Hindawi
Mediators of Inﬂammation
Volume 2018, Article ID 4316584, 8 pages
https://doi.org/10.1155/2018/4316584

Review Article
Phenotypic and Functional Diversities of Myeloid-Derived
Suppressor Cells in Autoimmune Diseases
Huijuan Ma1 and Chang-Qing Xia
1
2

2

Department of Nephrology, Jining No. 1 People’s Hospital, Jining 272011, China
Department of Pathology, Immunology and Laboratory Medicine, University of Florida College of Medicine, Gainesville,
FL 32610, USA

Correspondence should be addressed to Chang-Qing Xia; cqx65@yahoo.com
Received 7 September 2018; Accepted 9 December 2018; Published 23 December 2018
Guest Editor: Qingdong Guan
Copyright © 2018 Huijuan Ma and Chang-Qing Xia. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work
is properly cited.
Myeloid-derived suppressor cells (MDSCs) are identiﬁed as a heterogeneous population of cells with the function to suppress
innate as well as adaptive immune responses. The initial studies of MDSCs were primarily focused on the ﬁeld of animal tumor
models or cancer patients. In cancer, MDSCs play the deleterious role to inhibit tumor immunity and to promote tumor
development. Over the past few years, an increasing number of studies have investigated the role of MDSCs in autoimmune
diseases. The beneﬁcial eﬀects of MDSCs in autoimmunity have been reported by some studies, and thus, immunosuppressive
MDSCs may be a novel therapeutic target in autoimmune diseases. There are some controversial ﬁndings as well. Many
questions such as the activation, diﬀerentiation, and suppressive functions of MDSCs and their roles in autoimmune diseases
remain unclear. In this review, we have discussed the current understanding of MDSCs in autoimmune diseases.

1. Introduction
Myeloid-derived suppressor cells (MDSCs) started to be
described more than three decades ago mainly in cancer
[1, 2]. The suppressive eﬀects of MDSCs on immune
responses lead to the failure of immune surveillance of cancer
and promotion of tumor angiogenesis and metastasis. Thus,
MDSCs are suggested to be an important cell component
for creating tumor immunosuppressive microenvironment
[3–7]. In recent years, it has been reported about the involvement of MDSCs in a variety of inﬂammatory disorders,
including autoimmune diseases [8–12]. MDSCs serve as the
negative regulator of immune responses, and they are likely
to play a protective role in autoimmune diseases by inhibiting
T cell-mediated immune responses. Most of the studies of
MDSCs in autoimmunity are carried out in animal experiments, and some ﬁndings are controversial. The real biological and pathological roles of MDSCs in autoimmune
diseases still need to be further characterized. In this review,
we summarize the origin, phenotype, and functional

characteristics of MDSCs and their involvement in autoimmune diseases as well as MDSCs as potential targets for therapeutic intervention.

