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Abstract. Myeloid‑derived suppressor cells (MDSCs) 
were originally described as a heterogeneous population 
of immature cells derived from myeloid progenitors with 
immune‑suppressive functions in tumor‑bearing hosts. In 
recent years, increasing number of studies have described 
various populations of myeloid cells with MDSC‑like prop-
erties in murine models of cancer and autoimmune diseases. 
These studies have observed that the populations of MDSCs 
are increased during inflammation and autoimmune condi-
tions. In addition, MDSCs can effectively suppress T cell 
responses and modulate the activity of natural killer cells 
and other myeloid cells. MDSCs have also been implicated 
in the induction of regulatory T cell production. Furthermore, 
these cells have the potential to suppress the autoimmune 
response, thereby limiting tissue injury. Myeloid regulatory 
cells (Mregs) are recently attracting increasing attention, 
since they function in proinflammatory and immune suppres-
sion in autoimmune diseases, as well as in various types of 
cancer. Currently, research focus is directed from MDSCs to 
Mregs in cancer and autoimmune diseases. The present study 
reviewed the suppressive roles of MDSCs in various autoim-
mune murine models, the immune modulation of MDSCs to 
T helper 17 lymphocytes, as well as the proinflammatory and 
immunosuppressive roles of Mregs in various types of cancer 
and autoimmune diseases.
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1. Introduction

Myeloid‑derived suppressor cells (MDSCs) represent a 
heterogeneous population of cells that accumulate during auto-
immunity and other pathological conditions (1). The activation 
of MDSCs in pathological conditions leads to the upregulation 
of the expression of immune suppressive factors, resulting 
in MDSC‑mediated suppression of T  cell functions  (2). 
Autoimmune diseases encompass a group of diseases which 
emanate from a dysregulated immune system that evokes a 
damaging attack on its own tissues (3). Patients with autoim-
mune disease present immune injury caused by autoreactive 
T cell activation and autoantibodies. The causes of immune 
system diseases include abnormal expression of major histo-
compatibility complex (MHC)/peptide complex molecules, 
immune tolerance and dysfunction of regulatory  T  cells 
(Tregs) among other reasons. Tregs are immunosuppressive 
T cells that exhibit potential inhibitory effects on effector cells 
via the production of inhibitory cytokines, thereby interfering 
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with the effector cell metabolism and killing effector cells 
by perforin and granzyme release (4,5). T helper 17 (Th17) 
cells, characterized by the production of interleukin‑17 (IL‑17) 
and other pro‑inflammatory cytokines, have a defined role in 
the development of inflammatory and autoimmune patholo-
gies. In recent years, MDSCs have been demonstrated to not 
only suppress the response of Th17 cells, but also mediate 
Treg expansion during autoimmunity and other pathological 
conditions (6). The unique roles of MDSCs in the develop-
ment of the immunosuppressive network indicate that this cell 
population may have potential as a therapeutic modality in 
autoimmune diseases; however, MDSCs do not serve the same 
role in cancer. In various types of cancer, MDSCs are known 
to subvert host defense mechanisms, thereby promoting cancer 
progression  (2,7). The ability of MDSCs to suppress anti-
tumor Th1 cells and cytotoxic T‑lymphocytes (CTL) immune 
responses have been demonstrated to impact the immune 
system directly and indirectly (8). In recent years, the focus 
of research is gradually shifting from MDSC to the general 
category of myeloid regulatory cells (Mregs). The Mreg popu-
lation of cells includes the MDSCs, regulatory dendritic cells 
(DCs), regulatory macrophages and subsets of granulocytes. 
The present study reviewed the suppressive roles of MDSCs 
in various autoimmune murine models, the immune modula-
tion of MDSCs to Th17, as well as the proinflammatory and 
immunosuppressive roles of Mregs in cancer and autoimmune 
diseases. The study also aimed to highlight the harmful and 
potential beneficial roles of utilizing Mregs for therapeutic 
purposes in systemic autoimmune disorders.

2. Origin and subsets of MDSCs

MDSCs are a heterogeneous population of cells that consists 
of myeloid progenitor cells and immature myeloid cells. In 
healthy individuals, MDSCs are generated in the bone marrow 
and quickly differentiate into mature granulocytes, DCs or 
macrophages. However, under pathological conditions (such 
as cancer), various infectious diseases and certain autoim-
mune diseases, a partial block in the MDSC differentiation 
into mature myeloid cells results in the expansion of this cell 
population (2). 

In mice, MDSCs are identified as cells that simulta-
neously express CD11b and Gr‑1, which comprises by 
Ly‑6C and Ly‑6G. The CD11b+Ly‑6G+Ly‑6Chigh cells with 
monocytic‑like morphology are termed monocytic MDSCs 
(M‑MDSCs), whereas the CD11b+Ly‑6G+Ly‑6Clow cells have 
a granulocyte‑like morphology and are termed granulocytic 
MDSCs (G‑MDSCs) (9). These two cell groups differ in func-
tionality: G‑MDSCs frequently inhibit T cell function through 
arginase‑1 (ARG‑1) enzyme activity, whereas M‑MDSCs 
more commonly inhibit T cell functions via nitric oxide (NO) 
production (10‑12). Interferon (IFN)‑γ‑mediated activation 
of MDSCs results in the upregulation of ARG‑1 and NO 
production. 

