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Public and private partnerships are essential to foster innovation in health industries. Since its first edition in 2009, the International 
R&D Dating gathers the excellence of academic research and the world R&D decision-makers of the health industries in order to develop 
partnerships. This event is co-organized by ARIIS, Alliance for Research and Innovation in Health Industries, and by Aviesan*, French 
National Alliance for Life Sciences and Health. 

International R&D Dating stays a unique moment for exchanges and an opportunity for public authorities, academics researchers and 
industrials to meet each other. It is designed to be a laboratory of new ideas and innovations for medicine of tomorrow for public and 
private communities specialized in a particular field. Furthermore, the participation of world decision-makers provide international 
visibility to the event.

Aligned with this main strategic objective, ARIIS and ITMO (Multiple-Organization Institute) Cancer of Aviesan co-organize the 8th 
International R&D Meeting on February 6th, 2018, on “Immuno-Oncology”. 

With 385 000 new cases by year and more than 150 000 death in 2015, cancers are the first mortality cause in men and the second for 
women. It induced 1,2 million cases of hospitalization in 2015 which cost 5,8 Md€, making cancer a major public health issue. Aware of 
the burden, the French government has highlighted its priority for cancer diseases by launching three plans since 2003. The current third 
Cancer Plan (2014-2019) aims to rise to both human and societal challenges issued by cancer. It holds four priorities and 17 operational 
objectives. The primary aim of the Cancer Plan is to cure more patients by promoting early diagnosis and guaranteeing access for all to 
quality medicine and innovations. Apart from improving care and medical practices, the Cancer Plan proposes the comprehensive care 
of the patient, taking into account the totality of his/her needs to maintain the continuity and quality of life during and after the illness. 
Cancers are also the leading cause of avoidable deaths. Based on current knowledge, it is estimated that nearly one in two cancer deaths 
could be avoided. Thus, the Plan is investing in prevention to significantly reduce the number of new cancer cases. Finally, it supports 
basic research as a source of future advances. An additional aim is to optimize management and arrangements related to combating 
cancer, for better efficiency, with full involvement of patients and users of the health system. 

Considered by the ASCO (American Society of Clinical Oncology) as “the clinical advance of year 2017”, Immuno-Oncology has become 
part of the therapeutic arsenal used facing advanced cancers or recurrences. Thus, the International R&D Dating, focused on this field, 
will allow the presentation of the outstanding quality of French cancer research in several selected topics : predictive biomarkers of 
efficiency and side effect, immune checkpoints and therapeutic vaccines, rationalization of combinatorial therapeutic approaches, 
development and strengthening of preclinical models, new design of clinical trials with regard to evolutions of standard of care, 
technological challenges in control of the bioproduction related to advanced therapy medicinal products.

We are keen to highlight the attractiveness of French research at an international level and to facilitate and stimulate interactions 
between academic laboratories, networks of clinicians/biologists and industrial partners.

Christine CHOMIENNE, Alain EYCHENE, Muriel ALTABEF
Director, Deputy Director and Assistant Director 
of the Multi-Organization Thematic Institute of Cancer, Aviesan.

*	Aviesan	members:	Inserm,	CNRS,	CEA,	INRA,	INRIA,	Pasteur	Institute,	IRD,	Universities	and	Hospitals,	CIRAD,	EFS,	Fondation		Mérieux,	
INERIS,	ARIIS,	Curie	Institute,	IRSN,	IRBA,	Institut	Mines-Télécom,	Unicancer.	

Introduction



Human biology of myeloid cells during inflammation and cancer.
Cross-presentation by dendritic cells and immunotherapies.

DC Biology: Cross-presentation induction and 
combination with anti-checkpoint 
immunotherapies

Institut	Curie	-	PARIS
CIC	1428	-	Inserm	U932	
University	of	Paris	Descartes	

Sébastian AMIGORENA Ph.D. 

Selected publications

• Critical role for Sec22b-dependent antigen cross-presentation in antitumor immunity. Alloatti A, 
Rookhuizen DC, Joannas L, Carpier JM, Iborra S, Magalhaes JG, Yatim N, Kozik P, Sancho D, Albert ML, 
Amigorena S. J	Exp	Med. 2017 Aug 7;214(8):2231-2241. 

• Antigen-Primed CD8+ T Cells Call DCs for Back Up. Burbage M, Amigorena  S. Immunity. 2017 Feb 
21;46(2):163-164.

• Evaluation of Cross-presentation in Bone Marrow-derived Dendritic Cells in	vitro	and Splenic Dendri-
tic Cells ex	vivo Using Antigen-coated Beads. Alloatti A, Kotsias F, Hoffmann E, Amigorena S. Bio	Protoc. 
2016 Nov 20;6(22). pii: e2015. 

• Analysis of Phagosomal Antigen Degradation by Flow Organellocytometry. Hoffmann E, Pauwels AM, 
Alloatti A, Kotsias F, Amigorena S. Bio	Protoc. 2016 Nov 20;6(22). pii: e2014.

• Toll-like Receptor 4 Engagement on Dendritic Cells Restrains Phago-Lysosome Fusion and Promotes 
Cross-Presentation of Antigens. Alloatti A, Kotsias F, Pauwels AM, Carpier JM, Jouve M, Timmerman E, 
Pace L, Vargas P, Maurin M, Gehrmann U, Joannas L, Vivar OI, Lennon-Duménil AM, Savina A, Gevaert 
K, Beyaert R, Hoffmann E, Amigorena S. Immunity.	2015 Dec 15;43(6):1087-100.

• Cross-Presentation in Mouse and Human Dendritic Cells. Segura E, Amigorena S. Adv	 Immunol. 
2015;127:1-31.

KEYWORDS
• Cross-presentation in 

dendritic cells 
• Myeloid targets for 

immuno-modulation 
• Anti-cancer immuno-

therapies
• Anti-checkpoint anti-

bodies

CD8+ T cells mediate antigen-specific immune responses that induce the rejection of established 
solid tumors. 
In this process, dendritic cells (DCs) take up tumor antigens, which are processed into peptides 
and loaded onto MHC class I molecules, a process called “cross-presentation”. 
Neither the intracellular pathways involved in antigen cross-presentation	in	vivo, nor its contribution 
to anti-tumor immune responses, are clearly established due to lack of experimental tools to 
manipulate this process. 
To manipulate antigen cross-presentation in	 vivo	we decided to screen for small molecules 
that specifically enhance antigen export to cytosol and identified a family of lysosomotropic               
quinazolamine-based compounds that accumulate in lysosomes and increase leakiness of antigen-
containing compartments. 
Prazosin, a member of this drug family, enhances cross-presentation of cell-associated antigens 
in	vitro and cross-priming	in	vivo. It synergizes with anti-PD-1 treatment to induce the rejection 
of established solid tumors. 
These results show that enhancing cross-presentation is a potent strategy to induce tumor rejection 
especially when combined to anti-checkpoint tumor immunotherapy in mice.

ITMO Cancer
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Strategy

Screening of 1000 FDA approved compounds based on a 
beta-lactamase assay.

Results

• Increased efficacy of cross-presentation, CD8+ T cell 
activation and proliferation in	vitro,

• Prazosin the best candidate to increase efficacy of 
cross-presentation in	vivo,

• Intravenously injected Prazosin enhances the efficiency 
of CD8+ T cell proliferation upon vaccination.

Context

During cross-presentation, tumor-associated MHC class I molecules are transported to the cell surface where they are 
recognized by cognate T cells, leading to T cell activation and proliferation. 

Objectives

• Enhance cross-presentation and CD8+ T cell responses by increasing tumor-associated antigens delivery to the 
cytosol,

• Take advantage of our understanding of cross-presentation: Antigen delivery to the cytosol might be the step that 
limits the efficacy of cross-presentation.

Tools

•	 In	vitro assays to screen compounds able to modulate  DC cross-presentation,
• Sec22-KO mouse model to measure in	vivo the role of DC cross-presentation. 

Contact
sebastian.amigorena@curie.fr

DC Biology: Cross-presentation induction & combination with 
anti-checkpoint immunotherapies

Sébastian AMIGORENA

PROJECT / EXPERTISE
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DC Biology : Cross-presentation induction

A strategy to enhance cross-presentation and CD8+ T cell responses



Perspectives 

• Synthetise new molecules, analog to Prazosin, able to enhance DC cross-presentation having higher efficacy and 
minimal toxicity on animal models, 

• Apply these results to anti-cancer therapy.

Applications for Prazosin analogs 
• As a CD8+ T cell-specific adjuvant,
• As an adjuvant to induce innate responses,
• In combination with other immunotherapies,
• In combination with any type of vaccination aimed to induce CD8+ T cell responses (including HIV, malaria, MTB…),
• To increase cytosolic delivery of any compound, DNA or RNA to modulate gene expression, 
• To increase cytotoxic drug or antibody-drug-conjugate activity, 
• To modulate cytosolic activity of drugs or proteins.

Results

• Prazosin enhances tumor growth inhibition 
induced by anti-PD-1 Abs in a therapeutic setting.

sebastian.amigorena@curie.fr

Sébastian AMIGORENA
Contact
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DC Biology: Cross-presentation induction & combination with 
anti-checkpoint immunotherapies

Unique selling points 

• Institut Curie environment,
• Team expertise on basic immunology, antigen cross-presentation, anti-cancer immunotherapies,
• Part of the Center for Cancer Immunotherapy of Institut Curie.

A strategy to enhance anti-tumor efficacy af anti-checkpoint Abs

Clinical applications





Based on the analysis of tumor microenvironment via innovative tools, we have 
identified mechanisms linking angiogenesis and immunity and novel target (resident 
memory T cells) for immunotherapy.

Immunotherapy and anti-angiogenic 
therapy in oncology

PARCC	(Paris	Cardiovascular	Research	Center)	-	PARIS
Inserm	U970	-	HEGP	-
University	of	Paris	Descartes

Cécile BADOUAL M.D., Ph.D.
Eric TARTOUR M.D.,Ph.D.

Selected publications

• Induction of resident memory T cells enhances the efficacy of cancer vaccine. Nizard M, Roussel 
H, Diniz MO, Karaki  S,  Tran T, Voron T, Dransart E, Sandoval F, Marc Riquet , Rance B,  Marcheteau 
E,   Fabre E , Mandavit M, Terme M, Blanc C,   Escudie JB, Gibault L,  Le Pimpec  Barthes F,  Granier, C,  
Ferreira LCS, Badoual C,  Johannes L, Tartour E. Nat	Commun. 2017 May 24;8:15221. 

• Tim-3 Expression on Tumor-Infiltrating PD-1+CD8+ T Cells Correlates with Poor Clinical Outcome 
in Renal Cell Carcinoma. Granier C, Dariane C, Combe P, Verkarre V, Urien S, Badoual C, Roussel H,      
Mandavit M, Ravel P, Sibony M, Biard L, Radulescu C, Vinatier E, Benhamouda N, Peyromaure M, Ou-
dard S, Méjean A, Timsit MO, Gey A, Tartour E. Cancer	Res.	2017 Mar 1;77(5):1075-1082.  

• A therapeutic Her2/neu vaccine targeting dendritic cells preferentially inhibits the growth of low 
Her2/neu-expressing  tumor in  HLA-A2 transgenic mice. Tran T, Diniz MO, Dransart E, Gey A, Merillon 
N, Lone YC, Godefroy S, Sibley C, Ferreira LCS, Medioni J, Oudard S, Johannes L, Tartour E. Clin Cancer 
Res. 2016 Aug 15;22(16):4133-44. 

• VEGF-A modulates expression of inhibitory checkpoints on CD8+ T cells in tumors. Voron T, Colussi 
O, Marcheteau E, Pernot S, Nizard M, Pointet AL, Latreche S, Bergaya S, Benhamouda N, Tanchot C, 
Stockmann C, Combe P, Berger A, Zinzindohoue F, Yagita H, Tartour E, Taieb J, Terme M. J	Exp	Med. 
2015 Feb 9;212(2):139-48. 

• Mucosal imprinting of vaccine induced-CD8+T cells is crucial to inhibit the growth of mucosal             
tumors. Sandoval F, Terme M, Nizard M, Badoual C, Bureau MF, Freyburger L, Clement O, Marcheteau 
E, Gey A, Fraisse G, Bouguin C, Merillon N, Dransart E , Tran T, Quintin- Colonna F, Autret G, Thiebaud 
M, Suleman M, Riffault S, Wu TC, Launay O, Danel C, Taieb J, Richardson J,  Zitvogel L, Fridman WH, 
Johannes L, Tartour E. Sci	Transl	Med. 2013 Feb 13;5 (172). 172ra20.

• VEGFA-VEGF Receptor pathway blockade inhibits tumor-induced regulatory T cell proliferation in 
colorectal cancer. Terme M, Pernot S, Marcheteau E, Sandoval F, Benhamouda N, Colussi O, Dubreuil 
O, Carpentier AF, Tartour E, and Taieb J. Cancer	Res. 2013 jan 15;73(2):539-549. 

• PD-1-expressing tumor-infiltrating T cells are a favorable prognostic biomarker in HPV-associated 
head and neck cancer. Badoual C, Hans S, Merillon N, Van Ryswick C, Ravel P, Benhamouda N, Levion-
nois E, Nizard M, Si Mohamed A,  Besnier N, Gey A,  Rotem-Yehudar R, Pere H,  Tran T, Guerin CL, Chau-
vat A, Dransart E, Alanio C, Albert S, Barry B, Sandoval F, Quintin-Colonna F,  Bruneval P, Fridman WH, 
Lemoine FM, Oudard S, Johannes L, Olive D, Brasnu D, Tartour E. Cancer Res. 2013 Jan 1;73(1):128-38. 

KEYWORDS
• Therapeutic vaccination 
• Angiogenesis
• Microenvironment
• Immune checkpoint
• HPV infection
• Multiparametric digital 

platform
• Digital

We have set up an innovative multiparametric platform with two spectral scan (Vectra and 
Polaris, Perkins) to automatically count via digital pathology, immune cells in the tumor micro- 
environment. Thanks to this expertise we have identified prognostic biomarker in head and neck cancer  
(PD-1) and in renal cell carcinoma (co-expression PD-1-Tim-3…) and potential predictive biomarker 
of response to immunotherapy. We have also shown the critical role of resident memory T cells 
in the tumor microenvironment in the efficacy of cancer vaccine in preclinical orthotopic head 
and neck cancer expressing protein from HPV16. 
In a second axis of our team, we have also identified a link between angiogenesis and immunity 
and dissect its possible mechanism. We showed that VEGF directly induces expansion of regulatory 
T cells which express the VEGFR2 receptor in the tumor microenvironment likely explaining the 
decrease of Treg after anti-angiogenic molecules administration. We also reported that VEGF-A 
enhanced the expression on CD8+T cells of inhibitory receptors involved in T cell exhaustion 
via activation of the VEGFR2/PLCg/calcineurin/NFAT pathway. A combination of anti-VEGF1 and 
anti-PD-1 syngergise in the inhibition of tumor growth in vivo which constitutes the basis of 
many clinical trials evaluating this combination. 

ITMO Cancer
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Objectives

• Better understanding mechanisms explaining why the inhibition of angiogenesis impacts on immune cells and 
molecules in the tumor microenvironment,

• Development of therapeutic mucosal cancer vaccine,
• Set up multiparametric immunofluorescence platform to identify prognostic and predictive biomarkers in onco-

logy.

Tools
• Preclinical models of cancer (syngenic, orthotopic genetic engineered),
• Delivery vector for tumor antigen at mucosal site,
• Digital imaging platform to analyse tumor microenvironment,
• Multiparametric In situ exploration  (immunofluorescence).

Contact
eric.tartour@egp.aphp.frImmunotherapy and anti-angiogenic therapy in oncology

Cécile BADOUAL and Eric TARTOUR

PROJECT / EXPERTISE
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Results
• Mucosal  (intranasal) route of vaccination is required : 
 - To elicit mucosal immune response,
 - To inhibit the growth of head and neck and lung tumor,
 - To induce resident memory CD8+T cells, which dramatically increased the efficacy of cancer vaccine.

cecile.badoual@aphp.fr

Subject 1 : Mucosal delivery of tumor antigens for cancer vaccine

Naive Unimmunized STxB-E7 IM STxB-E7 IN STxB-E7 IM STxB-E7 IN

CD8+ T cell infiltration 
in orthotopic head and neck tumorSandoval et al Sci Transl Med 2013

Nizard M et al Nat Commun 2017

Lung tumor cells
PD-L1
PD1
CD8

Roussel et al Oncoimmunology 2017

Renal tumor cells
T cells
Tim-3

Granier et al Cancer Res 2017



eric.tartour@egp.aphp.fr

Cécile BADOUAL and Eric TARTOUR
Contact
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Immunotherapy and anti-angiogenic therapy in oncology

Results

• Tumor-derived VEGF-A can directly modulate T cells by inducing :
 - Regulatory T cell (Treg) proliferation,
 - Expression of immune checkpoints on tumor-infiltrating CD8+ T cells which is associated with T cell exhaustion.

•  Anti-VEGFA/VEGFR treatments decrease :
 - Treg proportion in tumor-bearing mice and metastatic colorectal cancer patients,
 - Expression of immune checkpoint on CD8+ T cells in tumor bearing mice.

• Anti-VEGFA can synergize with immunotherapy targeting immune checkpoints in tumor-bearing mice.

cecile.badoual@aphp.fr

Results

• Identification of new prognostic markers of cancer and in priority in head and neck squamous cell carcinoma (HNSCC) 
based on a better understanding of the host-tumor relationship,

• Role of PD1 and PDL1 in the HNSCC depending on the presence or not of HPV,
• Knowledge of the microenvironment allows a better understanding of the role of the immune cells in therapeutic 

vaccination murine models. 

To better understand the in	situ tumor immunity role, the developpment of a digital imaging platform is crucial.

Subject 2 : Impact of angiogenesis on tumor-induced immunosuppression
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Fig.1 : VEGF-A increases proliferation of 
Treg
Terme et al., Cancer Res 2013

Voron et al., J Exp Med 2015

Subject 3 : Multiparametric in situ exploration of the microenvironment

Without VEGF

A-

Number of checkpoint receptors (PD-1,
Tim3, CTLA-4, Lag3) co-expressed on
CD8+T cells 0 1 2 3 4

Anti-VEGFNo treatment

B-

Fig.2 : Expression of immune checkpoints on CD8 + T 
cells in vitro after increasing dosages of VEGF-A (A) 
and on tumor-infiltrating CD8+ T cells after anti-
VEGF-A treatment (B).



Contact
Immunotherapy and anti-angiogenic therapy in oncology eric.tartour@egp.aphp.fr

Cécile BADOUAL and Eric TARTOUR
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Perspectives

• Assessment of the role of resident memory T cells in human tumors,
• Validation in primate models of the importance of mucosal route of  

immunization to elicit mucosal immunity,
• Characterization of VEGFR2 expression on T cells, 
• Further analysis of the impact of  VEGF-A on T cells,
• Multiplex analysis (6-7 colors) of  tumor microenvironment,
• Identification of therapeutic and prognostic biomarkers for immunotherapy,
• Development of multiplex (immunofluorescence +/- RNAscope)	 in	 situ	 

staining (see below).

CD3 PD1 CD68

PD-L1

CK
CD3 PD1 CD68 PD-L1 CK

Unique selling points

• Expertise in mucosal immunity dedicated to cancer, 
• Development of tools (digital imaging with automated counting) for the analysis of tumor microenvironment,
• Expertise on tumor-derived immunosuppresion,
• Expertise on the link between angiogenesis and immunity.

cecile.badoual@aphp.fr

Foxp3 regulatory T cells infiltration is associated 
with a better prognosis in HNSCC

PD1 and Foxp3 infiltration in HNSCC are 
correlated with HPV infection
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The main objective of our laboratory is to develop therapeutic vaccines against        
tumors using a new strategy of vaccination based on epitope display on adenovirus 
capsid.

Adenovirus-based anti-tumor vectorology

Institut	Institut	Gustave	Roussy	-	VILLEJUIF
CNRS	-	UMR	8203	-	Institut	Gustave	Roussy	
University	Paris-Sud

Karim BENIHOUD Ph.D.

Selected publications

• Combined therapy of colon carcinomas with an oncolytic adenovirus and valproic acid. Bressy C, Majhen D, 
Raddi N, Jdey W, Cornilleau G, Zig L, Guirouilh-Barbat J, Lopez B.S, Bawa O, Opolon P, Grellier E. & Benihoud 
K. Oncotarget (in press).

• Pseudotyping serotype 5 adenovirus with the fiber from other serotypes uncovers a key role of the fiber 
protein in adenovirus 5-induced thrombocytopenia. Raddi N, Vigant F, Wagner-Ballon O, Giraudier S, Custers 
J, Hemmi S. & Benihoud K. Hum	Gene	Ther.	2016 Feb;27(2):193-201. 

• Hexon modification to improve the activity of oncolytic adenovirus vectors against neoplastic and stromal 
cells in pancreatic cancer. Lucas T, Benihoud K, Vigant F, Schmidt C.Q, Bachem M.G, Simmet T & Kochanek S. 
PLoS	One. 2015 Feb 18;10(2):e0117254. 

• Association of oncolytic adenoviruses with chemotherapies: an overview and future directions. Bressy C. & 
Benihoud K. Biochem	Pharmacol.	2014 Jul 15;90(2):97-106.

• Anti-adenovirus humoral responses influence on the efficacy of vaccines based on epitope display on ade-
novirus capsid. Lanzi A., Ben Youssef G., Perricaudet M. & Benihoud K. Vaccine.	2011 Feb 4;29(7):1463-71.

KEYWORDS
• Adenovirus
• Epitope display
• Oncolytic adenovirus
• Genetic engineering
• Capsid
• Chemotherapy

Human adenoviruses (Ad) are efficient tools to trigger cellular and humoral responses against 
different pathogens. 
However, pre-existing anti-Ad immune responses as well as immune responses elicited by their 
first administration reduce their efficacy, thus requiring other vaccination strategies. 
Among them, epitope display based on insertion of epitopes from heterologous antigens in       
Ad capsid constitutes an alternative approach of vaccination. 
This approach was used by few research groups to elicit antibody responses against different 
pathogens. Using ovalbumin as a model antigen, our group demonstrated that both the site of 
peptide insertion in the capsid and the immune status towards Ad shape the humoral responses 
against the epitope (Lanzi et al. Vaccine 2011). 
More recently, we discovered that Ad interaction with its receptors was not required for the 
induction of anti-epitope Ab responses, thus indicating that Ad entry was dispensable for the 
epitope display strategy of vaccination. Using Ads bearing T cell epitopes, we demonstrated 
efficient processing and presentation of these epitopes by dendritic cells to T cells. 
Moreover, we observed for the first time that such vectors bearing T cell epitopes trigger            
cytotoxic T cell responses following their administration to mice (Anchim et al. in preparation). 
Experiments are ongoing to assess the capacity of epitope display to (i) elicit immune responses 
against tumor antigens and (ii) to examine its capacity to control tumor growth and (3) to further 
analyze molecular bases of the epitope display strategy of vaccination. 
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Results

• High antibody response against a B-cell epitope inserted into Ad capsid,
• Ab response depends on both the site of epitope insertion and the immune status towards adenovirus,
• Potentialization of anti-adenovirus antibodies when the epitope is inserted into fiber capsid protein.

Objectives

Vaccination based on epitope display on adenovirus capsid
• Genetic engineering of adenovirus capsid using homologous 

recombination in E. coli,
• Vector production in specific cell lines (BSL2 facilities),
• Vaccination potential assessed in immune-competent 

mice. 

Combination of oncolytic adenovirus and chemotherapeutics 
to control tumor growth

• Modification of viral genome by homologous recombination 
in	E.	coli,

• Models of tumor xenografts.

Contact
karim.benihoud@gustaveroussy.frAdenovirus-based anti-tumor vectorology

Karim BENIHOUD
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Vaccination based on epitope display on adenovirus capsid

Mutation

Modification of Ad genome
by genetic engineering

Homologous 
recombination

ITR ITR

Shuttle plasmid

Recombinant Ad
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Anti-adenovirus antibodies influence on the efficacy of vaccines based on
epitope display on adenovirus capsid. (Upper) Increase antibody responses
elicited by ovalbumin-derived B-cell epitope (OVA or 3OVA2) inserted into
fiber protein. (Lower) Anti-adenovirus antibodies reduce or increase antibody
responses elicited by the epitope.



Perspectives 

Vaccination based on epitope display on Adenovirus capsid 
• Understanding molecular basis controlling the vaccination efficacy of adenovirus displaying B-cell epitopes on their 

capsid,
• Assessing the potential of adenovirus displaying T-cell epitope to trigger cytotoxic responses,
• Assessing the therapeutic potential of adenovirus displaying epitopes derived from tumor antigens,
• Comparison of epitope display strategy to adenovirus expressing an antigen as a transgene,
• Understanding molecular basis controlling the vaccination efficacy of adenovirus displaying T-cell epitopes on their 

capsid.

Combination of oncolytic adenovirus and chemotherapeutics
• Characterization of the immunogenicity of cell death elicited by CRAd and VPA co-treatment,
• Investigation of antitumoral effect of new combinations based on CRAd and other chemotherapeutics. 

Unique selling points
• Expertise in capsid genetic engineering, a set of adenovirus mutants is available,
• Expertise in the control of adenovirus liver tropism and blood toxicity,
• Demonstration that antibody response elicited by adenovirus displaying epitopes is potentialized in adenovirus-

immune mice.

Results

• Inhibition of colon carcinoma cell growth after co-
treatment with oncoytic adenovirus (CRAd) and    
valproic acid (VPA), 

• Induction of cell death by CRAd and VPA co-treatment,
• Increase in cell polyploidy associated with enhance-

ment of H2AX phosphorylation, a hallmark of DNA 
damage, but also with a decrease of several DNA 
repair proteins, 

• Dramtic reduction of tumor growth after CRAd and 
VPA cotreatment.

karim.benihoud@gustaveroussy.fr

Karim BENIHOUD
Contact
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Adenovirus-based anti-tumor vectorology

Combination of oncolytic adenovirus and chemotherapeutics to control tumor growth

WO2012156933A1
Combination of oncolytic adenoviruses with histone 
deacetylase inhibitors

CRAd and VPA co-treatment impairs colon carcinoma growth. (A) Inhibition
of the growth of colon carcinoma cells by CRAd, VPA and both. (B) Inhibition
of DNA repair proteins by CRAd and VPA. (C) Inhibition of tumor growth in
nude mice after cotreatment with CRAd and VPA.





Translation to clinical research of basic and applied research on sarcoma and            
comprehension genomic profiling. 

From basic research to comprehensive genomic 
profiling to clinical applications : the examples of 
new drug development in oncology and sarcoma

Cancer	Research	Center	of	Lyon	-	Centre	Léon	Berard	-	LYON
Inserm	U1052	-	CNRS	UMR	5286	
University	of	Claude	Bernard	Lyon

Jean-Yves BLAY M.D., Ph.D.

Selected publications

• ELYPSE-7: a randomized placebo-controlled phase IIa trial with CYT107 exploring the restoration of 
CD4+lymphocyte count in lymphopenic metastatic breast cancer patients. Trédan O, et al. Ann	Oncol. 2017 
Mar 24. doi: 10.1093/annonc/mdx058. [Epub] PubMed PMID: 28368453.

• Sarcoma in 2016: Evolving biological understanding and treatment of sarcomas. Blay JY, Ray-Coquard I. Nat 
Rev Clin	Oncol. 2017 Feb;14(2):78-80. 

• The value of research collaborations and consortia in rare cancers. Blay JY, Coindre JM, Ducimetière F, Ray-
Coquard I. Lancet	Oncol. 2016 Feb;17(2):e62-9. doi: 10.1016/S1470-2045(15)00388-5.

• Time to Definitive Failure to the First Tyrosine Kinase Inhibitor in Localized GI Stromal Tumors Treated With 
Imatinib As an Adjuvant: An European Organisation for Research and Treatment of Cancer Soft Tissue and 
Bone Sarcoma Group Intergroup Randomized Trial in Collaboration With the Australasian Gastro-Intestinal 
Trials Group, UNICANCER, French Sarcoma Group, Italian Sarcoma Group, and Spanish Group for Research 
on Sarcomas. Casali PG, et al. J Clin Oncol. 2015 Dec 20;33(36):4276-83. 

• Vemurafenib in Multiple Nonmelanoma Cancers with BRAF V600 Mutations. Hyman DM, et al. N Engl J	Med. 
2015 Aug 20;373(8):726-36.

KEYWORDS
• Genomic  profiling  
• Sarcoma
• New drug  development
• Targeted oncogene 

treatment
• Clinical research
• Translational research
• Immunology and 

Immunotherapy of 
cancer

• Biomarkers
• Clinical practice gui-

delines

Our research interests focus on clinical and basic research in sarcomas, applied comprehensive 
genomic profiling in routine, drug development, in particular targeted oncogene treatment and  
immunotherapy of rare cancers, the relation between tumor immunologic microenvironment 
and malignant cells, with the goal of clinical applications in the fields of diagnosis, prognosis and  
treatment. 
Deciphering the role of immunosuppressive cytokines (IL-6, IL-10, VEGF) in treatment resistance,    
prognostic and predictive significance of lymphopenia (CD4, CD8, NK) in patients with cancer and 
therapeutic approaches with IL-7, contribution of the immune stroma to tumor progression (in renal 
cell carcinoma, lymphoma, breast, and sarcoma), development of targeted oncogene treatments and 
immunotherapies in sarcoma ad GIST in randomized trials, nationwide prospective collection of sarcoma 
patients for molecular epidemiology studies 
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Objectives

• To describe the molecular nosology of human sarcoma, 
• To describe the immunological landscape of human sarcoma,
• To develop molecular epidemiology of sarcoma in nationwide 

study,
• To apply comprehensive genomic profiling in routine setting, 
• New drug development in oncology, with a focus on sarcoma 

and rare tumors.

Tools

• High  throughput molecular screening platforms, 
• Molecular characterization of rare nosological subgroups of 

cancers,
• Functional in	 vitro (cell lines) and	 in	 vivo (animal models)          

assays with targeted oncogene therapies and immunothera-
pies,

• Registries of sarcomas in a nationwide program since 2010 
with  analysis of the determinants of patient outcome,

• Leading the EURACAN ERN.

Contact
blay@lyon.fnclcc.fr

From basic research to comprehensive genomic profiling to clinical 
applications

Jean-Yves BLAY
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Results 
•	 Identification	of	novel	targeted	oncogene	therapies	in	sarcomas,
•	 Molecular	description	of		sarcomas	and	therapeutic	applications,
•	 Immunological	landscape	of		sarcoma,
•	 Nationwide	registry	on	sarcoma	:	impact	of	management	in	reference	centers	on	survival.

Topic 1 : basic, translational and clinical research in sarcoma: 
A unique prospective tumor bank and database worldwide

Legend : Relapse free survival and overall survival of the nationwide survey of  sarcoma in France: 2010-2014 (12528 patients). Better 
outcome observed in reference  center (blue curves, Ann Oncology 2017, in press) 



blay@lyon.fnclcc.fr

Jean-Yves BLAY
Contact
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Perspectives

•	 Providing	an	exhaustive	description	of	the	molecular	and	immunological	landscape	of	sarcomas	and	therapy	identify	
novel	nosological	entities	with	specific	targeted	treatments,

•	 Applying	genomic	profiling	to	guide	treatment	decision	in	patients	with	cancer,	and	to	measure	its	curative	impact,
•	 Improving	survival	of	patients	with	rare	cancers	by	organizing	at	the	EU	level	the	European	reference		Network,	EURACAN	

(euracan.org).