2. Origin, Phenotype, and Functional
Characteristics of MDSCs
Common myeloid precursor cells derive from hematopoietic
stem cells (HSCs) in the bone marrow, and they give rise to
“immature myeloid cells” (IMCs) without suppressive features in an unactivated state [13]. In healthy individuals,
IMCs can diﬀerentiate into mature, functional dendritic cells
(DCs), macrophages, and granulocytes [14]. However, in certain pathologic conditions, such as inﬂammation, tumors,
infections, trauma, transplants, sepsis, or autoimmune diseases, the diﬀerentiation of IMCs is impaired, and subsequently, IMCs are activated and proliferate in response to
diverse endogenous and exogenous factors [13, 15–17]. As
a result, IMCs diﬀerentiate into MDSCs, resulting in the dramatic expansion and accumulation of a large number of
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MDSCs in peripheral tissues. MDSCs can potently inhibit
immune responses through the expressions of suppressive
factors [13].
In mice, MDSCs are characterized by the coexpression of
CD11b and Gr-1. The CD11b+Gr-1+ cell population is
divided into two relatively distinct subsets: M-MDSCs
(CD11b+Ly6ChiLy6G-) with monocytic morphology and
G-MDSCs (CD11b+Ly6ClowLy6G+) with granulocytic morphology [18]. Recently, the expressions of CD115, CD80,
CD124, F4/80, CD16, and CD31 have also been suggested
as markers for identifying MDSCs, although these markers
are not speciﬁc for MDSCs [19, 20].
Diﬀerent from murine MDSCs, most human MDSCs
express both CD11b and CD33 and have an absent or low
expression of HLA-DR. Therefore, human MDSCs can be
generally deﬁned as CD11b+CD33+HLA-DRlow/-. Within
this population, monocytic MDSCs and granulocytic MDSCs
can be further characterized by the phenotype of CD14+CD15low/- and CD14-CD15+CD66b+, respectively, which
seems to be consistent with hematologic morphology [13,
21]. Given the heterogeneity of MDSCs populations and the
diﬀerent combinations of markers used, there may be some
overlap between the subsets of MDSCs, and these classiﬁcations are somewhat controversial [22, 23]. In a recent study,
a high level of lectin-type oxidized LDL receptor 1 (LOX-1)
was identiﬁed in polymorphonuclear MDSCs (PMNMDSCs) in the peripheral blood and tumor tissues of cancer
patients, which was associated with endoplasmic reticulum
stress and lipid metabolism [24]. Lately, another study
showed that the phenotypic and functional characteristics
of MDSCs can shift at diﬀerent clinical stages of multiple
sclerosis (MS) [25].
MDSCs require diﬀerent signals for their expansion
and activation. A variety of factors play important roles
in the expansion of MDSCs such as cyclooxygenase-2
(COX-2), prostaglandin E2 (PGE2), granulocyte/macrophage
colony-stimulating factor (GM-CSF), macrophage colonystimulating factor (M-CSF), IL-6, IL-3, vascular endothelial
growth factor (VEGF), and stem cell factor (SCF)-1 [13,
26–29]. The activation of MDSCs is associated with IFN-γ,
TGF-β, IL-13, IL-4, etc. [13]. These factors can trigger signaling pathways in MDSCs which are involved in regulating the
processes of cell diﬀerentiation, proliferation, and apoptosis
during hematopoiesis [30–32].
MDSCs can suppress the immune response through a
variety of diﬀerent mechanisms, including close cell-cell contact and soluble mediators, of which the predominant factors
are arginase-1 (Arg-1) and inducible nitric oxide synthase
(iNOS) [33]. The expressions of Arg-1 and iNOS which generate NO responsible for the MDSCs suppressive function are
upregulated by activated MDSCs. The common substrate
of Arg-1 and iNOS is L-arginine. Reactive oxygen species
(ROS) represent another important mechanism [13, 34–37].
The monocytic MDSCs mainly associated with inﬂammation
were found to express high levels of iNOS and low levels of
ROS, whereas the granulocytic MDSCs mainly associated
with tumors expressed high levels of ROS and low levels of
iNOS [13]. Both subsets expressed Arg-1 [18, 38]. In addition, indoleamine 2,3-dioxygenase (IDO), IL-10, PGE2,
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COX-2, program death ligand 1 (PD-L1), and TGF-β also
are very important to enable MDSCs to inhibit T cell proliferation and cytotoxicity [39–42]. MDSCs also facilitate regulatory T cells (Tregs) to exert suppressive functions. It has
been shown that Gr-1+CD115+ MDSCs can promote the
development of Foxp3+ Tregs in vivo and mediate the inactivation of tumor-speciﬁc T cells in a tumor mouse model [43].
Further studies are required to demonstrate whether MDSCs
are involved and associated with Tregs in a common immune
regulatory network. Moreover, a recent study found that
Ly6G+ PMN-MDSCs could control the selective accumulation and cytokine secretion of B cells in the central nervous
system (CNS), which facilitated the recovery of disease in
experimental autoimmune encephalomyelitis (EAE) [44].
The relationship between MDSCs and B cells also remains
to be further studied.