In humans, MDSCs are defined as cells that express CD33, 
but lack the expression of markers of mature myeloid and 
lymphoid cells (13). In recent years, studies have revealed that 
a number of markers, including CD11b+ and CD33+, are associ-
ated with MDSC function in humans (14‑16). The activation of 
MDSCs in pathological conditions leads to the upregulation 

of the expression of immune suppressive factors, including 
ARG‑1 enzyme (encoded by the ARG‑1 gene) and inducible 
NO synthase (iNOS; also known as NOS2), as well as an 
increase in the production of NO and reactive oxygen species 
(ROS). As a result, MDSCs potently suppress T cell responses 
and modulate the activity of natural killer (NK) and myeloid 
cells, and serve an important role in the development of the 
immunosuppressive network.

3. Transcription factors associated with MDSCs

Several transcription factors that are involved in the 
activation or generation of MDSCs have been previously iden-
tified (17). Certain transcription factors, including PU.1 (13), 
CCAAT/enhancer‑binding protein‑β (C/EBP‑β)  (18), and 
signal transducer and activator of transcription (STAT)1, 
STAT3 and STAT6 (19), are involved in the general myeloid 
cell lineage development, and therefore are also implicated in 
MDSC development and activation. Previous studies reported 
that C/EBP‑β promotes the generation of activated MDSC 
in vitro (20), while mice with C/EBP‑β‑cell deficiency cannot 
differentiate myeloid cells into MDSCs (17,21,22). Notably, 
another study indicated that C/EBP‑β is not required for the 
generation of MDSC precursors, but rather the re‑pooling of 
the granulocytes following neutropenia (23).

4. MDSCs and cancer

The majority of the current knowledge regarding the role of 
MDSCs in immune responses has originated from studies in the 
context of cancer. Studies have indicated that MDSC subsets 
are differentially regulated in tumor‑bearing mice  (9,24). 
These ambiguities have often resulted in conflicting findings, 
which raises questions about the mechanisms of suppression 
and MDSC subsets to tumor specificity. Certain studies have 
attempted to elucidate these issues by analyzing the different 
subsets of MDSCs in different murine models. MDSCs in 
cancer patients and tumor‑bearing mice have been reported 
to subvert immune surveillance by dampening T cell immu-
nity (14,25), thereby promoting cancer progression.

A study by Youn et al (9) reported that, although the number 
of MDSCs was significantly elevated in all 10 tumor models 
studied (including EL4 thymoma, Lewis lung carcinoma, 
B16F10 melanoma, MC38 colon carcinoma, C3 sarcoma, DA3 
mammary carcinoma, 4T1 mammary carcinoma, CT26 colon 
carcinoma, Meth A sarcoma and ANV mammary carcinoma), 
the extent of MDSC expansion varied between different tumor 
models. Sarcomas demonstrated the lowest level of MDSC 
expansion, whereas colon carcinoma, thymoma and breast 
carcinoma showed high levels of expansion. In  vitro data 
suggest that the level of MDSC expansion was determined by 
the nature of soluble factors produced by the tumors (9,26).

Human MDSC phenotypes have yet to be fully described. 
In general, all human MDSCs are considered to express the 
common myeloid lineage marker CD33, with absent or low 
expression of MHC‑class II (as would be detected on more 
differentiated myeloid cells) (26). Additional markers have 
been described, and may potentially represent different 
stages of MDSC development or completely independent 
populations of myeloid suppressor cells. Human MDSCs 
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were induced in human solid tumors and characterized as 
distinct MDSC subsets: CD33+HLA‑DRlowHIF1α+/STAT3+ 
and CD11b+HLA‑DRlowC/EBP‑β+ (26). Initial investigation on 
the production of myeloid cells in cancer patients revealed an 
increase in CD33+/CD34+/CD15+ lineage cells in patients with 
head and neck cancer (13). Certain more recent studies have 
also demonstrated the presence of a CD14+ subset of MDSCs 
in patients with melanoma and hepatocellular carcinoma, and 
this subset appears to inhibit immune cell function through 
L‑arginine regulation (27‑29).

5. MDSCs and autoimmune disorders

MDSCs have been suggested to participate in autoimmunity, 
and their roles in organ‑specific autoimmunity, such as in the 
central nervous system, gut and liver, have been reviewed in 
a laboratory mouse model of autoimmunity (1). In vitro, the 
majority of the functional MDSC populations isolated from 
the autoimmune mouse model can suppress T cell prolif-
eration via iNOS and the elaboration of NO. However, in vivo, 
MDSCs do not show adequate ability to prevent autoreactive 
T cell responses (30). This may be caused by the environment 
of autoimmunity, although this hypothesis needs to be inves-
tigated further. The present study aimed to review available 
studies on mouse models of various autoimmune diseases, and 
to discuss the suppressive roles of MDSCs and the possible 
role of Mregs in the proliferation of Th17 cells to promote 
disease severity in these murine models.

