
Dual Role of Immune Cells in the Tumor Microenvironment
The balance between anti- and pro-tumor activities shapes the fate of the tumor
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Pro-tumor activity
If the tumor is not completely eradicated in the elimination phase, the remaining tumor and immune cells enter a dynamic equilibrium phase in which new tumor variants continue to arise 
and be eliminated. This phase lasts until the tumor develops mutations that allow it to escape immune detection and elimination, eventually resulting in tumor progression (escape phase). 
Changes in tumor cells that result in immune escape include loss of tumor antigen expression, down-regulation of MHC class I molecules, induction of immune cell exhaustion through 
persistent activation, expression of ligands for co-inhibitory receptors (PD-L1/PD1, CD80/CTLA-4, HLA-E/NKG2A-CD94, MHC class I/KIR, HVEM/BTLA) and inhibition of phagocytosis through 
expression of the do not eat me signaling molecule CD47.

Tumor cells can also escape immune responses by remodeling the tumor microenvironment. High expression of VEGF-A induces aberrant angiogenesis characterized by disorganized and 
leaky blood vessels resulting in hypoxia, whereas high expression of VEGF-C/D promotes lymphangiogenesis that favors tumor progression and dissemination. The tumor also promotes stromal 
remodeling, primarily through secretion of TGF-β, PDGF-BB and VEGF, that causes transformation of normal fibroblasts into CAFs, detachment of pericytes from blood vessels, alterations of 
blood vessel and lymphatic endothelial cells. The abnormal stromal components secrete immunosuppressive molecules such as PGE2, TGF-β and IL-6 that directly inhibit cytotoxic cell activity, 
while recruiting and activating immunosuppressive cells, together with chemokines secreted by tumor cells (CCL2, CCL5, CCL22). Infiltrating regulatory cells (Treg, Breg and γδ Treg cells), M2-like 
TAMs, immature DCs, ILC2s and CD4+ Th2 cells contribute to the switch from a pro-inflammatory Th1 response to an immunosuppressive Th2 response mediated by the secretion of IL-10, 
IL-35, TGF-β, IL-4, IL-5 and IL-13.  

Tumor cells further inhibit CTLs through metabolic exhaustion. Tumor cells outcompete T cells for oxygen, glucose and amino acids. Expression of IDO, arginase-1, ectonucleotidases CD39 
and CD73 by tumor cells, Treg cells, MDSCs or immature DCs further contributes to T-cell nutrient deprivation and inhibition by decreasing the levels of tryptophan and increasing the concentration 
of its immunosuppressive catabolite kynurenine, by limiting the availability of arginine and by hydrolysing ATP into highly immunosuppressive adenosine. Moreover, Treg cells sequester IL-2, 
required for T-cell survival and function, through high expression of IL-2 receptor alpha-chain (CD25). Understanding the di�erent mechanisms by which tumor cells escape immune surveillance 
has driven the development of immunotherapy strategies aimed at manipulating T-cell and tumor metabolism, and blocking, for example, inhibitory checkpoints (PD-1 and CTLA-4 axes), 
immunosuppressive modulators TGF-β and IDO, CD47 signaling and CCL2-mediated recruitment of immunosuppressive cells.

M2-like TAMs are derived from macrophage polarization primarily induced by IL-4 and IL-13; 
tumor-secreted CCL2 plays a key role in M2-like TAM recruitment.

M2-like TAMs promote tumor escape by inducing an anti-inflammatory Th2 response 
through secretion of IL-10 and TGF-β.

M2-like TAMs express high levels of arginase-1 and inhibit CTLs by limiting arginine 
availability.

M2-like TAM

Myeloid-derived suppressor cells are immature cells endowed with potent immunosup-
pressive activity.

Chronic inflammation induced by cytokines (IL-4, IL-5, IL-6, IL-10) in the tumor 
microenvironment promotes MDSC recruitment and expansion.

MDSCs express high levels of arginase-1 and IDO which results in high consumption of 
arginine and tryptophan, and T-cell inhibition via nutrient deprivation.

MDSCs also express high levels of iNOS that synthesizes NO from arginine using an 
alternative pathway than the one used by arginase-1. The combination of NO and ROS 
generates peroxynitrite that nitrosylates and alters the function of the TCR, thus inhibiting 
T-cell activation.

MDSCs recruit immature DCs and inhibit their maturation through secretion of VEGF, IL-6 
and IL-10.

MDSC

ILC2s are considered the innate counterpart of CD4+ Th2 cells.

Upon activation by IL-33, IL-25 and TSLP, ILC2s secrete Th2 cytokines IL-4 and IL-13 that 
contribute to the generation of an immunosuppressive milieu.

ILC2s also promote T-cell inhibition by producing amphiregulin, an EGFR ligand that regulates 
and maintain Treg cell’s suppressive function.

ILC2

Tolerogenic dendritic cells are partially mature DCs that express high levels of MHC class I 
and class II, CD80 and CD86 and inhibit T cells through secretion of IL-10 and TGF-β.