3. The Role of MDSCs in Autoimmunity
MDSCs’ function has mostly been studied in animal
tumor models and cancer patients. Recently, a growing
body of evidence has suggested that MDSCs may be
actively participating in the development of autoimmune
diseases, such as MS [8, 25, 45], systemic lupus erythematosus (SLE) [11, 46], type 1diabetes (T1D) [47], inﬂammatory bowel disease (IBD) [9, 48], and rheumatoid arthritis
(RA) [49]. However, the in vitro and the in vivo studies are
sometimes controversial.
3.1. In Vitro Study of MDSCs. Generally speaking, in vitro,
CD11b+Gr-1+ cells isolated from autoimmune inﬂammatory
sites are able to inhibit T cell proliferation, typically through
the participation of iNOS and Arg-1. In the autoimmune
hepatitis (AIH) mouse model, the accumulation of CD11b+Gr-1+ myeloid cells was observed in the BALB/c Tgfb1-/-liver.
And only the isolated Ly6Chi subset was able to eﬃciently
suppress CD4+ T cell proliferation in vitro by several diﬀerent mechanisms, including NO, IFN-γ, and cell-cell contact
[50]. Similarly, in the IBD mouse model, CD11b+Gr-1+ myeloid cells accumulated in the spleens and secondary lymphoid tissues, and only CD11b+Ly6ChiLy6G- MDSCs
suppressed the proliferation and production of cytokines by
CD4+ T cells, which were mediated by NO, cell-cell contact,
and partially by IFN-γ and PGs [48]. It was shown that
CD11b+Ly6ChiLy6G- MDSCs isolated from the spleen after
EAE were induced potently inhibited CD4+ and CD8+ T cell
proliferation, and induced apoptosis of proliferating T cell
ex vivo, which was mediated by iNOS activity [8]. In line with
these ﬁndings, MDSCs were also involved in experimental
autoimmune uveoretinitis (EAU). These cells expressed
CD11b phenotypically resembling monocytes and were accumulated in the inﬂamed eyes. In vitro, T cell proliferation
could be greatly suppressed by these isolated monocyte-like
cells [51]. Subsequent research in EAU showed that the intact
TNF response axis was responsible for the suppressive function of MDSCs [52]. In line with the above reports, CD11b+Gr-1low MDSCs were also identiﬁed in lupus-prone MRLFaslpr mice that develop autoimmune organ damages. These
cells had a suppressive eﬀect on CD4+ T cell proliferation
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ex vivo, and Arg-1 inhibitor could block the suppression,
indicating that arginase served as the dominant suppressive
factor of MDSCs in this autoimmune setting [11]. Recently,
in the pristane-induced lupus mouse model, we observed that
CD11b+Ly6Chi monocytes sorted from the peritoneal cells
greatly inhibited T cell proliferation ex vivo which was mediated by cell-cell contact, NO, and PGE2 and could inhibit
Th1 diﬀerentiation but enhanced the development of Tregs
[53]. Our ﬁndings provide a novel insight into the role of
Ly6Chi monocytes mobilized by pristane injection in the
pathogenesis of pristane-induced lupus in mice. We believe
the Ly6Chi monocytes induced by pristane injection are
monocytic MDSCs.
3.2. In Vivo Study of MDSCs. Despite that MDSCs can
potently inhibit T cell responses in vitro, the presence of
MDSCs in autoimmune diseases is diﬀerent, and current
studies have shown conﬂicting roles for MDSCs in autoimmunity, either as an aggravating or as a curative factor
of disease.
EAE is a common mouse model for multiple sclerosis,
which is an autoimmune inﬂammatory neurological disease.
Several studies have tried to demonstrate the possible role of
MDSCs in EAE. King et al. observed that CD11b+CD62L+Ly6Chi cells were mobilized increasingly and accumulated
in the blood and CNS before clinical episodes of the disease,
and these cells were subsequently matured into inﬂammatory
macrophages and/or functional DCs. Thus, the study concluded that the accumulation of CD11b+Ly6Chi monocytes
in vivo served as pathologic eﬀectors and was associated with
EAE pathogenesis [45]. Similarly, the Mildner study showed
that the selective depletion of CCR2+Ly6Chi monocytes
strongly reduced the CNS autoimmunity, indicating a
disease-promoting role of CCR2+Ly6Chi monocytes during
autoimmune inﬂammation of the CNS [54]. Yi et al. also
conﬁrmed that the expansion of CD11b+Gr-1+ cells was
present in the development of EAE. Although these MDSCs
inhibited T cell proliferation, they promoted inﬂammatory
Th17 cell diﬀerentiation in vitro mediated by IL-1β. Selective
depletion of MDSCs using gemcitabine resulted in a marked
reduction in the severity of EAE, and the adoptive transfer of
MDSCs after this treatment restored EAE disease progression. The authors also demonstrated that the severity of
EAE was correlated with the frequency of Th17 cells and
the levels of inﬂammatory cytokines [55]. All the above ﬁndings in EAE indicate that MDSCs in vivo serve as pathologic
eﬀectors. However, some other studies had diﬀerent conclusions about the activity of MDSCs. Ioannou et al. reported
that before the disease remission, CD11bhiLy6G+Ly6Cgranulocytic MDSCs were abundantly accumulated in the
peripheral lymphoid organs. Adoptive transfer of G-MDSCs
potently delayed the development of EAE through the suppressive eﬀect on the priming of Th1 and Th17 cells. The
upregulation of PD-L1 upon exposure to the autoimmune
milieu both in vitro and in vivo was essential for the suppressive function of G-MDSCs [56]. Taken together, it seems that
MDSCs have opposite roles in EAE, having both inﬂammatory functions and protective functions. The discrepancy of
diﬀerent reports suggests that further characterization of
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MDSCs in various autoimmune settings is needed. It is also
possible more functionally diverse MDSCs subsets may exist.
Lately, MDSCs have been involved in the development of
SLE associated with organ damages. A study reported that
the deletion of CD24 in a lupus-like disease model driven
by heat shock proteins (HSPs) led to the increase of CD11b+Gr-1+ MDSCs and Tregs that augmented immune tolerance,
accompanying with the alleviation of lupus-like renal pathology [57]. On the contrary, it was recently shown that in a
humanized SLE model MDSCs contributed to induce Th17
responses and related renal damage which was dependent
on Arg-1 [58]. In addition, a recent study demonstrated that
there were gender diﬀerences about the cellular and functional characteristics of myeloid cells in (NZB×NZW) F1
mice. The greatly increased Gr-1hiLy6G+CD11b+ myeloid
cells in male mice were capable of inhibiting autoantibody
production and IL-10 production and slowing the progression of lupus-like disease in vivo. Furthermore, the production of antinuclear autoantibodies was increased after antiGr-1 mAb treatment. In vitro Gr-1hiCD11b+ cells could
directly inhibit B cell diﬀerentiation. The authors postulated
that these cells represented an important inhibitory mechanism in male mice and involved in SLE pathogenesis [59].
In Roquinsan/san SLE mice, sorted MDSCs induced the expansion of IL-10-producing regulatory B cells in vitro via NO.
After administration of MDSCs, the regulatory B cells in
the spleens of Roquinsan/san mice were expanded but eﬀector
B cells were decreased, accompanied with the reduction of
serum anti-dsDNA antibody levels and the improvement of
renal pathology. Therefore, MDSCs were likely to be a
promising therapeutic target in the pathogenesis of SLE
[46]. In our in vivo experiment, the transfer of puriﬁed
CD11b+Ly6Chi pristane-induced peritoneal monocytes was
able to greatly inhibit anti-keyhole limpet hemocyanin
(KLH) antibody production induced by KLH immunization [53], suggesting that these cells may have a protective
eﬀect in chronic autoimmune inﬂammation in pristaneinduced lupus.
The role for MDSCs in T1D has been recently studied.
The expanded Gr-1+CD11b+ MDSCs induced by antiCD20 treatment in a mouse model of diabetes were found
to suppress T cell proliferation dependent on NO, IL-10,
and cell-cell contact and induce Tregs diﬀerentiation via
TGF-β. In vivo, the transient expansion of MDSCs induced
by anti-Gr-1 treatment delayed the development of disease
in NOD mice. These ﬁndings suggested that Gr-1+CD11b+
MDSCs contributed to establish immune tolerance and could
be a novel immunotherapeutic target for T1D [47]. A recent
study found that CD11bhiGr-1int MDSCs were signiﬁcantly
increased in the peripheral blood of diabetic NOD mice.
The authors suggested that the expansion of MDSCs was
involved in the onset of diabetes [60]. Another study demonstrated that the adoptive transfer of MDSCs had an Agspeciﬁc suppressive function and could prevent the onset of
T1D through the induction of CD4+CD25+Foxp3+ Tregs
development and anergy in autoreactive T cells [61].
MDSCs were also described in other autoimmune diseases. In the mouse model of IBD induced in VILLINhemagglutinin (HA) transgenic mice, the signiﬁcantly
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increased CD11b+Gr-1+ MDSCs in the spleen and intestine
were found to induce T cell apoptosis and suppress T cell
proliferation ex vivo in a NO-dependent manner as well. Furthermore, the isolated CD11b+Gr-1+ MDSCs inhibited T
cell-mediated colitis in VILLIN-HA mice [9]. The isolated
granulocytic MDSCs from the spleens in a collagen-induced
arthritis (CIA) mouse model were found to inhibit CD4+ T
cell proliferation in vitro. Moreover, these cells could suppress the diﬀerentiation of CD4+ T cells into Th17 cells.
Adoptive transfer of MDSCs reduced the severity of joint
inﬂammation in vivo, and the removal of MDSCs worsened the disease [49]. Another recent study found that
CD11c-CD11b+GR-1+ MDSCs separated from the peripheral blood and spleens of CIA mice could inhibit T cell proliferation in vitro partly via IL-10 and Arg-1, and in vivo
infusion of MDSCs signiﬁcantly ameliorated rheumatoid
inﬂammation [62]. Alopecia areata is an autoimmune skin
disease, the characteristic of which is inﬂammatory immune
responses that cause hair loss. In a mouse model of alopecia
areata, Gr-1+CD11b+ MDSCs were capable of inhibiting T
cell proliferation in vitro, and subsequent in vivo application
led to partial restoration of hair growth [63]. MDSCs were
also described in a mouse model of experimental autoimmune myasthenia gravis (EAMG), in which the adoptive
transfer of MDSCs was found to eﬀectively reverse the
disease progression [64]. Further analysis showed that
in MDSCs-treated EAMG mice, acetylcholine receptor(AChR-) speciﬁc immune responses were suppressed, serum
anti-AChR IgG levels were decreased, and complement activation was reduced, in which various immune-modulating
factors, such as PGE2, iNOS and arginase, were actively
involved [64].
Up to date, almost all studies about MDSCs in human
focus on cancer. There are few about MDSCs in patients with
autoimmune diseases. A study performed in T1D patients
has shown that in peripheral blood mononuclear cells
(PBMC) the frequency of CD11b+CD33+ MDSCs is signiﬁcantly increased, but these MDSCs are not maximally suppressive in function, suggesting that functional defects in
MDSCs may contribute to T1D pathogenesis [60]. Recently,
a study on human SLE demonstrated the pathogenic role of
MDSCs. Compared to healthy controls, HLA-DR-CD11b+CD33+ MDSCs in the peripheral blood of active SLE patients
signiﬁcantly increased. A positive correlation between the
frequency of MDSCs and Th17 responses, serum Arg-1 level,
and disease severity was observed, which provided new
insights into the molecular mechanism targeting MDSCs
for the treatment of SLE [58]. This increase of HLADR-CD11b+CD33+ MDSCs may be mobilized and recruited
during the active inﬂammatory process in SLE, because
inﬂammation can lead to myelopoiesis [65] potentially giving
rise to these intermediate stages of myeloid cells. Additionally, the numbers of MDSCs in the peripheral blood and
plasma Arg-1 level were greatly increased in RA patients.
The elevated frequency of Th17 cells in those patients was
observed to be negatively correlated with the plasma Arg-1
level and the frequency of MDSCs. It was also found that
there was a negative correlation between the level of plasma
TNF-α and MDSCs frequency [66]. Recently, another study
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about RA patients has shown that the expansion of MDSCs
as a risk factor was associated with disease activity and joint
inﬂammation [67]. Given the important role of MDSCs in
modulating immune response, more research needs to be
carried out to explore the eﬀect of MDSCs in human autoimmune disorders.
In conclusion, MDSCs possess a variety of activities in
autoimmune models and diseases (summarized in Table 1);
it is therefore a challenge to draw a deﬁnitive conclusion
on the roles of MDSCs in autoimmune diseases [68, 69].
Generally speaking, in vitro, the isolated CD11b+Gr-1+
MDSCs from inﬂammatory sites inhibit T cell responses
dependent on various mechanisms such as NO and Arg-1.
However, in vivo, endogenous MDSCs may be proinﬂammatory and fail to eﬀectively reduce the severity of autoimmune diseases in several systems (e.g. in EAE [45, 54, 55]).
By contrast, the adoptive transfer of MDSCs is able to
induce immune tolerance to self-Ag and limits autoimmune
pathology and has a beneﬁcial eﬀect on the autoimmune
disease, as observed in models of IBD [9], T1D [61], and
inﬂammatory eye disease [70]. The reasons that lead to these
discrepancies between the activities of endogenous and
exogenous MDSCs remain unclear. A possible explanation
may be that certain factors coexisting in the same inﬂammatory microenvironment inhibit the suppressive activity of
MDSCs, and the isolation of MDSCs is liberated from this
“inhibitory” environment and MDSCs regain their immunosuppressive function upon readministration or addition into
in vitro culture systems.