6. MDSCs and systemic lupus erythematosus (SLE)

SLE is a prototypical systemic autoimmune disorder, which 
is characterized by elevated levels of antinuclear antibodies 
and cellular infiltration of extensive organs, including the skin, 
kidney and heart. The immune complex deposition results in 
the compromise of the inflammatory system, which leads to 
tissue damage and inflammation via the activation of macro-
phages, monocytes and the complement system (31,32). Most 
components of the immune system participate in the patho-
genesis of SLE, including elements of both the adaptive and 
innate immune response (33,34). In autoimmune individuals, 
autoreactive cells are managed by the peripheral and central 
mechanisms of tolerance. MDSCs and Tregs serve important 
roles in the immunosuppressive networks. Tregs has been 
extensively studied in mouse models of lupus and in SLE 
patients (35,36).

CD11b+Gr‑1low cells have been identified in MRL‑Faslpr 
mice, which develop a multi‑organ inflammatory disorder 
that resembles human SLE (30). These cells increased in the 
blood and kidney during disease progression, and suppressed 
the proliferation of CD4+ T cells ex vivo. This suppression in 
proliferation can be blocked by the arginase‑specific inhibitor 
Nor‑NOHA, thus suggesting that arginase may be the prin-
cipal element mediating suppression of MDSCs in MRL‑Faslpr 
mice (37). In lupus‑prone male F1 mice (strains NZB/NZW), 
Gr‑1highLy‑6G+CD11b+ myeloid cells constitutively increased 
and were regulated by testosterone  (38). These cells were 
located adjacent to spleen B  cell follicles and inhibit 
cytokine‑induced differentiation of naïve B cells into mature 
antibody‑secreting B cells ex vivo. In addition, treatment with 

anti‑Gr‑1‑depleting antibodies can increase the spontaneous 
production of antinuclear antibodies (38). Furthermore, a study 
on an FcgR2b‑knockout mouse model for SLE demonstrated 
that carbon monoxide administration inhibited the decline of 
Tregs, decreased the expansion of CD11b+ cells, decreased 
the antihistone antibodies and reduced kidney damage (39). 
These data suggest that CD11b+ cells are likely to facilitate the 
management of SLE, while the composition of these CD11b+ 
cells is not clearly understood.

7. MDSCs and rheumatoid arthritis (RA)

RA is a chronic inflammatory disease, which is character-
ized by the sequestration of various leukocyte subpopulations 
within the synovial space and developing pannus, resulting 
in the inflammation of multiple joints and the subsequent 
destruction of the joint cartilage and bone erosion (40‑42). The 
role of MDSCs in autoimmune diseases remains controversial, 
and little is known about the function of MDSCs in RA.

Study of a collagen‑induced arthritis (CIA) mouse model 
demonstrated that MDSCs serve crucial roles in the regula-
tion of proinflammatory immune response (43). MDSCs were 
observed to have accumulated in the spleens of the mice 
when arthritis severity peaked. These MDSCs inhibited CD4+ 
T cell proliferation and differentiation into Th17 cells ex vivo. 
Furthermore, the MDSCs inhibited the production of IL‑2, 
IL‑6, tumor necrosis factor (TNF)‑α and IFN‑γ by CD4+ 
T cells in vitro, whereas they promoted IL‑10 production (43). 
Furthermore, adoptive transfer of MDSCs reduced the severity 
of CIA, and the number of Th17 and CD4+ T cells in the draining 
lymph nodes decreased. The depletion of MDSCs abrogated 
the improvement of CIA (43). These observations suggest that 
adoptive transfer of MDSCs can suppress the progression of 
CIA by inhibiting the proinflammatory immune response of 
CD4+ T cells. A study by Jiao et al (44) compared the frequency 
of circulating MDSCs and the plasma ARG‑1 levels in RA 
patients and healthy controls. The results revealed that the 
frequency of circulating MDSCs and the plasma ARG‑1 levels 
increased significantly in RA patients. However, no significant 
difference in iNOS at the mRNA level was observed between 
RA patients and healthy controls. The prevalence of Th17 cells 
in RA patients was higher when compared with that in healthy 
controls; however, Th17 cell frequency was negatively corre-
lated with the percentage of MDSCs and the plasma ARG‑1 
levels. Furthermore, the study identified a negative correlation 
between MDSCs and plasma levels of TNF‑α. However, the 
MDSC percentage was not correlated with the plasma levels 
of IL‑6 and IL‑17, or with the RORgt mRNA expression (44). 
The study by Jiao et al revealed a negative correlation between 
circulating MDSCs and Th17 cells in RA patients, which may 
provide a new insight into the underlying mechanisms in RA. 
In a study by Zhang et al (45), MDSCs were isolated from the 
spleens of CIA mice and transferred to CIA mice via their tail 
vein, and then an arthritis model was established. The results 
demonstrated that adoptive transfer of MDSCs reduced the 
number of Th17 cells and macrophages in joint tissues, as well 
as downregulated the levels of IL‑17, IL‑6, IL‑10 and TNF‑α 
in the plasma and joints (45). Notably, the clinical score of 
arthritis, joint inflammation and histological damage were 
reduced (45). Another study indicated that synovial fluid in the 
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joints of mice with proteoglycan‑induced arthritis contained 
a population of G‑MDSCs that potently suppressed T cell 
proliferation and DC maturation, and these MDSCs had the 
potential to control autoreactive T cell expansion (46).

