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Introduction

Myeloid cells from hematopoietic precursor cells mature 
into terminally differentiated populations, such as 
dendritic cells, macrophages and granulocytes. However, 
myelopoiesis is altered under inflammation conditions (1).  
Myeloid-derived suppressor cel ls  (MDSCs) are a 
heterogeneous population of immature myeloid cells with 
major regulatory functions, which are expanded under 
pathological conditions, including cancers, infections 
and autoimmune diseases (2). The term MDSCs was first 
introduced by a group of researchers in 2007, indicating 
the myeloid origin and immune suppressive function (3). 
In many cancer types, for example, non-small cell lung 
cancer (NSCLC), breast cancer, hepatocellular carcinoma, 
melanoma, multiple myeloma, renal cell carcinoma, prostate 
cancer and colorectal cancer, MDSCs play essential roles in 
immunosuppression (4-11). MDSCs are critical cells driving 
immune suppression in the tumor microenvironment 
(12,13). MDSCs can also act as biomarkers for evaluating 
prognoses in tumor patients (14,15). Many studies have 
targeted MDSCs in preclinical and clinical trials. In this 
review, we discuss antitumor effects of targeting MDSCs. 

Basic information of MDSCs

Phenotypic and functional characteristics of MDSCs

A detailed review of MDSCs phenotypes has been  
published (16). In mice, MDSCs are characterized by the 
expression of CD11b and Gr1. While CD11b+Gr-1+ cells 
are heterogeneous, additional characterization is required. In 
mice, MDSCs are further divided into monocytic MDSCs 
(M-MDSCs) and polymorphonuclear MDSCs (PMN-
MDSCs), having CD11b+ Ly6G- Ly6Chigh and CD11b+ Ly6G+ 

Ly6Clow markers, respectively (16). In human, MDSCs have 
not been clearly characterized because of their few numbers 
and the complexity of the myeloid cell system. A research 
group has proposed human MDSCs populations as CD3– 

CD19– CD56– CD11b+ CD33+ HLA-DR–. They defined 
human PMN-MDSCs as CD11b+ CD14– CD15+ or CD11b+ 

CD14–CD66b+ and M-MDSCs as CD11b+ CD14+ HLA-
DR–/lo CD15–. Furthermore, they defined some immature 
cells as early-stage MDSCs (e-MDSCs) possessing traits 
common to all MDSCs subsets (16).

MDSCs play an essential role in immunosuppression and 
possess diverse functions in tumor development, growth, 
progression and resistance to therapy. They can suppress 
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Figure 1 Function of MDSCs. T cell: MDSCs can promote immune suppression by increasing the activity of arginase (Arg-1), iNOS and 
ROS; high expression of PD-L1 on MDSCs interacts with PD-1 on T cells; MDSCs can downregulate L-selectin (CD62L) and influence T 
cell function; Indoleamine 2,3 dioxygenase, COX1 and general control nonderepressible 2 will result in immune suppression; Transforming 
growth factor-β and interleukin-10 can produce direct immunosuppressive effect on T cells. B cell: MDSCs inhibit B cell proliferation and 
function by Arg-1, iNOS, ROS, PNT, PEG2 and TGF-β; the secretion of interleukin 1β inhibits B lymphopoiesis; MDSCs can down-
regulates CD62L and influence B cell lymphopoiesis. DCs: TGF-β and IL-10 inhibit DC the function of antigen presentation. NK: TGF-β, 
IL-10, IDO and adenosine induce NK anergy. Tregs: the expression of CD40 on MDSCs induce Tregs accumulation; TGF-β and IL-10 
increase the production. M ø: TGF-β and IL-10 exacerbate macrophage polarize towards to the M2 phenotype. MDSCs, myeloid-derived 
suppressor cells; ROS, reactive oxygen species; PD-L1, programmed death-ligand 1; PNT, peroxynitrite; DCs, dendritic cell; NK, natural 
killer cell; Tregs, regulatory cells; M ø, macrophage.

T cell function and promote the expansion of regulatory 
cells (Tregs) and M2 macrophages. MDSCs downregulate 
the function of dendritic cells (DCs) and natural killer 
(NK) cells. Furthermore, MDSCs play a potent suppressive 
function via suppressing B cell function (17-32). 

