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Introduction to the tumor microenvironment and the immune response 
The immune system is capable of recognizing and eliminating tumor cells in the tumor microenvironment. 
Innate and adaptive immunity act as a complementary network of self-defense against foreign threats.1 This 
ability to recognize foreign threats (nonself) as distinct from normal cells (self), is an essential feature of 
the immune system.2-4/Despite originating from normal cells, tumor cells can be recognized as nonself 
through production of tumor antigens.5//
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APC = antigen-presenting cells; BTLA =  B- and T-lymphocyte attenuator; CD = cluster of differentiation; CTLA-4 = cytotoxic T-lymphocyte–associated protein-4; GITR = glucocorticoid 
induced tumor necrosis factor-related protein; HVEM = herpes virus entry mediator; LAG-3 = lymphocyte-activation gene 3; MDSC = myeloid-derived suppressor cell; MHC = major 
histocompatibility complex; PD-4 = programmed death receptor-4; TIM-3 = T-cell immunoglobulin domain and mucin domain-3; Tregs = regulatory T cells; VISTA =  V-domain 
immunoglobulin-containing suppressor of T-cell activation. 
1. Davies M. Cancer Manag Res. 2014;6:63–75. 
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JAX mice were transferred to TAC mice,
tumor burden was reduced while tumor-
specific CD8+ T cell responses were

augmented in TAC mice. In contrast,
TAC feces had little effect on JAX recipi-
ents. Furthermore, the efficacy of anti-

PD-L1 therapy in TAC mice was signifi-
cantly enhanced when mice received
feces from JAX donors. The authors

Figure 1. Gut Bacteria Stimulate Anti-tumor Immunity
Both anti-CTLA-4 and anti-PD-L1 therapies depend on gut microbiota for efficacy. Anti-CTLA-4 indirectly alters the intestinal flora to favor enrichment of
Bacteroides species, possibly by promoting deterioration of the epithelial barrier via activation of local lymphocytes. These bacteria then promote the activation of
DCs, which present tumor antigens to prime and support anti-tumor T cell responses. In contrast, anti-PD-L1 therapy depends on the pre-existing abundance
of key genera in the host, notably Bifidobacterium, which also augment DC activation and anti-tumor T cell responses. Activity of tumor-specific T cells can then
be enhanced by anti-PD-L1 therapy (which blocks the ligand of PD1, a protein that transmits suppressive signals to T cells) or anti-CTLA-4 (which prevents
CTLA-4 from blocking activation of the co-stimulatory molecule CD28 on T cells). Anti-CTLA-4 additionally blocks the immune-suppressive function of regulatory
T cells (Tregs), which contributes to local inflammation in gut tissue.
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Antitumor activity of the innate and adaptive immune responses 

 
The antitumor activity of NK cells and cytotoxic T cells is regulated through a network of activating and 
inhibitory signaling pathways:4,13,14 

The balance between activating and inhibitory pathways normally enables the immune system to attack 
tumor cells, while sparing healthy cells.13 

 
 
Key stages of the antitumor immune response 
In both the innate and adaptive immune responses, immune cells have the potential to recognize and 
eliminate tumor cells. There are three principal stages in this process:  
 

   

Presentation 
The innate immune system rapidly 
identifies and attacks tumor cells. 
Tumor cell death releases tumor 
antigens, which can activate the 
cytotoxic T cells of the adaptive 
immune system.6,15 

Infiltration 
Tumor antigens and other factors 
attract immune cells to the tumor 
site, where they invade and attack.15  

Elimination 
Activated cytotoxic T cells 
recognize tumor cells as the 
source of the antigen and target 
them for elimination.15 
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specific  
antigens 

Activated T cell 
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Dendritic cells 
activate 

naïve T cells in 
lymph nodes 

Activated T cells 
migrate back to the 

tumor 

Checkpoints  

Checkpoints  

CTLA-4 
PD-1 Immune checkpoints  such as 

CTLA-4 and PD-1, LAG-3, and  
TIM-3 function at different phases 

in the immune response to 
regulate the duration and level of 

the T-cell response. 

Tumor 
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CTLA-4 = cytotoxic T-lymphocyte antigen 4 
PD-1 = programmed cell death protein 1 
LAG-3 = lymphocyte activation gene 3 
TIM-3 = T-cell immunoglobulin and mucin protein 3 
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