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Intrinsic and extrinsic tumor suppression mechanism 

INTRINSIC 
	
Correct genetic mutation 
Induce senescence or apoptosis 
	

EXTRINSIC 
 
 

Elimination of preneoplastic cells 

Environmental signals that  prevent 
cell cycle progression : 
-Cell-matrix interactions/polarity proteins 
-Cell-cell junctions  
  
Elimination/containment of tumor cells 
by effector cells  of the Immune systems 



The immune system protects from tumor development  
INDIRECTLY 

 
 

1.  Eliminating tumor promoting viruses (HPV, EBV, HCV) 

2. Resolution of infection to limit inflammation  
( reparative mechanism, anti-inflammatory molecules) 



•  The immune system protects from tumor  
development DIRECTLY by recognition and 

elimination of transformed cells 
 

•  Cancer cells possess tumor associated antigens 
( mutated proteins that are different  

from the “self”) 
 

•  Tumor antigens can be recognized as foreign by 
T cells and NK cells and the cells carrying the 

foreign antigens can be destroyed 



Killing	by	cytotoxic	T	cells	



Immunological Surveillance 
Ehrlich, Burnet & Thomas 

Paul Ehrlich (1909) Concept of cancer immunosurveillance.  
Predicted that cancer would occur at “incredible frequency” if host 
defenses did not prevent the outgrowth of continuously arising 
cancer cells 

 
Lewis Thomas (1957) “primary function of cellular immunity….is to 

protect from neoplastic disease” 

 
Macfarland Burnet (1957) “It is by no means inconceivable that 

small accumulations of tumour cells may develop and because of 
their possession of new antigenic potentialities provide an 
effective immunological reaction with regression of this tumor and 
no clinical hint of its existence” 

 



Evidence for immune surveillance in humans 

Increased incidence of EBV+ B cell lymphomas in 
transplant patients treated with 
immunosuppressive drugs 

 
Increased incidence of Kaposi’s sarcoma & EBV+ B 

cell lymphomas in AIDS patients 
 
Gastric cancer associated with H. pylori infection 
 
Cervical cancer caused by human papillomavirus 
 
Liver cancer caused by hepatitis B & C 



CARCINOGEN INDUCED TUMORS  
(MCA SARCOMAS) 
 
 
SPONTANOUS TUMOR DEVELOPMENT 
( IN AGING ANIMALS) 
 
 
GENETIC MODELS OF CANCER 
p53 -/+ 
 

x	

Animals lacking defined 
Immune subsets or pathways 

INCREASED TUMOR INCIDENCE 



Nature 410:1107, 2001 

Immune Surveillance - Revival 



No	T,	no	B	cells	
	





Spontaneous tumors in wild-type and 
immunodeficient mice 

HIGH	INCIDENCE	OF	SPONTANEOUS	TUMORS	IN	IMMUNODEFICIENT	MOUSE	MODELS	

The immune system eliminates nascent tumors 



TUMORS	GROWING	IN	IMMUNOCOMPETENT	HOST								
	
	
	
			

TRANSPLANTED		
IN	IMMUNOCOMPETENT	HOST		

	
	

TUMOR GROWTH 



TUMORS	GROWING	IN	IMMUNODEFICIENT	HOST								
	
	
	

		TRANSPLANTED		
IN	IMMUNOCOMPETENT	HOST		

	
	

REJECTION 



THE IMMUNE SYSTEM DESTROYS EMERGING TUMORS 
AND SHAPES TUMORS SELECTING 
FOR MORE AGGRESSIVE VARIANTS 

“CANCER IMMUNOEDITING” 



CANCER	IMMUNOEDITING		
	
	

A	DYNAMIC	PROCESS	IN	THREE		PHASES:	
	

ELIMINATION-EQUILIBRIUM-ESCAPE	
	

Nature Reviews | Cancer

a  Elimination

d

b  Equilibrium c  Escape
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TEIPP antigens are presented by the residual MHC 
class I molecules of immune-edited cancers and originate 
from wild-type sequences of housekeeping genes60. Their 
strong immunogenicity is attributable to their absence on 
the surface of healthy cells with normal APM function61,62. 
Several of these self-peptides are presented by MHC 
class I when there are defects in the APM. TEIPP antigens 
are processed through alternative, non-classical process-
ing pathways, but they fail to be presented under physio-
logical conditions63–65. Hence, there is no central tolerance 
to these antigens. TEIPP antigens can be targeted in a 
very similar way to conventional tumour antigens, by 
vaccination and by adoptive transfer of cognate CD8+ 
T cells59,66. Although TEIPP-specific CD8+ T cells were 

originally identified in mice, they are now known to exist 
in humans67,68, and full exploitation of the human TEIPP 
repertoire could provide an approach for the treatment of 
immune-edited cancers with APM defects.

The immune-suppressive microenvironment
Multiple mechanisms have been reported by which 
tumour cells influence the tumour microenvironment. 
Several of these, such as the expression of ligands for 
inhibitory receptors on T cells, have been discussed 
already. Other mechanisms are intrinsically associ-
ated with characteristic biological processes found in 
cancer. For instance, induction of a tissue response to 
hypoxia impairs a cytolytic CD8+ T cell response in 

(KIWTG���| Tumour escape gives rise to alternative peptide antigens. 6JG�VJTGG�RJCUGU�QH�ECPEGT�KOOWPQ�GFKVKPI�� 
FGUETKDG�VJG�KPVTKECVG�TGNCVKQPUJKR�DGVYGGP�C�VWOQWT�CPF�KVU�KPHKNVTCVKPI�KOOWPG�U[UVGO��FWTKPI�YJKEJ�IGPGVKE�KPUVCDKNKV[�
CPF�VWOQWT�JGVGTQIGPGKV[�KPETGCUG�CPF�KOOWPG�UGNGEVKQP�QH�VWOQWT�EGNN�XCTKCPVU�QEEWTU��+P�VJG�HKTUV�RJCUG�
RCTV�a���VJG�
KOOWPG�U[UVGO�KU�KP�EQPVTQN��YJKEJ�TGUWNVU�KP�VJG�GNKOKPCVKQP�QH�VWOQWT�EGNNU��+P�VJG�UGEQPF�RJCUG�
RCTV�b���VWOQWT�EGNN�
XCTKCPVU�CTKUG�VJCV�JCXG�KPETGCUKPI�ECRCEKV[�VQ�UWTXKXG�KOOWPG�CVVCEM��UWEJ�VJCV�KP�VJG�VJKTF�RJCUG�
RCTV�c���VJG�VWOQWT�
GUECRGU�KOOWPG�EQPVTQN�CPF�CFFKVKQPCN�VWOQWT�EGNN�XCTKCPVU�FGXGNQR��6JG�GUECRG�RJCUG�KU�EJCTCEVGTK\GF�D[�C�OWNVKVWFG�
QH|VWOQWT�KPVTKPUKE�OGEJCPKUOU�VJCV�GPCDNG�VJG�VWOQWT�VQ�CXQKF�KOOWPG�TGEQIPKVKQP��CU�YGNN�CU�VWOQWT�GZVTKPUKE�
OGEJCPKUOU�VJCV�TGUWNV�KP�CEVKXG�KOOWPG�UWRRTGUUKQP�KP�VJG�OKETQGPXKTQPOGPV�
UGG�BOX 2���&WTKPI�VJG�HKTUV�RJCUG��VWOQWT�
EGNNU�IGPGTCNN[�GZRTGUU�JKIJ�EGNN�UWTHCEG�NGXGNU�QH�OCLQT�JKUVQEQORCVKDKNKV[�EQORNGZ�
/*%��ENCUU|+��VJGKT�CPVKIGP�RTQEGUUKPI�
OCEJKPGT[�
#2/��KU�UVKNN�KPVCEV�CPF�VJG[�CTG�GCUKN[�TGEQIPK\GF�D[�%&�+�6|EGNNU�VJCV�CTG�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�
CPVKIGPU�
RCTV�d���+P�VJG�NCVGT�RJCUGU��VWOQWT�EGNNU�UJQY�C�FGETGCUG�KP�VJG�EGNN�UWTHCEG�NGXGNU�QH�/*%�ENCUU|+�VJCV�KU�QHVGP�
CUUQEKCVGF�YKVJ�NGUU�CPVKIGP�RTGUGPVCVKQP�QYKPI�VQ�#2/�FGHGEVU��VJWU��VJGTG�KU�TGFWEGF�TGEQIPKVKQP�CPF�GTCFKECVKQP�QH�
VWOQWT�EGNNU�D[�%&�+�6|EGNNU�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�CPVKIGPU��*QYGXGT��C�PGY�UGV�QH�VWOQWT�CPVKIGPU�CTKUGU��
VJGUG�CTG�MPQYP�CU�6|EGNN�GRKVQRGU�CUUQEKCVGF�YKVJ�KORCKTGF�RGRVKFG�RTQEGUUKPI�
6'+22��CPF�EQPUVKVWVG�CNVGTPCVKXG�
RGRVKFGU�VJCV�CTG�WPKSWGN[�RTGUGPVGF�D[�VWOQWTU�KP�VJG�GUECRG�RJCUG��8CEEKPG�GNKEKVGF�%&�+�6|EGNNU�URGEKHKE�HQT�6'+22�
CPVKIGPU�OKIJV�GHHGEVKXGN[�UVKOWNCVG�C�VWOQWT�TGLGEVKQP�TGURQPUG�KP�VWOQWTU�YKVJ�NQY�/*%�ENCUU|+�GZRTGUUKQP��
'4�|GPFQRNCUOKE�TGVKEWNWO��0-��PCVWTCN�MKNNGT�EGNN��0-6��PCVWTCN�MKNNGT�6�EGNN��6#2��VTCPURQTVGT�CUUQEKCVGF�YKVJ�CPVKIGP�
RTQEGUUKPI��6%4��6�EGNN�TGEGRVQT��2CTVU�a��b and c�CFCRVGF�HTQO�REF. 244��0CVWTG�2WDNKUJKPI�)TQWR�
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INNATE	CELLS:		
	
