.06). We did not find an association of 

activating TERT promoter mutations to patients’ overall survival in cohort 2 (p=0,173).  

Conclusion  

Although we did not find an association to patients overall survival, activating TERT promoter mutations 

might be associated with more advanced tumours of all subtypes. Further studies are needed for 

clarification. Nonetheless, our data show activating TERT promoter mutations are most frequent in papRCC 

and very rare in cpRCC.  
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Question  

Multifocal occurrence and multiple recurrences are main characteristics of urothelial bladder cancer (UBC). 

Whether urothelial tumorigenesis is caused by monoclonal events within the urothelium spreading through 

the bladder wall or by polyclonal, unrelated, events causing several independent tumor clones is still under 

debate. TERT promoter mutations are the most common genetic alteration identified in UBC with frequencies 

up to 80% being independent of pathological characteristics and a possible diagnostic tool as urine marker. 

In this study, we analyzed TERT promoter mutations in multiregion mapped whole-organ UBC tumors to 

reveal the mutational status of normal urothelium, precursor lesions and subsequent carcinomas to 

investigate whether TERT promoter mutations occur early in the tumorigenesis and are clonal events. 

Methods  

Nine, a priori tested as TERT-altered, whole-organ mapped bladder specimens were analyzed for 10 to 23 

positions of TERT including normal urothelium, precursor lesions and different areas of the tumor. After 

careful microdissection and DNA isolation the mutational hotspot region within the TERT core promoter (-260 

to +60) was analyzed by direct Sanger sequencing or SNaPshot analysis including the three hot spot regions 

(-57, -124 or -146).  

Results  

In 4 out of 8 evaluable mapping bladder specimens TERT promoter mutation were demonstrated in 

histologically normal urothelial samples. In mapping bladder specimens where precursor lesions were 

present, 50% of them also showed TERT promoter mutations. In all nine mapping specimens, analysis of 

different regions of the primary invasive tumors showed a 100% concordance of identified TERT mutations. 

Unlike in the invasive tumor samples, polyclonality was observed in precursor lesions: 3 out of 9 mapping 

specimens contained precursor lesions with different TERT promoter mutations than the primary invasive 

tumors.  

Conclusion  

With this multiregion, whole-organ UBC approach we demonstrated that TERT promoter mutations may be 

an early step in bladder cancer carcinogenesis as normal urothelium and precursor lesions already harbored 

mutations. In addition, evaluation of TERT promoter mutations strengthens both theories of a mono- as well 

as a polyclonal development of bladder tumors. 
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Question  

Recently, we showed EGFR overexpression in squamous cell carcinoma (SCC) and urothelial bladder 

cancer with squamous differentiation (Mix-SCC). In vitro a combined therapy of anti-EGFR inhibitors and 

chemotherapeutics was demonstrated to be effective in cells with strong wild-type EGFR expression. Now 

we aim to give first insights into the mechanisms of anti-EGFR tyrosine kinase inhibitors (TKI) efficacy in 

squamous-differentiated cancer cells.  

Methods  

Primary cancer cells derived from a fresh SCC-cystectomy specimen (pSCC), as well as bladder cancer cell 

lines (SCaBER, J82, HT1376) were used. Drug response curves were determined for cisplatin, gemcitabine, 

erlotinib and gefitinib by XTT reagents. Results of single and combination drug assays were used to 

calculate the Combination Index (CI) with CompuSyn (version 1.0) as a non-constant drug combination. The 

ERBB signalling pathway was studied upon EGF stimulation, EGFR inhibition (erlotinib) and a functional 

knockdown induced by siRNA. Expression and activation of ERBB family members was analysed by qPCR 

and western blotting. Functional analyses were performed including apoptosis and cell growth. A 

transcriptomic profiling of SCC tissue, pSCC and diverse cell lines was performed (Clariom D gene array).  