Mechanisms of MDSC-mediated immune suppression

In tumor microenvironments, MDSCs play a role in 
antitumor response and provide a microenvironment for 
tumor growth via multiple mechanisms (Figure 1). MDSCs 
promote immune suppression by increasing the activity 
of arginase (Arg-1) and nitric oxide synthase (iNOS) (17). 
Arginine is essential for T cell functions, whereas Arg-
1 can lead to the deprivation of arginine. iNOS produces 
nitric oxide and can downregulate T cell receptor ζ chain 

expression, which leads to cell cycle arrest (2). MDSCs 
can also produce reactive oxygen species (ROS), which 
induce T cell apoptosis or T cell receptor nitrosylation (18).  
Moreover, immune suppression by MDSCs causes a high 
expression of programmed death-ligand 1 (PD-L1), which 
interacts with programmed death 1 (PD-1) on T cells (19).  
Indoleamine-2,3-dioxygenase (IDO), cyclooxygenase 
(COX1) and general control nonderepressible 2 (GCN2) 
also result in immune suppression (20-23). Both IDO 
and GCN2 can induce the degradation of tryptophan 
and subsequent cell cycle arrest. IDO also can block the 
function of NK cells (24). Furthermore, MDSCs express a 
disintegrin and metalloproteinase domain 17 (ADAM17), 
which downregulates L-selectin (CD62L) and influences T 
cells to target peripheral lymph nodes (25). The suppressive 
mechanisms of MDSCs are induced by the secretion 

positive effect

negative effect
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of transforming growth factor-β (TGF-β) and IL-10,  
which produce direct immunosuppressive effect on T 
cells, induce the generation of Tregs, increase macrophage 
polarization toward the M2 phenotype, suppress the 
antigen presentation and function of DCs, and inhibit NK 
cell production of IFN-γ (26-30). The expression of the 
immune stimulatory receptor CD40 on MDSCs plays a 
role for Treg accumulation (22). Adenosine from MDSCs 
is a major NK cell suppressive factor that limits IFN-γ and 
TNF-α release (31). Furthermore, MDSCs regulate B cells 
during inflammatory responses. The expression of Arg-1, 
iNOS, ROS, peroxynitrite (PNT), prostaglandin E2 (PEG2) 
and TGF-β inhibit B cell proliferation and antibody 
production. The secretion of interleukin 1β (IL-1β) inhibits 
B lymphopoiesis. CD62L B cells can be downregulated 
by MDSCs, which inhibit lymphocyte movement to 
activation sites (32). Overall, MDSCs utilize these different 
mechanisms to mediate immune suppression. 

Antitumor effects of targeted MDSCs

MDSCs play an important role in tumor progression; 
targeted treatments using MDSCs and the destruction 
of immune suppressive microenvironments can improve 
therapeutic effects. The inhibition of MDSCs development, 
infiltration, and function, their differentiation into mature 
myeloid cells, and the depletion MDSCs can be tailored to 
improve treatment effects. 

Inhibition of MDSCs development and infiltration

Signal transducer and activator of transcription 3 (STAT3) 
plays an essential role in the expansion of MDSCs (33). 
Curcumin has the ability to inhibit STAT3 targets and can 
reduce the expression of STAT3 target genes, leading to 
caspase-dependent apoptosis and mitochondrial membrane 
potential reduction. More importantly, curcumin does not 
adversely affect the function of immunostimulatory cytokines, 
such as granzyme b, IFN-γ and IL-2 (34). The expansion 
of MDSCs, the activation of Stat3 and NF-κB signals 
and the secretion of IL-6 could be inhibited by curcumin  
treatment (35). Further, galiellalactone, a STAT3 inhibitor, 
can prevent the generation of MDSCs in prostate cancer, 
which indicates a promising therapeutic approach (36). 
Therefore, curcumin treatment may be a strategy for cancer 
therapy. Flubendazole is used as an anthelmintic and has the 
ability to block tumor growth via STAT3. Flubendazole can 
reduce MDSCs levels in tumor tissues and acts as a novel 

small molecule inhibitor for melanomas (37). Past studies 
have demonstrated that targeting STAT3 may reverse the 
immunosuppressive mechanisms caused by MDSCs.