Myeloid	cells,	NK	CELLS,	γδ	T	CELLS	
Recognize	not	polymorphic	receptors	
expressed	by		tumor	cells	
	
	
ADAPTIVE	CELLS:	
CD8	AND	CD4	ARE	ANTIGEN	SPECIFIC	
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Perforin	kills	target	cells	(infected	or	transformed)	

Perforin	creates	pores	
Granzyme	enters	and		
induce	apoptosis	



CANCER	IMMUNOEDITING		
	
	

A	DYNAMIC	PROCESS	IN	THREE		PHASES:	
	

ELIMINATION-EQUILIBRIUM-ESCAPE	
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d
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TEIPP antigens are presented by the residual MHC 
class I molecules of immune-edited cancers and originate 
from wild-type sequences of housekeeping genes60. Their 
strong immunogenicity is attributable to their absence on 
the surface of healthy cells with normal APM function61,62. 
Several of these self-peptides are presented by MHC 
class I when there are defects in the APM. TEIPP antigens 
are processed through alternative, non-classical process-
ing pathways, but they fail to be presented under physio-
logical conditions63–65. Hence, there is no central tolerance 
to these antigens. TEIPP antigens can be targeted in a 
very similar way to conventional tumour antigens, by 
vaccination and by adoptive transfer of cognate CD8+ 
T cells59,66. Although TEIPP-specific CD8+ T cells were 

originally identified in mice, they are now known to exist 
in humans67,68, and full exploitation of the human TEIPP 
repertoire could provide an approach for the treatment of 
immune-edited cancers with APM defects.

The immune-suppressive microenvironment
Multiple mechanisms have been reported by which 
tumour cells influence the tumour microenvironment. 
Several of these, such as the expression of ligands for 
inhibitory receptors on T cells, have been discussed 
already. Other mechanisms are intrinsically associ-
ated with characteristic biological processes found in 
cancer. For instance, induction of a tissue response to 
hypoxia impairs a cytolytic CD8+ T cell response in 

(KIWTG���| Tumour escape gives rise to alternative peptide antigens. 6JG�VJTGG�RJCUGU�QH�ECPEGT�KOOWPQ�GFKVKPI�� 
FGUETKDG�VJG�KPVTKECVG�TGNCVKQPUJKR�DGVYGGP�C�VWOQWT�CPF�KVU�KPHKNVTCVKPI�KOOWPG�U[UVGO��FWTKPI�YJKEJ�IGPGVKE�KPUVCDKNKV[�
CPF�VWOQWT�JGVGTQIGPGKV[�KPETGCUG�CPF�KOOWPG�UGNGEVKQP�QH�VWOQWT�EGNN�XCTKCPVU�QEEWTU��+P�VJG�HKTUV�RJCUG�
RCTV�a���VJG�
KOOWPG�U[UVGO�KU�KP�EQPVTQN��YJKEJ�TGUWNVU�KP�VJG�GNKOKPCVKQP�QH�VWOQWT�EGNNU��+P�VJG�UGEQPF�RJCUG�
RCTV�b���VWOQWT�EGNN�
XCTKCPVU�CTKUG�VJCV�JCXG�KPETGCUKPI�ECRCEKV[�VQ�UWTXKXG�KOOWPG�CVVCEM��UWEJ�VJCV�KP�VJG�VJKTF�RJCUG�
RCTV�c���VJG�VWOQWT�
GUECRGU�KOOWPG�EQPVTQN�CPF�CFFKVKQPCN�VWOQWT�EGNN�XCTKCPVU�FGXGNQR��6JG�GUECRG�RJCUG�KU�EJCTCEVGTK\GF�D[�C�OWNVKVWFG�
QH|VWOQWT�KPVTKPUKE�OGEJCPKUOU�VJCV�GPCDNG�VJG�VWOQWT�VQ�CXQKF�KOOWPG�TGEQIPKVKQP��CU�YGNN�CU�VWOQWT�GZVTKPUKE�
OGEJCPKUOU�VJCV�TGUWNV�KP�CEVKXG�KOOWPG�UWRRTGUUKQP�KP�VJG�OKETQGPXKTQPOGPV�
UGG�BOX 2���&WTKPI�VJG�HKTUV�RJCUG��VWOQWT�
EGNNU�IGPGTCNN[�GZRTGUU�JKIJ�EGNN�UWTHCEG�NGXGNU�QH�OCLQT�JKUVQEQORCVKDKNKV[�EQORNGZ�
/*%��ENCUU|+��VJGKT�CPVKIGP�RTQEGUUKPI�
OCEJKPGT[�
#2/��KU�UVKNN�KPVCEV�CPF�VJG[�CTG�GCUKN[�TGEQIPK\GF�D[�%&�+�6|EGNNU�VJCV�CTG�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�
CPVKIGPU�
RCTV�d���+P�VJG�NCVGT�RJCUGU��VWOQWT�EGNNU�UJQY�C�FGETGCUG�KP�VJG�EGNN�UWTHCEG�NGXGNU�QH�/*%�ENCUU|+�VJCV�KU�QHVGP�
CUUQEKCVGF�YKVJ�NGUU�CPVKIGP�RTGUGPVCVKQP�QYKPI�VQ�#2/�FGHGEVU��VJWU��VJGTG�KU�TGFWEGF�TGEQIPKVKQP�CPF�GTCFKECVKQP�QH�
VWOQWT�EGNNU�D[�%&�+�6|EGNNU�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�CPVKIGPU��*QYGXGT��C�PGY�UGV�QH�VWOQWT�CPVKIGPU�CTKUGU��
VJGUG�CTG�MPQYP�CU�6|EGNN�GRKVQRGU�CUUQEKCVGF�YKVJ�KORCKTGF�RGRVKFG�RTQEGUUKPI�
6'+22��CPF�EQPUVKVWVG�CNVGTPCVKXG�
RGRVKFGU�VJCV�CTG�WPKSWGN[�RTGUGPVGF�D[�VWOQWTU�KP�VJG�GUECRG�RJCUG��8CEEKPG�GNKEKVGF�%&�+�6|EGNNU�URGEKHKE�HQT�6'+22�
CPVKIGPU�OKIJV�GHHGEVKXGN[�UVKOWNCVG�C�VWOQWT�TGLGEVKQP�TGURQPUG�KP�VWOQWTU�YKVJ�NQY�/*%�ENCUU|+�GZRTGUUKQP��
'4�|GPFQRNCUOKE�TGVKEWNWO��0-��PCVWTCN�MKNNGT�EGNN��0-6��PCVWTCN�MKNNGT�6�EGNN��6#2��VTCPURQTVGT�CUUQEKCVGF�YKVJ�CPVKIGP�
RTQEGUUKPI��6%4��6�EGNN�TGEGRVQT��2CTVU�a��b and c�CFCRVGF�HTQO�REF. 244��0CVWTG�2WDNKUJKPI�)TQWR�
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Tumors	may	remain	dormant	for	long	periods	(more	than	10	years).		
During	this	phase	anNtumor	immunity	contains	but	does	not	completely	eradicates		
an	heterogenous	populaNon	of	tumor	cells.	Among	these	cells	some	acquire	the	capacity		
to	evade	immune	recogniNon.	

TUMOR  SCULPTING PHASE 
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control mAb developed detectable tumors (81).
It will be interesting to determine in the fu-
ture whether wild-type CD8+ T cells can also
maintain occult UVB-induced carcinomas in an
equilibrium state.

