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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) 



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 



Oxaliplatin, anthracyclins, Radiotherapy 

Living tumor cell 

Can conventional anticancer treatments lead to immunogenic cell death? 
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IMMUNOGENIC SIGNALS ? 
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Molecular events leading to immunogenic cell death 



Apetoh, Nat Med 2007 

1170 VOLUME 15 |  NUMBER 10 |  OCTOBER 2009 NATURE M EDICINE

A RTI C LES

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, 
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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 

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.
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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-
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mobility group box-1 (HMGB1) protein from the nucleus into the 
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Temozolomide and sorafenib combination in 

advanced melanoma patients 

Schema of IGR Phase II Trial: Dr Caroline ROBERT, 2006-2009 

European Union Drug Regulating Authorities clinical trial EudraCT 2007-000527-18  



    Patients characteristics 

 



Accumulation of a CD4+ NKG2D+T cell subset in MM 

patients… 

 

	

	

These cells are correlated with OS 

after two cycle of treatment 

 

 

 

Only patients with OS > median 

survival had an augmentation in the 

proportion of CD4+NKG2D+ T after 

treatment. 



CD4+ NKG2D+ T cells produce Th1 cytokines after 

stimulation through in synergy with 

triggering. 

 

		



Sorafenib-induced IL-15Ra expression in the tumor 

	

	



Sorafenib–induced shedding of MICA/B leading to 

accumulation of sMIC in these MM  

PD 

OR or > 3 Mo SD 



Putative scenario during MM treatment by Sorafenib 

& Temozolomide  

Tumor cell 

Temozolomide induces 

lymphopenia 

Lymph 

NKG2D 
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ADAM9/ADAM17 

IL-15Ra/IL-15 



Anti-cancer treatments : A new point of view 

Therapy 
Tumor cell 

death 
Therapeutic 

success 

Therapy 
Immunogenic 

cell death 

Response to 
immunogenic 

signals 

Tumor 
infiltration by 

immune 
effectors 

Therapeutic 
success 

Therapy 
Direct 

stimulation 
of the IS 

Induction of 
potent 

immunity 

Tumor 
infiltration by 

immune 
effectors 

Therapeutic 
success 

A better comprehension of these mechanisms should help to 

determine which treatment should be combine with immunoregulators 

and to select groups of patients that could benefit from this 

chemo/immuno-approaches.   



Caroline Robert 

Sylvie Rusakiewicz 

Kariman Chaba 

Ana Romero Nathalie Chaput 

Sophie Caillat Zücman 
St Vincent de Paul 

 

Antoine Toubert 
Saint Louis 

Laurence ZItvogel 

Vichnou Poirier-Colame 



Immunohistochemistry stainings of melanoma: No significant modulation of T cell infiltrates 
nor NKG2DL expression with the combo therapy. 

Table 1. Immunohistochemistry stainings of melanoma with different antibodies

CD3 CD4 CD8 MICA/B CD3 CD4 CD8 MICA/B

Nr. 1 SD ++ +/- ++ ++ ++ + ++ +

Nr. 2 SD - - - ++ - - - +

Nr. 3 SD ++ + + + ++ + + +

Nr. 4 NR + - + + + - - +

Nr. 5 NR + - - + + - - +

Nr. 6 NR + - - ++ + - - ++

Nr. 7 NR + - ++ + ++ - ++ +

Nr. 8 NR + - ++ ++ + - + ++

After therapyBefore therapy

Clinical 
response



Can drugs in melanoma treatment lead to immunity? 