Vascular  endothel ia l  growth factor  (VEGF) i s 
immunosuppressive. Patients can benefit from VEGF 
blockades. Sunitinib is a small molecule that can inhibit 
VEGFR, PDGFR, fetal liver tyrosine kinase 3 and c-Kit. 
Sunitinib could constrain M-MDSCs and cause the 
apoptosis of PMN-MDSCs (38,39). Sunitinib has been 
shown to deplete MDSCs and act synergistically with the 
HPV vaccine resulting in enhanced levels of active tumor-
antigen specific CTLs and altered antitumor immunity (40).  
Patients treated with sunitinib showed significant 
reductions in MDSCs, which corresponded with a reversal 
of type 1 T-cell suppression (41). Bevacizumab is an anti-
VEGF antibody; when treated with bevacizumab-based 
chemotherapy, PMN-MDSCs levels significantly reduced, 
compared with non-bevacizumab-based regimens (42). 
These studies showed that angiogenesis inhibitors create 
favorable antitumor microenvironments. 

Semaphorin 4D (Sema4D) is  a  transmembrane 
glycoprotein and proangiogenic cytokine produced by 
tumor cells. In human and animal models, Sema4D 
induced tumor angiogenesis, invasiveness and progression. 
In human head and neck squamous cell carcinoma cell 
(HNSCC) lines, Sema4D polarized myeloid cells into an 
MDSCs phenotype. The use of anti-Sema4D in HNSCC 
conditional medium significantly reduced the expansion 
of MDSCs populations (43). VX15/203 binds specifically 
to Sema4D, which is a humanized IgG4 mAb. This 
demonstrated an expected pharmacodynamic effect and 
good clinical therapeutic results in a study of patients with 
advanced solid tumors (44). Thus, the targeting of Sema4D 
is also a choice for enhancing antitumor responses. 

In patients with melanoma, oncogenic BRAF inhibitor 
PLX4032 (Vemurafenib) improved the overall survival (45). 
In another study, M-MDSCs and PMN-MDSCs frequency 
reduced with Vemurafenib treatment (46). 

The chemokine receptor CCR2 is expressed in 
monocyte-derived MDSCs. Targeting CCR2 expressing 
cells would enhance immunotherapy effects (47). CCR5+ 
MDSCs and CCR5 ligands would accumulate in melanoma 
lesions in mice and humans. Tumor-infiltrating CCR5- 
MDSCs displayed lower immunosuppressive activity than 
CCR5+MDSCs. More importantly, targeting CCR5/
CCR5 ligand interactions indicates better survival, which 
demonstrates an important role for CCR5 in MDSCs and 
suggests a novel strategy for cancer treatment (48). 
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Differentiation of MDSCs into mature myeloid cells

1α25(OH)2D3 is known as calcitriol. Vitamin D can result in 
the terminal differentiation of myeloid cells. Studies have 
found that vitamin D induced the monocytic maturation of 
cell lines (49). When HNSCC patients were treated with 
vitamin D, the number of CD34+ cells decreased, whereas 
plasma levels of IL-12 and IFN-γ increased, improving T 
cell blastogenesis (50). In early HNSCC, human MDSCs 
were characterized by CD34 expression (51). In other 
clinical trials, 16 HNSCC patients were treated with 
vitamin D and achieved increase levels of CD4+ T cells and 
CD8+ T cells. The results also showed that the levels of 
CD69-positive cells were approximately 10-fold greater in 
patients who received vitamin D treatment. Lymphocytes, 
NK cells and monocytes can express CD69. Groups not 
receiving vitamin D treatment before surgery had worse 
survival rates than groups receiving vitamin D (52-54). 
However, they did not clarify the mechanism of the immune 
modulatory effect, because both vitamin D and vitamin 
D analogs may have this function. Besides, the number of 
patients included in the study was small, requiring further 
confirmation of clinical effects.

