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Tumors as targets of immune system (lymphocytes) 

“Cancer Immunosurveilence” 

- Spontaneous Tumor Development in Immunodeficient mice - 

T cell, B cell deficient mice 

(0, 6, 6/12) 

T cell, B cell, NKT cell deficient mice 

Insensitive to IFN-r 

(0, 2, 9/11) 

Immunocompetent mice 

(9, 2, 0/11) 

(Nature 2001,410(6832):1107-11) 



How does immune system  

recognize tumors (tumor antigens) 

 and eliminate tumors? 
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Immune Response to tumor antigens 
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Immune Response to tumor antigens 

Activation of endogenous anti-tumor immune cells 

Cancer Vaccines 



Concepts of Cancer Vaccines 

1. Tumor-specific antigen : 

2. Adjuvants 

Dendritic cell 

Tumor-specific T cell 

3. Dendritic cells 

Tumor cells 

Recombinant 

virus 

Peptides (tumor-specific) 

Tumor cells,  

Tumor cell lysates 

Incomplete Freunds’ Adjuvant 

Virus 

Cytokines (GM-CSF) 

Pulsed with peptides or tumor lysates 

Peptides 



Nature Medicine 2004,10(9):909-915 

Poor Clinical Outcome 

from Various vaccine 

studies 



Low Efficacy of Sipuleucel-T (Provenge) 
-The only FDA-approved Cancer Vaccine (2010)- 

- Castration-Resistant Prostate Cancer 

- Autologous PBMC + prostatic acid phosphatase(PAP)-GMCSF fusion protein 

- 4.1-month improvement in median survival  

(25.8 months in the sipuleucel-T group vs. 21.7 months in the placebo group) 

- The 36-month survival probability was 31.7% in the sipuleucel-T group versus 23.0% 

in the placebo group 

N Engl J Med 2010;363:411-22 
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Cancer Vaccines 



Annu. Rev. Immunol. 2007. 25:267–96 

Mechanisms of Tumor-induced Immunosuppression 
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Mechanisms of Tumor-induced Immunosuppression 

Immunosuppressive 

 cytokines 
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Mechanisms of Tumor-induced Immunosuppression 

Recruitment of  

immunosuppressive cells 

Immunosuppressive 

 cytokines 



Annu. Rev. Immunol. 2007. 25:267–96 

Mechanisms of Tumor-induced Immunosuppression 

Recruitment of  

immunosuppressive cells 

Ligation of 

Inhibitory receptors on T cells 

Immunosuppressive 

 cytokines 



CTLA4 

- Inhibitory receptor on T cell surface 

- induced by T cell activation 

- Ligand : B7.1 and B7.2 on antigen presenting cells 

- Inhibits of T cell activation by competitive binding with CD28 for B7 (100 times better affinity) 

  on APC and direct intracellular inhibitory signals mediated by the CTLA4 cytoplasmic tail 

- CTLA4(-/-) mice shows severe lymphoproliferative diseases 

- anti-CTLA4 blocking antibody treatment can enhance anti-tumor immunity 

(J Clin Oncol , 2008) 



Anti-CTLA4 antibody (Ipilimumab) has been recently approved by FDA 

for treatment of metastatic melanoma (2011) 

Anti-CTLA4 antibody can increase therapeutic efficacy 

when combined with dacarbazine for metastatic melanoma 

- Phase III clinical trial -  

(N Engl J Med 2011;364:2517-26.) 

(PNAS 2003 100(14):8372-7) 



PD-1 

- Inhibitory receptor on T cell surface 

- Induced by T cell activation 

- Ligand : PD-L1(T cell, B cell, macrophage, dendritic cell, nonlymphoid cells ; 

                              heart endothelial cells, muscle cell, pacreatic beta cells) 

                  PD-L2(activated macrophages and dendritic cells) 

- Inhibition of T cell activation through recruiting SHP-2 by their ITSM motif. 

- Increased expression of PD-L1 on various cancer tissues 

- Spontaneous autoimmunity in PD-1 KO mice 

- Increased tumor rejection in PD-1 KO mice 

- Increased tumor rejection upon anti-PD-L1 antibody treatment 

PD-L1 

PD-1 

CTL 

Tumor cell 





Expert Opin. Ther. Targets (2014) 18(12):1407-1420 
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Immunosuppression 
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Activation of endogenous anti-tumor immune cells 

Cancer Vaccines 

Supplying  

more effector T cells 

(Adoptive T cell therapy)  

Inhibition of 

Immunosuppression 



First generation T cell therapy 

First Report (1964) : 

The transfer of immune lymphocytes could inhibit growth of a 

carcinogen-induced rat sarcoma 

Discovery of IL-2 as a T cell growth factor (1982) : 
 Cytokine drug to enhance T cell reactivity: “Proleukin” for metastatic 

renal cell carcinoma and metastatic melenoma 

   “Vascular leak syndrome” 

Lymphokine-activated killer cells (LAK cells) (1984-85) : 
-Tumor-sensitized lymphocytes grown in IL-2 media can cure established 

syngenic tumor in mouse models. 