A second study demonstrates that immunity
can prevent the outgrowth of micrometastases
for an extended period of time in an oncogene-
driven model of melanoma. In this model,
transgenic mice that express the human RET

oncogene and a chimeric mouse/human MHC
antigen (AAD) specifically in melanocytes
were found to develop extensive disseminated
metastases (82). Depletion of CD8+ T cells
in RET AAD mice significantly accelerated
the outgrowth of metastatic lesions to vis-
ceral organs, indicating that immunity is one
significant barrier disseminated tumor cells
must overcome to establish metastatic disease
(82). Interestingly, these CD8+ T cells did
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APPERANCE	OF	POORLY	IMMUNOGENIC	CELLS	THAT	HAVE	UNDERGONE	EDITING		
AND		

ESCAPE	IMMUNE	SYSTEM	CONTROL	
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CANCER	IMMUNOEDITING		
	
	

A	DYNAMIC	PROCESS	IN	THREE		PHASES:	
	

ELIMINATION-EQUILIBRIUM-ESCAPE	
	

Nature Reviews | Cancer

a  Elimination

d

b  Equilibrium c  Escape

NK

NKT

High levels of:
• MHC class I
• Antigen processing
• Tumour cell recognition

Low levels of:
• MHC class I
• Antigen processing
• Tumour cell recognition

CD8+

Cytotoxic
activity CD4+

Developing 
tumour cell

Stromal 
cell

Tumour cell 
variant

Dying
tumour cell

Additional tumour
cell variant

Cytokine

• Genetic instability and tumour heterogeneity
• Immune selection

Tumour cell

Conventional 
antitumour 
CD8+ T cell

TCR

MHC
class I
molecule

ER

Peptide
antigen

TAP
TEIPP

6'+22�URGEKȮE
 CD8+ T cell

TEIPP antigens are presented by the residual MHC 
class I molecules of immune-edited cancers and originate 
from wild-type sequences of housekeeping genes60. Their 
strong immunogenicity is attributable to their absence on 
the surface of healthy cells with normal APM function61,62. 
Several of these self-peptides are presented by MHC 
class I when there are defects in the APM. TEIPP antigens 
are processed through alternative, non-classical process-
ing pathways, but they fail to be presented under physio-
logical conditions63–65. Hence, there is no central tolerance 
to these antigens. TEIPP antigens can be targeted in a 
very similar way to conventional tumour antigens, by 
vaccination and by adoptive transfer of cognate CD8+ 
T cells59,66. Although TEIPP-specific CD8+ T cells were 

originally identified in mice, they are now known to exist 
in humans67,68, and full exploitation of the human TEIPP 
repertoire could provide an approach for the treatment of 
immune-edited cancers with APM defects.

The immune-suppressive microenvironment
Multiple mechanisms have been reported by which 
tumour cells influence the tumour microenvironment. 
Several of these, such as the expression of ligands for 
inhibitory receptors on T cells, have been discussed 
already. Other mechanisms are intrinsically associ-
ated with characteristic biological processes found in 
cancer. For instance, induction of a tissue response to 
hypoxia impairs a cytolytic CD8+ T cell response in 

(KIWTG���| Tumour escape gives rise to alternative peptide antigens. 6JG�VJTGG�RJCUGU�QH�ECPEGT�KOOWPQ�GFKVKPI�� 
FGUETKDG�VJG�KPVTKECVG�TGNCVKQPUJKR�DGVYGGP�C�VWOQWT�CPF�KVU�KPHKNVTCVKPI�KOOWPG�U[UVGO��FWTKPI�YJKEJ�IGPGVKE�KPUVCDKNKV[�
CPF�VWOQWT�JGVGTQIGPGKV[�KPETGCUG�CPF�KOOWPG�UGNGEVKQP�QH�VWOQWT�EGNN�XCTKCPVU�QEEWTU��+P�VJG�HKTUV�RJCUG�
RCTV�a���VJG�
KOOWPG�U[UVGO�KU�KP�EQPVTQN��YJKEJ�TGUWNVU�KP�VJG�GNKOKPCVKQP�QH�VWOQWT�EGNNU��+P�VJG�UGEQPF�RJCUG�
RCTV�b���VWOQWT�EGNN�
XCTKCPVU�CTKUG�VJCV�JCXG�KPETGCUKPI�ECRCEKV[�VQ�UWTXKXG�KOOWPG�CVVCEM��UWEJ�VJCV�KP�VJG�VJKTF�RJCUG�
RCTV�c���VJG�VWOQWT�
GUECRGU�KOOWPG�EQPVTQN�CPF�CFFKVKQPCN�VWOQWT�EGNN�XCTKCPVU�FGXGNQR��6JG�GUECRG�RJCUG�KU�EJCTCEVGTK\GF�D[�C�OWNVKVWFG�
QH|VWOQWT�KPVTKPUKE�OGEJCPKUOU�VJCV�GPCDNG�VJG�VWOQWT�VQ�CXQKF�KOOWPG�TGEQIPKVKQP��CU�YGNN�CU�VWOQWT�GZVTKPUKE�
OGEJCPKUOU�VJCV�TGUWNV�KP�CEVKXG�KOOWPG�UWRRTGUUKQP�KP�VJG�OKETQGPXKTQPOGPV�
UGG�BOX 2���&WTKPI�VJG�HKTUV�RJCUG��VWOQWT�
EGNNU�IGPGTCNN[�GZRTGUU�JKIJ�EGNN�UWTHCEG�NGXGNU�QH�OCLQT�JKUVQEQORCVKDKNKV[�EQORNGZ�
/*%��ENCUU|+��VJGKT�CPVKIGP�RTQEGUUKPI�
OCEJKPGT[�
#2/��KU�UVKNN�KPVCEV�CPF�VJG[�CTG�GCUKN[�TGEQIPK\GF�D[�%&�+�6|EGNNU�VJCV�CTG�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�
CPVKIGPU�
RCTV�d���+P�VJG�NCVGT�RJCUGU��VWOQWT�EGNNU�UJQY�C�FGETGCUG�KP�VJG�EGNN�UWTHCEG�NGXGNU�QH�/*%�ENCUU|+�VJCV�KU�QHVGP�
CUUQEKCVGF�YKVJ�NGUU�CPVKIGP�RTGUGPVCVKQP�QYKPI�VQ�#2/�FGHGEVU��VJWU��VJGTG�KU�TGFWEGF�TGEQIPKVKQP�CPF�GTCFKECVKQP�QH�
VWOQWT�EGNNU�D[�%&�+�6|EGNNU�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�CPVKIGPU��*QYGXGT��C�PGY�UGV�QH�VWOQWT�CPVKIGPU�CTKUGU��
VJGUG�CTG�MPQYP�CU�6|EGNN�GRKVQRGU�CUUQEKCVGF�YKVJ�KORCKTGF�RGRVKFG�RTQEGUUKPI�
6'+22��CPF�EQPUVKVWVG�CNVGTPCVKXG�
RGRVKFGU�VJCV�CTG�WPKSWGN[�RTGUGPVGF�D[�VWOQWTU�KP�VJG�GUECRG�RJCUG��8CEEKPG�GNKEKVGF�%&�+�6|EGNNU�URGEKHKE�HQT�6'+22�
CPVKIGPU�OKIJV�GHHGEVKXGN[�UVKOWNCVG�C�VWOQWT�TGLGEVKQP�TGURQPUG�KP�VWOQWTU�YKVJ�NQY�/*%�ENCUU|+�GZRTGUUKQP��
'4�|GPFQRNCUOKE�TGVKEWNWO��0-��PCVWTCN�MKNNGT�EGNN��0-6��PCVWTCN�MKNNGT�6�EGNN��6#2��VTCPURQTVGT�CUUQEKCVGF�YKVJ�CPVKIGP�
RTQEGUUKPI��6%4��6�EGNN�TGEGRVQT��2CTVU�a��b and c�CFCRVGF�HTQO�REF. 244��0CVWTG�2WDNKUJKPI�)TQWR�
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Stochastic appearance of variants capable to avoid immune recognition 
                                               +  
evolutionary pressure to select for more aggressive variants	
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1.InhibiNon	of	anN-tumor	
responses	

2.InducNon	of	
immunosuppressive	
mechanism	



CELL AUTONOMOUS  
MODIFICATIONS 

GENERATION OF AN IMMUNE  
SUPPRESSIVE NETWORK 

Nature Reviews | Cancer

a  Elimination

d

b  Equilibrium c  Escape
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TEIPP antigens are presented by the residual MHC 
class I molecules of immune-edited cancers and originate 
from wild-type sequences of housekeeping genes60. Their 
strong immunogenicity is attributable to their absence on 
the surface of healthy cells with normal APM function61,62. 
Several of these self-peptides are presented by MHC 
class I when there are defects in the APM. TEIPP antigens 
are processed through alternative, non-classical process-
ing pathways, but they fail to be presented under physio-
logical conditions63–65. Hence, there is no central tolerance 
to these antigens. TEIPP antigens can be targeted in a 
very similar way to conventional tumour antigens, by 
vaccination and by adoptive transfer of cognate CD8+ 
T cells59,66. Although TEIPP-specific CD8+ T cells were 

originally identified in mice, they are now known to exist 
in humans67,68, and full exploitation of the human TEIPP 
repertoire could provide an approach for the treatment of 
immune-edited cancers with APM defects.