Unique selling points

•	 Organization	of	a	unique	national	network	in		France,	on	sarcoma,
•	 The	largest	molecular	screening	clinical	trial	in	cancer	in	France	(ProfilER	>	3000	patients	included),
•	 Integrated	genomic	and	immune	characterization	platforms	for	routine	and	clinical	research	use,
•	 Capacity	to	go	from	basic	research	laboratory	work	to	first	 in	human	clinical	trials	on	the	site	of	the		CLB	(eg,	Anti		

Frizzled	10	90Y	Ab,		NP137	anti	Netrin	Ab,	anti	p47	Ab	FIH	phase	I	studies).

Results
•	 Use	of	comprehensive	genomic	profiling	 for	 routine	management	of	cancer	patients	 (the	example	of	 the	ProfilER	

study),	
•	 Development	of	novel	targeted	therapies,	first	in	class,	first	in	human	clinical	trains	in	cancer,	randomized	clinical	trials	

(national	and	international),
•	 Translation	from	basic	&	translational	research	laboratory	to	clinical	practice.

From basic research to comprehensive genomic profiling to clinical 
applications

Topic 2 : Use of comprehensive genomic profiling for routine 
and clinical research purpose in oncology





To implement immunotherapy in front-line treatment of acute leukemia, and to 
identify markers to predict the benefit of immune strategies.

CAR-T and bispecific antibodies in acute leukemias

Hôpital	Saint	Louis	-	PARIS
EA-3518	-	APHP
University	of	Paris	Diderot

Nicolas BOISSEL M.D., Ph.D.

Selected publications

• CTL019 in children and young adults with leukemia (ELIANA). Maude SL. N Engl	J	Med.	in	press. 
• Complete Hematologic and Molecular Response in Adult Patients With Relapsed/Refractory  

Philadelphia Chromosome-Positive B-Precursor Acute Lymphoblastic Leukemia Following Treatment 
With Blinatumomab: Results From a Phase II, Single-Arm, Multicenter Study. Martinelli G et al. J Clin 
Oncol. 2017 Jun 1;35(16):1795-1802.

• Blinatumomab versus Chemotherapy for Advanced Acute Lymphoblastic Leukemia. Kantarjian H et 
al. N	Engl	J	Med. 2017 Mar 2;376(9):836-847.

• Rituximab in B-Lineage Adult Acute Lymphoblastic Leukemia. Maury S et al. N	Engl	J	Med. 2016 Sep 
15;375(11):1044-53.

• Effect of gemtuzumab ozogamicin on survival of adult patients with de-novo acute myeloid leukaemia 
(ALFA-0701): a randomised, open-label, phase 3 study. Castaigne S et al., Acute Leukemia French 
Association.	Lancet. 2012 Apr 21;379(9825):1508-16. 

KEYWORDS

• Acute leukemia
• Antibody 
• Antibody-drug  

conjugate
• Bispecific antibody
• CAR-T
• Immune response 

Acute leukemia (AL) are clonal proliferation of hematopoietic progenitors leading to bone marrow 
failure. The curability of AL mostly depends on patient age and disease characteristics that predict 
disease susceptibility to conventional chemotherapy and benefit from allogeneic hematopoietic 
stem cell transplantation. Our acute leukemia clinical research program is involved through   
academic or industrial-sponsored trials in the development of new immunotherapeutic strategies 
in the field. 
We conducted (inter)national phase 3 academic trials (GRAALL and ALFA groups) to demonstrate 
the efficacy and safety of rituximab (anti-CD20, ROCHE) and gemtuzumab ozogamicin (anti-
CD33, calicheamicin, Pfizer) in acute lymphoblastic (ALL) and myeloid leukemia respectively. 
We participated in pivotal studies evaluating blinatumomab (anti-CD3, anti-CD19, Amgen) and 
tisagenlecleucel (anti-CD19 CAR-T, Novartis) in ALL. Based on this experience, we aim to evaluate 
the place of blinatumomab and inotuzumab (anti-CD22, calicheamycin, Pfizer) in first line to 
reduce the risk of relapse and the toxicity of chemotherapy and to combine immune strategies 
to overcome resistance mechanisms. 
Within the THEMA expertise network including children and adult clinical research (H. Dombret, 
A. Baruchel), leukemia molecular annotation and minimal residual disease monitoring (J. Soulier, 
H. Cavé), leukemia oncogenesis (H. de Thé), immune response monitoring (S. Caillat-Zucman,  
V. Soumelis), preclinical CAR-T development (S. Caillat-Zucman, JC. Bories), and cellular and gene 
therapy (J. Larghero), we develop a collaborative platform to develop chemo-free therapeutic 
approaches in acute leukemia.
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Objectives

• To improve survival and quality of life in acute leukemia patients, 
• To improve efficacy and tolerance of immunotherapy,
• To explore resistance mechanisms and develop resistance predictive models.

Contact
nicolas.boissel@aphp.frCAR-T and bispecific antibodies in acute leukemias

Nicolas BOISSEL
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Tools

• Clinical research: 
 - Children and adult acute leukemia units, 
 - (Inter)National cooperative groups in AML/ALL (GRAALL, ALFA).
• Preclinical research program (CAR-T development),
• High throughput genotyping and MRD monitoring, 
• Immune response monitoring,
• Gene and cell therapy unit (MTI platform) / Pharmacy,
• Industrial partnerships.



nicolas.boissel@aphp.fr

Nicolas BOISSEL
Contact
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CAR-T and bispecific antibodies in acute leukemias

Clinical & translational research experience

Clinical research experience :
• Academic phase 3 :
 - Rituximab combined to front-line chemotherapy in CD20+ BCP-ALL,

 - Gemtuzumab ozogamicin combined to front-line induction and 
consolidation in AML.

• Industrial phase 2/3 :
 - Bispecific blinatumomab in relapse/refractory and minimal residual 
disease positive BCP-ALL (Phase 2 and pivotal TOWER study),
 - Tisagenlecleucel anti-CD19 CAR-T in children, adolescents and 
young adults with relapse/refractory BCP-ALL (pivotal ELIANA and 
expanded treatment protocol).

Translational research 
• Acute leukemia molecular annotation (cytogenetics+FISH, NGS, RNAseq, 

RT-MLPA),
• Molecular and flow MRD monitoring.

Current developments

Clinical research 
• Investigator-sponsored Trials (ISTs):

 - Front-line blinatimomab in high-risk BCP-ALL  
patients (adverse molecular profile, high MRD levels), 
QUEST study,
 - Combination of blinatumomab with pembrolizu-
mab in patients refractory to blinatumomab salvage 
therapy, COMBLIN study.

• Industrial trials : CAR-T, bispecific in ALL/AML.

Front-line evaluation of blinatumomab in high-risk BCP-ALL
defined by molecular adverse characteristics (MLL+, IKZF1del)
or high post-induction minimal residual disease levels.

Preclinical development
• Chimeric antigen receptor design  (J.C. Bories),
• Allogeneic “off-the-shell” CAR-T development (S. Caillat-

Zucman).

Immunotherapy in acute leukemia. Monoclonal antibody
(CD20), antibody drug conjugated (ADC, anti-CD33, anti-CD22,
calicheamycin), bispecific antibodies (CD19-CD3) and CAR-T
(CD19).
(Adapted from Batlevi et al., Nat Rev Clin Oncol. 2015)



Contact
CAR-T and bispecific antibodies in acute leukemias nicolas.boissel@aphp.fr

Nicolas BOISSEL
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Perspectives

• Development of efficient and safe immunotherapy combination in front-line treatment of acute leukemia,
• Development of an academic clinical CAR-T program (autologous/allogeneic “off-the-shelf”),
• Identification of tumor and immunological biomarkers to predict the benefit of immune strategies,
• Development of industrial partnerships in the field of immunotherapy.

Unique selling points

• Unique clinical and research consortium,
• Clinical experience in leading immunotherapy evaluation, 
• CAR-T preclinical development programs,
• Expertise in the field of “Médicament de Thérapeutique Innovante” (MIT-PP),
• French acute leukemia cooperative group chairing.



Comprehensive study of tumor immune microenvironment for improved cancer 
therapies – identification of new targets for immunotherapy.

Immunity and cancer

Montpellier	Cancer	Research	Institute	(IRCM)	-	MONTPELLIER
Inserm	U1194	-	Centre	de	lutte	contre	le	cancer	(Val	D'aurelle)
University	of	Montpellier

Nathalie BONNEFOY Ph.D.

Selected publications

• The IL-17B-IL-17 receptor B pathway promotes resistance to paclitaxel in breast tumors through acti-
vation of the ERK1/2 pathway. Laprevotte E, Cochaud S, du Manoir S, Lapierre M, Dejou C, Philippe 
M, Giustiniani J, Frewer KA, Sanders AJ, Jiang WG, Michaud HA, Colombo PE, Bensussan A, Alberici G, 
Bastid J, Eliaou JF, Bonnefoy N. Oncotarget. in press. 

• IL-21 promotes the development of a CD73-positive Vg9Vd2 T cell regulatory population. Barjon C, 
Michaud H-A, Fages A, Dejou C, Zampieri A, They L, Gennetier A, Sanchez F, Gros L, Eliaou J-F, Bonnefoy 
N and Lafont V. Oncoimmunology. 2017, DOI: 10.1080/2162402X.2017.1379642.

• PD-1 blockade at the time of tumor escape potentiates the immune-mediated antitumor effects of 
a melanoma-targeting monoclonal antibody. They L, Michaud H-A, Lafont V, Guillot B, Becquart O, 
Jarlier M, Mollevi C, Eliaou J-F, Bonnefoy N and Gros L. Oncoimmunology. 2017 Jul 20;6(10):e1353857.

• Inhibition of CD39 enzymatic function at the surface of tumor cells alleviates their immunosuppres-
sive activity. Bastid J, Regairaz A, Bonnefoy N, Déjou C, Giustiniani J, Laheurte C, Cochaud C, Laprevotte 
E, Funck-Brentano E, Hemon P, Gros L, Bec N, Larroque C, Alberici G, Bensussan A, Eliaou J-F. Cancer 
Immunol	Res. 2015 Mar;3(3):254-65. 

• CD39: a complementary target to immune checkpoints to counteract tumor-mediated immuno-
suppression. Bonnefoy N, Bastid J, Alberici G, Bensussan A, Eliaou JF. Oncoimmunology. 2015 Feb 
3;4(5):e1003015.

• Tumor antigen-targeting monoclonal antibody-based immunotherapy : orchestrating combined sta-
tegies for the development of long-term anti-tumor immunity. Michaud H-A, Eliaou J-F, Lafont V, 
Bonnefoy N, Gros L. Oncoimmunology. 2014 Dec 13;3(9):e955684. 

KEYWORDS
• Tumor immune 

microenvironment
• Tumor immune escape 
• Immune-based      

combined therapies 
• CD39 
•	 	gd T cells 
• Inflammation 
• IL-17 
• Flow and mass       

cytometry 
• Mouse pre-clinical 

models for cancer

Strengthening/reinvigorating the tumor immune surveillance by stimulating rejection-type  
processes or blocking suppressive pathways is the foundation of new immune-based  
therapies that allow the development of a long-lasting adaptive immunity, which counteracts 
tumor growth and prevents tumor relapse. In this context, the research programs developed 
in our group aim at a better understanding of the relationships between cancer cells and 
cells of the immune system, with a specific interest in the contribution of adaptive immunity  
effectors to the prevention or treatment of cancer and the role of mediators of inflammation in the  
development of cancer. 

Through a deep and comprehensive analysis of tumor immune microenvironment we search for 
new immune based combined therapies to improve response to conventional therapies such as 
targeted therapies or radio- and chemo-therapies.

We described the CD39 ectonucleotidase as a novel immune checkpoint inhibitor and identified 
CD39 neutralizing antibodies currently under pre-clinical development. 

We demonstrated that some inflammatory cytokines promote the polarization of gdT cells 
into cells with regulatory functions and are currently working at a better characterization and  
understanding of the regulatory gdT cell subpopulation in cancer. 

Altogether our projects are established on our expertise in onco-immunology with a strong 
knowledge of preclinical models and a recognized expertise of tumor immune microenvironment 
analysis. They are developed in close association with clinicians and industrial partners.
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Objectives

•	 Deep	and	comprehensive	analysis	of	tumor	immune	microenvironment,	

•	 Deciphering	mechanism	of	action	of	regulatory	gdT	cells,

•	 Identifying	new	targets	for	immunotherapy,

•	 To	 propose	 new	 immune	 based	 combined	 therapies	 to	 improve		
response	 to	 conventional	 therapies	 such	 as	 targeted	 therapies	 or		
radio-	and	chemotherapies.

Contact
nathalie.bonnefoy@inserm.frImmunity and cancer

Nathalie BONNEFOY
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Results
• IL-21 promotes regulatory functions of human Vg9Vd2 T cells,

• Regulatory Vg9Vd2 cells express the ectonucleotidase CD73 and inhibit T cell 
proliferation in a CD73/adenosine-dependent manner,

• CD73+ Vg9Vd2 T cells produce IL-10 and IL-8 and display low effector  
functions and cytotoxic activity,

• CD73+ gdT cells are increased in tumor bearing mice. 

Tumor: a complex cellular network

Immunosuppressive gdT cells

NS

CD73+ gdT cells produce Adenosine CD73+ gdT cells produce IL-10 CD73+ gdT cells inhibit abT cell proliferation

Tools

•	 Cellular	and	molecular	approaches	(human	and	murine	cells),
•	 Immunocompetent	tumor	mouse	models,	treatments	with:
	 -	Immune	checkpoints	inhibitors,
	 -	Anti-tumor	monoclonal	antibodies,
	 -	Chemotherapy,
	 -	Radiotherapy	Experimental	radiotherapy	platform	(SARRP	Litte	system).

•	 Tumor	immune	microenvironment	analysis	by	flow/mass	cytometry	and	imaging	mass	cytometry	(Helios	&	Hyperion	
platform),

•	 Transcriptomics.

Barjon C. et al. Oncoimmunology, 2017 



Results
• In the B16F10 melanoma preclinical model, anti-TYRP1 treatment with the TA99 mAb induces specific cellular and 

humoral memory anti-tumor immune responses, 

• The anti-PD-1 antibody synergizes with TA99 immunotherapy to potentiate the cellular anti-tumor immunity, 

• PD-1 blockade at the time of tumor escape potentiates the immune-mediated anti-tumor effects of anti-TYRP-1 
immunotherapy.

nathalie.bonnefoy@inserm.fr

Nathalie BONNEFOY
Contact
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Immunity and cancer

Immune-based combined therapies

TA99 delays tumor growth and induces long-term
anti-tumor immunity in 30% of animals

They L et al. Oncoimmunology, 2017 



Contact

Results
•	 Evaluation	of	the	establishment	of	long-term	anti-tumor	immune	response	following	ionizing	radiation	combined	

with	a	novel	immune	checkpoint	inhibitor	in	a	syngeneic	cervix	cancer	preclinical	model,

•	 Prospective	clinical	study	and	identification	of	an	immune	signature	predicting	the	response	rate	to	RT	in	human	
cervix	cancer.	

Multiparametric immunophenotyping

Search for immune signature

Transcriptomic

Tumor control is associated with tumor specific
T-cell immune response

Immunity and cancer nathalie.bonnefoy@inserm.fr

Nathalie BONNEFOY
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Perspectives

• To define phenotypic and transcriptomic signature of regulatory	gdT cells, to highlight their presence within the tumor 
microenvironment and to identify their cellular networks, 

• To identify novel targets for immunotherapy, based on the understanding of tumor immune escape mechanisms, 
• Proof of concept in preclinical tumor models for new immune-based combinatorial approaches to improve radiotherapy 

efficiency.

Unique selling points

• Close association with clinicians and industrial partners,
• Co-founder and CSO of OREGA Biotech, born of : 
 - Description of CD39 ectonucleotidase as a novel immune checkpoint inhibitor,
 - Identification CD39 neutralizing antibodies currently under pre-clinical development. 
• Expertise in biology of gdT cells,
• Expertise in tumor immune microenvironment analysis,
• Strong knowledge of preclinical tumor mouse models.

Comprehensive study of tumor immune microenvironment to improve radiotherapy



Our research activities cover the field of cancer immunology and gastrointestinal 
oncology. Particularly, we studied the role of STAT3 in cancer cell recognition by  
natural killer (NK) cell lymphocytes and regulatory cell functions. Christophe Borg is  
co-author of more than 102 publications referenced in the Web of Science  
(5002 citations, H-index = 28).

Biomarkers for cancer immunotherapy

EFS	Bourgogne	Franche	Comté	-	BESANCON
CIC	1431	-	Inserm	U1098
University	Hospital	of	Besançon	-	University	of	Franche-Comté

Christophe BORG M.D., Ph.D.

Selected publications

• A new anti-mesothelin antibody targets selectively the membrane-associated form. Asgarov K, Bal-
land J, Tirole C, Bouard A, Mougey V, Ramos D, Barroso A, Zangiacomi V, Jary M, Kim S, Gonzalez-Pajuelo 
M, Royer B, de Haard H, Clark A, Wijdenes J, Borg C. MAbs. 2017 Apr;9(3):567-577.

• Fungal peptides from pneumonitis hypersensitivity etiologic agents are able to induce specific cellu-
lar immune response. Bellanger AP, Lignon T, Godet Y, Rognon B, Reboux G, Gbaguidi-Haore H, Borg C, 
Millon	L.	Methods. 2017 Jan;440:67-73. 

• Perioperative docetaxel, cisplatin, and 5-fluorouracil compared to standard chemotherapy for resec-
table gastroesophageal adenocarcinoma. Kim S, Paget-Bailly S, Messager M, Nguyen T, Mathieu P, 
Lamfichekh N, Fein F, Fratté S, Cléau D, Lakkis Z, Jary M, Sakek N, Jacquin M, Foubert A, Bonnetain F, 
Mariette C, Fiteni F, Borg C. Eur	J	Surg	Oncol.	2017 Jan;43(1):218-225.

• Prognostic value of baseline seric Syndecan-1 in initially unresectable metastatic colorectal cancer 
patients: A simple biological score. Jary M, Lecomte T, Bouché O, Kim S, Dobi E, Queiroz L, Ghiringhelli 
F, Etienne H, Léger J, Godet Y, Balland J, Lakkis Z, Adotevi O, Bonnetain F, Borg C, Vernerey D. Int	J	Cancer.	
2016 Nov 15;139(10):2325-35.

• IL-21-Induced MHC Class II+ NK Cells Promote the Expansion of Human Uncommitted CD4+ Central 
Memory T Cells in a Macrophage Migration Inhibitory Factor-Dependent Manner. Loyon R, Picard E, 
Mauvais O, Queiroz L, Mougey V, Pallandre JR, Galaine J, Mercier-Letondal P, Kellerman G, Chaput N, 
Wijdenes J, Adotévi O, Ferrand C, Romero P, Godet Y, Borg C. J	Immunol. 2016 Jul 1;197(1):85-96.

• Interest of Tumor-Specific CD4 T Helper 1 Cells for Therapeutic Anticancer Vaccine. Galaine J, Borg C, 
Godet Y, Adotévi O. Vaccines	(Basel). 2015 Jun 30;3(3):490-502.

• Prognostic Value of Angiopoietin-2 for death risk stratification in Patients with Metastatic Colorectal 
Carcinoma. Jary M, Vernerey D, Lecomte T, Dobi E, Ghiringhelli F, Monnien F, Godet Y, Kim S, Bouche O, 
Fratte S, Goncalves A, Leger J, Queiroz L, Adotevi O, Bonnetain F, Borg C. Cancer	Epidemiol	Biomarkers	
Prev. 2015 Mar;24(3):603-12.

KEYWORDS

• NK cells
• Immune biomarkers
• Immune and cellular 

therapies
• Hematology
• Clinical research
• Cohorts

We studied the regulation of interactions between dendritic cells and NK lymphocytes and  
described the formation of an immunological synapse driving NK cell activation (Blood	2004 and 
2008). 
We then investigated the role of STAT3 in tumor cell recognition by NK cells and established a 
suppressive function of STAT3 on NKG2D ligand expression	(Cancer	Research	2005 and 2011). 
These results were translated into a novel pharmacological approach to monitor the immunological 
properties of targeted therapies (Journal	of	clinical	investigation 2004). Based on this experience, 
a research program is ongoing at the University of Franche-Comté to characterize the prognostic 
value of immune-related biomarkers. 
We have also been involved in the development of new immune and cellular therapy strategies 
in the field of hematology and medical oncology. 
Several therapeutic approaches are now being tested in early clinical research including allogenic NK 
cell therapy (phase I), telomerase peptide vaccination (phase I) and docetaxel-based chemotherapy in 
HPV-related squamous cell carcinoma (phase II).
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Our research program aims at the characterization of the molecular mechanisms 
driving tumor progression of Multiple Myeloma and the development of novel anti-
Myeloma immunotherapeutic strategies.

Development of chimeric antigen receptors 
targeting multiple myeloma

Institut	Universitaire	d'Hématologie	-	PARIS
Inserm	U1126	-	Hôpital	Saint	Louis	-	Ecole	Pratique	des	Hautes	Etudes
Paris	Diderot	University	

Jean-Christophe BORIES Ph.D.

Selected publications

• Development of chimeric antigen receptors for multiple myeloma. Martínez-Cingolani C, Bories JC. 
Biochem	Soc	Trans. 2016 Apr 15;44(2):397-405. 

• MB4-2 breakpoint in MMSET combined with del(17p) defines a subset of t(4;14) multiple myeloma 
with very poor prognosis. Lazareth A, Song XY, Coquin A, Harel S, Karlin L, Belhadj K, Roos-Weil D, Frenzel 
L, Tamburini J, Macro M, Chevret S, Loiseau HA, Minvielle S, Fermand JP, Soulier J, Bories JC, Arnulf B. 
Haematologica. 2015 Nov;100(11):e471-4. 

KEYWORDS
• Chimeric Antigen 

Receptors
• Multiple Myeloma
• T-cell Therapy Over the last decades, cancer chemotherapies have remarkably improved, however many         

tumors still remain refractory to treatments. 
Recent immunotherapeutic advances have shown great efficacy in the treatment of hematological 
malignancies. 
The introduction of monoclonal antibodies targeting cancer cells, has improved the treatment 
of lymphoma and more recently the development of bispecific antibodies has shown promi-
sing results in acute lymphoblastic leukemia (ALL). Genetically engineered T cells expressing 
Chimeric Antigen Receptors (CARs) directed against CD19 also emerged as alternative immuno- 
therapeutic approaches in ALL. However, despite encouraging results in ALL, extension of CAR-T 
cell therapy to other hematological malignancies such as Multiple Myeloma (MM) still requires 
specific researches. 
We have developed CARs constructs targeting several antigens, including CS-1 (SLAMF7), BCMA 
(TNFRSF17) and CD38, expressed on MM tumor cells. Our anti-MM CAR expressing T lymphocytes 
efficiently and specifically kill MM cells in	vitro and in a mouse model. Our research program 
aims at 1) improving the efficiency and the safety of CAR-T cell therapy in MM, 2) reaching the 
technical standards required to initiate a clinical trial, 3) extending CAR-T cell therapy to other 
malignancies.
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Results

•	 We	generated	1st,	2nd	and	3rd	generation	anti-CS1	and	
anti-CD38	 CARs	 and	 corresponding	 Co-stimulation	
Chimeric	Receptor	(CCR),

•	 1st	 generation	 CAR-T	 cells	 poorly	 survive	 in	 vivo	 (not	
shown).

Objectives

• To develop novel Chimeric Antigen Receptor based therapy in 
Multiple Myeloma (MM),

• To improve the specificity and the safety of Chimeric Antigen 
Receptor (CAR) therapy,

• To test next generation CARs in MM patients.

Tools and expertise

• CARs recognizing CD38, CS-1 and BCMA antigens on myeloma 
cells,

• Co-stimulation CAR recognizing CS-1 and CD38,
• Lentiviral vectors,
• Cellular models of MM,
• Fresh tumor cells from MM patients and corresponding T cells,
• Mouse model of human MM.

Contact
jc.bories@univ-paris-diderot.fr

Development of chimeric antigen receptors targeting multiple 
myeloma

Jean-Christophe BORIES
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Development of anti-MM CART-T cells



Results

• Our 1st, 2nd and 3rd generation anti-CS1 and anti-CD38 
CAR-T cells efficiently and specifically kill MM cells in 
vitro,

• Our anti-CD38 Co-stimulation Chimeric Receptors (CCR) 
-T cells have no effect on MM cell growth in	vitro.

jc.bories@univ-paris-diderot.fr

Jean-Christophe BORIES
Contact
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Development of chimeric antigen receptors targeting multiple 
myeloma

In vitro cytotoxic activity of anti-MM CAR-T cells

Results
• Our 2nd and 3rd generation anti-CS1 CAR-T cells efficiently 

inhibit progression of MM in vivo, 
• Our 3rd generation anti-CS1 CAR-T cells are more efficient 

to control MM in vivo than anti-CS1 2nd generation CAR-T,
• Similar results are obtained with our 1st, 2nd and 3rd generation 

anti-CD38 CAR-T cells. 

In vivo activity of anti-CS1 CAR-T cells

In vivo anti-MM activity of CS1 CAR-T cells. 
Expansion of Luciferase+ MM cells was monitored by 
bioluminescence (Top). Curves show bioluminescence

per mice over time (Bottom).
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Contact

Unique selling points

• Access to samples and large cohorts of MM patients through long-standing collaborations with the “Intergroupe 
Français du Myélome” (IFM) and the department of Immuno-Hématologie at St Louis Hospital,

• Commitment of the department of Cell Therapy of Hospital St Louis into future clinical trials,

• Local expertise in CAR-T cell therapy (CD19 CAR in the treatment of ALL and B cell Lymphoma).  

Perspectives

• Treating MM patients with 3rd generation a-CS1 and a-CD38 CAR-T,
• Developing AND CARs targeting MM cells,
• Developing controlled CARs in MM, 
• Extending AND CAR and Controlled CAR -T cell therapy to other hematological malignancies,
• To improve the specificity and the safety of CAR-T cells.

Development of chimeric antigen receptors targeting multiple 
myeloma jc.bories@univ-paris-diderot.fr

Jean-Christophe BORIES
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Dissecting the mode of action of tumor immunotherapies using intravital imaging.

Dissecting the mode of action of tumor 
immunotherapies using intravital imaging

Institut	Pasteur	-	PARIS		
INSERM	U1223

Philippe BOUSSO Ph.D. 

Selected publications

• The PD-1 axis enforces an anatomical segregation of CTL activity that creates tumor niches after allogeneic 
hematopoietic stem cell transplantation. Michonneau D, Sagoo P, Breart B, Garcia Z, Celli S, Bousso P. Immu-
nity. 2016 Jan 19;44(1):143-154. 

• The mechanism of anti-CD20-mediated B cell depletion revealed by intravital imaging. Montalvao F, Garcia 
Z, Celli S, Breart B, Deguine J, Van Rooijen N, Bousso P. J	Clin	Invest. 2013 Dec;123(12):5098-103. 

• Intravital imaging reveals distinct dynamics for natural killer and CD8(+) T cells during tumor regression. 
Deguine J, Breart B, Lemaître F, Di Santo JP, Bousso P. Immunity. 2010 Oct 29;33(4):632-44.

• Two-photon imaging of intratumoral CD8+ T cell cytotoxic activity during adoptive T cell therapy in mice. 
Breart B, Lemaître F, Celli S, Bousso P. J	Clin	Invest. 2008 Apr;118(4):1390-7.

KEYWORDS
• Intravital imaging
• Tumor immunity
• Immunosurveillance
• Monoclonal antibody-

based therapy
• Checkpoint blockers
• B cell lymphoma
• GVHD and GVL

Tumors are under the selective pressure of the immune system. It is clear that several immune 
effectors such as CD8+ T cells and NK cells have the potential to lyse tumor cells but also that 
tumors often escape immune control as a result of suppressive mechanisms operating in the 
tumor microenvironment. While the concept of tumor immunosurveillance is well established, 
a number of key questions remains. At what stages of the tumor development does the immune 
system have the ability to eliminate malignant cells? How and where do cytotoxic effectors such 
as NK cells or CD8+ T cells restrict tumor progression? How do interactions between immune 
cells and tumor cells change as the disease progresses? What is the precise mode of action of 
immunotherapies such as checkpoint blockers, depleting antibodies or CAR therapy? Addressing 
these questions is essential to improve cancer treatments and for the rational design of combination 
therapies.
Our laboratory uses intravital imaging (two-photon microscopy) to gain new insight into the 
mechanisms at play during tumor immunosurveillance and immunotherapies. For this purpose, 
we have developed models and fluorescent tools to visualize	in	situ	and in real-time the activity 
of the immune system (T cells, NK cells, macrophages) in the tumor microenvironment before 
or after therapy.
Our main achievements include:
1. Visualize and quantify CTL killing of tumor cells in	vivo	during adoptive T cell therapy
2. Identify the distinct behaviors of T cells and NK cells during tumor cell killing
3. Establish the in	vivo	mode of action of anti-CD20 therapy
4. Uncover the anatomical segregation of the GVL reaction during hematopoietic stem cell    
transplantation
5. Establish the mode of action of anti-PD1 Ab on the GVL reaction during hematopoietic stem 
cell transplantation
With a unique toolbox and a longstanding expertise in intravital tumor imaging, our laboratory 
Dynamics of Immune Responses is actively working and collaborating to better understand and 
optimize the mode of action of tumor immunotherapies.
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Objectives

• Identify mechanisms and concepts in tumor immunosurveillance, 
• Establish the mode of action of immunotherapies. 

Contact
philippe.bousso@pasteur.fr

Dissecting the mode of action of tumor immunotherapies using 
intravital imaging

Philippe BOUSSO
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Tools

• Intravital imaging (two-photon imaging) : Lymph node, Bone 
morrow, Spleen, Skin, Liver, 

• Functional reporters : Inflammasome, Apoptosis, Cytokine signaling, 
• Mouse models (fluorescent reporter),
• Tumor models. 

Mode of action of anti-CD20 therapy

Results



philippe.bousso@pasteur.fr

Philippe BOUSSO
Contact
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Dissecting the mode of action of tumor immunotherapies using 
intravital imaging

Anatomical regulation of GVHD and GVL 

Lymph nodes Liver

Low CTL activity High CTL activity

Promote local 
relapse

PD-1
PD-L1

PD-1

Efficient GVL 
effect

GVHD tissue 
damage

A mechanism to explain anatomical differences in tumor immunosurveillance

Michonneau et al. Immunity 2016

Mode of action af anti-PD1 therapy

Michonneau et al. Immunity 2016

Anti-PD1 treatment restores T cell-target cell conjugation



Perspectives

• Study the effect of immunotherapies on tumor clonal composition and genetic diversity,
• Analyze the mode of action of new immunotherapies,
• Establish a rational approach to identify the best combination therapies.

Unique selling points

• Unique expertise in intravital imaging of immune responses against tumors,
• Extensive toolbox for the study of immune function	in	vivo,
• Previous achievements characterizing the mode of action of immunotherapies.

Philippe BOUSSO

Dissecting the mode of action of tumor immunotherapies using 
intravital imaging

Contact
philippe.bousso@pasteur.fr
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Studies on the contribution of galectin-9 to immune evasion in human malignancies 
and development of neutralizing antibodies with therapeutic intent.

