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Tumors as Complex Tissues



Cancer-Associated Immune Response                     
--- Friend or Foe?
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Tumor Immune Adaptation
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Wound Healing and Invasive Tumor Growth

“Tumors: wounds that do not heal.”
--- Harold Dvorak N. Engl. J. Med. 1986 315: 1650-9.
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Chronic Inflammation Promotes Cancer

Sterile insults

Chronic infection



Tumor Immune Adaptation

Hanahan D & Weinberg RA Cell 2011 144: 646-674.



Cancer Immunosurveillance

Spontaneous tumoricidal immune responses



Immunity versus Tolerance

Pathogen Host

Tumor

Virus-induced Autochthonous?



TIL as a Marker for Positive Prognosis

Zhang L N Engl J Med 2003 348: 203-13.



Enhanced Tumor Development                                           
in Immunodeficient Mouse Strains 

Swann JB & Smyth MJ J Clin Invest 2007 117: 1137-46.



Perforin Deficiency Results in Accelerated Tumor 
Growth in a Mouse Model of Breast Cancer 

Dadi S. et al. Cell 2016 164: 365-77.



Tumor-Induced Unconventional                             
Innate Lymphoid Cells and Innate-like T Cells 

Dadi S. et al. Cell 2016 164: 365-77.



ILC1ls and ILTC1s are Tissue-Resident 
Lymphocytes and Expand in Cancerous Lesions

Dadi S. et al. Cell 2016 164: 365-77.
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IL-15 Regulates ILC1l and ILTC1 Generation        
and Tumor Growth

Dadi S. et al. Cell 2016 164: 365-77.
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Carcinogen-Induced Tumor in Immunodeficient Mice 



Shankaran V et al. Nature 2001 410: 1107-11.

Increased Immunogenicity of Carcinogen-Induced 
Tumor Derived from Immunodeficient Mice 





Koebel CM et al. Nature 2007 450: 903-7.

Adaptive Immune System Promotes an Equilibrium 
State in Carcinogen-Induced Sarcomas 



Tumor-Specific Rejection Antigens 



Tumor-Specific Antigens Come with Different Flavors 



Exome Sequencing Reveals Tumor Rejection Antigen

Matsushita H et al. Nature 2012 482: 400-4.



Cancer Immunoediting
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Immunity versus Tolerance

Pathogen Host

Tumor

Virus-induced Autochthonous?



Immune Deficiency and Cancer Risk

De Visser KE NRC 2006 6: 24-37.



Sporadic Tumor Model with a Defined Antigen
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Tag-Specific Immune Responses
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Sporadic Tumors are Immunogenic                           
due to Tag Expression 



Sporadic Immunogenic Tumors                        
Induce T Cell Tolerance

Williamsky G & Blankenstein T Nature 2005 437: 141-6.

Tag-specific CTL Activity Cytokine Serum Levels



Chronic Antigen Stimulation Triggers                        
T Cell Exhaustion

McLane LM et al. Annu. Rev. Immunol. 2019 37: 457-95.



T Cell Exhaustion Is Defined by                  
Expression of Inhibitory Receptors

McLane LM et al. Annu. Rev. Immunol. 2019 37: 457-95.



Antigen, Co-stimulation and Inflammatory Signals   
In Control of T Cell Exhaustion

McLane LM et al. Annu. Rev. Immunol. 2019 37: 457-95.



Inhibitory Receptors Suppress T Cell Responses    
via Multiple Mechanisms

McLane LM et al. Annu. Rev. Immunol. 2019 37: 457-95.



Immunotherapy of Cancer

Feasible 
if there is insufficient immunosurveillance 



Induction of Tumor Immunity through the 
Blockade of CTLA-4 Signaling in T Cells



1st FDA Approved Immunotherapy Targeting a
 Tumor Immune Tolerance Pathway! (3/25/11)

Immunotherapy via CTLA-4 mAb 



Clinical Development of anti-CTLA-4, anti-PD-1 
and anti-PD-L1 for Cancer Immunotherapy 

Ribas A & Wolchok JD Science 2018 359: 1350-5.



Adoptive T Cell Therapy

TILs

CARs



Summary

1) Leukocytes are a crucial component of the tumor microenvironment.

2) Chronic inflammation can promote cancer progression.

3) Innate and adaptive cytotoxic lymphocytes can repress cancer progression,
       and shape the immunogenicity of tumor cells.

4)   Tumor-reactive lymphocytes can be rendered dysfunctional (e.g. induction of
       exhaustion), and are thus inconsequential for cancer progression.

5) Understanding the intricate interactions between tumors and the immune
 system provides new opportunities to conquer cancer.