All the aforementioned studies revealed that MDSCs 
serve crucial roles in the regulation of autoimmune arthritis, 
while the adoptive transfer of MDSCs can break the cycle of 
inflammation and autoimmunity, thus preventing autoimmune 
arthritis in mouse models of RA. These findings provide 
an insight into the inhibitory functions of MDSCs. These 
cells may be exploited as a novel cell‑based biotherapy for 
human RA.

8. MDSCs and experimental autoimmune myocarditis 
(EAM)

Myocarditis, which describes a series of inflammatory disorders 
of the heart muscle with varied infectious and non‑infectious 
origins, can lead to dilated cardiomyopathy in young patients. 
EAM is a mouse model of postinfectious myocarditis and 
represents a CD4+ T cell‑mediated disease (47). Two major 
CD4+ T cell subsets have been previously defined according 
to their cytokine production pattern: IFN‑γ‑producing Th1 
cells, and Th2 cells releasing IL‑4. However, more recent 
data suggest that EAM development critically depends on 
the IL‑23‑STAT4 axis  (48), promoting the expansion of 
another autoreactive CD4+ T cell subset characterized by 
IL‑17 production (49). Immunosuppressive therapy is known 
to improve heart function in dilated cardiomyopathy patients 
with no evidence of bacterial or viral genomes in heart 
biopsies (50); however, the association of MDSCs and EAM 
remains largely unexplored. The only relevant study was 
conducted by Valaperti and colleagues (51), but did not inves-
tigate MDSC subsets directly. The authors identified that IL‑17 
promotes the recruitment of CD11b+ monocytes to the heart 
and the severity grading of myocarditis strongly depended on 
the extent of mononuclear infiltrates, including monocytes and 
macrophages (52,53).

CD11b+‑expressing monocytes have been shown to be 
the major heart‑infiltrating mononuclear cells at the peak of 
myocarditis. The CD11b+ monocytes found in the heart are not 
typical MDSCs; phenotypically, the CD11b+ heart‑infiltrating 
cells represent a heterogeneous population of largely imma-
ture F4/80, CD14, CD45 and CXCR4‑positive monocytes, 
expressing low levels of MHC class II and Gr‑1 (51). These find-
ings are consistent with an early study by Liversidge et al (54) 
that used a mouse model of autoimmune uveoretinitis. The 
study showed the accumulation of NO‑producing monocytes 
in the choroid and retina of the eye, which was correlated 
with the severity of disease. A later study by Kerr et al (55) 
observed similar results and confirmed the identity of those 
cells to be MDSCs. 

Studies using the multiple sclerosis mouse model, EAE, 
revealed that MDSCs were present in the demyelinated 
areas of the spinal cord tissue of mice (56). This EAE model 
demonstrated that MDSC accumulation in the spleen corre-
lated with disease progression (56). They identified that the 
CD11b+ monocytes are critical for an IFN‑γ‑dependent nega-
tive feedback loop that suppresses autoreactive CD4+ T cells 
and abrogates autoimmune myocarditis (51). It was concluded 

that the release of NO explains the suppressive effects of the 
CD11b+ monocytes, which is also consistent with the role of 
MDSCs observed in EAE (57). CD11b+ monocytes mediate 
a disease limiting IFN‑γ‑triggered negative feedback loop, 
which suppresses heart‑specific T cell responses (51). These 
data identified a disease‑modulating role of CD11b+, similar 
to other myeloid‑derived cells reported in other autoimmune 
disease models (2,58). Therefore, the present review speculates 
that MDSC proportions in the spleen and heart in EAM models 
may be significantly higher compared with that reported in 
EAE and other autoimmune models, while MDSC subsets 
can suppress Th17 activity and ameliorate disease severity in 
EAM. However, further studies are required to support these 
speculations. Although G‑MDSCs and M‑MDSCs are known 
to suppress T cell functions in other autoimmune disease 
models, further research is needed to confirm this suppressive 
activity in the EAM model. Our research group is currently 
focusing on the role of these Mregs in EAM, as well as the 
effect of HMGB1 on these Mregs in the pathogenesis of EAM 
disease.

9. MDSCs and experimental autoimmune encephalo
myelitis (EAE)

EAE is a commonly used mouse model of multiple scle-
rosis (59). Although EAE is considered to be a CD4‑driven 
model, the effects of other cells playing a contributory role in 
EAE induction should not be discounted. Several studies have 
demonstrated the role of CD8 T cells during EAE (60‑62), 
whereas others have indicated the importance of B cells and 
myeloid cells (63,64). The induction of EAE has been observed 
to promote splenomegaly (referring to increased size of the 
spleen) due to increased influx of myeloid cells (65). Notably, 
granulocyte‑macrophage colony‑stimulating factor (GM‑CSF)
is a growth factor involved in the generation of MDSCs in the 
bone marrow, as well as the mobilization of cells from the bone 
marrow. This growth factor is required for the development of 
EAE, since GM‑CSF‑knockout mice are resistant to EAE and 
neutralization of GM‑CSF attenuates EAE (66). This role of 
GM‑CSF in EAE pathogenesis is speculated to be due to its 
ability to enhance TNF‑α‑induced IL‑6 (67) and the produc-
tion of IL‑23 (68), which are both mediators of Th17 cells, by 
DCs during the effector phase of EAE.