Neutralization of galectin-9 for immune 
restoration in human malignancies

Institut	Gustave	Roussy	-	VILLEJUIF
CNRS	-	UMR	8126

Pierre BUSSON M.D.,Ph.D.

Selected publications

• Antibodies Reacting with the 213-224 Amino-acid Segment of Galectin-9 and Neutralizing its Immunosup-
pressive Effects: Functional and Structural Characterization. Lhuillier C, Barjon C, Baloche V, Niki T, Gelin A, 
Mustapha R, Hoos S, Chiba Y, Ueno M, Hirashima M, Wei M, Morales O, Raynal B, Delhem N, Dellis O, Busson 
P.	Submitted.

• LMP1-mediated glycolysis induces myeloid-derived suppressor cell expansion in nasopharyngeal carci-
noma. Cai TT, Ye SB, Liu YN,  He J, Chen QY, Mai HQ, Zhang CX, Cui J, Zhang XS, Busson P, Zeng YX, Li J. PLoS	
Pathog. 2017 Jul 21;13(7):e1006503.

• Stimulation of the toll-like receptor 3 promotes metabolic reprogramming in head and neck carcinoma 
cells. Veyrat M, Durand S, Classe M, Matijevic-Glavan T, Oker N, Kapetanakis NI, Jiang X, Gelin A, Herman P, 
Casiraghi O, Zagzag D, Enot D, Busson P, Vérillaud B. Oncotarget. 2016 Dec 13;7(50):82580-82593. 

• Impact of exogenous galectin-9 on human T cells: CONTRIBUTION OF THE T CELL RECEPTOR COMPLEX TO 
ANTIGEN-INDEPENDENT ACTIVATION BUT NOT TO APOPTOSIS INDUCTION. Lhuillier C, Barjon C, Niki T,   
Gelin A, Praz F,  Morales O,  Souquere S,  Hirashima M,  Wei M,  Dellis O, Busson P. J.	Biol.	Chem. 290. 2015 
Jul 3;290(27):16797-811.

• Nasopharyngeal Carcinoma-Derived Exosomes Recruit, Expand and Up-Regulate Biological Activities of 
Human Regulatory T cells.  Mrizak D, Martin N, Barjon C, Jimenez-Pailhes AS, Mustapha R, Niki T, Guigay J, 
Pancré V, Yvan de Launoit Y,  Busson P , Morales O and Delhem N. Journal	of	the	National	Cancer	Institute	107 
(1): dju 363 (2015).

KEYWORDS
• Galectin-9
• Therapeutic antibodies
• Regulatory T-cells
• M2 polarization
• Immune restoration
• Syngenic tumor 

models
• Plasma galectin-9

Restoration of the anti-tumor immune response increasingly appears as a necessary component 
of a rational and comprehensive cancer treatment. 
One challenge is to target the relevant immunosuppressive factors in each type of malignancy. 
Extra-cellular galectin-9 (gal-9) is a major suspect in melanomas as well as in pulmonary,  
pancreatic or renal carcinomas. 
We and others have shown that extra-cellular gal-9 behaves like a cytokine inducing various 
immunosuppressive effects. These effects result from the binding of a number of receptors  
present at the surface of target cells: for example Tim-3 (inhibition of effector T-cells),  
Dectine-1 (M2 polarization of macrophage) and DR3 (expansion of T-regs and enhancement of their  
suppressive activity). Our aims are :
1) to better understand the mechanisms of gal-9 immune suppression in	 vitro as well as in  
animal models; 
2) to develop therapeutic antibodies neutralizing gal-9; 
3) to investigate the status of circulating gal-9 in tumor-bearing patients and its potential as 
a biomarker. Two lead murine monoclonal antibodies Gal-Nab1 and 2 have been extensively  
characterized. They react with human and murine gal-9. They are active in	vitro using human 
PBMCs and in	vivo using the CT26 murine model. 
We plan to use CT26 and other syngenic tumor models to investigate the impact of our  
antibodies and their humanized derivatives, by themselves as well as in combination with other 
therapeutic modalities. Simultaneously we will investigate tumor growth and host response in 
murine tumor models invalidated or not for gal-9 (CRISP-R / Cas9 method).
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Results

• First demonstration of the secretion of galectin-9 by human 
malignant cells and their immunosuppressive effects (Klibi 
et al., Blood 2009),

• Extra-cellular galectin-9 interferes with the TCR signaling 
independently of Tim-3 (Lhuillier et al., JBC 2015),

• Obtention of CT26 tumor lines KO for murine Galectin-9 
ready for	in	vivo	investigation (figure 2).

General background 

In 2015 and 2016, multiple publications have demonstrated the 
contribution of galectin-9 to the immune escape for metastatic 
melanoma, pancreatic adenocarcinoma, lung and renal carcinomas.

Objectives

• To explore the contribution of galectin-9 to tumor immune 
escape in	vitro and using syngenic murine models,

• To investigate the status of galectin-9 in various types of       
human malignancies, especially in a context of acquired        
resistance to anti-PD1/PD-L1,

• To assess the anti-tumor activity of anti-galectin-9 antibodies 
using various murine tumor models. 

 
Tools

• Murine tumor cells KO for galectin-9 (Crisp-R/cas9 invalidation),
• Lead antibodies neutralizing human and murine galectin-9 in 

vitro (including humanized variants),
• Mouse syngeneic tumor models responsive to these antibodies.
 

Contact
pierre.busson@gustaveroussy.fr

Neutralization of galectin-9 for immune restoration in human 
malignancies

Pierre BUSSON
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Figure 1. Rationale for the development of therapeutic antibodies neutralizing
extra-cellular galectin-9 with regard to their effects on T-regs. These antibodies
are also expected to block the immuno-suppressive effects of gal-9 on other
target cells.

Collaborations :
N. Delhem (Institut de Biologie de Lille) / E. Piaggio (Institut Curie, 
Paris) / L. Apetho (Inserm, Dijon) / Société H-Immune Therapeutics 
(Paris)

Galectin-9 is a major factor of immune escape in various types of human malignancies



Perspectives 

• To provide to our industrial partners all knowledge and biological resources required  to move our anti-galectin-9 
antibodies to the stages of the pre-clinical regulatory assessment and clinical trials,

• To carry on the functional characterization of the humanized variants of our antibodies  neutralizing galectin-9,
• To better characterize the functions of our target using syngenic tumor models KO for galectin-9,
• To investigate the potential of circulating galectin-9 as a biomarker of tumor immune escape driven by galectin-9 in 

various human malignancies (in collaboration with clinical teams in Gustave Roussy),

• On a longer term, production of additional therapeutic instruments (novel humanized antibodies, aptamers, etc…).

Unique selling points 

• Extra-cellular galectin-9 : a major factor of immune escape in human malignancies,
• Acting through multiple membrane receptors: Tim-3 (Th1 lymphocytes), Dectin-1 (macrophages), DR3 (T-regs) etc…,
• A target which has long been neglected in Immuno-Oncology,
• Plasma galectin-9 : an emerging biomarker for patient selection,
• Our neutralizing antibodies : a better option  than chemical inhibitors which lack specificity,
• Gal-Nab1 and 2 : patented  antibodies neutralizing galectin-9,  
• Active	in	vitro against human and murine galectin-9,
• Active in a syngeneic tumor model and a human/murine chimeric model (N. Delhem, IBL),
• Promising results obtained with the first humanized variant of Gal-Nab1.

Results

• Obtention of a series of antibodies neutralizing human and murine galectin-9	in	vitro, 
• Structural characterization of the 2 lead antibodies,
• Set up of a syngenic murine tumor model working for the demonstration of Gal-NaB1 efficacy in	vivo.

pierre.busson@gustaveroussy.fr

Pierre BUSSON
Contact
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Neutralization of galectin-9 for immune restoration in human 
malignancies

1 mm

Total surface
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B) Ctrl IgG Gal-Nab1

Antibodies neutralizing extra-cellular galectin-9 can contribute to immune restoration 
in murine syngeneic tumor models

Figure 3. CT26 murine tumors treated with an immunogenic
chemotherapy (doxorubicin) plus control IgG or Gal-Nab1.
IP injections of Ctrl IgG or Gal-Nab1 (3.5 mg/kg - 2QW). A) Assessment of
tumor volumes; B) Immuno-histo-chemistry of tissue sections stained for CD3.
Tumor penetration of the T-cells was enhanced under treatment with Gal-Nab1.

A) 

Ctrl IgG Gal-Nab1





Thanks to its strong link with clinicians, our team is conducting basic and translational 
research programs in immuno-oncology, from target identifications to therapeutic 
innovations. Our main objective is to induce anti-tumor immune memory response 
and prevent tumor relapse. 

Tumor immunosurveillance and therapeutic 
targeting 

Cancer	Research	Center	of	Lyon	-	LYON	
Inserm	UMR1052
Léon	Bérard	Cancer	Hospital

Christophe CAUX Ph.D.
Stéphane DEPIL M.D., Ph.D.

Selected publications

• Autocrine Adenosine regulates tumor polyfunctional CD73+CD4+ effector T cells devoid of immune checkpoints. 
Gourdin N, Bossennec M, […], Romero P, Caux C*, Ménétrier-Caux C*. Cancer	research.	In	press.

• BAD-LAMP controls TLR9 trafficking and signalling in human plasmacytoid dendritic cells. Combes A, Camosseto 
V, N’Guessan P, Argüello RJ, Mussard J, Caux C, Bendriss-Vermare N, Pierre P & and Gatti E. Nature	Comm. 2017 Oct 
13;8(1):913.

• Immune cell dysfunctions in breast cancer patients detected through whole blood multi-parametric flow cytometry 
assay. Verronèse E, Delgado A, […], Caux C*, Ménétrier-Caux C*. OncoImmunology.	2015 Nov 10;5(3):e1100791.

• ELYPSE-7: A randomized phase IIa trial with CYT107 exploring the restoration of CD4+ lymphocyte count in  
lymphopenic metastatic breast cancer patients. Trédan O, Ménétrier-Caux C, […], Blay JY*, Caux C*. Ann	Oncol. 2015 
Jul;26(7):1353-62.

• Human natural killer cells promote tumor cell-derived antigen cross presentation by dendritic cells through  
cytokine production. Deauvieau F, Ollion V, […], Caux C* and Valladeau-Guilemond J*. Int	J	Cancer.	2014;136(5):1085-
94. 

• Human XCR1+ dendritic cells derived in	vitro	from CD34+ progenitors closely resemble blood dendritic cells, in-
cluding their adjuvant responsiveness, contrary to monocyte-derived dendritic cells. Balan S, Ollion V, …, Caux C,  
Valladeau-Guilemond J*, Dalod M*. J	Immunol. 2014 Aug 15;193(4):1622-35.

• Tumor promotion by intratumoral plasmacytoid dendritic cells is reversed by TLR7 ligand treatment. Le Mercier I, 
Poujol D, [ …], Caux C*, Puisieux I*, Goutagny N*. Cancer	Res. 2013 Aug 1;73(15):4629-4640.

• ICOS-ligand expression on plasmacytoid dendritic cells supports breast cancer progression by promoting the  
accumulation of immunosuppressive CD4+ T cells. Faget J, Bendriss-Vermare N, […], Blay JY, Caux C and Ménétrier-
Caux C. Cancer	Res.	2012 Dec 1;72(23):6130-6141.

Patents
• EP16305369.7 « Lymphocytes expressing CD73 in cancerous patient dictates therapy » 30/03/2016. 

• US 62/240,101 « CD73 BLOCKING AGENTS », 12/10/2015.

• WO/2012/131004 « Anti-ICOS antibody and there use thereof », 01/04/2011. 

KEYWORDS
• Mechanisms of immuno-
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• Oncogenic stress sensing
• Mechanisms of            

immunosuppression and 
resistance to Immuno-
therapy

• Type I and III Interferons 
• Tumor                            
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• Regulatory T cell Humoral 

response
• Neutrophils 

Our team conducts a translational research in Breast (BC) and Ovarian (OC) carcinoma aiming 
at the identification of immuno-surveillance and escape mechanisms and the development of 
therapeutic strategies to restore anti-tumor immune responses. 
The team contributed to show the critical role of dendritic cells (DC) in T cell activation and      
pioneered several escape mechanisms from immunosurveillance in cancer such as altered myeloid 
cells physiology , selective plasmacytoid DC (pDC) functional alteration , and dominant local Treg 
activation. 
Our observations strongly suggest that pDC/Treg interactions play a pivotal role in the local       
immuno-suppressive network of BC and OC, and identify targets for immune intervention. 
To identify immuno-surveillance mechanisms that remain largely unknown, we use both biased 
biology-driven and unbiased systems biology approaches. 
We search for cell intrinsic innate detection mechanisms of cell transformation and extrinsic 
sensing mechanisms propagating immune alert through DC, and other innate immune cells. 
Understanding mechanisms of early immune detection of cell transformation will lead to the 
discovery of important novel escape mechanisms. 
Thus, defining strategies to restore immunosurveillance processes will enable potent therapeutic 
approaches initiating both specific anti-tumor immune response and immune memory that will 
prevent relapses.
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Objectives

• Study escape mechanisms to immune response,
• Discover immune sensing mechanisms of “oncogenic stress”, 
• Develop novel immunotherapy strategies, 
• Discover resistance mechanisms to immunotherapies.

Tools

• Human cancers: breast carcinoma, ovarian carcinoma, sarcomas,
• Functional analysis of immune cells,
• Immune infiltrate analysis (multiparametic cytometry, multi-immunofluorescence in	situ),
•	 In	vitro	modeling and mechanisms,
• Target identification and validation,
• Cohorts analyses and immunotherapy clinical trial immunomonitoring,
• Pre-clinical mouse models for therapeutic strategy evaluation,
• Expertise in DC subsets and Treg.

Contact
christophe.caux@lyon.unicancer.fr

Tumor immunosurveillance and therapeutic targeting

Christophe CAUX and Stéphane DEPIL
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Results

• Immune gene signature upon oncogenic stress,
• Immune cell activation, 
• CRISPR screen to identify sensors in tumor and immune cells,
• Development of in	vivo models to validate relevance,
• Set-up of in	vivo screen for immunosurveillance mechanims. 

stephane.depil@lyon.unicancer.fr

Immunosurveillance mechanisms: Mechanisms of oncogenic stress sensing
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Tumor immunosurveillance and therapeutic targeting

Results
• 1: Type I IFN is involved in mammary tumor immunosurveillance,
• 2: pDC and cDC contribute to IFN-I/III production in the tumor 

environment,
• 3: NK cells promote cDC (XCR1+ DC) induced cell associated ag 

cross-presentation to CD8 T cells,
• 4: IL33 (IL1 family) is a potent alarmin amplifying IFNg production 

by NK cells.

Results 

• 1: Reactivate pDC through TLR7 engagement,
• 2: Restore IFN-I pathway in pDC through TGFb neutralization,
• 3: Prevent Treg recruitment through CCR4/CCL22 inhibition,
• 4: Block Treg amplification through ICOS/ICOSL antagonisms,
• 5: Reverse Treg immunosuppression through CD39/CD73/Ado 

pathway inhibition.

stephane.depil@lyon.unicancer.fr

DC subsets in immunosurveillance and response to immunotherapy

Mechanisms discovery of immunosuppression and resistance to 
Immunotherapies. Example of plasmacytoid DC/Treg cross-talk
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Perspectives

• Discover mechanisms of immuno-surveillance involved in oncogenic stress detection,
• Characterize the DC subset sensors contributing to immunosurveillance and response to immunotherapy,
• Pursue through partnership the preclinical and clinical development of identified immunotherapy targets (ICOS, 

CD73, TLR7,…),
• Strengthen technological development to monitor blood and	in	situ immune parameters during immunotherapy 

trials,

• Identify resistance mechanisms to immunotherapy and novel therapeutic targets. 

Unique selling points

• Pioneer in the field of Dendritic Cells,
• Strong expertise in tumor immune micro-environment and in	situ analyses,
• Research guided by medical observations and unmet needs thanks to strong clinician involvement, 
• From exploratory observations to clinics : integration and access to biological resources and patients cohorts, cell 

and animal models, monitoring of all scales of immune parameters (molecular, cellular, organisms), 
• Identification and validation of several targets currently in clinical development (ICOS, CD73, TLR7).

stephane.depil@lyon.unicancer.fr



Taking advantage of our expertise on sphingolipids and oncoimmunology, our           
research team aims at targeting sphingolipid metabolism to improve anti-melanoma 
immunotherapy, a highly relevant issue in the clinic.

Targeting sphingolipid metabolism to 
improve anti-cancer immunotherapy 

Cancer	Research	Center	of	Toulouse	-	TOULOUSE
Inserm	U1037	-	CNRS	ERL	5294
University	of	Toulouse	III	Paul	Sabatier

Céline COLACIOS Ph.D.

Selected publications

• Downregulation of sphingosine kinase-1 induces protective tumor immunity by promoting M1 
macrophage response in melanoma. Mrad M, Imbert C, Garcia V, Rambow F, Therville N, Carpentier 
S, Ségui B, Levade T, Azar R, Marine JC, Diab-Assaf M, Colacios C, Andrieu-Abadie N. Oncotarget. 2016 
Nov 1;7(44):71873-71886.

• Targeting TNF alpha as a novel strategy to enhance CD8(+) T cell-dependent immune response in 
melanoma? Bertrand F, Rochotte J, Colacios C, Montfort A, Andrieu-Abadie N, Levade T, Benoist H, 
Ségui B. Oncoimmunology. 2015 Aug 12;5(1):e1068495. 

• Blocking Tumor Necrosis Factor α Enhances CD8 T-cell-Dependent Immunity in Experimental 
Melanoma. Bertrand F, Rochotte J, Colacios C, Montfort A, Tilkin-Mariamé AF, Touriol C, Rochaix P,  
Lajoie-Mazenc I, Andrieu-Abadie N, Levade T, Benoist H, Ségui B. Cancer	Res.	2015 Jul 1;75(13):2619-
28. 

• Dual role of sphingosine kinase-1 in promoting the differentiation of dermal fibroblasts and the  
dissemination of melanoma cells. Albinet V, Bats ML, Huwiler A, Rochaix P, Chevreau C, Ségui B, Le-
vade T, Andrieu-Abadie N. Oncogene. 2014 Jun 26;33(26):3364-73. 

Patents
• WO2017129769A1, WO2017134116 A1, EP16306138.5, EP16306139.3.
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Our group has a long-standing expertise in the field of sphingolipid (SL) biology and immunology. We 
recently discovered that SL metabolism is strongly altered in melanoma, leading to overproduction of 
oncometabolites that modify the tumor microenvironment. 
Our published and unpublished preclinical data demonstrate that interfering with SL metabolism (i) 
potently impairs tumor growth and metastasis, (ii) increases anti-melanoma immune response and 
(iii) dramatically enhances the response to immune checkpoint inhibitors (ICI).
We hypothesize that SL-blocking agents (SBA) synergize with ICI to dampen immune escape, and 
that SL levels and/or SL-metabolizing enzymes constitute useful biomarkers predictive of prognosis 
and treatment outcome in response to ICI. Our project aims at developing new combined therapeutic  
strategies that target both SL metabolism and immune checkpoints and at identifying prognostic and/or  
predictive biomarkers. Specifically, we will determine: (i) the efficacy of novel approaches combining SBA 
with ICI; (ii) how SLs affect tumor microenvironment and facilitate anti-melanoma immune responses 
by analyzing the sphingolipidome of tumors and plasma, and by identifying immune signatures;(iii)     
whether intratumoral SL metabolizing-enzymes and/or peripheral blood SLs could serve as biomarkers 
predictive of ICI efficacy. These parameters as well as treatment efficacy in melanoma patients will be 
analyzed using (Ir)RECIST both in a retrospective and prospective manner.
In conclusion, targeting SL metabolism to improve the response to ICI is innovative and has the potential 
to generate important results for melanomas and other malignancies, which resist ICI.

ITMO Cancer
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Objectives

• Developing new combined therapeutic strategies that target sphingolipid (SL) metabolism with immune check-
points inhibitors (ICI),

• Understanding how SLs affect tumor microenvironment and immune escape versus anti-tumor immune response,
• Analysing if intratumoral SL metabolizing-enzymes and/or peripheral blood SLs could serve as biomarkers predictive 

of ICI efficacy.

Contact
celine.colacios@inserm.fr

Targeting sphingolipid metabolism to improve anti-cancer 
immunotherapy

Céline COLACIOS

PROJECT / EXPERTISE
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Tools

• Preclinical models (melanoma, colon, breast cancer),
• Clinical studies (melanoma and breast cancer),
• Immune signature (multi-parameter flow cytometric     

analysis, IHC, gene expression profil),
• Lipidomic analysis (mass spectrometry, enzymatic activity).

Figure 1. 

(A) shCtrl or shSK1 Yumm melanoma cells (3.105) were injected in the dermis of C57BL/6 mice. Tumor volume was deter-
mined at the indicated days. Results are from 2 independent experiments performed with 12 mice per group. (B). TILs 
were analyzed on day 11 by flow cytometry. Percentage of CD8+ and Foxp3+ CD4+ T cells (n = 9 mice per group). Results 
are representative of at least 2 independent experiments. Samples were compared using Mann-Whitney test. *p < 0.05, 
**p < 0.01, ***p < 0.001, ****p < 0.0001.

Results

SK1 downregulation reduces melanoma tumor growth 
and enhances immune responses
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Targeting sphingolipid metabolism to improve anti-cancer 
immunotherapy

Results

Figure 2. Mice were challenged with 3.105 shCtrl or shSK1 Yumm cells on day 0, and then treated with α-CTLA-4 (days 7, 10 and 13) or α-PD-1 (days 5, 
7 and 10). Individual curves are depicted for each tumor (n=11-12 mice per group). Inserts: numbers indicate percentage of tumor-free mice at day 25. 
Cumulative survival curves (Logrank test: *p<0.05; ****p<0.0001). Results are representative of at least 2 independent experiments. 

Similar trends were obtained with  a SK1 inhibitor

Perspectives

• To develop an original and novel strategy with other pharmacological approaches to target SL metabolism,
• To validate this strategy with other cancer cell lines,
• To analyze the translational relevance of SL enzyme targets (from patients with unmet medical needs).

SK1 downregulation improves the response to immune checkpoint inhibitors
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Unique selling points

• Strong expertise in sphingolipid metabolism, 
• Preclinical cancer models to evaluate SL metabolsim alterations and immune responses under immunotherapies, 
• Preclinical models to evaluate combination of immunotherapies with novel SL-targeting agents, 
• Strong interactions with Clinicians (from bench to bedside and back): 
 - Ongoing clinical trials in advanced melanoma patients treated with immune checkpoint inhibitors, 
 - Prospective collections of human tumor tissues and blood (PBMC and plasma) for biobank, 
• Discovery of novel lipid biomarkers for prognosis and prediction of response to immunotherapies, 
• Handling of human tumors and autologous co-culture of human tumor-infiltrating and cancer cells. 



The research program of my group is: 
1- To decipher the impact and the mechanisms of cancer-associated Tertiary Lymphoid 
Structures (TLS, an ectopic lymph node-like structures in the tumor stroma) in the 
shaping of efficient anti-tumor immune responses, and 
2- To explore how to manipulate local adaptive anti-tumor immune responses 
through the targeting of TLS.

Tertiary lymphoid structures : 
an anti-tumor school for adaptive immune 
cells and an antibody factory to fight cancer

Cordeliers	Research	Center	-	PARIS
Inserm	U1138	-	Paris	Diderot	University	-	Pierre	&	Marie	Curie	University	-	
Paris	Descartes	University

Marie-Caroline DIEU-NOSJEAN Ph.D.

Selected publications

• Tertiary lymphoid structures: an anti-tumor school for adaptive immune cells and an antibody factory to 
fight cancer? Teillaud JL, Dieu-Nosjean MC. Front	Immunol. 2017 Jul 21;8:830.

• Cancer-associated tertiary lymphoid structures, from basic knowledge toward therapeutic target in clinic. 
Dubois B, Kaplon H, Couillaut C, Caux C, Dieu-Nosjean MC. (2016) Chapter «Book entitled « Defects in T cell 
trafficking and resistance to cancer immunotherapy » edited by Dr. E. Donnadieu. Series	entitled	«	Resistance	
to	targeted	anti-cancer	therapeutics	». Springer edition, p99-126, ISBN 978-3-319-42221-3.

• A high density of tertiary lymphoid structure B cells in lung tumors is associated with increased CD4+ T cell 
receptor repertoire clonality. Zhu W, Germain C, Liu Z, Sebastian Y, Devi P, Knockaert S, Brohawn P, Lehmann 
K, Damotte D, Validire P, Yao Y, Valge-Archer V, Hammond SA, Dieu-Nosjean M-C, Higgs BW. Oncoimmunology. 
2015 Jun 1;4(12):e1051922.

• Presence of B cells in tertiary lymphoid structures is associated with a protective immunity in patients with 
lung cancer. Germain C, Gnjatic S, Tamzalit F, Knockaert S, Remark R, Goc J, Lepelley A, Becht E, Katsahian S, 
Bizouard G, Validire P, Damotte D, Alifano M, Magdeleinat P, Cremer I, Teillaud J-L., Fridman W-H., Sautès-
Fridman C, and Dieu-Nosjean M-C. Am J Respir Crit Care	Med.	2014 Apr 1;189(7):832-44. 

• Dendritic cells in tumor-associated tertiary lymphoid structures signal a Th1 cytotoxic immune contexture 
and license the positive prognostic value of infiltrating CD8+ T cells. Goc J, Germain C, Vo-Bourgais TKD, 
Lupo A, Klein C, Knockaert S, de Chaisemartin L, Ouakrim H, Becht E, Alifano M, Validire P, Remark R, Ham-
mond S, Cremer I, Damotte D, Fridman W-H, Sautès-Fridman C, and Dieu-Nosjean M-C. Cancer	Res.	2014 Feb 
1;74(3):705-15.

• Characteristics and clinical impacts of the immune environments in colorectal and renal cell carcinoma lung 
metastases: influence of tumor origin. Remark R, Alifano M, Cremer I, Lupo A, Dieu-Nosjean M-C, Riquet 
M, Crozet L, Ouakrim H, Goc J, Cazes A, Fléjou J-F, Gibault L., Verkarre V., Régnard J.-F., Pagès O.-N., Oudard 
S., Mlecnik B., Sautès-Fridman C., Fridman W.-H., Damotte D. Clin Cancer Res. 2013 Aug 1;19(15):4079-91.

• Long-term survival for patients with non-small-cell lung cancer with intra-tumoral lymphoid structures. 
Dieu-Nosjean M-C., Antoine M., Danel C., Heudes D., Wislez M., Poulot V., Rabbe N., Laurans L., Tartour E., de 
Chaisemartin L., Lebecque S., Fridman W.-H., Cadranel J. J	Clin	Oncol.	2008 Sep 20;26(27):4410-7.  

KEYWORDS
• Tumor immunology
• Tertiary lymphoid 

structure
• Shaping of tumor 

microenvironment
• Cytotoxic function
• Immunotherapy
• Immune checkpoint 

molecule
• Antibody
• Discovery of new 

targets
• Lung cancer
• Head and neck cancer

Following our first description of Tertiary Lymphoid Structures (TLS) as a prognostic biomarker 
in lung cancer patients (Dieu-Nosjean et al., J. Clin Oncol., 2014), the presence of TLS in other 
solid tumors has been reported showing that cancer-associated TLS play a major role in the 
induction of a protective immunity. Intra-tumoral TLS are closely resembling to lymph nodes, 
contain mature DC (hallmark of TLS) and T cell aggregates adjacent to a B cell follicle. We have 
first shown that TLS-mature DC are required to license the prognostic value of Tumor-infiltrating 
(Ti) CD8+ T cells and that the presence of TLS is associated with the coordination of a T-cell 
response marked by Th1 polarization and T cell activation signature as well as with an antibody 
response against tumor antigens (Goc et al., Cancer Res., 2014 ; Germain et al., Am J Respir Crit 
Care Med., 2014). Thus, TLS may contribute to the positive prognostic value of tumor-infiltrating 
lymphocytes through the generation of new anti-tumor effector cells.
Along this line, patient responsiveness to the blockade of PD-1, a major immune checkpoint 
(ICP), requires pre-existing Ti-CD8+ T cells that undergo expansion upon treatment, indicating 
that ICP therapies boost pre-existing anti-tumor immunity. One can therefore hypothesize that 
patients responding to ICP blockade exhibit a high density of TLS before therapy and that TLS    
represent a remarkable target for immunotherapy. Our research program will focus on the study 
of the interplay between TLS and tumor microenvironment in both NSCLC and HNSCC patients 
and its manipulation in relevant pre-clinical models and through access to large cohorts of pa-
tients.

ITMO Cancer
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Objectives

• To analyze T- and B-cell mediated immune responses in the context of tumor-associated Tertiary Lymphoid Structures 
(TLS),

• To define putative targets controlling TLS formation and maintenance,
• To target regulatory T cells in order to boost the immune function of TLS, 
• To develop new strategies targeting TLS with/wo immune checkpoint molecules for optimal anti-tumor biotherapy.

Contact
mc.dieu-nosjean@crc.jussieu.fr

Tertiary lymphoid structures: an anti-tumor school for 
adaptive immune cells and an antibody factory to fight cancer

Marie-Caroline DIEU-NOSJEAN
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TLS play a critical role in the shaping of a protective T cell-dependent 
immunity in lung cancer patients

Results 

• Tumor-associated TLS exhibit features of lymph nodes 
(i.e. mature DC, T and B cells),

• High density of TLS-mature DC-Lamp+ DC is associated 
with long-term survival of lung cancer patients (from early 
to late stage of the disease (ex. patients with colorectal 
carcinoma lung metastasis, Fig. 1)),

• Low density of TLS-DC allows the identification of lung 
cancer patients with high risk of death,

• High density of TLS-mature DC correlates with high       
densities of intra-tumoral CD4+ and CD8+ T cells,

• Presence of TLS-mature DC is required to license the po-
sitive prognostic value of tumor-infiltrating CD8+ T cells 
(Fig. 2),

• Presence of TLS correlates with T cell activation, Th1    
phenotype and cytotoxic orientation (Fig. 3).

Tools

• Large cohorts of NSCLC and HNSCC patients,
• Cellular and molecular functional approaches,
• Multiparametric flow cytometry,
• Multiplex immunohistochemistry and immuno-                 

fluorescence,
• Laser capture microdissection,
• Transcriptomic on rare immune subsets,
• Antibody engineering.
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Figure 3

PCT/EP2014/064886 : METHOD FOR THE PROGNOSIS OF SURVIVAL TIME 
OF A PATIENT SUFFERING FROM A SOLID CANCER
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Results 

• TLS exhibit features of ongoing humoral immune         
response, and thus represent a critical site for the                
differentiation of naïve B cells into effector B cells,

• High density of TLS-B cells is associated with a favorable 
clinical outcome of lung cancer patients (ex. patients 
with stage I to III lung cancer, Fig. 1),

• High density of TLS-B cells correlates with a higher      
clonality of intra-tumoral CD4+ T cells,

• TLS-B cells correlate with the presence of tumor-            
infiltrating plasma cells secreting antibodies against 
tumor antigens (Fig. 2).

