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Nous consacrons à la recherche le quart de 
notre chiffre d’affaires médical, avec une 
préoccupation particulière pour la lutte 
contre le cancer. En 1989, nous lancions 
notre premier anti-cancéreux prescrit 
depuis lors à plus d’un million de patients 
dans 80 pays. Aujourd’hui, nous poursui-
vons notre effort dans nos centres de 
recherche de Castres, de l’agglomération 
toulousaine et de Saint-Julien-en-Genevois.

Nos équipes y mettent au point, jour 
après jour, les traitements nouveaux qui 
feront reculer la maladie.

Partenaires de l’Oncopole de Toulouse, 
nous tenons à poursuivre notre déve-
loppement dans le Sud-Ouest où nous 
comptons près de 4000  collaborateurs et 
de nombreux accords avec la recherche 
publique.



 
The conference will be held in the very dynamic city of Montpellier in May 2014. Montpellier 
is located on the south coast of France on the mediterranean seaside. Conferences will take 
place in part in Montpellier's university, one of the oldest european medical school.

The plenary sessions will highlight cutting edge research in the �eld of skin 
stem cell and tumor heterogeneity, the newest �ndings based on mouse 
models of melanoma, squamous cell carcinoma, and other skin cancers. A 
signi�cant number of oral presentations will be selected among submitted 
abstracts. 
A dedicated pathology session will be open to researchers and patholo-
gists willing to share original observations obtained from faithful mouse 
models of melanoma. Representative virtual tissue sections will be analyzed 
by a panel of international experts who will compare relevant mouse models 
to human melanomas. 

Work performed over the last decades on mouse models of skin cancer have provided funda-
mental insights into various aspects of cancer development including mechanisms of action
of oncogenic pathways, determination of the cell of origin of various skin cancers, or the role
of the microenvironment.

The 2014 Mouse models of skin cancer conference will be the 2nd international meeting 
sponsored by the french Canceropôle Grand Sud Ouest on mouse models of cancer. The 
conference is designed to bring together international experts working in the �eld of mela-
noma and non-melanoma skin cancers who use mouse models to better understand the 
development of skin cancers and rationalize the development of novel therapeutic strategies. 
This conference aims at fostering interactions between basic scientists, clinicians and 
expert pathologists that will comment on common traits and di�erences between mouse 
models of skin cancer and the corresponding human diseases.



The Canceropole GSO team 
wishes to express his most 

sincere thanks to the
scienti�c committee

 Florence Bernex - Biocampus, Montpellier
 Cédric Blanpain - University of Brussels
 Lionel Larue - Institut Curie, Orsay
 Laurent Le Cam - Inserm, Montpellier
 Jean-Christophe Marine - VIB Leuven
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Chairman: L. LE CAM, Inserm, Montpellier, France 
 

 Growth by YAP/TAZ: Hippo pathway and beyond - S. PICCOLO, University of Padua, Italy 
 

 
 

 
 

 

 

 
  

The French Society of Toxicologic Pathology (SFPT, Société Française de Pathologie 
Toxicologique) is a scientific society whose goal is to improve human, animal and 

environmental health by promoting research, education and knowledge  
in the interdisciplinary field of toxicologic pathology. 

 
The French Society of Toxicologic Pathology is recognized as a leading organization by 
legislative and regulatory bodies. It provides continuous educational resources to its 

membership and allied organizations,  
and actively collaborates with sister societies to achieve similar objectives. 

 
SFPT website: http://www.toxpathfrance.org/ 

 

 



 
 

Chairman: C. BLANPAIN, Free University of Brussels, Belgium  
 

9.00 am - CONFERENCES 
 Target genes and target cells in mouse models of skin cancer - A. BALMAIN, UCSF, San Francisco, USA (30’) 

 Specific roles for BRAF and CRAF in NRAS-induced mouse melanoma - A. EYCHENE, Institut Curie, Orsay, 

France (30’) 
 Regulation and dysregulation of epidermal stem cells - K. JENSEN, BRIC, Copenhagen, Denmark (30’) 

 

10.30 am - SELECTED TALK 
> Akt signalling leads to stem cell activation and promotes tumour development in epidermis – 

J.M. PARAMIO, CIEMAT, Madrid, Spain (15’) 
 

10.45 am – Coffee break 
 

11.00 am - CONFERENCES 
 Genetic analysis of microRNA functions in squamous cell carcinoma - R. YI, University of Colorado, 
Boulder, USA (30’) 
 Cellular and molecular mechanisms in stem cell-driven sebaceous skin tumor initiation – C. NIEMANN, 
Cologne University, Cologne, Germany (30’) 
 

12.00 am - SELECTED TALKS 
> Role of EMT transcription factors in skin epidermis – B. DE CRAENE, VIB Inflammation Research Center/ 

Ghent University, Ghent, Belgium (15’) 
> The multifunctional E4F1 protein links metabolism to epidermal stem cell maintenance – L. LE CAM, 

Inserm U896 – IRCM, Montpellier, France (15’) 

 
12.30 pm - Lunch 

 
 

Chairman: E. WAGNER, CNIO, Madrid, Spain 
 

2.00 pm - CONFERENCES 
 Relevance of skin and oral squamous cell carcinoma cancer stem cell heterogeneity in primary tumor 
growth and metastasis –S. AZNAR BENITAH, IRB, Barcelona, Spain (30’) 
 Role of AP-1 proteins in skin cancer squamous cell carcinoma development - E. WAGNER, CNIO, Madrid, 
Spain (30’) 
 Mechanisms regulating stemness in skin cancers – C. BLANPAIN, Free University of Brussels, Belgium (30’) 
 Investigating new targets of p63 during the pathogenesis of squamous cell carcinoma - W. KEYES, CRG, 
Barcelona, Spain (30’) 
 

4.00 pm – POSTER SESSION & Coffee break 
 

5.00 pm - SELECTED TALKS 
> Epithelial to mesenchymal transition controls tumor heterogeneity and stemness in skin cancers– 

D. NASSAR, Free University of Brussels, Brussels, Belgium (15’) 

> Loss of TGFbeta signaling and oncogenic BRAF activation in Lgr5+ stem cells drive rapid cutaneous 

squamous cell carcinoma – G. INMAN, Jacqui Wood Cancer Center, Dundee, UK (15’)  
> CD98hc (SLC3A2) loss protects against Ras-driven tumorigenesis through modulation of Integrin-mediated 

mechanotransduction – C. FERAL, IRCAN, Nice, France (15’) 
> Generation of new mouse models to determine molecular mechanisms involved in skin squamous cell carcinoma 
progression and metastasis – P. MUñOZ MORUNO, Bellvtige Biomedical Research Institute, IDIBELL, 
Barcelona, Spain (15’)   
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Génopolys 

 
 

Chairman: J.C. MARINE - VIB Laboratory of Molecular Cancer Biology, Leuven University, 
Leuven, Belgium 

 

9.00 am - CONFERENCES 
 p53 reactivation therapy in skin cancer - JC. MARINE, VIB, Leuven University, Leuven, Belgium (30’) 
 The mouse as a model for discovery and preclinical analysis of metastatic melanoma – G. MERLINO, NCI, 
Bethesda, USA (30’) 
 Mechanisms of melanoma progression: from tumor initiation to metastasis formation – L. SOMMER, 
University of Zurich, Zurich, Switzerland (30’) 
 

10.30 am – SELECTED TALK 
> Loss of the TGF-β inhibitor Smad7 promotes distant metastases in a genetic murine melanoma model – 

E. TUNCER, University of Zurich, Zurich, Switzerland (15’) 
 

10.45 am – Coffee break 
 

11.00 am - CONFERENCES 
 Caveolin plays a critical role in PTEN-induced in melanomagenesis – L. LARUE, Institut Curie, Orsay, France 
(30’) 
 Investigating the role of Wnt signalling and RICTOR/PI3K kinase signaling in melanoma – O. SANSOM, 
Beatson Institute, Glasgow, UK (30’) 
 

12.00 am – SELECTED TALK 
> Cell plasticity mediated by EMT-inducing transcription factors contributes to melanoma development – J. 

CARAMEL, CRC, Lyon, France (15’) 

 
12.15 pm - Lunch 

 
 

Chairman: Lionel Larue, Institut Curie, Orsay, France 
 

2.00 pm - CONFERENCES 
 Ultraviolet radiation accelerates BRAF-driven melanomagenesis by targeting TP53 - A. VIROS, Cancer 
Research Center, University of Manchester, UK (30’) 
 Modeling and treating tumor-induced lymphangiogenesis: applications to malignant melanoma – M. 
SOENGAS, CNIO, Madrid, Spain (30’) 
 

3.00 pm – POSTER SESSION & Coffee break 
 

4.00 pm - SELECTED TALKS 
> Defining the role of Sox9 in basal cell carcinoma – J.C. LARSIMONT, Free University of Brussels, Brussels, 

Belgium (15’) 
> Spontaneous tumor regression is driven by Wnt /Retinoic Acid signaling cross-talk – G. ZITO, Yale 

University, New Haven, USA (15’) 

> Using single cell gene expression to investigate melanoma cell heterogeneity – M. ENNEN, IGBMC, Illkirch, 

France (15’) 
> Regulation of melanocyte homeostasis by E-cadherin. Implication for vitiligo pathogenesis – V. DELMAS, 

Institut Curie, Orsay, France (15’) 
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Chairman: Florence Bernex - Biocampus, Montpellier 

 
8.45 am - Presentation of mutations and analysis of selected cases of melanoma models by pathologists  

 

 Tyr::N-Ras
Q61K  

mouse 
A. De La FOUCHARDIERE, Lyon Hospital & B. VERGIER, Bordeaux Hospital, France (20') 

 Tyr::N-Ras
Q61K 

; Tg::bcat
sta

 mouse 
A. De La FOUCHARDIERE, Lyon Hospital & B. VERGIER, Bordeaux Hospital, France (20')  

 Tyr::N-Ras
Q61K 

; Tg::bcat
sta 

; Cdkn2a
-/-

 mouse 
A. De La FOUCHARDIERE, Lyon Hospital & B. VERGIER, Bordeaux Hospital, France (20') 

Conclusion (25') 

 
10.10 – 10.35 am - Coffee break 

 
 Tyr::N-Ras

Q61K
; Cdkn2a

-/-
 mouse 

M. BATTISTELLA, St-Louis Hospital & E. REYES-GOMEZ, Alfort Veterinary School, France (20') 

 Tyr::N-Ras
Q61K

; Cdkn2a
+/-

;  Tyr::Cre
 
; Ecad

F/F 
mouse  

A. De La FOUCHARDIERE, Lyon Hospital & B. VERGIER, Bordeaux Hospital, France (20') 

 Tyr::N-Ras
Q61K

; Tyr::Cre
 
; Pten

F/+
 mouse 

A. De La FOUCHARDIERE, Lyon Hospital & B. VERGIER, Bordeaux Hospital, France (20') 
Conclusion on N-Ras melanoma models (25') 

 
12.00 pm – Lunch 

 
1.30 pm - Presentation and analysis of selected cases of melanoma models by pathologists  

 

 Tyr::CreER
T2

; Pten
LoxP/LoxP

 ; BRaf 
F-V600E/-

 mouse 
J.-Y. SONG, Laboratory Animal Pathology, NCI, Amsterdam, The Netherlands (20') 

 B6-Tyr::CreER
T2

; Pten
lox/lox

; BRaf
F-V600E/-

; Rosa26-Lsl-Yfp mouse 
E. RADAELLI, VIB Lab. of Mol. Cancer Biology & J. VAN DEN OORD, KU Leuven, Belgium (20') 

 Tyr::CreER
T2

 ; BRaf 
F-V600E/-

 ; K14-Kitl mouse 
A. VIROS, Cancer Research UK, University of Manchester, UK (20') 

Conclusion on BRaf melanoma models (15')  
 

 FVB/N-Tg::MT-HGFSF 19Lmb mouse 
H. MICHAEL, National Cancer Institute, Bethesda, USA (20') 

