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How can we restore immunity in cancer patients  

• Block tolerance and restore/induce immunity 

• With what tools can we make it  

– Monoclonal antibodies targeting antigens but also targeting the IS 
itself 

– Conventional treatment (Chemotherapy/radiotherapy) 

– Targeted therapy 

– Vaccines 

– Cytokines 
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Are conventional treatements immunogenic ?  
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Immunostimulatory effects of  conventional anti-cancer therapies 

• Lymphopenia and homeostatic T cells proliferation (Dummer W et al, JCI, 2002) 

 

• Selective elimination of  immunosuppressive populations : Treg, MDSC (Lutsiak, ME et al, Blood, 2005) 

 

• ↑ recognition of  tumor cells by immune effectors  (Reits EA et al, JEM, 2006) 

 

•  Direct activation of  effector immune cells (Tanaka H, Cancer Res, 2009; Rusakiewicz S; Nat med 2011; 
Balachandran, Nature Med, 2011) 

 

• ↑T cell infiltration in the tumor bed (Matsumura S, JI, 2008) 

 

• Immunogenicity of  tumor cell death (Nowak AK, J Immunol, 2003; Casares N, JEM, 2005; Obeid 
Nature Med 2007; Apetoh Nature Med 2007; Ghiringhelli Nature Med 2009) 



IMPAKT Breast Cancer Conference 2014 

 

Endogenous danger signals that can lead to activation of  innate immunity 

HMGB1, HSP      ↔  TLR-2, -4          

DNA      ↔     TLR-9     

RNA      ↔  TLR-3     

ATP, uric acid     ↔    NLRP3     

SAP130      ↔  CLEC4A  

Endogenous danger signals 

Damage associated molecular pattern 
 

PRR 

Dying cell Innate immunity 

+ 

From Chen GY, Nat Rev Immunol, 2010 
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Oxaliplatin, anthracyclins, Radiotherapy 

Living tumor cell 

Can conventional anticancer treatments lead to immunogenic cell death? 

IFNg 

LT CD8+ 

gdLT 

NK 

IMMUNOGENIC SIGNALS ? 
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It has been an ongoing conundrum to find which particular biochemical  

or metabolic alterations could be used to distinguish between 

immunogenic and nonimmunogenic cell death1,2. Physiological cell 

death, which occurs as a continuous byproduct of cellular turnover, 

is nonimmunogenic (or even tolerogenic). Avoidance of autoimmu-

nity likewise results from the fact that physiological cell death fails 

to activate pattern recognition receptors, including Toll-like recep-

tors (TLRs) and NOD-like receptors (NLRs) that recognize patho-

gen and/or damage molecular patterns and activate innate immune 

effectors3–9. In contrast, cell death elicited by radiotherapy and some 

chemotherapeutic agents such as anthracyclines and oxaliplatin elicits 

an immune response required for the therapeutic success10,11.

To mount a T cell immune response, DCs must incorporate anti-

gens from stressed or dying cells, acquire the competence of antigen 

processing in a maturation step and present antigenic peptides bound 

to major histocompatibility complex (MHC) molecules in the context 

of co-stimulatory signals and cytokines that allow for the differentiation 

of specific T cells12. One of the peculiarities of immunogenic cell 

death is early, preapoptotic exposure of calreticulin on the plasma 

membrane, which facilitates the uptake of dying cells by DCs13. A 

second characteristic of immunogenic cell death is the release of high 

mobility group box-1 (HMGB1) protein from the nucleus into the 

surroundings of dying cells14. HMGB1 acts on TLR4 on DCs, and this 

interaction stimulates the processing of tumor antigens from dying 

cells15. However, addition of recombinant calreticulin or HMGB1  

to live cancer cells is not sufficient to elicit the presentation of tumor 

antigens by DCs16, implying that additional, yet-to-be-identified  

signals must be exchanged between dying cells and DCs.

In macrophages, the so-called inflammasome serves as a central sen-

sor for pathogen and/or damage molecular patterns17–19. In response 

to danger signals, NLRP3 (also called NALP3 or cryopyrin) interacts 

with the adaptor molecule apoptosis-associated speck-like protein 

Activation of the NLRP3 inflammasome in dendritic  
cells induces IL-1 –dependent adaptive immunity  
against tumors

François Ghiringhelli1–4,18, Lionel Apetoh1,2,5,6,18, Antoine Tesniere2,5,7,18, Laetitia Aymeric1,2,5,18, Yuting Ma1,2,5, 

Carla Ortiz1,2,5,8, Karim Vermaelen1,2,5,9, Theocharis Panaretakis2,5,7, Grégoire Mignot1–4, Evelyn Ullrich1,2,5, 