Perspectives

• Finding molecules that can induce neogenesis and/or maintenance of TLS and stimulate their anti-cancer role,
• Optimizing anti-cancer immunotherapies based on the use of therapeutic vaccines,
• Combination therapy leading to reshaping the tumor microenvironment,
• Preclinical validation of innovative therapy acting on tumor cells,

• Elaborate innovative immunotherapeutic strategies.

Unique selling points
• Pioneer in the discovery of cancer-associated TLS,
• International recognition in tumor immunology and TLS,
• Large access to patient biopsies and blood (NSCLC and HNSCC),
• Presence of clinicians to design clinical trials (translational research),
• Large set of complementary and synergistic skills (human dendritic, T and B cells),
• Strong expertise in therapeutic antibodies, antibody engineering and vaccinal effect of anti-tumor antibodies.

TLS represent a key site for the induction of an humoral immune response, 
and ultimately the long-term survival of lung cancer patients

PCT/EP2013/051047 : METHOD FOR THE PROGNOSIS OF SURVIVAL 
TIME OF A PATIENT SUFFERING FROM A SOLID CANCER





Assessing antitumor immune responses and resistance mechanisms using a 
preclinical patient-derived model. 

Dynamics of T cell interactions

Institut	Cochin	-	PARIS	
Inserm	U1016	-	CNRS	UMR	8104	-	
Paris	Descartes	University

Emmanuel DONNADIEU Ph.D.

Selected publications

•	 Ex	vivo imaging of resident CD8 T lymphocytes in human lung tumor slices with a confocal microscope. 
Peranzoni E, Bougherara H, Barrin S, Mansuet-Lupo A, Alifano M, Damotte D, Donnadieu E. J Vis Exp. In	Press.

• Defects in T Cell Trafficking and Resistance to Cancer Immunotherapy. Donnadieu E (Ed.) Springer	Interna-
tional	Publishing. 2016.

• TCR-engineered T cells to treat tumors: seeing but not touching? Debets R, Donnadieu E, Chouaib S and 
Coukos G. Sem Immunol	2016; Feb;28(1):10-21.

• Real-time imaging of resident T cells in human lung and ovarian carcinomas reveals how different tumor 
microenvironments control T lymphocyte migration. Bougherara H, Mansuet-lupo A, Ngô C, Damotte D, Le 
Frère-Belda M-A, Donnadieu E, Peranzoni E. Front	Immunol. 2015; Oct 12; 6:500.

• Postive and negative influence of the matrix architecture on antitumor immune surveillance. Peranzoni E, 
Rivas-Caicedo A, Bougherara H, Salmon H, Donnadieu E. Cell	Mol	Life	Sci. 2013 Dec;70(23):4431-48.

• Matrix architecture defines the preferential localization and migration of T cells into the stroma of human 
lung tumors. Salmon H, Franciszkiewicz K, Damotte D, Dieu-Nosjean M-C, Validire P, Trautmann A, Mami-
Chouaib F, Donnadieu E. J	Clin	Invest.	2012 Mar;122(3):899-910.
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Cancer immunotherapy has gained considerable attention due to the development and use of 
approaches that target T cells. 
In particular, immune checkpoint targeting antibodies and adoptive T-cell therapies are starting 
to transform the treatment of advanced cancers. 
However, despite recent successes, many patients with cancer fail to respond to these                
treatments and it is important to identify resistance mechanisms in order to overcome them 
and propose more powerful strategies. 
To address this issue and monitor T cell activities in the complex environment of human tumors, 
we established an experimental system of fresh tumor slices combined with dynamic imaging 
microscopy. 
In human lung and ovarian tumors, our data indicate that T cells are impaired in their migration 
and excluded from the vicinity of tumor cells. We found that the dense extracellular matrix of 
growing tumors is detrimental to T cell displacement and contact with tumor cells and thus 
constitutes a major obstacle to T cell antitumor activities. 
We now aim at testing various therapies able to promote T cell migration and contact with 
malignant cells. Using the tumor slice assay, we also plan to evaluate the effects of personalized 
clinical immunotherapy such as the strategy based on Chimeric Antigen Receptor (CAR) T cells.
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Results

• Establishment of a preclinical tumor slice assay to assess T cell activities with imaging microscopy,
• This technique has been optimized to track either plated or resident T cells,
• In human lung tumors, T cells are enriched in the stroma, excluded from tumor cells.

Objectives

• To study the activity of T cells within the tumor microenvironment,
• To identify obstacles to cancer immunotherapy,
• To test novel approaches improving T cell antitumor activities.

Tools

• A preclinical model of fresh tumor slices that closely recapitulates the tumor microenvironment,
• Relevant mouse tumor models, 
• Fluorescent imaging techniques to monitor T cell activities (migration, activation, death of tumor cells).

Contact
emmanuel.donnadieu@inserm.frDynamics of T cell interactions

Emmanuel DONNADIEU

PROJECT / EXPERTISE
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Development of a preclinical tumor model for monitoring T cell activities

The ex vivo tumor slice assay for monitoring T cell activities by video fluorescence
microscopy in a preserved tumor microenvironment. Fluorescently-labeled T cells are
plated onto thick slices prepared from a human tumor biopsy. The localization, migration
and activation of the plated T cells are then evaluated. As shown in the bottom figure,
plated T cells are rapidly recruited into the tumor stroma in this example.



Perspectives 

• Use of the tumor slice assay as a platform for evaluating the effects of novel immunotherapy,
• Screening for therapeutic molecules able to restore T cell migration within tumors,
• Use of the tumor slice assay for monitoring the efficacy of CAR T cells and for improving their therapeutic value,
• Use of the tumor slice assay for testing the toxicity of immunotherapy.

Unique selling points 

• Development of a preclinical and relevant patient-derived tumor model,
• Strong collaboration with clinicians for obtaining fresh tumor biopsies,
• Development of state-of-the-art imaging techniques to track immune cells,
• Collaborations with renown labs in the field of tumor immunology through various networks (EU H2020 “CARAT” 

consortium, SIRIC-CARPEM).

Results

• The tumor stroma is detrimental to T cell migration, 
• The extracellular matrix of growing tumors limits T cells from contacting tumor cells,
• Altering the extracellular matrix of tumors promotes T cell interaction with cancer cells.

emmanuel.donnadieu@inserm.fr
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Dynamics of T cell interactions

Identification of obstacles to T cell antitumor activities

Distribution of T cells (green) in relation to fibronectin fibers
(red) and tumor cells (blue) in a human lung tumor. T cells
are sparse in regions immediately adjacent to the tumor mass
but concentrated in light matrix fiber areas.





Our goal is to understand how B cell proceed their terminal differentiation which 
occurs in germinal centers of lymphoid secondary organs in the context of an adaptive 
immune response, and verify these findings in the B cell malignant counterparts.

Cellular and molecular control of normal and 
malignant terminal B cell differentiation and 
study of B cell lymphoma microenvironment

Faculty	of	Medicine	of	Rennes	-	RENNES
Inserm	U1236	-	CHU	of	Rennes	-	Etablissement	français	du	sang	(EFS)		
University	of	Rennes	I

Thierry FEST M.D., Ph.D.

Selected publications

• IL-2 imprints human naive B cell fate towards plasma cell through ERK/ELK1-mediated BACH2 repression. 
Nicolas Hipp, Hannah Symington, Cédric Pastoret, Gersende Caron, Céline Monvoisin, Karin Tarte, Thierry 
Fest, Céline Delaloy. Nature	Comm.	2017 Nov 13;8(1):1443. 

• IL-4/CXCL12 loop is a key regulator of lymphoid stroma function in follicular lymphoma. Pandey S, Mourcin 
F, Marchand T, Nayar S, Guirriec M, Pangault C, Monvoisin C, Amé-Thomas P, Guilloton F, Dulong J, Coles M, 
Fest T, Mottok A, Barone F, Tarte K. Blood.	2017 May 4;129(18):2507-2518.

• Soluble programmed death-ligand 1 as a prognostic biomarker for overall survival in patients with diffuse 
large B-cell lymphoma: a replication study and combined analysis of 508 patients. Rossille D, Azzaoui I, Feld-
man AL, Maurer MJ, Labouré G, Parrens M, Pangault C, Habermann TM, Ansell SM, Link BK, Tarte K, Witzig TE, 
Lamy T, Slager SL, Roussel M, Milpied N, Cerhan JR, Fest T. Leukemia. 2017 Apr;31(4):988-991.  

• T-cell defect in diffuse large B-cell lymphomas involves expansion of myeloid-derived suppressor cells. 
Azzaoui I, Uhel F, Rossille D, Pangault C, Dulong J, Le Priol J, Lamy T, Houot R, Le Gouill S, Cartron G, Godmer P, 
Bouabdallah K, Milpied N, Damaj G, Tarte K, Fest T, Roussel M. Blood.	2016 Aug 25;128(8):1081-92.

• Cell-Cycle-Dependent Reconfiguration of the DNA Methylome during Terminal Differentiation of Human 
B Cells into Plasma Cells. Caron G, Hussein M, Kulis M, Delaloy C, Chatonnet F, Pignarre A, Avner S, Lemarié 
M, Mahé EA, Verdaguer-Dot N, Queirós AC, Tarte K, Martín-Subero JI, Salbert G, Fest T. Cell	Rep. 2015 Nov 
3;13(5):1059-71.

• DC-SIGN-expressing macrophages trigger activation of mannosylated IgM B-cell receptor in follicular       
lymphoma. Amin R, Mourcin F, Uhel F, Pangault C, Ruminy P, Dupré L, Guirriec M, Marchand T, Fest T, Lamy T, 
Tarte K. Blood. 2015 Oct 15;126(16):1911-20. 

• Mesenchymal stromal cells orchestrate follicular lymphoma cell niche through the CCL2-dependent recruit-
ment and polarization of monocytes. Guilloton F, Caron G, Ménard C, Pangault C, Amé-Thomas P, Dulong J, 
De Vos J, Rossille D, Henry C, Lamy T, Fouquet O, Fest T, Tarte K. Blood.	2012 Mar 15;119(11):2556-67.

• Follicular lymphoma cell niche: identification of a preeminent IL-4-dependent T(FH)-B cell axis. Pangault 
C, Amé-Thomas P, Ruminy P, Rossille D, Caron G, Baia M, De Vos J, Roussel M, Monvoisin C, Lamy T, Tilly H, 
Gaulard P, Tarte K, Fest T. Leukemia.	2010 Dec;24(12):2080-9.
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• Genome and        

epigenome
• Microenvironment in 

lymphoma
• Myeloid suppressive 

cells
• Exhausted CD8 CTL

Adaptive immune response triggers B cell to differentiate into memory B cells and antibody 
secreting plasma cells. This finely regulated differentiation process is supported by a transcription 
factor cascade that was extensively analysed through various mouse models, however the      
precise transitory states, and in particular the final committal step where B cell turns into a 
plasma cell, remain poorly understood. Molecular deciphering of these events is crucial as they 
are at the origin of numerous immune disorders including germinal center-derived malignant 
lymphoproliferative diseases. 
To explore these cell processes we set up an in	vitro human naïve B cell differentiation model 
using cells collected from healthy blood donors. We recapitulate therefore specific cellular steps 
and get a clear temporal and spatial insight of the differentiation allowing the identification 
of signals and cues integration. In two seminal papers we show how B cells engaged into PC  
differentiation follow a precise order of cellular development sustained by genomic and  
epigenomic changes and showed that early signals like IL-2 imprint B cells and impact cell  
destiny through the control of BACH2 expression. 
Through genome-wide mapping of 5-hydroxymethylcytosine and comparison between normal 
and tumor cells, we recently identified 3 genes which are functionally interconnected to stimulate 
the proliferation of tumor cells through a molecular path never described so far. 
Finally, we translate our knowledge through the study of large cohorts of patients involved in the 
LYSA group with aggressive DLBCL or indolent FL lymphomas. 
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Objectives

• To decipher molecular mechanisms that sustain terminal B cell differentiation,
• To translate findings to malignant counterparts including lymphomas and myeloma,
• To decipher cross talk between lymphoma cells and the microenvironment,
• To develop orthotopic xenograft of human primary lymphoma cells,
• To characterize the integration of environmental cues on B cell and cell fate,

• To find new blood biomarkers in lymphoma patients.

Tools
• Standardized in vitro model of primary human naïve B cell differentiation, 
• Access to buffy coats from healthy blood donors as well as normal bone marrow cells,
• Access to unique primary viable cells through the CeVi ANR Carnot/CALYM,
• Development of state-of-art techniques for genome and epigenome analysis,
• Access to various mouse models,
• 3D organoid model for the cross-talk between B cells and microenvironment,
• A dedicated immunomonitoring platform sized for multicentric clinical trials.

Contact
thierry.fest@univ-rennes1.fr

Cellular and molecular control of normal and malignant terminal B 
cell differentiation and study of B cell lymphoma microenvironment

Thierry FEST

PROJECT / EXPERTISE
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Results
• 5-hydroxymethylcytosine profiling in post-Germi-

nal Center cells identifies new prognostic genes in            
multiple myeloma and correlates with the molecular 
classification of patients.

IGV genome browser window showing the 5hmC signal data at the 
PRDM1 locus. Naive B cells (NBC) tracks are in black, plasmablast 
(PB) in light blue and MM samples in dark blue. Enriched regions 
are boxed in the corresponding colors. PCA analysis of 5hmC read 
densities (left) and gene expression (right) in NBC, Memory B cells 
(MBC), PB and MM.

An “hydroxymethylation score”, based on expression of 6 pro-
gnostic genes identified through 5hmC profiling, has a prognostic 
value on 4 independent MM cohorts, 2 are shown here. Patients 
with a high score have a worse prognosis.

Cellular and molecular control of normal and malignant terminal B cell differentiation



Results
• Heterogeneity of the human naive B 

cell response to IL-2 stimulation.

thierry.fest@univ-rennes1.fr

Thierry FEST
Contact
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Cellular and molecular control of normal and malignant terminal B 
cell differentiation and study of B cell lymphoma microenvironment

Results
• Development of innovative models. • Visualization of interaction between primary tumor-derived cells. 

B cell lymphoma microenvironment

Patented 3D organoid system 
showing interaction between 

B  and stromal cells. The 
device allows drug testing

Lenalidomide treatment restores in 
vivo T cell activity in 

relapsed/refractory lymphomas



ContactCellular and molecular control of normal and malignant terminal B 
cell differentiation and study of B cell lymphoma microenvironment thierry.fest@univ-rennes1.fr

Thierry FEST
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Perspectives

• To decipher crucial molecular events governing B cell differentiation, 
• Identification of lymphomagenesis starting points,
• To identify new targets in B cells and plasma cells,
• To identify new targets in the tumor microenvironment,
• To understand precisely how the microenvironment sustain B tumor cells, 
• Development of new devices for drug testing,
• Contribution of the present effort to determine best drug combinations,
• Monitoring patient cohorts to identify biomarkers and new drug functions.

Unique selling points

• Testing normal and tumor primary B cells with specific drugs,
• Assessment of new therapeutic targets in the context of lymphomas and MM,
• Identification and characterization of new pathways and key molecules,
• Development of co-cultures models using B cells and stroma cells,
• Development of stromal cells as a support for tissue reparation,
• Immunological and molecular monitoring of clinical trial (Core lab position). 

• A fully dedicated platform (15 FTE) hosted by Rennes university hospital, 
• Great experience in the monitoring of multicentric clinical trials at the French & European levels, 
• Scientific expertise in lymphoma and regenerative medicine (clinical use of MSC),
• Main skills : flow-cytometry/CyToF, large panel of diverse functional immunological assays, viable cell biobanking, 

transcriptomic studies including at single-cell level, biostatistics.

Results
• Large Cohort studies.

Expansion of circulating
monocytic myeloid-derived
suppressor cells (MDSCs) 
correlates with clinical outcomes
in patients with DLBCL

Elevated soluble blood PD-L1 
lowered treatment response
and overall survival in 
DLBCLs patients (N=508) 

Lenalidomide ADCP 
after anti-CD20 
treatment of primary
follicular lymphoma
cells

• Primary tumor-derived cells. 

The SITI, a dedicated immunomonitoring lab



The B-cell lymphoma treatment with monoclonal antibodies and chemotherapies 
has considerably progressed along the last 15 years, and currently cures about 80 % 
of patients. 
However all patients relapse sooner or later, prompting us to innovate immuno-     
therapeutic strategies with higher efficacy. We explore new therapeutic strategies for 
lymphoma, determine how immune-escape evolves in these progressing diseases, 
and we design new drugs targeting the most relevant targets.

Innovating therapeutic strategies for 
lymphoma 

Cancer	Research	Center	of	Toulouse	-	TOULOUSE 
Inserm	U1037	-	CNRS	-	ERL	5294
University	of	Toulouse	III	Paul	Sabatier

Jean-Jacques FOURNIE Ph.D.

Selected publications

• What lessons can be learned from γδ T cell-based cancer immunotherapy trials? Fournié JJ, Sicard H, Poupot 
M, Bezombes C, Blanc A, Romagné F, Ysebaert L, Laurent G. Cell	Mol	 Immunol. 2013 Jan;10(1):35-41. doi: 
10.1038/cmi.2012.39. Epub 2012 Dec 17.

• Mechanisms of PD-1/PD-L1 expression and prognostic relevance in non-Hodgkin lymphoma:a summary of 
immunohistochemical studies. Gravelle P, Burroni B, Péricart S, Rossi C, Bezombes C, Tosolini M, Damotte D, 
Brousset P, Fournié JJ, Laurent C. Oncotarget. 2017 Jul 4;8(27):44960-44975. 

• Assessment of tumor-infiltrating TCRVγ9Vδ2 γδ lymphocyte abundance by deconvolution of human can-
cers microarrays. Tosolini M, Pont F, Poupot M, Vergez F, Nicolau-Travers ML, Vermijlen D, Sarry JE, Dieli F, 
Fournié JJ. Oncoimmunology. 2017 Feb 6;6(3):e1284723. 

• Large-scale microarray profiling reveals four stages of immune escape in non-Hodgkin lymphomas. Tosolini 
M, Algans C, Pont F, Ycart B, Fournié JJ. Oncoimmunology. 2016 May 19;5(7):e1188246.

KEYWORDS
• Lymphoma
• Hematology
•  gdT Lymphocytes 
• Monoclonal antibodies 
• Immune checkpoints
• Bioinformatics
• Datamining Our team gathers hematologists, pathologists, Inserm and CNRS researcher experts in immunology 

and pharmacology to understand how B cell lymphoma patients relapse to immunochemotherapy, 
and address these relapses by more personalized strategies. 
By combining immuno-monitoring, imaging and genomic profiling of relapsing tumors, we         
recently observed four successive stages of immune escape in B-cell non-Hodgkin lymphoma 
(B-NHL). 
These stages correspond to molecular and cellular processes in which the lymphoma cells           
either avoid any immune recognition (stage 1), or conversely face immune recognition (stage 3). 
Stage 3 may either drive a beneficial immune-protective reaction (stage 2), or conversely may 
evolve towards a highly pejorative immune escape (stage 4). Hence immune checkpoint blocking 
antibodies, which are highly effective in several solid cancers despite high risk for autoimmune 
adverse events, can only benefit to patients at stages 3 and 4. 
We incepted an in	vitro model of B-NHL for assessing new drugs (program CIEL), and a computational 
model for predicting relapse of CLL patients under treatment (program COMPUTREAT). Those 
programs help us to understand the evolution of relapsing lymphomas (programs FLIP and 
CEVI) and to design new drugs including monoclonal antibodies and synthetic molecules with 
therapeutic potential for B-NHL (programs TAMAB, POCTEFA and ICON).
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Result 1

Assessment of TIL subsets from ~12,000 tumor-derived microarrays

Objectives

• Understand immunoregulation in cancer,
• Find new drugs boosting immunity,
• Better cures for lymphoma.

Tools

• Molecular biology, 
• Cell immunology,
• New models,
• Genomics,
• Bioinformatics,
• Clinical data.

Contact
jean-jacques.fournie@inserm.frInnovating therapeutic strategies for lymphoma

Jean-Jacques FOURNIE

PROJECT / EXPERTISE
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Result 3
Use of Multicellular aggregates of lymphoma cells (MALC)  as a model of B-NHL

Result 2

Identification of four stages of immune escape in B-NHL associated with overall survival

jean-jacques.fournie@inserm.fr

Jean-Jacques FOURNIE
Contact
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Innovating therapeutic strategies for lymphoma

Visualization of lymphoma penetration by anti-CD20 mAbs in MALC model



Contact
Innovating therapeutic strategies for lymphoma jean-jacques.fournie@inserm.fr

Jean-Jacques FOURNIE
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Result 4

An anti-Tumor Associated Macrophage (TAM)  mAb with  therapeutic potential

• A mAb specific for an unusual antigen expressed at the cell surface of  TAM,

• IHC on a large series of cancer biopsies confirms specificity for TAM,
• TAM mAb impacts tumor cell viability in in	vitro	assays. 

Perspectives 

• A novel pathway controlling cancer immunity,
• New cancer drugs,
• New technologies determining cancer patients immunocompetence.

Unique selling points 

• A multidisciplinary team of fundamental and translational research in lymphoma,
• LabEx (Laboratory of excellence) labelled team,
• ~ 200 publications, ~ 20 patents,
• Experienced in successful partnerships with pharma companies,
• Integrating unique models and patients data.

M. Poupot et al, Inserm patent (2015)



Pioneering new concepts in immune-oncology and immunotherapy. 

Integrative Cancer Immunology

Cordeliers	Research	Center	-	PARIS
Inserm	U1138	-	University	of	Paris	Diderot	-	University	of	Pierre	and	Marie	Curie
University	of	Paris	Descartes

Jérôme GALON Ph.D.

Selected publications

• Comprehensive intra-metastatic immune quantification and major impact of Immunoscore on survival. 
Mlecnik B. et al. J	Nat	Cancer	Inst.	2018 January 1;110(1). (IF: 13.5).

• Integrative Analyses of Colorectal Cancer Show Immunoscore Is a Stronger Predictor of Patient  
Survival Than Microsatellite Instability. Mlecnik B. et al. Immunity. 2016 March 15;44(3):698-711 (IF: 
20.7).

• Spatio-temporal dynamics of intratumoral cells reveal the immune landscape in human cancer.  
Bindea G. et al. Immunity. 2013 October 17;39(4):782-95. (IF: 20.7).

• The continuum of cancer immunosurveillance: prognostic, predictive and mechanistic signatures. 
Galon J., Angell HK., Bedognetti D. and Marincola F. Immunity. 2013 July 39(1), 11-26 (IF: 20.7).

• The tumor microenvironment and Immunoscore are critical determinants of dissemination to  
distant metastasis. Mlecnik B. et al. Science	Transl.	Med. 2016 24; 8(327):327ra26 (IF: 15.8).

• Functional network pipeline reveals genetic determinants associated with in situ lymphocyte  
proliferation and survival of cancer patients. Mlecnik B. et al. Science	 Transl.	 Med.	 2014 March 
19;6(228) (IF: 15.8).

• Type, density, and location of immune cells within human colorectal tumors predict clinical  
outcome. Galon J. et al. Science.	2006  313:1960-4 (IF: 33.6).

• Effector memory T cells, early metastasis, and survival in colorectal cancer. Pagès F. et al. N	Engl J 
Med. 2005 December 22;353(25):2654-66. (IF: 55.9).

KEYWORDS

• Systems biology, 
Omics

• Bioinformatics, 
software

• Tumor  
microenvironment

• Hot/cold tumors
• Immunoscore®
• Immune signatures
• Tumor-immunology
• Immunotherapy
• Novel targets
• Prognostic and  

predictive biomarkers

We have made important contributions to medical research through our  
groundbreaking work in the fields of immunology and oncology. We showed that tumors from 
human colorectal cancer with a high-density of infiltrating memory and effector-memory  
T-cells are less likely to disseminate to lymphovascular and perineural structures and to regional  
lymph-nodes. We showed that the combination of immune parameters associating the nature, 
the density, the functional immune orientation and the location of immune cells within the  
tumor was essential to accurately define the impact of the local host-immune reaction on  
patients’ prognosis. 
We defined these parameters as the “immune contexture”. Based on the immune contexture, 
a standardized, simple and powerful digital-pathology-based immune stratification-system, 
termed “Immunoscore”, was delineated having a prognostic power superior to that of the  
currently used cancer staging-system. Tumor invasion parameters were statistically dependent 
on the host-immune reaction. 
A worldwide Immunoscore consortium validated the prognostic value of Immunoscore, using 
a standardized-assay. Recent data are supporting the significant role of Immunoscore within 
lung, liver, and brain metastases. Future work aims at generating new mechanistic hypotheses 
on cancer dissemination (I); understanding the adenoma-to-carcinoma immune sequence (II); 
discovering novel target and points of intervention for hot and cold tumors (III); developing 
novel prognostic and predictive biomarkers (IV); developing novel methodologies and concepts 
in immune-oncology (V).
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Objectives

• Understand immune response to cancer,
• Discover novel target,
• Develop novel prognostic and predictive biomarkers,
• Understand adenoma-carcinoma immune sequence,
• Develop novel methodologies, software/algorithm.

Contact
jerome.galon@crc.jussieu.frIntegrative Cancer Immunology

Jérôme GALON

PROJECT / EXPERTISE
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Tools

• Large cohort collections,
• Genomics, Immunomics,
• ExomeSeq, RNAseq,
• Single Cell Seq,
• FACS, CyTOF,
• Multispectral fluorescence Vectra,
• Immunoscore® , IHC,
• Immune gene profiling (Nanostring),
• 3D biology,
• Computer science, software,
• Bioinformatics, Big data.

Integration of Omics data 
to digital pathology

Multispectral- 7-Plex Spatial Phenotyping

ClueGO/CluePedia
analysis

RNAseq, ExomeSeq CyTOF, spade, viSNE



jerome.galon@crc.jussieu.fr

Jérôme GALON
Contact
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Integrative Cancer Immunology

Immunoscore®

Results

• A comprehensive analysis of the tumor-microenvironment 
and of the role of T-cells in human cancer led to the  
demonstration of the importance of adaptive pre-existing 
immunity in human cancer,

• Definition of the cancer immune-contexture concept,
• Development of Immunoscore®,
• Worldwide multicentric validation of the prognostic value of 

Immunoscore®,
• Mechanisms for hot and cold tumors,
• Mechanism of MSI and immunoediting,
• Importance of Immunoscore® within metastases,
• Development of a optimized immune gene signature,  

Immunosign®, in multiple cancer types,
• Predictive value of Immunosign®.

Disease-free survival according to the UICC-TNM stages and to the
density of CD3+ cells in combined tumor regions (CD3CT

Lo CD3IM
Lo,

thick lines, n=93 patients; CD3CT
HiCD3IM

Hi, thin lines, n=109). The
subgroup of patients that did not appear to have a coordinated in
situ immune reaction in tumor regions (Hi/Lo or Lo/Hi for CD3+ cell
densities) presented similar Kaplan-Meier curves as the entire cohort

Galon J, et al. Science 2006 

Validation of Immunoscore® by the worldwide Immunoscore
consortium (PI: J Galon)

Bioinformatics tools

Results

• ClueGO software: Facilitates the biological interpretation of large gene lists: 
 - Extracts representative functional information for lists of genes from ontologies and 
creates a grouped network of pathways/terms,

 - Automatically calculates stats.

ClueGO
Top1 most download
Software (UCSD, USA)

>79,000 download

• CluePedia Software: Finds new markers potentially associated to pathways: 
 - Visualizes normalized expression data,
 - Visualizes the network in a pathway-like view,
 - Calculates gene interrelations,
 - Integrates in silico and experimental scores,
 - Enriches the pathway with potentially associated genes/miRNAs/proteins,
 - Finds network gene/miRNA/proteins hubs.

ClueGO: a Cytoscape plug-in to decipher functionally grouped gene ontology annotation networks. Bindea G, et al. Bioinformatics 2009

CluePedia Cytoscape plugin: pathway insights using integrated experimental and in silico data. Bindea G, et al. Bioinformatics. 2013 

CluePedia
Top3 most download
Software (UCSD, USA)

>45,000 download



Contact
Integrative Cancer Immunology jerome.galon@crc.jussieu.fr

Jérôme GALON
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Perspectives

• Understand immune response to cancer,
• Discover novel target for hot and cold tumors,
• Develop novel prognostic and predictive biomarkers,
• Develop novel concepts, methodologies and software.

Bioinformatics tools
Results

• MSI (microsattelite instable) and a subgroup of MSS (microsattelite stable) 
patients have high intratumoral adaptive immune gene expression,

• Functional effector anti-frameshift mutation CTLs kill tumor cells in MSI 
patients,

• Genetics evidence of immunoediting in human cancer, in particular for 
MSI patients,

• Immunoscore gives an indicator of tumor recurrence and survival 
beyond MSI staging.

Kaplan-Meier estimates of disease-specific survival according to the 
microsatellite instability status and Immunoscore. 
Immunoscore summarizes the density of memory (CD45RO) and
cytotoxic (CD8) T cells in the CT and in the IM of the tumor. Based on
these density five groups of patients were defined (I0, I1, I2, I3, I4) in
MSS and MSI patients.. Patients with scores I0, I1, and I2 were
pooled. Patients with scores I3 and I4 were pooled.

Mlecnik B, et al. Immunity. 2016

Unique selling points

• Pioneered the concept Immune contexture (2006),
• Pioneered Immunoscore® (2006, worldwide validation 2016),
• Defined cold, altered and hot tumors (2006, 2009),
• Large consortium collaborations (FR, EU, World),
• Genomics & Immunomics,
• Big data analyses,
• Development of bioinformatics software,
• Strong collaborations with clinicians,
• Co-founder of European Academy of Tumor Immunology (EATI), board Director of the Society for Immunotherapy 

of Cancer (SITC, USA),
• SAB from 24 pharma/biotech companies,
• Co-founder and chairman of the scientific council of the IO diagnostic company HalioDx.



The major objective of the lab is to understand the basic mechanisms which explain 
the effect of chemotherapy/radiotherapy/target therapy on the immune system to 
developed better rational of combination of immunotherapy with classical therapies

Optimisation of chemoimmunotherapy 
procedure

Faculty	of	Medicine	of	Dijon	-	DIJON
Inserm	U1231	-	CHU	of	Dijon
University	of	Bourgogne

François GHIRINGHELLI M.D., Ph.D.

Selected publications

• The Balance Between Cytotoxic T-cell Lymphocytes and Immune Checkpoint Expression in the Prognosis 
of Colon Tumors. Marisa L, Svrcek M, Collura A, Becht E, Cervera P, Wanherdrick K, Buhard O, Goloudina A, 
Jonchère V, Selves J, Milano G, Guenot D, Cohen R, Colas C, Laurent-Puig P, Olschwang S, Lefèvre JH, Parc Y, 
Boige V, Lepage C, André T, Fléjou JF, Dérangère V, Ghiringhelli F, de Reynies A, Duval A. J	Natl	Cancer	Inst.	
2018 Jan 1;110(1).

• Accumulation of MDSC and Th17 Cells in Patients with Metastatic Colorectal Cancer Predicts the Efficacy 
of a FOLFOX-Bevacizumab Drug Treatment Regimen. Limagne E, Euvrard R, Thibaudin M, Rébé C, Derangère 
V, Chevriaux A, Boidot R, Végran F, Bonnefoy N, Vincent J, Bengrine-Lefevre L, Ladoire S, Delmas D, Apetoh L, 
Ghiringhelli F. Cancer Res. 2016 Sep 15;76(18):5241-52.

