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Abstract 

Tumor progression is often associated with chronic inflammation in the tumor microenvi-
ronment, which is mediated by numerous cytokines, chemokines and growth factors pro-
duced by cancer and stroma cells. All these mediators support tumor development and 
immunosuppression in autocrine and/or paracrine ways. Neutralization of chronic inflam-
matory conditions can lead to the restoration of anti-tumor immune responses. Among 
stroma cells infiltrating tumors, myeloid-derived suppressor cells (MDSCs) represent one of 
the most important players mediating immunosuppression. These cells may not only inhibit an 
anti-tumor immunity but also directly stimulate tumorigenesis as well as tumor growth and 
expansion. Therefore, understanding the mechanisms of generation, migration to the tumor 
site and activation of MDSC is necessary for the development of new strategies of tumor 
immunotherapy. 

Key words: myeloid-derived suppressor cells, cancer, myeloipoiesis, tumorigenesis, immunosup-
pression. 

Introduction 
MDSCs are immature myeloid cells that fail to 

terminally differentiate into granulocytes, macro-
phages or dendritic cells (DCs) upon chronic inflam-
matory conditions and exhibit immunosuppressive 
functions by multiple mechanisms (1-4). These cells 
are very heterogeneous and therefore their pheno-
typical characteristics are broadly distinct (1, 4-6). In 
mice, MDSCs express both CD11b and Gr1 markers 
and consist of two major subsets: granulocytic 
Ly6G+Ly6Clo and monocytic Ly6G-Ly6Chi cells (1, 5, 
8). Among human MDSCs, the same two subsets can 
be distinguished as Lin-HLA-DR-CD33+ or 
CD11b+CD14-CD15+ for granulocytic and 

CD14+HLA-DRneg/lo or CD11b+CD14+HLA-DRneg/lo 
for monocytic MDSCs (1, 2, 6, 8). MDSCs derive from 
the bone marrow hematopoietic precursors due to the 
altering of myelopoiesis by chronic inflammatory 
mediators (1, 9, 10, 12) and exhibit remarkable im-
munosuppressive and tumorigenic activities (1, 6, 13). 
The later include i) a secretion of angiogenic factors 
promoting neoangiogenesis (14); ii) a production of 
growth factors, matrix metalloproteinases and cyto-
kines stimulating tumor growth and skewing immune 
responses towards Th2 type and regulatory T cells 
(Tregs) (13, 15, 16); iii) a deprivation of arginine and 
cysteine which are required for T cell functions (1, 17); 
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iv) a production of nitric oxide (NO) and reactive 
oxygen species (ROS) that causes the nitration of T cell 
receptors (TCR) or T cell apoptosis (1, 13, 18); v) an 
expression of membrane-bound TGF-β1 inducing 
anergy of immune effector cells (1, 19), and vi) a 
down-regulation of the TCR ζ-chain expression disa-
bling T cells to transmit activation signals (1, 9). Tak-
ing together, MDSCs can be considered as key players 
in the tumor-mediated immunosuppression. In this 
review, we will summarize a current knowledge on 
the MDSCs-tumor interplay and will discuss the 
checkpoints of this interaction to be used as possible 
therapeutic targets. 

Tumor-derived factors supporting 
MDSCs generation, expansion and func-
tion 

Previously we and others demonstrated a strong 
association of the tumor-mediated chronic inflamma-
tion and systemic expansion and activation of MDSCs 
(1, 9, 20). Neutralization of chronic inflammatory 
conditions led to a strong decrease in numbers and 
immunosuppressive functions of tumor-infiltrating 
MDSCs (20-22). In contrast, a cyclophospha-
mide-induced escalation of chronic inflammation 
caused an additional expansion, activation and ac-
cumulation of MDSCs in tumor lesions (Sevko et al., 
accepted to JID, 2012; 23). The process of MDSC gen-
eration, expansion, migration and activation is known 
to be under the control of various mediators of 
chronic inflammation such as growth factors (granu-
locyte-macrophage colony-stimulating factor, 
GM-CSF; granulocyte colony-stimulating factor, 
G-CSF; macrophage colony-stimulating factor, 
M-CSF; vascular endothelial growth factor (VEGF); 
and transforming growth factor-β, TGF-β), cytokines 
(interleukin (IL)-1β, IL-4, IL-5, IL-6, IL-10, IL-13; tu-
mor necrosis factor-α, TNF-α; and interferon-γ, IFN-γ), 
chemokines (CCL2, CCL4, CCL5, CXCL1, CXCL8, and 
CXCL12), cyclooxygenase-2 (COX-2), and prosta-
glandin E2 (PGE2) (1, 3, 9, 24, 25). The effect of all 
these factors is combinatorial and dose-dependent 
(Fig. 1). They modulate myeloid cells in the tumor 
microenvironment, and being delivered distantly to 
hematopoietic organs by tumor-derived exosomes, 
can alter myelopoiesis and skew a normal differentia-
tion of myeloid cells in the favor of MDSCs (1, 3, 7, 25, 
26).  