A recent study revealed that CD11b+Ly6C+ cells increased 
during the inflammatory phase of EAE and induced potent inhi-
bition of T cell activation (69). In the EAE model, G‑MDSCs 
from myelin oligodendrocyte glycoprotein‑immunized mice 
were found to express high levels of programmed cell death 1, 
ligand 1 (PD‑L1), which is a co‑stimulatory molecule that 
negatively regulates T  cell proliferation  (70). In addition, 
G‑MDSCs were found to inhibit the autoantigen‑priming 
of Th1 and Th17 cells in a PD‑L1‑dependent manner (70). 
Notably, a previous study demonstrated that CD11b+Gr‑1+ cells 
isolated from mice with EAE inhibited T cell proliferation 
in co‑culture with naive CD4 cells, but promoted Th17 cell 
differentiation under Th17‑polarizing conditions (71). Another 
study demonstrated that activation of the suppressive function 
of M‑MDSCs occurred at the peak of EAE disease (72). This 
aforementioned study determined that the suppression of T cell 
responses was due to M‑MDSC‑mediated NO production (72). 
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Furthermore, transfer of activated M‑MDSCs led to apoptosis 
of T cells in the central nervous system and decreased EAE 
severity.

10. MDSC‑mediated suppression of T‑cell function

MDSCs induce immune suppression by blocking CD4+ and 
CD8+ T cell activation, and the G‑MDSCs and M‑MDSCs 
can inhibit effector T cells by different modes of action (2). 
G‑MDSCs are predominantly involved in immune suppression 
through the production of ROS, whereas the secretion of ARG‑1 
and generation of NO are mainly used by M‑MDSCs (58). 
Peroxynitrite, which forms by the cooperative activity of ROS 
with NO, is another factor that inhibits effector T cells (73). In 
addition, peroxynitrite leads to the nitration of tyrosines in the 
T‑cell receptor (TCR)‑CD8 complex. This reaction damages 
the conformational flexibility of the TCR‑CD8 complex and 
affects its interaction with peptide‑loaded MHC‑I, leading 
to the unresponsiveness of CD8+ T cells to antigen‑specific 
stimulation  (74). Peroxynitrite can damage proteins in 
different processes in immune cells, including the regulation 
of MHC‑II expression and T cell apoptosis (2,17). MDSCs 
also directly downregulate L‑selectin on the surface of naïve 
T cells through the expression of a disintegrin and metallo-
proteinase domain 17, an enzyme that cleaves the ectodomain 
of L‑selectin, decreasing its ability to migrate to sites where 
it can be activated, and thus reduces the number of CD4+ and 
CD8+ T cells (75). The suppressive activity of ARG‑1 is based 
on its role in the hepatic urea cycle, metabolizing L‑arginine to 
L‑ornithine. ARG‑1 expression has been reported to decrease 
CD3ξ‑chain biosynthesis, and to result in the downregulation 
of TCR on the cell surface (76). As a result, T cells are arrested 
in the G0‑G1 phase of the cell cycle, which is associated with a 
deficiency of protein kinase complexes that serve an important 
role in G1 phase progression (77). In vitro, this phenomenon can 
be completely reversed by the replenishment of L‑arginine (76). 
In vivo, the depletion of CD14‑CD15+ G‑MDSCs can reestab-
lish the CD3ξ‑chain biosynthesis and T cell proliferation (77). 
The shortage of L‑arginine also inhibits T cell proliferation 
by preventing upregulation of the expression of the cell cycle 
regulators, cyclin D3 and cyclin‑dependent kinase 4 (76). NO 
suppresses the function of T cells involving the induction of 
T cell apoptosis (78), the inhibition of MHC‑II expression (79), 
and the inhibition of JAK5 and STAT3 in T cells (80). 

Tumor‑expanded MDSCs induce anergy in NK cells via 
the membrane‑bound transforming growth factor (TGF)‑β, 
STAT5 and ARG‑1, or through the NKp30 receptor (81,82). 
MDSCs suppress NK cell cytotoxicity by inhibiting the 
production of NKG2D and IFN‑γ in models of glioma (83). 
In addition, IL‑13 was shown to mediate its effect through 
the IL‑4R‑STAT6 pathway and to induce TGF‑β‑producing 
CD11b+Gr‑1+ MDSCs (84). This production of TGF‑β, IL‑13 
and IL‑4 impairs the functions of NK cells (85). Furthermore, 
MDSCs also inhibit macrophages through decreasing the 
production of IL‑12, a tumor‑promoting type 2 response (86).

11. MDSCs and Th17 cells

Th17 cells, characterized by the production of IL‑17 and other 
pro‑inflammatory cytokines, are identified in high frequencies 

in cancer patients and tumor‑bearing animals (87,88). Th17 
cells have a defined role in the development of various types 
of autoimmune pathologies and inflammatory disorders. 
Blocking the function of IL‑17 would significantly prevent the 
development of autoimmune disease. In a recent study, Th17 
cells have been used as the drug target to treat autoimmune 
diseases (89,90). Numerous researchers have investigated the 
association between Th17 cells and MDSCs, identifying the 
possibility of using Th17 cells as the target of MDSCs in the 
treatment of autoimmune diseases (91,92).