4. Therapeutic Potential of MDSCs in
Autoimmune Diseases
The application of MDSCs exogenously in certain animal
models shows great eﬃcacy in suppressing autoimmune diseases, indicating that MDSCs might be a promising cellular
immunotherapeutic target in autoimmune diseases. Several
potential cellular sources are available for in vitro generated
MDSCs. Exogenous MDSCs isolated from the peripheral
blood or bone marrow could be markedly expanded
in vitro by use of growth factor/cytokine regimens [71–73].
In addition, it has been reported that exogenous MDSC populations also can derive from hematopoietic stem cells and
embryonic stem cells [74]. More recently, the monocytes isolated from the peripheral blood were cultured in vitro supplemented with PGE2, for the generation of high numbers of
MDSCs, and their functional stability was established [75].
In vitro generated MDSCs share many characteristics with
their ex vivo isolated counterparts. They have strong suppressive eﬀect on the proliferation of CD4+ and CD8+ T cells
mediated by the expressions of iNOS and/or Arg-1 and cellcell contact [72]. All these methods above will be able to provide reliable cellular products for immunotherapy in treating
autoimmune diseases. Several groups have shown that the
adoptive transfer of ex vivo generated MDSCs had the ability
to inhibit graft-versus-host disease (GVHD) and prevent
allograft rejection in mice [73, 74, 76]. Meanwhile, there are
some potential risks associated with the utilization of MDSCs
to treat autoimmune diseases. For example, MDSCs utilized
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Table 1: Myeloid-derived suppressor cells in autoimmune diseases.