• Cytotoxic effects of chemotherapy on cancer and immune cells: how can it be modulated to generate novel 
therapeutic strategies? Rébé C, Ghiringhelli F. Future	Oncol. 2015 Sep 17.

• Chemotherapy-triggered cathepsin B release in myeloid-derived suppressor cells activates the Nlrp3  
inflammasome and promotes tumor growth. Bruchard M, Mignot G, Derangère V, Chalmin F, Chevriaux A, 
Végran F, Boireau W, Simon B, Ryffel B, Connat JL, Kanellopoulos J, Martin F, Rébé C, Apetoh L, Ghiringhelli F. 
Nat	Med. 2013 Jan;19(1):57-64.

• 5-Fluorouracil selectively kills tumor-associated myeloid-derived suppressor cells resulting in enhanced T 
cell-dependent antitumor immunity. Vincent J, Mignot G, Chalmin F, Ladoire S, Bruchard M, Chevriaux A, 
Martin F, Apetoh L, Rébé C, Ghiringhelli F. Cancer	Res. 2010 Apr 15;70(8):3052-61.

KEYWORDS

• CD4 T-cells  
differentiation

• Immune-monitoring
• Mice models
• Human tumor  

collection
•	 In	situ analysis

Checkpoint inhibitors are the major innovation in the field of cancer therapy. However, only 
20 to 30% of patients experiment benefit from such therapy. So, one of the major issue of  
onco-immunology is to propose new association of classical therapy with checkpoint inhibitors. 
We develop researches on preclinical models to rational these combinations. Then, we can validate 
this propose of concept in Human samples and move to clinical trials.
Using this strategy, we demonstrate that some chemotherapies could induce an immune cell 
death, which is involved in the anti-tumour effect of chemotherapy. We also demonstrated that 
5-fluorouracil could induce elimination of Myeloid Derived Suppressor Cells (MDSC) which is 
very important in the tumour induced immunosuppression. We also demonstrated that MDSC 
death induces the release of IL1bwhich could then be deleterious. Data were validated in  
Human and we completed phase II study of association of 5 Fluorouracil and IL1 inhibitor.
Our strategy is to develop a better comprehension of the immune effect of chemotherapies 
in mice and Human to better-rationalised combination of chemotherapy and immunotherapy 
in clinical trial. We develop studies to test drugs that could induce immune cell death or could 
induce modulation of inflammation or immunosuppression in combination with checkpoint  
inhibitors to design optimal combinations.
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Objectives

• Understanding the immune effects of chemotherapies in mice cancer models,
• Understanding the immune effects of chemotherapies in Human,
• Design a catalogue of combinations to reset the immune system.

Tools

• Epidemiology, cohort collections, clinical trial and biostatistics,
• NGS facility, exome and RNA sequencing, bioinformatics, Big data,
• Cellular and molecular functional approaches,
• Multiparametry histology and flow cytometry,
• Transgenic mouse models,
• Organisation to go from concept to clinical application.

Contact
FGhiringhelli@cgfl.frOptimisation of chemoimmunotherapy procedure

François GHIRINGHELLI

PROJECT / EXPERTISE
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Medical unitProof of concept

Early clinical unitINSERM 1231

Clinical trial of immunotherapyIn vitro
Animal models

Platform of transfert

Validation in human sample

Translational research



FGhiringhelli@cgfl.fr

François GHIRINGHELLI
Contact
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Optimisation of chemoimmunotherapy procedure

Results

• MDSC blunt antitumor immune response in 
digestive cancer,

• 5-fluorouracil could deplete MDSC,
• MDSC death induces IL-1b the release, 
• IL-1b promotes tumor growth via induction of 

Th17 polarization. 

Subject 1
Targeting  Myeloid-Derived Suppressor Cells (MDSC) to overcome tolerance

5-FU
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Bruchard et al, Nature Medicine, 2013

Bruchard et al., Nat Med, 2013

Vincent et al., Cancer Res, 2010 IRAFU trial 2015 start
2017 End of phase II 2019 Phase III with industrial

partner?

Subject 2
Using combination of chemotherapies to enhance efficacy of checkpoint inhibitors

Results

• FOLFOX induces MDSC depletion,
• FOLFOX induces immune cell death,
• FOLFOX induces T-cell activation and 

recruitment,
• Synergy with anti-PD1 therapy.

CT26 tumor

d0
50-70mm²

Tumor growth

Anti-PD1 (2x/week during 5 weeks)
5FU + Oxa

Dosset et al, Soumis
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Optimisation of chemoimmunotherapy procedure FGhiringhelli@cgfl.fr

François GHIRINGHELLI
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Perspectives

• To understand the exact function of the principal chemotherapeutic regimens on the immune system in mice 
and human,

• To identify new mechanisms of immunomodulatory properties of chemotherapies and target therapies,
• To develop new strategies of evaluation of immune response under chemotherapy, 
• To design optimal combination of chemo-immunotherapy by addressing the problem of schedule and repetition.

Unique selling points

• Important collection of clinical annotated tumor samples of patients treated with different types of chemotherapy, 
• Capacity to address in	situ immune responses, 
• Knowledge of experimental models of cancer, 
• Strong expertise in cancer immunotherapy. 



The major objective of the lab is to understand the mechanisms of resistance of (pre)
leukemic cells in the bone marrow hypoxic niches in line with the redox and energy 
metabolisms in order to design new therapeutic strategies.

Leukemic niche and redox metabolism

Faculty	of	Medicine	of	Tours	-	TOURS	
CNRS	UMR	7292	-	CNRS	GDR	3697	-	CHRU	of	Tours	-	François	Rabelais	
University	of	Tours

Olivier HERAULT M.D., Ph.D.

Selected publications

• A new inhibitor targeting signal transducer and activator of transcription 5 (STAT5) signaling in  
myeloid leukemias. Juen L et al. J	Med	Chem. 2017 Jul 27;60(14):6119-6136. 

• Oncogenic STAT5 signaling promotes oxidative stress in chronic myeloid leukemia cells by repressing 
antioxidant defenses. Bourgeais J et al. Oncotarget. 2017 Jun 27;8(26):41876-41889. 

• Alteration analysis of bone marrow mesenchymal stromal cells from de novo acute myeloid  
leukemia patients at diagnosis. Desbourdes L et al. Stem	Cell	Dev. 2017 May 15;26(10):709-722. 

• A role for GPx3 in activity of normal and leukemia stem cells. Herault O et al. J	Exp	Med.	2012 May 
7;209(5):895-901. 

Patents
• Hemopathy prognosis method. Herault O. Patent WO2016083742, 2015.
• Method for diagnosing hematological disorders. Herault O & Vignon C. Patent WO2012085188 A1, 

2012.

KEYWORDS
• Leukemia
• Myelodysplastic      
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Hypoxic bone marrow microenvironment plays a crucial role in the development and  
progression of leukemia and intracellular reactive oxygen species (ROS) are involved in the  
regulation of leukemia initiating cells (LIC) resistance to chemotherapy. Little is known about the 
role of the microenvironment in metabolism in LIC. Centered on the modelization of hypoxic 
leukemic niches, our research strategy is based on a deep investigation and understanding of 
the relationships between leukemic cells and mesenchymal stem/stromal cells (MSCs), and their 
impact on the redox and energy metabolisms and chemoresistance. 
Founded on its previous published work regarding glutathione peroxidase-3 (J	Exp	Med	in 2012), 
the lab has developed research axes on oxidative metabolism in leukemias and its regulation by 
the microenvironment. We characterize the abnormalities of (pre)leukemic niches and we use 
various approach to identify key players in chemoresistance by targeting the redox and energy 
metabolisms and signaling pathways. Our efforts will focus on new molecules that increase  
oxidative stress in leukemic cells within the niche [STAT5 and GPX3 enzymatic inhibitors, CXCR4 
nanobodies etc…]. Moreover, the niche models established by our lab make it possible to assess 
(academic-industry partnerships) the impact of molecules of the pharmacopoeia [demethylating 
agents, tyrosine kinase inhibitors (TKI), etc.] on the leukemic microenvironment. Our models 
enable us to propose and evaluate original therapeutic strategies.
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Objectives

• Characterization of hematopoietic niches of patients suffering from leukemia and myelodysplastic syndromes 
(MDS, pre-leukemic diseases) by studying primary bone marrow mesenchymal stem/stromal cells (MSCs),

• Deciphering the cellular interactions in the (pre)leukemic niches regulating the redox / energy metabolisms by 
using in	vitro	/	in	vivo	models,

• Therapeutic optimization by targeting redox/energy metabolisms in (pre)leukemic niches. 

Tools

• Primary samples of patients,
• Animal models of leukemia,
• Leukemic and stromal cell lines,
•	 In	vitro modelling of hypoxic leukemic niches,
• Metabolic analysers (Seahorse®, Omnilog®) and hypoxic workstation (Biospherix),
• Technology to precisely characterize redox metabolism.

Contact
olivier.herault@univ-tours.frLeukemic niche and redox metabolism
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PROJECT / EXPERTISE

8th International R&D Dating, "Immuno-Oncology" - Paris, February 6th 2018 77

Result 1 
Leukemic-MSCs have alterations of niche factor expression and proliferative capacity

• L-MSCs are similar to normal MSCs when considering extracellular matrix deposition of fibronectin and expression 
of cytoskeleton proteins ASMA and Nestin,

• L-MSC showed decreased expression of several niche factors, such as Ang-1, SCF and TPO, and the cell adhesion 
molecule VCAM-1B,

• L-MSCs showed a reduced proliferative capacity. This defect is related to patient outcome, and might reflect the 
aggressiveness of leukemia toward the bone marrow compartment.

Desbourdes L et al. Stem Cell Dev 2017



Result 2

Glutathione Peroxydase-3 is a determinant of self-renewal and aggressiveness of Leukemic stem cells

• L-HSC present a decreased level of reactive oxygen species (ROS) and p38 MAPK activation, associated with an 
increase in GPx-3 antioxidative enzyme production. 

olivier.herault@univ-tours.fr

Olivier HERAULT
Contact
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Leukemic niche and redox metabolism

Result 3
Oncogenic STAT5 signaling promotes oxidative stress in chronic myeloid leukemia cells by repressing antioxidant  
defenses

• The non-active form of STAT5 exerts a protection against oxidative stress, whereas the tyrosine phosphorylated form 
of STAT5 induces oxidative stress by repressing expression of catalase and glutaredoxin-1,

• Contact with stromal cells promotes the dephosphorylation of STAT5 in leukemic cells, and increases the antioxidant 
activity of the unphosphorylated form of STAT5 by the regulation of GPx-3 expression. 

Bourgeais J et al. Oncotarget 2017

Herault O et al. J Exp Med 2012
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Perspectives

• Identification of specific antigenic signature on (pre)leukemic MSCs to design new therapeutic strategies (nano-
bodies…),

• Identification of drug-targetable interactions in the (pre)leukemic niche and validation of candidates,
• Understanding the “HIF / STATs / redox metabolism” network in the (pre)leukemic niche and evaluation of  

pharmacological modulators.

Unique selling points

• Large set of complementary and synergistic skills and expertise (researchers, biologists and clinicians) allowing 
bench-to-bedside translational research,

• Access to bone marrow samples from patients and healthy volunteers (Healthox protocol - ClinicalTrials.gov  
#NCT02789839),

• Specific lab to analyse the metabolism of blood diseases in the department of biological hematology of the CHU 
(clinical grade analyses),

• Strong interactions with chemists,
• Leadership of the national network CNRS GDR 3697 Micronit « Micorenvironment of tumor niches » (17 CNRS and 

Inserm units) with strong active collaborations.



We study the mechanisms that underlie the chronic inflammation associated with 
hematological malignancies. We analyse two main causes of inflammation: latent 
infection, and mutations. A strong expertise of the team is the design of novel  
diagnostic assays for the detection of hematological patients with infection-associated 
disease.

Detection of infection-associated mgus and 
multiple myeloma

Institut	de	Recherche	en	Santé	de	l'Université	de	Nantes		(IRSUN)-	NANTES
Inserm	U1232	-	CNRS	-	University	of	Nantes
University	of	Angers

Sylvie HERMOUET M.D., Ph.D.

Selected publications

• Monoclonal IgG in MGUS and multiple myeloma target infectious pathogens. Bosseboeuf A at al. J Clin 
Invest	Insight. 2017 Oct 5;2(19).

• Pro-inflammatory state in MGUS and myeloma is characterized by low sialylation of pathogen-specific and 
other monoclonal immunoglobulins G. Bosseboeuf A et al. Frontiers	Immunology.	2017;8:1347. 

• Pathogenesis of myeloproliferative neoplasms: More than mutations. Hermouet S. Exp	Hematol.	2015 Dec; 
43(12):993-4. 

• Pathogenesis of myeloproliferative neoplasms: Role and mechanisms of chronic inflammation. Hermouet 
et al. Mediators	Inflamm. 2015;2015:145293. Review.

• Multiplexed infectious protein microarray immunoassaysuitable for the study of the specificity of monoclonal 
immunoglobulins. Féron D et al. Anal	Biochem.	2013 Feb 15;433(2):202-9.

• Hepatitis C virus (HCV) infection, monoclonal immunoglobulin specific for HCV core protein, and plasma-
cell malignancy. Bigot-Corbel E et al.	Blood. 2008 Nov 15;112(10):4357-8.

• Detection and quantitative analysis of human herpesviruses in pilocytic astrocytomas. Neves AM et al. 
Brain	Res. 2008 Jul 24; 1221:108-14.

• Qualitative and quantitative analysis of human herpesvirus expression in chronic and acute B-cell lymphocytic 
leukemia and in multiple myeloma. Hermouet et al. Leukemia. 2003 Jan; 17(1):185-195. 

• Hepatitis C virus, human herpesvirus-8 and the development of plasma cell leukemia. Hermouet S et al. N 
Engl J	Med.	2003 Jan 9;348(2):178-9.
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We study infectious and mutation causes of chronic inflammation in 3 clinical models: 
myeloproliferative neoplasms (MPNs), for studies of the myeloid lineage, and multiple  
myeloma (MM) and its preceding stage, monoclonal gammopathies of undetermined  
significance (MGUS), for studies of the B-cell lineage. 
To detect latent infection, we developed a new test, the “MIAA” assay, for multiplexed infectious 
antigen micro-array (US patent being currently granted).
The MIAA test is able to detect the link between MGUS or MM and 9 infectious pathogens. 
Using the MIAA test, we showed that for up to 30% of MM and MGUS patients, disease was 
likely initiated by herpesviruses (Epstein-Barr virus (EBV), in ~15% of MM cases, and herpes virus 
simplex 1, varicella zoster virus, cytomegalovirus), since the monoclonal immunoglobulin (Mc Ig) 
secreted by clonal plasma cells targets one of these pathogens. 
Importantly, EBV-associated MM appears to be a more severe form of the disease. Thus it is 
important to detect patients with infection-initiated MGUS or MM as they may differ in regard 
to complications, disease evolution, and response to treatment. 
Moreover, many viral and bacterial infections can now be treated, and these patients would 
benefit from anti-viral or anti-bacterial treatment in combination with classical (or new) cancer 
treatments. Another focus of the team is to identify the viral proteins and sequences targeted 
by the Mc Ig of MGUS and MM patients. 
Indeed, a promising approach for the prevention of infection-initiated MM and other cancers is 
the possibility to immunize individuals early in life against the cancer-associated pathogen. Since 
several EBV vaccines are currently under development, our studies will allow to eliminate from 
future vaccines the EBV proteins or sequences linked to MGUS and MM.
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Result 1

• > 30% of MGUS and Myeloma patients have an infection-associated 
disease,

• >15% of Myeloma are associated with Epstein-Barr virus (EBV), 
• EBV-associated Myeloma appears to be a more severe form of the 

disease.

Other pathogens associated with MGUS and Myeloma:

• Other herpesviruses: Herpes simplex virus 1 (HSV-1), varicella zoster 
virus (VZV), cytomegalovirus (CMV),

•	 Helicobacter	pylori,
• Hepatitis C virus.

Objectives

Uncover the mechanisms that underlie the chronic inflammation associated with hematological malignancies 

• Search for evidence of latent infection, 
• Analysis of the role played by mutations and other genetic alterations.

Design novel diagnostic assays for the detection of hematological patients with infection-associated disease 

• Identification of infectious pathogens targeted by monoclonal immunoglobulins (Mc Igs) in monoclonal  
gammopathies of undetermined significance (MGUS) and in multiple myeloma,

• Identification of the viral proteins and amino-acid sequences targeted by Mc Igs in MGUS and in Myeloma.

Contact
sylvie.hermouet@univ-nantes.frDetection of infection-associated mgus and multiple myeloma

Sylvie HERMOUET

PROJECT / EXPERTISE

8th International R&D Dating, "Immuno-Oncology" - Paris, February 6th 2018 81

Tools

• Models include multiple myeloma and its preceding stage, MGUS,
• The Multiplex Infectious Antigen micro-Array (MIAA) assay (US patent 

being currently granted),
• Other assays including peptide arrays to identify proteins and sequences 

targeted by Mc Igs.

Infection as a cause of inflammation in MGUS and Multiple Myeloma

Infectious pathogens associated with MGUS and Myeloma



Perspectives 

• Immunization of individuals early in life against Myeloma-associated infectious pathogens, 
• Several EBV vaccines are currently under development: our studies will allow to eliminate EBV proteins or sequences 

linked to MGUS and Myeloma from future vaccines,
• Possibility to treat the infection associated with MGUS, 

=> Prevention of myeloma.
• Possibility to treat the infection associated with Myeloma, 

  => Improved response to treatment, prevention of relapse.

Unique selling points 

• Strong expertise in the mechanisms of inflammation in blood malignancies,
• Pioneer of the concept of infection as initial cause of MGUS and Myeloma,
• New assay: the MIAA assay allows the detection of infectious pathogens associated with MGUS or Myeloma (US 

patent being currently granted),
• Identification of new infectious pathogens and proteins targeted by Mc Igs and associated with MGUS and Myeloma,
• Identification of infectious protein sequences associated with MGUS and Myeloma, to be eliminated from future 

vaccines,
• International collaborations with pharmaceutical companies.

Result 2

Proteins and sequences targeted by Mc Ig in MGUS and  
Myeloma:

• EBV proteins: EBNA1, VCA,
• EBNA1 sequence: RRPPPGRRPFFHPVA,

• HSV protein: UL36,
• UL36 sequence: EAVLHLSEDLGGVPALRQYVP

Conclusions

• It is possible and important to detect patients with  
infection-initiated MGUS or Myeloma, as they may differ in  
regard to complications and response to treatment,

• Herpesviruses, especially EBV, are associated with MGUS 
and Myeloma,

• Other infectious pathogens, proteins and sequences  
targeted by Mc Ig of MGUS and Myeloma patients remain 
to be identified.

sylvie.hermouet@univ-nantes.fr

Sylvie HERMOUET
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Detection of infection-associated mgus and multiple myeloma

Infection as a cause of inflammation in MGUS and Multiple Myeloma

Sequences of EBV EBNA1 (A) or HSV-1 UL36 (B) recognized by 
purified Mc IgGs. Control peptides with modified amino-acids, shown
in blue, are not recognized.





Our lab identifies, characterizes and develops cytotoxic or targeted antineoplastic 
agents, based on the concept that such agents must induce anticancer immune 
responses to be successful. 

Ancient and novel I-O drugs : identification 
and characterization

Cordeliers	Research	Center	-	PARIS	
Inserm	U1138	-	AP	HP	-	Gustave	Roussy	Cancer	Campus	-	University	of	Paris	Diderot-	
University	of	Pierre	and	Marie	Curie
University	of	Paris	Descartes

Guido KROEMER M.D., Ph.D.

Selected publications

• Gut microbiome influences efficacy of PD-1-based immunotherapy against epithelial tumors. Routy B, Le Chatelier 
E, Derosa L, Duong CPM, Alou MT, Daillère R, Fluckiger A, Messaoudene M, Rauber C, Roberti MP, Fidelle M, Flament 
C, Poirier-Colame V, Opolon P, Klein C, Iribarren K, Mondragón L, Jacquelot N, Qu B, Ferrere G, Clémenson C, Mezquita 
L, Masip JR, Naltet C, Brosseau S, Kaderbhai C, Richard C, Rizvi H, Levenez F, Galleron N, Quinquis B, Pons N, Ryffel B, 
Minard-Colin V, Gonin P, Soria JC, Deutsch E, Loriot Y, Ghiringhelli F, Zalcman G, Goldwasser F, Escudier B, Hellmann MD, 
Eggermont A, Raoult D, Albiges L, Kroemer G*, Zitvogel L. (*Corresponding author). Science.	2017 Nov 2. pii: eaan3706.

• Caloric restriction mimetics reinforce anticancer immunosurveillance. Pietrocola F, Pol J, Vacchelli E, Rao S, Enot DP, 
Baracco EE, Levesque S, Castoldi F, Jacquelot N, Yamazaki T, Senovilla L, Marino G, Aranda F, Durnand, S, Sica V, Chery 
A, Lachkar S, Sigl V, Bloy N, Buque A, Falzoni S, Ryffel B, Apetoh L, DiVirgilio F, Madeo F, Maiuri MC, Zitvogel L, Levine B, 
Penninger J, Kroemer G. Cancer	Cell. 2016 July 11; 30(1):147–160.

• The presence of LC3B puncta and HMGB1 expression in malignant cells correlate with the immune infiltrate in 
breast cancer. Ladoire S, Enot D, Senovilla L, Ghiringhelli F, Poirier-Colame V, Chaba K, Semeraro M, Chaix M, Penault-
Llorca F, Arnould L, Poillot ML, Arveux P, Delaloge S, André F, Zitvogel L, Kroemer G. Autophagy.	2016 May 3;12(5):864-
75.

• Immunological effects of conventional chemotherapy and targeted anticancer agents. Galluzzi L, Buqué A, Kepp O, 
Zitvogel L, Kroemer G. Cancer	Cell.	2015 Dec 14;28(6):690-714.

• Chemotherapy-induced antitumor immunity requires formyl peptide receptor 1. Vacchelli E, Ma Y, Baracco EE, Sistigu 
A, Enot DP, Pietrocola F, Yang H, Adjemian S, Chaba K, Semeraro M, Signore M, De Ninno A, Lucarini V, Peschiaroli F,  
Businaro L, Gerardino A, Manic G, Ulas T, Günther P, Schultze JL, Kepp O, Stoll G, Lefebvre C, Mulot C, Castoldi F, Rusa-
kiewicz S, Ladoire S, Apetoh L, Bravo-San Pedro JM, Lucattelli M, Delarasse C, Boige V, Ducreux M, Delaloge S, Borg C, 
André F, Schiavoni G, Vitale I, Laurent-Puig P, Mattei F, Zitvogel L, Kroemer G. Science.	2015 Nov 20;350(6263):972-8. 

• Cancer cell-autonomous contribution of type I interferon signaling to the efficacy of chemotherapy. Sistigu A,  
Yamazaki T, Vacchelli E, Chaba K, Enot DP, Adam J, Vitale I, Goubar A, Baracco EE, Remédios C, Fend L, Hannani D, Aymeric 
L, Ma Y, Niso-Santano M, Kepp O, Schultze JL, Tüting T, Belardelli F, Bracci L, La Sorsa V, Urbani F, Delorenzi M, Lacroix-Triki 
M, Quidville V, Conforti R, Spano JP, Pusztai L, Poirier-Colame V, Delaloge S, Penault-Llorca F, Ladoire S, Arnould L, Cyrta 
J, Dessoliers MC, Eggermont A, Bianchi ME, Pittet M, Engblom C, Pfirschke C, Préville X, Uzè G, Schreiber RD, Chow MT, 
Smyth MJ, Proietti E, André F, Kroemer G*, Zitvogel L. (*Corresponding author). Nat	Med.	2014 Nov;20(11):1301-1309.

• A dual role for autophagy in a murine model of lung cancer. Rao S, Tortola L, Perlot T, Wirnsberger G, Novatchkova 
M, Nitsch R, Sykacek P, Frank L, Schramek D, Komnenovic V, Sigl V, Aumayr K, Schmauss G, Fellner N, Handschuh S, 
Glösmann M, Pasierbek P, Schlederer M, Resch GP, Ma Y, Yang H, Popper H, Kenner L, Kroemer G*, Penninger JM.  
(*Corresponding author). Nat	Commun. 2014 Jan 20;5:3056.

• Anticancer chemotherapy-induced intratumoral recruitment and differentiation of antigen-presenting cells. Ma Y 
et al. Immunity. 2013 Apr 18;38(4):729-41.

• An immunosurveillance mechanism controls cancer cell ploidy. Senovilla L et al.	Science. 2012 Sep 28;337(6102):1678-84.

• Autophagy-dependent anticancer immune responses induced by chemotherapeutic agents in mice. Michaud M et al. 
Science. 2011 Dec 16;334:1573-1577.
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Our group demonstrated that, depending on the upstream triggers, apoptotic or necroptotic 
cell death of cancer cells can be immunogenic and hence alert the innate immune system and  
instruct it to stimulate a cognate response against dead-cell antigens. This has opened a new 
field of research at the frontier between immunology and cell biology, allowing us to define 
the molecular properties of immunogenic cell death (ICD). ICD is characterized by autocrine  
stimulation of type 1 interferon (IFN) receptors, the pre-apoptotic exposure of calreticulin (CRT) 
on the cell surface, release of ATP during the blebbing phase of apoptosis, and final exodus of  
annexin A1 (ANXA1) and the chromatin-binding protein high mobility group B1 (HMGB1). Type 
1 interferon secretion depends on the stimulation of TLR3, CRT exposure on an endoplasmic  
reticulum stress response, ATP release on pre-mortem autophagy, and annexin A1/HMGB1  
exodus on secondary necrosis. ICD induction is a perquisite for therapeutic success. 
We obtained clinical evidence that this hypothesis holds true for anthracycline-treated breast 
cancer, oxaliplatin-treated colorectal cancer, and imatinib-treated gastrointestinal stromal  
tumors, among others. Built on these insights, we generated a screening platform that allows for 
the identification and characterization of ICD inducers. Our drug discovery pipeline includes the  
exploration of the cell biology characteristics of antineoplastics on the largest fluorescence-based 
cellular high-content/high-throughput screening platform in European Academia, as well as a series of 
immuno-oncological assays performed in rodent models. We also have expertise in immunometabolic 
and microbiota-related effects of anticancer drugs. 
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Objectives

• Identification of small I-O-relevant molecules by screening methods,
•	 In	vitro	characterization of I-O compounds,
• Preclinical characterization of I-O compounds.

Contact
kroemer@orange.frAncient and novel I-O drugs : identification and characterization
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Subject 1: Idendification and characterization of immunogenic cell death inducers

Tools

• A panel of biosensor cells for detection of immunogenic stress,
• Sophisticated mass spectrometry-based metabolomics,
• The immuno-oncology chip (IOC): Sophisticated microfluidic technology for quantifying cancer-immune cell  

interactions, 
• I-O relevant mouse models including transplantable, oncogene- and carcinogen-induced cancers,
• Integration of immunometabolism and microbiota.

Schematic view of the IOC

Results

• Cytotoxic chemotherapeutics and targeted agents are only 
successful if they induce an anticancer immune response,

• Such an immunostimulatory effect is often achieved by the 
stimulation of immunogenic cell death (ICD) in the tumor,

• ICD involves activation of stress pathways that lead to 
changes in the plasma membrane and the release of  
soluble factors into the tumor microenvironment,

• Such signals attract and activate dendritic cells and T  
lymphocytes, ultimately resulting in tumor antigen cross-
presentation.

Detection of extracellular ATP released from tumors in response
to mitoxantrone (MTX)-based chemo-therapy in an autophagy
dependent fashion.
Inhibition of ATP release as compared to autophagy-competent
controls in mice bearing palpable luciferase expressing CT26-
derived tumors engineered to express a control shRNA (SCR) or
shRNAs targeting Atg5 or Atg7.

Michaud M. et al., Autophagy-Dependent Anticancer Immune 
Responses Induced by Chemotherapeutic Agents in Mice. 
Science. 2011
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Results

• CRMs are non-toxic inducers of autophagy and actually  
extend the lifespan of model organisms including mice,

• CRMs can be used to reduce pernicious inflammatory  
responses,

• CRMs are highly efficient in stimulating anticancer  
immune responses in preclinical models,

• This anticancer effect is achieved by autophagy induction in 
transformed cells, as well as by effects on the extracellular 
metabolome resulting in enhanced CTL function and Treg 
inhibition.

Subject 2 : Caloric restriction mimetics (CRMs) for immunostimulation

Pietrocola F et al., Caloric restriction mimetics reinforce anticancer 
immunosurveillance. Cancer Cell. 2016

Perspectives

• Identification and MoA (Mecanism of Action) characterization of novel immunogenic cell death (ICD) inducers in 
public and proprietary drug libraries,

• Development of novel combinations treatments (for full activation of the ICD program) with improved anticancer 
effects,

• Identification of novel caloric restriction mimetics (CRMs) by multiple approaches, namely (i) derivatization of known 
CRMs, (ii) drug screening programs designed to identify CRMs based on their biochemical and cell biological effects, 
(iii) identification of endogenous molecules endowed with CRM properties, 

• Rational design of I-O combination treatments involving ICD inducers, CRMs, checkpoint blockade and manipulation 
of the intestinal microbiota,

• Preclinical validation of I-O effects of single agents and combination treatments,
• Discovery of prognostic and predictive biomarkers of I-O drug effects in an integrated analysis including the  

characterization of the intestinal microbiota.

Improvement of chemotherapeutic outcome with the CRM 
Hydroxycitrate (HC) on hormone-induced breast cancers. 
Note that the depletion of CD8 T cells abolishes the 
reduction in tumor growth. 
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Unique selling points

• Unique expertise in immunometabolism including mass spectrometry-based metabolomics,
• A strong record in integrated MoA studies extending to microbiota-related factors,
• Complete pipeline for the identification and MoA characterization of I-O compounds able to stimulate immunogenic 

stress and death,
• Largest fluorescence-based phenotypic screening facility in European Academia with numerous fluorescent  

biosensor cells (available and custom-build upon request) for the identification of immunogenic stress and death 
signals,

• A proven track record of successful collaborations with industrial partners worldwide.



The major objective of the lab is to decipher immune mechanisms occuring in solid 
tumors and cancer patients with the aim to improve immune-based therapies.

Anti-tumor immunosurveillance and 
immunotherapy

Cancer	and	Immunology	Research	Center	(CRCINA)	-	NANTES	
Inserm	U1232	-	CNRS	-	University	of	Nantes
University	of	Angers

Nathalie LABARRIERE Ph.D.

Selected publications

• Emergence of high avidity Melan-A specific clonotypes as a reflect of anti-PD-1 clinical efficacy. Simon S, 
Vignard V, Varey E, Parrot T, Knol AC, Khammari A, Gervois N, Lang F, Dreno B, Labarriere N. Cancer	Res. 2017 
In	press.

• PD-1 expression on tumor-specific T cells: friend or foe for immunotherapy? Simon S, Labarriere N.  
Oncoimmunol. Published online: 22 Aug 2017, http://dx.doi.org/10.1080/2162402X.2017.1364828.

• IRES -dependent translation of the long non coding RNA meloe in melanoma cells produces the most immu-
nogenic MELOE antigens. Charpentier M, Croyal M, Carbonnelle D, Fortun A, Florenceau L, Rabu C, Krempf M, 
Labarrière N, Lang F. Oncotarget. 2016 7(37):59704-59713.