All-trans retinoic acid (ATRA) is a member of the 
retinoid family and is structurally related to vitamin A. 
ATRA has been reported as having potent activity in 
enhancing the differentiation of immature myeloid cells into 
macrophages, dendritic cells and granulocytes (55). ROS is 
one of the major factors contributing toward preventing the 
differentiation of MDSCs into mature myeloid cells (56). 
According to a study by Nefedova and coworkers, ATRA 
dramatically upregulated the protein levels of glutathione 
synthase (GSS), which resulted in the accumulation of 
glutathione (GSH) via activation of extracellular signal-
regulated kinase 1/2. GSH can reduce ROS levels and 
enhance the differentiation of MDSCs (57). The vascular 
endothelial growth factor receptor-2 (VEGFR-2) is 
overexpressed in breast cancer. VEGFR-2 has been targeted 
in clinical practice. The VEGFR-2 blockade antibody 
ramucirumab did not meaningfully improve important 
clinical outcomes, and anti-angiogenic therapies have been 
limited because MDSCs conferred resistance, resulting in 
detrimental mediators accumulating in tumors (58-60). To 
address this issue, Bauer et al. combined anti-angiogenic 
therapies and ATRA. In 4T1 and TS/A mice models, the 
combination of ATRA and DC101, a monoclonal antibody 
targeting murine VEGFR-2, reduced tumor volumes and 
weights compared with DC101 monotherapy. In another 
study, DC101-induced hypoxia was alleviated by ATRA, 

which also abrogated the accumulation of MDSCs and 
simultaneously promoted tumor vessel normalization and 
maturation (61). The genetic engineering of immune cells 
has been a novel and promising means for targeted therapy, 
such as targeting T cells to generate chimeric antigen 
receptor-T cells (CAR-T cells) (62,63). In neuroblastoma, 
CARs targeting the disialoganglioside GD2 present modest 
antitumor activity (64,65). However, the antitumor activity 
was limited against osteosarcomas, which resulted in a 
significant expansion of MDSCs (66). ATRA treatment 
reduced the number and suppressive capacity of MDSCs; 
antitumor effects could be enhanced with a combination 
treatment of ATRA and GD2-CRA T cell therapy. Martire-
Greco et al. used a lipopolysaccharide-immunosuppressed 
mice model to study the effects of ATRA on different 
immune parameters. They demonstrated that ATRA 
could induce T cell proliferation and decrease MDSCs 
numbers, thereby showing a potential treatment of 
immunosuppressive state patients (67). Furthermore, 
according to a randomized phase II clinical trial treating 
stage 3 and stage 4 melanoma patients with ipilimumab 
alone or with ATRA, ATRA reduced the PD-L1, IL-10 and 
indoleamine 2,3-dioxygenase gene expression by MDSCs. 
Compared with ipilimumab treatment alone, ATRA 
notably decreased the level of circulating MDSCs and 
improved CD8+ T responses (68). In summary, these studies 
demonstrated that combinations of ATRA with other 
treatments can enhance the efficacy of immune treatments.

Most β-glucans are generated from yeast, bacteria, 
barley and fungi; the beneficial properties of β-glucans 
have long been reported. They have a linear β-1,3-
linked D-glucose molecule (β-1,3-D-glucan) backbone 
or β-1,6-linked side chains of β-1,3-D-glucans of various 
sizes (69). β-glucans have the ability to bridge innate and 
adaptive antitumor immunity and have been considered 
as adjuvants for tumor immunotherapy. According to a 
study by Qi et al., the C-type lectin receptor dectin-1 
pathway is necessary for yeast-derived particulate β-glucan 
activated dendritic cells and macrophages. In the model 
of ovalbumin-transfected murine mammary carcinoma 
mice, β-glucan enhanced antitumor immune responses and 
drastically downregulated immunosuppressive cells via Th1 
and cytotoxic T-lymphocyte priming and differentiation 
(70,71). To further explore whether β-glucan could 
reduce and modify MDSCs function or promote MDSCs 
differentiation through the dectin-1 pathway, researchers 
have investigated the effects of β-glucan treatment on 
MDSCs in vitro and in tumor models (72). They found that 
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the proportion of MDSCs was significantly reduced and a 
proportion of CD11c+F4/80+ cells emerged with β-glucan 
treatment. Moreover, CD11c+F4/80+ cells were more 
mature than CD11c-F4/80- cells because the expression of 
Ly6C was lower in CD11c+F4/80+. Albeituni et al. found 
that β-glucan-treated M-MDSCs could differentiate into 
F4/80+ CD11c+ cells and acted as potent APCs to induce 
Ag-specific CD4+ and CD8+ T cell responses in a dectin-
1-dependent manner (73). To further assess the function of 
β-glucan, researchers treated NSCLC patients with β-glucan 
and compared the frequency of HLA- DR- CD14- CD11b+ 
CD33+ MDSCs in peripheral blood with controls. They 
found that the frequency of HLA- DR- CD14- CD11b+ 
CD33+ MDSCs decreased in the experimental group (73). 
Overall, combining β-glucan with other immunotherapeutic 
approaches may have clinical benefits.  