Tolerogenic DCs also express high levels of IDO that inhibits CTLs by reducing the availability 
of tryptophan and by increasing the concentration of its immunosuppressive catabolite 
kynurenine.

Expression of IDO further promotes the activity of immunosuppressive Treg cells.

Tolerogenic DC

Immature dendritic cells are unable to properly present antigen to naïve T cells due to low 
expression of  MHC class I and class II, CD80 and CD86.

Similar to tolerogenic DCs, immature DCs inhibit CTLs through secretion of IL-10 and TGF-β 
and high expression of IDO.

Immature DC

Derived from naïve CD4+  T cells upon antigen recognition and IL-4 stimulation, Th2 cells 
are defined by the expression of the transcription factor GATA3 and production of the anti-
inflammatory cytokines IL-4, IL-5 and IL-13.

GATA3 suppresses Th1 cells development and ultimately disrupts Th1-mediated anti-tumor 
immune responses.

Th2 cells promote the di�erentiation and accumulation of immunosuppressive M2-like TAMs 
and MDSCs, leading to T cell suppression and loss of CTL activity. 

Th2 cells at tumor sites can facilitate angiogenesis, tumor cell growth and invasion.

CD4+ Th2 cell

Treg cells are a heterogeneous population of immunosuppressive lymphocytes, primarily 
defined by expression of FoxP3 and CD25 that play critical roles in maintaining immune 
homeostasis and self-tolerance. 

Treg cell suppressive activity involves secretion of immunosuppressive cytokines (TGF-β, 
IL-10 and IL-35) and the consumption of IL-2 that is required by e�ector T cells.

Tumor infiltrating Treg cells express the ectonucleotidases CD39 and CD73 that function in 
tandem to convert ATP into adenosine, a highly immunosuppressive molecule that binds 
to A2aR expressed on e�ector T cells. Adenosine inhibits the PI3K-AKT pathway and the 
downstream glycolysis, required for e�ector T-cell function.

Tregcell

Tumor infiltrating Breg cells play pivotal roles in the suppression of anti-tumor immunity.  

Breg cells’ suppressive activity is mostly attributed to the production of the anti-inflammatory 
cytokine IL-10, TGF-β and IL-35.  

The inhibitory e�ects of IL-10 producing Bregs include dampening of CTL activity and blocking 
IFNγ and IL-17 production by Th1 and Th17 cells, respectively. They can also impair Th17 cell 
di�erentiation and induce the conversion of T cells into Tregs.

Bregcell

CAFs can derive from normal fibroblasts, endothelial cells, pericytes or tumor cells through 
di�erentiation, transdi�erentiation or epithelial-to-mesenchymal transition mediated by TGF-β 
and PDGF-BB.

CAFs directly inhibit cytotoxic cells through secretion of PGE2 and TGF-β.

CAFs promote Th2 polarization through expression of TSLP, and M2-like TAM polarization through 
secretion of IL-6, TGF-β and FGF.

IL-6 expression is also responsible for the inhibition of dendritic cell maturation and recruitment 
of immature dendritic cells.

CAF

The tumor microenvironment can polarize  γδ T cells toward di�erent immunosuppressive 
phenotypes.

Vδ1 γδ Treg cells can be recruited by breast cancer cells through secreted IP-10 and are able to 
suppress DC maturation and CTL functions.

γδ T17 cells represent another group of γδ Treg  cells. These cells are induced by IL-6 and TGF-β 
and able to secrete IL-17. In the context of an altered tumor microenvironment, IL-17 can play 
an immunosuppressive function by promoting angiogenesis and recruiting MDSCs.

γδ Treg cell

γδ T cells recognize unconventional antigens (phosphoantigens, heat shock proteins) in an 
MHC-unrestricted manner and can rapidly induce IFNγ and TNF secretion and target cell lysis. 

Recognition of the tumor and activation of γδ T cell anti-tumor functions also involve the 
binding of NKG2D to the stress ligands MICA/B or ULBP1.

γδ T cells can also kill tumor cells through release of granules containing perforin and granzymes, 
and through antibody-dependent cell cytotoxicity mediated by FcR such as CD16.

γδ T cell

The pro-inflammatory milieu promotes polarization of B cells into e�ector B cells (Be1) that  
produce Th1 cytokines and enhance CTL activity and NK-meditated tumor cell killing. 

B cells also promote direct tumor cell killing by secreting granzyme B or by triggering TRAIL 
signaling.

B cell (Be1)

Detachment of pericytes from the tumor vasculature contributes to the formation of disorganized, 
leaky blood vessels that cannot meet the blood supply demand of highly proliferating tumor cells. 
This results in a hypoxic and acidic tumor microenvironment that attracts immunosuppressive 
immune cells and inhibits CTLs.

Pericytes directly inhibit cytotoxic cells through the secretion of PGE2 and TGF-β, and the expression 
of the inhibitory ligand PD-L1.

Pericytes promote M2-like TAM polarization through secretion of IL-6.