GM-CSF is considered as a pivotal growth factor 
driving myelopoiesis (27, 28). Further differentiation 
to granulocytes or macrophages is stimulated by 
G-CSF or M-CSF respectively) (29). All three men-
tioned growth factors have been shown to be ex-

pressed in tumor lesions (10, 30, 31). Tumor-derived 
GM-CSF has been reported to be one of the key factors 
in the generation of MDSC both in vivo (32, 33) and in 
vitro (34). Moreover, Ribechini E et al (35) emphasized 
a dose-dependent effect of GM-CSF. Whereas low 
concentrations of GM-CSF in absence of IL-4 led to the 
generation of MDSCs and immature DCs from bone 
marrow hematopoietic precursor cells in vitro, high 
doses resulted in the development of neutrophiles 
and mature DCs. Finally, GM-CSF in combination 
with IL-6, IL-1β, PGE2, TNF-α or vascular VEGF has 
been demonstrated to mediate the generation of 
highly suppressive MDSCs from CD33+ peripheral 
blood mononuclear cells (PBMCs) isolated from 
healthy donors (36).  

 

 
Figure 1. Tumor-derived mediators of chronic inflammation 
affect MDSC generation, trafficking towards tumors and support 
the MDSC immunosuppressive activity. These molecules include 
growth factors (GM-CSF, G-CSF, M-CSF, VEGF, TGF-β), cyto-
kines (IL-1β, IL-4, IL-5, IL-6, IL-10, IL-13, TNF-α, IFN-γ), chemo-
kines (CCL2, CCL4, CCL5, CXCL1, CXCL8, CXCL12), COX-2 
and PGE2. Their effects are often complementary. 

 
VEGF and TGF-β were also found to be involved 

in the regulation of hematopoiesis (37-39). Both fac-
tors are produced in high amounts by many tumors 
and have a strong impact on the MDSC generation 
and expansion (1, 9, 10). Thus, it was documented that 
tumor-derived VEGF interfered with the prolifera-
tion, differentiation and maturation of immature 
granulocyte-macrophage progenitors, causing a block 
of DC maturation and activation as well as a devel-
opment of immunosuppressive tumor-associated 
macrophages (TAMs); the recruitment of macro-
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phages into the tumor was also associated with the 
VEGF activity (40, 41). Synergizing with VEGF, 
TGF-β prevented maturation of DCs, polarized mye-
loid cells towards immune suppressive cells in the 
tumor microenvironment and participated in the 
TAM formation (42, 43). 

Impairment of normal myelopoiesis could be 
also induced by the changes in various cytokines and 
chemokines (44, 45). These factors are commonly 
present in the tumor microenvironment and are or-
chestrating by IL-1β (46). Thus, IL-1β production at 
the tumor site is known to be involved in the MDSC 
generation in the bone marrow (47, 48) and in their 
migration towards tumor lesions (49). Moreover, 
IL-1β can induce COX-2 expression (50) that together 
with PGE2 is able to prevent the maturation and im-
mune functions of antigen-presenting cells at the tu-
mor site, mediating thereby an accumulation of 
MDSCs and TAMs and promoting tumor progression 
(51, 52). IL-1β was reported to up-regulate TNF-α 
levels in the tumor microenvironment, inducing its 
production by myeloid and/or tumor cells (53-55). 
Together with IL-1β and TNF-α, IFN-γ was also 
shown to be enriched in many tumors, leading to a 
continuous activation of myeloid cells and an en-
hancement of chronic inflammation in situ (9, 56, 57). 
In particular, all these factors are known to stimulate 
the production of NO that mediate an MDSC immu-
nosuppressive activity (48, 58). In addition, IL-1β was 
reported to stimulate the IL-10 production by MDSC 
and to be associated with elevated levels of IL-5 and 
IL-13 (48), which induced a type 2 immune reactions 
and attracted MDSCs to the tumor site (59-61). IL-6 
was also demonstrated to be strongly associated with 
chronic inflammation and cancer (62, 63). Elevated 
IL-6 levels were reported to correlate with MDSC 
frequencies and their suppressive functions in tu-
mor-bearing hosts (20, 64-66). It has been reported 
that IL-6 mediated generation, migration and activity 
of MDSCs via signal transducer and activator of 
transcription 3 (STAT3) transcription factor (3, 13, 
67–69). In mice, inhibition of IL-6 or IL-6R resulted in 
the prominent reduction of MDSCs infiltrating tumors 
and in the inhibition of tumor growth (65, 70).  