Lactoferrin (LF) is a glycosylated globular protein 
and is known as the “red protein”. It has multifunctional 
capacity, including immunomodulatory properties, 
antimicrobial capacity, and antioxidant, anti-inflammatory 
and anticarcinogenic activity (74,75). LF can modulate 
the immune microenvironments to prevent metastasis. 
According to a study by Wei et al., LF deficiency facilitated 
melanoma cells metastasis. In the tumor metastasis model 
of LF knockout (LF-/-) mice, the level of PMN-MDSCs 
was upregulated in tumor tissues. When LF was added, 
the proportion of MDSCs decreased. More importantly, 
the proportions of macrophages and DCs increased, which 
demonstrated that LF could regulate the differentiation 
of MDSCs (76). LF may act in preventing or treating 
tumor metastasis; however, further research in humans is 
warranted. 

Inhibition of MDSCs function

AMP-activated protein kinase (AMPK) acts as the 
main sensor of cellular energy and is conserved across 
all eukaryotic species. AMPK has been pursued as a 
therapeutic target of several diseases, such as diabetes, 
obesity, inflammation and cancer (77). AMPK can regulate 
the immunosuppressive activity of tumor-MDSCs. In 
the Lewis lung carcinoma bearing mice model, the 
AMPK inhibitor dorsomorphin-compound delayed 
tumor growth and altered MDSCs functions, such as 
impairing immunosuppressive activity and diminishing 
expression of Arg-1. However, a higher immunoregulatory 
response was observed when mice were pretreated with 
5-aminoimidazole-4-carboxamide 1-β-D-ribofuranoside, 

an AMPK agonist. Thus, the inhibition of AMPK may be a 
potential therapeutic strategy in cancer (70). In the tumor 
model, MCA-38, EL4, B16 and MMTV-PyMT tumor 
volumes presented delayed growths in Prkaa1KO (conditional 
deletion of the AMPK gene) mice compared with Prkaa1flox. 
Both PMN-MDSCs and M-MDSCs showed lower 
immunosuppressive activity from tumors in Prkaa1KO mice, 
which further demonstrated the role of AMPK in regulating 
MDSC-induced immunosuppressive effects (78). 

Metformin is prescribed for type 2 diabetes and can 
benefit hyperinsulinemia and insulin resistance (79). 
Metformin has been associated with lower risks of  
cancer (80). In ovarian cancer patients, in peripheral blood 
and tumor tissues, MDSCs showed elevated expressions of 
functional CD39/CD73, which significantly contributes 
to immune suppression through mediating ectoenzymatic 
activity (81,82). When MDSCs subsets were treated with 
metformin, reduced expression levels of CD39/CD73 
were observed. In a randomized trial, patients receiving 
metformin showed decreased percentages of CD39+ or 
CD73+ MDSCs and received better prognoses compared 
with controls (82). However, only cancer patients with 
diabetes were suitable candidates.