Pericytes

Anti-tumor activity
In the early stage of tumor growth, the innate and adaptive immune responses co-operate to identify and eliminate transformed cells. The immune system is alerted of the presence of tumor cells 
by the presence of danger signals, such as type I interferons, damage-associated molecular patterns and by the expression of stress-induced ligands such as MICA/B and ULBP1 by transformed cells. 
Inflammatory signals recruit innate immune cells such as macrophages, NK cells, NKT cells and γδ T cells that recognize and kill tumor cells via di�erent mechanisms, including secretion of 
pro-inflammatory cytokines and cytotoxic molecules, antibody-dependent cell cytotoxicity and phagocytosis and FasL- and TRAIL-induced apoptosis. Dendritic cells loaded with tumor debris 
migrate to lymph nodes, where they activate tumor-specific CD4+ Th1 and cytotoxic CD8+ T cells. The activated CD4+ and CD8+ T cells then migrate to the tumor site, where they function 
synergistically to e�ectively eliminate tumor cells. CD4+ T helper cells, together with their innate counterparts ILC1s, support the activity of cytotoxic cells and macrophages by secreting Th1 
e�ector cytokines such as IFNγ, TNF and IL-12. Tumor-infiltrating B cells also play key roles in tumor elimination. They can present tumor-specific antigens and acquire an e�ector phenotype 
(Be1) that is characterized by secretion of Th1 cytokines and cytotoxic molecules. Di�erentiation of B cells into antibody-secreting plasma cells contributes to antibody-mediated cytotoxicity 
and phagocytosis of cells expressing specific tumor antigens. 

M1-like TAMs derive from macrophage polarization induced by IFNγ, M-CSF or LPS.

M1-like TAMs directly promote tumor elimination through secretion of TNF, generation of 
high levels of NO and ROS and antibody-dependent cell phagocytosis mediated by FcR.

M1-like TAMs upregulate the IRF5 transcription factor that is required for induction of 
cytokines (IL-12, IL-23 and TNF) involved in eliciting anti-tumor Th1 and Th17 responses.

M1-like TAM

Mature DCs process and present tumor antigens to naïve T cells.

T-cell antigen presentation and activation is mediated by high expression of MHC class 
I or II, co-stimulatory molecules CD80 and CD86 and secretion of IL-12.

Mature DC

Derived from naïve CD4+ T cells upon antigen recognition and IL-12 stimulation,  CD4+ Th1 
cells are defined by the expression of the transcription factor T-bet and production of the 
pro-inflammatory cytokines IL-2, IFNγ and TNF. 

At the tumor site, CD4+Th1 cells recruit, retain and activate CTLs, NK cells and macrophages. 

Th1 cytokines induce upregulation of MHC molecules on tumor cells leading to enhanced CTL 
recognition and killing.

CD4+ Th1 cell

NKT cells are innate lymphocytes that express a limited repertoire of αβ TCRs which recognize 
lipid antigens presented by CD1d on APCs and tumor cells.

Type I NKT cells (also called iNKT cells) express a semi-invariant TCRα chain (Vα24-Jα18 in 
human, Vα14-Jα18 TCR in mice), while Type II NKT cells display a more diverse TCR repertoire. 
Both types of NKT cells can play a role in tumor immunity.

Upon recognition of CD1d-expressing tumor cells, NKT cells can directly kill tumor cells through 
the secretion of IFNγ, the release of granzymes and perforin and/or through FasL-induced 
apoptosis.

NKT cells can specifically stimulate DCs through the CD1d-TCR complex and CD40–CD40L 
interaction which induces DC maturation and IL-12 secretion.

NKT cell

NK cells express cell-surface receptors that deliver either activating or inhibitory signals. 
NKG2D activation, for instance, induces cytotoxic lysis of tumor cells upon binding with 
MICA/B or ULBP1.

NK cells produce cytokines, especially IFNγ and TNF, and release granules containing perforin 
and granzymes that eliminate tumor cells.

NK cell

ILC1s are innate immune cells that are derived from a common lymphoid progenitor 
and lack a rearranged antigen receptor on the cell surface.

Similar to their CD4+ Th cell counterparts, ILC1s produce Th1 cytokines (IFNγ, TNF) that 
promote the activity of CTLs, NK cells and macrophages.

ILC1

CD8+ T cell response is stimulated by soluble factors released by CD4+ Th cells, and by dendritic 
cells that present antigenic epitopes from captured tumor-derived peptides on MHC class I 
together with co-stimulatory molecules CD80, CD86 and CD40, and secreted IL-12.

Tumor elimination is mediated by the release of granules containing perforin and granzymes, 
which induce apoptosis of tumor cells. FasL and TRAIL signaling also contribute to tumor 
cell death.

CD8+ T cells also produce TNF and IFNγ contributing to the generation of a pro-inflammatory, 
anti-tumorigenic microenvironment.

CD8+ T cell
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Di�erentiation into plasma cells and generation of antibodies against tumor antigens promote 
tumor elimination through antibody-dependent mechanisms, including cell cytotoxicity and 
phagocytosis, and complement-mediated lysis of tumor cells. 

Plasma cell