The immune-suppressive microenvironment
Multiple mechanisms have been reported by which 
tumour cells influence the tumour microenvironment. 
Several of these, such as the expression of ligands for 
inhibitory receptors on T cells, have been discussed 
already. Other mechanisms are intrinsically associ-
ated with characteristic biological processes found in 
cancer. For instance, induction of a tissue response to 
hypoxia impairs a cytolytic CD8+ T cell response in 

(KIWTG���| Tumour escape gives rise to alternative peptide antigens. 6JG�VJTGG�RJCUGU�QH�ECPEGT�KOOWPQ�GFKVKPI�� 
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OGEJCPKUOU�VJCV�TGUWNV�KP�CEVKXG�KOOWPG�UWRRTGUUKQP�KP�VJG�OKETQGPXKTQPOGPV�
UGG�BOX 2���&WTKPI�VJG�HKTUV�RJCUG��VWOQWT�
EGNNU�IGPGTCNN[�GZRTGUU�JKIJ�EGNN�UWTHCEG�NGXGNU�QH�OCLQT�JKUVQEQORCVKDKNKV[�EQORNGZ�
/*%��ENCUU|+��VJGKT�CPVKIGP�RTQEGUUKPI�
OCEJKPGT[�
#2/��KU�UVKNN�KPVCEV�CPF�VJG[�CTG�GCUKN[�TGEQIPK\GF�D[�%&�+�6|EGNNU�VJCV�CTG�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�
CPVKIGPU�
RCTV�d���+P�VJG�NCVGT�RJCUGU��VWOQWT�EGNNU�UJQY�C�FGETGCUG�KP�VJG�EGNN�UWTHCEG�NGXGNU�QH�/*%�ENCUU|+�VJCV�KU�QHVGP�
CUUQEKCVGF�YKVJ�NGUU�CPVKIGP�RTGUGPVCVKQP�QYKPI�VQ�#2/�FGHGEVU��VJWU��VJGTG�KU�TGFWEGF�TGEQIPKVKQP�CPF�GTCFKECVKQP�QH�
VWOQWT�EGNNU�D[�%&�+�6|EGNNU�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�CPVKIGPU��*QYGXGT��C�PGY�UGV�QH�VWOQWT�CPVKIGPU�CTKUGU��
VJGUG�CTG�MPQYP�CU�6|EGNN�GRKVQRGU�CUUQEKCVGF�YKVJ�KORCKTGF�RGRVKFG�RTQEGUUKPI�
6'+22��CPF�EQPUVKVWVG�CNVGTPCVKXG�
RGRVKFGU�VJCV�CTG�WPKSWGN[�RTGUGPVGF�D[�VWOQWTU�KP�VJG�GUECRG�RJCUG��8CEEKPG�GNKEKVGF�%&�+�6|EGNNU�URGEKHKE�HQT�6'+22�
CPVKIGPU�OKIJV�GHHGEVKXGN[�UVKOWNCVG�C�VWOQWT�TGLGEVKQP�TGURQPUG�KP�VWOQWTU�YKVJ�NQY�/*%�ENCUU|+�GZRTGUUKQP��
'4�|GPFQRNCUOKE�TGVKEWNWO��0-��PCVWTCN�MKNNGT�EGNN��0-6��PCVWTCN�MKNNGT�6�EGNN��6#2��VTCPURQTVGT�CUUQEKCVGF�YKVJ�CPVKIGP�
RTQEGUUKPI��6%4��6�EGNN�TGEGRVQT��2CTVU�a��b and c�CFCRVGF�HTQO�REF. 244��0CVWTG�2WDNKUJKPI�)TQWR�
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• IDO inhibition
• PRR agonists

(KIWTG���| 8CEEKPGU�TGSWKTG�EQ�VTGCVOGPV�HQT�6|EGNNU�VQ�YKVJUVCPF�VJG�KOOWPG�UWRRTGUUKXG�OKETQGPXKTQPOGPV�� 
a | 2TQITGUUKXG�VWOQWTU�CTG�QHVGP�KPHKNVTCVGF�D[�VWOQWT�RTQOQVKPI�/��NKMG�OCETQRJCIGU��O[GNQKF�FGTKXGF�UWRRTGUUQT�EGNNU�

/&5%U��CPF�TGIWNCVQT[�6�
64GI��EGNNU�VJCV�UWRRTGUU�VJG�NQECN�GZRCPUKQP�CPF�GHHGEVQT�HWPEVKQP�QH�%&�

+�6|JGNRGT�EGNNU�CPF�
E[VQVQZKE�%&�+�6|EGNNU��HQUVGTKPI�VJG�ITQYVJ�QH�VWOQWTU��b | 8CEEKPGU��CFQRVKXG�6|EGNN�VTCPUHGT�YKVJ�QT�YKVJQWV�EQ�KPLGEVKQP�
QH�EQ�UVKOWNCVQT[�CPVKDQFKGU��KP�RCTVKEWNCT�CICKPUV�%&����1:���CPF�%&�����GPNCTIG�VJG�RQQN�QH�VWOQWT�URGEKHKE�6|EGNNU��
+P|OQUV�RCVKGPVU��6|EGNN�OGFKCVGF�KOOWPKV[�YKNN�DG�EQORTQOKUGF�KP�VJG�ECPEGT�OKETQGPXKTQPOGPV�D[�UGXGTCN�OGEJCPKUOU�
WUGF�D[�VJG�KPVTCVWOQWTCN�UWRRTGUUKXG�KOOWPG�EGNNU�CPF�VJTQWIJ�6|EGNN�EJGEMRQKPV�KPJKDKVKQP��6JKU�VWTPU�VJG�6|EGNNU�KPVQ�
VWOQWT�QDUGTXKPI�N[ORJQE[VGU�YKVJ�RQVGPVKCNN[�C�VTCPUKGPV�DWV�PQV�OCLQT�KORCEV�QP�VJG�VWOQWT��c | Dedicated and 
UGNGEVKXG�EQPFKVKQPKPI�QH�VJG�OKETQGPXKTQPOGPV�OC[�TGUWNV�KP�VGORQTCT[�UJTKPMCIG�QH�VWOQWTU�CPF�CNNQY�VJG�KPVTCVWOQWTCN�
6|EGNNU�VQ�EQODCV�VJG�VWOQWT��VJKU�EQWNF�DG�CEJKGXGF�D[�KPFWEKPI�CP�CEWVG�KPHNCOOCVQT[�RTQHKNG�WUKPI�RCVVGTP�TGEQIPKVKQP�
TGEGRVQT�
244��CIQPKUVU�CPF�QT�D[�TGOQXCN�QT�KPJKDKVKQP�QH�KOOWPG�TGIWNCVQT[�OGEJCPKUOU�
64GI�EGNNU��/&5%U�CPF�QT�/��
VWOQWT�CUUQEKCVGF�OCETQRJCIGU�
6#/U����D[�OQFWNCVKQP�QH�O[GNQKF�EGNNU�
CEJKGXGF�D[�UQOG�EJGOQVJGTCRKGU���KPJKDKVKQP�
QH�KPFQNGCOKPG�����FKQZ[IGPCUG�
+&1���VTGCVOGPV�YKVJ�CPVKDQFKGU�CICKPUV�KOOWPG�UWRRTGUUKXG�E[VQMKPGU�
UWEJ�CU�
KPVGTNGWMKP����
+.�����CPF�VTCPUHQTOKPI�ITQYVJ�HCEVQT�β�
6)(β���QT�CICKPUV�KPHNCOOCVQT[�E[VQMKPGU�
UWEJ�CU�+.����QT�
E[VQMKPG�TGEGRVQTU��9KVJQWV�CFFKVKQPCN�CEVKXCVKQP�QH�C�UVTQPI�VWOQWT�URGEKHKE�6|EGNN�TGURQPUG��PQ�OCLQT�KORCEV�QP�VWOQWT�
ITQYVJ�KU�VQ�DG�GZRGEVGF�HQT�VJG�OCLQTKV[�QH�RCVKGPVU��d | 2TQXKFGF�VJCV�C�VWOQWT�URGEKHKE�6|EGNN�TGURQPUG�JCU�DGGP�KIPKVGF��
CPVKDQFKGU�CICKPUV�VJG�E[VQVQZKE�6�N[ORJQE[VG�CUUQEKCVGF�RTQVGKP���
%6.#����RTQITCOOGF�EGNN�FGCVJ�RTQVGKP���
2&����
N[ORJQE[VG�CEVKXCVKQP�IGPG���
.#)����6|EGNN�KOOWPQINQDWNKP�OWEKP�TGEGRVQT���
6+/���QT�PCVWTCN�MKNNGT�EGNN�TGEGRVQT�#�

0-)�#��EJGEMRQKPVU�QP�6|EGNNU�
QT�CICKPUV�VJGKT�TGURGEVKXG�NKICPFU��ECP�CUUKUV�KP�UWUVCKPKPI�HWNN�GHHGEVQT�HWPEVKQP�QH�VJG�
KPVTCVWOQWTCN�6|EGNNU��+P�UQOG�RCVKGPVU��VJKU�YKNN�TGUWNV�KP�VWOQWT�FGUVTWEVKQP��YJGTGCU�KP�QVJGTU��KOOWPG�UWRRTGUUKQP�D[�
EGNNU�KP�VJG�OKETQGPXKTQPOGPV�OC[�RTGXCKN��e | +P�C�UGVVKPI�KP�YJKEJ�KOOWPG�UWRRTGUUKQP�KU�CNNGXKCVGF�CPF�VWOQWTU�CTG�
UWHHKEKGPVN[�KOOWPQIGPKE��VJG�CEVKXCVKQP�QH�FGPFTKVKE�EGNNU�
&%U��CPF�/��NKMG�6#/U�YKNN�HQUVGT�VJG�CVVTCEVKQP�CPF�CEVKXCVKQP�
QH�VWOQWT�URGEKHKE�6|EGNNU�CPF�UWUVCKP�VJGKT�CPVKVWOQWT�CEVKXKV[�QXGT�VKOG��YJKEJ�KU�NKMGN[�VQ�NGCF�VQ�VWOQWT�GTCFKECVKQP�� 
f | 6JG�JKIJGUV�TCVG�QH�VWOQWT�FGUVTWEVKQP�KU�VQ�DG�GZRGEVGF�YJGP�C�VTGCVOGPV�UEJGOG�VCTIGVU�EQORQPGPVU�KP�GCEJ�QH�VJG�
UGVVKPIU�
b–e��FGUETKDGF��6JG�V[RG�CPF�PWODGT�QH�EQODKPCVKQPU�VJCV�ECP�DG�OCFG�KU�JKIJN[�NKMGN[�VQ�DG�FKEVCVGF�D[�VJG�UKFG�
GHHGEVU�QH�VJG|VTGCVOGPV�EQODKPCVKQPU�EJQUGP�

REV IEWS

NATURE REVIEWS | CANCER  ADVANCE ONLINE PUBLICATION | 9



Nature Reviews | Cancer

a  Elimination

d

b  Equilibrium c  Escape

NK

NKT

High levels of:
• MHC class I
• Antigen processing
• Tumour cell recognition

Low levels of:
• MHC class I
• Antigen processing
• Tumour cell recognition

CD8+

Cytotoxic
activity CD4+

Developing 
tumour cell

Stromal 
cell

Tumour cell 
variant

Dying
tumour cell

Additional tumour
cell variant

Cytokine

• Genetic instability and tumour heterogeneity
• Immune selection

Tumour cell

Conventional 
antitumour 
CD8+ T cell

TCR

MHC
class I
molecule

ER

Peptide
antigen

TAP
TEIPP

6'+22�URGEKȮE
 CD8+ T cell

TEIPP antigens are presented by the residual MHC 
class I molecules of immune-edited cancers and originate 
from wild-type sequences of housekeeping genes60. Their 
strong immunogenicity is attributable to their absence on 
the surface of healthy cells with normal APM function61,62. 
Several of these self-peptides are presented by MHC 
class I when there are defects in the APM. TEIPP antigens 
are processed through alternative, non-classical process-
ing pathways, but they fail to be presented under physio-
logical conditions63–65. Hence, there is no central tolerance 
to these antigens. TEIPP antigens can be targeted in a 
very similar way to conventional tumour antigens, by 
vaccination and by adoptive transfer of cognate CD8+ 
T cells59,66. Although TEIPP-specific CD8+ T cells were 

originally identified in mice, they are now known to exist 
in humans67,68, and full exploitation of the human TEIPP 
repertoire could provide an approach for the treatment of 
immune-edited cancers with APM defects.

The immune-suppressive microenvironment
Multiple mechanisms have been reported by which 
tumour cells influence the tumour microenvironment. 
Several of these, such as the expression of ligands for 
inhibitory receptors on T cells, have been discussed 
already. Other mechanisms are intrinsically associ-
ated with characteristic biological processes found in 
cancer. For instance, induction of a tissue response to 
hypoxia impairs a cytolytic CD8+ T cell response in 

(KIWTG���| Tumour escape gives rise to alternative peptide antigens. 6JG�VJTGG�RJCUGU�QH�ECPEGT�KOOWPQ�GFKVKPI�� 
FGUETKDG�VJG�KPVTKECVG�TGNCVKQPUJKR�DGVYGGP�C�VWOQWT�CPF�KVU�KPHKNVTCVKPI�KOOWPG�U[UVGO��FWTKPI�YJKEJ�IGPGVKE�KPUVCDKNKV[�
CPF�VWOQWT�JGVGTQIGPGKV[�KPETGCUG�CPF�KOOWPG�UGNGEVKQP�QH�VWOQWT�EGNN�XCTKCPVU�QEEWTU��+P�VJG�HKTUV�RJCUG�
RCTV�a���VJG�
KOOWPG�U[UVGO�KU�KP�EQPVTQN��YJKEJ�TGUWNVU�KP�VJG�GNKOKPCVKQP�QH�VWOQWT�EGNNU��+P�VJG�UGEQPF�RJCUG�
RCTV�b���VWOQWT�EGNN�
XCTKCPVU�CTKUG�VJCV�JCXG�KPETGCUKPI�ECRCEKV[�VQ�UWTXKXG�KOOWPG�CVVCEM��UWEJ�VJCV�KP�VJG�VJKTF�RJCUG�
RCTV�c���VJG�VWOQWT�
GUECRGU�KOOWPG�EQPVTQN�CPF�CFFKVKQPCN�VWOQWT�EGNN�XCTKCPVU�FGXGNQR��6JG�GUECRG�RJCUG�KU�EJCTCEVGTK\GF�D[�C�OWNVKVWFG�
QH|VWOQWT�KPVTKPUKE�OGEJCPKUOU�VJCV�GPCDNG�VJG�VWOQWT�VQ�CXQKF�KOOWPG�TGEQIPKVKQP��CU�YGNN�CU�VWOQWT�GZVTKPUKE�
OGEJCPKUOU�VJCV�TGUWNV�KP�CEVKXG�KOOWPG�UWRRTGUUKQP�KP�VJG�OKETQGPXKTQPOGPV�
UGG�BOX 2���&WTKPI�VJG�HKTUV�RJCUG��VWOQWT�
EGNNU�IGPGTCNN[�GZRTGUU�JKIJ�EGNN�UWTHCEG�NGXGNU�QH�OCLQT�JKUVQEQORCVKDKNKV[�EQORNGZ�
/*%��ENCUU|+��VJGKT�CPVKIGP�RTQEGUUKPI�
OCEJKPGT[�
#2/��KU�UVKNN�KPVCEV�CPF�VJG[�CTG�GCUKN[�TGEQIPK\GF�D[�%&�+�6|EGNNU�VJCV�CTG�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�
CPVKIGPU�
RCTV�d���+P�VJG�NCVGT�RJCUGU��VWOQWT�EGNNU�UJQY�C�FGETGCUG�KP�VJG�EGNN�UWTHCEG�NGXGNU�QH�/*%�ENCUU|+�VJCV�KU�QHVGP�
CUUQEKCVGF�YKVJ�NGUU�CPVKIGP�RTGUGPVCVKQP�QYKPI�VQ�#2/�FGHGEVU��VJWU��VJGTG�KU�TGFWEGF�TGEQIPKVKQP�CPF�GTCFKECVKQP�QH�
VWOQWT�EGNNU�D[�%&�+�6|EGNNU�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�CPVKIGPU��*QYGXGT��C�PGY�UGV�QH�VWOQWT�CPVKIGPU�CTKUGU��
VJGUG�CTG�MPQYP�CU�6|EGNN�GRKVQRGU�CUUQEKCVGF�YKVJ�KORCKTGF�RGRVKFG�RTQEGUUKPI�
6'+22��CPF�EQPUVKVWVG�CNVGTPCVKXG�
RGRVKFGU�VJCV�CTG�WPKSWGN[�RTGUGPVGF�D[�VWOQWTU�KP�VJG�GUECRG�RJCUG��8CEEKPG�GNKEKVGF�%&�+�6|EGNNU�URGEKHKE�HQT�6'+22�
CPVKIGPU�OKIJV�GHHGEVKXGN[�UVKOWNCVG�C�VWOQWT�TGLGEVKQP�TGURQPUG�KP�VWOQWTU�YKVJ�NQY�/*%�ENCUU|+�GZRTGUUKQP��
'4�|GPFQRNCUOKE�TGVKEWNWO��0-��PCVWTCN�MKNNGT�EGNN��0-6��PCVWTCN�MKNNGT�6�EGNN��6#2��VTCPURQTVGT�CUUQEKCVGF�YKVJ�CPVKIGP�
RTQEGUUKPI��6%4��6�EGNN�TGEGRVQT��2CTVU�a��b and c�CFCRVGF�HTQO�REF. 244��0CVWTG�2WDNKUJKPI�)TQWR�
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1.  AVOID DETECTION:  
downregulation of MHC class-I, TAP, LMP2-LMP7, IFN-γ insensitivity 
Loss of ligand for NKG2D 

	2. AVOID IMMUNE MEDIATED KILLING 
Upregulation of antiapoptotic molecules (FLIP, BCL-XL) 
Expression of mutated forms of death receptor (TRAIL, DR), normally inducing  
apoptosis. 
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TEIPP antigens are presented by the residual MHC 
class I molecules of immune-edited cancers and originate 
from wild-type sequences of housekeeping genes60. Their 
strong immunogenicity is attributable to their absence on 
the surface of healthy cells with normal APM function61,62. 
Several of these self-peptides are presented by MHC 
class I when there are defects in the APM. TEIPP antigens 
are processed through alternative, non-classical process-
ing pathways, but they fail to be presented under physio-
logical conditions63–65. Hence, there is no central tolerance 
to these antigens. TEIPP antigens can be targeted in a 
very similar way to conventional tumour antigens, by 
vaccination and by adoptive transfer of cognate CD8+ 
T cells59,66. Although TEIPP-specific CD8+ T cells were 

originally identified in mice, they are now known to exist 
in humans67,68, and full exploitation of the human TEIPP 
repertoire could provide an approach for the treatment of 
immune-edited cancers with APM defects.