The chemokine patterns involved in MDSC mi-
gration into the tumor seem to be dependent on the 
MDSC subset and on the tumor model. The role of 
chemokine (C-C motif) ligand (CCL) 2 and its recep-
tors in the attraction of monocytic MDSCs has been 
documented. It has been demonstrated by us (un-
published observations) and others (71–74) that an 
accumulation of monocytic MDSCs in melanoma and 
prostate cancer occurred via an interaction between 
CCL2 and its receptors, chemokine (C-C motif) re-

ceptor (CCR) 2, 4, and 5. Moreover, melano-
ma-infiltrating monocytic MDSCs exhibited 
CCR2-dependent immunosuppressive activities un-
der the chronic GM-CSF production (71). The 
PGE2-driven production of CCL2, C-X-C chemokine 
ligand (CXCL) 8 (also known as IL-8), and CXCL12, 
led to the MDSC accumulation in ovarian and gastric 
cancer environment (75–77). On the contrary, the ex-
pression of the wild-type CXCL12 was reported to 
reduce MDSC accumulation in a syngeneic model of 
breast cancer (78). Other groups underlined a domi-
nating role of CCL3, CCL5 and CX3CL1 but not CCL2 
in the monocytic MDSC migration (79) or an im-
portance of CXCL-1 (also known as KC), CCL5 and 
CCL7 in the MDSC enrichment in colon and liver car-
cinomas (80, 81). Moreover, using various trans-
plantable tumor mouse models, Sawanobori et al (82) 
demonstrated that MDSC migration into the tumor 
was mediated by different chemokines. Whereas 
CCR2/CCL2 axis was important for the accumulation 
of monocytic MDSCs, the enhanced production of 
CXCR2 ligands in tumors supported the migration of 
the granulocytic subset. Therefore, the migration of 
different MDSC subsets in to the tumor site can be 
strongly determined by the histology and the spec-
trum of chemokines produced by particular tumors.  

MDSCs support tumorigenesis and tumor 
progression 

There are growing evidences that MDSCs and 
chronic inflammation are participating in tumorigen-
esis (Fig. 2), which became possible with the estab-
lishment of transgenic mouse models with a sponta-
neous tumor development. Using a ret transgenic 
mouse model of spontaneous melanoma, we have 
demonstrated a systemic elevation of MDSC numbers 
in transgenic mice without macroscopic skin tumors 
as compared to non-transgenic littermates (20). Hu-
man ret transgene is expressed in melanin containing 
cells of mice that spontaneously develop malignant 
skin melanoma with metastases in lymph nodes, 
lungs, liver, brain, and bone marrow. Furthermore, an 
accumulation of highly suppressive MDSCs in mela-
noma lesions was demonstrated to be highly associ-
ated with the rate of tumor progression (20). Using 
transgenic mouse model of lung cancer, Qu et al (16, 
83) demonstrated that the constant induction of 
apoptosis inhibitor 6 (Api6/AIM/Sp alpha) or matrix 
metalloproteinase 12 (MMP12) in myeloid cells led to 
a systemic increase in numbers of MDSCs, DCs, neu-
trophiles and macrophages associated with a severe 
inflammation and a massive tissue remodeling in 
lungs; this resulted in the lung adenocarcinoma de-
velopment in 35% of animals. 
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Figure 2. MDSCs create favorable conditions for tumorigenesis, 
tumor growth and metastasis, and neoangiogenesis. These pro-
cesses are tightly related and are governed by MDSC-derived 
mediators, such as matrix metalloproteinases (MMPs), apoptotic 
factors (TNF-α, Api6), interleukins (IL-1, IL-6), growth factors 
(TGF-β, VEGF, bFGF), and hypoxia-induced factor (HIF)-1α. 