Disease

Species

Phenotype

Mechanism of suppression (in vitro)

Eﬀect in vivo

Reference

Multiple sclerosis

Mouse
Mouse
Mouse
Mouse
Mouse

CD11b+Ly6ChiLy6GCD11b+CD62L+Ly6C+
CCR2+CD11b+Ly6Chi
CD11b+Gr-1+
CD11bhiLy6G+Ly6C-

NO apoptosis
Undetermined
Unknown
IL-1β
PD-L1

Not determined
Proinﬂammatory
Increase severity
Increase severity
Reduce severity

[8]
[45]
[54]
[55]
[56]

Arginase-1
NO
NO, PGE2, cell-cell contact
Unknown

Not determined
Suppressor
Possibly protective
Increase severity
Suppressor (in
males)

[11]
[46]
[53]
[58]

Mouse
CD11b+Gr-1low
Mouse
CD11c-CD11b+Gr-1+
Mouse
CD11b+Ly6Chi
Systemic lupus erythematosus
Human HLA-DR-CD11b+CD33+

A lupus-like disease driven
by HSP

Type 1 diabetes

Inﬂammatory bowel disease

Mouse

Gr-1hiLy6G+CD11b+

ROS, NO

Mouse

CD11b+Gr-1+

Unknown

Reduce severity

[57]

NO, IL-10, cell-cell contact
Cell-cell contact
Cell-cell contact
MHC class II-restricted Ag
presentation

Reduce severity
Proinﬂammatory
Proinﬂammatory

[47]
[60]
[60]

Reduce severity

[61]

NO apoptosis
NO, cell-cell contact,
partially IFN-γ, PGs

Reduce severity

[9]

Not determined

[48]

Arg-1, NO
IL-10, Arg-1
Unknown
Unknown

Reduce severity
Reduce severity
Suppressor
Increase severity

[49]
[62]
[66]
[67]

Mouse
CD11b+Gr-1+
Mouse
CD11bhiGr-1int
Human HLA-DR-CD11b+CD33+
Mouse

Gr-1+CD115+

Mouse

CD11b+Gr-1+

Mouse

+

hi

CD11b Ly6C Ly6G

-

[59]

Rheumatoid arthritis

Mouse CD11b+Ly6G+Ly6Clow
Mouse CD11c-CD11b+GR-1+
Human HLA-DR-CD11b+CD33+
Human CD11b+CD33+HLA-DR-

Inﬂammatory eye disease

Mouse
Mouse

CD11b+Gr-1+Ly6GCD11b+Gr-1+

TNFR-dependent, arginase
IL-6

Not determined
Reduce severity

[51, 52]
[70]

Autoimmune hepatitis

Mouse

CD11b+Ly6ChiLy6G-

Alopecia areata
Experimental autoimmune
myasthenia gravis

Mouse
Mouse

NO, IFN-γ, cell-cell contact

Not determined

[50]

+

+

T cell apoptosis

Possibly protective

[63]

+

+

PGE2, NO, Arg-1

Reduce severity

[64]

CD11b Gr-1
CD11b Gr-1

would be nonspeciﬁc for antigen-speciﬁc T cells. Therefore,
the suppressive eﬀects of MDSCs on harmful T cell
responses for autoantigens and the protective immune
responses to pathogenic microorganisms or tumors exist
at the same time. It would also be diﬃcult to control the
migration and accumulation of the injected MDSCs. Additionally, the release of inﬂammatory factors may occur after
the administration of MDSCs. Some other unpredictable
risks may also exist. Thus, more extensive research in
animal models is indispensable before MDSCs therapy
moves into clinical studies.