Conclusion on this melanoma model 
 

3.05 pm - Break 
 

3.30 pm - Comparative analysis to human melanoma, preparation of the consensus report 
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Abstracts of the conferences 
 
 

1- Opening session: keynote lecture 
S. PICCOLO - Growth by YAP/TAZ: Hippo pathway and beyond 
 

2- Skin stem cells 
A. BALMAIN - Target genes and target cells in mouse models of skin cancer 

A. EYCHENE - Specific roles for BRAF and CRAF in NRAS-induced mouse melanoma 

K. JENSEN - Regulation and dysregulation of epidermal stem cells 

J. M. PARAMIO - Akt signalling leads to stem cell activation and promotes tumour development in epidermis  

R. YI - Genetic analysis of microRNA functions in squamous cell carcinoma  

C. NIEMANN - Cellular and molecular mechanisms in stem cell-driven sebaceous skin tumour initiation 

B. De CRAENE - Role of EMT transcription factors in skin epidermis  

L. LE CAM - The multifunctional E4F1 protein links metabolism to epidermal stem cell maintenance  
 

3- Squamous cell carcinoma 
S. AZNAR BENITAH - Relevance of skin and oral squamous cell carcinoma cancer stem cell heterogeneity in 

primary tumor growth and metastasis  

E. WAGNER - Role of AP-1 proteins in skin cancer squamous cell carcinoma development 

C. BLANPAIN - Mechanisms regulating stemness in skin cancers 

W. KEYES - Investigating new targets of p63 during the pathogenesis of squamous cell carcinoma  

D. NASSAR - Epithelial to mesenchymal transition controls tumor heterogeneity and stemness in skin cancers  

G. INMAN - Loss of TGFbeta signaling and oncogenic BRAF activation in Lgr5+ stem cells drive rapid cutaneous 

squamous cell carcinoma 

C. FERAL - CD98hc (SLC3A2) loss protects against Ras-driven tumorigenesis through modulation of Integrin-

mediated mechanotransduction  

P. MUñOZ MORUNO - Generation of new mouse models to determine molecular mechanisms involved in skin 

squamous cell carcinoma progression and metastasis 
 

4- Melanoma models 
C. MARINE - P53 reactivation therapy in skin cancer 

G. MERLINO - The mouse as a model for discovery and preclinical analysis of metastatic melanoma  

L. SOMMER - Mechanisms of melanoma progression: from tumor Initiation to metastasis formation 

E. TUNCER - Loss of the TGF-β inhibitor Smad7 promotes distant metastases in a genetic murine melanoma 

model 

L. LARUE - Caveolin plays a critical role in PTEN-induced in melanomagenesis 

O. SANSOM - Investigating the role of Wnt signalling and RICTOR/PI3K kinase signalling in melanoma 

J. CARAMEL - Cell plasticity mediated by EMT-inducing transcription factors contributes to melanoma development  
 

5- Basal cell carcinoma, other skin cancers and therapeutics 
A. VIROS - Ultraviolet radiation accelerates BRAF-driven melanomagenesis by targeting TP53 

M. SOENGAS - Modeling and treating tumor-induced lymphangiogenesis: applications to malignant melanoma 

J. C. LARSIMONT - Defining the role of Sox9 in basal cell carcinoma 

G. ZITO - Spontaneous tumor regression is driven by Wnt /Retinoic Acid signaling cross-talk 

M. ENNEN - Using single cell gene expression to investigate melanoma cell heterogeneity 

V. DELMAS - Regulation of melanocyte homeostasis by E-cadherin. Implication for vitiligo pathogenesis. 

  



Abstracts of the poster presentations 
 
 

1 - N. AUGUSTIN - Loss of epidermal Wnt secretion results in chronic skin inflammation  

2 - S. BREZILLON – Lumican-derived peptides inhibit melanoma cell growth and migration 

3 - M. DEKEN - Delivery of Cre recombinase by DNA tattooing to induce melanomas in Pten
LoxP/LoxP

;Braf
CA

 mice 

4 - G. EGIDY - The morphological spectrum of melanocytic lesions in Tyr::NRas
Q61K

 ; Cdkn2a
-/-

 transgenic mice, a 

common model for human cutaneous melanoma  

5 - A. FERRADJI - L’intérêt des fibres d’ADN extracellulaires dans le traitement du cancer de la peau 

6 - J. GADIOT - Melanoma dedifferentiation or else? 

7 - C. GAGGIOLI - LIF mediates stromal fibroblasts activation in cancer 

8 - A. GARCIA MARISCAL - RhoA GTPase function in skin cancer  

9 - B. GOMES - Preclinical modelisation of skin cancers in mice: actinic keratosis, basal-cell carcinoma, and 

patient-derived tumor models of resistant metastatic melanoma 

10 - M. LE COZ - Quiescent melanocytes form primary cilia  

11 - D. NASSAR - The genetic landscape of mouse skin squamous cell carcinoma 

12 - D. OLMEDA - Animal models for the analysis and visualization of lymphangiogenesis, metastasis and drug 

response of malignant melanoma  

13 - A. PREVOST-BLONDEL - Distinct role for myeloid cells in MT/Ret mice developing spontaneously a melanoma: 

PMN-MDSC infiltrating the primary tumor promote tumor cell dissemination, whereas inflammatory monocytes in the 

skin display tumoricidal properties  

14 - G. RESTIVO - Gene signature of invading human melanoma cells 

15 - D. SEBISKVERADZE - Infrared spectral microimaging: a new tool to characterise the tissue features in skin 

cancers of melanoma type 

16 - Z. SEGAOULA - Developing a canine xenograft melanoma mouse model: a novel approach to comparative 

oncology 

17 - F. TISSO - CD98hc: a novel target to modulate microenvironment? 

18 - S. VINZON - Mastomys coucha as a mouse model for testing prophylactic vaccination against papillomavirus-

induced skin tumors  
 
 
  



Abstracts of the conferences 
 
1- Opening session: keynote lecture 
 
 

Conference 
Growth by YAP/TAZ: Hippo pathway and beyond 
 
Stefano Piccolo 
 
Dept Molecular Medicine, University of Padua School of Medicine, Padua, Italy 
http://www.bio.unipd.it/piccolo/ 
 
I will present biochemical, functional and genetic evidence of a close integration between Wnt signaling and 
the Hippo transducers YAP and TAZ. We find that YAP/TAZ are integral components of the b-catenin 
destruction complex, serving as cytoplasmic sink for YAP/TAZ. In Wnt-ON cells, YAP/TAZ are physically 
dislodged from the destruction complex, allowing their nuclear accumulation and activation of Wnt/YAP/TAZ-
dependent biological effects. By mouse genetics, we show that YAP/TAZ are required for intestinal crypt 
overgrowth induced by APC deficiency, and for crypt regeneration ex-vivo. In Wnt-OFF cells, YAP/TAZ are 
essential for b-TrCP recruitment to the complex, and β-catenin inactivation. It follows that Wnt-induced release 
of YAP/TAZ from the complex is instrumental for Wnt/b-catenin signaling. In line, the β-catenin-dependent 
maintenance of ES cells in an undifferentiated state is sustained by loss of YAP/TAZ.  Thus, YAP/TAZ 
incorporation into the cytoplasmic destruction complex orchestrates Wnt responses. This work offers a new 
framework to understand how the behavior of stem/progenitor cells gets coordinated during organ size 
control, regeneration and tumor suppression. 
 
 
 

2- Skin stem cells 
 
 

Conference 
Target genes and target cells in mouse models of skin cancer 
 
Minh D To, Christine Wong, Peter MK Westcott, Kyle D Halliwill, Melissa McCreery, Reyno Delrosario, Kuang-Yu 
Jen, David A Quigley, Allan Balmain 
 
University of California San Francisco Helen Diller Family Comprehensive Cancer Center, Cancer Research 
Institute, San Francisco, California 94115, USA;  
 
The HRAS gene is an important target gene for mutation in human squamous tumors of the skin, head and 
neck, bladder and lung, whereas KRAS is mutated in adenocarcinomas of the pancreas, colon and lung. A 
similar tissue specific pattern of Ras mutations is seen in the mouse. Chemically-induced squamous tumors in 
mouse skin normally exhibit Hras gene mutations, but this specificity can be altered by germline deletion of the 
Hras gene, which results in the formation of aggressive Kras mutant tumors after carcinogen exposure. An 
important but unresolved issue is whether aggressive Kras-driven carcinomas arise from the same target cell(s) 
as Hras mutant tumors. It is also not clear whether tumor progression takes place as a result of stochastic 
accumulation of additional mutations in premalignant lesions, or whether tumors with a high probability of 
undergoing malignant progression arise from a separate target cell. Computational analysis of gene expression 
networks in normal skin and during tumor progression, together with new knock-in and knock-out mouse 
models, offer unique opportunities to build a deeper understanding of the mechanisms of development of skin 
tumors driven by different Ras isoforms. 
  



Conference 
Specific roles for BRAF and CRAF in NRAS-induced mouse melanoma 
 
EYCHENE Alain 
 
Institut Curie, Orsay, France 
 
The RAS/RAF/ERK pathway plays a key role in melanoma, with BRAF and NRAS mutations in 50% and 15% of 
cases, respectively. The development of chemical inhibitors specifically targeting mutated BRAFV600E 
represents a major breakthrough in the treatment of metastatic melanoma, although resistance often develops 
quickly following treatment. Furthermore, such compounds cannot be used to treat half of melanoma patients, 
especially those mutated on NRAS. In this study, we evaluated the contribution of BRAF and its closely related 
kinase CRAF downstream of NRAS during tumoral progression. NRASQ61K-induced mouse melanoma models 
were generated, in which single or compound ablation of BRAF and CRAF genes can be achieved in the 
melanocyte lineage upon tyrosinase promoter-driven Cre or CreERT2 expression. These models allowed us 
investigating the role of both RAF kinases at each step of tumoral progression, from tumor initiation (formation 
of benign nevi) to metastatic melanoma. Temporaly-controlled concomitant ablation of BRAF and CRAF 
abolished nevi formation and melanoma progression and maintenance, showing that RAF signaling is 
absolutely required for NRAS-induced melanoma development. However, we will present data showing that 
BRAF and CRAF play specific roles during the different steps of melanoma progression. In addition, using 
primary cultures of melanomas, we show that ablation of RAF kinases often lead to the emergence of resistant 
cells showing reactivation of ERK in the absence of BRAF and CRAF. Our results disclose specific and 
complementary functions for BRAF and CRAF in NRAS-induced mouse melanoma, and pave the road for further 
studies on treatment and resistance mechanisms. References 1. Valluet A et al. Cell Rep., 2012, 2(4):774-780. 2. 
Peyssonnaux C & Eychène A. Biol. Cell, 93:53-62, 2001.  

 

 

Conference 
Regulation and dysregulation of epidermal stem cells 
 
Page Mahalia

1
; Andersen Marianne

2
; Sendrup Sarah

2
; Jensen Kim

2
  

 
1- Wellcome Trust-MRC Stem Cell Institute, University of Cambridge, UK ; 2- BRIC, University of Copenhagen, 
Denmark 
 
Tissue homeostasis is governed by a life-long equilibrium between the numbers of cells gained by proliferation 
with those lost through differentiation. Any imbalance will have dramatic consequences on homeostasis and 
tissue integrity. Stem cells play essential roles in the process by contributing long-term to tissue maintenance. 
It is therefore vital that stem cells within their niches are tightly regulated; in order to ascertain that tissue 
homeostasis is achieved. Studies of many epithelial tissues have revealed a large complexity within their stem 
cell populations. It is however not clear whether there is any functional relevance of the observed stem cell 
heterogeneity or if it reflects a cellular hierarchy. Based on new mouse models we are addressing these issues 
and assess how oncogenic perturbation of normal stem cell behaviour affects tissue integrity.  
 