The immune-suppressive microenvironment
Multiple mechanisms have been reported by which 
tumour cells influence the tumour microenvironment. 
Several of these, such as the expression of ligands for 
inhibitory receptors on T cells, have been discussed 
already. Other mechanisms are intrinsically associ-
ated with characteristic biological processes found in 
cancer. For instance, induction of a tissue response to 
hypoxia impairs a cytolytic CD8+ T cell response in 

(KIWTG���| Tumour escape gives rise to alternative peptide antigens. 6JG�VJTGG�RJCUGU�QH�ECPEGT�KOOWPQ�GFKVKPI�� 
FGUETKDG�VJG�KPVTKECVG�TGNCVKQPUJKR�DGVYGGP�C�VWOQWT�CPF�KVU�KPHKNVTCVKPI�KOOWPG�U[UVGO��FWTKPI�YJKEJ�IGPGVKE�KPUVCDKNKV[�
CPF�VWOQWT�JGVGTQIGPGKV[�KPETGCUG�CPF�KOOWPG�UGNGEVKQP�QH�VWOQWT�EGNN�XCTKCPVU�QEEWTU��+P�VJG�HKTUV�RJCUG�
RCTV�a���VJG�
KOOWPG�U[UVGO�KU�KP�EQPVTQN��YJKEJ�TGUWNVU�KP�VJG�GNKOKPCVKQP�QH�VWOQWT�EGNNU��+P�VJG�UGEQPF�RJCUG�
RCTV�b���VWOQWT�EGNN�
XCTKCPVU�CTKUG�VJCV�JCXG�KPETGCUKPI�ECRCEKV[�VQ�UWTXKXG�KOOWPG�CVVCEM��UWEJ�VJCV�KP�VJG�VJKTF�RJCUG�
RCTV�c���VJG�VWOQWT�
GUECRGU�KOOWPG�EQPVTQN�CPF�CFFKVKQPCN�VWOQWT�EGNN�XCTKCPVU�FGXGNQR��6JG�GUECRG�RJCUG�KU�EJCTCEVGTK\GF�D[�C�OWNVKVWFG�
QH|VWOQWT�KPVTKPUKE�OGEJCPKUOU�VJCV�GPCDNG�VJG�VWOQWT�VQ�CXQKF�KOOWPG�TGEQIPKVKQP��CU�YGNN�CU�VWOQWT�GZVTKPUKE�
OGEJCPKUOU�VJCV�TGUWNV�KP�CEVKXG�KOOWPG�UWRRTGUUKQP�KP�VJG�OKETQGPXKTQPOGPV�
UGG�BOX 2���&WTKPI�VJG�HKTUV�RJCUG��VWOQWT�
EGNNU�IGPGTCNN[�GZRTGUU�JKIJ�EGNN�UWTHCEG�NGXGNU�QH�OCLQT�JKUVQEQORCVKDKNKV[�EQORNGZ�
/*%��ENCUU|+��VJGKT�CPVKIGP�RTQEGUUKPI�
OCEJKPGT[�
#2/��KU�UVKNN�KPVCEV�CPF�VJG[�CTG�GCUKN[�TGEQIPK\GF�D[�%&�+�6|EGNNU�VJCV�CTG�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�
CPVKIGPU�
RCTV�d���+P�VJG�NCVGT�RJCUGU��VWOQWT�EGNNU�UJQY�C�FGETGCUG�KP�VJG�EGNN�UWTHCEG�NGXGNU�QH�/*%�ENCUU|+�VJCV�KU�QHVGP�
CUUQEKCVGF�YKVJ�NGUU�CPVKIGP�RTGUGPVCVKQP�QYKPI�VQ�#2/�FGHGEVU��VJWU��VJGTG�KU�TGFWEGF�TGEQIPKVKQP�CPF�GTCFKECVKQP�QH�
VWOQWT�EGNNU�D[�%&�+�6|EGNNU�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�CPVKIGPU��*QYGXGT��C�PGY�UGV�QH�VWOQWT�CPVKIGPU�CTKUGU��
VJGUG�CTG�MPQYP�CU�6|EGNN�GRKVQRGU�CUUQEKCVGF�YKVJ�KORCKTGF�RGRVKFG�RTQEGUUKPI�
6'+22��CPF�EQPUVKVWVG�CNVGTPCVKXG�
RGRVKFGU�VJCV�CTG�WPKSWGN[�RTGUGPVGF�D[�VWOQWTU�KP�VJG�GUECRG�RJCUG��8CEEKPG�GNKEKVGF�%&�+�6|EGNNU�URGEKHKE�HQT�6'+22�
CPVKIGPU�OKIJV�GHHGEVKXGN[�UVKOWNCVG�C�VWOQWT�TGLGEVKQP�TGURQPUG�KP�VWOQWTU�YKVJ�NQY�/*%�ENCUU|+�GZRTGUUKQP��
'4�|GPFQRNCUOKE�TGVKEWNWO��0-��PCVWTCN�MKNNGT�EGNN��0-6��PCVWTCN�MKNNGT�6�EGNN��6#2��VTCPURQTVGT�CUUQEKCVGF�YKVJ�CPVKIGP�
RTQEGUUKPI��6%4��6�EGNN�TGEGRVQT��2CTVU�a��b and c�CFCRVGF�HTQO�REF. 244��0CVWTG�2WDNKUJKPI�)TQWR�
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3. EXPRESSION OF IMMUNE INHIBITORY LIGANDS  
 
Implicated in modulating duration and amplitude of immune    
responses to pathogens, important to maintain tolerance                     
 
 
                            subverted by tumor cell 
                                     
                                     PDL1-PD1 
Reduce T cell survival and induce T cells apoptosis 
Induce exhaustion, increase T regulatory function 
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GENERATION OF AN IMMUNE  
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TEIPP antigens are presented by the residual MHC 
class I molecules of immune-edited cancers and originate 
from wild-type sequences of housekeeping genes60. Their 
strong immunogenicity is attributable to their absence on 
the surface of healthy cells with normal APM function61,62. 
Several of these self-peptides are presented by MHC 
class I when there are defects in the APM. TEIPP antigens 
are processed through alternative, non-classical process-
ing pathways, but they fail to be presented under physio-
logical conditions63–65. Hence, there is no central tolerance 
to these antigens. TEIPP antigens can be targeted in a 
very similar way to conventional tumour antigens, by 
vaccination and by adoptive transfer of cognate CD8+ 
T cells59,66. Although TEIPP-specific CD8+ T cells were 

originally identified in mice, they are now known to exist 
in humans67,68, and full exploitation of the human TEIPP 
repertoire could provide an approach for the treatment of 
immune-edited cancers with APM defects.

The immune-suppressive microenvironment
Multiple mechanisms have been reported by which 
tumour cells influence the tumour microenvironment. 
Several of these, such as the expression of ligands for 
inhibitory receptors on T cells, have been discussed 
already. Other mechanisms are intrinsically associ-
ated with characteristic biological processes found in 
cancer. For instance, induction of a tissue response to 
hypoxia impairs a cytolytic CD8+ T cell response in 