5. Concluding Remarks
MDSCs are a highly heterogeneous cell subpopulation. They
have multifaceted phenotypic characteristics and may suppress T cell proliferation through various mechanisms.
Large numbers of factors are involved in the diﬀerentiation,
migration, expansion, and activation of MDSCs. However,

there are many unresolved questions in the ﬁeld of MDSCs
research. Up to now, the biological roles of MDSCs are
rarely known. The role of endogenous MDSCs in autoimmune diseases in vivo remains controversial. Many questions about the variety of activities for MDSCs remain to
be elucidated. It is necessary to understand why the induction and suppressive mechanisms of MDSCs are diﬀerent
between in vivo and in vitro environments. A better comprehension of the role of human MDSCs in autoimmunity
and how to manipulate this cell population in patients with
autoimmune diseases will be of great clinical signiﬁcance.
Importantly, exogenously prepared MDSCs have a great
potential to become an eﬀective immunotherapeutic regimen for autoimmune diseases.

Conflicts of Interest
The authors declare that they have no conﬂicts of interest.

6

Acknowledgments
This review is supported by the Shandong Science and
Technology Development Plan on Medicine and Hygiene
in China (2017WS147) and the National Natural Science
Foundation of China (No. 81803097).

References
[1] M. R. Young, M. Newby, and H. T. Wepsic, “Hematopoiesis
and suppressor bone marrow cells in mice bearing large metastatic Lewis lung carcinoma tumors,” Cancer Research, vol. 47,
no. 1, pp. 100–105, 1987.
[2] S. C. Buessow, R. D. Paul, and D. M. Lopez, “Inﬂuence of
mammary tumor progression on phenotype and function of
spleen and in situ lymphocytes in mice,” Journal of the
National Cancer Institute, vol. 73, no. 1, pp. 249–255, 1984.
[3] T. Condamine and D. I. Gabrilovich, “Molecular mechanisms
regulating myeloid-derived suppressor cell diﬀerentiation and
function,” Trends in Immunology, vol. 32, no. 1, pp. 19–25,
2011.
[4] D. I. Gabrilovich, S. Ostrand-Rosenberg, and V. Bronte,
“Coordinated regulation of myeloid cells by tumours,” Nature
Reviews. Immunology, vol. 12, no. 4, pp. 253–268, 2012.
[5] Y. S. Khaled, B. J. Ammori, and E. Elkord, “Myeloid-derived
suppressor cells in cancer: recent progress and prospects,”
Immunology and Cell Biology, vol. 91, no. 8, pp. 493–502, 2013.
[6] K. De Veirman, E. Menu, K. Maes et al., “Myeloid-derived suppressor cells induce multiple myeloma cell survival by activating the AMPK pathway,” Cancer Letters, vol. 442, pp. 233–241,
2018.
[7] A. Pastaki Khoshbin, M. Eskian, M. Keshavarz-Fathi, and
N. Rezaei, “Roles of myeloid-derived suppressor cells in
cancer metastasis: immunosuppression and beyond,” Archivum Immunologiae et Therapiae Experimentalis (Warsz),
pp. 1–14, 2018.
[8] B. Zhu, Y. Bando, S. Xiao et al., “CD11b+Ly-6C(hi) suppressive monocytes in experimental autoimmune encephalomyelitis,” Journal of Immunology, vol. 179, no. 8, pp. 5228–5237,
2007.
[9] L. A. Haile, R. von Wasielewski, J. Gamrekelashvili et al.,
“Myeloid-derived suppressor cells in inﬂammatory bowel
disease: a new immunoregulatory pathway,” Gastroenterology,
vol. 135, no. 3, pp. 871–881.e5, 2008.
[10] L. B. Nicholson, B. J. Raveney, and M. Munder, “Monocyte
dependent regulation of autoimmune inﬂammation,” Current
Molecular Medicine, vol. 9, no. 1, pp. 23–29, 2009.
[11] Y. Iwata, K. Furuichi, K. Kitagawa et al., “Involvement of
CD11b+ GR-1 low cells in autoimmune disorder in MRL-Fas
lpr mouse,” Clinical and Experimental Nephrology, vol. 14,
no. 5, pp. 411–417, 2010.
[12] A. Wegner, J. Verhagen, and D. C. Wraith, “Myeloid-derived
suppressor cells mediate tolerance induction in autoimmune
disease,” Immunology, vol. 151, no. 1, pp. 26–42, 2017.
[13] D. I. Gabrilovich and S. Nagaraj, “Myeloid-derived suppressor
cells as regulators of the immune system,” Nature Reviews
Immunology, vol. 9, no. 3, pp. 162–174, 2009.
[14] E. Ribechini, V. Greifenberg, S. Sandwick, and M. B. Lutz,
“Subsets, expansion and activation of myeloid-derived
suppressor cells,” Medical Microbiology and Immunology,
vol. 199, no. 3, pp. 273–281, 2010.