 
 
It has been recently reported that Pten deletion 

in the mouse head and neck epithelia resulted in a 
constant activation of the PI3K/Akt pathway and 
caused a development of benign epithelial hyper-
plasia (84). When the Pten deletion was coincided 
with the deletion of type I TGF-β receptor, mice de-
veloped head and neck squamous cell carcinoma 
(HNSCC) associated with the tumor infiltration by 
MDSCs, enhanced angiogenesis and immune sup-
pression in the tumor microenvironment (84). Fur-
thermore, Wu L et al (12) demonstrated that abrup-
tions of the LAL/hormonal ligand/PPAR pathway in 
myeloid cells caused a skewing of hematopoietic 
progenitors toward the myeloid-lineage expansion 
and MDSC formation followed by the development of 
chronic inflammation indicated by the up-regulation 
of inflammatory molecules such as Api 6, MMP12, 
IL-1, IL-6, and TNF-α (12). Such MDSC expansion and 
chronic inflammation caused an inhibition of T-cell 
functions, creating an environment for the develop-
ment of spontaneous carcinomas and sarcomas (12). 

MDSCs have been also demonstrated to support 
neoangiogenesis, tumor growth and metastasis (Fig. 
2) (1, 9, 25, 85). These cells are known to produce 
VEGF, basic fibroblast growth factor (bFGF), hypox-
ia-induced factor (HIF)-1, TGF-β, and MMP9 that 
promote neoangiogenesis and create a pre-metastatic 
environment (14, 85, 86). Moreover, produced by 

MDSCs S100A8/A9 inflammatory proteins have been 
reported not only to attract MDSCs into the tumor site 
and enhance their immunosuppressive activity but 
also to promote the activation of MAPK and NF-κB 
signaling pathways in tumor cells, stimulating there-
by the tumor growth and metastasis (81, 87–89). In 
addition, MDSCs are able to strongly promote tumor 
progression by inhibiting anti-tumor immune re-
sponses by multiple mechanisms which are thor-
oughly discussed in previous reviews (1, 13, 17, 47, 
90). Therefore, the neutralization of MDSC-induced 
immunosuppression represents an important strategy 
for the development of more efficient tumor immu-
notherapies.  

 

Overcoming MDSC-mediated immuno-
suppression 

Down-regulation of MDSC frequencies and/or 
abrogation of their immunosuppressive functions 
have been reported to delay the tumor growth and to 
prolong the survival both in animal models and in 
cancer patients (6, 11, 91, 92). These could be achieved 
by means of three major approaches: i) regulation of 
myelopoiesis; ii) MDSC depletion by the elimination 
or prohibiting their trafficking towards tumors; and 
iii) inhibition of MDSC immunosuppressive activities 
(Fig. 3).  

Regulation of myelopoiesis includes the preven-
tion of MDSC generation from bone marrow precur-
sor cells and the stimulation of further MDSC differ-
entiation towards mature DCs and macrophages. One 
of main targets in the circumvention of MDSC for-
mation is stem cell factor (SCF) (93–97). The knock-
down of SCF with siRNA and blockage of SCF sig-
naling by anti-c-kit antibodies or with tyrosine kinase 
inhibitors such as sunitinib, pazopanib and sorafenib 
have been found to significantly reduce MDSC num-
bers in the human bone marrow precursors in vitro as 
well as in murine models of colon carcinoma and 
Lewis lung carcinoma associated with enhanced tu-
mor-specific immune responses, tumor regression 
and significantly prolonged survival. In addition, 
sunitinib has been reported to reverse the MDSC ac-
cumulation in patients with renal cell carcinoma 
(RCC) resulting in the restoration of Th1 cells and a 
decrease of regulatory T cells (96). This beneficial ef-
fect of sunitinib effect was also detected in the murine 
RCC model correlated with the inhibition of immu-
nosuppressive functions of pre-existing tu-
mor-derived MDSC subsets (97, 98).  
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Figure 3 Neutralization of the MDSC-mediated immunosuppression includes the regulation of myelopoiesis, the MDSC depletion and 
inhibition of their activities. Myelopoiesis can be regulated either by preventing MDSC generation via the inhibition of c-kit or tyrosine 
kinase signaling or through the induction MDSC terminal differentiation using all-trans-retinoic acid (ATRA) or ultra-low doses of 
paclitaxel. Depletion of MDSCs can be achieved either by gemcitabine or 5-fluorouracil (5-FU) or by the abrogation of CCL2-, CXCL-8 
and CXCL12-mediated MDSC trafficking towards tumors. CCL2 can be affected either directly by bindarit or indirectly by regulators of 
the CCL2 production in tumors. Inhibitors of COX-2 and PGE2 prevent CCL2, CXCL8 and CXCL12 production in tumors targeting 
thereby the migration of granulocytic and monocytic MDSCs. Immunosuppressive functions of MDSCs can be blocked by inhibitors of 
PDE-5, iNOS and/or ARG-1 as well as by nitroaspirin. 

