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Simple Summary: In this review, we summarize the effects of various cytokines and chemokines
as a network to regulate the expansion, recruitment, and immunosuppressive functions of myeloid-
derived suppressor cells in cancer metastasis.

Abstract: Myeloid-derived suppressor cells (MDSCs) are immature myeloid cells that impair immune
cell functions and promote tumor progression. Mounting evidence indicates that cytokines and
chemokines in the tumor microenvironment alter MDSCs. Various cytokines and chemokines are
involved in MDSC production, their infiltration into tumors, and their exertion of suppressive
functions. Here, we consider those cytokines, chemokines, and MDSCs as an intricately connected,
complex system and we focus on how tumors manipulate the MDSCs through various cytokines
and chemokines. We also discuss treatment capitalizing on cytokines/chemokine signaling aimed at
combating the potent immunosuppressive activities of MDSCs to improve disease outcomes.
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1. Introduction

Myeloid-derived suppressor cells (MDSCs) are immature myeloid cells derived from
bone marrow progenitor cells with potent suppression of antitumor immunity to sup-
port tumor progression. Elevated levels of MDSCs in the peripheral blood and tumor
microenvironment (TME) have been correlated with cancer progression. MDSCs are a
heterogeneous population of immune cells identified in both mice and humans, including
polymorphonuclear MDSCs (PMN-MDSCs) and monocytic MDSCs (M-MDSCs). MDSCs
are distinguished from neutrophils and monocytes by several biochemical and genomic
characteristics. The phenotypic characteristics of different subsets of MDSC in both humans
and mice are summarized in Table 1. PMN-MDSCs have increased expression of NADPH
oxidase (Nox2), which increases the release of reactive oxygen species (ROS) without nitric
oxide (NO) production. M-MDSCs have increased expression of nitric oxide synthase 2
(Nos2), which produce considerable levels of NO without ROS [1]. Interestingly, MDSCs in
peripheral lymphoid organs and blood are mostly PMN-MDSCs with modest suppressive
activity and that differentiate into macrophages and dendritic cells. MDSCs migrated
into TME are dominantly M-MDSCs with enhanced suppressive phenotypes that rapidly
differentiate into tumor-associated macrophages [2]. It has been suggested that exposure
of MDSCs to hypoxia in TME was implicated in the regulation of MDSC differentiation,
and HIF1α (Hypoxia-inducible factor 1-alpha) were found to be primarily involved in the
observed effects. The nature of immune suppression by MDSCs is to hamper the recogni-
tion of tumor cells by cytotoxic T lymphocytes in non-specific ways through ROS, Arg-1,
NO, and peroxynitrite (PNT), and in an antigen-specific way. In TME, MDSCs suppressed
both non-specific and antigen-specific T cell activity with antigen-specific suppression
predominantly. As soluble mediators, cytokines and chemokines are crucial in the immune
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system as well as finely tuned in tumor growth and angiogenesis during metastasis. The
diverse features of cytokines and chemokines combined with their effects on MDSC results
in various targets that influence cancer outcomes. However, most studies examined indi-
vidual cytokines and chemokines independently, which produced fragmented information
and led to a convoluted view of their role in MDSC functions in cancer. In this review,
we present a comprehensive overview of individual cytokine- and chemokine-signaling
targeting MDSCs in TME.

Table 1. Phenotypic characteristics of biomarkers for identification of cells as MDSC.

Types of MDSCs Human Mice

PMN-MDSC

CD11b+CD14−CD15+,
CD11b+CD14−CD66b+ [3]

LIN−CD11b+HLA-DR−CD33+,
LIN−CD11b+HLA-DR−CD66b+,
LIN−CD11b+HLA-DR−CD15+,

LIN−CD11b+HLA-
DR−CD15+CD66b+ [4]

CD11b+CD14-CD33+ (additionally
CD15 and/or CD66b) [4]

CD11b+HLA-
DR−CD15+CD14−CD33mid [5]

CD11b (+)Ly6G(+)Ly6C(low) [3,5]
CD11b+GR1hiLY6ClowLY6G+CD49d− [4]

M-MDSC

CD11b+CD14+HLA-DR−/lowCD15− [3]
CD33+CD14+HLA-DRlow/− [4]