A study by Chatterjee et al (93) demonstrated that MDSCs 
expanded in vitro or isolated from the tumor site were able to 
induce naïve CD4+ T cells to produce IL‑17. In addition, the 
study found that MDSC‑mediated induction of IL‑17+ T cell 
response mainly depended on the cytokines secreted by 
MDSCs, rather than on the MDSC‑T cell contact (93). NO is 
a common mediator of inflammation and immunity, which is 
involved in the pathogenesis of autoimmunity and infectious 
diseases. High concentrations of exogenous NO suppress the 
differentiation and proliferation of Th17 cells. However, a 
recent study by Obermajer et al (94) revealed that the expres-
sion of NOS2 positively correlated with the Th17 cell responses 
in patients with ovarian cancer. This finding suggests that the 
physiological NO concentrations produced by the MDSCs of 
cancer patients support the development of Th17 cells (94). 
In patients with gastrointestinal cancer, circulating MDSC 
levels were correlated with IL‑17 production (95). A study by 
Jiao et al (95) determined the frequencies of Th17 cells and 
MDSCs in the peripheral blood of patients with esophageal 
cancer and healthy subjects by flow cytometry. The study 
results revealed that the frequencies of MDSCs and Th17 cells 
were markedly elevated in the esophageal cancer tissues of 
cancer patients compared with the healthy subjects; however, 
no correlation was observed between the frequencies of Th17 
cells and MDSCs in the peripheral blood of patients (95). This 
observation will help to develop potential therapeutic strate-
gies through prevention of the ability of MDSCs to induce the 
production of IL‑17 by CD4+ T cells, and therefore inhibiting 
the generation of inflammatory Th17 population at the inflam-
matory disease site.

The differentiation of CD4+ T helper cells is essential 
for the development of robust immune responses to protect 
self‑tissue. Previous findings suggest that different subsets 
of myeloid cells isolated from human peripheral blood 
regulate the developmental programs of TGF‑β‑dependent 
CD4+ T cells ex vivo (96). Human CD14+HLA‑DR‑/low MDSCs 
can induce Tregs, whereas CD14+HLA‑DR+  monocytes 
promote IL‑17‑secreting RORc+ Th17 cell generation when 
co‑cultured with naïve CD4+ T cells in vitro (97). Notably, 
MDSCs also promote the transdifferentiation of Tregs from 
CD14+HLA‑DR+ monocyte‑induced Th17 cells. This mecha-
nism of the plasticity of human Th17 cells and induced Tregs 
(iTregs) is dependent on MDSC‑derived retinoic acid and 
TGF‑β (96). Collectively, these findings indicate that different 
subsets of CD14+ myeloid cells may serve different role in the 
plasticity of CD4+ T helper cells, which orchestrate the differ-
entiation of naïve CD4+ T cells into the regulatory or effector 
T cell subsets. In addition, the balance between these two 
subsets can influence the outcome of immune response from 
tolerance to inflammation; therefore, different subsets of 
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myeloid cells namely serve their own role in immune response 
regulation. 

The study by Rieber et al (98) demonstrated that MDSC 
subsets with a neutrophilic or granulocytic phenotype isolated 
from the cord blood of neonatal infection patients were able to 
suppress IL‑17 secretion. In the presence of an acute infection 
with the causative agent of Chagas disease (Trypanosma cruzi), 
C57BL/6 (B6) mice demonstrated increased inflammation and 
reduced survival compared with BALB/c mice. In addition, 
more G‑MDSCs were identified in the livers and spleens of 
infected BALB/c mice compared with infected C57BL/6 
(B6) mice. In vivo, the depletion of MDSCs led to a strong 
Th17 cell response with high parasitemia and mortality (6). 
These findings demonstrate that MDSCs can suppress Th17 
response. In another study, MDSCs derived from patients 
infected with Pseudomonas aeruginosa evidently dampened 
the IL‑17 protein production by CD4+ T cells and suppressed 
IL‑17 protein expression in T cells (99). A previous T cell study 
demonstrated that the circulating percentages of neutrophilic 
MDSCs in graft over that in host disease patients treated with 
extracorporeal photopheresis increased rapidly (100). These 
cells efficiently dampened Th17 cell response, and this effect 
was positively correlated with the increase of cellular and 
extracellular arginase activity (100).

Considering the aforementioned studies, MDSCs and Thl7 
cells serve important roles in autoimmune diseases. Therefore, 
understanding the association of these two cell types in 
the development of various autoimmune pathologies and 
inflammatory conditions is helpful to further understand the 
underlying mechanism of autoimmune diseases. The immune 
regulatory effects of MDSCs on Th17 cells provide novel ideas 
for the treatment of autoimmune diseases.

12. MDSCs mediate Treg expansion

Tregs are immunosuppressive T cells that exhibit potent inhibi-
tory effects on effector T cells by producing inhibitory cytokines, 
killing effector cells by release of granzyme and perforin, 
interfering with the effector cell metabolism, and affecting Treg 
differentiation and proliferation by regulating the function of 
DCs (5). MDSCs and Tregs serve important roles in the immu-
nosuppressive networks. The underlying mechanisms by which 
pathological conditions promote the expansion and/or function 
of these suppressive cells, as well as the crosstalk between 
MDSCs and Tregs, remain incompletely defined. Therefore, it is 
important to investigate the role of MDSCs in the attraction and 
activation of Tregs subsets, and the induction of iTregs.