 
Regarding the stimulation of MDSC differentia-

tion into mature macrophages, DCs or terminally 
differentiated granulocytes, two approaches have 
been reported so far dealing with the administration 
of all-trans-retinoic acid (ATRA) (99, 100) and ul-
tra-low non-cytotoxic doses of paclitaxel (101). Retin-
oic acid receptors (RARs and RXRs) are present on 
numerous cell types, however, RARα and RXRα are 
expressed predominantly on myeloid cells (102, 103). 
Whereas the combination of RA with G-CSF is known 
to drive the terminal granulocyte differentiation, RA 
together with vitamin D induced monocytic devel-
opment from the normal hematopoietic precursor 
cells (102). First report on ATRA effects on MDSCs in 
patients with metastatic RCC was published in 2006 
by Mirza et al (99). The combination of ATRA with 
IL-2 administration led to a profound reduction in 
MDSC numbers in the peripheral blood, an improved 
ratio between myeloid and lymphoid DCs, to an im-
provement of DC functions, and tumor-specific T-cell 

reactivity (99). Another group demonstrated that 
ATRA administration into tumor-bearing mice to-
gether with HPV therapeutic vaccination decreased 
MDSC numbers and immunosuppressive function of 
CD80dim MDSC subset in the murine HPV-tumor 
model (100). Moreover, these impairments in MDSCs 
were associated with the restoration of functionally 
active E7-specific T cells and significant anti-tumor 
effects (100). 

We demonstrated that the administration of 
chemotherapeutic paclitaxel at ultra-low non-toxic 
doses, designated as chemoimmunomodulation (104), 
into C57BL/6 mice significantly reduced the amount 
of CD11b+Gr1+ immature myeloid cells (known as a 
counterpart of MDSCs in normal mice) (105). This 
resulted in the augmentation of natural killer (NK) 
cell numbers in the bone marrow and their ability to 
produce IFN-γ. Moreover, paclitaxel chemoim-
munomodulation enhanced the efficiency of vaccina-
tion with the peptide derived from tyrosinase related 
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protein (TRP)-2, a model melanoma-associated anti-
gen (105). Applying paclitaxel chemoimmunomodu-
lation in tumor-bearing ret transgenic mice, we 
demonstrated a significant reduction in MDSC num-
bers and their functions and in the production of 
chronic inflammatory factors in melanoma lesions 
associated with a partial recovery of tumor-specific T 
cell responses, leading to profound anti-melanoma 
effects indicated by a delayed tumor growth and 
prolonged survival (Sevko et al, submitted). To high-
light the mechanisms of MDSC reduction under ul-
tra-low dose paclitaxel therapy, MDSCs were gener-
ated in vitro and treated with nanomolar concentra-
tions of paclitaxel (101). MDSC differentiation to-
wards DCs was found to be significantly stimulated in 
TLR4-independent way (101). In contrast, neither 
MDSC apoptosis nor MDSC generation from the bone 
marrow precursor cells were changed upon the 
paclitaxel treatment.  

Direct selective elimination of MDSCs can be 
achieved by the administration of gemcitabine (106, 
107) or 5-fluorouracil (108). Using several cancer 
models, it has been found that these chemotherapeu-
tical agents depleted MDSCs without toxic effects on 
other leukocyte subsets, resulting in the markedly 
enhanced anti-tumor efficacy. The prevention of 
MDSC trafficking towards tumor lesions is based on 
the targeting of tumor-derived chemokines. Prostate 
and breast carcinomas, melanomas, colorectal cancer 
and Lewis lung carcinoma were found to produce 
various ligands for CCR2 (including CCL2), which 
were described to attract MDSC and to maintains 
their suppressive activity (74, 109-111). Direct CCL2 
targeting with bindarit (74) or the inhibition of CCL2 
production in tumors (110, 111) led to the decrease in 
MDSC amounts in tumors, reduction of metastasis 
and neoangiogenesis as well as in the delay in the 
growth of transplantable tumors (74, 110, 111). 