 
  



 

Selected talk  
Akt signalling leads to stem cell activation and promotes tumour development in 
epidermis 
 
Segrelles, C

1
, García-Escudero, R

1
, Garín, MI

2
, Aranda, JF

1
, Hernández, P

1
, Ariza

1
, Santos, M

1
, Lorz, C

1
, Paramio, 

JM
1
 

 
1- Molecular Oncology Unit; 2- Division of Haematopoietic Innovative Therapies, Basic Research Department, 
Centro de Investigaciones Energéticas, Medioambientales y Tecnológicas (CIEMAT), Madrid, Spain 
 
Hair follicle stem cells (HF-SCs), localized at the hair bulge, have been recently identified as cells of origin in skin 
cancer. HF-SCs are good model to study the potential role of oncogenic activations on SC physiology. The Akt 
kinase activation has been widely involved in multiple tumor development, and drives multiple important 
cellular processes, ultimately regulating cell growth and survival. In addition, Akt-mediated signaling is thought 
to be an essential mediator of epidermal homeostasis through cell autonomous and non-cell autonomous 
mechanisms. We have previously shown that Akt-mediated signaling is an essential mediator in the mouse skin 
carcinogenesis system during both the tumor promotion and progression stages. In addition, overexpression of 
Akt is also able to transform keratinocytes through transcriptional and posttranscriptional processes. Here we 
show that, during hair telogen (quiescence), Akt is not active in HF-SCs in normal skin. In contrast, in a 
conditional model in which expression of a permanently active form of Akt (myrAkt) is targeted to epidermal 
cells with proliferative capacities, transgene expression drives Akt activation in K15, CD34+Itga6H positive bulge 
cells. This activation causes bulge stem cells to exit from quiescence increasing their response to proliferative 
stimuli and affecting some functions such as cell migration. HF-SC identity upon Akt activation is preserved; in 
this sense, increased proliferation does not result in stem cell exhaustion with age suggesting that Akt 
activation does not affect self-renewal an important aspect for normal tissue maintenance and cancer 
development. Genome-wide transcriptome analysis of HF-SC isolated from myrAkt and WT epidermis 
underscores changes in metabolic pathways characteristic of cancer cells. These differences manifest during a 
two-step carcinogenesis protocol in which Akt activation in HF-SCs results in increased tumour development 
and malignant transformation. 

 

 

 

Conference 
Genetic analysis of microRNA functions in squamous cell carcinoma 
 
Riemondy Kent Yi Rui 
 
University of Colorado, Boulder Boulder, CO, USA  
 

Mutations in the small-GTPase Ras are among the most commonly found oncogenic mutations in human 

cancers. In mouse models of skin squamous cell carcinoma, oncogenic mutation of the H-Ras gene initiates 

keratinocytes into a pre-malignant state that drives tumor initiation. MiRNA pathways have emerged as key 

regulators of gene expression that are disrupted or co-opted during tumorigenesis to drive cellular 

transformation. However, a systematic analysis of miRNA expression changes, targeting dynamics, and 

functions have not been dissected in the oncogenic H-Ras skin cancer model. By applying a genomics approach 

to this model we sought to identify miRNA expression changes and define miRNA/mRNA targeting networks. 

We utilized quantitative small RNA-Seq in primary mouse keratinocytes to identify miRNA expression changes 

driven by H-RASG12V. We have identified a number of miRNAs including miR-21, 31 as well as miR-203 that are 

strongly regulated by the oncogenic Ras. We then sought to define individual miRNA/mRNA target 

relationships and elucidate miRNA-interaction network dynamics in the initiated keratinocyte. mRNA 3’ end 

sequencing was utilized to quantitate transcript-level changes and precisely define 3’ UTRs before and after 

RAS-initiation. These data identified alterations in biological processes such as epidermal differentiation, cell 

adhesion, and cell migration. We then utilized Ago2 HITS-Clip to identify individual miRNA targets, uncovering 

novel miRNA/mRNA targeting events with likely regulatory activity. Finally, we carried out functional analysis 

with genetic mouse models to assess individual microRNAs’ contributions to the RAS-initiated tumorigenesis. 

Together our work has established a framework to understand miRNA-mediated mechanisms in skin squamous 

cell carcinoma. 



Conference 
Cellular and molecular mechanisms in stem cell-driven sebaceous skin tumour initiation 
 
Petersson M.

1
, Reuter K.

1,2
, Brylka H.

1
, Schettina P.

1,2
, Kraus A.

1
, Reinhardt H.C.

3,4
, Niemann C.

1,2
 

 
1- Center for Molecular Medicine Cologne, University of Cologne, Cologne, Germany; 2- Center for 
Biochemistry, Medical Faculty, University of Cologne, Germany; 3- Clinic of Internal Medicine, University of 
Cologne, Germany; 4- Cologne Excellence Cluster on Cellular Stress Response in Aging-Associated Diseases, 
University of Cologne, Germany. 
 
Epithelial cancer constitutes a major clinical challenge and molecular mechanisms underlying the process of 
tumourigenesis, especially tumour initiation, are currently not well understood. Here we demonstrate by in 
vivo lineage-tracing in tumor-whole-mounts that hair follicle bulge stem cells (SCs) give rise to well-
differentiated sebaceous skin tumours. Furthermore, we show that SCs not only play a crucial role in tumour 
initiation, but are also involved in tumour plasticity and heterogeneity. Our findings also reveal that SC-specific 
expression of mutant Lef1, which mimics mutations found in human sebaceous tumours, drives sebaceous 
tumour formation. We have investigated the underlying molecular and cellular mechanisms of stem cell-driven 
sebaceous tumour initiation in great detail. Our data reveal that expression of mutant Lef1 interferes with SC-
specific gatekeeper functions normally protecting against accumulations of DNA lesions and cell loss. Thus, 
mutant Lef1 disrupts normal control of crucial SC functions. Our studies may provide a novel mechanism 
resulting in uncontrolled propagation of tumour-initiating SCs. We will discuss molecular and cellular 
mechanisms of tumour-initiating events in tissue SCs, thereby providing a potential target for future 
therapeutic strategies. 

 

 

 

Selected talk 
Role of EMT transcription factors in skin epidermis 
 
De Craene Bram ; Tatari Marianthi ; Denecker Geertrui ; Soen Bieke ; Taminau Joachim ; Berx Geert 
 
VIB-UGent Ghent 
 
Epithelial to mesenchymal transition (EMT) is essential for driving plasticity during development, but is an 
unintentional behaviour of cells during cancer progression or fibrosis. Disturbance of a controlled epithelial 
balance is triggered by altering several layers of regulation, including the transcriptional and translational 
machinery, expression of non-coding RNAs, alternative splicing and protein stability. EMT transcription factors 
are known for more than 10 years now to mediate a key role in driving EMT, nevertheless the impact of their 
expression in epithelial tissues in vivo is still poorly understood. 
To gain a better understanding of the functional role of EMT transcription factors in epidermal homeostasis, we 
study mouse models with conditional expression in the skin epidermis. Epithelial homeostasis within the skin 
epidermis is maintained by means of multiple cell-cell adhesion complexes such as adherens junctions, tight 
junctions, gap junctions and desmosomes. These complexes co-operate in the formation and regulation of the 
epidermal barrier. Our analysis revealed that Zeb2 expression in the epidermis leads to hyperproliferation due 
to the combined downregulation of different tight junction proteins. Immunohistological analysis on skin 
samples covering various pathogeneses revealed ZEB2 expression in pemphigus vulgaris. 
Snail transgenic mice on the other hand spontaneously developed distinct histological subtypes of skin cancer, 
such as basal cell carcinoma, squamous cell carcinoma and sebaceous gland carcinoma. Development of 
sebaceous gland carcinomas strongly correlated with the direct and complete repression of Blimp-1, a central 
regulator of sebocyte homeostasis. Snail expression in keratinocyte stem cells significantly promotes their 
proliferation associated with a distinct expression signature, resulting not only in a larger pool of Mts24-
marked progenitor cells, but also genomic instability leading to spontaneous tumour formation. 
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The multifunctional protein E4F1 is an essential regulator of epidermal stem cell (ESC) maintenance through 
mechanisms that are both dependent and independent of the p53 tumor suppressor. We further explored the 
essential role of E4F1 in skin homeostasis and revealed that it regulates a complex metabolic program in ESC 
independently of p53. E4F1 knock-out keratinocytes exhibit increased glycolysis associated with impaired 
pyruvate metabolism due to deregulated expression of several key components of the pyruvate dehydrogenase 
complex that leads to increased lactate secretion. Interestingly, our data suggest that this metabolic 
reprogramming occurs first in ESC, contributing to the remodeling of their microenvironment and adhesion 
defects that lead to the definitive exhaustion of the ESC pool. Thus, our data show that E4F1 is an essential 
regulator of ESC metabolism that controls their maintenance in the niche. 
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My lab aims at identifying and characterizing the molecular mechanisms underlying the function of adult stem 
cells, in particular those that are responsible for the maintenance of stratified epithelia. Recent work from our 
lab has been focused in understanding how adult stem cells are spatiotemporally regulated, how they 
communicate with their local and systemic environment, and how does stem cell malfunction contributes to 
tissue ageing and tumorigenesis. I will present an overview of our data supporting an important role of 
different mechanisms such as circadian rhythms and epigenetic factors in skin carcinogenesis. I will also present 
two new orthotopic models we have developed of human skin and oral squamous cell carcinomas (SCC), that 
are allowing us to characterize the molecular and cellular mechanisms that drive human SCC metastasis. 
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Skin squamous cell carcinomas (SCCs) are the second most prevalent skin cancers, which are heterogeneous 
and aggressive, and innovative therapies are needed. Chronic skin inflammation has been associated with the 
development of SCCs, but the contribution of skin inflammation to SCC development remains largely unknown. 
Inducible expression of c-Fos/AP-1 in the epidermis of adult mice is sufficient to promote inflammation-
mediated epidermal hyperplasia, leading to the development of preneoplastic lesions; when combined with a 
single dose of the carcinogen DMBA highly invasive SCCs developed (1). Interestingly, c-Fos transcriptionally 



controls mmp10 and s100a7a15 expression in keratinocytes, subsequently leading to CD4 T-cell recruitment to 
the skin, thereby promoting epidermal hyperplasia through T-cell-derived IL-22. Our studies demonstrate a 
bidirectional cross-talk between premalignant keratinocytes and infiltrating CD4 T cells in SCC development, 
and targeting inflammation represents a promising therapeutic strategy.  
Furthermore, we have identified a p53/TACE pathway that is negatively regulated by FOS and show that the 
FOS/p53/TACE axis suppresses SCC by inducing differentiation (2). Epidermal Fos deletion in mouse tumor 
models or pharmacological FOS/AP-1 inhibition in human SCC cell lines induced p53 expression. Epidermal cell 
differentiation and skin tumor suppression caused by a p53-dependent transcriptional activation of the 
metalloprotease TACE/ADAM17, a previously unknown p53 target gene that was required for NOTCH1 
activation (2).  
Given the role of p53 in inducing keratinocyte differentiation and thereby preventing skin tumor development, 
we generated mouse strains that lack either JunB or c-Fos along with p53 in the epidermis. Importantly these 
mice spontaneously develop highly aggressive SCCs, indicating that loss of AP-1 function in a p53 null 
background predisposes to SCC development. This is corroborated in human SCCs that show loss of JunB and c-
Fos along with p53 inactivating mutations. The relevant pathways causal for the development of these 
spontaneous tumours will be discussed. 
 