Previous studies have demonstrated that MDSCs may 
promote the expansion of Tregs via TGF‑β‑dependent (101) 
and TGF‑β‑independent pathways  (102). In tumor‑bearing 
hosts, the induction of Tregs by MDSCs requires the presence 
of IL‑10 and IFN‑γ, and the activation of tumor‑specific T cells; 
however, this is not dependent on the production of NO (98). 
In 1D8 ovarian tumor mice, the MDSC‑mediated induction 
of Tregs required the expression of cytotoxic lymphocyte 
antigen 4 by MDSCs (103). A previous study revealed that 
CD11b+CD33+HLA‑DR‑MDSCs have the ability to expand 
Tregs in vitro, and their accumulation following transplantation 
positively correlated with an increase in Tregs in vivo (104). 
In lymphoma mice, MDSCs promoted Treg expansion via a 

mechanism that involved ARG‑1 and the capture, processing 
and presentation of tumor‑associated antigens by MDSCs, 
but did not dependent of TGF‑β  (99). In vitro, M‑MDSCs 
isolated from skin tumor‑bearing ret transgenic mice and 
from B16 melanoma expressed high levels of CCL5, and 
attracted high numbers of Tregs through CCR5 (105). In colon 
carcinoma mice, IFN‑γ activated Gr‑1+CD115+ M‑MDSCs 
produce IL‑10 and TGF‑β, and upregulated MHC‑II, medi-
ating the development of tumor‑induced Tregs. However, the 
Gr‑1+CD115+  M‑MDSCs from CD40‑deficient mice were 
unable to support tumor‑specific Treg expansion, indicating 
the presence of CD40/CD40L interactions between the two 
cells  (106). By contrast, another study has shown that the 
frequency of Tregs was high throughout tumor growth and 
was not associated with the expansion of the MDSC popula-
tion, indicating that MDSCs were not involved in the induction 
of Tregs. In a kidney allograft tolerance rat model, induced via 
a CD28‑specific antibody, it was observed that MDSCs had a 
finite number of effects on the expansion of the Treg popula-
tion (73). This study provided evidence that tumor‑induced 
G‑MDSCs impair the TGF‑β1‑mediated generation of iTregs. 
Furthermore, G‑MDSCs impede the proliferation of natural 
Tregs without affecting FoxP3 expression. G‑MDSCs also 
inhibit the differentiation of iTregs from naïve CD4+ cells, 
which occurs early in the polarization process. The inhibition 
of differentiation requires inhibition of early T cell activa-
tion, and depends on indoleamine 2,3‑dioxigenase  and ROS, 
but does not require ARG‑1, iNOS, NO, PD‑1 and PD‑L1 
signaling, or COX‑2. These findings indicate that G‑MDSCs 
from tumor‑bearing hosts have the ability to restrict immu-
nosuppressive Tregs (73). MDSCs and Tregs are important 
in limiting autoimmune diseases, and immune regulation of 
Tregs by MDSCs provides potential for the treatment of auto-
immune diseases through the application of MDSCs.

13. Therapeutic potential of MDSCs in autoimmune 
disorders

Considering the variety of functions reported for MDSCs in 
autoimmune disorders, determining a unifying hypothesis to 
explain their role(s) in autoimmune disease is challenging. 
However, the information accumulated in recent years 
confirms that MDSCs serves a critical role in the regulatory 
component of autoimmune inflammatory environments. 
In order to develop effective MDSC‑based therapies, it is 
essential to first understand how different cell types respond 
to different inflammatory mediators, as well as to deter-
mine how these inflammatory mediators affect the potency 
and/or suppressive mechanisms of MDSCs. Various studies 
have shown promising outcomes (107), with few unsuccessful 
findings reported (46). CD11b+Gr‑1+ cells isolated from mice 
with autoimmune disorder appear to have the ability to inhibit 
T cell response ex vivo. In vivo, these endogenous CD11b+Gr‑1+ 
cells appear to be rather ineffective at preventing autoimmune 
disease, and may even exacerbate disease (46,108). By contrast, 
the adoptive transfer of exogenously MDSCs has been proven 
to prevent autoimmune pathologies in mice models of RA (45), 
type 1 diabetes (109), alopecia areata (110) and inflammatory 
bowel disease (111). A study by Ioannou et al (91) observed 
that the in  vivo transfer of G‑MDSCs in the EAE model 
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resulted in the delayed onset of disease and in a significant 
reduction in demyelination. It has also been found that adop-
tive transfer of MDSCs also led to reduced disease severity in 
models of RA (43,112).

The difference between the function of exogenously‑applied 
and endogenous MDSCs recruited to an autoimmune site may 
be caused by the difference in activity between these two 
MDSC populations. In addition, certain factors within the 
autoimmune inflammatory environments may prevent MDSCs 
from exerting their suppressive potential  (20,30,113‑116). 
Research in the field of MDSC biology in autoimmune inflam-
matory has yielded more questions than answers. MDSCs, 
as regulatory components of the immune system subsets, 
have specific roles in mediating effector T cell suppression 
and Treg expansion, suggesting that exogenously applied 
MDSCs may be an attractive opportunity by which to inhibit 
immune responses in the autoimmune disorders. Studies 
have demonstrated that MDSCs can be expanded through 
numerous ways ex vivo (117,118), stored for long periods of 
time in liquid nitrogen and readministered. However, potential 
risks associated with utilizing MDSCs to limit autoimmune 
disorders must be estimated. Functionally suppressive MDSCs 
may serve a beneficial role in systemic autoimmune disorders, 
by promoting the Treg expansion and inhibiting effector 
T cell‑mediated inflammation and pathology, although there 
are numerous questions remaining to be solved.

