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I. Résumé 
 

Introduction: Le carcinome à cellules de Merkel (CCM) est un carcinome neuroendocrine 

primitif cutané rare et agressif. Dans 80% des cas l’intégration génomique du polyomavirus 

de Merkel (MCPyV) est observée, tandis que les 20% restant sont viro-négatifs, en lien avec 

l’exposition UV. 

Récemment, il a été démontré que la surexpression de SOX2 induite par l’inactivation de 

pRB constitue un déterminant majeur du développement des CCM, aussi bien pour les 

tumeurs viro-négatives que viro-positives. 

Ainsi, l’objectif de cette étude a été de déterminer les performances de la perte de 

l’expression de RB1 et de la surexpression de SOX2, évaluées par étude 

immunohistochimique, pour le diagnostic de CCM en pratique courante. 

 

Matériel et Méthodes: Au total, 196 CCM, 233 tumeurs épithéliales cutanées primitives non-

CCM et 70 carcinomes neuroendocrines (CNE) extra-cutanés ont été inclus dans cette étude 

et intégrés dans un tissue micro array. Les niveaux d’expression de SOX2 et de RB1 ont été 

évalués dans les 3 cohortes en utilisant un score semi-quantitatif, par deux pathologistes 

indépendants. Les performances diagnostiques de ces deux marqueurs ont été déterminées 

en utilisant le rapport de vraisemblance positive (positive likelihood-ratio, LHR+). 

 

Résultats: Une expression diffuse et intense de SOX2 n’était que rarement observée parmi 

les tumeurs cutanées non-CCM (n = 3/193, 2%) alors qu’elle était observée dans la majorité 

des CCM (n = 165/181, 92%, LHR+ = 58.7). L’expression diffuse de SOX2 était plus 

fréquemment observée dans les CCM que parmi les CNE extra-cutanés (n = 15/50, 30%, 

LHR+ = 3.0). 

La perte d’expression de RB1 était décelée dans 52 cas de CCM (30%), 22 tumeurs cutanées 

non-neuroendocrines (12%) et 32 CNE extra-cutanés (63%). Parmi les cas de CCM, la perte 

de RB1 était mise en évidence dans tous les cas de CCM MCPyV (-), alors que tous les cas de 

CCM MCPyV (+) exprimaient RB1 (Sensibilité = 100%, Spécificité = 100%). 

 

Discussion: SOX2 apparait comme un marqueur pertinent pour le diagnostic de CCM alors 

que le type d’expression de RB1 permet de déterminer le statut viral au sein des CCM. 

 

Mots clés : Carcinome à cellules de Merkel, SOX2, RB1, immunohistochimie, Polyomavirus  
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II. Abstract 
 

MCC (Merkel cell carcinoma) is an aggressive primary neuroendocrine neoplasm of the skin. 

In 80% of the MCC cases, integration of the Merkel cell polyomavirus (MCPyV) is observed 

while the remaining 20% are MCPyV-negative with UV-related etiology.  Both MCPyV-

positive and -negative MCCs – albeit by different mechanisms - are associated with RB1 

inactivation leading to overexpression of SOX2, a major contributor to MCC development. 

Accordingly, SOX2 diffuse expression was recently observed in almost all MCC samples. By 

contrast, loss of RB1 expression was reported to be restricted to the MCPyV-negative cases. 

Thus, the aim of the present study was to assess the performances of SOX2 overexpression 

and RB1 loss detected by immunohistochemistry to diagnose MCC and determine MCPyV 

status. 

Overall, 196 MCC tumors, 233 non-neuroendocrine skin neoplasms and 70 extra-cutaneous 

neuroendocrine carcinomas (NEC) were included in the study. After inclusion in a tissue 

micro-array, SOX2 and RB1 expression levels were assessed by immunohistochemistry and 

evaluated by two pathologists using a semi-quantitative score. Diagnostic performances 

were then determined using the likelihood-ratio (LHR).  

SOX2 diffuse expression was observed in more than 90% of the MCC cases (165 of 181 

interpretable cases, 92%) and almost never observed in non-neuroendocrine skin epithelial 

neoplasms (3 of 193 interpretable cases, 2%, p<0.0001, LHR+ = 58.7). Furthermore, SOX2 

diffuse staining was more frequently observed in MCCs than in extra-cutaneous NECs (15 of 

50 interpretable cases, 30%, p<0.0001, LHR+ = 3.0).  

RB1 expression loss was evidenced in 52 MCC cases (30%), 22 non-neuroendocrine skin 

tumors (12%) and 32 extra-cutaneous NEC (63%). Importantly, among MCC cases, RB1 loss 

was detected in all MCPyV(-) MCCs, while MCPyV(+) cases were consistantly RB1-positive 

(p<0.0001, Sensitivity = 100%, Specificity = 100%). These results suggest SOX2 to be a 

relevant diagnostic marker of MCC while RB1 appears as a robust predictor of MCC viral 

status. 

 

Key words : Merkel cell carcinoma, SOX2, RB1 immunohistochemistry, Polyomavirus 
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III. Introduction 
 

A. Historique  
 

La cellule de Merkel a été initialement identifiée en 1878 par Friedrich Sigmund Merkel, 

anatomiste et histologiste allemand. Cette cellule se localise au niveau de la basale 

épidermique et à la partie supérieure (infundibulum) du follicule pileux. Les cellules de 

Merkel se disposent en éléments isolés et sont parfois regroupées en amas (« touch 

dome »), notamment en peau acrale où elles sont plus nombreuses. Ces cellules sont en 

contact étroit avec la portion terminale de fibres nerveuses myélinisées(1). Cette relation 

étroite avec les terminaisons nerveuses de petit calibre des extrémités a été étayée par 

étude en microscopie électronique et suggère un rôle de mécanorécepteur des cellules de 

Merkel(1). En 2010, Van Keymeulen et al.(2) ont démontré que les cellules de Merkel 

dérivent de progéniteurs kératinocytaires de la basale épidermique suite à un processus de 

différenciation impliquant le facteur de transcription Atonal homolog 1 (ATOH1) en 

association avec l’inhibition de la voie Notch. 

En 1972, une nouvelle entité décrite comme  « carcinome trabéculaire cutané» est 

rapportée par Toker et al(3). Celle-ci se caractérise comme une prolifération carcinomateuse 

localisée dans le derme ou l’hypoderme, sans connexion à l’épiderme, composée de travées 

et de nids de cellules basaloïdes de petite taille.  Les études ultrastructurales menées en 

1978 mettent en évidence un phénotype proche des cellules de Merkel avec la présence de 

de granules neurosecrétoires dans le cytoplasme des cellules tumorales, conduisant à 

nommer cette entité « carcinome à cellules de Merkel » (CCM)(4). Mais si des similitudes 

phénotypiques  entre ce carcinome et les cellules de Merkel ont été observées, à ce jour, 

une relation histogénétique n’a pas pu être prouvée(5).  
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B. Clinique, épidémiologie et prise en charge 
 

Le CCM est un carcinome cutané rare dont l’incidence, en constante augmentation, est 

estimée à 0,5 pour 100000 habitants en Europe(6,7). Il survient principalement chez le sujet 

âgé(8) et l’immunodépression apparaît comme l’un des principaux facteurs de risque(9). La 

présentation clinique est non spécifique. La tumeur apparaît comme un nodule non 

douloureux à surface lisse, le plus souvent en zones photoexposées(10). 

Le diagnostic est souvent réalisé à un stade métastatique (27% de malades sont porteurs de 

métastases ganglionnaires et 7% présentent des métastases viscérales au moment du 

diagnostic)(8). Le traitement des formes localisées associe une exérèse chirurgicale à la 

radiothérapie alors qu’une chimiothérapie à base de sels de platine sera proposée pour les 

stades avancés(11). L’efficacité des anti-PDL1 (Avelumab) a récemment été mise en 

évidence(12) et cette molécule possède aujourd’hui l’autorisation de mise sur le marché en 

seconde ligne dans cette indication en France (commission de la transparence, avis du 18 

Mars 2020 – HAS). 

 

C. Histologie  
 

Sous le microscope, le CCM est un carcinome neuroendocrine de haut grade. Il correspond à  

une prolifération tumorale de siège dermique et/ou hypodermique, le plus souvent sans 

connexion à l’épiderme(5), dont l’architecture peut-être trabéculaire, solide ou diffuse. Les 

cellules tumorales sont de taille petite à moyenne, à rapport nucléo/cytoplasmique élevé et 

possèdent une chromatine fine dite « poivre et sel » (Figure 1). Des différences 

morphologiques ont été rapportées entre les CCM viro-positifs et viro-négatifs(13) : les 

cellules du CCM viro-positif sont dotées de peu de cytoplasme et d'un noyau rond à 

chromatine poussiéreuse alors que les cellules des CCM viro-négatifs comporte souvent un 

cytoplasme clair plus abondant et un noyau irrégulier (fusiforme). Le caractère agressif de la 

tumeur est souvent marqué par la présence d’une nécrose tumorale et de nombreuses 

figures mitotiques. 
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Les principaux diagnostics différentiels incluent les différentes tumeurs indifférenciées à 

petites cellules rondes et bleues. Celles-ci regroupent les hémopathies aiguës (leucémies 

aiguës) et chroniques (leucémie lymphoïde chronique) ainsi que certains sarcomes 

(synovialosarcome, rhabdomyosarcome, Primitive Neuroectodermal Tumors (PNET)). A cela, 

on peut ajouter les carcinomes primitivement cutanés, peu différenciés composés de 

cellules basaloïdes (carcinome basocellulaire, carcinome épidermoïde peu différencié, 

carcinome sébacé, porocarcinome etc.). Le mélanome, pouvant prendre des formes diverses 

et variées, doit être éliminé.  

Mais avant tout, le diagnostic différentiel majeur à considérer est la métastase d’un 

carcinome neuroendocrine d’une origine extra-cutanée. Ainsi, devant toute tumeur cutanée 

présentant les caractéristiques d’un CCM, l’OMS recommande de réaliser systématiquement 

une exploration radiologique pulmonaire afin d’éliminer une localisation primitive 

viscérale(5).  