• PD-1 expression conditions T cell avidity within an antigen-specific repertoire. Simon S, Vignard V, Floren-
ceau L, Dreno B, Khammari A, Lang F, Labarriere N. Oncoimmunology. 2015 5(1):e1104448. eCollection 2016.

• CD40L confers helper functions to human intra-melanoma class-I-restricted CD4(+)CD8(+) double positive T 
cells. Parrot T, Oger R, Benlalam H, Raingeard de la Blétière D, Jouand N, Coutolleau A, Preisser L, Khammari 
A, Dréno B, Guardiola P, Delneste Y, Labarrière N, Gervois N. Oncoimmunology. 2016 Oct 28;5(12):e1250991. 

• A lineage-specific methylation pattern controls the transcription of the polycistronic mRNA coding MELOE 
melanoma antigens. Chalopin B, Florenceau L, Fradin D, Labarrière N, Moreau-Aubry A. Melanoma	Res. 2015 
Aug;25(4):279-83. 

• Soluble HLA-I/peptide monomers mediate antigen-specific CD8 T cell activation through passive peptide 
exchange with cell-bound HLA-I molecules. Allard M, Oger R, Benlalam H, Florenceau L, Echasserieau K, 
Bernardeau K, Labarrière N, Lang F, Gervois N. J Immunol. 2014 192(11):5090-7.

• A full GMP process to select and amplify epitope-specific T lymphocytes for adoptive immunotherapy of 
metastatic melanoma. Labarriere N, Fortun A, Bellec A, Khammari A, Dreno B, Saïagh S, Lang F. Clin	Dev	
Immunol. 2013;2013:932318.

• Frequent occurrence of high affinity T cells against MELOE-1 makes this antigen an attractive target 
for melanoma immunotherapy. Godet Y, Desfrançois J, Vignard V, Schadendorf D, Khammari A, Dreno B,  
Jotereau F, Labarrière N. Eur	J	Immunol. 2010 Jun;40(6):1786-94. 

• MELOE-1 is a new antigen overexpressed in melanomas and involved in adoptive T celle transfert efficiency. 
Godet Y, Moreau-Aubry A, Guilloux Y, Vignard V, Khammari A, Dreno B, Jotereau F, Labarriere N. J	Exp	Med. 
2008 Oct 27;205(11):2673-82.
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Our group has an extensive experience in anti-cancer immunotherapy, especially in solid tumors  
(melanoma and colorectal carcinoma), with close collaborations with clinical teams. Our research  
programs focused on several axes closely connected aiming at 
1) studying the specificity and regulation of anti- tumor T cell responses 
2) characterizing presentation pathways for immunogenic tumor antigens and 
3) developing innovative immunotherapeutic strategies, mainly in the field of adoptive cell transfer 
but also in vaccination.
In this latter area, we have a long history of collaboration with the clinical team of the Pr B. Dreno, 
allowing the rapid implementation of clinical trials in melanoma (ex : MELSORT trial : NCT02424916). 
We documented the regulation and the role of PD-1 expression on melanoma-specific T CD8+  
lymphocytes, as a marker of T cell avidity, and further showed that the emergence of highly  
reactive Melan-A-specific T cell neoclonotypes in the blood of anti-PD-1 treated patients was  
associated with therapeutic efficacy. We also documented the role of non classical HLA-E molecules in 
shaping immune responses in melanoma and CRC. 
We characterized a new family of highly immunogenic tumor-specific antigens (MELOE-derived           
antigens), originating from a lncRNA and specifically expressed by melanoma cells upon an-IRES-
based translational control. Our perspectives are 1/ to focus on ncRNA both as regulator of anti-tumor 
responses through tumor-derived exosomes and as a source of new tumor-specific antigens, 2/ to 
decipher microenvironment and immune responses according to the oncogenic pathways in colorectal 
cancers and 3/ to optimize the functions of T lymphocytes used in ACT and define early immune  
markers associated with the therapeutic efficacy of immune-based treatments.
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Results

• Identification of a new melanoma specific antigen MELOE-1, 
involved in immunosurveillance,

•	 Meloe	 mRNA, overexpressed in melanomas, encodes        
MELOE-1 and MELOE-2 immunogenic antigens,

• MELOE-1 and MELOE-2 are translated in melanomas through 
the specific activation of IRES sequences,

• Meloe-derived antigen are a new class of immunogenic 
tumor antigens derived from a lncRNa and tumor specific.

Objectives

• To decipher the specificity and regulation of anti- tumor T cell  
responses,

• To characterize the immunogenicity and presentation pathways 
of non-classical tumor antigens,

• To develop innovative immunotherapeutic strategies and define 
early immune markers.

Tools

• Multiparametric flow cytometry and cell sorting, 
• Cellular and molecular functional approaches, 
• Large collection of tumor cell lines and characterized tumor- 

specific T cell clones,  
• NSG mouse models,
• Center of biological resources (patient blood and tumor 

samples), 
• Explant culture for colorectal tumors.

Contact
nathalie.labarriere@inserm.frAnti-tumor immunosurveillance and immunotherapy
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Meloe-derived antigens: a new family of immunogenic specific melanoma antigens

Godet Y et al. J Exp Med. 2008 & Charpentier M et al. Oncotarget. 2016

m7G Poly(A)

meloe mRNA
2091bp

MELOE-2 MELOE-1ORFORF ORFORF

WO2010026165, WO2013175256, WO2013175256 : 
NOVEL MELANOMA ANTIGEN PEPTIDE AND USES THEREOF



Perspectives 

• To focus on ncRNA both as regulator of anti-tumor responses through tumor-derived exosomes and as a source of 
new tumor-specific antigens,

• To decipher microenvironement and immune responses according to the oncogenic pathways in colorectal cancers, 
• To optimize the functions of T lymphocytes used in ACT and to set up combination therapies,
• To define early immune markers associated with the therapeutic efficacy of immune-based treatments. 

Unique selling points 

• Large set of complementary and synergistic expertises (basic immunology, pharmacology, bioinformatics, anatomo-
pathology),

• Strong expertise in translational research with tight collaborations with clinicians,
• Unique expertise in tumor-specific T cell clone production and characterization,
• Broader applications of HLA-peptide multimer T cell sorting technology (GMP available),
• Strong national and international collaborations in the field of Immunotherapy (coordination of the LabEx IGO pro-

gram: Immuno-graft-Oncology).

Results

• Upregulation of PD-1 upon TCR activation reflects  
functional avidity of melanoma-specific T cells clones 
(tumor-derived or blood derived),

• Emergence of new clonotypes, within the Melan-A  
specific T cell repertoire, in melanoma patients upon 
anti-PD-1,

• Dominance of Melan-A specific neo-clonotypes in  
responding patients,

• High PD-1 expression on these neo-clonotypes, associated 
with a high functional avidity.

nathalie.labarriere@inserm.fr
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Anti-tumor immunosurveillance and immunotherapy

PD-1 expression is a marker of high avidity T cells and identifies high avidity 
tumor-specific clonotypes emerging in patients responding to anti-PD-1 therapy 

Left panel : expression of PD-1 and CD25 on two melanoma-specific TIL
clones at rest and upon TCR activation. Right panel : functional avidity
of PD-1pos and PD-1neg TIL clones, measured on a range of the
cognate peptide.
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Left panel : Changes in Melan-A-specific TCRß repertoire in the blood of
a melanoma patient experiencing a complete response upon anti-PD-1
therapy. Right panel : functional avidity of of the main Melan-A-specific
subfamilies measured on a range of the cognate peptide (red line :
dominant Vß subfamily emerging upon anti-PD-1 therapy)

EP17306097 : 
METHOD FOR MONITORING THE EFFICACY OF A CANCER 
TREATMENT

Simon S, et al. Cancer Res. 2017 In press





To identify and decipher the interactions between T cells and their environment in 
both the maintenance of immune tolerance and the ability of the immune system to 
mount efficient responses in various pathologic conditions, especially cancer.

Regulation of T cell effector functions 
from basic research to cancer

Institut	Cochin	-	PARIS	
Inserm	U1016	-	CNRS	UMR	8104	
University	of	Paris	Descartes	

Bruno LUCAS Ph.D.

Selected publications

• Macrophages induce long-term trapping of T cells with innate-like properties within secondary lymphoid 
organs in the steady state. Audemard-Verger A, Rivière M, Durand A, Peranzoni E, Guichard V, Hamon P,  
Bonilla N, Guilbert T, Boissonnas A, Auffray C, Eberl G, Lucas B*, Martin B*. J Immunol. 2017 Sep 15;199(6):1998-
2007. (* Bruno Lucas and Bruno Martin contributed equally to this paper). 

• Adaptive Immune-like γ/δ T Lymphocytes Share Many Common Features with Their α/β T Cell Counter-
parts. Lombes A, Durand A, Charvet C, Rivière M, Bonilla N, Auffray C, Lucas B*, Martin B*. J	Immunol. 2015 
Aug 15; 195(4):1449-58. (* Bruno Lucas and Bruno Martin contributed equally to this paper). 

• TCR signaling events are required for maintaining CD4 regulatory T cell numbers and suppressive capacities 
in the peripheryDelpoux A, Yakonowsky P, Durand A, Charvet C, Valente M, Pommier A, Bonilla N, Martin B, 
Auffray C*, Lucas B*. J	Immunol. 2014 Dec 15;193(12):5914-23. (* Cédric Auffray and Bruno Lucas contributed 
equally to this paper).  

• Highly self-reactive naive CD4 T cells are prone to differentiate into regulatory T cells. Martin B*, Auffray C*, 
Delpoux A, Pommier A, Durand A, Charvet C, Yakonowsky P, de Boysson H, Bonilla N, Audemard A, Sparwasser 
T, Salomon BL, Malissen B, Lucas B. Nat	Commun. 2013; 4:2209. (Bruno Martin and Cédric Auffray contributed 
equally to this paper).  

• Inflammatory monocytes are potent antitumor effectors controlled by regulatory CD4+ T cells. Pommier A, 
Audemard A, Durand A, Lengagne R, Delpoux A, Martin B, Douguet L, Le Campion A, Kato M, Avril MF, Auffray 
C, Lucas B*, Prévost-Blondel A*.	Proc	Natl	Acad	Sci	U	S	A. 2013 Aug 6;110(32):13085-90. (* Bruno Lucas and 
Armelle Prévost-Blondel contributed equally to this paper).  

KEYWORDS
• T cell trafficking
• Secondary lymphoid 

organs
• CD4 T cells
• Regulatory T cells
•  gdT cells

Our team conducts an exploratory type of basic research that aims at a better understanding 
of the contribution of steady state interactions between T cells and their environment in both 
the maintenance of immune tolerance and the ability of the immune system to mount efficient 
responses in various pathologic conditions, especially cancer. In particular, our projects raise 
important points regarding the regulation of T-cell responses to self and tumor antigens.
For a long time, the most widely accepted model postulated that, in the absence of foreign 
antigen, peripheral T cells continuously recirculate between lymphoid organs, in which they 
interact frequently and shortly with antigen presenting cells. 
Such a model has been challenged in the last decade by numerous data demonstrating the  
existence of T cells residing in non-lymphoid tissues, mostly memory CD8 T cells. 
We have recently shown in mouse models that a substantial proportion of memory and  
regulatory CD4 T cells as well as nearly all IL-17-producing	 gdT cells are not continuously  
recirculating through secondary lymphoid organs in the steady state but are rather residing  
permanently within them. 
The implication of these pro- and anti-inflammatory resident cells in the early steps of anti- 
tumor immune responses needs now to be addressed.
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Results

• Inflammatory monocytes (Ly6Chigh) exhibit anti-tu-
mor properties,

• Regulatory CD4+ T cells promote tumor progression 
by inhibiting Ly-6Chigh monocytes, 

• IL-10 derived from regulatory T cells may suppress 
anti-tumor innate effectors.

Objectives

• To decipher the early steps of anti-tumor T-cell responses, 
• To understand when, where and how regulatory T cells are interfering with anti-tumor responses,
• To assess the pro- versus anti-tumoral nature of IL-17-producing gdT cells.

Contact
bruno.lucas@inserm.fr

Regulation of T cell effector functions from basic research 
to cancer
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Tools

• Complementary expertise in flow cytometry and in	vivo	mouse experimental models,
• Access to the top facilities of the Institut Cochin (Cellular imaging, Immunobiology, Histology, Genomics,  

Proteomics, Small animal imagery),
• A collection of genetically modified mouse strains including knock-out mice, gene-reporter mice, Cre mice and  

Lox mice.

Inflammatory monocytes are potent antitumor effectors controlled 
by regulatory CD4 T cells



Perspectives 

• To study changes in the quality and quantity of resident T cells within tumor-draining lymph nodes,
• To assess the involvement of LN resident ab and gdT cells in anti-tumor responses.

Unique selling points 

• A recognized expertise in T cells and especially in regulatory Foxp3-expressing CD4 T cells,
• Complementary expertise in  flow cytometry and in	vivo mouse experimental models,
• A collection of genetically modified mouse strains.

Results

• IL-17-producing gdT cells (RORgt+) are trapped into secondary 
lymphoid organs (SLO) in the steady state as a result of close  
interactions with subcapsular macrophages in peripheral lymph 
nodes (pLNs), medullary sinus macrophages in pLNs and mesenteric 
LNs, and red pulp macrophages in the spleen,

• SLO-resident	 gdT cells begin rapidly secreting IL-17 following  
stimulation.

bruno.lucas@inserm.fr
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Macrophages Lock Up IL-17-producing gd T Cells in secondary lymphoid organs

Localization of RORgt+ et RORgt- gd T lymphocytes in
mouse peripheral lymph nodes. TCRgd (red), CD169
(blue) and RORgt-GFP (green). RORγt+ gd T cells (IL-17
producers) are yellow.





The main objective of our research program is to make new advances in the field of 
antitumor CD8 T-cell immunity and contribute to the development of more effective 
cancer immunotherapies.

Integrative tumour immunology and 
genetic oncology

Institut	Gustave	Roussy	-	VILLEJUIF	
Inserm	U1186	-	Ecole	Pratique	des	Hautes	Etudes	
Paris	Sud	University

Fathia MAMI-CHOUAIB Ph.D.

Selected publications

• Different expression levels of the TAP peptide transporter lead to recognition of different antigenic pep-
tides by tumor-specific CTL. Durgeau A, El Hage F, Vergnon I, Besse B, J-C Soria, Van Hall T and Mami-Chouaib 
F. J	Immunol.	December 1, 2011, 187 (11) 5532-5539.

• Identification of a cytotoxic T lymphocyte-defined human lung carcinoma epitope processed by a protea-
some-independent pathway. El Hage F, Stroobant V, Vergnon I, Baurain F, Echchakir H, Lazar V, Chouaib S, 
Coulie PG and Mami-Chouaib F. Proc	Natl	Acad	Sci.	USA. 2008. 105: 10119-10124.

Patents

• Patent 1: Mami-Chouaib F, El Hage F, Stroobant V, Coulie PG. Preprocalcitonin-derived peptide as a tumor re-
jection epitope. European Patent N° EP072907 77.7 Juin 2007. International extension: PCT/FR2008/000853; 
et PCT number: WO 2009/0108742010. granted in 2012, 2013 and 2015.

• Patent 2: Mami-Chouaib F, Durgeau A. Preprocalcitonin immunogenic peptides. European Patent N° 
15176174.9-1403 (2015). Demande Internationale N° PCT/EP 2016/065733 (2016). 

KEYWORDS

• Tumor immunology
• Cancer immuno-therapy
• CTL
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• Peptide processing
• Immune checkpoint 

inhibitors
• Orphan diseases

Lung cancer is the leading cause of malignancy-related death worldwide. Despite treatment by 
surgery, chemo- and radiotherapy, only 15 % of patients will survive 2 years after diagnosis. 
Major advances in cancer treatment emerge from new immunotherapies that target immune 
checkpoint receptors, such as CTLA-4 and PD-1. However, these immunotherapies are effective 
in only 20% of lung cancer patients. Therefore, combination therapies are promising to increase 
the response rate and optimize antitumor immune response. 
In this context, we identified a tumor antigen, the preprocalcitonin (ppCT) antigen, recognized 
by a cytotoxic T lymphocyte (CTL) clone isolated from tumor-infiltrating lymphocytes (TIL) 
of a lung cancer patient with long survival. This antigen is expressed in tumor tissues from several 
lung cancer patients. Interestingly, the T-cell epitope, ppCT16-25, presented on cancer cells 
in a HLA-A2 context, is processed independently of proteasomes/TAP by a novel mechanism  
involving signal peptidase (SP) and signal peptide peptidase (SPP). This processing pathway  
permits the CD8 T-cell immunity to detect and destroy tumor cells expressing low levels of TAP. 
Thus, ppCT antigen is a promising target for cancer immunotherapy to overcome tumor escape 
from the immune system.
We then identified a cocktail of ppCT-derived peptides able to induce a strong CTL response 
toward ppCT-expressing tumors and provided in	vitro and in	vivo proof of concept of an active 
immunotherapy that controls tumor growth in humanized mouse models. We also developed a 
companion test to select patients who might benefit from a ppCT-based cancer immunotherapy 
that target not only lung cancer, but also neuroendocrine tumors and medullary thyroid carcinomas, 
which are classified as orphan diseases.
Our objective is to develop a combination immunotherapy based on the ppCT active immuno-
therapy and anti-PD-1 mAb in preclinical mouse models.
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Objectives

• Identify the tumour antigen recognized by a cytotoxic T lymphocyte (CTL) clone isolated from tumour-infiltrating  
lymphocytes (TIL) of a lung cancer patient with long survival (patient Michel),

• Characterize the T-cell epitope presented on autologous cancer cells in a HLA-A2 context and its processing pathway,
• Identify additional ppCT-derived T-cell epitopes processed by the conventional proteasome/TAP pathway, 
• Provide in	vitro and in	vivo	proof of concept of an active immunotherapy based on a cocktail of ppCT antigenic peptides,
• Set up a companion test to select patients who might benefit from the ppCT-based immunotherapy,
• Develop a combination immunotherapy based on ppCT active immunotherapy and anti-PD-1 in preclinical mouse models.

Tools

• A tumour cell line (IGR-Michel) generated from a lung cancer patient tumour (Fig. 1A),
• An autologous T-cell clone (CTL-Michel), isolated from TIL of the same patient, which specifically kills IGR-Michel (Fig. 

1A, C),
• The genetic method (Fig. 1B). DNA sequence, RT-PCR, peptide synthesis (Fig. 1D),
• Peptide-processing pathway inhibitors,
• Humanized mouse models: HLA-A2-transgenic mice (HHD) and immuno-deficient mice (NSG).

Contact
fathia.mami-chouaib@gustaveroussy.frIntegrative tumour immunology and genetic oncology

Fathia MAMI-CHOUAIB
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Figure 1: Steps used to identify the ppCT antigen. A. Generation of the CTL-Michel clone, and auto-
logous tumour (IGR-Michel) and “normal” (Michel-EBV) cell lines. B. Genetic method for tumour 
antigen cloning. C. The CTL-Michel clone specifically kills IGR-Michel, but not Michel-EBV cells. D. 
Structure of the CALCA gene, which encodes calcitonin (CT) and the a-calcitonin gene-related pep-
tide (a-CGRP), and cDNA-150, which encodes tumour antigen ppCT (upper panel). Characteristics of 
tumour epitope ppCT16-25: its origin, processing mechanism and sequence (lower panel). 



Result 1 
ppCT is a new tumor antigen expressed in lung cancer

ppCT16-25 neoepitope is processed by a novel mechanism that permits to overcome tumor escape from CD8 T-cell 
immunity

• Identification of a new tumour antigen, ppCT, recognized by a CTL clone isolated from TIL of a lung cancer patient 
with long survival, 

• ppCT is expressed in tumour tissues from several lung cancer patients,
• It is also expressed in several neuroendocrine tumours (NET) and all medullary thyroid carcinomas (MTC), which are 

classified as orphan diseases,
• Identification of the T-cell epitope, ppCT16-25, presented on the surface of tumour cells in HLA-A2 context,
• ppCT16-25 is processed, independently of proteasomes/TAP, by a novel mechanism involving signal peptidase (SP) 

and signal peptide peptidase (SPP; Fig. 2), 
• This processing pathway permits the CD8 T-cell immunity to detect and destroy tumour cells expressing low levels 

of TAP,
• Thus, ppCT antigen is a promising target for cancer immunotherapy to overcome tumour escape from the immune 

system (Patent 1).

fathia.mami-chouaib@gustaveroussy.fr
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Result 2

ppCT peptides induce a potent antitumour CTL response in vitro and in vivo
• Identification of a cocktail of five ppCT peptides able to induce a strong CTL response in	vitro,
•	 In	vitro proof of concept: demonstration that ppCT-derived peptides are immunogenic, capable of inducing a CTL 

response in PBMC from most of the lung cancer patients studied (> 40),
•	 In	vivo	proof of concept: development of an active immunotherapy based on ppCT peptide cocktail and an adjuvant 

able to control growth of immune escaped tumour in humanized mouse models (patent 2),
• Set up of a companion test to select patients who might benefit from a ppCT-based cancer immunotherapy,
• Development of a combination immunotherapy based on the ppCT peptide therapeutic vaccine and anti-PD-1 in 

NSG mice.

Figure 2: Processing pathways of tumor antigens recognized by CTL.
Pathway N° 1: the conventional proteasome/TAP pathway.
Pathway N° 2: an alternative « rescue pathway» that permits elimination of
tumor cells expressing low levels of TAP (Transporter associated with antigen
processing 1 and 2, in purple).
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Perspectives

• Production and characterization of the drug product (Pharmaceutical Development), and establishment of its 
pharmacological and toxicological profile for first clinical studies (preclinical),

• Transfer of the lead product to a manufacturing process following all the requirements in term of regulatory  
guidelines (GLP, GMP),

• Clinical development: phase Ib trial with an expansion cohort to explore the safety and preliminary efficacy 
of ppCT-based immunotherapy as a monotherapy and in combination with anti-PD-1 mAb in advanced NSCLC  
patients who have progressed after at least one platinum-based chemotherapy regimen,

• Monitor anti-tumour T-cell response, tumour growth, clinical response, patient survival…,
• A technological platform (ElyssaTech) for identification of new leads (mutated neoepitopes) => personalized  

neoepitope-based cancer vaccine.

Unique selling points

• A biotech company, ElyssaMed a spin-off of Gustave Roussy and INSERM, was founded by Dr Fathia Mami-Chouaib 
in December 2015 (http://www.elyssamed.com) to  develop this active cancer immunotherapy in NSCLC,

• The team will then develop the ppCT-based immunotherapy in other malignant diseases in particular  
neuroendocrine tumors (NET) and medullary thyroid carcinomas (MTC),

• ElyssaMed will get in contact with industrial groups, which could become partners, to combine its strategy with 
other treatments such as immune checkpoint blockers (anti-PD-1 ± anti-CTLA-4),

• Several industrial groups might be interested by ElyssaMed strategy, an evaluation study will be performed in  
comparison with previous deals signed between pharmas and biotech companies specialized in onco-immunology.

Figure 3: Proof of concept in vivo. Anti-
tumour effect of the ppCT peptide cocktail.
Mice were transplanted with HLA-
A2+/ppCT+ LL2 tumor cells and then
treated with the ppCT peptide cocktail and
the adjuvant. Tumour size was then
monitored.



The team develops and characterizes innovative human monoclonal antibodies to 
target tumors and stroma for therapeutic antibody development, target discovery, 
and new chemical drug identification. 

Target and human monoclonal antibody 
discovery

Montpellier	Cancer	Institute	(IRCM)	MONTPELLIER
Inserm	U1194	-	Centre	de	lutte	contre	le	cancer	(Val	D'aurelle)
University	of	Montpellier

Pierre MARTINEAU Ph.D.

Selected publications

• Therapeutic Activity of Anti-AXL Antibody against Triple-Negative Breast Cancer Patient-Derived Xenografts 
and Metastasis. Leconet W. et al. Clin Cancer Res. 2017 Jun 1;23(11):2806-2816.

• Preclinical validation of AXL receptor as a target for antibody-based pancreatic cancer immunotherapy. 
Leconet W et al. Oncogene. 2014 Nov 20;33(47):5405-14.

• Restricted Diversity of Antigen Binding Residues of Antibodies Revealed by Computational Alanine Scan-
ning of 227 Antibody-Antigen Complexes. Robin G et al. J	Mol	Biol. 2014 Nov 11;426(22):3729–43.

• In-Cell Intrabody Selection from a Diverse Human Library Identifies C12orf4 Protein as a New Player in 
Rodent Mast Cell Degranulation. Mazuc E et al. PLoS	One. 2014 Aug 14;9(8):e104998.

• Specific In Vivo Labeling of Tyrosinated α-Tubulin and Measurement of Microtubule Dynamics Using a GFP 
Tagged, Cytoplasmically Expressed Recombinant Antibody. Cassimeris L, Guglielmi L, Denis V, Larroque C, 
Martineau. P. PLoS	One.	2013;8(3):e59812. 

Patents

• Human Monoclonal Antibodies against AXL. B. Robert, C. Larbouret, MA Poul & P. Martineau. 8 décembre 
2015. PCT/EP2015/079003

• Human Monoclonal Antibodies against Orexin receptor TYPE 1. A. Couvineau, B. Robert & P. Martineau. 16 
janvier 2015. EP15305037.2 & EP15305038.0

• Human Monoclonal Antibodies fragments inhibiting both the CATH-D catalytic activity and its binding 
to the LRP1 receptor. Liaudet-Coopman Emmanuelle, Chardes Thierry, Martineau Pierre, Ashraf Yahya. 
WO2016188911
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Monoclonal antibodies are now pivotal molecules in the development of targeted therapies 
in many diseases. When compared to chemical drugs, the main advantages are the very high  
specificity for the recognized antigen, the low toxicity in patients, and the increased activity that 
can be obtained by the recruitment of the host immune system.
Based on its expertise, the team is able to develop human monoclonal antibodies from the 
ground up and characterize them in	vitro and in preclinical models including PDTX. The team has 
developed its own and patented phage displayed antibody libraries based on original designs. 
These synthetic libraries have been already used to generate several hundred of monoclonal 
antibodies against more than 40 different targets. In particular, the team has developed original 
approaches to identify antibodies against challenging targets like GPCR (including type A) or 
other membrane proteins directly on cells.
In addition, the team has developed an integrated pipeline, based on intracellular antibodies 
(intrabodies), to identify new therapeutic targets either extra or intracellular and subsequently 
small chemical molecules with functional effects on cells.
Altogether, the team is able to collaborate on challenging monoclonal antibody development, 
and has in hands a large portfolio of already characterized human mAbs, many of them cross-
reacting with human and mouse antigens for in depth preclinical characterization.
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Objectives

• Identification of new therapeutic targets & drugs,
• Selection of new human antibodies.

Tools

• Original human synthetic antibody libraries, fine-tuned for the development of functional and potent antibodies 
(scFv, Fab, IgG, small or large antigen, stability, etc.),

• An intrabody pipeline for target and drug discovery,
• Human mAb : from the selection to preclinical models in a single team,
• Unique system to select antibodies by phage display with a direct functional screening as IgG.

Contact
pierre.martineau@inserm.frTarget and human monoclonal antibody discovery 
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Results 

• Three generations of synthetic human libraries, each with specific applications (scFv, Fab, IgG, for small or large  
antigen, stability, affinity, antagonist, etc.),

• Validated against more than 40 targets (several TKR, GPCRs, soluble proteins, Enzymes, Phosphorylated proteins, etc.),
• Six mAbs already patented (Ox1R, CathD, AXL, and undisclosed),
• New display system allowing phage display selection and IgG functional screening in mammalian cells.

A unique library for a direct functional screening 
of hits in the final therapeutic IgG format. 
We developed a new antibody library and a new 
display format that allow to perform phage- 
display selection followed by a direct screening of 
the selected clones in an IgG format secreted by 
mammalian cells.

Structure-function based design of synthetic antibody libraries

Development of synthetic human antibody libraries



Results

• Validated diverse intrabody libraries,
• Specific targeting of PTM (Tubulin, MAPK),
• Original chemical inhibitors of Syk TK.

pierre.martineau@inserm.fr

Pierre MARTINEAU
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Illustration of the use of intrabodies for target and drug discovery. Intrabodies are antibody fragments ex-
pressed inside the cell. Intrabodies can modulate specifically the target function. We have demonstrated that 
such intrabodies can be used as a guide to develop small inhibitory chemical molecules, but also to identify by 
“forward genetics” at the protein level new therapeutic targets (Mazuc JACI 2007 & Plos One 2014; Villoutreix 
Plos One 2011). 

Intrabodies as an integrated platform for drug discovery



Contact

Results

• Human mAbs against many therapeutic targets (DDR1, RET, ROR1, POSTN, EGFR, HER2, MMP12, etc.) notably 
Onco-Immuno targets (AXL),

• Most mAbs cross-reacting with human and mouse target: efficient evaluation of mAb preclinical efficacy and toxi-
city,

• Enzyme inhibitors (CathD, MMP12, MAPK),
• A robust pipeline for the development of anti-GPCR mAbs from cell lines (Ex: anti-Ox1R EP15305037.2 & 

EP15305038.0).

Target and human monoclonal antibody discovery pierre.martineau@inserm.fr

Pierre MARTINEAU
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Perspectives

• Larger and more diverse human synthetic libraries,
• mAbs highly specific for tumor,
• Selection of mAb with improved functional activity (CDC, ADCC, Agonist, Antagonist, etc.),
• Affinity maturation in IgG format, 

• Selection of mAbs for IHC.

Unique selling points

• Original and unique synthetic human antibody libraries,
• Know-how for the selection of human mAbs against challenging targets (GPCR, membrane spanning proteins, 

inhibitors, PTM, etc.),
• A platform for an easy access to the technology and the development of your mAb,
• A collection of original mAbs (TKR, MAPK, GPCR, stroma, etc.),
• Original approach based on intrabodies to study endogenous protein function, identify specific inhibitors, screen 

for chemical drugs, and develop highly specific biosensors.

An anti-AXL human monoclonal antibody inhibits tumor growth. An anti-AXL antibody isolated from our phage display 
library blocks RTK signaling, induces receptor degradation, and is internalized by the cell. This mAb reacts with both 
human and mouse AXL (A) and slows down the tumor growth of a tumor model of pancreatic cancer (B).

Human mAbs against therapeutic targets

A B



Identification of key immune components associated to cancer patient's 
prognosis in haematological malignancies. 

Cosignaling molecules and innate effectors in  
immuno-oncology

Institut	Paoli-Calmettes	-	Research	Center	In	Oncology	Of	Marseille	(CRCM)	-	MARSEILLE
Inserm	U1068	-	CNRS	UMR	7258	-	CIC	Marseille
University	of	Aix	Marseille

Daniel OLIVE M.D., Ph.D.

Selected publications

• NKp46 expression on NK cells as a prognostic and predictive biomarker for response to allo-SCT in 
patients with AML. Chretien AS, Devillier R, Fauriat C, Orlanducci F, Harbi S, Le Roy A, Rey J, Bouvier 
Borg G, Gautherot E, Hamel JF, Ifrah N, Lacombe C, Cornillet-Lefebvre P, Delaunay J, Toubert A, Arnoulet 
C, Vey N, Blaise D, Olive D. Oncoimmunology.	In	press.