CD11b+HLA-
DR−CD15−CD14+CD33hi [5]

CD11b(+)Ly6G(−)Ly6C (high) [3,5]
CD11b+GR1midLY6ChiLY6G−CD49d+ [4]

2. Regulation of MDSC Expansion by Cytokines and Chemokines

The myeloid progenitor cells in bone marrow and lymphatic organs undergo myelopoiesis
in responding to persistent stimulation from tumors. These signals include a group of cytokines
named colony-stimulating factors (CSFs). CSFs include granulocyte colony-stimulating factor
(G-CSF), granulocyte/macrophage colony-stimulating factor (GM-CSF), and macrophage
colony-stimulating factor (M-CSF). G-CSF and GM-CSF have overlapped functions, and sig-
naling is mainly through JAK/STAT3/ERK/PI3K [6]. Metastatic murine 4T1 cells released
G-CSF under in vitro conditions and in the 4T1 syngenetic mouse model, which initiated the
premetastatic environment in lungs by attracting MDSCs. The infiltration of MDSC in lungs
induced angiogenesis and enhanced the metastatic ability of cancer cells [7]. Another study
identified GM-CSF, M-CSF, CCL2 (C-C motif chemokine ligand 2), and TNFα (tumor necrosis
factor α) released by invasive squamous cells with the loss of p120-catenin in TME. The accom-
panying TME was found to be filled with MDSCs [8]. Chemotherapy significantly enhanced
the production of GM-CSF from various PDAC (pancreatic ductal adenocarcinoma cell) cell
lines and PDAC tumor tissues from patients. GM-CSF further induced the differentiation of
monocytes into MDSC in vitro [9]. In glioblastoma, tumor cells and brain damage induced
by growing tumor would synthesize G-CSF and GM-CSF to stimulate myelopoiesis in bone
marrow [10] (Figure 1).
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Figure 1. The role of cytokines and chemokines in MDSC development and function. Tumor cells 
mainly release G-CSF, GM-CSF, and M-CSF to induce the production of MDSC. Then the directing 
of MDSCs towards tumor and metastatic sites is mediated by chemokines belonging to the C-C 
chemokine family and C-X-C chemokine family. MDSCs exert immunosuppressive effects through 
secreting a variety of inflammatory cytokines and chemokines. 

3. Recruitment of MDSCs to TME 
Primary tumors, metastatic tumors, and tumor-associated stromal cells all secrete 

various cytokines, chemokines, and transcription factors to recruit MDSCs into TME. Dif-
ferent tumors have no preference in producing cytokines, chemokines, and transcription 
factors. All these soluble factors get into peripheral blood, bone marrow, and lymphatic 
organs (lymph node and spleen) to guide MDSCs from the bone marrow and lymphatic 
organs to the tumor, which includes mobilizing MDSCs into the blood and accumulating 
MDSCs from the blood to the tumors. This process is primarily regulated by CCL2 for M-
MDSCs and CCL5 for PMN-MDSCs. Ubiquitous expression of CCL2 and its receptor 
CCR2 has been identified in patient samples from various types of cancers [11,12]. Specif-
ically, MDSCs expressed many chemokine receptors, including CCR2 [13]. The 
CCL2/CCR2 signaling pathway was implicated in the migration of MDSC to tumor in 
vitro and in vivo. Qian et al. showed that tumor and stromal-derived CCL2 recruited 
MDSCs (Gr1+ inflammatory monocytes referred to in the study) preferentially to pulmo-
nary metastasis but not the primary tumor in the polyoma middle T (PyMT) model of 
breast cancer [14]. In a mouse model of gliomas, microglia and macrophages in TME se-
creted CCL2 to recruit regulatory T cells and MDSCs [15]. A recent study analyzing peri-
odontal inflammation with a 4T1 syngenetic mouse model found that the production of 
CCL2 as well CCL5, CXCL12, and CXCL5 was regulated by IL-1β signaling. These chem-
okines recruited MDSC in cervical lymph nodes to establish the premetastatic niche, and 
finally the mice with periodontal inflammation developed more lymph node micrometas-
tasis compared with the control group [16]. CCL5 binds to CCR5 and has been shown to 
direct the mobilization of PMN-MDSCs from bone marrow to blood for tumor progres-
sion [17]. In addition, CCR1+ MDSC has also been identified in metastatic cancer. In a 
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Figure 1. The role of cytokines and chemokines in MDSC development and function. Tumor cells
mainly release G-CSF, GM-CSF, and M-CSF to induce the production of MDSC. Then the directing
of MDSCs towards tumor and metastatic sites is mediated by chemokines belonging to the C-C
chemokine family and C-X-C chemokine family. MDSCs exert immunosuppressive effects through
secreting a variety of inflammatory cytokines and chemokines.