(1) Briso EM, Guinea-Viniegra J, Bakiri L, Rogon Z, Petzelbauer P, Eils R, Wolf R, Rincón M, Angel P, Wagner EF. 
Inflammation-mediated skin tumorigenesis induced by epidermal c-Fos. Genes Dev. 2013 Sep 15;27(18):1959-73. 
(2) Guinea-Viniegra J, Zenz R, Scheuch H, Jiménez M, Bakiri L, Petzelbauer P, Wagner EF. Differentiation-induced skin cancer 
suppression by FOS, p53, and TACE/ADAM17. J Clin Invest. 2012 Aug 1;122(8):2898-910. 
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Mechanisms regulating stemness in skin cancers 
 
Cédric Blanpain  
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For the vast majority of cancers, the cell at the origin of tumor initiation is still unknown. Two epithelial skin 
cancers are frequent in human populations: the basal cell carcinoma and the squamous cell carcinoma. We 
developed genetic lineage tracing approaches to identify the cells at the origin of these two types of cancer in 
mice, isolate these oncogene targeted cells by flow cytometry and determined the molecular changes 
associated with tumor initiation (Youssef NCB 2010, Youssef NCB 2012, Lapouge PNAS 2011).  
Cancer stem cells (CSCs) have been described in various cancers including skin squamous cell carcinoma. Using 
different approaches in mice, we and others have recently shown that mouse squamous skin tumors contain 
cancer stem cells characterized by their greater ability to be propagated long term upon transplantation into 
immunodeficient mice (Lapouge EMBO J 2012) or by their ability to fuel tumor growth using lineage tracing 
experiments (Driessens Nature 2012).   
To define the mechanisms that regulate skin cancer stem cells, we transcriptionally profiled cutaneous CSCs at 
different stages of tumor progression and identified genes preferentially upregulated in CSCs. Using state of the 
art genetic gain and loss of function in mice, we are defining how some of these genes regulate tumor 
stemness and malignant transition in vivo within their natural environment. I will discuss how the combination 
of extrinsic factors such as the vascular niche (Beck Nature 2011) and intrinsic factors, such as the expression of 
Sox2, a transcription factor expressed in a variety of developmental progenitors and adult stem cells, regulate 
tumor heterogeneity, renewal and invasive properties of CSCs during skin cancer progression (Boumhadi 
Nature 2014).  
This work is supported by WELBIO, the FNRS, and the European Research Council (ERC).  
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Investigating new targets of p63 during the pathogenesis of squamous cell carcinoma 
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CRG, Barcelona, Spain 
 
Tumor initiation involves the acquisition by cells of an ability to overcome tumor-suppressive mechanisms such 
as senescence or apoptosis. Indeed, many tumor-initiating mutations actively inhibit these anti-tumorigenic 
mechanisms, favoring transformation and progression to malignancy. Recently, we identified that the 
predominant isoform of the p63 transcription factor, DeltaNp63-alpha is one such gene. DeltaNp63-alpha is 
frequently overexpressed in Squamous Cell Carcinoma (SCC) in a variety of tissues. Using primary mouse 
keratinocytes, we demonstrated that DeltaNp63-alpha could inhibit the tumor suppressive mechanism of 
Oncogene-Induced Senescence (OIS), and promote tumor-initiating proliferation of the primary cells. 
Interestingly, senescence bypass by DeltaNp63-alpha in this model lead to the aberrant proliferation of 
keratinocyte stem cells and resulted in the development of SCC. In addition to identifying the oncogenic-
capacity of this gene, this study generated a new model to study the early stages of SCC pathogenesis. 
Moreover, and central to this process, we identified the chromatin-remodeling gene Lsh/Hells as new target 
gene of DeltaNp63-alpha that is required for senescence-bypass. Interestingly, we now demonstrate that Lsh is 
independently sufficient to drive the process of senescence-bypass and tumor formation in vivo. 
Overexpression of Lsh in cooperation with oncogenic Ras leads to tumor formation. Furthermore, 
overexpression of Lsh in our Ras-DeltaNp63-alpha model of SCC increases the tumor-burden in nude mice, and 
confers a more aggressive tumor behavior. Importantly, Lsh is frequently overexpressed in human tumors, and 
has been linked to tumor staging and metastasis. Our data functionally demonstrate that this chromatin-
remodeling factor has a previously unknown oncogenic function and implicates it in the progression of SCC.  
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Epithelial to Mesenchymal Transition (EMT) has been proposed to regulate tumor invasiveness and metastasis, 
as well as cancer stemnness in different tumor cell lines. Here, we have developed novel mouse models 
allowing the conditional expression of oncogenic KRas and p53 deletion to assess whether the cancer cells of 
origin correlate with tumor heterogeneity in mouse skin squamous cell carcinoma (SCC). Depending on the 
cellular origin of the tumors (multipotent hair follicle stem cells versus interfollicular stem cells), KRasG12D 
p53KO induced SCCs display considerable heterogeneity ranging from well-differentiated SCCs to fibroblastic-
like cancers that had undergone full EMT with a complete loss of all markers that remind their epithelial origin. 
Transplantation experiments revealed that the population of cancer cells that underwent EMT was highly 
enriched for tumor propagating cells, supporting the notion that EMT is associated with tumor stemnness in 
primary cancers. These experiments also revealed the cellular plasticity of these populations and the 
hierarchical organization of these tumors. Genomic and transcriptional profiling allowed the identification of 
key regulators that control the transition between these different tumor cell populations during cancer 
progression. This study has important implications for understanding the mechanisms leading to tumor 
heterogeneity, progression and invasiveness. 
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Solid tumors are typically considered to arise from the accumulation of mutations within either stem or 
differentiated cells and to evolve over several years. Paradoxically some tumors develop with rapid onset 
indicating that they may originate in tissue stem cells and only require mutation in key driver pathways. For 
example, patients treated with inhibitors of oncogenic BRAF frequently present with keratoacanthomas and/or 
cutaneous squamous cell carcinoma (cSCC) within weeks of treatment possibly driven by paradoxical RAS/RAF 
MAPK pathway activation. Here we identify frequent oncogenic mutation in HRAS and mutation of TGFbetaR1 
and TGFbetaR2 in skin lesions from vemurafenib treated patients. Analysis of TGFbeta signaling in murine skin 
revealed autocrine TGFbeta signaling is highly localised to the Lgr5+ve stem cells. We modelled hyperactivation 
of the MAPK pathway and the consequences of TGFb signalling ablation by knock in of BRafV600E coupled with 
deletion of TgfbetaR1 in Lgr5+ve cells. Whist Raf activation alone rarely led to cancer, heterozygous and 
homozygous deletion of TgfbetaR1 enabled rapid BRAF driven papilloma and cSCC development respectively. 
Analysis of 82 human sporadic cSCC tumor samples and 21 cSCC cell lines revealed mutation of TGFbeta 
receptors in 44% of samples and activating RAS mutations in 5% of samples. Taken together our results indicate 
that Lgr5+ve stem cells can act as the cell of origin for cSCC and that hyperactivation of the RAS-RAF-MAPK 
pathway coupled with loss of TGFbeta signaling are driving events of skin tumorigenesis. 
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The transmembrane glycoprotein CD98hc (SLC3A2) is highly expressed in many cancers and is associated with 
poor prognosis; however, knowledge on how CD98hc contributes to tumorigenesis remains incomplete. Here, 
we show, in a chemically-induced skin carcinogenesis, that CD98hc-deficient epidermis was protected against 
tumor formation. We demonstrate that CD98hc deletion led to regression of existing tumors. Furthermore, our 
studies reveal that two new functions of CD98hc contribute to epithelial cancer, beyond CD98 intrinsic effect 
on tumor cell proliferation. First, CD98hc increased the stiffness of the tumor microenvironment. Secondly, we 
report that CD98hc amplifies the capacity of cells to respond to matrix rigidity, an essential factor of tumor 
development. We show that CD98hc mediates this stiffness sensing by increasing Rho kinase (ROCK) activity in 
vivo resulting in increased transcription dependent on YAP/TAZ, the nuclear relays of mechanical signals. 
Therefore, CD98hc contributes to epidermal carcinogenesis by acting as a gain-amplifier of a positive feedback 
loop that increases both extracellular matrix stiffness and resulting cellular responses. Our studies provide 
proof of principle for the use of CD98hc inhibitors as debulking agents prior surgery in cancer. 
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Squamous cell carcinoma (SCC) development was described as a multistage process. It is characterized by the 
initial generation of epidermal hyperplasia and dysplasia, followed of in situ SCC and finally invasive SCC, most 
of which conserving epithelial traits (well differentiated or WD-SCC). However, a percentage of invasive SCCs 
show poorly differentiated features (PD-SCCs) and spindle shape. In previous studies, SCC samples obtained 
from different tumors at a determinate stage of progression were used to determine molecular events 
promoting highly malignant features. However, this strategy did not allow the analysis of the WD-SCCs to PD-
SCCs transition in individual tumor samples, neither the events that contribute to this process. Furthermore, 
the metastasis-prone of SCCs at specific stage of progression is difficult to address due to the fact that 
synchronic metastasis are only identified at mouse sacrifice. To address these questions, we have generated a 
new mice model of tumor progression. Primary SCCs were developed in K14-HPV16 mice, which express E6 and 
E7 viral oncoproteins in the basal layer of epidermis. These SCCs were orthotopically implanted in 
immunodeficient mice, initially conserving the histopathological features of primary tumors. Then, ortho-SCCs 
were serially engrafted, enabling the generation of SCC lineages from individual SCC samples. Our results 
demonstrated that spindle-SCCs are generated directly from WD-SCCs through tumor progression. Hence, the 
64% of SCCs that initially exhibited epithelial features progressed to PD- and spindle SCCs, which acquired 
mesenchymal traits. Mesenchymal SCCs grew faster and showed an enhanced metastasis prone compared to 
WD-SCCs. These events were associated with a dramatic expansion of cancer stem cells (CSCs) and a strong 
induction of EMT, which were conserved in derived metastasis lesions. Therefore, ortho-SCC lineages are useful 
models to evaluate mechanisms involved in CSC expansion and SCC progression. 
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Inactivation of p53 functions is a universal feature of human cancer cells. It is indeed thought that tumors 
invariably overcome p53-mediated tumor suppression either directly, through mutations in the TP53 gene 
itself, or indirectly via alternative mechanisms. Accordingly, we have recently shown that although TP53 
mutations are rare in cutaneous melanomas p53 functionality is dramatically reduced in the vast majority of 
cases as a consequence of high expression of MDM4, a negative regulator of p53. In contrast MDM4 is not 
expressed in melanocytes; its expression is also low/undetectable in the majority of adult tissues. Inhibition of 
the MDM4-p53 physical interaction using specific “stapled” peptides restored p53 function in melanoma cells, 
resulting in increased sensitivity to cytotoxic chemotherapy and to inhibitors of components of the MAPK 
pathway such as the BRAF (V600E) oncogene or MEK1/MEK2. These results identified MDM4 as a key 
determinant of impaired p53 function in human melanoma and designated MDM4 as a promising and specific 
target for antimelanoma combination therapy. We have more recently gained critical insights into the 
molecular mechanisms underlying elevated MDM4 protein expression in human melanomas and, based on 
these findings, developed alternative pharmacological strategies allowing efficient MDM4 targeting and 
subsequent p53 reactivation. Finally, we have identified a new negative feedback loop, which is engaged 
following MDM4 targeting, and thus prevents complete p53 reactivation. We will provide evidence that genetic 