(KIWTG���| Tumour escape gives rise to alternative peptide antigens. 6JG�VJTGG�RJCUGU�QH�ECPEGT�KOOWPQ�GFKVKPI�� 
FGUETKDG�VJG�KPVTKECVG�TGNCVKQPUJKR�DGVYGGP�C�VWOQWT�CPF�KVU�KPHKNVTCVKPI�KOOWPG�U[UVGO��FWTKPI�YJKEJ�IGPGVKE�KPUVCDKNKV[�
CPF�VWOQWT�JGVGTQIGPGKV[�KPETGCUG�CPF�KOOWPG�UGNGEVKQP�QH�VWOQWT�EGNN�XCTKCPVU�QEEWTU��+P�VJG�HKTUV�RJCUG�
RCTV�a���VJG�
KOOWPG�U[UVGO�KU�KP�EQPVTQN��YJKEJ�TGUWNVU�KP�VJG�GNKOKPCVKQP�QH�VWOQWT�EGNNU��+P�VJG�UGEQPF�RJCUG�
RCTV�b���VWOQWT�EGNN�
XCTKCPVU�CTKUG�VJCV�JCXG�KPETGCUKPI�ECRCEKV[�VQ�UWTXKXG�KOOWPG�CVVCEM��UWEJ�VJCV�KP�VJG�VJKTF�RJCUG�
RCTV�c���VJG�VWOQWT�
GUECRGU�KOOWPG�EQPVTQN�CPF�CFFKVKQPCN�VWOQWT�EGNN�XCTKCPVU�FGXGNQR��6JG�GUECRG�RJCUG�KU�EJCTCEVGTK\GF�D[�C�OWNVKVWFG�
QH|VWOQWT�KPVTKPUKE�OGEJCPKUOU�VJCV�GPCDNG�VJG�VWOQWT�VQ�CXQKF�KOOWPG�TGEQIPKVKQP��CU�YGNN�CU�VWOQWT�GZVTKPUKE�
OGEJCPKUOU�VJCV�TGUWNV�KP�CEVKXG�KOOWPG�UWRRTGUUKQP�KP�VJG�OKETQGPXKTQPOGPV�
UGG�BOX 2���&WTKPI�VJG�HKTUV�RJCUG��VWOQWT�
EGNNU�IGPGTCNN[�GZRTGUU�JKIJ�EGNN�UWTHCEG�NGXGNU�QH�OCLQT�JKUVQEQORCVKDKNKV[�EQORNGZ�
/*%��ENCUU|+��VJGKT�CPVKIGP�RTQEGUUKPI�
OCEJKPGT[�
#2/��KU�UVKNN�KPVCEV�CPF�VJG[�CTG�GCUKN[�TGEQIPK\GF�D[�%&�+�6|EGNNU�VJCV�CTG�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�
CPVKIGPU�
RCTV�d���+P�VJG�NCVGT�RJCUGU��VWOQWT�EGNNU�UJQY�C�FGETGCUG�KP�VJG�EGNN�UWTHCEG�NGXGNU�QH�/*%�ENCUU|+�VJCV�KU�QHVGP�
CUUQEKCVGF�YKVJ�NGUU�CPVKIGP�RTGUGPVCVKQP�QYKPI�VQ�#2/�FGHGEVU��VJWU��VJGTG�KU�TGFWEGF�TGEQIPKVKQP�CPF�GTCFKECVKQP�QH�
VWOQWT�EGNNU�D[�%&�+�6|EGNNU�URGEKHKE�HQT�EQPXGPVKQPCN�VWOQWT�CPVKIGPU��*QYGXGT��C�PGY�UGV�QH�VWOQWT�CPVKIGPU�CTKUGU��
VJGUG�CTG�MPQYP�CU�6|EGNN�GRKVQRGU�CUUQEKCVGF�YKVJ�KORCKTGF�RGRVKFG�RTQEGUUKPI�
6'+22��CPF�EQPUVKVWVG�CNVGTPCVKXG�
RGRVKFGU�VJCV�CTG�WPKSWGN[�RTGUGPVGF�D[�VWOQWTU�KP�VJG�GUECRG�RJCUG��8CEEKPG�GNKEKVGF�%&�+�6|EGNNU�URGEKHKE�HQT�6'+22�
CPVKIGPU�OKIJV�GHHGEVKXGN[�UVKOWNCVG�C�VWOQWT�TGLGEVKQP�TGURQPUG�KP�VWOQWTU�YKVJ�NQY�/*%�ENCUU|+�GZRTGUUKQP��
'4�|GPFQRNCUOKE�TGVKEWNWO��0-��PCVWTCN�MKNNGT�EGNN��0-6��PCVWTCN�MKNNGT�6�EGNN��6#2��VTCPURQTVGT�CUUQEKCVGF�YKVJ�CPVKIGP�
RTQEGUUKPI��6%4��6�EGNN�TGEGRVQT��2CTVU�a��b and c�CFCRVGF�HTQO�REF. 244��0CVWTG�2WDNKUJKPI�)TQWR�
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• IDO inhibition
• PRR agonists

(KIWTG���| 8CEEKPGU�TGSWKTG�EQ�VTGCVOGPV�HQT�6|EGNNU�VQ�YKVJUVCPF�VJG�KOOWPG�UWRRTGUUKXG�OKETQGPXKTQPOGPV�� 
a | 2TQITGUUKXG�VWOQWTU�CTG�QHVGP�KPHKNVTCVGF�D[�VWOQWT�RTQOQVKPI�/��NKMG�OCETQRJCIGU��O[GNQKF�FGTKXGF�UWRRTGUUQT�EGNNU�

/&5%U��CPF�TGIWNCVQT[�6�
64GI��EGNNU�VJCV�UWRRTGUU�VJG�NQECN�GZRCPUKQP�CPF�GHHGEVQT�HWPEVKQP�QH�%&�

+�6|JGNRGT�EGNNU�CPF�
E[VQVQZKE�%&�+�6|EGNNU��HQUVGTKPI�VJG�ITQYVJ�QH�VWOQWTU��b | 8CEEKPGU��CFQRVKXG�6|EGNN�VTCPUHGT�YKVJ�QT�YKVJQWV�EQ�KPLGEVKQP�
QH�EQ�UVKOWNCVQT[�CPVKDQFKGU��KP�RCTVKEWNCT�CICKPUV�%&����1:���CPF�%&�����GPNCTIG�VJG�RQQN�QH�VWOQWT�URGEKHKE�6|EGNNU��
+P|OQUV�RCVKGPVU��6|EGNN�OGFKCVGF�KOOWPKV[�YKNN�DG�EQORTQOKUGF�KP�VJG�ECPEGT�OKETQGPXKTQPOGPV�D[�UGXGTCN�OGEJCPKUOU�
WUGF�D[�VJG�KPVTCVWOQWTCN�UWRRTGUUKXG�KOOWPG�EGNNU�CPF�VJTQWIJ�6|EGNN�EJGEMRQKPV�KPJKDKVKQP��6JKU�VWTPU�VJG�6|EGNNU�KPVQ�
VWOQWT�QDUGTXKPI�N[ORJQE[VGU�YKVJ�RQVGPVKCNN[�C�VTCPUKGPV�DWV�PQV�OCLQT�KORCEV�QP�VJG�VWOQWT��c | Dedicated and 
UGNGEVKXG�EQPFKVKQPKPI�QH�VJG�OKETQGPXKTQPOGPV�OC[�TGUWNV�KP�VGORQTCT[�UJTKPMCIG�QH�VWOQWTU�CPF�CNNQY�VJG�KPVTCVWOQWTCN�
6|EGNNU�VQ�EQODCV�VJG�VWOQWT��VJKU�EQWNF�DG�CEJKGXGF�D[�KPFWEKPI�CP�CEWVG�KPHNCOOCVQT[�RTQHKNG�WUKPI�RCVVGTP�TGEQIPKVKQP�
TGEGRVQT�
244��CIQPKUVU�CPF�QT�D[�TGOQXCN�QT�KPJKDKVKQP�QH�KOOWPG�TGIWNCVQT[�OGEJCPKUOU�
64GI�EGNNU��/&5%U�CPF�QT�/��
VWOQWT�CUUQEKCVGF�OCETQRJCIGU�
6#/U����D[�OQFWNCVKQP�QH�O[GNQKF�EGNNU�
CEJKGXGF�D[�UQOG�EJGOQVJGTCRKGU���KPJKDKVKQP�
QH�KPFQNGCOKPG�����FKQZ[IGPCUG�
+&1���VTGCVOGPV�YKVJ�CPVKDQFKGU�CICKPUV�KOOWPG�UWRRTGUUKXG�E[VQMKPGU�
UWEJ�CU�
KPVGTNGWMKP����
+.�����CPF�VTCPUHQTOKPI�ITQYVJ�HCEVQT�β�
6)(β���QT�CICKPUV�KPHNCOOCVQT[�E[VQMKPGU�
UWEJ�CU�+.����QT�
E[VQMKPG�TGEGRVQTU��9KVJQWV�CFFKVKQPCN�CEVKXCVKQP�QH�C�UVTQPI�VWOQWT�URGEKHKE�6|EGNN�TGURQPUG��PQ�OCLQT�KORCEV�QP�VWOQWT�
ITQYVJ�KU�VQ�DG�GZRGEVGF�HQT�VJG�OCLQTKV[�QH�RCVKGPVU��d | 2TQXKFGF�VJCV�C�VWOQWT�URGEKHKE�6|EGNN�TGURQPUG�JCU�DGGP�KIPKVGF��
CPVKDQFKGU�CICKPUV�VJG�E[VQVQZKE�6�N[ORJQE[VG�CUUQEKCVGF�RTQVGKP���
%6.#����RTQITCOOGF�EGNN�FGCVJ�RTQVGKP���
2&����
N[ORJQE[VG�CEVKXCVKQP�IGPG���
.#)����6|EGNN�KOOWPQINQDWNKP�OWEKP�TGEGRVQT���
6+/���QT�PCVWTCN�MKNNGT�EGNN�TGEGRVQT�#�

0-)�#��EJGEMRQKPVU�QP�6|EGNNU�
QT�CICKPUV�VJGKT�TGURGEVKXG�NKICPFU��ECP�CUUKUV�KP�UWUVCKPKPI�HWNN�GHHGEVQT�HWPEVKQP�QH�VJG�
KPVTCVWOQWTCN�6|EGNNU��+P�UQOG�RCVKGPVU��VJKU�YKNN�TGUWNV�KP�VWOQWT�FGUVTWEVKQP��YJGTGCU�KP�QVJGTU��KOOWPG�UWRRTGUUKQP�D[�
EGNNU�KP�VJG�OKETQGPXKTQPOGPV�OC[�RTGXCKN��e | +P�C�UGVVKPI�KP�YJKEJ�KOOWPG�UWRRTGUUKQP�KU�CNNGXKCVGF�CPF�VWOQWTU�CTG�
UWHHKEKGPVN[�KOOWPQIGPKE��VJG�CEVKXCVKQP�QH�FGPFTKVKE�EGNNU�
&%U��CPF�/��NKMG�6#/U�YKNN�HQUVGT�VJG�CVVTCEVKQP�CPF�CEVKXCVKQP�
QH�VWOQWT�URGEKHKE�6|EGNNU�CPF�UWUVCKP�VJGKT�CPVKVWOQWT�CEVKXKV[�QXGT�VKOG��YJKEJ�KU�NKMGN[�VQ�NGCF�VQ�VWOQWT�GTCFKECVKQP�� 
f | 6JG�JKIJGUV�TCVG�QH�VWOQWT�FGUVTWEVKQP�KU�VQ�DG�GZRGEVGF�YJGP�C�VTGCVOGPV�UEJGOG�VCTIGVU�EQORQPGPVU�KP�GCEJ�QH�VJG�
UGVVKPIU�
b–e��FGUETKDGF��6JG�V[RG�CPF�PWODGT�QH�EQODKPCVKQPU�VJCV�ECP�DG�OCFG�KU�JKIJN[�NKMGN[�VQ�DG�FKEVCVGF�D[�VJG�UKFG�
GHHGEVU�QH�VJG|VTGCVOGPV�EQODKPCVKQPU�EJQUGP�
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recruitment	

1.  Tumor cells derived factors directly inhibit the  
      function of immune cells 

2. Tumor cells recruit immune cells with regulatory and  
    suppressive functions 



1.  Tumor derived factors that inhibit immune cell function 
 
 

•  	PGE2	
•  LacNc	acid	



IDO: catabolism of Triptophan , production of metabolites that inhibits 
T cell proliferation  
 
TGF-β: multiple tumor promoting effects and inhibition of T cells and NK cell functions  
 
Adenosine: induced by hypoxia: adenosine receptor on CD8 T cells blocks T cell 
proliferation and NK cells function 
 
Galectins: lectins that play a direct a role in neoplastic transformation and  
modulate immune responses. Block T cell activation, induce T cell apoptosis, impair  
 secretion of proinflammatory cytokines 
 
VEGF and IL-10: blocks T cells and antigen presenting cells 



2. Tumor cells recruit immune cells with  
suppressive functions: 
                     
One major pathway of immune suppression is the accumulation of 
 
 
                  MYELOID DERIVED SUPPRESSOR CELLS  

 
 
 

heterogeneous class of myeloid derived cells with a common 
  ability to suppress T cell functions and to promote tumor 

growth 
 
 
 

 
 



Oncogene		



Carcinoma cells overexpress cytokines implicated in 
differentiation of myeloid cells 

	
	

Expansion and accumulation of immature  
myeloid cells 



Overexpression of chemokines in cancer 
 
	
	

Recruitment of immature and inflammatory 
monocytes 



Expanded precusors attracted in the tumor tissue 
 
	
	

Differentiation into immuno suppressive populations 
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Regulatory T (TReg) cells
A specialized type of CD4+ 
T cell that can suppress the 
responses of other immune 
cells. These cells provide a 
crucial mechanism for the 
maintenance of peripheral  
self tolerance and are 
characterized by the 
expression of CD25 and the 
transcription factor forkhead 
box P3.

nitration and restoration of T-cell responsiveness to 
tumour antigens. In addition, we have shown that per-
oxynitrite production by MDSCs during direct contact 
with T cells resulted in nitration of the T-cell receptor 
and CD8 molecules, which altered the specific peptide 
binding of the T cells and rendered them unresponsive 
to antigen-specific stimulation80. However, the T cells 
maintained their responsiveness to non-specific stim-
uli. This phenomenon of MDSC-mediated antigen-
specific T-cell unresponsiveness was also observed 
in vivo in tumour-bearing mice53.

Subset-specific suppressive mechanisms? Recent find-
ings indicate that different subsets of MDSCs might use 
different mechanisms to suppress T-cell proliferation. 
As described earlier, two main subsets of MDSCs have 
been identified, a granulocytic subset and a monocytic 
subset. The granulocytic subset of MDSCs was found to 
express high levels of ROS and low levels of NO, whereas 
the monocytic subset expressed low levels of ROS and 
high levels of NO; both subsets expressed arginase 1 
(REF. 6) (FIG. 3). Interestingly, both MDSC subsets sup-
pressed antigen-specific T-cell proliferation to an equal 
extent despite having different mechanisms of action. 
Consistent with these observations, another study17 
reported two distinct MDSC subsets in tumour-bearing 
mice, one that consisted of mononuclear cells resembling 
inflammatory monocytes and a second that consisted 
of polymorphonuclear cells that were similar to imma-
ture granulocytes. Again, both populations were found 
to suppress antigen-specific T-cell responses, although 
they used distinct effector molecules and signalling path-
ways. The suppressive activity of the granulocytic subset 
depended on arginase 1, whereas that of the monocytic 
subset depended on STAT1 and iNOS17. Finally, the same 
trend was observed during T. cruzi infection: monocytic 
MDSCs produced NO and strongly inhibited T-cell pro-
liferation, whereas granulocytic MDSCs produced low 
levels of NO15. However, this subset did not inhibit T-cell 
proliferation, although it did produce superoxide anion15. 
The biological significance of such functional dichotomy 
between two MDSC subsets remains to be elucidated.

Induction of TReg cells. Recently, the ability of MDSCs 
to promote the de novo development of forkhead 
box P3 (FOXP3)+ regulatory T (TReg) cells in vivo has been 
described18,19. The induction of TReg cells by MDSCs was 
found to require the activation of tumour-specific T cells 
and the presence of IFNγ and IL-10, but was independ-
ent of the production of NO19. In mice bearing 1D8 ovar-
ian tumours, the MDSC-mediated induction of TReg cells 
required the expression of cytotoxic lymphocyte antigen 4 
(CTLA4; also known as CD152) by MDSCs18. In a mouse 
model of lymphoma, MDSCs were shown to induce 
TReg-cell expansion through a mechanism that involved 
arginase 1 and the capture, processing and presentation 
of tumour-associated antigens by MDSCs, but was inde-
pendent of TGFβ58. By contrast, another group17 found that 
the percentage of TReg cells was invariably high throughout 
tumour growth and did not relate to the kinetics of expan-
sion of the MDSC population, suggesting that MDSCs 
were not involved in TReg-cell induction. Furthermore,  
in a rat model of kidney allograft tolerance that was 
induced using a CD28-specific antibody, MDSCs that 
were co-expressing CD80 and CD86 were found to have 
a limited effect on the expansion of the TReg-cell popula-
tion81. Although further work is required to resolve these 
discrepancies and to determine the physiological rel-
evance of these studies, it seems possible that MDSCs are 
involved in TReg-cell differentiation through the produc-
tion of cytokines or through direct cell–cell interactions. 
Furthermore, MDSCs and TReg cells might be linked in a 
common immunoregulatory network (see later).

Figure 3 | Suppressive mechanisms mediated by different subsets of MDSCs. 

Myeloid-derived suppressor cells (MDSCs) consist of two main subsets: monocytic 

MDSCs, which have a CD11b+LY6G–LY6Chi phenotype, and granulocytic MDSCs, which 

have a CD11b+LY6G+LY6Clow phenotype. In most tumour models, it is predominantly 

(70–80%) the granulocytic subset of MDSCs that expands. We suggest that the 

granulocytic subset of MDSCs has increased activity of signal transducer and activator 

of transcription 3 (STAT3) and NADPH, which results in high levels of reactive oxygen 

species (ROS) but low nitric oxide (NO) production. ROS and, in particular, peroxynitrite 

(the product of a chemical reaction between superoxide anion and NO) induces the 

post-translational modification of T-cell receptors and may cause antigen-specific 

T-cell unresponsiveness. The monocytic MDSC subset has upregulated expression of 

STAT1 and inducible nitric oxide synthase (iNOS), and increased levels of NO but low 

ROS production. NO, which is produced by the metabolism of -arginine by iNOS, 

suppresses T-cell function through various different mechanisms that involve the 

inhibition of Janus kinase 3 and STAT5, the inhibition of MHC class II expression and the 

induction of T-cell apoptosis. Both subsets have increased levels of arginase 1, which 

causes T-cell suppression through depletion of -arginine. Only monocytic MDSCs can 

differentiate into mature dendritic cells and macrophages in vitro.
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High expression of and Arginase /iNOS 
 
T cell suppression via: 
1.  depletion of arginine (essential for proliferation) 
2.  Modification of TCR signaling 
3.  Induction of T cell apoptosis 
4.  Interfering with IL-2 signaling (Jack/STAT) 
5.  Nitrosylation of cysteine in key signaling molecules 
 
ROS 
Modification of T cell receptor, T cell unresponsiveness  
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