L’étude immunohistochimique révèle une expression par les cellules tumorales du CCM des 

marqueurs épithéliaux (pancytokératines AE1/AE3), neuroendocrines (chromogranine A, 

synaptophysine et CD56) et, dans la majorité des cas, de la cytokératine 20 avec un 

marquage en boule paranucléaire (Figure 1).  Récemment, notre équipe et d’autres(14,15) 

ont identifié deux marqueurs, le Neurofilament et SATB2, dont l’expression 

immunohistochimique apparaît comme un outil performant pour distinguer un CCM de la 

métastase d’un carcinome neuroendocrine extra-cutané. Les cellules tumorales n'expriment 

le plus souvent pas le TTF1, marqueur habituellement positif dans les carcinomes 

neuroendocrines d'origine pulmonaire. Par ailleurs, la fréquente expression de certains 

marqueurs lymphoïdes(16) par les cellules tumorales (jusqu’à 100% de positivité avec  PAX5 

et 72,8% avec Tdt) ne doit pas faire porter à tort le diagnostic d’hémopathie maligne.  
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Figure 1 (adaptée de  Kervarrec et al 2019 (13)).  Caractéristiques morphologiques et immunohistochimiques du carcinome à cellules de 
Merkel.  (A-C) : coloration HPS. Plage de cellules tumorales présentant une activité mitotique élevée (barre = 100 μm). Alors que les cellules du 
CCM viro-positifs (A,B) sont dotées de peu de cytoplasme et d'un noyau rond à chromatine poussiéreuse, les cellules des CCM viro-négatifs 
arborent un cytoplasme clair plus abondant et un noyau irrégulier (C). (D) Expression cytoplasmique de la chromogranine A. (E) expression de la 
CK20 selon un pattern en dot para nucléaire ; (F) absence d'expression du TTF1 (thyroïde transcription factor-1) ; (G) Expression membranaire 
de la synaptophysine ; (H) Expression membranaire du CD56 ; (I) expression nucléaire de SATB2 (special AT-rich sequence-binding protein 2) ; 
(J) expression de neurofilament  selon un pattern en dot para nucléaire ; (K) Expression faible de TDT (terminal deoxy nucleotidyl transferase) 
par les cellules tumorales ; (L) expression faible de PAX5 (paired box 5) par les cellules tumorales en comparaison aux lymphocytes 
intratumoraux (flèches).  
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D. Virologie 
 

La constatation d’une forte prévalence du CCM chez les patients immunodéprimés a permis 

de suspecter une origine infectieuse de ce cancer. En effet en 2008, une équipe américaine 

dirigée par Moore(17), met en évidence la séquence d’un virus intégré au sein du génome 

d’environ 80% des CCM. Ce virus, jusque là encore inconnu, fait partie de la famille des 

polyomaviridae et a été nommé polyomavirus à cellules de Merkel (MCPyV). Il est considéré 

par l’International Agency for Research on Cancer (IARC) comme agent carcinogène 2A. Il 

s’agit d’un virus à ADN circulaire double brin, non enveloppé, de forme icosaédrique et de 

symétrie T7. Trois régions s’individualisent au sein de son génome de 52000 paires de 

bases(17) (Figure 2). La première correspond à une séquence non codante permettant 

d’initier la réplication (l’origine de réplication). La seconde intéresse les séquences codant 

les protéines intervenant lors de la phase précoce de l’infection (antigènes petit T (AgsT) et 

grand T (AgLT)). Enfin, la troisième est constituée des séquences codant les protéines 

impliquées dans la phase tardive (protéines de capside, VP1 et VP2).  

Au sein de la population générale, ce virus est présent chez plus de 85% des adultes(18,19) 

chez lesquels il se réplique au sein du derme papillaire sans manifestation pathologique(20). 

Dans de rares cas, l’exposition solaire et l’immunodépression seraient à l’origine de 

l’intégration de l’ADN viral au génome du sujet hôte, induisant le processus de 

carcinogenèse(17). Ce dernier implique des mutations ou délétions du génome viral dans la 

séquence l’AgLT aboutissant à l’expression de formes tronquées de la protéine(17). Ainsi, au 

sein de la tumeur, les deux seules protéines exprimées sont l’AgLT(21)sous une forme 

tronquée et l’AgsT(22), possédant toutes deux un potentiel oncogénique. 

Deux sous-groupes sont alors à distinguer, les CCM viro-positifs et les CCM viro-négatifs. Ces 

derniers seraient secondaires à l’exposition aux ultraviolets, ils présentent une charge 

mutationnelle très élevée et un pronostic plus péjoratif, bien que ceci soit 

controversé(23,24). 
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Figure 2. Génome du MCPyV (adapté de Feng et al. 2008)   
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IV. Contexte du travail 
 

Suite à la découverte du MCPyV en 2008, une collaboration a été mise en place entre 

virologues de l’équipe de recherche « Biologie des infections à polyomavirus » (UMR INRA 

ISP 1282, Université François Rabelais de Tours) dirigée par le Pr Antoine Touzé, les services 

de Dermatologie et d’Anatomie et cytologie pathologiques du CHU de Tours.  Cette 

collaboration a permis la mise en place d’une collection biologique multicentrique, intégrant 

une sérothèque et une cohorte historico-prospective de tumeurs incluses en paraffine. Cette  

cohorte prospective multicentrique, historico-prospective, toujours en cours d'alimentation 

à l'heure actuelle est composée d'échantillons tumoraux issus de huit centres français 

(Tours, Orléans, Poitiers, Rennes, Angers, Besançon, Boulogne-Billancourt, Le Mans). Dans 

un premier temps, les travaux ont porté sur la sérologie avec la mise en évidence d’une 

sous-population de patients présentant un taux sérique d’anticorps anti-VP1 élevé associé à 

une meilleure survie(25). Par la suite, le dosage sérique d’anticorps anti AgLT a été identifié 

comme méthode de suivi des patients(26). Enfin, des travaux de métabolomique tumorale 

(étude de la vitamine D(27)  et de l’expression des récepteurs de la somatostatine(28)) ainsi 

que sur les interactions du CCM avec le système immunitaire(28) ont été réalisés. 

Portant un intérêt grandissant envers la Dermatopathologie au cours de mon internat, suite 

à l’enseignement enrichissant des dermatopathologistes du service d’anatomie et cytologie 

pathologique de l’hôpital Trousseau de Tours (Dr Anne de Muret, Dr Marie Christine Machet, 

Dr Thibault Kervarrec), je me suis vu proposer ce travail par le Dr T. Kervarrec.  

Cette étude fait suite à deux observations récentes. D’une part, la surexpression de SOX2 

induite par l’inactivation de RB1 semble contribuer au développement des CCM, aussi bien 

pour les tumeurs viro-négatives que viro-positives(29–31) ; d’autre part, la perte 

d'expression de RB1 est le résultat de mutations ponctuelles/perte d'hétérozygotie dans les 

CCM viro-négatifs(32–34) alors qu'elle est secondaire à une séquestration par l’AgLT sans sa 

destruction dans les CCM viro-positifs(21).  
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Ainsi, l’objet de cette étude a été d'évaluer par immunohistochimie : 1) les performances de 

SOX2 comme marqueur diagnostique de CCM, et 2) les performances de RB1 comme 

prédicteur du statut viral des CCM. 

Pour cela, nous avons considéré trois cohortes distinctes : une cohorte de CCM, des tumeurs 

épithéliales cutanées non CCM, et des carcinomes neuro endocrines extra-cutanées. Les 

cohortes de CCM et de carcinomes neuroendocrines extra-cutanés étaient préalablement 

constituées et intégrées dans un TMA. Une partie du travail de ma thèse a été de 

sélectionner un large panel de tumeurs épithéliales cutanées bénignes et malignes afin de 

créer une troisième cohorte. Après avoir vérifié l’exactitude du diagnostic posé et envoyé en 

relecture les cas de diagnostic incertain (cas relus par Dr Marie-Laure Jullie, CHU Bordeaux), 

nous avons sélectionné les zones d’intérêt pour intégration au sein d’un TMA, fabriqué par 

une technicienne du service (C. Coco). 

Ce travail a été réalisé sous la direction du Dr Thibault Kervarrec, en collaboration avec le 

Professeur Mahtab Samimi pour l’analyse des données cliniques. Il fait actuellement l’objet 

d’une soumission sous la forme d’un article en anglais dans la revue Modern Pathology.  
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V. Investigation of the RB1-SOX2 axis constitutes a tool for 

diagnosis and viral status determination in Merkel cell carcinoma 
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Abstract 

 

MCC (Merkel cell carcinoma) is an aggressive primary neuroendocrine neoplasm of the skin. 

In 80% of the MCC cases, integration of the Merkel cell polyomavirus (MCPyV) is observed 

while the remaining 20% are MCPyV-negative with UV-related etiology.  Both MCPyV-

positive and -negative MCCs – albeit by different mechanisms - are associated with RB1 

inactivation leading to overexpression of SOX2, a major contributor to MCC development. 

Accordingly, SOX2 diffuse expression was recently observed in almost all MCC samples. By 

contrast, loss of RB1 expression was reported to be restricted to the MCPyV-negative cases. 

Thus, the aim of the present study was to assess the performances of SOX2 overexpression 

and RB1 loss detected by immunohistochemistry to diagnose MCC and determine MCPyV 

status. 

Overall, 196 MCC tumors, 233 non-neuroendocrine skin neoplasms and 70 extra-cutaneous 

neuroendocrine carcinomas (NEC) were included in the study. After inclusion in a tissue 

micro-array, SOX2 and RB1 expression levels were assessed by immunohistochemistry and 

evaluated by two pathologists using a semi-quantitative score. Diagnostic performances 

were then determined using the likelihood-ratio (LHR).  

SOX2 diffuse expression was observed in more than 90% of the MCC cases (165 of 181 

interpretable cases, 92%) and almost never observed in non-neuroendocrine skin epithelial 

neoplasms (3 of 193 interpretable cases, 2%, p<0.0001, LHR+ = 58.7). Furthermore, SOX2 

diffuse staining was more frequently observed in MCCs than in extra-cutaneous NECs (15 of 

50 interpretable cases, 30%, p<0.0001, LHR+ = 3.0).  
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RB1 expression loss was evidenced in 52 MCC cases (30%), 22 non-neuroendocrine skin 

tumors (12%) and 32 extra-cutaneous NEC (63%). Importantly, among MCC cases, RB1 loss 

was detected in all MCPyV(-) MCCs, while MCPyV(+) cases were consistantly RB1-positive 

(p<0.0001, Sensitivity = 100%, Specificity = 100%). These results suggest SOX2 to be a 

relevant diagnostic marker of MCC while RB1 appears as a robust predictor of MCC viral 

status.  
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Introduction 

 

MCC (Merkel cell carcinoma) is a rare and aggressive neuroendocrine carcinoma of the skin 

with a 5-year overall survival rate of 40%1. Under the microscope, MCC appears as a poorly 

differentiated tumor with high grade neuroendocrine carcinoma features. Main differential 

diagnosis include other basaloid and/or poorly differentiated skin tumors and metastasis 

from extra-cutaneous neuroendocrine carcinomas2–5.  In addition to Cytokeratin 20 (CK20), a 

panel of immunohistochemical markers may be required for MCC identification notably in 

difficult to diagnose cases such as MCCs without primary or Cytokeratin 20-non expressing 

cases5–7.   

 

In 2008, Feng et al. identified a polyomavirus integrated in the genome of MCC cells and 

accordingly named it Merkel cell polyomavirus (MCPyV)8. MCPyV Integration is detected in 

approximately 80% of MCC cases8 and the expression of the two early phase viral 

oncoproteins i.e. small T and Large T is regarded  as the main oncogenic event triggering 

oncogenesis of MCPyV-positive MCCs. The remaining 20% of MCC lacking MCPyV integration 

represent a distinct tumor subset characterized by high tumor mutational burden and 

prominent UV signature9–11. Importantly, inactivation of the same molecular pathways, 

mainly RB1 and TP53, has been suggested to account for the common phenotype observed 

in both  settings2.  

 

While the Merkel cell was for long regarded as the cell of origin of MCCs, it is now 

acknowledged that similarities between Merkel cells and MCCs are due to phenotypic 
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changes acquired during MCC oncogenesis12,13.  Indeed, in MCPyV-positive MCCs, expression 

of Large T and subsequent RB1 sequestration induce overexpression of ATOH1 (“atonal 

bHLH transcription factor 1”) and SOX2 (SRY-box transcription factor 2)12,13, two critical 

transcription factors driving Merkel cell differentiation14,15. Similarly, inactivating mutations 

and/or deletion of RB1 resulting in SOX2 overexpression were demonstrated in a large 

portion of the MCPyV-negative tumors9,16–19. 