• Follicular lymphoma B cells generate functional regulatory T cells via ICOS/ICOSL pathway and are 
inhibited by intratumoral Tregs. Le KS, Thibult ML, Just-Landi S, Pastor S, Gondois-Rey F, Granjeaud 
S, Broussais F, Reda Bouabdallah, Renaud Colisson, Christophe Caux, Christine Ménétrier-Caux,  
Dominique Leroux, Luc Xerri, and Daniel Olive. Cancer	Research. 2016 Aug 15;76(16):4648-60. 

• BTN3A molecules considerably improve Vγ9Vδ2T cells-based immunotherapy in Acute Myeloid 
Leukemia. Benyamine A, LeRoy A, Mamessier, E  Gertner-Dardenne J, Castanier C, Orlanducci F, 
Pouyet L, Goubard A, Collette Y, Vey N, Scotet E, Castellano R, Olive D. Oncoimmunology. 2016 Apr 
25;5(10):e1146843. 

• Inherent and tumor-driven immune tolerance in the prostate microenvironment impairs natural 
killer cell antitumor activity. Pasero C, Gravis, Guerin M, Granjeaud S, Thomassin-Piana J, Rocchi P, 
Paciencia-Gros M, Poizat F, Bentobji M, Azario-Cheillan F, Walz J, Salem N, Brunelle S, Moretta A, Olive 
D. Cancer	research. 2016 Apr 15;76(8):2153-65.

• The co-receptor BTLA negatively regulates human Vγ9Vδ2 T cell proliferation: a potential way of 
immune escape for lymphoma cells. Gertner-Dardenne J, Fauriat C, Orlanducci F, Thibault ML, Pastor 
S, Fitzgibbon J, Bouabdallah R, Xerri L, Olive D. Blood. 2013 Aug 8;122(6):922-31.

KEYWORDS
• Tumor immunology 
• Cosignaling molecules
• Tumor micro- 

environment 
• mAbs
• Patients cohorts

D. Olive, is Professor of immunology at Aix Marseille University, he is also in charge of the  
« Immunity and Cancer » research team of Inserm U1068 - CNRS UMR 7258 of Marseille Cancer 
Research Center (Institut Paoli Calmettes). He is the head of the first IBiSA Platform dedicated to 
Cancer Immunomonitoring Platform. 
D. Olive has been a pioneer and leader in the co-signalling field since 1990. His work is dedicated 
to tumor immunology with a major emphasis on innate immunity and co-signalling molecules. 
Selected major breakthroughs: 
1) Identification of signalling pathways involved in CD28 and ICOS costimulatory molecules;
2) Demonstration that BTN3A1/CD277 is a major inducer of Vg9Vd2 response; 
3) Identification of the function of BTLA and HVEM in the regulation of immune function; 
4) Identification of HVEM and BTLA as escape mechanisms in melanoma and non hodgkin  
lymphoma; 
5) Identification of molecular mechanisms associated to NK cells impairment in AML patients; 
6) First identification of alteration of NK cells in the tumor bed in breast cancer; 
7) First in man clinical trial using anti-KIR mAbs in AML patients; 
8) Demonstration of the targeting of pDC by HCV; 
9) Deciphering of of ICOS ICOSL interaction in the regulation of Tregs in lymphomas.
He is expert in the field of investigations on immune cells within tumor microenvironment. He 
has developed strategies to identify biomarkers associated to clinical response to therapies in 
patients with leukemias.
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Objectives

• Identification of innate effector alterations in cancer,
• Identification of novel cosignaling molecules,
• Biomarkers associated to patients’ response to therapies.

Tools

• Cancer Immunomonitoring platform (with ISO 9001 and NFX 500-900 certifications) : 
 - Annotated human cancer samples in AML, endometrial, cervical and breast cancers,
 - OMICs focused on polychromatic flow cytometry, Cytof and RNAseq.

• Bioinformatic and statistical tools,
• PDX.

Contact
daniel.olive@inserm.frCosignaling molecules and innate effectors in immuno-oncology

Daniel OLIVE

PROJECT / EXPERTISE
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Role of innate effectors on prognosis of Acute Myeloid Leukemias

Results

• Expression of NCR in AML is associated to patient’s prognosis,
• Alterations of NK differentiation are associated to adverse prognosis 

in AML,

-> NK maturation blockade impacts clinical outcome. 

Chretien A-S et al., Front Immunol. 2017; 29;8:573.

EP17305235.8 NEW BIOMARKER FOR OUTCOME IN AML PATIENTS
Kaplan–Meier curves of overall survival (OS) by NK maturation profile at 

diagnosis (A) or display by NKp30 status refined by NK maturation status (C).
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Cosignaling molecules and innate effectors in immuno-oncology

Results

• Identification of altered T-cells in the microenvironment of 
lymphomas,

• These alterations are associated to immune dysfunctions and 
a transcriptomic signature,

-> ICOS expression defines a distinct CD8 T-cells subset in  
B-cell lymphomas.

Alteration of CD8 populations in lymphomas

Positive Negative

Gated on CD8 T-cells

TFH markers

Analyse of Tumor Microenvironment in solid tumors

Results

• Basal level of immunotolerance to NK cells in prostate gland characterized 
by :

 - Increased CD56bright subset,
 - Immature but activated phenotype,
 - Hyporesponsive functional status.

• NK cells infiltrating prostate tumor show specific alterations on activating/
inhibitory receptors “balance” which increase with metastatic progression :

 - Decreased expression of activating receptors (NKp46, NKG2D, CD16),
 - Increased expression of inhibitory receptor ILT2.

• Decreased CD57 and increased TGF-b1 are associated with aggressive  
prostate cancer (Correlated results from transcriptomic and flow cytometry  
analysis),

• Prostate environment became further resistant to NK cell–mediated  
immunity upon cancer cell infiltration.

Flow cytometry on NK infiltrating control (n=20 
white circle), tumor (n=21 black circle)Pasero C et al. Cancer research 2016
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Perspectives

• Deciphering the mechanisms associated to good and poor immune response against leukemias using Vγ9Vδ2T-
cells,

• Comprehensive study of the immune parameters associated to the leukemias of intermediate prognosis and 
their relapse,

• Developing animal models to study a rare and aggressive leukemia (LA-PDC),
• Deciphering immune parameters associated to clinical responses in patients with endometrial and cervical 

cancers.

Unique selling points

• Expert in cosignaling molecules, with extensive knowhow and tools developed to study them since the 90s,
• Extensive studies in the tumor micro-environment of breast, cervical, prostate and endometrial cancers,
• Combination of flow cytometry, Cytof and transcriptome studies,
• Rare leukemia PDX : BPNPC,
• Co-founder and CSO of Imcheck Therapeutics,
• 16 patents filed, among them, 6 regarding mAbs directed against cosignaling molecules, have been out-licensed 

to big pharmas or start-up, and 2 (anti-ICOS & anti-CD28) are currently under in clinical trial.



Mechanistic study of the dose-response relationship of monoclonal antibodies to 
design optimal dosing regimen in patients.

Dose-response relationship of monoclonal 
antibodies

Genetics,	Immunotherapy,	Chemistry	ans	Cancer	(GICC)	-	TOURS
CNRS	UMR	7292	-	Tours	University	Hospital	-	François	Rabelais	
University	of	Tours

Gilles PAINTAUD M.D., Ph.D.

Selected publications

• Influence of FCGR3A-158V/F genotype and CD20 antigen count on target-mediated elimination of 
rituximab in patients with chronic lymphocytic leukemia. A study of FILO group. Tout M et al. Clin 
Pharmacokinet. 2017 Jun;56(6):635-647. 

• Rituximab exposure is influenced by baseline metabolic tumor volume and predicts outcome of DLB-
CL patients: a Lymphoma Study Association report. Tout M et al. Blood. 2017 May 11;129(19):2616-
2623. 

• Bevacizumab pharmacokinetics influence overall and progression-free survival in metastatic  
Colorectal Cancer Patients. Caulet M et al. Clin	Pharmacokinet. 2016 Nov;55(11):1381-1394. 

• Cetuximab pharmacokinetics influences overall survival in patients with head and neck cancer.  
Pointreau Y et al. Ther	Drug	Monit. 2016 Oct;38(5):567-72.

• Influence of tumour burden on trastuzumab pharmacokinetics in HER2 positive non-metastatic 
breast cancer. Bernadou G et al. Br	J	Clin	Pharmacol. 2016 May;81(5):941-8.  

• Dose - response relationship of bevacizumab in hereditary hemorrhagic telangiectasia. Azzopardi N 
et al. MAbs.	2015;7(3):630-7.

• Fate of inhaled monoclonal antibodies after the deposition of aerosolized particles in the respiratory 
system. Guilleminault L et al. J	Control	Release. 2014 Dec 28;196:344-54.

KEYWORDS

• Monoclonal antibodies 
• Pharmacokinetics
• Dose-response  

relationship
• Biomarkers
• PK-PD modelling
• Neoplasms
• Fc receptors
• Neonatal Fc receptor

Our team studies the dose-response relationship of therapeutic monoclonal antibodies (mAbs) 
in order to understand their mode of action in patients. This relies on the measurement of 
mAb serum concentrations, of factors of variability and biomarkers of response in patients 
and animal models, and on the quantification of their relationships by pharmacokinetic and  
pharmacokinetic-pharmacodynamic (PK-PD) modelling. Our team has shown concentration- 
effect relationships for rituximab, bevacizumab, and cetuximab and has identified new sources 
of variability of response. We have notably shown the influence of Fc receptor polymorphisms 
and of target-antigen amount on pharmacokinetics of mAbs and the interdependence of  
pharmacokinetics and pharmacodynamics. Using simulation, we have proposed a dosing optimi-
sation of several mAbs. Our research strategy is to develop more mechanistic PK-PD models, i.e. 
a quantitative system pharmacology approach, taking into account the physiopathology of the 
disease and enabling a better understanding of the mode of action of mAbs. The team associates 
clinicians, fundamental scientists, biometricians and clinical pharmacologists.
Our team is interested in the PK-PD study of mAb combinations, notably including immune 
checkpoint inhibitors and anti-angiogenic biopharmaceuticals, using in	vivo models, to design 
optimal combinations and dosing schedules.
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Objectives

• Understanding the mode of action of monoclonal antibodies (mAbs) 
in human,

• Dose-response relationship (animal / human),
• Influence of individual factors (genetics, disease activity, immune 

activity),

• Design of optimal dosing regimens.

Methods

• Measurement of mAb concentrations, 
• Measurement of cytokines as biomarkers, 
• Pharmacokinetic and PK-PD modelling, model-based meta-analyses, 

simulations and predictions.

Contact
gilles.paintaud@univ-tours.frDose-response relationship of monoclonal antibodies

Gilles PAINTAUD
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Results

• High tumor burden is associated with low  
bevacizumab concentrations,

• Low bevacizumab concentrations are associa-
ted with shorter overall and progression-free  
survival.

Bevacizumab pharmacokinetics influence overall and progression-free survival
 in metastatic colorectal cancer patients

Volume of distribution of bevacizumab is influenced by height 
and FcRn-VNTR polymorphism.
Bevacizumab elimination is influenced by CEA, VEGF and  
extra-hepatic metastases (E).
Overall survival (C) and progression-free survival (D) are  
influenced by bevacizumab concentrations.

Caulet M et al., Clin	PK	2016 



Results

• Rituximab exposure decreased as metabolic tumor volume increased,
• Rituximab exposure was correlated with metabolic response and survival.

gilles.paintaud@univ-tours.fr

Gilles PAINTAUD
Contact
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Dose-response relationship of monoclonal antibodies

Results

• A pharmacokinetic model including target-mediated  
elimination accurately described rituximab concentra-
tions in CLL, 

• Rituximab ‘consumption’ (target-mediated elimination) 
increases with increasing baseline antigen count on  
circulating B cells and is higher in FCGR3A-158VV pa-
tients.

Rituximab exposure is influenced by baseline metabolic tumor volume 
and predicts outcome of DLBCL patients

Elimination half-life of rituximab increases and 
exposure decreases when tumor metabolic  
volume increases
Patients with rituximab AUC ≥9400 mg x h / L had 
better 4-year PFS and OS.

Tout M et al., Blood 2017 

Influence of FCGR3A-158V/F genotype and baseline CD20 antigen count on 
target-mediated elimination of rituximab in CLL patients

Tout M et al., Clin	PK 2017 

Rituximab target-mediated elimination rate 
constant (kdeg) increases with baseline CD20 
count on circulating B cells (CD20cir)
Kdeg is higher in FCGR3A-158V/V patients
First-order rate constant of rituximab- 
independent death of latent target antigen (kout) 
increases with disease activity (Binet stage)
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Perspectives

• Development of PK-PD models using a quantitative systems pharmacology approach:
 - Semi-mechanistic models,
 - Biomarkers reflecting disease activity (cytokines, circulating DNA, circulating miRNA, etc.).
• Projects on immune checkpoint inhibitors:
 - Nivolumab ELISA developed,
 - Pembrolizumab and durvalumab ELISA under way.
• Use of PK-PD models and simulations to optimize combination of mAbs.

Unique selling points

• The only academic team dedicated to the PK and PK-PD relationship of mAbs, 
• Multidisciplinary team in a research unit associating pharmacologists, immunologists and oncologists for 16 years,
• A leading team of LabEx MabImprove (“improved antibodies, improved development and improved use”, part of 

the “Investment for the Future” 2011), 
• mAb PK and PK-PD analysis in 22 clinical studies and 3 animal model studies. 



Our research focuses on the treatment of solid tumors by using antibodies and radio-
therapy with a special attention to drug-induced resistance. To this aim, we design, 
develop and evaluate monoclonal antibodies (mAbs) to target antigens the expression 
of which is enhanced when tumors become resistant to a treatment and we com-
bine them to identify synthetic lethal interactions for anti-cancer drug discovery /  
improvement. 

Therapeutic antibodies for solid tumors 
therapy

Montpellier	Cancer	Research	Institute	(IRCM)	-	MONTPELLIER
Inserm	U1194	-	Centre	de	lutte	contre	le	cancer	(Val	D'aurelle)
University	of	Montpellier

André PELEGRIN Ph.D.

Selected publications

• Neuregulin 1 allosterically enhances the anti-tumor effects of the non-competing anti-HER3 antibody 9F7-F11 by 
increasing its binding to HER3. Le Clorennec C, Bazin H, Dubreuil O, Larbouret C, Ogier C, Lazrek Y, Garambois V, Poul 
MA, Mondon P, Barret JM, Mathis G, Prost JF, Pèlegrin A, Chardès T. Mol	Cancer	Ther. 2017 Jul;16(7):1312-1323.

• SGM-101: An innovative near-infrared dye-antibody conjugate that targets CEA for fluorescence-guided surgery. 
Gutowski M, Framery B, Boonstra MC, Garambois V, Quenet F, Dumas K, Scherninski F, Cailler F, Vahrmeijer AL, Pèle-
grin A. Surg	Oncol.	2017 Jun;26(2):153-162. 

• The anti-tumor efficacy of 3C23K, a glyco-engineered humanized anti-MISRII antibody, in an ovarian cancer model 
is mainly mediated by engagement of immune effector cells. Estupina P, Fontayne A, Barret JM, Kersual N, Dubreuil 
O, Le Blay M, Pichard A, Jarlier M, Pugnière M, Chauvin M, Chardès T, Pouget JP, Deshayes E, Rossignol A, Abache 
T, de Romeuf C, Terrier A, Verhaeghe L, Gaucher C, Prost JF, Pèlegrin A*, Navarro-Teulon I*. Oncotarget. 2017 Jun 
6;8:37061-37079. (* co-senior authors).

• Therapeutic activity of anti-AXL antibody against triple-negative breast cancer Patient Derived Xenografts and  
metastasis. Leconet W, Chentouf M, Du Manoir, S, Chevalier C, Sirvent A, Aït-Arsa I, Busson M, Jarlier M, Rado-
sevic-Robin N, Theillet C, Chalbos D, Pasquet JM, Pèlegrin A, Larbouret C*, Robert B*. Clin	Cancer	Res. 2017 Jun 
1;23(11):2806-2816.(* co-senior authors).

• Dual targeting of HER1/EGFR and HER2 with cetuximab and trastuzumab in patients with metastatic pancreatic 
cancer after gemcitabine failure: results of the “THERAPY”phase 1-2 trial. Assenat E, Azria D, Mollevi C, Guimbaud 
R, Tubiana-Mathieu N, Smith D, Delord JP, Samalin E, Portales F, Larbouret C, Robert B, Bibeau F, Bleuse JP, Crapez E, 
Ychou M*, Pèlegrin A*. Oncotarget 2015 May 20;6(14):12796-808. (* co-senior authors).

• Radiation-induced CD8 T-lymphocyte Apoptosis as a Predictor of Breast Fibrosis After Radiotherapy: Results of 
the Prospective Multicenter French Trial. Azria D, Riou O, Castan F, Nguyen TD, Peignaux K, Lemanski C, Lagrange JL, 
Kirova Y, Lartigau E, Belkacemi Y, Bourgier C, Rivera S, Noël G, Clippe S, Mornex F, Hennequin C, Kramar A, Gourgou S, 
Pèlegrin A, Fenoglietto P, Ozsahin EM. EBioMedicine. 2015 Oct 25;2(12):1965-73.

• HER3 as biomarker and therapeutic target in pancreatic cancer: new insights in pertuzumab therapy in preclinical 
models. Thomas G,  Chardès T, Gaborit N, Mollevi C, Leconet W, Robert B, Radosevic-Robin N, Penault-Llorca F, Gon-
gora C, Colombo PE, Lazrek Y, BrasGoncalves R, Savina A, Azria D, Bazin H, Pèlegrin A, Larbouret C. Oncotarget. 2014 
Aug 30;5(16):7138-48.  

KEYWORDS 

• Therapeutic antibodies 
• Resistance
• Antibodies  

combination 
• Radiotherapy
• Radiobiology
• Synthetic lethality
• Receptors dimerization
•	 In	vivo evaluation

Our main objectives are: (i) to design and develop new antibodies and derived molecules; (ii) to  
improve the efficacy of these targeted therapeutic approaches; and (iii) to understand the underlying 
mechanisms of action.
Our research concerns mainly digestive (particularly colorectal and pancreatic), breast and ovarian 
cancers and the following target antigens: the family of HER receptors and their ligands, AXL (a member 
of the TAM (TYRO3/AXL/MER) family), the transferrin receptor (TfR1/CD71) and the Müllerian Inhibiting 
Substance type II receptor (MISR-II) family. In addition to their role in cancer, these target antigens 
were chosen because of (i) their implication in drug-induced resistance, (ii) their crosstalk that allows 
combining mAbs against several of these targets in a synthetic lethality strategy, (iii) their activation 
through hetero- or homo-dimerization allowing us to study the importance of these dimers in cell 
signaling and in the effect of therapeutic mAbs, (iv) the possibility of maintaining a balance between 
well validated targets (for which the international competition can be very hard) and original, novel 
targets the interest of which in the cancer field remains to be fully validated, but with a reduced  
international competition. 
Besides the association of individual antibodies, our combination strategy also includes the  
association of mAbs with radiotherapy. Indeed, each of these therapeutic approaches involves  
complementary signaling pathways and can thus be combined in a synthetic lethality-based approach.
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Objectives

• To design and develop new antibodies and derived molecules,
• To improve the efficacy of these targeted therapeutic approaches,
• To understand the underlying mechanisms of action. 

Tools

• Know how on antibody development and characterization,
•	 In	vivo models of breast, ovarian and pancreatic cancers including 

PDX,
• Expertise in targets from the EGFR-HER family, the TAM (TYRO3/

AXL/MER) family, transferrin receptor (TfR1/CD71) and, particularly, 
the Müllerian Inhibiting Substance type II receptor (MISR-II) family. 

Contact
andre.pelegrin@inserm.frTherapeutic antibodies for solid tumors therapy 

André PELEGRIN
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We developed and characterized a neutralizing MAb that

• Specifically binds to the human neuregulin 1 (NRG1) without interfering 
with NRG1 binding to HER3 receptor and, thus, can induce ADCC,

• Is able to inhibit pancreatic tumor cell proliferation and migration by  
inhibiting HER3 signaling pathways,

• Is able to decrease pancreatic cell proliferation incubated with NRG1  
expressing CAF conditioned medium.

Example of an innovative anti-HER3 MAb which binding 
and affinity for HER3 is enhanced in the presence of 
Neureguline. Le Clorennec C et al. Mol Cancer Ther. 2017; 
6:1312-1323

I7E3 an exceptional anti-ligand MAb inducing ADCC
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PCT/EP2016/075740 : 
New anti-NRG1 antibodies and uses thereof. Larbouret C, Chardès T, Ogier C, Pèlegrin A.

Coll. Thomas Bourquard BIOS INRA
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Therapeutic antibodies for solid tumors therapy 

Objective: To find new evidences to enlighten the most suitable combinatory mAb therapies targeting either tumor cells 
(RTK) or tumor micro-environment (growth factors) by taking in consideration hypoxic environment of advanced pancrea-
tic tumors resistant to Gemcitabine.

Tool : Development of PDX-derived cell model from 10 PDX coming from patients treated (Gemcitabine or Folfirinox) or 
not.

Perspectives

• To optimize antibodies combinations through systems biology analysis (Collaboration Pr. Jacques Colinge, IRCM),
• To further validate antibodies via our PDX collection of pancreatic cancers including drug resistant ones   

(Collaboration Dr. Charles Theillet, IRCM),
• To compare antibodies combinations with bispecific antibodies approaches, 
• To develop innovative bispecific antibodies with specific signaling activities.

Evaluation of anti-RTK combinatorial therapies for advanced pancreatic cancer treatment



Contact
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Unique selling points

• Long term expertise in antibodies development, characterization and evaluation from the lab up to clinical trials - 
close association with clinicians and industrials partners,

• Co-inventor of the anti-MISRII antibody which gave rise to the GM102 mAb, actually under evaluation in a Phase 
Ia/Ib study in advanced, pre-treated gynecological cancers,

• Co-founder and scientific advisor of SurgiMAb dedicated to fluorescent antibody based imaging,
• Long term expertise in tumor molecular taxonomy,
• Deputy-Coordinator of the MAbImprove LabEx (Laboratory of Excellence), a unique network of more than 200 

people devoted to therapeutic antibodies. 



To identify and characterize the genetic and biological tissue characteristics associated 
with response and resistance and associated toxicity with PD-1/PD-L1 antagonists and 
explore the effectiveness of these determinants as predictive factors.

Classical biomarkers on tumor cells PD-L1 and 
beyond

Centre	Jean	Perrin	-Unicancer	-	CLERMONT	FERRAND
Inserm	U1240
University	of	Clermont	Auvergne	

Frédérique PENAULT-LLORCA M.D.,Ph.D.

Selected publications

• Multicenter French harmonization study for PD-L1 IHC testing in non-small cell lung cancer. Adam J,  
Le Stang N, Rouquette I, Cazes A, Badoual C, Pinot-Roussel H., Tixier L, Danel C, Damiola F, Damotte D, 
Penault-Llorca F, and Lantuéjoul S. Ann	Oncol.	2018 in press. 

• Programmed Death-Ligand 1 Immunohistochemistry Testing: A Review of Analytical Assays and  
Clinical Implementation in Non-Small-Cell Lung Cancer. Büttner R, Gosney JR, Skov BG, Adam J, Motoi 
N, Bloom KJ, Dietel M, Longshore JW, López-Ríos F, Penault-Llorca F, Viale G, Wotherspoon AC, Kerr KM, 
Tsao MS. J	Clin	Oncol.	2017 Dec 1;35(34):3867-3876. 

• Assessing Tumor-Infiltrating Lymphocytes in Solid Tumors: A Practical Review for Pathologists and 
Proposal for Standardized Method from the International Immuno-Oncology Biomarkers Working 
Group: Part 2: TILs in Melanoma, Gastrointestinal Tract Carcinomas, Non-Small Cell Lung Carcinoma 
and Mesothelioma, Endometrial and Ovarian Carcinomas, Squamous Cell Carcinoma of the Head 
and Neck, Genitourinary Carcinomas, and Primary Brain Tumors. Hendry S, Salgado R, […] Penault-
Llorca F et al., Adv Anat	Pathol.	2017 Nov;24(6):311-335. 

• Strategies around PD-L1 testing in France. Penault-Llorca F. Ann	Pathol. 2017 Feb;37(1):3-4. 

KEYWORDS

• Immune checkpoint
• Programmed death-1 

Programmed death 
ligand-1

• Tumor-infiltrating 
lymphocytes

• NGS
• Tumor Mutation 

Burden 
• Immunohistochemistry
• Multiparametric 

studies
• Real-life setting
• NSCLC, Melanoma, 

HNSCC

Immune checkpoint blockade represents a major breakthrough in cancer therapy with recent 
approvals of several antibodies targeting programmed death-1 (PD-1) and programmed death 
ligand 1 (PD-L1) in the treatment of various tumours. 
Treatment with PD-1 or PD-L1 antagonist is often associated with durable responses (i.e., >2 
years). However, the majority of patients do not respond to PD-1 /PD-L1 antagonists used as 
single agent.
There is a clinical need to identify those patients who may benefit from single checkpoint inhibitor 
treatment and to identify the mechanisms of innate or acquired resistance that may be potentially 
actionable. 
We aim to address each of these areas of critical need through a coordinated biological and  
genomic analyse of blood and tissue samples from patients receiving a PD-1 or PD-L1  
antagonist treatment in a real-life setting, and by making the samples and results available to other 
researchers. The CHECK’UP study is a prospective multicentre national cohort study, will study 
3 parallel groups of patients receiving a PD-1 or PD-L1 antagonist treatment as part of their 
standard care for melanoma, NSCLC, or HNSCC. We conveyed different specialists in the field of 
immune-oncology to develop multiparametric immunohistochemistry, tumor mutation burden, 
transcriptome and other NGS-based analysis. Each indication will be analysed independently to 
develop and validate a signature to identify patients presenting an objective response.
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Objectives

• To identify and characterize the genetic and biological tissue characteristics associated with response and resistance 
to PD-1/PD-L1 antagonists in real-life settings, on tissue samples of 3 cohorts: Non-Small-Cell Lung Cancer (NSCLC), 
melanoma and Head and Neck Squamous-Cell Carcinoma (HNSCC),

• To explore the effectiveness of these determinants as predictive factors through a training cohort (signature  
development) and a validation cohort (signature validation),

• To determine the mechanisms of initial or acquired resistance to treatment with PD-1 or PD-L1 antagonists,
• To describe if identified biomarkers are unique to a particular tumor, or universally present across all tumor types.
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Tools

• Serial biopsy studies for :
 - classical histopathological assessments, PD-L1 assessments

 - Multiparametric assessments of T cells, dendritic cells,  
macrophages, NK cells… activation will be evaluated by multiplex 
staining along with expression analysis of negative and positive  
immune checkpoints.

• Analysis of the level of tumor cell expression of antigen-presenting  
molecules (MHC I and II, TAP and LMPs) and immune checkpoints, and   
evaluation of the heterogeneity of expression of these molecules 
within the tumor (differences in type of molecules expressed, cellular  
expression profiles and spatial distribution),

• Prediction of neoepitopes (mutational analysis using whole exome and 
RNA sequencing, heterogeneity analysis, prediction of corresponding 
neoepitopes and whether or not they are clonal in nature) (WES),

• Transcriptomic analysis using nanostring technology,
• The data generated will be coupled with extensive PBMC, plasma and 

serum analysis including circulating DNA and RNA for genomic analysis, 
and radiology and nuclear and molecular imaging evaluation,

• To our knowledge this a unique approach in real-life settings in three 
different cohorts,

• These cohorts will be open for external collaborations after review by the 
Check’up scientific committee.

Courtesy of P. Hofman
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Perspectives

• Generation of “signatures” for the selection of patients with NSCLC, Melanoma or HNSCC benefiting of a SINGLE 
agent of checkpoint inhibitor,

• Selection of patients potentially resistant to single checkpoint inhibitor strategy,
• To generate better practice guidelines for clinical practice  and savings for the social security system, 
• To harmonize and standardize biomarkers strategies in IO clinical trials in our UNICANCER group.

Unique selling points

• UMR1240 (E Miot-Noirault) Molecular imaging (CD8, PD-L1 inhibitors) and multiparametric serial biomarkers studies,
• UNICANCER R&D  (C Cailliot):

 - Clinical trials (more than 15 IO clinical trials are planned in the different tumor groups with a standardization 
of the biomarkers (tissue and blood) and imaging approaches,

 - Medico-economic studies (ESME) programs.





To explore and characterize the impact of inflammation and immune response in 
thoracic cancers, and to identify and to test new therapeutic targets and tools, as 
well as predictive and/or prognostic biomarkers from bench to bedside.

Pulmonary immunity

Institut	Pasteur	-	LILLE
Inserm	U1019	-	CNRS	UMR	8204	-	Lille	I	University	-	
Lille	II	University	of	health	and	Law

Arnaud SCHERPEREEL 

Selected publications

• Tremelimumab as second-line or third-line treatment in relapsed malignant mesothelioma  
(DETERMINE): a multicentre, international, randomised, double-blind, placebo-controlled phase 2b 
trial. Maio M, Scherpereel A, Calabrò L, et al. Lancet	Oncol. 2017 Sep;18(9):1261-1273. 

• Real-time light dosimetry for intra-cavity photodynamic therapy: application for pleural  
mesothelioma treatment. Betrouni N, Munck C, Bensoltana W, Baert G, Dewalle-Vignion AS, Scherpereel 
A, Mordon S. Photodiagnosis	Photodyn	Ther. 2017 Jun; 18: 155-161.

• PD-L1 testing for Immune Checkpoint Inhibitors in Mesothelioma: For Want of anything better?  
Lantuejoul S, Le Stang N, Damiola F, Scherpereel A, Galateau-Sallé F. J	Thorac	Oncol.	2017 May;12(5):778-
781. 

• Pembrolizumab-induced Interstitial lung disease. Leroy V, Templier C, Faivre JB, Scherpereel A, Fournier 
C et al. ERJ	Open	Res. 2017 May 2; 3(2).

• A randomised trial of bevacizumab for newly diagnosed pleural mesothelioma. Zalcman G,  Mazieres 
J, Margery J, Greillier L, Audigier-Valette C, Moro-Sibilot D, Molinier O, Corre R, Monnet I, Gounant V, 
Rivière F, Janicot H, Gervais R, Locher C, Milleron B, Tran Q, Lebitasy MP, Morin F, Creveuil C, Parienti JJ, 
Scherpereel A. Lancet. 2016 Apr 2;387(10026):1405-1414. 

• The non glycanated endocan polypeptide slows tumor growth by inducing stromal inflammatory 
reaction. Yassine H, De Freitas Caires N, Depontieu F, Scherpereel A et al. Oncotarget. 2015 Feb 20; 
6(5):2725-35.