3. Recruitment of MDSCs to TME

Primary tumors, metastatic tumors, and tumor-associated stromal cells all secrete
various cytokines, chemokines, and transcription factors to recruit MDSCs into TME. Dif-
ferent tumors have no preference in producing cytokines, chemokines, and transcription
factors. All these soluble factors get into peripheral blood, bone marrow, and lymphatic
organs (lymph node and spleen) to guide MDSCs from the bone marrow and lymphatic
organs to the tumor, which includes mobilizing MDSCs into the blood and accumulating
MDSCs from the blood to the tumors. This process is primarily regulated by CCL2 for
M-MDSCs and CCL5 for PMN-MDSCs. Ubiquitous expression of CCL2 and its receptor
CCR2 has been identified in patient samples from various types of cancers [11,12]. Specifi-
cally, MDSCs expressed many chemokine receptors, including CCR2 [13]. The CCL2/CCR2
signaling pathway was implicated in the migration of MDSC to tumor in vitro and in vivo.
Qian et al. showed that tumor and stromal-derived CCL2 recruited MDSCs (Gr1+ inflam-
matory monocytes referred to in the study) preferentially to pulmonary metastasis but
not the primary tumor in the polyoma middle T (PyMT) model of breast cancer [14]. In
a mouse model of gliomas, microglia and macrophages in TME secreted CCL2 to recruit
regulatory T cells and MDSCs [15]. A recent study analyzing periodontal inflammation
with a 4T1 syngenetic mouse model found that the production of CCL2 as well CCL5,
CXCL12, and CXCL5 was regulated by IL-1β signaling. These chemokines recruited MDSC
in cervical lymph nodes to establish the premetastatic niche, and finally the mice with
periodontal inflammation developed more lymph node micrometastasis compared with the
control group [16]. CCL5 binds to CCR5 and has been shown to direct the mobilization of
PMN-MDSCs from bone marrow to blood for tumor progression [17]. In addition, CCR1+
MDSC has also been identified in metastatic cancer. In a mouse model of colorectal cancer
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liver metastasis, colorectal cancer cells recruited CCR1+ myeloid cells (mostly granulocytic
MDSC phenotype) by expressing CCL-9 to expand metastatic foci in the liver [18], and
the enriched myeloid cells in metastatic foci included CCR1+ neutrophils, eosinophils
monocytes, and fibrocytes [19]. Furthermore, the same group showed that colorectal cancer
cells with the loss of the tumor suppressor SMAD4 secreted CCL15 and recruited CCR1+

myeloid cells to assist tumor invasion in colorectal cancer patients [20]. (Figure 1)
Another important group of chemokines in fostering MDSC accumulation in TME is C-

X-C motif chemokine ligands, including CXCL5 and CXCL12. CXCL5 binds to C-X-C motif
chemokine receptor 2 (CXCR2), and CXCL12 binds to CXCR4. The CXCL5/CXCR2 axis
was involved in recruiting MDSCs into mammary carcinomas with type II TGFβ receptor
gene deletion in the PyMT model [21]. In a spontaneous murine model of melanoma,
CXCL5 attracted PMN-MDSCs to primary tumor to assist cancer cell dissemination by
inducing epithelial–mesenchymal transition (EMT) [22]. Loss of CXCR2 dramatically
suppresses colonic chronic inflammation and colitis-associated tumorigenesis through
inhibiting infiltration of myeloid-derived suppressor cells (MDSCs) into colonic mucosa
and tumors in a mouse model of colitis-associated cancer [23]. In ovarian cancer patients,
tumor-associated inflammatory mediator prostaglandin E2 (PGE2) induced the production
of CXCL12(SDF1) in TME and functional expression of CXCR4 on MDSCs, which further
attracted MDSCs into the TME [24]. The CXCL12/CXCR4 axis also participated in the
MDSC recruitment in TME of MDSCs into mammary carcinomas with type II TGF-β
receptor gene as described above [21]. (Figure 1)