Mediators of Inﬂammation
[15] C. R. Millrud, C. Bergenfelz, and K. Leandersson, “On the origin of myeloid-derived suppressor cells,” Oncotarget, vol. 8,
no. 2, pp. 3649–3665, 2017.
[16] W. Zhang, J. Li, G. Qi, G. Tu, C. Yang, and M. Xu, “Myeloidderived suppressor cells in transplantation: the dawn of cell
therapy,” Journal of Translational Medicine, vol. 16, no. 1,
p. 19, 2018.
[17] H. F. Peñaloza, D. Alvarez, N. Muñoz-Durango et al., “The
role of myeloid-derived suppressor cells in chronic infectious
diseases and the current methodology available for their
study,” Journal of Leukocyte Biology, 2018.
[18] J. I. Youn, S. Nagaraj, M. Collazo, and D. I. Gabrilovich, “Subsets of myeloid-derived suppressor cells in tumor-bearing
mice,” Journal of Immunology, vol. 181, no. 8, pp. 5791–
5802, 2008.
[19] J. Jiang, W. Guo, and X. Liang, “Phenotypes, accumulation,
and functions of myeloid-derived suppressor cells and associated treatment strategies in cancer patients,” Human Immunology, vol. 75, no. 11, pp. 1128–1137, 2014.
[20] H. S. Chou, C. C. Hsieh, H. R. Yang et al., “Hepatic stellate
cells regulate immune response by way of induction of myeloid suppressor cells in mice,” Hepatology, vol. 53, no. 3,
pp. 1007–1019, 2011.
[21] P. Seraﬁni, “Myeloid derived suppressor cells in physiological and pathological conditions: the good, the bad, and the
ugly,” Immunologic Research, vol. 57, no. 1–3, pp. 172–184,
2013.
[22] E. Peranzoni, S. Zilio, I. Marigo et al., “Myeloid-derived
suppressor cell heterogeneity and subset deﬁnition,” Current
Opinion in Immunology, vol. 22, no. 2, pp. 238–244, 2010.
[23] D. I. Gabrilovich, V. Bronte, S. H. Chen et al., “The terminology issue for myeloid-derived suppressor cells,” Cancer
Research, vol. 67, no. 1, p. 425, 2007, author reply 426.
[24] T. Condamine, G. A. Dominguez, J. I. Youn et al., “Lectin-type
oxidized LDL receptor-1 distinguishes population of human
polymorphonuclear myeloid-derived suppressor cells in
cancer patients,” Science Immunology, vol. 1, no. 2, article
aaf8943, 2016.
[25] E. Iacobaeus, I. Douagi, R. Jitschin et al., “Phenotypic and
functional alterations of myeloid-derived suppressor cells during the disease course of multiple sclerosis,” Immunology and
Cell Biology, vol. 96, no. 8, pp. 820–830, 2018.
[26] K. Fujio, T. Okamura, S. Sumitomo, and K. Yamamoto,
“Regulatory T cell-mediated control of autoantibodyinduced inﬂammation,” Frontiers in Immunology, vol. 3,
p. 28, 2012.
[27] K. Zhu, N. Zhang, N. Guo et al., “SSC(high)CD11b(high)Ly6C(high)Ly-6G(low) myeloid cells curtail CD4 T cell response
by inducible nitric oxide synthase in murine hepatitis,” The
International Journal of Biochemistry & Cell Biology, vol. 54,
pp. 89–97, 2014.
[28] L. Hammerich, K. T. Warzecha, M. Stefkova et al., “Cyclic
adenosine monophosphate-responsive element modulator
alpha overexpression impairs function of hepatic myeloidderived suppressor cells and aggravates immune-mediated
hepatitis in mice,” Hepatology, vol. 61, no. 3, pp. 990–1002,
2015.
[29] Y. Kwak, H. E. Kim, and S. G. Park, “Insights into myeloidderived suppressor cells in inﬂammatory diseases,” Archivum
Immunologiae et Therapiae Experimentalis (Warsz), vol. 63,
no. 4, pp. 269–285, 2015.