Neutralization of the MDSC-mediated immu-
nosuppression could be also achieved by an inhibition 
of their immunosuppressive activity. Once attracted 
to the tumor microenvironment, MDSCs may affect 
anti-tumor immune responses by multiple mecha-
nisms (1, 4, 13, 17). Major immunosuppressive activi-
ties of MDSCs were reported to be linked to the NO 
production and activation of arginase (ARG)-1. NO 
was shown i) to induce a nitration of T cell receptors 
in situ (90), ii) to target distinct signaling pathways 
resulting in the inhibition of cytokine production 
which are required for anti-tumor T cell reactivity, iii) 
and to mediate T cell apoptosis (18, 112). The activa-
tion ARG-1 induced a deprivation of L-arginine, 
which is essential for the protein synthesis by T lym-
phocytes (113). Importantly, the blockade of the ac-

tivity of phosphodiesterase (PDE)-5 reported to in-
crease intracellular concentrations of cyclic guanosine 
monophosphate (cGMP) resulting in the inhibition of 
both iNOS and ARG-1 activities (114). Based on these 
observations, PDE-5 inhibitors such as sildenafil, 
tadalafil and vardenafil have been recently proposed 
for the inhibition of MDSC immunosuppressive func-
tions (15, 115, 116). It has been shown by us on the ret 
transgenic melanoma model (20) and by Serafini et al 
on the transplantable models of adenocarcinoma and 
fibrosarcoma (116) that the chronic sildenafil admin-
istration with the drinking water caused a significant 
reduction in the production of NO production and in 
the expression of ARG-1. Furthermore, such inhibi-
tion of the MDSC-mediated immunosuppression 
could partially restore tumor-specific CD8 T cell re-
sponses. A similar effect was shown upon the treat-
ment of MDSCs from the peripheral blood of multiple 
myeloma and head and neck cancer patients with 
sildenafil in vitro (116). Stimulation of CD8 T 
cell-mediated immune reactions by sildenafil in vivo 
resulted in the delay of tumor growth associated with 
a significantly prolonged survival of tumor-bearing 
animals (20, 116). Moreover, we were able to demon-
strate that sildenafil strongly diminished chronic in-
flammation in the metastatic LN indicated by a drastic 
reduction of IL-1β, VEGF, GM-CSF, CCL2, CCL3 and 
S100A9 production (20). In addition, the level of IL-6 
in primary skin tumors was found to be decreased 
(20). 

Besides PDE-5 inhibitors, the activity of iNOS 
and ARG-1 was found to be blocked by correspond-
ing inhibitors (115, 117, 118) or by nitroaspirin (119) 
leading to a significant T cell stimulation and an-
ti-tumor effects. Interestingly, some agents that pre-
vented MDSC migration towards tumors could also 
inhibit MDSC immunosuppressive functions. In par-
ticular, the inhibition of COX-2 activity and PGE2 
production has been reported to reduce the 
CXCR4/CXCL12 and CXCR1-CXCR2/CXCL8 medi-
ated MDSC trafficking (75, 76) and to impair the 
MDSC-mediated immunosuppression by reducing 
the production of ROS and NO production (120, 121) 
or the expression of ARG-1 in these cells (121). 

Conclusion 
The role of MDSCs in the tumorigenesis and 

tumor progression is clearly elucidated. Established 
tumors are able to produce multiple factors that im-
pair the myelopoiesis favoring the MDSC formation, 
trafficking to the tumor site and their activation. 
MDSCs and tumors are thick as thieves depending on 
and supporting each other in all aspects. It is quite 
clear that the efficiency of different immunotherapeu-
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tic approaches will be strikingly dependent on the 
neutralization of MDSC-induced immunosuppres-
sion. Even adoptively transferred functionally active 
tumor-specific CD8 T cells either will develop anergy 
or even undergo apoptosis being migrated into in the 
tumor microenvironment. Therefore, understanding 
the mechanisms and checkpoint regulators of 
MDSC-tumor interaction is critically important to 
overcome immunosuppression mediated both by 
MDSCs and tumor cells to achieve better therapeutic 
effects in cancer patients. 
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