 

In normal skin, SOX2 expression is limited to Merkel cells and melanocytes26. Moreover, only 

focal SOX2 expression restricted to tumor initiating cells was observed in non-MCC epithelial 

skin cancers i.e. squamous and basal cell carcinomas20,21. By contrast, recent demonstration 

of diffuse SOX2 positivity in most of the MCC tumors22 suggests that SOX2 could represent a 

potential MCC diagnostic marker.  

 

RB1 inactivation was demonstrated as a crucial molecular determinant for both SOX2 

overexpression23,24 and  MCC development25. Preserved RB1 expression was however 

reported in virtually all MCC samples by some authors26, while others observed loss of RB1 

immunohistochemical expression only in a minority of cases, in association with MCPyV-

negative status and a poor outcome (57 to 87% of the MCPyV-negative cases)17,27,28. Indeed, 

combination of truncating mutation and  loss of heterozygosity has been described to result 

in RB1 expression loss in MCPyV-negative cases9,16–18, while only sequestration of this 

protein by the Large T without its destruction was observed in MCPyV-positive MCCs26. 

Moreover, RB1 expression loss was further described in non MCC cutaneous neoplasms29,30. 
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Therefore, although not diagnostic for MCC, RB1 immunohistochemical detection might 

constitute a potential tool for MCPyV status determination. 

 

In this context, the main objective of the present study was to assess the performances 1) of 

SOX2 immunohistochemistry to distinguish MCCs from other cutaneous tumors and extra-

cutaneous neuroendocrine carcinomas and 2) of RB1 immunohistochemistry to determine 

MCPyV status using a multimodal approach as a gold standard.  
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Methods 

Design and settings  

MCC cases were selected from a historical/prospective multicentric French cohort of 

patients with a diagnosis of MCC established between 1998 and 2020 (Local Ethics 

Committee in Human Research, Tours, France; no. ID RCB 2009-A01056-51). Inclusion 

criteria of the cohort were previously described18, 19. Briefly, tumors with available formalin-

fixed and paraffin-embedded tissue samples were included as MCC cases if they displayed a 

compatible morphology with the combination of CK20 positivity and at least one 

neuroendocrine marker (synaptophysin and chromogranin A)1. CK20 negative MCCs were 

also included showing expression of at least two neuroendocrine markers together with the 

absence of any visceral neuroendocrine carcinoma confirmed by imaging work-up 

(Computerized tomography scan or 18-Flurodeoxyglucose-Positron emission tomography 

scan). Cases of MCC without a skin primary tumor were identified as previously described20.  

Non MCC primary cutaneous neoplasms (detailed in Supplementary Table 1) were extracted 

from the archives of one pathology department (Tours, France). Squamous cell carcinomas, 

basal cell carcinomas and various adnexal tumors were selected to constitute a 

representative set of epithelial skin tumors. All cases were reviewed collegially by at least 

three pathologists to confirm diagnosis before inclusion (ST, MCM, MLJ,TK).  

Extra-cutaneous high grade neuroendocrine carcinomas (detailed in Supplementary Table 1) 

were extracted from the archives of one department of pathology as previously described16.  
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Clinical data 

Age, sex and location of the primary tumors were collected from patient files. Regarding 

MCC cases, American Joint Committee on Cancer stage at the time of diagnosis, immune 

suppression (HIV infection, organ transplant recipients, hematological malignancies)22 and 

follow-up data were also collected. 

 

Tissue microarray and immunochemistry  

All cases were included in a tissue microarray. Central intratumor areas without necrosis 

were selected on hematoxylin phloxin saffron (HPS)-stained sections to exclude non-specific 

staining. The selected areas were extracted by using a 1-mm tissue core and cores were 

mounted in triplicate on the tissue microarray by using a semi-motorized tissue array system 

(MTA booster OI v2.00, Alphelys). 

Immunohistochemical staining with Chromogranin A, Cytokeratin 7 (CK7), Cytokeratin 20 

(CK20), Insulinoma-associated protein 1 (INSM1), Insulin gene enhancer protein (ISL1), Large 

T Antigen (CM2B4), Neurofilament (NF), Retinoblastoma 1 (RB1), SRY (Sex determining 

region Y)-box 2 (SOX2), SATB2, Synaptophysin, P53, and Transcription termination factor 1 

(TTF1), was assessed using a BenchMark XT Platform as instructed. Immunohistochemical 

staining for Ab3 (targeting large T Antigen) was performed manually. Antibodies and 

dilutions are displayed in Supplemental Method S1. To note, CK20, NF and SATB2 expression 

have been previously reported in this cohort16 and are included in the present study only for 

comparison. 
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Interpretation of immunohistochemical staining 

The immunohistochemical stainings were evaluated independently by two pathologists (ST, 

TK) who were blinded to the clinical data. Discordant cases were secondarily collegially 

reviewed and ambiguous cases were reviewed on overall slides stainings (n=8). The 

interpretation of immunohistochemistry (staining categories) was pre-determined as 

previously described. CK20, NF and RB1 staining were classified binarily as positive or 

negative5,17; SOX220,22, Chromogranin A31,32, Synaptophysin31,32, SATB25, ISL133 and 

INSM131,34 staining were classified by using a semiquantitative score: 0: lack of staining, 1: 

low/moderate or heterogeneous expression (< 50% of positive cells), 2: intense and diffuse 

(> 50% of positive cells). A semiquantitative Allred score was used for evaluating CM2B4 

(Large T Antigen of MCPyV) and AB3; scores ≥ 2 were considered MCPyV-positive tumors, as 

described22.  

 

Detection and quantification of Merkel cell polyomavirus DNA by real time PCR  

Detection and quantification of Merkel cell polyomavirus DNA were performed by a biologist 

(AT) blinded to the clinical and immunohistochemical data. Genomic DNA was isolated from 

tissue samples by using the Maxwell 16 Instrument (Promega) with the Maxwell 16 formalin-

fixed and paraffin-embedded Plus LEV DNA purification kit (Promega). LTAg real-time PCR 

assay was performed as described25. The ΔCt method was used for quantification and results 

expressed as number of Merkel cell polyomavirus copies/cells (cut-off 1.2 copies/cell).  
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Serological assay 

Method of detection of serum antibodies against the MCPyV T antigens, a specific feature of 

MCPyV(+)-MCC patients, has previously been described56. Briefly, a fusion protein composed 

of amino acids 1–78 of T antigens fused at the C-terminus of glutathione-S-transferase (GST-

TAg1–78) was generated and used to coat an ELISA microplate. Human sera were serially 

diluted threefold and added to the coated wells. A positive titer was defined as a titer 

≥1/100.  

 

Viral status determination: a multimodal approach 

To determine the tumor viral status for MCC cases, we used a multimodal approach adapted 

from Moshiri et al32,33 and modified by adding a serological test. A case was considered 

MCPyV(+) when at least two out of four assays (MCPyV genome detection by real time PCR, 

immunohistochemical large T detection using CM2B4 and Ab3 antibodies, detection of 

serum antibodies against T-antigens) were positive.  Only cases with available results for the 

4 assays were included in the MCPyV-status analysis.  

 

Statistical analysis  

Continuous data was described with median (Q1–Q3) and categorical data with number (%) 

of interpretable cases. Categorical data were compared by two-tailed Fisher’s exact test. Due 

to multiple comparisons, P < 0.01 was considered statistically significant. Diagnostic accuracy 
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of index tests was determined in accordance with the STARD guidelines21. The inclusion 

criteria described above (Methods section, data and settings criteria) were considered the 

reference standards for the diagnosis and the multimodal assay was regarded as the 

reference standard for MCPyV status determination32,33. The diagnostic accuracy of index 

tests was compared with the reference standard by using the positive likelihood ratio as a 

measure of accuracy combining sensitivity and specificity. Index tests with positive likelihood 

ratio > 10 were considered efficient22. The relationship between patient characteristics and 

survival (recurrence-free and MCC-specific survival) were analyzed by log-rank tests and 

presented on Kaplan-Meier curves. Univariate and multivariate Cox proportional-hazards 

regression was used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) and 

identify factors associated with MCC recurrence and death from MCC. Specific deaths were 

considered events and living patients were censored on the date of last follow-up. 

Covariates with P<0.1 on Cox univariate regression analysis were identified as potential 

prognostic confounders and then included in the multivariate Cox analysis. Statistical 

analysis involved use of XL-Stat-Life (Addinsoft, Paris, France). P < 0.01 was considered 

statistically significant. 
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Results 

Patient characteristics  

196 MCC cases selected between 1998 and 2020 met the inclusion criteria and were 

included in this study (Figure 1/Flow Chart). Median age was 78 years (Q1–Q3: 70-85) and 

sex ratio was 1.29 (F/M: 105/81). Immunosuppression was identified in 8 % of the cases (n= 

13/169 available data). Patients were diagnosed on the basis of the American Joint 

Committee on Cancer stages with I, II, III, and IV stages in respectively 29, 35, 33 and 3% of 

the cases. Most common primary tumor sites were head or neck (33%) and lower limbs 

(30%). Among non MCC tumors, 233 cutaneous tumor cases and 70 extra cutaneous 

neuroendocrine carcinoma cases were used as control in the present study (Figure 1/Flow 

Chart).   

To determine the MCPyV status in MCC tumors, a multimodal approach combining two 

immunohistochemical Large T detection protocols (using Ab3 and CM2B4 clones), MCPyV 

genome amplification by real time PCR and circulating T-antigen antibodies detection was 

used as a reference test as previously described11. Using such an approach, 

immunohistochemical Large T antigen expression, MCPyV genome and circulating T antigens 

antibodies were detected in 117, 131 and 68 cases respectively (68%, 75% and 45% of 

interpretable samples). To note, in 3 MCPyV positive cases, an expression of the Large T was 

observed using the AB3 antibody while CM2B4 remained negative. Subsequent Western blot 

analysis of one of these cases with available frozen material confirmed that CM2B4 can miss 

some MCPyV-positive cases (Supplementary Figure 1). 

Among the 115 cases with available results for the four assays, 29 MCPyV-negative (25%) 

and 86 MCPyV-positive cases (75%) were identified (Table 3-Supplementary Table 2).   
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SOX2, is an accurate marker to distinguish MCCs from other cutaneous epithelial tumors. 

To determine whether intense and diffuse SOX2 positivity (score 2) might represent a 

diagnostic marker to distinguish MCCs from other skin tumors, SOX2 expression was 

investigated in the MCC cohort and in 233 non MCC skin tumors (Table 1/Figure 

1/Supplementary Figure 2).  

Intense and diffuse SOX2 expression was detected in 92% of the MCC tumors (score 2, 

n=165/181 interpretable cases) while the few remaining cases displayed 

heterogeneous/focal positivity (score 1, n=10, 5%) or lack of expression (score 0, n=6, 3%). 

By contrast, among the 193 non-MCC skin tumor samples with interpretable staining, score 2 

SOX2 expression was only observed in 3 cases (2%) including two squamous cell carcinomas 

and one Bowen’s disease. In addition, 33 non-MCC epithelial tumors (17%) were rated with a 

SOX2 score of 1 demonstrating either focal (3,5% of squamous cell carcinoma (n=2/56)) or 

patchy expression (14% of basal cell carcinoma (n=5/35), 28% of invasive squamous cell 

carcinoma (n=16/56), 25% of Bowen’s disease (n=4/16) and 75% of trichoblastoma (n=6/8)) 

(Supplementary Figure 3).  