or pharmacological targeting of this feedback loop mechanism dramatically sensitizes melanoma cells to p53-
killing activities in response to MDM4 targeting. These data argue that optimal p53 reactivation through double 
targeting of MDM4 and this negative feedback loop, while inhibiting the MAPK pathway, holds therapeutic 
promise for the treatment of melanoma patients. 
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The main causes of cancer-related deaths are recurrence and metastasis following therapy. This problem is 
magnified in cutaneous malignant melanoma, highly metastatic in advanced stages and generally resistant to 
chemotherapy. We hypothesized that metastatic melanomas can exploit hardwired pathways employed by 
migratory embryonic melanocytes to achieve a more aggressive malignant phenotype. To test this we used a 
mouse model expressing GFP specifically in melanocytic cells in concert with FACS to isolate mouse 
melanoblasts from various developmental stages, sequence their transcriptomes, and identify genes/pathways 
common to metastatic melanoma. This study has yielded a full library of genes expressed throughout 
embryonic melanocyte development. To identify novel anti-melanoma therapeutic targets, functional assays 
for promising gene candidates have been performed in metastatic melanoma cells, and clinical correlates 
assessed. Current results will be discussed. Although new targeted drugs can elicit significant clinical responses, 
progressive melanomas invariably recur. And new immunomodulatory drugs elicit durable clinical responses, 
but only in 15-30% of patients. Dissection of processes underpinning recurrent/metastatic melanoma will 
identify new targets for more efficacious treatment. Here, animal models that accurately mimic these events 
would be of great value. However, current preclinical studies do not address progressive recurrent disease 
because they rely on growth responses of human cell lines xenografted into immunocompromised mice for 
efficacy endpoints. Such studies show poor predictive power for clinical activity. We have designed improved 
mouse models of progressive melanoma, which will be used to study mechanisms of drug resistance and to 
identify more reliable markers of response. Our models, which are based in immunocompetent mice, focus on 
the evaluation of promising immunomodulatory agents, both alone and in clinically relevant combinations. 
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Giant congenital nevi are pigmented childhood lesions that frequently lead to melanoma, the most aggressive 
skin cancer. The mechanisms underlying this malignancy are largely unknown, and effective therapies are 
missing. Tumor cells conceivably share properties with normal cells of the tissue, from which the tumor 
derives. Melanoma arises from melanocytes, which originate during embryonic development from neural crest 
stem cells. Using a mouse model for giant congenital nevi and melanoma, we have shown that formation of 
these cutaneous lesions involves factors controlling normal development of melanocytes from the neural crest. 
In addition, epigenetic mechanisms turn out to be crucial players in melanoma formation. Increased activity of 
the histone methyltransferase Enhancer of Zeste Homolog 2 (EZH2) has been associated with different cancers. 
So far, however, evidence for a functional role of EZH2 in tumorigenesis in vivo was poor, in particular in 
metastasising solid cancers. We now show that in our genetic mouse model of melanoma, conditional Ezh2 
ablation stabilises the disease and leads to a complete lack of metastases, without affecting normal melanocyte 
biology. Likewise, treatment of melanoma-bearing mice with the preclinical EZH2 inhibitor GSK503 virtually 
abolishes metastases formation, resulting in prolonged survival. In human melanoma patients, high EZH2 levels 
are linked to an adverse clinical outcome. In contrast, EZH2 inactivation in human melanoma cells impairs 



invasiveness, which is accompanied by de-repression of a previously unknown transcriptional program 
connected to increased patient survival. Thus, EZH2-mediated epigenetic repression is highly relevant 
especially during advanced melanoma progression, which makes EZH2 a promising target for novel melanoma 
therapies. In general our findings indicate that we might be guided by developmental biology for the detection 
of novel players in tumor biology and hence to potential tumor therapy targets. 
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Melanoma is a highly aggressive skin cancer that arises from the melanocytic lineage. Among others, 
transforming growth factor-β (TGF-β) signaling has been associated with melanoma progression.  As for other 
tumor types, it has been proposed that at early stages of melanoma formation TGF-β acts as a tumor 
suppressor through its broad antiproliferative potential, whereas at later stages it has a tumor promoter role 
either via direct effects on tumor cell aggressiveness or indirectly by modulating tumor microenviroment 
responses. However, this hypothesis is solely based on in vitro and classical xenografting assays. To clarify the 
role of TGF-β signaling in vivo throughout melanoma development, we made use of the murine 
Tyr::Nras

Q61K
INKa

−/− 
melanoma model, which develops nevus-like hyperplasia and subsequently melanoma 

within 6 months. To conditionally activate the TGF-β signaling cascade, we took advantage of the Cre-LoxP 
system, which enabled us to ablate Smad7 (a negative regulator of TGF-β Smad2/3 signaling) at different time 
points in our murine model. Mice having Cre-mediated Smad7 ablation at the age of 1 month developed 
massively increased numbers of distant metastases (mainly in lung, liver, and spleen), whereas control mice 
showed melanoma-free survival after 5 months. These results indicate that activation of the TGF-β pathway is 
essential for distant metastasis of melanoma cells already at early stages of melanoma formation. Further, 
patient survival analysis based on The Cancer Genome Atlas covering more than 350 cases of cutaneous 
melanoma revealed that low Smad7 expression is associated with poor prognosis. The strong association 
between Smad7 levels and disease outcome, along with our functional data obtained in a genetic mouse model 
of melanoma, suggests that Smad7 is a significant risk factor in malignant melanoma patients. 
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Loss of the tumor suppressor PTEN is often observed in human melanoma, after MAPK activation, and 
mediates metastatic behaviour. Here we show for the first time that knock-down or absence of PTEN in various 
epithelial and melanocytic cell lines induces the nuclear localization and transcriptional activation of beta-
catenin in a reversible manner. Surprisingly, this pathway is PI3K-AKT-GSK3-independent, as phosphorylation of 
beta-catenin on Thr41 and Ser45 is not dramatically affected by inhibition of these kinases, and rather depends 
on the endocytosis protein CAV1. PTEN and beta-catenin compete for CAV1 and the relative amount of CAV1 
affects the localization of beta-catenin. The physiopathological importance of the lack of PTEN was evaluated 
using an NRAS relevant mouse melanoma model. In this model, PTEN loss bypassed senescence after inducing 
the nuclear localization of beta-catenin and repression of p16INK4A, and induced efficient metastasis 
formation after E-cadherin internalization. Moreover, a feedback loop emerged between beta-catenin and 
CAV1; beta-catenin regulates the levels of miR199a-5p and miR-203, which are able to regulate the level of 
CAV1 mRNA in melanoma cells. Thus, our data reveal a novel mechanism, based on feedback regulation, by 
which loss of PTEN increases CAV1-mediated dissociation of membranous E-cadherin from beta-catenin. In 
turn, the transcriptional activity of beta-catenin is modulated by PTEN and/or CAV1 
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Investigating the role of Wnt signalling and RICTOR/PI3K kinase signalling in melanoma 
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mTOR and Wnt signalling have been implicated in melanomagenesis however despite excellent inhibitors 
currently it is unclear which melanomas may respond to inhibition of these pathways. 
Rictor (mTORC2 inhibition) or joint mTORC1/2 inhibitors had little impact on melanomas that carried 
BRAFV600E mutation. In contrast NRAS mutant melanocytes and melanoma were dependent on mTORC2 and 
tumourigenesis could be prevented in an NRAS model of melanoma by deletion of Rictor. Given mTORC2 was 
thought to be required for PTEN mediated tumourigenesis we also crossed Rictor deletion into a TYRCREER 
BRAFV600E PTENfl/+ mouse model of melanoma. However no impact on tumourigenesis was observed. To test 
if further inhibition of PI3 K pathway could now sensitise Rictor depleted PTEN deficient melanoma we 
inhibited the PI3K dependent RAC GEF PREX1 (which again had no impact on BRAF PTEN mediated 
tumorigenesis) and now saw a marked suppression of tumourigenesis. 
We have performed further work investigating whether there are cooperative effects of Wnt inhibition and if 
time this work will be discussed. 
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Embryonic transcription factors inducers of Epithelial to Mesenchymal Transition (EMT-TFs) are frequently 
reactivated in carcinoma. In addition to promoting metastasis, they favor neoplastic transformation of 
epithelial cells by enabling escape from oncogene-induced senescence and apoptosis and providing cells with 
stem-like properties. While EMT plays a crucial role during embryonic neural crest development, we recently 
unveiled different regulation and function of EMT-TFs in human malignant melanoma (Caramel et al, Cancer 
Cell, 2013). We observed a switch in expression from SNAIL2 and ZEB2, which are expressed in melanocytes 
and behave as oncosuppressive proteins to TWIST1 and ZEB1, which are aberrantly reactivated in melanoma 
and cooperate with BRAFV600E oncogene to induce neoplastic transformation of melanocytes. This switch in 
EMT-TF expression represents a novel independent factor of poor prognosis in patients with malignant 
melanoma. We further investigated the oncogenic properties of TWIST1 in melanoma development in vivo by 
crossing conditional Twist1 transgenic mice with BRAFV600E/TyrCreERT2 mice. We show that Twist1 enables 
escape from BRAFV600E-induced senescence in primary mouse melanocytes. Moreover, BRAFV600E/Twist1 
melanomas are more aggressive and exhibit dedifferentiation features compared to BRAFV600E melanomas. 
Consistently, EMT-TFs regulate MITF, the master regulator of melanoma phenotypic plasticity. TWIST1 and 
ZEB1 cooperate with BRAFV600 in down-regulating MITF expression, concomitantly with the induction of 
invasive/stem-like associated gene signatures. Overall, by regulating MITF-dependent phenotype switching, 
TWIST1/ZEB1 contribute to malignant progression of melanoma. Therefore, targeting the EMT-TF network 
represents an attractive strategy for metastatic melanomas that invariably develop resistance to BRAFV600 
targeted therapy. 
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Cutaneous melanoma (CM) is epidemiologically linked to ultraviolet radiation (UVR), but the 

mechanisms by which UVR drives melanomagenesis are unclear.  Questions remain regarding the ability of 
sunscreen to reduce CM incidence. The most common mutation in CM is a V600E substitution in BRAF, an early 
event, but other genetic events are necessary to drive tumour progression.   

We expressed BRAF in melanocytes of adolescent mice at physiological levels mimicking acquisition of 
somatic mutations in humans. The mice did not carry additional genetic modifications and were exposed to 
repeat UVR doses that replicated mild sunburn in humans. A single dose of UVR induced clonal expansion of 
naevi, and weekly exposure to UVR increased melanoma burden. We show melanocytes in naevi expressing 
BRAF are susceptible to UV-driven naevogenesis, validating epidemiological studies that show that UVR is 
linked to increased numbers of benign acquired naevi in fair skinned individuals. This study then links UVR to a 
high melanoma incidence, a high mutation burden due to UVR, as demonstrated by a predominance of UVR 
signature C to T transitions. The melanomas arising after UVR targeted the Trp53 tumour suppressor in 40% of 
cases. TP53 is an accepted target of UVR in non-melanoma skin cancer, but is not thought to play a major role 
in CM. This work identifies TP53/Trp53 as an UVR-targeted gene that cooperates with 

V600E
BRAF to induce CM, 

providing molecular insight into how UVR drives melanomagenesis. Trp53 mutations accelerated 
V600E

BRAF-
driven melanomagenesis in a mouse model and TP53 mutations are linked to evidence of UVR-induced DNA 
damage in human CM.To investigate if sunscreen protects mice from UV, SPF50 sunscreen was applied before 
every UVR exposure. We found sunscreen is only partially able to revert the effects of UVR, implying that in 
susceptible individuals, additional measures of UVR protection should be sought to abrogate the effects of 
UVR. These data underpin public health campaigns aimed to decrease CM incidence by advising susceptible 
individuals to limit exposure to UVR and apply sunscreen.  