• Defect in recruiting effector memory CD8+ T-cells in malignant pleural effusions compared to normal 
pleural fluid. A Scherpereel, BD Grigoriu, M Noppen, et al. BMC	Cancer. 2013 Jul 2;13:324. 
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Our scientific expertise includes all pulmonary diseases but with a special interest in thoracic oncology. 
Lung cancer (LC) and malignant pleural mesothelioma (MPM) are serious health issues due to their 
increasing incidence and their global poor prognosis (17% of survivors at 5 years among LC patients). 
Through the CHU of Lille (Lung Clinic) and our dedicated Lab, we have a full and direct connection 
between patients, MDs and all the research team enabling rapid collection of samples, experimental 
tests and a link back to clinical trials and studies. 
Our research strategy is to explore and characterize the impact of inflammation and immune response 
in thoracic cancers and other lung diseases, and to identify and to test new therapeutic targets and 
tools, as well as predictive and/or prognostic biomarkers (from blood and all fluids, tissues, imaging…) 
from bench to bedside. For many years, we have a special interest in immunotherapy and angiogenesis, 
looking for combinations of treatments between these two axes or other innovative targets or tools 
(including photodynamic therapy, PDT), or even standard anti-tumor treatments.
We also aim at improving the management of immunotherapy toxicities through a large clinical database 
and different collaborations.
Major data are: 
• Positive results of IFCT MAPS (phase III) then MAPS-2 (phase II) trials establishing new standard 

as first or second line treatments for MPM patients, respectively,
• Positive phase II trial of intrapleural PDT in the multimodal treatment of MPM (MesoPDT project),
• Ongoing promising studies of tissue and/or soluble biomarkers such as endocan.
Perspectives: 
• To establish biomarkers to select the best candidates for immunotherapy among LC and MPM 

patients, and to validate them in routine,
• To study the value of combination of anti-tumor immunotherapy (checkpoint inhibitors...) with 

anti-angiogenic drugs, other targeted drugs or local treatment (PDT...) in LC and MPM patients,
• Dendritic cell therapy in MPM patients (H2020 funded project) to start at the beginning of 2018.
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Objectives

• Explore and characterize the impact of inflammation and immune response in thoracic cancers and other lung 
diseases,

• Identify and test new therapeutic targets and tools, as well as predictive and/or prognostic biomarkers from bench 
to bedside,

• Search for combinations of treatments between immunotherapy and angiogenesis,
• Improving the management of immunotherapy toxicities through a large clinical database and different  

collaborations.
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Result 1

Positive results of IFCT MAPS (phase III) and MAPS-2 (phase II) trials

• IFCT MAPS phase III randomised trial,

• New standard as first line treatment for malignant pleural mesothelioma (MPM) patients : cisplatin + pemetrexed 
+bevacizumab (anti-VEGF mAb),

• IFCT MAPS-2 phase II randomised trial,

• Innovative 2nd / 3rd line treatment by immunotherapy (checkpoint inhibitors) for MPM patients: Nivolumab or 
Nivolumab + Ipilimumab (anti-PD-1 mAb alone or + anti-CTLA-4 mAb). 

Tools

• Clinical trials in the Pulmonary and Thoracic Oncology Department : lung cancer or mesothelioma patients,
• Large collections and clinical database of tissues, blood, and other patients fluids,
• Mice models, 
•	 In	vitro	models: immune cells / endothelial cells / pulmonary epithelial cells.

MAPS-2 Efficacy: ITT median Overall Survival (OS) - median follow-up= 15.0 months, 95%CI [14.2-15.3] 

Scherpereel et al. ASCO 2017; Zalcman et al. ESMO 2017 Data cut-off: July 31th, 2017 - 
Database export: August 21th, 2017
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Pulmonary immunity

Result 2

Positive phase II trial of intrapleural PDT in the multimodal treatment of  
malignant pleural mesothelioma (MPM – “MesoPDT” project)

Photodynamic Therapy (PDT) and Surgery of MPM
=> USA : Surgery (38 eP/D) + PDT + chemo (C/P); (stages III-IV : 97%)

Confirmation on a series of 90 pts ; mOS= 73 months if pN0

(Friedberg et al, Ann	Thorac	Surg	2016)

=> France : eP/D + PDT, then chemo x6 max (C/P) + prophylactic RT

* phase II trial of feasibility (positive) in Lille (n = 4) :
 - Conseil	Régional	Hauts	de	France	grant
* planned phase III controled, randomized, multicenter trial in France (n = 45 x2) :
 - PHRC	National	Cancer	2013	(PI	:	A	Scherpereel)

Perspectives

• To establish biomarkers to select the best candidates for immunotherapy among LC and MPM patients, and to  
validate them in routine,

• To study the value of combination of anti-tumor immunotherapy (checkpoint inhibitors...) with anti-angiogenic 
drugs, other targeted drugs or local treatment (PDT...) in LC and MPM patients,

• Dendritic cell therapy in MPM patients (H2020 funded project; PI: Rotterdam) to start at the beginning of 2018 in 
Lille.

Unique selling point 

• Full and direct connection between patients, MDs and all the research team enabling rapid collection of samples, 
experimental tests and a link back to clinical trials and studies,

• Translational research by direct on-site connections with Inserm U1019 lab, Inserm « OncoThAI » unit (specialized in 
lasers and PDT), Immunology platform of the CHU of Lille.





Working exclusively on human primary cells and tissues in both normal and pathological 
conditions, our aim is to unravel the complexity of molecular and cellular networks 
in different types of inflammation, and especially in cancer, and to translate this 
knowledge into new biomarkers and therapeutic strategies.

Systems biology of the human tumor microenvironment : 
from large-scale description to clinical impact

Institut	Curie	-	PARIS	
Inserm	U932	-	CIC	1428
University	of	Paris	Descartes

Vassili SOUMELIS M.D., Ph.D.

Selected publications

• Breast Cancer Cell-Derived GM-CSF Licenses Regulatory Th2 Induction by Plasmacytoid Predendritic 
Cells in Aggressive Disease Subtypes. Ghirelli C, Reyal F, Jeanmougin M, Zollinger R, Sirven P, Michea 
P, Caux C, Bendriss-Vermare N, Donnadieu MH, Caly M, Fourchotte V, Vincent-Salomon A, Sigal-Zafrani 
B, Sastre-Garau X, Soumelis V. Cancer Res. 2015 Jul 15;75(14):2775-87. 

• Combinatorial code governing cellular responses to complex stimuli. Cappuccio A, Zollinger R, Schenk 
M, Walczak A, Servant N, Barillot E, Hupé P, Modlin RL, Soumelis V. Nat	Commun. 2015 Apr 21;6:6847. 

• Systems approaches to unravel innate immune cell diversity, environmental plasticity and functional 
specialization. Soumelis V, Pattarini L, Michea P, Cappuccio A. Curr	Opin	Immunol. 2015 Jan 9;32C:42-
47. 

• Combinatorial flexibility of cytokine function during human T helper cell differentiation. Touzot M, 
Grandclaudon M, Cappuccio A, Satoh T, Martinez-Cingolani C, Servant N, Manel N, Soumelis V.	Nat	
Commun. 2014 May 28;5:3987. 

• Human inflammatory dendritic cells induce Th17 cell differentiation. Segura E, Touzot M, Bohineust 
A, Cappuccio A, Chiocchia G, Hosmalin A, Dalod M, Soumelis V, Amigorena S. Immunity. 2013 Feb 
21;38(2):336-48. 

• Multiple-checkpoint inhibition of thymic stromal lymphopoietin-induced TH2 response by TH17- 
related cytokines. Bogiatzi SI, Guillot-Delost M, Cappuccio A, Bichet JC, Chouchane-Mlik O, Donnadieu 
MH, Barillot E, Hupé P, Chlichlia K, Efremidou EI, Aractingi S, Bayrou O, Soumelis V. J	Allergy	Clin	Immunol. 
2012 Jul;130(1):233-40.e5. 

• Multiparametric analysis of cytokine-driven human Th17 differentiation reveals a differential  
regulation of IL-17 and IL-22 production. Volpe E, Touzot M, Servant N, Marloie-Provost MA, Hupé P, 
Barillot E, Soumelis V. Blood. 2009 Oct 22;114(17):3610-4. 
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Investigating clinically relevant complex questions at the molecular and cellular levels requires 
medical, experimental, and computational biology expertise. In the lab, we put a strong emphasis 
on bridging and integrating knowledge and approaches coming from those three disciplines. Our 
projects involve collaborations with academic team or the industry. 
- Project 1 (T-MEGA). The program “Tumor Microenvironment Global Analysis” launched in 2011 
aims at characterizing, in a systematic and multiparametric manner, tumor microenvironment 
from fresh tumors and juxta-tumor non-involved samples. It has included around 1000 tumor 
samples to date. A special focus has been put on immune pathways. As an example of key  
results, we could identify a Th17 cluster based on cytokine production and transcriptional  
signature, which was specifically upregulated in triple negative breast cancer, and associated 
with a good prognosis.
- Project 2 (DrugSynergy). DrugSynergy is an ERC Proof-Of-Concept project, which proposes to 
use an innovative computational workflow in order to assess the systems level interaction of 
drug combinations on a target cell at high resolution, at the whole transcriptome level. We have 
described 82 distinct patterns of interaction, grouped into 10 interaction modes (5 synergistic, 
5 antagonistic). Our combinatorial analysis pipeline is fully implemented and validated, and can 
be applied to large-scale datasets from any cell type, integrating any pair of physiological or 
pharmacological stimuli.
- Project 3 (INTERCELL). Each type of inflammation is characterized by a specific  
microenvironment and intercellular communication networks that explain and drive the  
physiopathological process. Almost no study has systematically addressed inflammation at the 
global cell network level. Our aim is to reconstruct such networks by focusing on individual  
components (cells, soluble factors, membrane receptors), and by integrating multiple  
components using systems biology and mathematical modeling.
In the future, we plan to translate our basic science discoveries into clinical applications, novel 
biomarkers and immunomodulatory therapies, and implement a “network-based medicine”. 
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Objectives

• Which are the cellular and molecular components and pathways in human breast and head and neck cancer?
• How dendritic cell priming affects T cell response in cancer?
• How immune cells integrate multiple signals in the complex tumor microenvironment? 
• How are intercellular communication networks deregulated in cancer?
• How networks and multivariate signatures can be used to guide treatment and prognostic stratification of cancer 

patients? 

Contact
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Tools

• Human experimental and ex	vivo systems: primary cells and tissues in health and disease,
• Multiparametric and integrative analysis of the human tumor microenvironment,
• Computational biology of signal integration,
• Clinical and biological dataset integration and biostatistical analysis. 

Result 1 

Breast Cancer Cell-Derived GM-CSF Licenses Regulatory Th2 Induction by Plasmacytoid Predendritic Cells in Aggressive 
Disease Subtypes
• GM-CSF produced by primary breast tumor cells induced the activation of plasmacytoid predendritic cells (pDC), 

a cell type critical to anti-viral immunity,
• pDC that expressed the GM-CSF receptor were increased in breast tumors compared with noninvolved adjacent 

breast tissue,
• Tumor- activated pDC acquired naive CD4+T-cell stimulatory capacity and promoted a regulatory Th2 response, 
• The concomitant increase of GM-CSF and pDC was significantly associated with relatively more aggressive breast 

cancer subtypes.

Tumor microenvironment global analysis (TMEGA)

Ghirelli et al., Cancer Res, 2015



Result 2
Plasmacytoid Predendritic Cell subsets diversity and function

• Activation of human plasmacytoid pre-dendritic cells (pDCs) with a single microbial or cytokine stimulus triggers cell 
diversification into three stable subpopulations:

  - P1-pDCs (PD-L1+CD80-) displayed a plasmacytoid morphology and specialization for IFN production,

 - P3-pDCs (PD-L1-CD80+) adopted a dendritic morphology and adaptive immune functions,

 - P2-pDCs (PD-L1+CD80+) displayed both innate and adaptive functions.

• pDC diversification was independent of cell divisions and of pre-existing heterogeneity within steady state pDC, but 
controlled by a TNF-α auto/paracrine communication loop. 

vassili.soumelis@curie.net
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Innate immune cell diversification in response to a single stimulus 

Alculumbre et al., Nature Immunol, 2017

Result 3
DrugSynergy Optimising drug combination strategies through systems biology

• Combinatorial analysis reveals 82 possible interaction profiles, which 
we biologically and mathematically grouped into five positive and five  
negative interaction modes,

• we applied an original computational workflow to transcriptomics 
data of innate immune cells integrating physiopathological signal  
combinations,

• Up to 9 of the 10 defined modes coexisted in context-dependent  
proportions,

• Each interaction mode was preferentially used in specific biological  
pathways, suggesting a functional role in the adaptation to multiple  
signals.

Cappuccio et al, Nat Commun, 2015
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Perspectives

• To identify new disease entities and propose new disease classifications,
• To develop prognostic stratification based on multidimensional innovative biomarkers,
• To validate systems approaches to optimize drug combinations on a personalized basis,
• To propose an innovative pipeline to guide therapeutic intervention through drug combination, personalized and 

network-based medicine.

Unique selling points

• Fully integrated research pipeline for the global analysis of inflammation in human cancer: from experimental data 
to clinical studies,

• Provide access to a cutting edge cell and tissue analysis platform including dedicated biology pipelines,
• A unique data management environment for large scale and heterogeneous clinico-biological datasets,
• Expertise in complex data analysis combining computational and network modelling methods,
• International leadership in integrative biology of human dendritic cells and T cells; large network of clinical and 

basic research collaborators.



One of the few laboratories actively working on de novo biomarker discovery in key 
human malignancies.

Discovery of cancer biomarkers for diagnosis 
and treatment

Montpellier	Cancer	Research	Center	(IRCM)	-	MONTPELLIER
Inserm	U1194	-	Centre	de	lutte	contre	le	cancer	(Val	D'aurelle)	
University	of	Montpellier

Andrei TURTOI Ph.D.

Selected publications

• Myoferlin regulates cellular lipid metabolism and promotes metastases in triple-negative breast cancer. 
Blomme A, Costanza B, de Tullio P, Thiry M, Van Simaeys G, Boutry S, Doumont G, Di Valentin E, Hirano T, 
Yokobori T, Gofflot S, Peulen O, Bellahcène A, Sherer F, Le Goff C, Cavalier E, Mouithys-Mickalad A, Jouret F, 
Cusumano PG, Lifrange E, Muller RN, Goldman S, Delvenne P, De Pauw E, Nishiyama M, Castronovo V, Turtoi 
A. Oncogene. 2017 Apr;36(15):2116-2130. 

• HDAC7 inhibition resets STAT3 tumorigenic activity in human glioblastoma independently of EGFR and 
PTEN: new opportunities for selected targeted therapies. Peixoto P, Blomme A, Costanza B, Ronca R, Rezzola 
S, Palacios AP, Schoysman L, Boutry S, Goffart N, Peulen O, Maris P, Di Valentin E, Hennequière V, Bianchi E, 
Henry A, Meunier P, Rogister B, Muller RN, Delvenne P, Bellahcène A, Castronovo V, Turtoi A. Oncogene. 2016 
Aug 25;35(34):4481-94.

• Asporin Is a Fibroblast-Derived TGF-β1 Inhibitor and a Tumor Suppressor Associated with Good Prognosis 
in Breast Cancer. Maris P, Blomme A, Palacios AP, Costanza B, Bellahcène A, Bianchi E, Gofflot S, Drion P,  
Trombino GE, Di Valentin E, Cusumano PG, Maweja S, Jerusalem G, Delvenne P, Lifrange E, Castronovo V, 
Turtoi A. PLoS	Med. 2015 Sep 1;12(9):e1001871

• Organized proteomic heterogeneity in colorectal cancer liver metastases and implications for therapies.
Turtoi A, Blomme A, Debois D, Somja J, Delvaux D, Patsos G, Di Valentin E, Peulen O, Mutijima EN, De Pauw E, 
Delvenne P, Detry O, Castronovo V. Hepatology. 2014 Mar;59(3):924-34.

• Myoferlin is a key regulator of EGFR activity in breast cancer. Turtoi A, Blomme A, Bellahcène A, Gilles C, 
Hennequière V, Peixoto P, Bianchi E, Noel A, De Pauw E, Lifrange E, Delvenne P,Castronovo V. Cancer Res. 2013 
Sep 1;73(17):5438-48. 
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Tumor Microenvironment and Resistance to Treatment Lab is a newly created group at IRCM 
(Institute of Cancer Research of Montpellier (IRCM – U1194)) focusing on targeting tumor  
microenvironment of primary and secondary liver tumors. 
We have particular know-how in discovery of new biomarkers that can be used either as  
diagnostic or therapeutic targets. 
To this end we are integrated in the MAbImprove Labex, having access to all other aspects of 
tumor targeting such as antibody engineering, functionalizing and imaging. Current unpublished 
results include biomarker repertoires in colorectal, breast, protate & hepatocellular carcinomas 
along with few selected targets that have been used to raise fully-human functional antibodies 
ready to enter pre-clinical testing.
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Objectives

• Discovery of novel antigens for antibody-based therapeutic targeting,
• Unveiling the molecular crosstalk between cancer cells and microenvironment,
• Developing of novel antibodies for cancer therapy.

Contact
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Tools

• Innovative proteomics methodologies for antigen discovery,
•  A panel of in	vivo models including PDX models,
•  Know-how in experimental pathology.

Subject 1: Accessibilome Technology for Biomarker Discovery

Breast Cancer

Fresh biopsy

Turtoi A et al. Hepatology 2014

Turtoi A and Castronovo V. EP2463658

Maris P, et al., Turtoi A. 
Plos Medicine 2015

Turtoi A et al. J Proteome Res. 2011

Fresh biopsy

Colorectal Cancer Liver Metastasis.
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Discovery of cancer biomarkers for diagnosis and treatment

Subject 2: EXPEL: A Non-Destructive Method for Mining Soluble Biomarkers

3 min !

EXPEL

Secretome

Tissue biopsy (Voxel)

Extraction buffer

Increasing pressure

Decreasing pressure

Proteins

Metabolites

miRNA/DNA

Exosomes

Costanza B and Turtoi A et al. Oncotarget. 2017

Perspectives

• Ongoing studies of biomarker discovery in colorectal cancer and liver metastasis,
• Finalizing the development of new antibodies against novel tumor targets in hepatocellular carcinoma.

Unique selling points

• Know-how in biomarker discovery for antibody development,
• Experience in experimental pathology and animal models,
• Expertise in tumor microenvironment and studies of cancer – Cancer Associated Fibroblasts communication.





We have a long standing and internationally recognized expertise in studying human 
cytotoxic T lymphocytes (CTL) in their fight against cancer and of the study of human 
mast cell biology. 

On the fight between cytotoxic T lymphocytes 
and cancer cells at the immunological synapse

Toulouse	Purpan	Pathophysiology	Center	-	TOULOUSE
Inserm	U1043	-	CNRS	UMR	5282
University	of	Toulouse	III	Paul	Sabatier	

Salvatore VALITUTTI M.D.

Selected publications

• IL-33 fine-tunes mast cell degranulation and chemokine production at the single cell level. Joulia R, L'Faqihi 
FE, Valitutti S, Espinosa E. J	Allergy	Clin	Immunol. 2017 Aug;140(2),497-209. 

• Melanoma cell lysosome secretory burst neutralizes the CTL-mediated cytotoxicity at the lytic synapse. 
Khazen R, Müller S, Gaudenzio N, Espinosa E, Puissegur MP, Valitutti S. Nat	Comm.	2016 Mar 4;7:10823. 

• Individual human cytotoxic T lymphocytes exhibit intraclonal heterogeneity during sustained killing. 
Vasconcelos Z, Müller S, Guipouy D, Yu W, Christophe C, Gadat S, Valitutti S*, Dupré L*. Cell	Rep. 2015 Jun 
9;11(9):1474-85. *Co-senior authors. 

• Mast cells form antibody-dependent degranulatory synapse for dedicated secretion and defence. Joulia R, 
Gaudenzio N, Rodrigues M, Lopez J, Blanchard N, Valitutti S*, Espinosa E*. Nat	Comm. 2015 Jan 28;6:6174. 
*Co-senior authors. 

• Human mast cells drive memory CD4+ T cells towards an inflammatory IL-22+ phenotype. Gaudenzio N, 
Laurent C, Valitutti S*, Espinosa E*. *Co-senior authors. J	Allergy	Clin	Immunol. 2013 May;131(5):1400-7.e11.

• An initial and rapid step of lytic granule secretion precedes microtubule organizing center polarization at 
the CTL/target cell synapse. Bertrand F , Müller S, Roh KH, Laurent C, Dupré L, Valitutti S. Proc	Natl	Acad	Sci	
U	S	A. 2013 Apr 9;110(15):6073-8. 
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Scientific expertise
CD8+ CTL are at the heart of current strategies to fight cancer, it is therefore of vital importance to 
better understand their biology. We have an outstanding expertise in the study of the fight between 
human CTL and cancer cells at the lytic synapse. In addition, we have a successful line of research on 
human mast cell biology and on their functional interaction with T lymphocytes. Our team is in the 
uncommon position of being able to study functional crosstalk between mast cells and CTL in their 
fight against cancer.  
Major data 
By focusing on the CTL side of the lytic synapse we: i) demonstrated that CTL can extremely rapidly kill 
target cells via a centrosome-independent secretion of lytic granules (1); ii) revealed the extreme effi-
cacy and heterogeneity of individual CTL responses and showed that a few CTL acquire “super killer” 
function upon long-term interactions with target cells (2). By focusing on the tumor target cell side of 
the lytic synapse we: iii) identified a novel “synaptic” mechanism of melanoma cell resistance to CTL 
attack based on a lysosome secretory burst leading to perforin degradation (3).
We i) described the “degranulatory synapses” of mast cells: specialized signaling area for dedica-
ted secretion of mast cell granules towards Ig-opsonized cells (4); ii) showed that the alarmin IL-33  
fine-tunes mast cell degranulation and chemokine production at the single-cell level (5); iii) showed 
that mast cells drive human CD4+ T cells towards a pro-inflammatory phenotype (6).
Perspectives
Our general objective for the coming years is to deepen the dissection of the molecular key events 
taking place at the lytic synapse to shed new light on the fundamental aspects of CTL efficacy when 
facing tumor cells and on the molecular mechanisms by which tumor cells “speak back” to CTL at 
the lytic synapse. Moreover, we will profit from our expertise in monitoring human CTL/target cell 
confrontation to develop innovative metrics of CTL function and/or failure in cancer patients. We will 
investigate the role played by mast cells in the tumor microenvironment and how these cells influence 
CTL biological function in the context of anti-tumor defense.
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Objectives

1/ Define molecular events influencing the outcome ot the "CTL/tumor 
cell fight":

a) Investigate mechanisms leading to super-killing activity of CTL,
b) Unveil possible tumor cell “Achilles’ heels” to human CTL attack.

2/ Multidimensional phenotypic analysis of CTL function in cancer  
patients to establish new prognostic signatures,

3/ Decipher human mast cell/CTL functional crosstalk.

Tools

• Multicolor/Image Flow Cytometry,
• Ultra-rapid time-lapse microscopy,
• Super-resolution microcopy, 
• Multidimensional analysis of  complex data,
• Multiplexed tissue staining,
• Multiplexed immune cell functional assays,

• Segmentation and non-subjective automated image analysis.

Contact
salvatore.valitutti@inserm.fr

On the fight between cytotoxic T lymphocytes and cancer cells 
at the immunological synapse

Salvatore VALITUTTI
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Result 1a 

Molecular events influencing the outcome of the “CTL/tumor cell fight”

• Heterogeneity in CTL cytotoxic function with  
appearance of “super-killer” cells after prolonged  
interaction with target cells,

• Heterogeneity in lytic molecule distribution during cell 
division.

Z. Vasconcelos et al., Cell Rep 2015
R. Jugele et al., Manuscript in preparation

Measurement of lytic molecule uneven repartition
during CD8+ T cell division 

using ImageStream®X Mark II 

Mechanisms promoting cytotoxic 
function during CTL division 



Result 1b 
Molecular events influencing the outcome of the "CTL/tumor cell fight"

salvatore.valitutti@inserm.fr

Salvatore VALITUTTI
Contact
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Result 2

Multidimensional phenotypic analysis of CTL function in cancer  
patients to predict disease progression
• Chronic Lymphocytic leukemia (CLL) as tumor model to investigate 

CD8+ T cell phenotypic signatures in fresh whole blood samples 
using multi-color flow cytometry,

• Single scale CD8+ T cell marker expression analysis reveals the  
necessity of using dimensionality reduction techniques,

• Random Forest algorithm reveals the phenotypic signature of CD8+ 
T cell compartment that predicts need for therapy,

• The “need for therapy” CD8+ T cell signature allows to establish 
scores of patients according to their clinical evolution.

• Melanoma cells exhibit lysosome secretory burst upon CTL attack,
• Degradation of perforin by lysosomal cathepsins,
• Inhibition of lysosome secretion/function limits melanoma cell 

resistance to CTL attack.

Result 3

Mast cell prostaglandin E2 and D2 drive T helper cells towards  
inflammatory phenotypes
• Human mast cells serve as APC for memory/effector CD4+ TH cells 

and induce cytokine production by TH cells,
• TH cell cytokines induce mast cells to produce lipid mediators such 

as PGE2, PGD2,15d-PGJ2, PGA1, TXA2,
• PGE2 and PGD2 polarize TH cells towards TH17 and TH22 subsets.

TUMOR CELL SIDE

 R. Khazen et al., Nat Comm. 2016  

Melanoma 
cell

CTL

CTL

CTL

Melanoma
cell

With Antigen

Lytic granules  
Lysosomes

Unveil possible tumor cell  “Achilles’ heels”
to human CTL attack

No Antigen

P. Gonnord et al., manuscript in preparation

N. Gaudenzio et al., J. Allergy and Clin Immunol, 2013
R. Joulia et al., Manuscript in preparation % of TH cells positive for indicated cytokines 

following interaction with mast cells
in the presence or absence of indometacin

(prostaglandin biosynthesis inhibitor) 
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Perspectives

1/ Mechanisms promoting cytotoxic function during CTL division unveil possible tumor cell “Achilles’ heels” to  
human CTL attack 
• Identify mechanisms to potentiate CTL lytic potential,
• Define the molecular mechanism of melanoma cell defense at the lytic synapse,  
• Are mechanisms of synaptic defense shared by other tumors?
• Selectively inhibit tumor cell defense at the synapse without affecting CTL.

2/ Multidimensional analysis of CTL function in cancer patients
• Extend the multidimensional functional phenotype analysis we developed for CLL to CD8+ T cells infiltrating solid 

tumors,
• Adapt this multidimensional analysis to functional, morphological and 3-D localization data obtained from  

multiplexed immunofluorescence staining of cancer biopsies for more accurate prognostic prediction,
• Explore the possibility that phenotypic signatures of circulating CD8+ T cells might be predictive of disease  

progression in patients affected by solid tumors.  

3/ Decipher human mast cell/CTL functional crosstalk
• Do mast cell degranulation/mediators affect CTL-mediated tumor cytotoxicity?
• Can mast cells be engineered to become killer cells and be used against tumors?
• What is the role of mast cell infiltration and activation in the tumor microenvironment in terms of prognostic and 

of anti-tumoral effects?

• Are mast cells “tamed” by the tumor microenvironment?

Unique selling points

• More than 25 years long expertise in human immunology,
• Recognized skills in generating antigen specific CTL and in investigating their function using a combination of  

cutting-edge imaging techniques,
• Expertise in deciphering how tumor cells “speak back” at the lytic synapse,
• Established collaboration with mathematicians at the Institute of Mathematics of Toulouse to analyze and model 

complex phenotypic data,
• Established collaboration with the Imag’IN core facility at the Dpt. of Pathology, IUCT for multiplexed immuno-

fluorescence staining of formalin-fixed, paraffin-embedded tissue specimens and for image segmentation and non 
subjective analysis, 

• Outstanding expertise in human mast cell biology and in their communication with T lymphocytes at the  
immunological synapse,

• We are the only ones able to study functional crosstalk between human mast cells and CTL in their fight against 
cancer. 



Targeting Innate Lymphoid Cells in the development of next generation immuno- 
oncology strategies.

Next generation Immunotherapy : 
targeting innate lymphoid cells

Immunology	Research	Center	-	Marseille	-	Luminy	(CIML)	-	MARSEILLE
Inserm	U1104	-	CNRS	UMR	7280-	Assistance	Publique	Hopitaux	de	Marseille
Aix	Marseille	University

Eric VIVIER M.D., Ph.D.
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KEYWORDS

• Innate immunity
• Natural killer cells
• Innate lymphoid 

cells
• Checkpoint inhibitors
• Inhibitory receptors
• Monoclonal  

antibodies

Recent discoveries have shed new light on the role of the immune system in advanced-stage 
cancer. 
Various types of immune cells may be targeted for therapeutic purposes, in particular using 
engineered monoclonal antibodies. 
The immune effectors suitable for clinical manipulation include natural killer (NK) cells. NK cells 
are cytolytic Innate Lymphoid Cells (ILCs) which are tightly regulated by an array of inhibitory and 
activating receptors, enabling them to kill tumor cells while sparing normal cells. 
New therapeutic antibodies blocking the interactions of inhibitory receptors (immune  
checkpoint inhibitors) with their ligands have been developed and can potentiate NK cell  
functions	in	vivo. 
In addition, targeting the tumor micro-environment or the tumor cells directly provide additional 
possibilities, that can be used in combination. 
We will review the recent advances in the biology of ILCs at the tumor bed and in cancer treatments.
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Objectives

• Dissecting the biology of Innate Lymphoid Cells,
• Targeting ILCs in the development of next generation immuno-oncology strategies.

Tools

• Analyses of ILC infiltrates in human tumors,
• Cellular tests for functional approach (human & murine),
• mAb development (naked and ADC, multispecific Ab),
• Pre-clinical mouse models.

Contact
vivier@ciml.univ-mrs.fr

Next generation Immunotherapy : 
targeting innate lymphoid cells

Eric Vivier
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Ebbo et al. Nature Reviews Immunology, 2017



Results
• NK Cell Engagers (NKCEs) bring tumor cells and NK 

cells together and trigger NK cell degranulation and 
tumor cell destruction,

• NKCEs cytotoxic potential has been validated for 
many different tumor antigens,

• NKCEs showed killing potency superior to ADCC 
enhanced antibodies both in	vitro and in	vivo,

• Depending on molecular format option, NKCEs have 
the potential to target two different antigens on 
cancers cells and up to three activating receptors 
on NK cells.

vivier@ciml.univ-mrs.fr

Eric VIVIER
Contact
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Next generation Immunotherapy : 
targeting innate lymphoid cells

Multispecific antibody technology engaging nk cells in oncology

Multispecific antibody technology for engaging
NK cells to kill tumor cells through activating
receptors selectively expressed on NK cells

Innate lymphoid cells: 
dual roles in the control of inflammation and in inflammatory diseases

Results
• ILCs are involved in both inflammatory disorders and 

immunological repair and homeostasis functions,
• The role of ILCs in protective immunity appears to 

be redundant in the presence of a functional T-cell 
compartment in conditions of modern hygiene and 
medicine,

• Targeting ILCs using antibodies might be an effective 
therapeutic strategy to fight against excessive and 
detrimental inflammation in various conditions, 

• Naked Ab or ADC could be used to target cell surface 
receptors preferentially expressed on ILC subset.

Ebbo et al., Nature Reviews Immunology, 2017
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Perspectives

• To develop next generation of IO strategies combining the targeting of tumor associated antigens, of tumor  
micro-environment and of NK cell checkpoints via multispecific antibodies and antibody-drug conjugates.

Unique selling points

• Expert in Innate Lymphoid Cells,
• Dissection of NK cell activation leading to the development of novel immune checkpoint inhibitor in cancer 

immunotherapy, notably mAbs currently under clinical trials,
• Close association with clinicians and industrials partners,
• Co-founder of Innate Pharma,
• Coordinator of Marseille Immunopole,
• Advanced ERC grant laureate (2011 & 2016).

NK cell checkpoints
(NKCP)

Tumor targeting
(TAg)

Tumor microenvironment
(TME)
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