Thus, intense and diffuse SOX2 staining appeared as a relevant criterion to distinguish MCC 

from other epithelial tumors (Sensitivity = 91%, Specificity = 98%, LHR+ = 58.7).  

 

With respect to RB1 staining, it has to be noted that as previously reported28, RB1 loss was 

only observed in a minority of the MCC samples (n=52, 30%) and was further detected in 22 

non MCC cutaneous tumor samples including 8% of squamous cell carcinomas (n=4/42), 6% 
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of basal cell carcinomas (n=2/36), 63% of Bowen’s diseases (n=10/16), 100% of sebaceous 

carcinomas (n=2/2), 11% of hidradenomas (n=1/9), 17% of Paget’s disease (n=1/6) and 67% 

of porocarcinomas (n=2/3) (Supplementary Table 1) confirming that RB1 loss alone can not 

be used as a MCC diagnostic marker (LHR+=2.44 ( 1.5-3.9)). 

 

We then aimed to compare diagnostic performances of SOX2 with previously described MCC 

markers i.e. Cytokeratin 20 (CK20), Chromogranin A, INSM1, ISL1, Neurofilament (NF), SATB2 

and Synaptophysin.   

Positivity of CK20, NF and SATB2 was observed in 91% (n=178/195), 80% (n=154/193) and 

68% (n=129/189) of MCC samples, while these markers were completely lacking in non MCC 

cutaneous tumors (Sensitivity = 91%, 80% and 68% respectively, Specificity = 100%) (Table 

1). Moreover, INSM1 and ISL1, usually positive in neuroendocrine neoplasms, appeared as 

relevant additional diagnostic markers in this context (LHR+>10), frequently observed in 

MCCs (n=170/175, 97% and n=173/182, 95% respectively) and very rarely positive in non-

MCC cutaneous tumors. INSM1 was detected in one squamous cell carcinoma and ISL1 in 

one Bowen’s disease (Supplementary Figures 4-5). Thus, in combination with the three well-

established MCC markers i.e. CK20, NF and SATB2, SOX2, INSM1 and ISL1 strongly 

discriminated MCCs from non-MCC skin tumors. By contrast, Chromogranin A harbored a 

lower specificity (85%) in this setting with a low positive LHR value (5.6). Indeed, 

Chromogranin A was detected in 75 % of trichoblastomas (patchy expression) and in 67% 

(n=32/48) of basal cell carcinoma (weak and heterogeneous expression n=18/32 ; 56%; 

diffuse and intense staining n=14/32 (44%)).  
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Since CK20 positivity is the most commonly used marker for MCC diagnosis, additional 

diagnostic tools will be of particular interest in case of CK20-negative tumors. SOX2 

overexpression was observed in 11/12 (92%) CK20-negative MCCs with interpretable SOX2 

staining confirming a potential interest of this marker in this setting. 

 

SOX2 is more frequently expressed in MCCs than in extra-cutaneous neuroendocrine 

carcinomas. 

Metastasis of other neuroendocrine carcinomas constitute an additional important 

differential diagnosis of MCC in the current practice. To further determine if SOX2 could 

discriminate MCC from metastasis of other neuroendocrine carcinomas, SOX2 expression 

was evaluated in 70 extra-cutaneous neuroendocrine carcinomas (Table 2/ Supplementary 

Table 1).  

SOX2 diffuse expression was observed in 92% of the MCC cases (n=165/181) and in 30% of 

extra-cutaneous NECs (n=15/50) (p<0.0001). Diagnostic performances of SOX2 in this setting 

turned out to be rather poor with a specificity of 70% and a sensitivity of 92% (LHR+ = 3.1). 

These performances are in the same range than those of INSM1 and ISL1, showing 

respectively a specificity of 46% and 72% (LHR+ = 1.5 and 3.4, respectively). By contrast, our 

study confirmed  CK20, NF and SATB2 to be highly performant to discriminate MCCs from 

extra-cutaneous NECs (LHR+ = 14.8 ; 17.1 ; 38.9, respectively)5.   

To conclude, SOX2 diffuse expression appears as a relevant marker to distinguish MCCs from 

other cutaneous skin tumors. By contrast, although more frequently observed in MCCs than 
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in extra-cutaneous neuroendocrine carcinomas, SOX2 alone harbored a poor diagnostic 

performance in this setting. 

 

RB1 expression is a surrogate marker of MCPyV status in MCC tumors 

To date, a standard reference test for MCPyV detection is still lacking and while 

immunohistochemical detection of the large T antigen has a modest sensitivity, MCPyV 

detection by real time PCR might detect episomal forms of the virus. Although 

controversial26, some previous studies demonstrated the association between 

immunohistochemical detection of  RB1 loss and MCPyV-negative status17,27. Thus, we 

sought to determine whether RB1 detection might constitute a surrogate marker to 

determine MCPyV status in MCCs. 

Using multimodal assay as gold standard for MCPyV status determination, RB1 expression 

was loss in all MCPyV-negative cases and was always preserved in MCPyV-positive cases, 

conferring to this antibody high sensitivity (100%) and specificity (100%) to determine 

MCPyV status (non-calculable LHR) (Table 3/Supplementary Table 2). Therefore, RB1 

displayed at least similar performances than quantitative PCR (Sensitivity = 100%, Specificity 

= 90%, LHR+ = 9.7) and Ab3 immunohistochemistry detection (Sensitivity = 94%, Specificity = 

100%, non-calculable LHR), which were higher than CM2B4 immunohistochemistry 

(Sensitivity = 70%, Specificity = 100%, non-calculable LHR). This also included detection of 

serum T-antigen antibodies (Sensitivity = 62%, Specificity = 97%, LHR+ = 17.9) for 

identification of MCC MCPyV-positive cases, when compared to the reference test by 

multimodal approach. 
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Accordingly in our series, Large T antigen expression was never detected by 

immunohistochemistry in RB1-negative cases (n=0/43, 0% and n=0/42, 0% with CM2B4 and 

Ab3 clones respectively). In contrast, the presence of virus was commonly detected in RB1-

expressing MCC cases (large T antigen expression detection with Ab3 clone n=105/118, 92% 

and real time PCR n=106/118, 96%) (Supplementary Table 3). Blood circulating T antigens 

were mostly not detected in RB1-negative cases (n=4/37, 10%) whereas frequently detected 

in RB1-positive cases (n=53/91, 58%). Moreover, RB1-non expressing cases harbored 

prototypic features of MCPyV(-) MCCs35,36 when compared to the others (Supplementary 

Table 3), more frequently localized on the head and neck region (p=0.009)  and displaying 

more recurrent expression of TTF1 (n=11/39, 28% vs n=4/106, 4% in RB1-expressing cases 

MCC) (p<0.0001), Cytokeratin 7 (n=13/38, 40% vs n=6/104, 6%) (p<0.0001) and aberrant 

expression of TP53 (n=27/38, 71% vs n=3/99, 3%) (p<0.0001) probably reflecting a mutation 

of this gene.   

In conclusion, these results suggest that the large majority of MCPyV-negative tumors in our 

cohort were associated with a loss of RB1 expression while RB1 was detectable in MCPyV-

positive cases.  

 

RB1, but not SOX2, is a relevant prognosis marker in MCCs.  

Determination of the MCPyV status might be relevant in current practice due to variations in 

follow-up strategies37,38 and prognosis39,40 between MCPyV-positive and negative tumors.   

In our cohort, follow-up data were available for 85 MCC cases. Median duration of follow up 

was 25 months (ranges 1–265) with 59 recurrences and 50 deaths reported. Univariate 
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analysis revealed that RB1 loss was associated with an increased risk for both recurrence and 

specific death (p=0.003 and p<0.001 respectively) as shown in Supplementary Tables 4 and 

5/Figure 3. Moreover, reduced recurrence free and specific survival was observed in male 

(p=0.045 and p=0.05) and older patients (p=0.039 and p=0.003).  

Regarding multivariate analysis, covariates identified as potential confounders on cox 

univariate analysis i.e. age and sex (Supplementary Table 4) were included in the 

multivariate model. This analysis demonstrated that RB1 loss was independently associated 

with recurrence (p=0.032) and specific death age (p=0.002)(Supplementary Table 5) 

confirming RB1 detection as a relevant prognosis marker. 
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Discussion 

In the present study, investigating SOX2 and RB1 expressions in 196 MCC cases, various 

primary cutaneous epithelial neoplasms and extra cutaneous neuroendocrine carcinomas, 

we identified diffuse SOX2 expression as a highly relevant tool to distinguish MCCs from 

other cutaneous tumors.  As a matter of fact, SOX2 score 2 expression was observed in 92% 

of MCCs and only in 2% of non-MCC skin tumors (LHR+ of 58.7(19.1-180.4)). Furthermore, 

while SOX2 expression was more frequent in MCCs than in other neuroendocrine 

carcinomas, using this marker alone as a diagnostic tool appeared of moderate interest in 

this setting (sensitivity = 92%, specificity = 70% and LHR+= 3.04). Finally, we demonstrated 

RB1 loss of expression to be a performant surrogate marker to identify MCPyV(-) MCC cases 

in the current practice (sensibility = 100%, specificity = 100%). Accordingly, RB1-non-

expressing cases were associated with worse outcomes and lacked circulating T antigen 

antibodies in patient’s blood, both features affecting patients management. 

 

SOX2 (SRY-box transcription factor 2) is an intronless gene located on chromosome 3 

(3q26.33) and encoding a member of the SRY-related HMG-box (SOX), belonging to the 

family of transcription factors involved in the regulation of embryonic development and in 

the determination of cell fate. Physiologically, SOX2 contributes to the pluripotency of 

embryonic stem cells and is involved in neural crest progenitor development41,42. As a matter 

of fact, experimental ectopic transduction of SOX2 together with 3 additional stem cell 

factors i.e. OCT3/4, KLF4 and C-MYC allows the dedifferentiation of fibroblasts into induced 

pluripotent stem cells43. In human skin, SOX2 expression is restricted to melanocytic and 

Merkel cell lineages41. Accordingly, in a transgenic mouse model, SOX2 knock-out results in a 
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remarkable decrease in Merkel cell number suggesting a crucial involvement of Sox2 in 

Merkel cell specification15,44. Indeed, by binding to the enhancer region of target genes, Sox2 

induces expression of Atoh1, the master regulator of Merkel cell differentiation14 and further 

activates transcription of Isl1, an additional factor contributing to this process15. Although 

being one of the earliest MC markers expressed in MC together with Atoh1, Sox2 is 

additionally required for MC maturation notably regarding Krt20 expression15. 

 

Importantly, while close phenotypic similarities between MCC and Merkel cells initially led to 

the conclusion that one derives from the other, this theory is now regarded as doubtful and 

Merkel cell like features are thought to be acquired during MCC oncogenesis13,45–48. Indeed, 

ectopic expression of MCPyV T antigens in keratinocytes results in Merkel cell-like 

differentiation processes22. Accordingly, ectopic Large T Antigen expression in fibroblasts 

induced ATOH1 transcription12 probably through RB1 inactivation, while T antigens knock 

out results in reduced SOX2 expression in MCC cell lines13. Therefore, such observations 

strongly suggested that T antigens in general and Large T especially via RB1 inhibition induce 

a Merkel cell-like process in tumor cells throughout hijacking the physiological MC 

differentiation process and activation of the SOX2 and ATOH1 genes.  