Results  

Squamous-like primary (IC50: 2.7 / 2.0 µM) and SCaBER cells (IC50: 0.26 / 0.35 µM) showed high sensitivity 

upon erlotinib and gefitinib treatment. In contrast urothelial, non-basal cell lines were much more resistant. 

Combined treatment with anti-EGFR TKIs and varying chemotherapeutics led to synergistic effects, in 

particular for the gefitinib – cisplatin axis in both pSCC and SCaBER cells. Inhibition and/or stimulation of the 

EGFR pathway caused alterations in activating downstream mediators like p-ERK1/2 in SCaBER cells. 

SiRNA-mediated knockdown of EGFR impaired SCaBER cell viability in vitro. In urothelial cancer cells, 

expression of EGFR and ERBB3 was upregulated in response to EGFR inhibition, while for SCaBER cells 

no short-term feedback mechanisms were observed.  

Conclusion  

Our findings propose a dependency of SCC cell viability on the EGFR signalling pathway. A kind of 

oncogenic addiction seems to exist as SCC cells were highly TKI sensitive, whereas EGFR inhibition and a 

functional knockdown didn’t cause any short-term escape mechanisms suggesting a putative ‘‘Achilles heel’’ 
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of squamous bladder cancer. 
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Question  

While subtyping of the majority of malignant chromophobe renal cell carcinoma (cRCC) and benign renal 

oncocytoma (rO) is possible on morphology alone, additional histochemical, immunohistochemical or 

molecular investigations are required in a subset of cases. As currently used histochemical and 

immunohistological stains as well as genetic aberrations show considerable overlap in both tumors, 

additional techniques are required for differential diagnostics. Mass spectrometry imaging (MSI) combining 

the detection of multiple peptides with information about their localization in tissue may be a suitable 

technology to overcome this diagnostic challenge.  

Methods  

Formalin-fixed paraffin embedded (FFPE) tissue specimens from cRCC (n=71) and rO (n=64) were analyzed 

by MSI. Data was classified by linear discriminant analysis (LDA), classification and regression trees 

(CART), k-nearest neighbors (KNN), support vector machine (SVM), and random forest (RF) algorithm with 

internal cross validation and visualized by t-distributed stochastic neighbor embedding (t-SNE). Most 

important variables for classification were identified and the classification algorithm was optimized. 

Results  

Applying different machine learning algorithms on all m/z peaks (n=159), classification accuracy between 

cRCC and rO was 85%, 82%, 84%, 77%, and 64% for RF, SVM, KNN, CART and LDA. Under the 

assumption that a reduction of m/z peaks would lead to improved classification accuracy, m/z peaks were 

ranked based on their variable importance. Reduction to six most important m/z peaks resulted in improved 

accuracy of 89%, 85%, 85%, and 85% for RF, SVM, KNN, and LDA and remained at the level of 77% for 

CART. T-SNE showed clear separation of cRCC and rO after algorithm improvement. 
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Conclusion  

In summary, we acquired MSI data on FFPE tissue specimens of cRCC and rO, performed classification and 

detected most relevant biomarkers for the differential diagnosis of both diseases. MSI data might be a useful 

adjunct method in the differential diagnosis of cRCC and rO. 
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Question  

We sought to verify whether Cytokeratine (CK) 7 + / CD117 - unclassified low-grade oncocytic tumors of the 

Kidney present with consistent morphologic and molecular features similar to the recently proposed Low-

grade Oncocytic Tumor of Kidney (LOT- Trpkov et al., 2019). 

Methods  

As part of a retrospective study of unclassified non-clear cell Renal Cell Carcinomas (URCC), 35 low-grade 

oncocytic tumors were identified out of a 120 URCC case series, collected from the Pathology Institutes of 

the Friedrich-Alexander-University Erlangen-Nurmberg, Technical University of Munich, and Indiana 

University School of Medicine. The selection of cases was based on morphology and/or immunoprofile that 

did not fit the diagnostic criteria of any renal tumor recognized by the 2016 WHO classification, or into the 

eosinophilic, solid and cystic RCC diagnostic criteria. Only resection-based diagnosed cases with at least 1 

tissue-block available were included. Immunohistochemistry was perfomed for: CK7, CD117, CK20, S100A, 

SDHB and FH. Genetic alterations are being investigated using a targeted next-generation sequencing 

panel. 