This study provides insight into epidemiological data linking UVR to acquired naevi and CM, unravels 
the role of TP53 as a UVR target, and validates public health campaigns that promote sunscreen protection for 
individuals at risk of CM.  
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Metastatic dissemination of cancer cells is a complex process invariably associated with neo-vascularization. 
Intriguingly, while the presence of malignant cells in lymph nodes is a defining criteria in tumor staging, the 
specific contribution of lymphangiogenesis to tumor progression and drug response remains largely unknown. 
This is mainly due to the lack of markers and amenable models for the imaging and analysis of 
lymphangiogenesis by non invasive methods in vivo. We have generated a new series of “lymphoreporter” 
mouse strains whereby a GFP-luciferase fusion cassette was inserted by knock in technologies at the 3´ UTR 
region of Flt4 (VEGFR3), a classical marker of lymphangiogenesis. Here we exploit immunocompetent and 
immunodeficient lymphoreporter animals in the context of malignant melanoma, the most lethal form of skin 
cancer.  We will show how non-invasive monitoring of VEGFR3 activation can reveal pre-metastatic niches 



activated before the onset tumor cell colonization. Moreover, the lymphoreporter mice was used as a platform 
to identify novel antimetastatic agents and define their mode of action. We will present dsRNA-based 
nanoparticles with a potent anti-melanoma activity in vivo derived from a novel dual mode of action: (i) direct 
tumor-self killing by autophagy, (ii) selective inactivation of the lymphangiogenic vasculature.  Together, our 
data validate the VEGFR3-GFP-Luc reporter as a new cost-effective system for gene discovery and drug efficacy 
assessment in physiologically-relevant cancer models. 
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Defining the role of Sox9 in basal cell carcinoma  
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Basal cell carcinoma (BCC) is the most frequent cancer in human and results from the constitutive activation of 
hedgehog (HH) signaling in epidermal cells. HH activation through Smoothened activation or Patched deletion 
lead to a rapid transcriptional upregulation of Sox9 in BCC initiating cells. Sox9 deletion together with HH 
activation completely prevents BCC initiation and instead leads to a progressive loss of oncogene expressing 
cells. The disappearance of oncogene expressing cells is due to a lack of symmetrical self-renewing cell division 
and to a decreased loss of normal squamous differentiation of oncogene expressing cells. Molecular analysis of 
Sox9 loss of function upon HH induced tumorigenesis and chromatin immunoprecipitation experiments 
revealed that Sox9 directly regulates a gene network essential for tumor stemness, TGF/BMP signaling, cell 
polarity, cytoskeleton dynamics and ECM remodeling during tumorigenesis. Our study demonstrates that Sox9 
acts as master regulator for the maintenance and invasion of BCC initiating cells. 
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Spontaneous tumor regression is driven by Wnt /Retinoic Acid signaling cross-talk  
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One of the major goals of cancer research is to identify cellular and molecular mechanisms that can induce 
tumor arrest and regression over time. Although cancer biology has already set the ground for the 
identification of such mechanisms, we still lack of a detailed knowledge on how tumor growth can be stopped. 
Cancer does not generally spontaneously regress without treatment. However, solid tumors, such as 
melanoma, renal cell carcinoma and neuroblastoma, as well as non-solid tumors, such as lymphomas, 
occasionally do regress. Here we use a spontaneously self-regressing tumor, cutaneous keratoacanthoma, to 
identify physiological mechanisms that drive tumor regression. By using a mouse model system that 
recapitulates the behavior of human keratoacanthomas, we show that self-regressing tumors shift their 
balance to a differentiation program during regression. Furthermore, we demonstrate that developmental 
programs utilized for skin hair follicle regeneration, such as Wnt, are hijacked to sustain tumor growth and that 
the Retinoic Acid signaling pathway promotes tumor regression by inhibiting Wnt signaling. Finally, we found 
that Retinoic Acid signaling can induce regression of malignant tumors that do not normally spontaneously 
regress, such as Squamous Cell Carcinomas. These findings provide new insights into the physiological 
mechanisms of tumor regression and suggest therapeutic strategies to induce tumor regression. 
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Using single cell gene expression to investigate melanoma cell heterogeneity 
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A challenge to effective anti-cancer therapy is tumor cell heterogeneity. Anti-cancer agents target highly 
proliferative cells, however it is now believed that tumors are heterogeneous comprising not only proliferative, 
but also slow dividing and quiescent cells. Human melanoma is believed to be heterogeneous comprising cells 
with differing levels of transcription factor MITF (Microphthalmia-associated Transcription Factor). 
We have used advances in microfluidics to study gene expression at the single cell level in order to accurately 
determine the molecular basis of tumor heterogeneity. We have combined the Fluidigm C1 single cell auto-
prep with the Biomark HD qPCR system to investigate expression of 120 transcripts distinctive of the 
proliferative and invasive states in non-tumorigenic and tumorigenic melanoma cells under standard growth 
conditions, in 3D culture and in xenografted tumors. We show that 3D spheres and xenografted tumors 
comprise distinct cell populations that can be distinguished on the basis of their differing gene expression 
signatures. In particular we show that it is possible to detect rare cell populations expressing invasive and drug 
resistance genes in xenografted tumors that are not detected under in vitro growth conditions. We have also 
used this approach to identify genes preferentially expressed under distinct growth conditions and performed 
correlative analysis to identify genes that are regulated by MITF, many of which are direct targets associated 
with nearby MITF occupied sites.  We demonstrate therefore that single cell gene expression analysis can be 
used to identify and quantify heterogeneity in melanoma. 
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E-cadherin is essential for epithelial structures, both for their establishment during development and 
homeostasis in adult. In epidermis, E-cadherin is the major cell-cell adhesion molecule mediating melanocyte-
keratinocyte interactions in vitro. We addressed the role of E-cadherin function during melanocyte 
development and homeostasis in adults, in normal and pathological situations. Knocking out E-cadherin gene 
specifically in mouse melanoblast showed that E-cadherin controls epidermal melanoblast proliferation but 
does not affect epidermal melanocyte homeostasis in adult in normal conditions. Next, we assessed the role of 
E-cadherin in one depigmenting disorder, vitiligo, since an adhesion defect of melanocytes could be implicated 
in the disappearance of these cells during disease progression. We showed that E-cadherin is absent from, or 
discontinuously distributed across, melanocyte membranes in preclinical vitiligo. Furthermore, we 
demonstrated that E-cadherin is a major determinant of melanocyte adhesiveness and homeostasis in the 
epidermis under stress conditions implicated in vitiligo pathogenesis. 
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Loss of epidermal Wnt secretion results in chronic skin inflammation 
 
Nathalie AUGUSTIN 
 
German cancer center, Heidelberg, Germany 
 
Cells of the epidermis renew constantly from germinal layer stem cells. While epithelial cell differentiation has 
been studied in great detail and the role of Wnt signaling in this process is well described, the contribution of 
epidermal Wnt secretion in epithelial cell homeostasis remains poorly un- derstood. In order to analyze the role 
on Wnt ligands in this process, we created a knockout allele of the Wnt cargo-receptor Evi and studied mice 
that lacked Evi expression in the epidermis. We found that K14-Cre, Evi-LOF mice lost their hair during the first 
hair cycle, showing a reddish and flaky skin with impaired skin barrier function. Expression profiling of mutant 
and wildtype skin revealed upregulation of inflammation-associated genes. Furthermore, we found that Evi 
expression in psoriatic skin biopsies of patients is down regulated, suggesting that Evi-deficient mice developed 
skin lesions that resemble human psoriasis. Immune cell infiltration of the adaptive and innate immune system 
was detected in Evi-LOF skin. Interestingly, an age-dependent depletion of DETC as well as an infiltration of 
gamma-delta-low T cells in Evi mutant epidermis was observed. Taken together, the described inflammatory 
skin phenotype in Evi-deficient mice revealed an essential role of Wnt secretion in maintaining normal skin 
homeostasis by enabling a balanced epidermal-dermal crosstalk, which affects immune cell recruitment and 
DETC survival. 
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Lumican, a small leucine-rich proteoglycan of the extracellular matrix, presents potent anti-tumor properties. 
Previous works from our group showed that lumican was able to inhibit melanoma cell migration in vitro and in 
vivo. Melanoma cells are capable to adhere to lumican, resulting in a remodeling of their actin cytoskeleton and 
preventing their migration. In addition, we identified a sequence of 17 amino acids within the lumican core 
protein, named lumcorin, which was able to inhibit cell chemotaxis and reproduce anti-migratory effect of 
lumican in vitro.  
The aim of the present study was to characterize the anti-tumor mechanism of action of lumcorin. Lumcorin 
significantly decreased the growth in monolayer and in soft agar of two melanoma cell lines: mice B16F1 cells 
and human SK-MEL28 in comparison to control. Addition of lumcorin to serum free medium significantly 
inhibited spontaneous motility of these two melanoma cell lines. Since cancer cells were shown to migrate and 
to invade by mechanisms that involve matrix metalloproteinases (MMPs), the expression and activity of MMPs 
in B16F1 cells were analyzed. The presence of lumcorin induced an accumulation of an intermediate form of 
MMP-14 (~59kDa), and inhibited MMP-14 activity in B16F1 and SK-MEL28 cells. Lumcorin also directly inhibited 
recombinant human MMP-14 activity. Additionally, we identified a short, 10 amino acids peptides within 
lumcorin sequence, which was able to reproduce its anti-tumor effect on melanoma cells. The cyclic 10 amino 
acids peptide was demonstrated to reduce tumour growth in vivo. Altogether, our results help to better 
understand the mechanisms involved in the anti-tumor effect of lumican-derived peptides which could have 
potential anti-cancer applications.  
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Background - For preclinical investigation of combination therapies we have established a mouse melanoma 
model that harbors BRAF

V600E
 and loss of PTEN under the control of Tyr::CreER

T2
. Upon the application of 

tamoxifen to the skin, these mice develop melanomas. The major drawback of this model is the occurrence of 
spontaneous tumors caused by leakiness of the Tyr::CreER

T2
 system. This leads to removal of animals from 

experiments and the necessity to breed vast numbers of animals. To overcome this problem, Cre recombinase 
DNA is delivered by tattooing. 
Method - The CAG promoter and the Cre recombinase gene has been cloned into the pVAX1 vector. Mice used 
were littermates from the breeding protocol of the melanoma model. They were heterozygous for Braf

CA
 (Cre 

activated) and homozygous for floxed Pten, but lacked Tyr::CreER
T2

. The first batch of 11 mice had been 
shaved, depilated and tattooed with 15µl of the 4.5mg/ml DNA solution on a large flank area. The second batch 
of 12 mice (younger; with active hair cycling) were shaved (but not depilated) and tattooed with 5µl on ~1cm

2
. 

Control mice had been tattooed with a pVAX1-Cre construct not containing a functional promoter.  
Results - Five mice from the first batch grew neoplasms in the area that had been tattooed. All mice of the 
second batch grew neoplasms, of which most were having pigmented spots. Mice tattooed with the control 
construct did not develop any signs of abnormalities. The growth rate and histological analysis of the tumors 
showed that they are similar to the tamoxifen induced tumors, that may resemble human desmoplastic 
melanoma. Interesting observations were the occurrence of fast growing ‘warts’, that seems to be 
keratocanthomas. 
Conclusion - Our results show the potential of dermal delivery of Cre recombinase DNA by tattooing to induce 
melanoma Pten

LoxP/LoxP
;Braf

CA
 mice. Future experiments will be performed with a tyrosinase 

enhancer/promoter to ensure specific Cre recombinase expression in melanocytes. 
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Tyr::NRas

Q61K
; Cdkn2a

-/-
 (TyrNRas) mice were generated to spontaneously develop metastasizing cutaneous 

melanoma. Despite wide popularity in the melanoma community, the pathological description of cutaneous 
and extracutaneous melanocytic lesions (ML) in this model remains scarce.  
To fully characterize the variety of ML in TyrNRas mice, thorough necropsies were performed at different ages 
followed by histopathological examination. We showed that melanoma development in these mice is a 
multistep process that involves at least 4 types of cutaneous ML with distinctive morphological features. The 
classification and atlas proposed herein will allow pathologists and researchers working with this model to 



assess the malignancy status of the lesions. All these cutaneous ML share morphological similarities with the 
blue nevus family in humans. Although they have different histopathological features, ML of TyrNRas mice also 
resemble human Giant Congenital Nevi (GCN) for their multiplicity and their extent. 
Extracutaneous ML other than metastases frequently developed in TyrNRas and primary melanocytic lesions 
commonly occurred in the eyes and in the rostral part of the brain. The involvement of the central nervous 
system is reminiscent of the neurocutaneous melanosis that occurs in GCN.  
Lymph nodes of TyrNRas mice revealed to be a difficult organ to evaluate because of the putative development 
of primary ML in addition to metastases. 
The TyrNRas mouse is an interesting model for melanoma research as it can mimic clinical and morphological 
heterogeneity of human ML. Accurate histopathological description and diagnosis is essential to make the best 
use of this model, particularity in the set of multicentric lesions. This model also reminds us the difficulty of 
exactly reproducing human diseases, both morphologically and clinically. 
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L’intérêt des fibres d’ADN extracellulaires dans le traitement du cancer de la peau 
 