Jean-Luc Perfettini2,5,7, Frédéric Schlemmer2,5,7, Ezgi Tasdemir2,5,7, Martin Uhl10, Pierre Génin11, Ahmet Civas11, 

Bernhard Ryffel12, Jean Kanellopoulos13, Jürg Tschopp14, Fabrice André1,2,5, Rosette Lidereau15,  

Nicole M McLaughlin16, Nicole M Haynes16, Mark J Smyth16,18, Guido Kroemer2,5,7,18 & Laurence Zitvogel1,2,5,17,18

The therapeutic efficacy of anticancer chemotherapies may depend on dendritic cells (DCs), which present antigens from dying 

cancer cells to prime tumor-specific interferon-  (IFN- )–producing T lymphocytes. Here we show that dying tumor cells release 

ATP, which then acts on P2X7 purinergic receptors from DCs and triggers the NOD-like receptor family, pyrin domain containing-3 

protein (NLRP3)-dependent caspase-1 activation complex (‘inflammasome’), allowing for the secretion of interleukin-1  (IL-1 ). 

The priming of IFN- –producing CD8+ T cells by dying tumor cells fails in the absence of a functional IL-1 receptor 1 and in 

Nlpr3-deficient (Nlrp3–/–) or caspase-1–deficient (Casp-1–/–) mice unless exogenous IL-1  is provided. Accordingly, anticancer 

chemotherapy turned out to be inefficient against tumors established in purinergic receptor P2rx7–/–or Nlrp3–/–or Casp1–/–hosts. 

Anthracycline-treated individuals with breast cancer carrying a loss-of-function allele of P2RX7 developed metastatic disease 

more rapidly than individuals bearing the normal allele. These results indicate that the NLRP3 inflammasome links the innate 

and adaptive immune responses against dying tumor cells.

1Institut National de la Santé et de la Recherche Médicale (INSERM), U805, Villejuif, France. 2Institut Gustave Roussy, Villejuif, France. 3AVENIR team INSERM 

CRI-866, Dijon, France. 4Centre Georges Francois Leclerc, Dijon, France. 5Université Paris-Sud, Villejuif, France. 6Center for Neurological Diseases, Brigham and 

Women’s Hospital, Harvard Medical School, Boston, Massachusetts, USA. 7INSERM, U848, Villejuif, France. 8Universidad de Chile, Facultad de Ciencias Químicas 

Farmacéuticas, Centro FONDAP Estudios Moleculares de la Célula, Santiago, Chile. 9Laboratory of Immunoregulation, Department of Respiratory Medicine, Ghent 

University Hospital, Belgium. 10INSERM, U818, Institut Pasteur, Paris, France. 11UPR 2228-CNRS, Laboratoire de Régulation Transcriptionnelle et Maladies 

Génétiques, Biomédicale des Saints-Pères, Université Paris Descartes, Paris Cedex 06, France. 12UMR6218, IEM, CNRS Transgenose Institute, Orleans, France. 
13UMR8619, CNRS, Université Paris, Orsay, France. 14Department of Biochemistry, University of Lausanne, Epalinges, Switzerland. 15Centre René Huguenin, 

INSERM U735, St. Cloud, France. 16Cancer Immunology Program, Peter MacCallum Cancer Centre, East Melbourne, Victoria, Australia. 17CICBT507,  

Villejuif, France. 18These authors contributed equally to this work. Correspondence should be addressed to L.Z. (zitvogel@igr.fr) or G.K. (kroemer@orange.fr). 
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to activate pattern recognition receptors, including Toll-like recep-

tors (TLRs) and NOD-like receptors (NLRs) that recognize patho-

gen and/or damage molecular patterns and activate innate immune 

effectors3–9. In contrast, cell death elicited by radiotherapy and some 

chemotherapeutic agents such as anthracyclines and oxaliplatin elicits 

an immune response required for the therapeutic success10,11.

To mount a T cell immune response, DCs must incorporate anti-

gens from stressed or dying cells, acquire the competence of antigen 

processing in a maturation step and present antigenic peptides bound 

to major histocompatibility complex (MHC) molecules in the context 

of co-stimulatory signals and cytokines that allow for the differentiation 

of specific T cells12. One of the peculiarities of immunogenic cell 
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The therapeutic efficacy of anticancer chemotherapies may depend on dendritic cells (DCs), which present antigens from dying 

cancer cells to prime tumor-specific interferon-  (IFN- )–producing T lymphocytes. Here we show that dying tumor cells release 
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Taregtting Soluble Factors to diminish immunesupression  

• Anti-VEGF ou VEGFR  Treg & MDSC; diminution of  FAS-L 

• Anti-TGFb/TGFbR 

• Anti-IL10/IL-10R 

• Anti-IL-6 ou IL-6R (Tocilizumab ) 

• IDO inhibitors 
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Targeting immune cells to induce and/or reinvigorate anti-tumor immunity 

• cytokines (non specific) 

– IL-2  

– IFNa  

– TNFα 

– Cytokines that are evaluated (Preclinical and phase I) l’IL-15; l’IL-7; la super-IL-2; la super-IL-15 

• Therapeutic Vaccines (Specific) 

– BCG (ImmuncystTM)  : Non invasive Bladder tumors  

– long peptides : HPV-16 onco-proteins E6 & E7 + incomplete Freund adjuvant (IFA) .   