 

In this context, immunohistochemical detection of the transcription factor network involved 

in MC differentiation and induced by the MCPyV oncoproteins might represent a relevant 

tool for MCC diagnosis. While poor performances observed for ATOH1 immunohistochemical 

detection on FFPE tissues rules out its use as a diagnosis tool in current practice5, 

widespread expression of SOX222,41 and ISL133 in MCCs has already been acknowledged in 
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the literature. Accordingly, we demonstrated in this study high performances of both 

markers to distinguish MCCs from other skin tumors (Sensitivity = 91%, Specificity = 98%, 

LHR+ = 58.7 and Sensitivity = 95%, Specificity = 99%, LHR+ = 84.1). Indeed, while the use of 

Chromogranin A, Synaptophysin and CD56 is a rule to detect neuroendocrine differentiation 

in other organs, such markers harbored reduced specificity in the skin. Notably, expression 

of Chromogranin A and CD56 is observed in a large part of basal cell carcinoma49,50 as well as 

in rare sweat glands tumor entities51–53. Therefore, the use of SOX2 and ISL1 appeared as 

relevant tools to identify MCCs in this context. To note, in accordance with previous 

reports31,34 the transcription factor INSM1 was identified as the most performant tool to 

distinguish MCCs from other cutaneous epithelial tumors in our study. However, one 

squamous cell carcinoma case harbored a diffuse expression of this marker (Supplementary 

Figure 5) demonstrating the interest of an immunohistochemical panel for MCC 

identification. 

 

Although MCCs must be distinguished from other skin primary tumors3,7, the metastasis of 

an extra cutaneous NEC remains one additional MCC differential diagnosis in the current 

practice5. In a previous study, we identified SATB2 and neurofilament, in addition to the 

classical MCC marker CK20, as highly relevant tools in this setting5. By contrast, although 

reduced expression frequencies of SOX2 was observed in extra cutaneous NECs in 

comparison with MCCs, this marker harbored low diagnostic performances in this setting 

(LHR+ = 3.04). Indeed, SOX2 appears to be involved in the oncogenesis of other extra-

cutaneous neuroendocrine carcinomas including small cell lung cancers and prostatic 

neuroendocrine carcinomas23,54,55. Importantly, as previously described in MCCs, RB1 
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inactivation appears as a hallmark of small cell lung cancers56 and contributes to the 

acquisition of the neuroendocrine phenotype in this setting with SOX2 contributing to this 

process55,57. 

 

RB1 inactivation is a hallmark of both MCPyV-positive and –negative MCC tumors9–11,25. 

Indeed, while inactivating mutation/ loss of heterozygosity are observed in MCPyV-negative 

cases9–11,17, sequestration of RB1 by the large T antigen is crucial for cell proliferation 

maintenance in MCPyV-positive cases25,58. Importantly, large T sequestration inactivates RB1 

without the destruction of the protein as confirmed in our study25. By contrast, although 

controversial26, loss of RB1 is observed in MCPyV-negative MCCs suggesting RB1 as a 

potential marker for MCPyV determination status in current practice28. Distinction between 

MCPyV-positive and negative tumors is clinically relevant in daily practice to adapt the 

follow-up strategy37,39. Although controversial59, MCPyV-negative cases are probably 

associated with worse outcomes39 and therefore require more intensive follow-up37. 

Furthermore, blood detection of circulating T antigens targeting antibodies has been 

identified as a relevant tool in MCPyV-positive cases38,60 and is now available in several 

countries. However, standards for MCPyV determination are not yet well established61 and 

while PCR might lack specificity by detecting the wild type episomal form of the virus, 

immunohistochemistry using the CM2B4 antibody can also lack sensitivity61,62 as shown in 

this series. Therefore, in the present paper we showed that RB1 immunohistochemical 

detection was a relevant tool for MCPyV status determination in MCCs, highly correlating 

with the outcome and detection of T antigen targeting antibodies in patient’s serum. To 

note, although a perfect association between RB1 loss and MCPyV negative status was 
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observed in this study, homozygous RB1 deletion has been previously described in one 

MCPyV-positive case63, and we further recently observed one MCPyV-negative MCC tumor 

with preserved RB1 expression (personal observation). 

 

To conclude, based on recent advances in MCC biology understanding, we identified SOX2 as 

a relevant MCC diagnosis marker to distinguish MCCs from other epithelial skin tumors. 

Moreover, immunohistochemical detection of RB1 loss appeared as a valid surrogate 

immunohistochemical marker to predict the MCPyV status of MCCs. 
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Table 1. Expression of SOX2, RB1 and the established MCC markers Chromogranin A, CK20, INSM1, ISL1, NF, 
SATB2, Synaptophysin in MCC and non-MCC cutaneous tumors. 
 

Markers MCC (n=196) Non-MCC cutaneous 

tumors (n=233) 

p* ORR (95 CI%) Se Sp LHR(+) (95% CI) 

SOX2 

    Negative 

    Focal  (<50% cells) 

    Diffuse (>50% cells) 

Uninterpretable cases 

 

6 (3%) 

10 (5%) 

165 (92%) 

33 

 

157 (81%) 

33 (17%) 

3 (2%) 

40 

<0.0001 621 (178-3884) 91% 98% 58.7 (19.1-180.4) 

RB1 

    Negative 

    Positive 

Uninterpretable cases 

 

52 (30%) 

122 (70%) 

40 

 

22 (12%) 

161 (88%) 

50 

<0.0001 0.32 (0.17-0.57) 70% 12% 0.8 ( 0.7-0.9) 

Chromogranin A 

    Negative 

    Focal  (<50% cells) 

    Diffuse (>50% cells) 

Uninterpretable cases 

 

7 (4%) 

30 (16%) 

145 (80%) 

32 

 

141 (80%) 

11 (6%) 

25 (14%) 

56 

<0.0001 23 (13-43) 80% 85% 5.6 (3.9-8.2) 

Synaptophysin 

    Negative 

    Focal  (<50% cells) 

    Diffuse (>50% cells) 

Uninterpretable cases 

 

24 (13%) 

56 (31%) 

99 (55%) 

35 

 

175 (96%) 

7 (4%) 

0 

51 

<0.0001 156 (64-448) 86% 96% 22.5 (10.8-46.6) 

INSM1 

    Negative 

    Focal  (<50% cells) 

    Diffuse (>50% cells) 

Uninterpretable cases 

 

5 (3%) 

28 (16%) 

142 (81%) 

39 

 

173 (99%) 

0 

1 (1%) 

59 

<0.0001 714 (118-

16384) 

81% 99% 141 (20-998) 

ISL1 

    Negative 

    Focal  (<50% cells) 

    Diffuse (>50% cells) 

Uninterpretable cases 

 

5 (2.5%) 

4 (2.5%) 

173 (95%) 

32 

 

168 (95%) 

8 (4%) 

1 (1%) 

56 

<0.0001 1593 (336-

16384) 

95% 99% 84.1 (21-333) 

Cytokeratin 20 

    Negative 

    Positive 

    Isolated merkel cells 

Uninterpretable cases 

 

17 (9%) 

178 (91%) 

- 

19 

 

175 (100%) 

0  

3  

55 

<0.0001 - 

 

91% 100% - 

 

Neurofilament 

    Negative 

    Positive 

Uninterpretable cases 

 

39 (20%) 

154 (80%) 

21 

 

179 (100%) 

0 (0%) 

54 

<0.0001 - 80% 100% - 

SATB2 

    Negative 

    Focal  (<50% cells) 

    Diffuse (>50% cells) 

Uninterpretable cases 

 

24 (13%) 

36 (19%) 

129 (68%) 

25 

 

175 (98%) 

3 (2%) 

0 

55 

<0.0001 - 68% 100% - 

Results are expressed in number and percentages of interpretable cases. Categories used for sensitivity and specificity calculation are underlined in the table. Positive likelihood ratio 
could not be determined for CK20, NF and SATB2 expression. CK20 Cytokeratin 20,  INSM1 Insulinoma-associated protein 1, ISL1 Insulin gene enhancer protein, NF neurofilament, 
ORR: Odd ratio RB1 Retinoblastoma 1, SATB2 Special AT-rich sequence-binding protein 2, Se: Sensitivity, Sp: Specificity, SOX2 SRY-box transcription factor 2 a Fisher’s exact test.  
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Table 2.  Expression of SOX2, RB1 and the established MCC markers Chromogranin A, CK20, INSM1, ISL1, NF, 

SATB2, Synaptophysin in MCC and extra-cutaneous neuroendocrine carcinomas. 

Results are expressed in percentages of interpretable cases. Categories used for sensitivity and specificity calculation are underlined in the table. 

CK20 Cytokeratin 20,  INSM1 Insulinoma-associated protein 1, ISL1 Insulin gene enhancer protein, NF neurofilament, ORR: Odd ratio RB1 Retinoblastoma 

1, SATB2 Special AT-rich sequence-binding protein 2, Se: Sensitivity, SOX2 SRY-box transcription factor 2, Sp: Specificity. * Fisher’s exact test. Details 

regarding RB1 and SOX2 expression according to the histologic subtypes are available in Supplementary Table 1. 

 

  

Markers MCC  

(n=196) 

Extra-cutaneous 
neuroendocrine 

carcinomas (n=70) 

p* ORR  
(95% CI) 

Se Sp LHR(+) 
(95% CI) 

SOX2 
    Negative 
    Focal  (<50% cells) 
    Diffuse (>50% cells) 
    Uninterpretable cases 

 
6 (3%) 

10 (5%) 
165 (92%) 

33 

 
22 (44%) 
13 (26%) 
15 (30%) 

20 

<0.0001 23 (10-57) 92% 70% 3.1 (1.9-4.6) 

RB1 
    Negative  
    Positive 
    Uninterpretable cases 

 
52 (30%) 

122 (70%) 
40 

 
32 (63%) 
19 (37%) 

19 

<0.0001 3.9 (2-8) 70% 63% 1.9 (1.3-2.7) 

Chromogranin A 
     Negative  
     Focal (<50% cells) 
     Diffuse (>50% cells) 
    Uninterpretable cases 

 
7 (4%) 

30 (6%) 
145(80%) 

32 

 
13 (24%) 
14 (26%) 
26 (50%) 

17 

<0.0001 4.05 (2-8) 96% 24% 1.3 (1.1-1.5) 

Synaptophysin  
     Negative  
     Focal (<50% cells) 
     Diffuse (>50% cells) 
     Uninterpretable cases 

 
24 (13%) 
56 (31%) 
99 (55%) 

35 

 
6 (10%) 

16 (30%) 
32 (60%) 

16 

0.81 0.81 (0.25-2.2) 87% 11% 1.0 (0.9-1.1) 

INSM1 
    Negative 
    Focal  (<50% cells) 
    Diffuse (>50% cells) 
    Uninterpretable cases 

 
5 (3%) 

28 (16%) 
142 (81%) 

39 

 
6 (12%) 

16 (33%) 
26 (55%) 

22 

0.014 3.6 (1-7) 81% 46% 1.5 (1.1-1.9) 

ISL1 
    Negative 
    Focal  (<50% cells) 
    Diffuse (>50% cells) 
    Uninterpretable cases 

 
5 (2,5%) 
4 (2,5%) 

173 (95%) 
32 

 
22 (47%) 
12 (26%) 
13 (27%) 

23 

<0.0001 48 (18-142) 95% 72% 3.4 (2.1-5.4) 

Cytokeratin 20 
    Negative 
    Positive 
    Uninterpretable cases 

 
17 (9%) 

178 (91%) 
19 

 
61 (94%) 

4 (6%) 
5 

<0.0001 152 (48-659) 91% 94% 14.8 (5.7-38.4) 

Neurofiament 
    Negative 
    Positive 
    Uninterpretable cases 

 
39 (20%) 

154 (80%) 
21 

 
61 (95%) 

3 (5%) 
6 

<0.0001 78 (23-411) 80% 95% 17.1 (5.6-51.5) 

SATB2 
    Negative 
    Focal  (<50% cells) 
    Diffuse (>50%) 
   Uninterpretable cases 

 
24 (13%) 
36 (19%) 

129 (68%) 
25 

 
46 (80%) 
10 (18%)  

1 (2%) 
13 

<0.0001 118 (19-4736) 68% 98% 38.9 (5.5-272.1) 
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Table 3.  Performances of five assays to determine MCPyV status in Merkel cell carcinoma. 