Additional active molecules as potent chemoattractants for MDSCs emanate from
studies showing that pro-inflammatory proteins S100A8 and S100A9 as the downstream
targets of STAT3, a transcription factor regulating cancer cell proliferation and survival,
were implicated in an autocrine pathway for the accumulation of MDSC in tumors and
metastatic sites [25–27]. In addition, tumor cells induced the expression of MIF expression
to increase monocytic MDSCs within the tumor, which in turn promoted tumor growth
and metastasis in a 4T1 syngenetic mouse model [28]. Under an in vitro condition, MIF
promoted the differentiation of CD11b+ cells into monocytic MDSCs [28].

4. Immunosuppression Effects of MDSCs

MDSCs employ a variety of mechanisms to inhibit the anti-tumor activity of immune
cells, thereby supporting tumor growth and metastasis. One of immunomodulatory func-
tions of MDSCs is the activation and expansion of Treg cells. In peripheral lymphoid organs,
MDSCs release TGF-β to induce differentiation and/or proliferation of Foxp3+ Tregs and
block NK cell activity [29,30]. Tumor-infiltrating MDSCs could also recruit CCR5+ Tregs to
the tumor site through releasing CCR5 ligands CCL3, CCL4, and CCL5 to promote tumor
growth in a B16 melanoma model [31]. In addition to the immunosuppressive effect, MD-
SCs could also promote tumor progression through affecting cancer cells directly. MDSCs
in TME released IL-6 to constantly activate STAT3 in cancer cells, which conferred invasive
potential to cancer cells [32], induced epithelial mesenchymal transition (EMT) of cancer
cells [33], and enhanced cancer cell stemness [34]. MDSCs also promoted distant metastases
by establishing the pre-metastatic niche. As regulated by the primary tumor, MDSCs
arrived in the metastatic organs before the tumor cells and conditioned it to promote tumor
seeding by secreting b-FGF, IGF-1, IL-10, IL-4, IL-1β, SDF-1, and MCP-1 [35]. IL-17 could
also be involved in the immune-suppressive function of MDSC in the mammary carcinoma
model. IL-17 upregulated the expression of Arg-1, MMP-9, indoleamine 2,3-dioxygenase
(IDO), COX-2, and MMP13 in MDSCs to increase their immune-suppressive function [36].
Transmembrane, but not the secreted TNF-α, enhanced the suppressive activity of MDSCs
through up-regulating Arg-1 and inducible NO synthase (iNOS), promoting the release of
NO, ROS, IL-10, and TGF-β [37] (Figure 1).
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5. Cytokines/Chemokines Regulating Neutrophils and Monocytes in Cancer

It remains disputed whether MDSCs compared with neutrophils and monocytes are
different cell types or cellular states. Neutrophils and PMN-MDSCs share an origin and
many morphological and phenotypic features, but they have different biological functions,
which is also applied to monocyte and M-MDSC. PMN-MDSC and M-MDSC have been
indicated as pathologically activated neutrophils and monocytes, respectively [4]. Moreover,
MDSCs take the same differentiation pathways as neutrophils and monocytes. Monocytes
and M-MDSC can be distinguished based on expression of MHC class II molecules. On the
other hand, the distinction between PMN-MDSC and tumor-associated neutrophils is more
difficult. MDSC and tumor-promoting neutrophils clearly differentiate into divergent cell
types, as MDSCs have reduced expression of CD16 and CD62L and increased expression
of Arg-1, CD66B, and CD11b [38,39]. In appreciation of this complexity, to extend our
understanding of cytokines and chemokines in immunosuppressive TME, we discuss the
cytokines and chemokines involved in the interaction between neutrophiles, monocytes,
and cancer cells in tumor metastasis.