– Sipuleucel-T (CPA + PSA-GMCSF) HR metastatic prostate cancer 

– CIMAvax-EGF approved Cuba (CBNPC)  leads to anti-EGF Abs  

• Monoclonal antibodies : immune check point blockade (Blockers) 

– Anti-CTLA4 - Ipilimumab (approved  Melanoma) 

– Anti-PD1; anti-PD-L1 (Melanoma; Lung; RCC) 

– Others ?.... Clinical studies are ongoing (anti-LAG; Tim-3; GITR; ) 

• Monoclonal antibodies (agonists; Clinical studies are ongoing) 

– Anti-OX40; anti-4.1BB; ICOS…  

• Trivalent antibodies 

– Catumaxomab targets CD3/Epcam and FcR : Treatment of  malignant ascites  : EpCAM positive 
tumors) 
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How to target T cells ?  
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Anti-CTLA4 and anti-PD1: how it works?  

• CTLA4 

– This system of  peripheral tolerance 
intervenes at the time of  the initiation 
of  the immune response 

– Naïve or memory lymphocytes do not 
express CTLA4 

– The level of  expression of  CTLA4 is 
directly linked to the commitment of  the 
TCR 

– Antigens of  high affinity lead to a strong 
expression of  CTLA4 

– Des antigènes de faible affinité induisent 
peu de CTLA4 

– It allows a sharp regulation of  the 
amplitude of  the immune response 

• PD1 

– This system of  peripheral tolerance 
intervenes on the site of  the 
inflammatory reaction  

– Some inflammatory soluble factors allow 
the up-regulation of  PD-L1 :  

• Decrease the amplitude of  T cell activation  

• Limit collateral damages  

• IFNg induces PD-L1 

– An excessive expression of  PD1 
(PD1high) is associated with T cell anergy 
This excessive expression can be achieve 
during a chronic stimulation (ex : 
chronic infectious diseases (HIV; HCV); 
chronic inflammatory diseases as 
cancer.) 
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immune checkpoint blockade 
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 Response rate : 10-17%  

 20-40% of  Immune Related 

Adverse Effects (irAE)  

 % patient alive at 3 years : 20%  

 

 Cost : 84.000 Euros/patients 

 A real need to find predictive 

marker of  efficacy  

 Association with targeted 

treatment, with other immune 

check-point inhibitors? 

 Association with local radiotherapy 

(MEL-IPI-RX trial)  

 

immune check point blockade anti-CTLA4 
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immune check point blockade anti-CTLA4 : Immune Related Adverse Effects  
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immune check point blockade : anti-PD1 

(melanoma, NSCL, Prostatic, Renal-cell or colorectal cancer patients) 

 Responses were observed in 

 18% of  patients with NSCL,  

 27% renal-cell 

 28% melanoma 
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immune check point blockade  : anti-PDL1 

(NSCL, melanoma, colorectal cancer, Renal-cell, ovarian cancer, pancreatic 

cancer, gastric or breast cancer patients) 
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Combination anti-CTLA4 & Anti-PD1 

20 

Mélanome avancé 

Traitement  

Réponses cliniques 

objectives 

Diminution du cancer de 

plus de 80% 

Survie à 2 ans 

Anti-CTLA4 (1) 

(n=502) 

11% <2% 28% 

Anti-PD1 (2)  

(n=135) 

38% <3% 43% 

Anti-CTLA4 + Anti-PD1 (3) 

(n=70) 

40% 31% 70% 

(1) Robert et al NEJM 2012 

(2) Hamid O et al. NEJM 2013 

(3) Volchok et al. ASCO 2013 

However high rate of  IRAE (>50% grade III/IV)  A real need to find combo-

therapy with a good tolerance profile 
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Immune checkpoint blockers : A revolution for cancer treatment ?   