Phosphodiesterase-5 (PDE5) inhibitors, such as sildenafil, 
can induce apoptosis in chronic lymphocytic leukemia cells; 
more studies are warranted in vivo (83). PDE5 can also limit 
MDSCs suppressive activities (84). In C26GM or 4T1-HA 
tumor mice models, tumor size was smaller in sildenafil-
treated groups compared with control groups. Tumor-bearing 
mice were treated with or without sildenafil. Both Arg-
1 and NOS2 from intratumoral MDSCs expression were 
reduced in the sildenafil group. Therefore, PDE5 inhibition 
abrogated MDSCs suppressive activity. More importantly, 
PDE5 inhibition can restore T cell proliferation in HNSCC 
patients (84). In a randomized, prospective, double blinded and 
placebo controlled clinical trial, a total of 40 HNSCC patients 
were enrolled and divided into a placebo group and a tadalafil-
treated group. Both Arg-1 and iNOS activity were significantly 
reduced in the tadalafil-treated group compared with controls. 
The study further demonstrated that PDE5 inhibitor 
augmented tumor-specific immunity in HNSCC patients (85).  
Additionally, according to a pilot trial, tadalafil showed biological 
activity in metastatic melanoma patients. Twenty-five percent 
of patients achieved a stable disease state; NO production by 
M-MDSCs was reduced in the tadalafil-treated group (86). 
In summary, PDE5 has been shown to reverse tumor-specific 
immune suppression; however, low patient numbers and short-
term observations necessitates further investigation.
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V-domain immunoglobulin suppressor of T cell activation 
(VISTA) is a negative checkpoint. It is homologous to 
the PD-L1 ligand and belongs in the B7 family (87). 
In a B16OVA melanoma mice model, VISTA antibody 
treatment suppressed tumor growth and altered the tumor 
microenvironment, decreasing M-MDSCs levels and 
increasing DC levels (88). Corzo et al. investigated the 
regulation of VISTA by tumor microenvironment factors. 
Antitumor effects can be suppressed by hypoxia due to the 
upregulation of suppressive mediators Arg-1 and iNOS. 
Hypoxia-inducible factor (HIF) 1α is also responsible for 
MDSCs function (89). In a CT26 murine colon cancer 
model, VISTA was preferentially upregulated in hypoxic 
areas (90). VISTA-knockout mice were evaluated for the 
function of VISTA expression on MDSCs. Under normoxic 
conditions, MDSCs isolated from VISTA-knockout mice 
did not influence T-cell suppression, whereas MDSCs 
suppression was reduced under hypoxic conditions compared 
with MDSCs from wild type mice (90). T-cell proliferation 
and activation were upregulated in the presence of anti-
VISTA antibodies under hypoxia. This demonstrated that 
hypoxia-induced VISTA promoted the suppressive function 
of MDSCs in the tumor microenvironment (90). These 
studies suggested that therapeutic strategies targeting VISTA 
may have applications in cancer immunotherapy. 

Synthetic oligodeoxynucleotides (ODNs) that contain 
immunostimulatory CpG motifs trigger immunomodulatory 
cascades. Clinical studies have demonstrated that CpG 
ODNs modulate immune responses and are safe in  
humans (91). CpG ODNs can contribute to tumor 
regression via reducing the immunosuppressive activity of 
MDSCs (92). In a CT26 tumor mice model, intratumoral 
injections of CpG ODNs reduced tumor growth. CpG 
ODN-treated M-MDSCs did not inhibit T cell activation, 
and the suppressive activity of M-MDSCs was not 
influenced with control ODN. Other studies showed that 
CpG ODN treatment reduced the production of NO and 
Arg-1 by M-MDSCs, thereby inhibiting the suppressive 
activity of M-MDSCs (92). However, future clinical trials 
are required to understand CpG ODN efficacy.

Hydrogen sulfide (H2S) plays an essential role in many 
physiological and pathological processes (93). Acetyl 
deacylasadisulfide (ADA), a vinyl disulfide compound and 
a new H2S-donor, has shown the ability to suppress the 
proliferation of human melanoma cell lines (94). Thus, 
a new class of drugs may be generated from ADA in the 
future. L-Arginine is a precursor of H2S; the production 
of Arg-1 promotes the depletion of L-arginine (2). Corzo 

et al. demonstrated a novel role for H2S in the modulation 
of MDSCs in tumors (89). In a B16 tumor model, diallyl 
trisulfide (DATS), a H2S-donor, inhibited tumor growth 
and upregulated H2S production. M-MDSCs and PMN-
MDSCs were significantly reduced in the spleen. The 
expression of MDSC-immunosuppressive genes from 
DATS-treated mice were lower when compared with 
controls. T-cell proliferation activity was enhanced when 
MDSCs from DATS-treated mice were cultured compared 
with controls. However, this study did not clarify the 
mechanisms of garlic-derived allyl sulfides (95). Further 
studies are required to confirm their effects.  