 

The multimodal approach was used as gold standard. Only cases with results available for the four assays (qPCR, AB3, CM2B4, Serology) were included in this analysis. Results are 

expressed in number and percentages of interpretable cases. Categories used for sensitivity and specificity calculation are underlined in the table. Positive likelihood ratio could not 

be determined for RB1. qPCR  quantitative polymerase chain reaction, RB1 Retinoblastoma 1,Se: Sensitivity, Sp: Specificity, SOX2 SRY-box transcription factor 2 a Fisher’s exact test.  

 

 

  

 MCPyV-positive  

(n=86) 

MCPyV-Negative 

(n=29) 

Total, n  Se Sp LHR 

MCPyV genome detection (qPCR) 

    Positive 

    Negative 

    Uninterpretable cases 

 

83 (100%) 

0 (0%) 

0 

 

3 (10%) 

26 (90%) 

0 

 

83 

32 

0 

1.00 0.90 9.7 (3.3-28.2) 

Large T Antigen detection (CM2B4) 

    Positive 

    Negative 

    Uninterpretable cases 

 

60 (70%) 

26 (30%) 

0 

 

 

0 

29 (100%) 

0 

 

60 

55 

0 

0.70 1.00 

 

 

- 

 

 

Large T Antigen detection (Ab3) 

Positive 

Negative 

Uninterpretable cases 

 

81 (94%) 

5 (6%) 

0 

 

0 

29 (100%) 

0 

 

 

81 

34 

0 

0.94 1.00 - 

Serology (T antigens antibodies titer) 

 <1/100 

 >1/100 

 Uninterpretable cases  

 

 

33 (38%) 

53 (62%) 

0 

 

 

28 (97%) 

1 (3%) 

0 

 

 

61 

54 

0 

0.62 

 

 

0.97 17.9 (2.6-

123.5) 

RB1 

Positive 

Negative 

Uninterpretable cases  

 

 

81 (100%) 

0 

5 

 

 

0 

28 (100%) 

1 

 

 

81 

28 

6 

 

1.00 1.00 - 
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Figure 1. Flow of cases in the study 

 

 

 

  

Merkel cell carcinoma cases included in this 

study  

(n=196) 

 

Non-MCC cutaneous primary  epithelial 

tumors included in this study  

(n=233) 

Merkel cell 

carcinoma 

MCPyV - 

(n=29) 

Merkel cell 

carcinoma 

MCPyV + 

(n=86) 

 

Evaluate SOX2 and RB1 expression in Merkel cell carcinoma, non-MCC primary cutaneous epithelial tumors and extra-cutaneous NEC and compare it with 

other Merkel cell carcinoma markers (CK20, Chromogranin A, INSM1, ISL1, NF, SATB2, Synaptophysin) 

Extra-cutaneous NEC included in this study  

(n=70) 

Merkel cell carcinoma cases with confirmed 

diagnosis 

(n=295) 

Non-MCC primary cutaneous  epithelial 

tumors with confirmed diagnosis 

(n=254) 

 

Extra-cutaneous NEC cases with 

confirmed diagnosis (n=152) 

Cases without available 

FFPE samples (n=202) 

(n=233) 

Viral status determination (Ab3, CM2B4, qPCR 

and serum T-antigen antibodies ) 

 

Undeterminable 

viral status  

(n=81) 

 

Non MCC skin tumors and extra-cutaneous neuroendocrine carcinomas cohorts are detailed in Supplementary Table 1.  

Chromogranin A, Cytokeratin 20 (CK20), Insulinoma-associated protein 1 (INSM1), Insulin gene enhancer protein (ISL1), Neurofilament (NF), SRY-box transcription 

factor 2 (SOX2), Synaptophysin, Retinoblastoma 1 (RB1). MCPyV : Merkel cell polyomavirus  MCC : Merkel cell carcinoma NEC : Neuroendocrine carcinoma qPCR : 

quantitativ polymerase chain reaction LTAg : large T antigen 
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Figure 2. Representative illustration of SOX2, RB1 and Large T antigen expression in Merkel cell 

carcinoma and in other cutaneous tumors. 

 

Two Merkel cell carcinoma and a well differentiated squamous cell carcinoma are depicted   
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Figure 3. Kaplan-Meier survival curves in the RB1 expressing- and non expressing-MCC populations. 

A. Recurrence-free survival B. Overall survival 
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Supplementary Material 

Supplementary Method Table 1. Antibodies and dilutions used for immunohistochemistry. 

Supplementary Table 1. Expression of SOX2 and RB1 characterized by immunohistochemistry in non 

MCC skin tumors and in extra-cutaneous neuroendocrine carcinomas. 

Supplementary Table 2. SOX2 and RB1 expression in MCPyV+ and MCPyV- MCC and their 

comparison with classical MCC markers. 

Supplementary Table 3. Clinical, immunohistochemical and virological features of RB1-non 

expressing  and RB1 expressing MCC cases 

Supplementary Table 4. Univariate Cox analysis. 

Supplementary Table 5. Multivariate COX analysis 

Supplementary Figure 1. Immunohistochemical and Western Blot detection of Large T in one out 

three cases with negative CM2B4 immunostaining but with Ab3 expression.  

Supplementary Figure 2. Representative illustration of immunostainings in a MCPyV (+) MCC.  

 Supplementary Figure 3. Representative illustration of SOX2 score 1 expression in the non-MCC 

tumors cohort. 

Supplementary Figure 4. Representative illustration of ISL1 expression in our cohort. 

Supplementary Figure 5. Representative illustration of INSM1 expression in our cohort. 
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Supplementary Method Table 1. Antibodies and dilutions used for immunohistochemistry. 

CK: cytokeratin,  INSM1: Insulinoma-associated protein 1, ISL1: Insulin gene enhancer protein LTAg: large T-antigen, NF: neurofilament, RB: 

Retinoblastoma, SATB2: special AT-rich sequence-binding protein 2, SOX2: SRY-box transcription factor 2, TTF-1: thyroid transcription factor 1 

 

 

 

 

 

 

 

Antigen Clone Provider Dilution 

Chromogranin A LK2H10 ZYTOMED 1:400 

CK7 M7018 Dako 1:200 

CK20 M7019 Dako 1:100 

INSM1 A-8 Clinisciences 1:150 

ISL1 EP283 BioSB Prediluted 

Large T antigen  CM2B4 Santa Cruz 1:50 

Large T antigen Ab3 Abcam 1:1600 

NF 2F11 Dako 1:100 

p53 DO-07 Dako 1:50 

RB 13A10 Leica 1:50 

SATB2 SATBA4B10 Diagomics 1:50 

SOX2 SP76 CELL MARQUE Prediluted 

Synaptophysin DAK-SYNAP DAKO 1:50 

TTF-1 SP141 Roche Prediluted 
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Supplementary Table 1. Expression of SOX2 and RB1 characterized by immunohistochemistry in non MCC skin 

tumors and in extra-cutaneous neuroendocrine carcinomas. 

Non-MCC primary epithelial tumors  (n=233) SOX2 expression RB1 expression 

Score 0 Score 1 Score 2 Unavailable 

data 

Loss  Preserved Unavailable 

data 

Squamous cell carcinoma (n=86) 

    In situ/ Bowen’s disease (n=20) 

    Well differenciated (n=26) 

    Moderately differenciated (n=12) 

    Poorly differenciated (n=28) 

46 (64%) 

11 (69%) 

15 (71%) 

6 60%) 

14 (56%) 

23 (32%) 

4 (25%) 

4 (19%) 

4 (40%) 

11 (44%) 

3 (4%) 

1(6%) 

2 (10%) 

0 

0 

14  

4 

5 

2 

3 

14 (20%) 

10 (63%) 

0 

1 (10%) 

3 (15%) 

54 (80%) 

6 (37%) 

22 (100%) 

9 (90%) 

17 (85%) 

18 

4 

4 

2 

8 

Basal cell carcinoma (n=48)     

    Superficial (n=5) 

    Nodular (n=20) 

    Infiltrative (n=22) 

    Sclerodermiform (n=1)   

31 (86%)          

4 (80%)          

11 (73%)            

15 (100%)          

1 (100%) 

5 (14%) 

1 (20%)       

4 (27%) 

0 

0 

0 

0 

0 

0 

0 

12 

0 

5 

7 

0 

 

2 (6%) 

0 

0 

2 (13%) 

0 

34 (94%) 

5  (100%) 

15 (100%) 

13 (87%) 

1 (100%) 

12 

0 

5 

7 

0 

Tumors with follicular differentiation (n=32)        

    Trichoblastoma (n=10) 2 (25%) 6 (75%) 0 2 0 8 (100%) 2 
    Trichoepithelioma (n=7) 7 (100%) 0 0 0 0 7 (100%) 0 
    Trichilemmoma (n=5) 5 (100%) 0 0 0 0 5 (100%) 0 
    Proliferating pilar tumor (n=4) 3 (100%) 0 0 1 0 3 (100%) 1 
    Pilomatrixoma (n=5)         3 (100%) 0 0 2 0 3 (100%) 2 
    Pilomatrical carcinoma (n=1) 1 (100%) 0 0 0 0 1 (100%) 0 

Tumors with sebaceous differentiation (n=11)        
Sebaceous adenoma (n=9) 8 (100%) 0 0 1 0 8 (100%) 1 

Sebaceous carcinoma (n=2) 2 (100%) 0 0 0 2 (100%) 0 0 

Tumors with eccrine/apocrine differentiation (n=56)        

    Hidradenoma (n=10) 9 (100%) 0 0 1 1 (11%) 8 (89%) 1 
    Spiradenoma (n=11) 10 (100%) 0 0 1 0 10 (100%) 1 
    Cylindroma (n=2) 2 (100%) 0 0 0 0 2 (100%) 0 
    Paget’s disease (n=6) 6 (100%) 0 0 0 1 (17%) 5 (83%) 0 
   Poroma (n=12) 10 (100%) 0 0 2 0 10 (100%) 2 
   Chondroid syringoma (n=3) 2 (100%) 0 0 1 0 2 (100%) 1 
    Myoepithelioma (n=3)     3 (100%) 0 0 0 0 3 (100%) 0 
    Porocarcinoma (n=3) 3 (100%) 0 0 0 2 (67%) 1 (33%) 0 
    Adenoid cystic carcinoma (n=2) 2 (100%) 0 0 0 0 2 (100%) 0 
    Microcystic sweat gland carcinoma (n=1)   
    Sweat gland carcinoma NOS (n=3) 

1 (100%) 
1 (100%) 

0 
0 

0 
0 

0 
2 

0 
0 

1 (100%) 
1 (100%) 

0 
2 

        

Extra-cutaneous NEC (n=70) SOX2 Expression RB1 expression 

 Score 0 Score 1 Score 2 Unavailable 

data 

Loss Preserved Unavailable 

data 

Large cell neuroendocrine carcinoma  (n=36)        

    Lung (n=27) 

    Digestive (n=9) 

7 (30%) 

4 (80%) 

8 (35%) 

1 (20%) 

8 (35%) 

0 

4 

4 

23 (92%) 

2 (40%) 

2 (8%) 

3 (60%) 

2 

4 

Small cell neuroendocrine carcinoma (n=34)        
    Lung (n=15) 
    Digestive (n=8) 
    Lower Gynecologic tract (n=4) 
    Urinary tract (n=7) 

4 (50%) 
2 (50%) 
2 (67%) 
2 (33%) 

2 (25%) 
2 (50%) 

0 
0 

2 (25%) 
0 

1 (33%) 
4 (67%) 

7 
4 
1 
2 

6 (60%) 
0 

1 (50%) 
4 (80%) 

4 (40%) 
2 (100%) 
1 (50%) 
1 (20%) 

5 
6 
2 
3 
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Supplementary Table 2. SOX2 and RB1 expression in MCPyV+ and MCPyV- MCC and their 

comparison with classical MCC markers. 