-Human PBMCs grown in IL-2 show tumor-lytic activity 

Tumor-infiltrating lymphocytes (TIL cells) (1986) : 
-Lymphocytes isolated from tumor tissue were expanded in vitro in the 

presence of IL-2 



First generation T cell therapy 

- Lack of antigen-specificity 

 

- Mixed population 

 

- Low therapeutic efficacy 

Another disappointment on 

Immunotherapy ! 



Second generation T cell therapy (2002) 

Isolation of Tumor-antigen-specific autologous T cells 

Expansion in vitro 

Lymphodepletion  

Nat Rev Imm(2006)6:383 



Eighteen (51%) of 35 treated patients experienced objective clinical responses including three 

ongoing complete responses and 15 partial responses with a mean duration of 11.5±2.2 months. 



-  Difficulty in expanding a large 

number of tumor-specific T 

cells out of a small number 

from tumor tissue or 

peripheral blood 

 

-  A long culture period of cell 

expansion required (>1mo) 

Limitations of obtaining  

tumor antigen-specific T cells 



Third generation T cell therapy 

Genetic modification of peripheral blood polyclonal T cells to provide 

tumor-antigen specificity 

“Genetically-engineered T cell therapy” 

Tumor-antigen-specific  

T Cell Receptor (TCR) gene 

Chimeric Antigen Receptor (CAR) 

(T-body) 

J. Clin. Invest. 117:1466–1476 (2007) 



Published online 31 August 2006; 10.1126/science.1129003 

Rapid generation of tumor-specific T cells in a short-time period (<2wks) 

TCR-transduced T cell therapy for metastatic melanoma 



Examples of Clinical trials using CAR-transduced T cells 

(Blood. 2010;116(7):1035-1044) 



N Engl J Med 2011;365:725-33 



Results of phase I clinical trials  

using anti-CD19 CAR-transduced T cells  

targeting CD19(+) B cell lymphomas 



Current Enthusiasm on Cancer Immunotherapy 

Anti-PD1/PD-L1 antibody 

Anti-CD19 CAR T cell therapy 
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Future Directions of Immunotherapy 

Combination therapy 

Combination with immune-stimulating chemotherapy 
- Vemurafenib (BRAFV600E), Bevacizumab (VEGF), Sunitinib… 

 

Combination between immunotherapies 
- Ipilimumab + Nivolumab 

 

Combination with viral gene therapy 
- Oncolytic virus + GM-CSF (T-vec, Pera-vec) 



Thank you for your attention! 





FEBS Lett. 2014 Jan 21;588(2):368-76 





Re-arming tumor-responsive T cells  

Re-awakening endogenous tumor-specific T cells 

- Cancer vaccines  

Supplying tumor-specific T cells from outside 

- Adoptive T Cell Transfer Therapy (ACT) 





Second generation T cell therapy 

Nat Rev Imm(2006)6:383 



Third generation T cell therapy 

Genetic modification of peripheral blood polyclonal T cells to provide 

tumor-antigen specificity 

“Genetically-engineered T cell therapy” 

Tumor-antigen-specific  

T Cell Receptor (TCR) gene 



Pitfalls of TCR-transduced T cell therapy 

- Need to isolate tumor-specific TCR cDNAs from individual 

tumor-specific T cell clones 

 

- Restriction for patient selection due to HLA-matching 

 

- Possibility of generation of aberrant TCR by matching of 

transgenic TCRs with endogenous TCRs (risk of GVHD) 

 



J. Clin. Invest. 117:1466–1476 (2007) 

(Nat Rev Immunol. 2012 (12):269) 

Chimeric Antigen Receptor (CAR) 

(T-body) 



CAR T cells 

- Relatively easy to obtain recombinant antibody 

- No HLA-restriction 

 

 

- Cannot target intracellular tumor antigen 

- Cannot deal with antigen-escape variant 

Future Prospect 

- Need to deal with solid tumors 

- Need to use allogenic T cells rather than autologous T cells  

to generalize its applicability 



Evolution of CAR design 



(Blood. 2012;119(12):2709-2720) 

Results of a phase I clinical trial  

using anti-CD19 CAR-transduced T cells  

targeting CD19(+) B cell lymphomas 



Lymphodepletion (Preconditioning)  
Nat Rev Imm(2006)6:383 



 Normal Immune Response to a foreign antigen 

Dendritic cell 

Naïve T cell 

Helper T cell 

Cytotoxic T cell 

B cell 

Plasma cell 

Macrophage 

Pathogen 

Virus-infected cell 