5.1. Neutrophils

Neutrophils are the most abundant leukocytes in the blood and the primary respon-
sive immune cells against inflammation and infection. Recent studies have shown that
neutrophils are a predominant component of the TME and are involved in both anti-tumor
and pro-tumor activities [40]. Neutrophils at the tumor site secrete various cytokines and
chemokines to enhance their own recruitment towards TME along with the enrolment,
activation, and polarization of other immune cells. Neutrophils recruited via cytokines and
chemokines to cancer cells can have both anticancer and tumor-promoting effects, either
of which may be most likely depending on the type of neutrophils and/or factors present
in the TME. Based on their functions, neutrophils are classified into tumor-suppressing
(N1) and tumor-promoting (N2), similar to M1 and M2 tumor-associated macrophages
(TAM) [41]. Type I interferons (IFN-I) and TGF-β are major factors involved in the polariza-
tion of neutrophils.

5.1.1. The Anti-Tumor Role of Neutrophils

Neutrophils are cytotoxic to tumor cells both in vitro and in vivo. Anti-tumor activity
of neutrophils is regulated via various factors, such as the release of nitric oxide induced
by hepatocyte growth factor (HGF) through binding to tyrosine-protein kinase MET, the
generation of hydrogen peroxide (H2O2), and the secretion of the tumor necrosis factor
TNF-α [42,43]. The ability of neutrophil-secreted cytokines to produce anticancer activity
has been widely studied. The N1 phenotype with high levels of TNF-α, IL-2, IL-4, IL-
7, and IL-10 expression induces a cytotoxic effect to cancer cells and hampers cancer
cell progression [44,45]. TNF-α particularly, as a major cytokine from the N1 neutrophil,
enhances the transmigration of neutrophil and released nitric oxide (NO), which induced
apoptosis in cancer cells and inhibited cancer growth [45] (Figure 2).
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5.1.2. The Tumor-Promoting Role of Neutrophils

N2 neutrophils have strong immunosuppressive and tumor-promoting activities,
including the promotion of tumor angiogenesis, invasion, and metastases via various
cytokines and chemokines [40]. The interplay between N2 neutrophils and cytokines in the
TME has an important role in tumor metastasis. It has been shown that brain metastatic
cells upregulated the pro-tumorigenic cytokine G-CSF to attract the immunosuppressive
N2 neutrophils into the brain and facilitate brain metastasis [46]. G-CSF and IL-6 produced
by tumor cells in circulating conditions also induced the accumulation of neutrophils
in pre-metastatic organs to facilitate the colonization of disseminated cancer cells [47].
Inflammatory cytokine IL-6 and CCL3 were observed to recruit neutrophils to aid in breast
cancer lung metastasis [48]. Other inflammatory cytokines such as IL-8 and IL-1β triggered
the formation of neutrophil extracellular traps (NETs), which degraded thrombospondin-
1 and supported the metastatic growth of cancer cells in the lungs [48,49]. IL-1β also
induced IL-17 expression from γδ T cells, which then regulated neutrophil expansion and
polarization via induction of G-CSF [50]. All these inflammatory cytokines cooperate within
a network of systemic inflammation to facilitate metastatic formation (Figure 2).

5.2. Monocytes

Monocytes are the third most abundant form of immune cells in peripheral blood.
Inflammatory monocytes (CCR2+Ly6Chi) are an important population infiltrating into pri-



Cancers 2022, 14, 1236 7 of 13

mary and metastatic tumor sites for cancer progression, especially through their interaction
with the endothelium to affect angiogenesis and vascular permeability. Angiopoietin-2, as
an important regulator of blood vessel stabilization and angiogenesis, has been shown to
recruit the Tie-2+ monocyte to hypoxic tumor areas, leading to their differentiation into
macrophages [51]. The second important chemoattractant is CCL2, which was secreted by
mammary tumors and which recruited CCR2-expressing inflammatory monocytes to pul-
monary metastatic sites of breast cancer. Those inflammatory monocytes produced VEGF
to facilitate tumor cell extravasation [14]. In another study, the infiltrated inflammatory
monocytes induced blood vessel formation, cancer cell proliferation in metastasis, and IL-6
production in mice [52]. In a 4T1 syngenetic mouse model of breast cancer metastasis, IL-1β
as a master cytokine promoted the recruitment of CCR2+ monocytes and differentiation
to inflammatory monocytes [53]. In human hepatocellular carcinoma, most abundantly
expressed CCL15 recruited CCR1+ CD14+ monocytes toward HCC invasive margin to
enhance tumor metastasis by inducing immune suppression and angiogenesis [54]. Besides
inflammatory monocytes, there is another subpopulation of monocyte named patrolling
monocyte (Ly6Clo). Patrolling monocytes are largely localized in the circulation and may
have antitumor functions. In murine models of Lewis lung carcinoma, melanoma, and
mammary tumor, patrolling monocytes could prevent lung metastasis by interacting with
metastatic tumor cells, scavenging tumor debris in the TME, and recruiting anti-tumoral
natural killer cells locally [55].