 

Markers MCPyV(-) MCC (n=29) MCPyV(+) MCC (n=86) pa 

SOX2 
    Negative 
    Focal  (<50% cells) 
    Diffuse (>50% cells) 
Uninterpretable cases 

 
0 

2 (7%) 
26 (93%) 

1 

 
2 (2.5%) 
3 (3.5%) 
80 (94%) 

1 

0.25 

RB1 
    Negative 
    Positive 
Uninterpretable cases 

 
28 (100%) 

0 
1 

 
0 (0%) 

81 (100%) 
5 

<0.0001  

Chromogranin A 
    Negative 
    Focal  (<50% cells) 
    Diffuse (>50% cells) 
Uninterpretable cases 

 
2 (7%) 

7 (25%) 
19 (68%) 

1 

 
1 (1%) 

15 (17%) 
70 (82%) 

0 

0.19 

Synaptophysin 
    Negative 
    Focal  (<50% cells) 
    Diffuse (>50% cells) 
Uninterpretable cases 

 
5 (17%) 

10 (34%) 
14 (49%) 

0 

 
10 (12%) 
27 (32%) 
47 (56%) 

2 

  0.53 

INSM1 
    Negative 
    Focal  (<50% cells) 
    Diffuse (>50% cells) 
Uninterpretable cases 

 
2 (7%) 

8 (27%) 
19 (66%) 

0 

 
0 (0%) 

11 (13%) 
72 (87%) 

3 

0.02 

ISL1 
    Negative 
    Focal  (<50% cells) 
    Diffuse (>50% cells) 
Uninterpretable cases 

 
1 (3%) 
2 (7%) 

26 (90%) 
0 

 
1 (1%) 

0 
84 (99%) 

1 

0.05 

CK20 
    Negative 
    Positive 
Uninterpretable cases 

 
3 (10%) 

26 (90%) 
0 

 
7 (8%) 

77 (92%) 
2 

0.71 

NF 
    Negative 
    Positive 
Uninterpretable cases 

 
10 (34%) 
19 (66%) 

0 

 
10 (12%) 
75 (88%) 

1 

0.009 

SATB2 
    Negative 
    Focal  (<50% cells) 
    Diffuse (>50% cells) 
Uninterpretable cases 

 
6 (21%) 
6 (21%) 

17 (58%) 
0 

 
4 (5%) 

11 (13%) 
70 (82%) 

1 

0.02 

Results are expressed in percentages of interpretable cases. 

CK20 Cytokeratin 20, INSM1 Insulinoma-associated protein 1, ISL1 Insulin gene enhancer protein, NF neurofilament, RB1 

Retinoblastoma 1, SATB2 Special AT-rich sequence-binding protein 2, SOX2 SRY-box transcription factor 2. 
a Fisher’s exact test 
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Supplementary Table 3. Clinical, immunohistochemical and virological features of RB1-non expressing   

and RB1 expressing MCC cases 

 

 

Results are expressed in percentages of interpretable cases. AJCC American Joint Committee on Cancer, qPCR quantitative 

polymerase chain reaction,  RB1 Retinoblastoma 1, TTF-1 thyroid transcription factor 1  
a Fisher’s exact test 

 

 RB1 non expressing-
MCC 

(n=45) 

RB1 expressing-
MCC 

(n=118) 

p* Total, n 
(n=163) 

Clinical features     

Age (median, Q1-Q4) 81 (78-87) 
 

76 (68-84)   

Sex (F/M) 
  Unavailable data 

25/20 (56%/44%) 
 

64/44 (59%/41%) 
10 

 

0.85  153 
10 

Anatomic site 
    Head and neck 

Trunk 
Upper limb 
Lower limb 
Unavailable data  

 
21 (61%) 

1 (3%) 
4 (12%) 
8 (24%) 

11 

 
25 (29%) 

3 (3%) 
15 (18%) 
42 (50%) 

33 

0.009  
46 
4 

19 
50 
44 

AJCC stage 
    I 
    II 
    III 
    IV 
Unavailable data 

 
10 (25%) 
13 (32%) 
16 (40%) 

1 (3%) 
5 

 
24 (24%) 
40 (40%) 
31 (31%) 

4 (5%) 
19 

0.76  
34 
53 
47 
5 

24 

Immunohistochemical features      

Cytokeratin 20 
positive 
negative 
 Uninterpretable cases  

 

 
39 (87%) 
6 (13%) 

0 
 

 
104 (92%) 

9 (8%) 
5 
 

0.37  
143 
15 
5 

Cytokeratin 7 
positive 
negative 
 Uninterpretable cases  

 

 
13 (40%) 
25 (60%) 

7 
 

 
6 (6%) 

98 (94%) 
14 

 

<0.0001  
19 

123 
21 

 

TTF1 
positive 
negative 
 Uninterpretable cases 

 
11 (28%) 
28 (72%) 

6 
 

 
4 (4%) 

102 (96%) 
12 

 

<0.0001  
15 

130 
18 

 
TP53 

positive 
negative or overexpressed 
 Uninterpretable cases 

 

 
11 (29%) 
27 (71%) 

7 
 

 
96 (97%) 

3 (3%) 
19 

 

<0.0001  
107 
30 
26 

 

Virological features      

MCPyV genome detection (qPCR) 
    Positive 
    Negative 
    Uninterpretable cases  
 

 
5 (12%) 

35 (88%) 
5 
 

 
106 (96%) 

5 (4%) 
7 
 

<0.0001
 

 
111 
40 
12 

 
Large T Antigen detection (CM2B4) 

positive 
negative 
 Uninterpretable cases 
 

 
0  

43 (100%) 
2 
 

 
83 (74%) 
28 (26%) 

7 
 

<0.0001  
83 
71 
9 
 

Large T Antigen detection (Ab3) 
positive 
negative 
 Uninterpretable cases 
 

 
0  

42 (100%) 
3 
 

 
108 (96%) 

6 (4%) 
4 
 

<0.0001  
108 
48 
7 
 

Serology  (T Antigen Antibody titer) 
<1/100 
>1/100 
Unavailable data 
 

 
33 (90%) 
4 (10%) 

8 
 

 
38 (42%) 
53 (58%) 

27 
 

<0.0001  
71 
57 
35 
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Supplementary Table 4. Univariate Cox analysis 

Univariate Cox Recurrence Death 
Covariate Adjusted HR 95% P Adjusted HR 95% P 
Age,  ≥ 78 years vs < 78 years 1.72 (1.03-2.90) 0.039 2.4 (1.34-4.28) 0.003 
Sex, male vs female  1.69 (1.01-2.82) 0.045 1.7 (1.01-3.03) 0.05 
Performance status, 2-3 vs 0-1 1.3 (0.59-2.98) 0.515 1.8 (0.86-3.935) 0.117 
AJCC Stage, 3-4 vs 1-2 0.9 (0.54-1.59) 0.79 1.2(0.70-2.17) 0.469 
Immunosupression, yes vs no 1.2 (0.66-2.35) 0.49 1.7 (0.89-3.26) O.109 
RB1, positive vs negative 0.5 (0-0.786) 0.003 0.356 (0-0.621) 0.0003 
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Supplementary Table 5. Multivariate COX analysis  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Multivariate COX Recurrence Death 
 
Covariate 

 
Adjusted HR (95% CI) 

 
P 

 
 Adjusted HR (95% CI) 

 
P 

Age, ≥ 78 years vs < 78 years 1.66 (0.98-2.79) 0.059 1.56 (0.88-2.75) 0.005 
Sex, male vs female 1.53 (0.90-2.59) 0.116 1.56 (0.89-2.75) 0.12 
RB1,  positive vs negative 0.56 (0-0.95) 0.032 0.42 (0-0.73) 0.002 
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Supplementary Figure 1. Immunohistochemical (A) and Western Blot (B) detection of Large T in one 

out three cases with negative CM2B4 immunostaining but with Ab3 expression.  

A Immunohistochemical analysis of large T (Ab3 and CM2B4) and RB1 expression.  

B Western Blot analysis of Large T detection. Control refers to a Peta MCPyV(+) MCC cell lineage. 
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Supplementary Figure 2. Representative illustration of immunostainings in a MCPyV (+) MCC. 

A HPS B INSM1 C ISL1 D SATB2 E NF F Chromogranin A G Synaptophysin H CK20 I CM2B4 

stainings are depicted. 

Diffuse intense nuclear INSM1, ISL1 and SATB2 expression was observed. 

Diffuse or heterogeneous cytoplasmic Chromogranin A and Synaptophysin expression  was 

evidenced. 

Heterogeneous nuclear CM2B4 expression was highlighted.  

Diffuse dot-like expression Cytokeratin 20 and Neurofilament was detected. 
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Supplementary Figure 3. Representative illustration of SOX2 score 1 expression in the non-MCC 

tumors.      Patchy or focal expression was observed in cases of Bowen’s disease, squamous cell 

carcinoma, basal cell carcinoma and trichoblastoma. 
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Supplementary Figure 4. Representative illustration of ISL1 expression in cutaneous tumors. 

Diffuse nuclear expression of ISL1 was observed in most MCC cases (bottom line) but almost 

never in non-MCC tumors (one basal cell carcinoma case) except for one Bowen’s disease (top 

line). Aberrant cytoplasmic staining was observed in a Paget’s disease (second from the top 

line). 
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Supplementary Figure 5. Representative illustration of INSM1 expression in our cohort. 

Diffuse nuclear INSM1 expression was observed in most MCC cases (bottom line) but almost never in 

non-MCC tumors (one basal cell carcinoma case) except for one squamous cell carcinoma (top line). 
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VI. Discussion  
 

 

A.  L’inactivation de RB1 et la surexpression de SOX2 :  des 

caractéristiques des CCM  ayant un intérêt pour le diagnostic et la 

prise en charge des patients 
 

Le CCM est un cancer de la peau rare et agressif avec une survie à 5 ans estimée à 40%(35). 