Various research groups have demonstrated the possibility 
of using MDSC‑based therapies in the treatment of autoim-
mune diseases (24,119,120). A primary concern has been raised 
that needs to be resolved prior to the use of these MDSC‑based 
therapies in the treatment of autoimmune diseases. It is known 
that these MDSCs are not terminally differentiated and can 
mature into inflammatory antigen‑presenting cells, such as 
dendritic cells and macrophages, under inflammatory disease 
conditions. These inflammatory cells may then exacerbate 
the inflammatory disease that they are used to treat (121‑123), 
which highlights a potential complication in therapeutic 
attempts. Recently, a much larger group of cells, known as the 
regulatory myeloid cells, have been identified that encompass 
MDSCs, and their roles may add up to the envisaged problems 
that may affect the success of using the MDSC‑based therapies 
to treat autoimmune diseases.

14. Myeloid regulatory‑mediated activation of T cell func‑
tion in cancer and autoimmune models

Mregs, as shown in Fig. 1, include MDSCs, regulatory DCs, 
regulatory macrophages, and subsets of granulocytes that 
expand during pathologic conditions and have the ability to 
suppress cellular immunity (124). Notably, these Mregs have 
recently attracted certain research attention, particularly due 
to their roles in cancer and autoimmune diseases. MDSCs 
reflect a mechanism by which these Mregs suppress the host's 
anti‑tumor immune responses in favor of the tumors. They 
are known to be harmful to anti‑tumor immunity, in which 
Th1 or CTL responses are required, as shown in Fig.  2. 
Mregs, including MDSCs, conventional DCs, lung‑resident 
tissue macrophages, monocytes and plasmacytoid DCs, 
have been shown to impact the disease course in animal 
models of diabetes (108), colitis (125), allergic asthma (126), 

experimental autoimmune disease (127) and RA (128), respec-
tively. Suppression of the Th1 and CTL responses is known 
to promote cancer progression. Immunoregulatory functions 
of Mregs on Th17 differentiation and inflammatory responses 
have been reported in EAE (90). It has been observed that the 
progression of EAE in mice was accompanied by a profound 
expansion of CD11b+Gr‑1+ MDSCs, which phenotypically 
and functionally resembled tumor‑expanded MDSCs  (90). 
However, these EAE‑associated Mregs were found to be 
highly efficient in producing IL‑1β, thereby promoting the 
differentiation of naïve CD4 into Th17 cells. Increasing Th17 
cells have been identified to be responsible for the increased 
severity in a number of autoimmune diseases. Another study 
group depleted the level of Mregs in EAE disease using 
gemcitabine, and a marked reduction in the severity of EAE was 
observed, along with decreased levels of Th17 cells and their 
inflammatory cytokines, IL‑17A and IL‑1β, in the lymphoid 
tissues and spinal cord of their subjects (90). The pathogenic 
activities of CCR2+Ly6Chigh or CD11b+Ly6Chigh cells, which 
are likely due to monocytic Mregs, have also been reported 
in two studies (46,107). The ability of Mregs to induce Th17 
differentiation has also been demonstrated in tumor‑bearing 
mice (92) and patients with ovarian cancer (92). Development 
of Th17 cells from naïve‑, memory‑, or tumor‑infiltrating CD4 
cells has been shown to be driven by Mregs that produce 
IL‑1β, IL‑6, IL‑23 and NO (81). Indeed, recent studies also 
supported a positive correlation of Mregs levels with the levels 
of Th17 cells or IL‑17 production in patients with esophageal 
cancer  (92) or gastrointestinal cancer  (129). Similarly, a 
decrease in MRC population and/or activity has been observed 
to have positive immune‑potentiating effects. Several clinical 
trials have thus been initiated with the goal of manipulating the 
expansion or activation of these cells, and thereby improving 
patient immune responses (124). Therefore, the therapeutic 
benefits of targeting Mregs in autoimmune disorders have 
been proposed and remain to be clarified.

15. Conclusion

Mregs may function in the exacerbation and amelioration of 
different diseases associated with the suppression or induction 
of specific cytokines associated with the immune response. 
Specifically, MDSCs can induce Th17 response, thereby 
promoting the severity of various autoimmune diseases, as 
well as promoting cancer progression. These cells are known 
to also display particular heterogeneity and plasticity, and have 
thus become an attractive candidate for the treatment of auto-
immune diseases. However, it is speculated that the harmful 
role of MDSCs and Mregs in autoimmune diseases and 
various types of cancer outweighs the benefits, despite certain 
promising data in using these cells for therapeutic purposes, 
particularly in the treatment of systemic autoimmune diseases.
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Figure 2. Pathologic function of myeloid‑derived suppressor cells in tumour microenvironment. Th, T helper cells; MDSC, myeloid‑derived suppressor cell; 
IL, interleukin; NO, nitric oxide.

Figure 1. Constituents of myeloid regulatory cells. 
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