6. Therapies Targeting MDSCs in Cancer Treatment

Targeting immune-suppressive cells should be an intricate combination of selective
inhibition of cytokines or depletion of MDSCs alongside bolstering anti-tumor immunity.
A variety of strategies have been applied over the past decade to evaluate the safety and
efficacy of MDSC inhibition to prevent cancer progression (Table 2). The first approach is to
deactivate MDSCs’ immunosuppressive functions on T cell activity, such as by inhibiting
certain molecular mechanisms, including targeting Arg-1, iNOS, and STAT3 activities.
Some immunosuppressive functions are shared among all subtypes of myeloid cells, but
some are unique to certain populations. Targeting common mechanisms is likely to be
more effective than targeting individual suppressive pathways. One example is Suni-
tinib, a small-molecule, synthetic indoline-based receptor tyrosine kinase (RTK) inhibitor.
In patients with oligometastases of various cancer types, sunitinib treatment decreased
the suppressive function of M-MDSCs by reducing their expression of Arg-1 and phos-
phorylated STAT3, increased T-cell proliferative activity, and improved progression-free
survival [56]. In patients with high-risk non-muscle invasive bladder cancer, sunitinib
resolved the MDSC-mediated immunosuppression, but did not improve the clinical out-
comes [57]. Another class of drugs targeting MDSC is phosphodiesterase type 5 (PDE5)
inhibitors, such as Tadalafil. PDE5 inhibitors have been shown to decrease the expression
of IL-4Rα, which reduced phosphorylation of STAT6 and Arg-1 expression to effectively
block MDSC functions [58,59]. In patients with head and neck cancer, two clinical trials
demonstrated that tadalafil treatment effectively reduced MDSC and Treg and increased
tumor-specific CD8+ T cells [60,61].
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Table 2. Therapeutic strategies targeting MDSCs in cancer.

Strategy Drugs/Chemokines Mechanism

Inducing MDSC
Differentiation

Inhibiting the molecular
mechanisms targeting Arg-1,
iNOS, and STAT3 activities

Deactivating MDSC
immunosuppressive functions

on T cell activity.

Targeting MDSC activity

Sunitinib
(a small-molecule, synthetic

indoline-based receptor
tyrosine kinase (RTK)

inhibitor)

Decreasing the suppressive
function of M-MDSCs by

reducing their expression of
Arg-1 and phosphorylated

STAT3/increasing T cell
proliferative

activity/improving
progression-free survival/in

high-risk non-muscle invasive
bladder cancer, sunitinib can

resolve MDSC-mediated
immunosuppression.

Tadalafil
(phosphodiesterase type 5

(PDE5) inhibitor)

Decreasing the expression of
IL-4Rα, resulting in the

reduction of the
phosphorylation of STAT6 and
Arg-1 expression to effectively

block MDSC functions/a
clinical trial has proven the

reduction of MDSC and
Treg/increasing

tumor-specific CD8+ T cells.

MDSC depletion

Using systemic
chemotherapeutic agents such
as gemcitabine, 5-fluorouracil,

paclitaxel [62], and
gemcitabine [63]

Reducing the numbers and
effectiveness of MDSCs in the
TME using animal models/in
combination with other drugs,
has shown decreased density

of MDSC, leading to the
restoration of immune
functions and tumor

regression/low-dosage
chemotherapeutic treatment
with paclitaxel, gemcitabine
was found to deplete MDSC

populations and improve
anti-tumor immune action in

mice model.