L’intérêt de la communauté scientifique pour cette tumeur s’est considérablement accru au 

cours des dernières années du fait de la découverte en 2008 de l’intégration du MCPyV au 

sein du génome des cellules tumorales. En effet l’intégration génomique du MCPyV est 

observée dans environ 80% des cas alors que les 20% restant sont induits par les UV. Les 

ressemblances phénotypiques entre ces deux sous groupes de CCM sont probablement liées 

à l’inactivation des mêmes voies moléculaires, intéressant principalement TP53 et RB1(36). 

Toutefois, les mécanismes menant à l’inactivation de RB1 diffèrent dans ces deux sous-

groupes. Au sein des CCM viro-positifs, la protéine RB est séquestrée par le grand T, ainsi 

inactivée sans être dégradée(21). Concernant les CCM viro-négatifs, RB1 est inactivé par 

mutation/perte d’hétérozygotie, conduisant à la perte d’expression de la protéine(32,33,37). 

Récemment Harold et al(31) ont démontré que l’inactivation de l’antigène grand T conduit à 

une réduction de l’expression de SOX2 dans des lignées cellulaires de CCM. En effet, lorsque 

des cellules de CCM MCPyV(+) sont mises en cultures avec des kératinocytes, il est observé 

une conversion vers un phénotype neuronal et une perte d’expression des facteurs de 

transcription ATOH1 et SOX2, deux facteurs à l’origine de la différenciation des CCM. De 

manière similaire, l’inhibition de SOX2 induit cette même conversion phénotypique. Cela 

suggère que l’activation de SOX2 (et l’activation subséquente d’ATOH1) joue un rôle crucial 

dans l’acquisition du phénotype de Merkel. 

Dans ce contexte, notre hypothèse de travail était que l’inactivation de RB1 induit la 

surexpression de SOX2, aussi bien dans les CCM viro-positifs(29–31) que viro-négatifs. Ainsi, 

notre étude démontre que SOX2 est un marqueur diagnostique pertinent de CCM 

permettant de discriminer ces derniers des autres tumeurs épithéliales cutanées alors que 

l’expression de RB1 est corrélée au statut viral et, par conséquent, à leur pronostic. En effet, 
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bien que ceci soit controversé(24), les CCM MCPyV(-) sont associés à un moins bon pronostic 

et nécessitent donc un suivi plus rapproché(38).  Cependant, les méthodes de référence 

pour la  détermination du statut viral des CCM ne sont pas clairement établies(39). En effet, 

la PCR peut manquer de spécificité car détectant la forme épisomale du virus et l’étude 

immunohistochimique avec CM2B4 manque de sensibilité(39,40), comme nous l’avons 

observé dans cette étude.  De plus, ces méthodes de détection du polyomavirus de Merkel 

nécessitent des outils réservés aux centres spécialisés (PCR quantitative, étude 

immunohistochimique de détection du grand T avec les anticorps anti-CM2B4 et AB3). RB1 

apparaît donc comme un marqueur de substitution solide du statut viral des CCM, fiable et 

facilement utilisable en routine.  

 

B. L’inactivation de RB1 comme évènement précoce nécessaire au 

développement des CCM 
 

L’identification de la cellule à l’origine du carcinome de Merkel est une question de 

recherche prioritaire dans notre domaine, ayant pour but de permettre l’établissement de 

modèles animaux potentiellement utilisables pour développer de nouvelles options 

thérapeutiques(36). Dans ce contexte, l’étude des CCM composites associant un CCM viro-

négatif à une composante non CCM, le plus souvent de type carcinome épidermoïde, a 

récemment permis de démontrer une origine kératinocytaire de certains CCM MCPyV(-). En 

effet, les deux contingents tumoraux de ces tumeurs composites sont caractérisés par un 

profil mutationnel similaire (charge mutationnelle élevée) et une signature UV 

prédominante, suggérant une origine commune(37). De manière plus spécifique, notre 

équipe (Kervarrec et al. 2021, article accepté dans le Journal of investigative Dermatology) 

en appliquant un séquençage complet de l’exome des deux contingents tumoraux a pu 

confirmer la relation clonale entre ces deux composantes. De plus, nous avons pu démontrer 

qu’une inactivation de RB1 et une surexpression de SOX2 étaient retrouvées de manière 

presque constante au sein de ces tumeurs. A contrario, en comparant les données  

génomiques des carcinomes épidermoïdes et des CCM viro-négatifs publiées dans la 

littérature, nous avons observé que l’inactivation de RB1 est une caractéristique retrouvée 

très fréquemment dans les CCM et seulement dans une minorité de carcinomes 
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épidermoïdes (26 mutations/43 dans les cas de MCC (60%) vs 20 mutations/98 des cas de 

carcinomes épidermoïdes (20%); p=3.10-5).  Il apparaît donc que l’inactivation de RB1 et la 

surexpression conséquente de SOX2 sont des évènements obligatoires mais non suffisants 

pour la progression vers le CCM. En effet ces CCM composites présentent également des 

mutations de p53 dans les deux composantes. Ainsi, l’émergence de CCM à partir d’un 

progéniteur kératinocytaire serait dû à la combinaison d’altérations des gènes RB1 et p53. 

De manière analogue, cette même combinaison a été retrouvée dans la quasi-totalité des 

carcinomes à petites cellules du poumon(41), et l’utilisation de modèles murins a démontré 

que ce « double hit » (inactivation de RB1 et de p53) contribue à l’acquisition d’un 

phénotype neuroendocrine. Plus récemment, Park et al.(42) ont démontré dans un modèle 

expérimental murin que la combinaison  de cinq évènements  oncogéniques (inactivation de 

p53  et RB1 et surexpression de MYC, BCL2 et myristoylated AKT1 (simulant une perte de 

fonction de PTEN) permettait la reprogrammation de cellules épithéliales prostatiques et 

pulmonaires en carcinome à petites cellules. Ceci suggère qu’une combinaison d’anomalies 

génétiques spécifiques permettrait le développement de carcinomes neuroendocrines à 

petites cellules.  

Par ailleurs, l’inactivation de p53 et RB1, les mutations de PTEN(43), l’expression de BCL2(44) 

et l’amplification de MYC(45), sont des évènements préalablement rapportés dans la 

littérature comme étant fréquents dans les CCM.  

Il serait donc particulièrement intéressant de poursuivre les investigations dans ce sens et 

d’évaluer l’expression de ces driver oncogéniques au sein de larges cohortes de CCM, en 

réalisant par exemple, comme nous l’avons fait pour RB1 et SOX2, une étude comparative 

immunohistochimique sur TMA.  
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C. L’inactivation de RB1 dans d’autres tumeurs épithéliales 

cutanées 
 

Les carcinomes épidermoïdes cutanés sont caractérisés par une charge mutationnelle 

élevée. La fréquence des altérations de RB1 dans ces tumeurs n’est que peu documentée 

dans la littérature. Selon les séries existantes, les altérations de RB1 sont rapportées dans 16 

à 50%(46–49) des carcinomes épidermoïdes. Récemment, l’équipe de Harms(50) a mis en 

évidence un sous-groupe de carcinomes épidermoïdes cutanés avec mutations de RB1- plus 

enclin à former des lésions in situ et plus agressives lorsque se développe un carcinome 

invasif (localement agressives et métastatiques). 

La perte d’expression de RB1 est décrite dans 17 à 60%(51–53) des porocarcinomes et 

semble participer à la tumorogenèse(53). Par ailleurs, conjointement aux altérations de p16 

et p53, l’inactivation de RB1 semble restreinte aux porocarcinomes, lorsque comparée à 

l’expression de ce marqueur dans une population de poromes(51). 

Les carcinomes sébacés, en particulier développés aux dépens des annexes oculaires et 

palpébrales,  présentent des altérations fréquentes de RB1, observées dans 39 à 70% selon 

les séries(54–57). L’inactivation de RB1, de manière conjointe aux altérations de P53,  est 

rapportée comme véritable driver oncogénique et permet de distinguer deux populations de 

carcinomes sébacés oculaires : l’une caractérisée par ces mutations et affectant des patients 

âgés, l’autre, dépourvue de ces mutations, survenant chez des patients plus jeunes et en lien 

avec une infection à HPV (human papillomavirus) de haut grade(56,57). 

Il est à noter que ces lésions sont toutes décrites comme potentiels précurseurs de CCM(58–

61).  
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D.  Conclusion 
 

En accord avec les dernières découvertes concernant la biologie des CCM, notre étude a 

permis d’identifier SOX2 comme un marqueur diagnostic pertinent permettant de distinguer 

un CCM d’une autre tumeur épithéliale cutanée. De plus, la détection de la perte de RB1 par 

étude immunohistochimique apparaît comme un marqueur de substitution pour la 

détermination du statut viral des CCM, fiable et accessible en routine.  
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Résumé :  

 
Introduction : Le carcinome à cellules de Merkel (CCM) est un carcinome neuroendocrine primitif 
cutané rare et agressif. Dans 80% des cas l’intégration génomique du polyomavirus de Merkel 
(MCPyV) est observée, tandis que les 20% restant sont viro-négatifs, en lien avec l’exposition UV. 
Récemment, il a été démontré que la surexpression de SOX2 induite par l’inactivation de RB 
constitue un déterminant majeur du développement des CCM, aussi bien pour les tumeurs viro-
négatives que viro-positives. Ainsi, l’objectif de cette étude à été de déterminer les performances de 
la perte de l’expression de RB1 et de la surexpression de SOX2, évalués par étude 
immunohistochimique, pour le diagnostic de CCM en pratique courante. 
 
Matériel et Méthodes : Au total, 196 CCM, 233 tumeurs épithéliales cutanées primitives non-CCM et 
70 carcinomes neuroendocrines (CNE) extra-cutanés ont été inclus dans cette étude et intégrés dans 
un tissue micro array. Les niveaux d’expression de SOX2 et de RB1 ont été évalués dans les 3 
cohortes en utilisant un score semi-quantitatif, par deux pathologistes indépendants. Les 
performances diagnostiques de ces deux marqueurs ont été déterminés en utilisant le rapport de 
vraisemblance positive (positive likelihood-ratio, LHR+). 
 
Résultats : Une expression diffuse et intense de SOX2 n’était que rarement observée parmi les 
tumeurs cutanées non-CCM (n = 3/193, 2%) alors qu’elle était observée dans la majorité des CCM (n 
= 165/181, 92%, LHR+ = 58.7). L’expression diffuse de SOX2 était plus fréquemment observée dans 
les CCM que parmi les CNE extra-cutanés (n = 15/50, 30%, LHR+ = 3.0). La perte d’expression de RB1 
était décelée dans 52 cas de CCM (30%), 22 tumeurs cutanées non-neuroendocrines (12%) et 32 CNE 
extra-cutanés (63%). Parmi les cas de CCM, la perte de RB1 était mise en évidence dans tous les cas 
de CCM MCPyV (-), alors que tous les de CCM MCPyV (+) exprimaient RB1 (Sensibilité = 100%, 
Spécificité = 100%). 
 
Discussion : SOX2 apparait comme un marqueur pertinent pour le diagnostic de CCM alors que RB1 
permet de déterminer le statut viral au sein des CCM. 
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