Depletion MDSCs

The therapeutic depletion of MDSCs represents an 
attractive approach to cancer immunotherapy. Qin et al. 
synthesized a new therapeutic peptide that specifically binds 
MDSCs (96). They selected H6 and G3 peptides and fused 
sequences encoding H6 and G3 with a sequence encoding 
Fc portion. In a model of EL4 tumor-bearing mice, these 
peptide bodies depleted M-MDSCs and PMN-MDSCs 
and repressed tumor development. DCs, T, B and NK 
cells were not affected (96). It is an effective approach to 
depleting MDSCs via antibodies against MDSC-specific 
markers. In a Lewis lung carcinoma-bearing mice model, 
anti-Gr1 or anti-Ly6G enhanced antitumor activity. The 
activity of APC, NK and T cells were upregulated. Tumor 
growth was significantly inhibited, and tumor cell apoptosis 
was enhanced. Overall, these peptide bodies successfully 
depleted MDSCs levels. However, this technology has yet 
to be tested for human MDSCs (97). Kumar et al. hold a 
different idea. The antitumor efficacy of anti-Gr1 antibody 
has not been demonstrated. When mice were treated with 
Gr-1 antibody, the number of PMN-MDSCs decreased but 
had little effect on M-MDSCs and did not influence tumor 
growth (98). Therefore, more study is necessary to study 
the efficacy of antibodies against MDSC-specific markers. 

Some studies have reported that some cytotoxic 
anticancer agents play roles in depleting MDSCs. In 
a model of EL4 tumor-bearing mice, after injecting 
5-fluorouracil (5FU), MDSCs levels in spleen and 
tumor beds were significantly reduced compared with 
controls. Other studies found that 5FU triggered MDSCs 
apoptosis and induced the activation of CD8+T cells. 
These authors hypothesized that 5FU acted as antitumor 
agents via selective action on MDSCs (99). Additionally, 
gemcitabine selectively depleted MDSCs in tumor-bearing 
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mice and did not reduce the number of CD4+T cells, 
CD8+ T cells, NK cells, macrophages and B cells (100).  
Wang et al. concentrated on the antitumor efficacy of 
gemcitabine combined with immunotherapy. A clinical 
study used gemcitabine combined with cytokine-induced 
killer cells (CIK) or CIK alone to treat 53 solid tumor 
patients. The combination treatment significantly improved 
the prognosis of metastatic renal cell carcinoma and 
advanced pancreatic cancer patients, whereas the prognosis 
did not improve in metastatic melanoma patients (101).  
However, chemotherapy may be related to dose-dependent 
toxicities. Sasso et al. exploited nanoparticulates comprising 
lipid nanocapsules loaded with a lauroyl-modified form of 
gemcitabine. This drug reduced the percentage of M-MDSCs 
in tumor-bearing mice compared with free gemcitabine 
treatment. These nanoparticulate chemotherapy drug 
formulations have potential applications (102).

Tyrosine kinase inhibitors have MDSC-targeting abilities. 
Ibrutinib is an irreversible inhibitor of Bruton’s tyrosine 
kinase and is used for the treatment of B-cell malignancies. 
According to a study by Stiff et al., ibrutinib could inhibit the 
generation of human MDSCs in vitro and lead to significant 
reductions of mice MDSCs in vivo (103). SRC family kinases 
(SFKs), a group of nonreceptor tyrosine kinases, can also 
modulate cellular functions. Dasatinib inhibited SFK activity 
and reduced tumor volume and population of MDSCs in 
HNSCC mouse models (104). Additionally, a combined 
treatment of anti-mouse cytotoxic T-lymphocyte antigen 4 
and dasatinib significantly reduced the number of MDSCs 
and tumor volume. In brief, targeting tyrosine kinase is a 
potential strategy for immune therapy (105). 

Conclusions 

At present, MDSCs are one of the reasons leading to poor 
therapeutic effects in the treatment of many tumors. MDSCs 
promote tumor growth by various mechanisms; as such, more 
studies have focused on targeting MDSCs. This review has 
listed recent methods used for targeting MDSCs to improve 
anticancer immune responses. However, many studies have been 
limited to animal experiments. More clinical studies are required 
to show any potential efficacy. The targeting of MDSCs is an 
essential and promising method for tumor treatment.
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