Ferradji Aziz 
 
Laboratoire d'analyses médicales. Nouvel Hôpital de Khenchela. Khenchela, Algeria 
 
Par définition, un tissu cancéreux est formé d’un ensemble de cellules insoumises à l’apoptose créant ainsi une 
sorte d’anarchie s'exprimant par un déséquilibre avec la mitose qui sera donc exagérée, ce qui est à l’origine 
d’une fragilisation de la structure tissulaire, et dans ce cas, les cellules auront la possibilité de se propager vers 
d’autres foyers de l’organisme humain. Selon la littérature, cette migration est favorisée par la présence des 
collagénases produites par certaines cellules cancéreuses ce qui leur confèrent la possibilité de s’infiltrer 
facilement à travers les mailles du collagène adhésif impliqué dans l’assemblage des cellules, toutefois, il est 
également connu que les acides nucléiques, tel que l’ADN, sont fortement anionique et donc ils seraient 
capables d'adhérer aux cellules environnantes après leur libération. Par conséquent, nous pourrions émettre 
l'hypothèse que les acides nucléiques sont également impliqués dans l’assemblage des cellules lorsqu’ils 
interagissent avec les liquides extracellulaires. De ce fait, le but de ce travail est d’apporter un nouvel éclairage 
sur l’impact physiopathologique causé après la libération des produits intracellulaires en l’occurrence l’ADN car 
il serait possible que ce dernier joue un rôle structural similaire à celui du collagène. En effet, si ce rôle 
structural attribué à l’ADN extracellulaire s’avère juste, il serait donc d'une grande importance dans la 
compréhension de l’aspect des tissus cancéreux puisque la diminution du taux des fibres d’ADN extracellulaire, 
qui indique le ralentissement de l’apoptose, est à l’origine d’un défaut d’assemblage cellulaire. Ainsi, 
l'administration de fibres adhésives d'ADN serait recommandée afin de regrouper les cellules cancéreuses en 
un seul endroit (la source) afin qu'elles puissent être soumises à l'apoptose. Une telle thérapie pourrait être 
prometteuse pour les patients atteints du cancer de la peau, tel que les mélanomes étant donné leur 
accessibilité. De plus, une synergie avec des molécules stimulant le Tumor Necrosis Factor TNF rendrait le 
traitement encore plus efficace en raison de la principale action de cette famille qui consiste à déclencher 
l’apoptose. Du point de vue diagnostique, la quantification du taux de l’ADN extracellulaire au sein du 
mélanome serait un bon marqueur pour évaluer le suivi thérapeutique ainsi que le pronostic. De plus, les fibres 
d’ADN extracellulaire ont la capacité d’adsorber les différents pigments de l’organisme dont le chef de file est 
l’hémoglobine qui vire au brun lorsque son fer est oxydé ce qui correspond à la couleur du naevus 
mélanocytaire (grain de beauté). La notion de l’implication de l’hémoglobine peut faire l’objet de controverse, 
mais il s’agit bien d’une chromoprotéine dont la couleur dépend essentiellement de la charge du fer fixé à son 
groupement Héme, donc un changement de couleur brune à une autre indique une variation de l’état 
d’oxydoréduction du fer causée par une activité métabolique spécifique à un tissu cancéreux, sans oublier bien 
évidemment l’effet des rayon ultra-violets sur les chromoprotéines dont la principale conséquence est 
l’oxydation du fer. 
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Melanoma dedifferentiation or else? 
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The last few years great advances have been made in the treatment of human melanoma. Many promising 
treatment options have become available. Amongst others, several small molecule inhibitors have been 
developed targeting the MAPK and PI3K pathway, two of the most commonly affected pathways in human 
melanoma. First clinical results inhibiting these pathways have shown promising results but long-term 
responses are still rare. Therefore a considerable effort is currently made to dissect escape mechanisms to gain 
insights for combining multiple targeted agents therapies.  
Currently the Tyr::CreER

T2
;Pten

LoxP/LoxP
;Braf

CA/+ 
murine model is, aside PDX models,  considered to be the most 

advanced for pre-clinical testing of targeted therapies. However, some characteristics of this mouse melanoma 
model do not match with the human situation and potentially need to be improved. For example tumor escape 
upon selective MAPK inhibition has not been observed, distant (organ) metastases are rare, and tumor 
immunogenicity seems to be absent.  
All tumors induced in this model start as typical nevus-like lesions with very similar histologic characteristics to 
human primary cutaneous melanoma. However, the vast majority of these lesions progress subcutaneously 
with amelanotic appearances. They are composed of short spindle/oval-shaped cells and are organized either 
in fascicular and whorl structures or in haphazard pattern with a oedamatous background, which resemble 
Schwannoma/MPNST.  
It is known that melanocytes and Schwann cells, among other neural cells, share a common embryonic origin 
namely the neural crest. Thus a question rises as to whether this could contribute to the phenotype observed 
here. To attempt to answer this question  we have further analyzed the histopathology and RNA expression 
profiles of these tumors. Unfortunately this has not yet lead to a conclusive answer so far. 
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Tumor-stroma signaling crosstalk contributes to tumor microenvironment modifications and cancer cell 
spreading. Carcinoma associated fibroblasts (CAF) display enhanced extracellular matrix remodeling capacities, 

which enables carcinoma cell collective invasion. The TGF cytokine-dependent signaling pathway was 
considered the major CAF activator. Using three-dimensional organotypic invasion assays, we investigated the 

potential role of TGF1-dependent signaling in pro-invasive fibroblast activation.  

Our results demonstrate that TGF1 cytokine stimulation of human dermal fibroblasts activates pro-invasive 

track formation in a JAK1/STAT3 specific dependent signaling pathway. TGF1 promotes STAT3 transcription 
factor phosphorylation through autocrine activation of the GP130-IL6ST receptor by the Leukemia Inhibitory 
Factor (LIF) IL6-family cytokine. Indeed human dermal fibroblast stimulation by LIF mediates pro-invasive 
matrix remodeling, through regulation of acto-myosin contractility, which leads to human squamous cell 
carcinoma (SCC) collective invasion. Human carcinoma cell lines from different organs (skin, head and neck, 
breast, lung and colon) and human melanoma cell lines induce pro-invasive fibroblast activation in vitro 
through direct secretion of LIF. Moreover, detection of LIF cytokine in human skin SCC, lung and breast biopsies 
indicated that LIF is significantly upregulated in tumor tissues and correlates with both dense collagen fiber 
organization and poor clinical prognosis. Finally, Blockade of JAK activity by Ruxolitinib inhibitor counteracts 
fibroblast-dependent carcinoma cell invasion in vitro and in vivo. 



These results disclose the molecular mechanisms underlying pro-invasive activation of human fibroblasts and 
identify LIF cytokine as a key player in the process. They also suggest that blocking JAK1 kinase in CAF could 
have a potential therapeutic benefit for patient with aggressive carcinoma. 
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RhoA GTPase function in skin cancer  
 
Garcia Mariscal Alberto; Pedersen Esben; Karine Peyrollier 
 
BRIC, University of Copenhagen, Denmark 
 
The small Rho GTPase RhoA is known to regulate cell contraction, cytoskeletal organization and cell migration. 
Nevertheless, the in vivo function of RhoA is less clear. In cancer, a tumor-promoting role of RhoA was 
suggested by several indirect evidences, but never tested directly. To directly study the role of RhoA in skin 
tumor formation we generated now mice with a keratinocyte-restricted deletion of the RhoA gene and induced 
skin tumor formation by treatment with DMBA and TPA. Unexpectedly, RhoA mutant mice showed an 
increased frequency of tumors. Furthermore, while control mice developed mainly benign papilloma, RhoA-null 
tumors showed keratoacanthoma-like dome-shaped growth. Histologically, RhoA deficient tumors showed a 
downward growth, increased cell-cell distances and local invasion. Differentiation of suprabasal keratinocytes 
was more scattered than in control tumors and proliferating cells were not restricted to the basal layer. FACS 
and Western blot experiments indicate an increased amount of alpha 6 integrin on RhoA deficient 
keratinocytes, which could promote malignant behavior. In vitro studies are currently carried out, to 
mechanistically understand the promalignant phenotype of RhoA-null keratinocytes 
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1- Institut de Recherche Pierre Fabre Toulouse ; 2- CHU Toulouse ; 3- ICR Toulouse, France 
 
Skin cancers are the most common human tumors. As an actor in the field of Onco-dermatology, Pierre Fabre 
Research Institute set up various mouse models of skin cancers in order to evaluate some new candidates for 
cancer therapy. We describe here the clinical and histological charaterization of three different skin cancer 
models (actinic keratosis, basal cell carcinoma, and melanoma), with the validation of their sensitivity to 
reference compounds used in clinics. 
1- Pre-cancerous and cancerous skin lesions were obtained in chronically UVB-exposed SKH1 mice: this model 
mimicked human actinic keratosis and further evolution towards squamous cell carcinomas, while some 
mouse-specific papillomas also grew. Topical field therapy with 5-fluorouracil cream, imiquimod cream, and 
ingenol mebutate gel were evaluated in this model. 
2- As mutations in the Hedgehog receptor Patch are the main cause of basal cell carcinoma, preclinical efficacy 
of vismodegib and sonidegib was evaluated in a Ptch+/- allograft model of medulloblastoma exhibiting 
mutational activation of the Hedgehog pathway. 
3- Surgically resected tumor samples were obtained from patients with metastatic melanoma before or after 
treatment, in order to establish melanoma xenograft model in mice. A high take rate of 56% (13/23 samples) 
was observed. These models closely recapitulated the histological heterogeneity of patient tumors over the 
first generations (G1-G5), but this heterogeneity tended to decrease with the number of generations. Two 
primary melanoma models established from primary refractory metastatic melanoma retained complete 
resistance to temozolomide and vemurafenib, the two reference drugs for melanoma. One of these resistant 
model was selected to assess the anti-melanoma activity of F-RK-4, a novel multi-kinases inhibitor (including 
inhibition of mutated B-RAF), resulting in a significant antitumor activity. 
New compounds are now being evaluated in these clinically-relevant models. 
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Quiescent melanocytes form primary cilia  
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We show, for the first time, that melanocytes can form a primary cilium in vitro, corresponding to an immotile 
or sensory cilium. Such cilia are observed when melanocytes reach confluence or when medium nutrient levels 
are insufficient. This observation should greatly improve our understanding of the signal transduction 
processes potentially occurring in these cells during embryonic development, homeostasis in adulthood and 
melanomagenesis. 
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Skin squamous cell carcinoma (SCC) is the second most frequent skin cancer in humans. The most frequently 
used mouse model of skin SCC is induced by the administration 9,10-dimethyl-1,2-benzanthracene (DMBA) 
followed by 12-Otetradecanoyl phorbol-13-acetate (TPA). High incidence of HRas activating hotspot mutation 
Q61L has been reported in DMBA/TPA induced SCC. However, the additional genomic mutations required to 
develop mouse and human skin SCC are currently unknown. In this study, we performed a comprehensive 
analysis of the genomic alterations found in DMBA/TPA induced SCC. High resolution CGH array showed 
recurrent amplifications of focal regions of chromosomes 4, 7, 8 and 15 containing known oncogenes like Hras 
and Myc. Exome-sequencing of FACS-isolated tumor cells from 20 SCCs revealed that HRas Q61L mutation was 
found in 70% of the tumors, and identified 6 other hotspot mutations at the same nucleotide position in genes 
regulating intracellular trafficking, FGF signaling and DNA repair. Interestingly, recurrent mutations in many 
genes recently identified in human cancers were also found in mouse SCCs, demonstrating that the same 
mutational landscape induces mouse and human cancers. This comprehensive analysis of the genomic 
alterations found in mouse SCC identified novel recurrent driver mutations in SCC, and will be the foundation 
of future functional genomic studies of cancer initiation and progression. 
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Animal models for the analysis and visualization of lymphangiogenesis, metastasis and 
drug response of malignant melanoma  
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Cutaneous melanoma is the deadliest form of skin cancer. Although the presence of tumor cells in lymph nodes 
is a poor prognosis indicator, the specific contribution of lymphangiogenesis to the mortality associated with 
melanoma metastasis remains unknown. This is mainly due to the lack of tumor markers and experimental 
models for non-invasive imaging of lymphangiogenesis in vivo. To address molecular mechanism(s) regulating 
metastatic spread of melanoma, we developed a series of genetically engineered mouse strains derived from a 
“lymphoreporter model” in which a luciferase cassette is expressed under the control of the endogenous Flt4  
(VEGFR3) promoter. These “lymphoreporter” melanoma models allowed for an unprecedented whole-body 
imaging of the metastatic dissemination of melanoma cells. In particular, we have visualized pro-metastatic 
niches activated before the actual colonization by tumor cells. Therefore, the VEGFR3-reporter mice represent 
a new physiologically-relevant platform for mechanistic analyses of the “seed and soil” theory of metastatic 
tumor dissemination. Here we will discuss further uses of VEGFR3-luc mice in drug screening. Together, these 