Results  

14 cases with the immunoprofile: CK7 + / CD117 - were identified. Mean patient age was 72 years (range 

43-84y) with a f:m ratio of 1,25:1. All patients presented with a well-circumscribed, unencapsulated, and 

solitary mass. Mean tumor size was 3 cm (range 1-6 cm). Microscopically, a morphological pattern 

composed of areas of compact, solid, and small nested grow alternate with well-demarcated hypocellular 
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and stromal edematous areas was found in all cases. Lymphoid aggregates were found the solid areas of 11 

cases. In 4 cases tubular architecture with occasional cysts was also seen. All tumors showed granular, 

moderate-voluminous cytoplasm. Focal perinuclear haloes were found in 12 cases. A rich network of vessels 

was present in all cases, with a multifocal distribution of ectatic and staghorn-configurated vessels in the 

solid areas. Nuclei were uniform, round or oval, with small to inconspicuous nucleoli. S100A and CK20 were 

consistently negative. SDHB was retained in all cases, and FH was retained in all 4 tested cases.  

Conclusion  

14 low-grade oncocytic renal tumors with CK7+/CD117– profile demonstrated a characteristic and highly 

consistent morphologic pattern. Our findings are similar with those reported by Trpkov et al., and therefore 

support the LOT as an emerging entity. The molecular characterization can further contribute to the 

refinement of this entity.  
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Question  

Renal cell tumors represent a group of histologically and molecularly heterogeneous diseases. Besides the 

three major subtypes (clear cell renal cell carcinoma (ccRCC), papillary renal cell carcinoma (pRCC) and 

chromophobe renal cell carcinoma (chRCC)) many more malignant and benign tumors exist. A better 

understanding of this disease is necessary to improve the current diagnosis and subsequent appropriate 

treatment. Since Mass Spectrometry Imaging (MSI) enables the direct assessment of spatial molecular 

arrangements in tissue sections it goes far beyond microscopy and it is ideal for this endeavor.  

Methods  

Two mixed tissue microarrays (TMAs) comprising duplicate samples from 92 patients were included in this 

study: 28 ccRCC, 20 chRCC, 18 pRCC, 19 oncocytomas, 4 angiomyolipomas, 2 clear cell papillary RCC, 1 

SDHB-deficient RCC. The TMAs were subjected to on-tissue tryptic digestion and incubated in a humid 

environment followed by matrix application (alpha-cyano-4-hydroxycinnamic acid) using an automated 

sprayer (HTX Technologies). Samples were analyzed utilizing a Bruker RapifleX MALDI-TOF mass 

spectrometer. Subsequently, the matrix was removed, sections were stained by hematoxylin and eosin and 

scanned using the Aperio slide scanner for histopathological annotation. Data analysis was performed by 
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using the SCiLs Lab, FlexImaging 5.0 software (Bruker).  

Results  

On-tissue tryptic digestion revealed on average hundreds of tryptic peptides in the mass range from m/z 600-

3000. When comparing different tumor subtypes, ccRCC and chRCC as well as ccRCC and pRCC show a 

very similar peptide pattern. However, preliminary data analysis revealed distinctive m/z features (e.g. m/z 

944.5) that allow for distinction between ccRCC and pRCC with an accuracy of about 80%. Also, clear cell 

papillary RCC could be distinguished from pRCC and ccRCC with approximately 90% accuracy.  

Conclusion  

These initial results show that MSI can be utilized to distinguish between different renal tumor subtypes with 

high accuracy. Identification of the discriminative features could enable a better understanding of this 

heterogenous disease and potentially result in better and more reproducible subtyping.  
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