Blocking MDSC recruitment
and trafficking

Drugs developed against
inflammatory cytokines,

including a human
monoclonal antibody

carlumab for CCL2, a selective
CCR2 antagonist

(PF-04136309), a CCR5
antagonist (Maraviroc), and a

small-molecule CSF-1R
inhibitor (Pexidartinib)

Effectively blocking the
chemokine receptors present

on MDSCs due to ligand
redundancy, as these

chemokines play an important
role in the recruitment of

MDSCs.

MDSC depletion is another avenue for cancer therapeutics which correlates with
diminished tumor growth. There have been some successes in triggering MDSC apopto-
sis with the off-target effects of conventional systemic chemotherapeutic agents such as
gemcitabine and 5-fluorouracil. Both gemcitabine and 5-fluorouracil reduced the numbers
and effectiveness of MDSCs in the TME using animal models [64,65]. In clinical practice,
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gemcitabine and 5-fluorouracil are often used in combination with other drugs, and they
have been shown to decrease the density of MDSC, leading to the restoration of immune
functions and tumor regression [63,66,67]. It is still not clear whether the systemic neutral-
ization of MDSC or the targeting of tumor-infiltrating MDSC is the best option. The answer
would be important to guide the future therapeutic strategy.

There are also therapies targeting MDSCs trafficking from bone marrow to peripheral
lymph nodes and tumor sites via different molecules, as described above. There are
several drugs that have been developed against inflammatory cytokines, including a
human monoclonal antibody carlumab for CCL2 [68], a selective CCR2 antagonist (PF-
04136309) [69], a CCR5 antagonist (Maraviroc) [70], and a small-molecule CSF-1R inhibitor
(Pexidartinib) [71]. Most clinical trials have examined the safety and efficacy of those drugs
in various cancer models. Although they were studied in animal models to reduce MDSCs,
none of them has yet been evaluated on MDSC accumulation in patients. It has to be noted
that blocking one specific cytokine may lead to compensation by a redundant cytokine,
since there are many functional overlaps between different cytokines, which may neutralize
the beneficial effects. Thus, a combination of different drugs should be considered in future
clinical trials as better therapeutic approaches.

7. Conclusions

MDSCs are generated under chronic pathological conditions such as cancer. As
one of the most potent immunosuppressive cells, MDSCs promote tumor progression by
inhibition T and NK cells as well as direct effect on neovascularization and tumor cell
invasion. Therefore, MDSC represent a crucial target in cancer treatment. Here we reviewed
the cytokine/chemokine signals for MDSC survival, differentiation, and maintenance.
Understanding the mechanisms and key regulators of MDSC development is critically
important to overcoming immunosuppression and can be translated to better therapeutic
targets.
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Arg-1 arginase 1
CSFs colony-stimulating factors
CCL2 C-C motif chemokine ligand 2
CCL5 C-C motif ligand 5
CCR2 C-C chemokine receptor type 2
CXCR2 C-X-C motif chemokine receptor 2
EMT epithelial–mesenchymal transition
G-CSF granulocyte colony-stimulating factor
GM-CSF granulocyte/macrophage colony-stimulating factor
HIF1α hypoxia-inducible factor 1-alpha
HGF hepatocyte growth factor
IL-1β interleukin-1beta
IL-6 interleukin-6
iNOS inducible NO synthase
IFN-I type I interferons
IL-4Rα interleukin-4 receptor alpha
MDSCs myeloid-derived suppressor cells
M-MDSCs monocytic MDSCs
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M-CSF macrophage colony-stimulating factor
MMP matrix metalloproteinase
Nox2 NADPH oxidase
NO nitric oxide
Nos2 nitric oxide synthase 2
N1 tumor-suppressing neutrophils
N2 tumor-promoting neutrophils
NETs neutrophil extracellular traps
PMN-MDSCs polymorphonuclear MDSCs
PNT peroxynitrite
PDAC pancreatic ductal adenocarcinoma cell
PyMT polyoma Middle T
PGE2 prostaglandin E2
PDE5 phosphodiesterase type 5
TNFα tumor necrosis factor α
TME tumor microenvironment
TGFβ transforming growth factor beta
TAM tumor-associated macrophages
ROS reactive oxygen species
RTK receptor tyrosine kinases
STAT3 signal transducer and activator of transcription 3
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