results support the VEGFR3-luc mouse melanoma models as a cost-effective strategy for gene discovery and 
identification of anti-lymphangiogenic factors. 
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Distinct role for myeloid cells in MT/Ret mice developing spontaneously a melanoma: 
PMN-MDSC infiltrating the primary tumor promote tumor cell dissemination, whereas 
inflammatory monocytes in the skin display tumoricidal properties  
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Institut Cochin Paris, France 
 
Although the role of myeloid cells in the course of tumor progression remains poorly understood, these cells 
are mainly ascribed with pro-tumor properties. To study their role at the early stage of tumor development, we 
use a model of spontaneous melanoma (mice expressing the human RET oncogene under the control of the 
metallothionein promoter; MT/Ret mice). In this model, primary uveal melanoma disseminates early, but 
remains dormant for several weeks. Then, MT/Ret mice develop local and finally distant metastases. We found 
that granulocytic myeloid derived suppressor cells (PMN-MDSC; CD11b+Ly6C+Ly6G+) preferentially infiltrates 
the primary tumor and actively promotes tumor cell dissemination. A total of 35% of MT/ret mice develop a 
vitiligo, a skin depigmentation attributable to the lysis of normal melanocytes, associated with a delay in tumor 
progression. Here, we show that MT/ret mice developing a melanoma-associated vitiligo exhibit less PMN-
MDSC within tumors and in periphery than mice without vitiligo. Moreover, their specific depletion leads to a 
critical increase in the occurrence of vitiligo associated to a decrease in metastases incidence. Interestingly, the 
skin of MT/ret mice with active vitiligo is highly infiltrated in inflammatory monocytes (CD11b+Ly6ChighLy6G-). 
For the first time, we highlight their strong anti-tumor properties, in part through a ROS-dependent 
mechanism.  
Altogether, our data suggest that both a low density of PMN-MDSC within the primary tumor and a high 
density of inflammatory monocytes contribute to the good prognosis in disease progression. 
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Due to its extremely high metastatic capacity, cutaneous malignant melanoma represents the most fatal skin 
tumor in industrialized countries. Up to date the only possible therapy to cure melanoma patients is surgical 
excision of localized, non-metastatic primary tumors. Unfortunately, many patients already present 
micrometastatic disease at the time of diagnosis resulting in a poor 5-year survival probability. Hope for a 
future therapy might therefore lie in the early identification of metastasizing melanoma cells and the 
elucidation of the mechanisms governing their dissemination. Melanoma arises in the epidermis from 
transformation of cells of the melanocytic lineage. Melanocytes originate from neural crest cells (NCCs). During 
development NCCs delaminate from the neural tube by undergoing an epithelial-to-mesenchymal transition 
(EMT). Upon EMT NCCs adopt a remarkable migratory capacity, which allows them to disseminate throughout 
the embryo and to colonize distant sites where they differentiate into specialized cell types. Intriguingly this 
process is highly reminiscent of metastasis formation during which tumor cells disseminate from the primary 
neoplasm to establish secondary tumors in distant organs. This raises the question of whether the strong 
propensity of melanoma to metastasize reflects an intrinsic property of melanoma cells to disseminate by 
exploiting signaling cues normally active in migratory NCCs. To address this point we performed a microarray 
analysis of invading melanoma cells using a humanized in vivo model able to recapitulate the first steps of 
melanoma metastasis (Kiowski et al. 2012). With this approach we compared two populations, one positive for 
a known NCCs marker expressed during neural crest delamination, CD271, and the other negative for this 
marker. The analysis revealed that genes mostly involved in EMT were differentially modulated in the two 
populations. Currently we are investigating the mechanisms linking CD271 to melanoma invasion. 
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Infrared (IR) spectral microimaging is a label-free optical technique that permits to probe the intrinsic chemical 
composition of biological samples. This technique appears more informative than conventional histology and 
could be developed as a non-destructive and objective diagnostic tool for in routine use in pathology 
departments. The discrimination between tumoral and neighbouring tissues relies on highlighting subtle 
spectral differences by means of advanced statistical multivariate data processing. In this way, we applied an 
innovative algorithm based on fuzzy clustering to take into account the notion of nuance into the clustering of 
IR image pixels. IR spectral imaging of human cutaneous melanomas was performed on paraffin-embedded 
tissue sections, without previous chemical dewaxing. Reconstructed colour-coded images allow recovering 
automatically different histological structures, by distinguishing tumour from the connective tissue. This 
approach gives also access to information about the tissue structures. Indeed, it permits to highlight the 
interconnection between neighbouring structures. In this work in progress study, the analysis was focussed on 
the interconnection between the tumoral and peritumoral structures and between the tumoral areas in case of 
a heterogeneous lesion. These first encouraging results pave the way to access new diagnostic and prognostic 
criteria associated to the tumour aggressiveness in cutaneous melanomas. 
Keywords: Melanoma, Skin Cancer, Infrared Spectroscopy, Spectral Imaging, Interconnection of Tissue 
Structures. 
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Mostly occurring in dogs aged over 10 years and bearing heavy mucosal pigmentation, melanomas are the 
most frequently diagnosed malignancies of the canine oral cavity. The usual behavior of oral melanomas is 
focal infiltration, recurrence, and metastasis to regional lymph nodes and to lungs and other organs. Canine 
melanomas account for 7% of all malignant tumors in dogs and occur at the same anatomical sites as humans. 
Moreover, the strong homologies in clinical presentation, morphology, and overall biology of melanomas in 
humans and dogs, make companion animals a good model to investigate tumor process from aetiology to 
tailored treatments. The aim of our study is to develop a melanoma engraftment model using canine cells from 
spontaneous tumors in order to better understand tumor growth process, perform compared-
immunohistology between humans and dogs and validate spontaneous tumor in dogs as a good model to new 
drug evaluation through clinical trials. Methods: A surgically removed, 2x2x4 cm oral malignant melanoma 
tumor tissue sample from a 14 year-old female Yorkshire was treated by collagenase A, in order to isolate 
tumor cells. Five SCID/NUDE mice aged of 12 weeks received 2 million cells subcutaneously in the interscapular 
site. Control group of received only vehicle. Results: 58 days after injection, we observe a maximal tumor mass 
of 365mm3 and 45mm3 respectively, in two of the five mice injected with melanoma cells. The other animals 
are still bearing the melanin spot at the injection site, and the tumor mass is not yet palpable but growing, as 
compared to the control group. Conclusion: We obtained a canine melanoma model of engrafment and are 
now trying to characterize tumor by genotyping and phenotyping. This works aims at establishing the 
statement for the characterization of canine melanoma dog model with spontaneous disease as a new 
predictive tool for human health’s drug development. 
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CD98hc: a novel target to modulate microenvironment? 
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The skin is composed of two compartments, the epidermis and the dermis. The interaction between these two 
compartments is crucial for skin homeostasis and seems to play a role in carcinoma development. While 
integrins are involved in this crosstalk, its regulations are poorly understood. Due to its binding with beta 
integrin and its expression in both skin compartments, transmembrane protein CD98hc is a good candidate to 
explore the epidermis/dermis interaction. To investigate the role of CD98hc in this interaction, we generated 
deficient mice for CD98hc in dermal fibroblasts. We observe that CD98hc loss in dermal fibroblasts in vivo led 
to impaired dermal extracellular matrix assembly thus influencing skin microenvironement. Moreover, we 
observe a defect in the organization of the keratinocyte layers suggesting an early epidermal differentiation. To 
simplify the system to keratinocyte/fibroblast interaction, we isolated CD98hc deficient dermal fibroblasts from 
the knockout mice and cultured them with wild type keratinocytes. Interestingly, we observe that wild type 
keratinocytes co-cultured with knockout fibroblasts differentiated rapidly compared to those cultured with wild 
type fibroblasts. These preliminary data highlight the role of CD98hc in the dermis, as well as in the 
dermis/epidermis interaction. Thus, CD98hc could be a potential target to modulate the microenvironment, in 
particular during tumour progression. 
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Certain cutaneous human papillomaviruses (HPVs), which are ubiquitous and acquired early during childhood, 
can cause a variety of skin tumors and are likely involved in the development of non-melanoma skin cancer, 
especially in immunosuppressed patients.  
The rodent Mastomys coucha is naturally and persistently infected with Mastomys natalensis papilloma virus 
(MnPV). The animals are unique in spontaneously developing not only benign skin tumours, such as papillomas 
and keratoacanthomas, but also squamous cell carcinomas, for which MnPV is the etiological agent. Infection 
occurs early in lifetime, similarly to cutaneous HPVs, and high viral loads can be detected in the skin of older 
animals, which trigger the onset of papilloma development. Therefore, M. coucha represents an excellent read-
out model to investigate prophylactic approaches against PV-induced skin tumors under natural conditions.  
The aim of our study was to evaluate the efficacy of a virus-like particle (VLP)-based vaccine on either 
previously or newly established infections. VLPs raise a strong and long-lasting neutralizing antibody response 
that confers protection even under systemic long-term cyclosporine A treatment. Remarkably, the vaccine 
completely prevents the appearance of benign as well as malignant skin tumors. Protection involves the 
maintenance of a low viral load in the skin by an antibody-dependent prevention of virus spread. Our results 
provide first evidence that VLPs elicit an effective immune response in the skin under immunocompetent and 
immunosuppressed conditions in an outbred animal model, irrespective of the infection status at the time of 
vaccination. These findings provide the basis for the clinical development of potent vaccination strategies 
against cutaneous HPV infections and HPV-induced tumors, especially in patients awaiting organ 
transplantation. 
 
This work was supported by a grant from the Wilhelm Sander-Stiftung. 
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Une gamme de scanners de lames, les TMA entièrement 

automatisés, le premier scanner confocal 

confocal 



VENTANA Digital Pathology
Evoluez dans l’ère de la Pathologie Numérique

- R
éf

. :
 0

05
70

00
07

3 
   

-  
  P

A-
12

4-
14

   
-  

 A
vr

il 
20

14

Les solutions de Pathologie Numérique de la gamme VENTANA (scanners, logiciels et algorithmes) sont destinés à l’acquisition d’images numériques à partir de lames colorées en 
anatomopathologie, ainsi qu’à la visualisation, la gestion et l’accès à distance des images numérisées.  
Dispositif médical de diagnostic in vitro. 
Mandataire : Roche Diagnostics GmbH (Allemagne) – Distributeur : Roche Diagnostics France
Lire attentivement les instructions figurant dans le manuel d’utilisation 