21 

 immunotherapy is not any more a myth 

 These therapeutic approaches are rapidly growing and show impressive clinical 
results 

 L’anti-CTLA4 (ipilimumab) approved in France in 2013 

 

 However 

– Better understand mechanisms of  action 

– Better understand the mechanisms that lead to IRAE (inflammatory diseases) 
to be able to anticipate and manage these IREA  

 

Increase even more the survival of  the patients 

– Predictive biomarkers of  Toxicity  Better clinical management of  IREA 

– Predictive biomarkers of  response/resistance  better selection 

– Compensate for the patients with a failing immune system  

– Find effective combo-therapy 

 Increase number of  patients being able to benefit from these treatments 
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What about Breast cancer and immunotherapy 

Innate Immunity  

• MDSC are increased in BC  Could be targeted with IDO inhibitors (Yu JI 

2014)  

• Plasmocytoide dendritic cell (pDC) and BC (Sisirak IJC 2013; Faget CR 2012; Sisirak CR 

2012; Treilleux Clinical CR 2004) 

– associated with amplification of  Treg cells  linked to poor prognosis (Role of  
ICOS/ICOSL axis and IL-10)  

– Restoration of  IFNa secreted by pDC  could restore an effective immunity (use TLR-7 
agonist Resiquimode)   

• NK cells might play a role in human breast cancer (Mamessier CR 2011; Mamessier JCI 

2011) 

– BC seems to escape from NK cell immunity 

 



IMPAKT Breast Cancer Conference 2014 

 

What about Breast cancer and immunotherapy  

Adaptive Immunity 

• Effector T cell infiltration and BC (Loi, JCO 2013; Dieci, Annal Oncol 2014; Ladoire J. Pathol 2011) 

– Effector T cell infiltration  is associated with good prognosis in human breast cancer  

– Effector/Treg ratio, after NACT, is associated with a better prognosis in human breast cancer  

– High T cell infiltration after NACT is associated with a better prognosis in triple negative BC 

– TIL increased after NACT in triple negative BC 

– Doxorubicin could enhance T cell infiltration and immunogenicity of  tumor cells (Immunogenic cell death  
Role of  TLR4 in BC patients to be validated in prospective cohorts) (Apetoh, Nat Med 2009) 

• PD-1 /PD-L1 and BC 
– PD-1-positive tumor-infiltrating lymphocytes is associated with poor prognosis in human breast cancer 

(Muenst; BCRT 2013) 

– PD-L1 expression is increased in tumors that have a higher proliferation index as measured by Ki-67. These 
observations suggest that the PD-L1/PD-1 pathway may be more important in certain breast cancer subtypes 
like triple negative breast cancers which have a higher proliferation rate, higher grade, and have a high 
lymphocytic response while in low grade tumors these molecules may play a role in the later stages contributing 
to their invasiveness (Ghebeh et al., 2007) 

– 20% triple negative breast cancers PD-L1+ (Mittendorf; CIR 2014) 

– Doxorubicin (but not docetaxel) could diminish surface expression of  PD-L1 (Ghebeh ; 2010)…Implication 
for PD1/PD-L1 treatment?  
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There is a place for immunotherapy for the treatment 

of  patients with BC 
 

We must define which BC subtype 

Triple negative BC should be a good target (highly infiltrated by T cells; 

express immune checkpoint ligands (PD-L1 and others as B7-H3) 

 

Innate immunity as NK cells (good guys) or pDC/MDSC (bad Guys) could 

help for future immunomodulation approaches (RLI (super-IL-15) ; IDO 

inhibitors; TLR agonists…) 
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Thank you for your attention 
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Can the Immune System (IS) recognize the 
tumor ? 

• HUMAN Evidences de l’existence de l’immunité anti-tumorale

         Chez l’homme :

Les tumeurs sont souvent infiltrées par des lymphocytes B, T, cellules

NK et cellules présentatrices de l’antigènes (APC)

Dans les ganglions drainant les tumeurs, on retrouve souvent des

lymphocytes activés

La présence d’un infiltrat lymphocytaire dans certains types de

mélanome et cancer du sein est un critère pronostique favorable

Les syndromes (dégénératifs neurologiques) paranéoplasiques (PND)

se développent chez certains patients atteints de cancer. Ils sont

provoqués par une réponse immunitaire anti-tumorale efficace dirigée

contre des antigènes neuronaux exprimés aussi par les cellules

cancéreuses qui ensuite se développent en maladie neuro-

dégénérative autoimmune

Infiltrat lymphocytaire

dans le cancer de l’ovaire

Zhang L et al.  The NEJM. 2003 

Pagès et al, N EJM,  2005 
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immune check point blockade 
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The Tumor IS NOT ignored by the IS 

• Targeting the IS 

• Which targets ? 

– Tumor (Antigens; mutations…) 

– Soluble factors (VEGF; IL-10; TGFb…) 

– Immune cells (T cells; NK cells; Myeloid cells…) 

 