Mediators of Inﬂammation
[30] J. Bromberg, “Stat proteins and oncogenesis,” The Journal
of Clinical Investigation, vol. 109, no. 9, pp. 1139–1142,
2002.
[31] K. Imada and W. J. Leonard, “The Jak-STAT pathway,” Molecular Immunology, vol. 37, no. 1-2, pp. 1–11, 2000.
[32] D. E. Levy and J. E. Darnell Jr., “Stats: transcriptional control
and biological impact,” Nature Reviews Molecular Cell Biology,
vol. 3, no. 9, pp. 651–662, 2002.
[33] J. M. Haverkamp, S. A. Crist, B. D. Elzey, C. Cimen, and
T. L. Ratliﬀ, “In vivo suppressive function of myeloidderived suppressor cells is limited to the inﬂammatory site,”
European Journal of Immunology, vol. 41, no. 3, pp. 749–
759, 2011.
[34] C. A. Corzo, M. J. Cotter, P. Cheng et al., “Mechanism regulating reactive oxygen species in tumor-induced myeloid-derived
suppressor cells,” Journal of Immunology, vol. 182, no. 9,
pp. 5693–5701, 2009.
[35] A. C. Ochoa, A. H. Zea, C. Hernandez, and P. C. Rodriguez,
“Arginase, prostaglandins, and myeloid-derived suppressor
cells in renal cell carcinoma,” Clinical Cancer Research,
vol. 13, no. 2, pp. 721s–726s, 2007.
[36] C. Bogdan, “Regulation of lymphocytes by nitric oxide,” in
Suppression and Regulation of Immune Responses, M. Cuturi
and I. Anegon, Eds., vol. 677 of Methods in Molecular Biology
(Methods and Protocols), pp. 375–393, Humana Press,
Totowa, NJ, USA, 2011.
[37] K. Ohl and K. Tenbrock, “Reactive oxygen species as regulators of MDSC-mediated immune suppression,” Frontiers in
Immunology, vol. 9, p. 2499, 2018.
[38] K. Movahedi, M. Guilliams, J. van den Bossche et al., “Identiﬁcation of discrete tumor-induced myeloid-derived suppressor cell subpopulations with distinct T cell-suppressive
activity,” Blood, vol. 111, no. 8, pp. 4233–4244, 2008.
[39] P. Sinha, V. K. Clements, A. M. Fulton, and S. OstrandRosenberg, “Prostaglandin E2 promotes tumor progression by
inducing myeloid-derived suppressor cells,” Cancer Research,
vol. 67, no. 9, pp. 4507–4513, 2007.
[40] A. L. Mellor and D. H. Munn, “IDO expression by dendritic
cells: tolerance and tryptophan catabolism,” Nature Reviews.
Immunology, vol. 4, no. 10, pp. 762–774, 2004.
[41] H. Li, Y. Han, Q. Guo, M. Zhang, and X. Cao, “Cancerexpanded myeloid-derived suppressor cells induce anergy of
NK cells through membrane-bound TGF-β1,” The Journal of
Immunology, vol. 182, no. 1, pp. 240–249, 2009.
[42] Y. Liu, B. Zeng, Z. Zhang, Y. Zhang, and R. Yang, “B7-H1 on
myeloid-derived suppressor cells in immune suppression by
a mouse model of ovarian cancer,” Clinical Immunology,
vol. 129, no. 3, pp. 471–481, 2008.
[43] B. Huang, P. Y. Pan, Q. Li et al., “Gr-1+CD115+ immature
myeloid suppressor cells mediate the development of tumorinduced T regulatory cells and T-cell anergy in tumorbearing host,” Cancer Research, vol. 66, no. 2, pp. 1123–1131,
2006.
[44] B. Knier, M. Hiltensperger, C. Sie et al., “Myeloid-derived suppressor cells control B cell accumulation in the central nervous
system during autoimmunity,” Nature Immunology, vol. 19,
no. 12, pp. 1341–1351, 2018.
[45] I. L. King, T. L. Dickendesher, and B. M. Segal, “Circulating
Ly-6C+ myeloid precursors migrate to the CNS and play a
pathogenic role during autoimmune demyelinating disease,”
Blood, vol. 113, no. 14, pp. 3190–3197, 2009.

7
[46] M. J. Park, S. H. Lee, E. K. Kim et al., “Myeloid-derived suppressor cells induce the expansion of regulatory B cells and
ameliorate autoimmunity in the sanroque mouse model of systemic lupus erythematosus,” Arthritis & Rhematology, vol. 68,
no. 11, pp. 2717–2727, 2016.
[47] C. Hu, W. Du, X. Zhang, F. S. Wong, and L. Wen, “The role of
Gr1+ cells after anti-CD20 treatment in type 1 diabetes in nonobese diabetic mice,” The Journal of Immunology, vol. 188,
no. 1, pp. 294–301, 2012.
[48] E. Kurmaeva, D. Bhattacharya, W. Goodman et al., “Immunosuppressive monocytes: possible homeostatic mechanism to
restrain chronic intestinal inﬂammation,” Journal of Leukocyte
Biology, vol. 96, no. 3, pp. 377–389, 2014.
[49] W. Fujii, E. Ashihara, H. Hirai et al., “Myeloid-derived suppressor cells play crucial roles in the regulation of mouse
collagen-induced arthritis,” Journal of Immunology, vol. 191,
no. 3, pp. 1073–1081, 2013.
[50] J. G. Cripps, J. Wang, A. Maria, I. Blumenthal, and J. D.
Gorham, “Type 1 T helper cells induce the accumulation
of myeloid-derived suppressor cells in the inﬂamed Tgfb1
knockout mouse liver,” Hepatology, vol. 52, no. 4, pp. 1350–
1359, 2010.
[51] E. C. Kerr, B. J. E. Raveney, D. A. Copland, A. D. Dick, and
L. B. Nicholson, “Analysis of retinal cellular inﬁltrate in experimental autoimmune uveoretinitis reveals multiple regulatory
cell populations,” Journal of Autoimmunity, vol. 31, no. 4,
pp. 354–361, 2008.
[52] B. J. Raveney, D. A. Copland, A. D. Dick, and L. B. Nicholson,
“TNFR1-dependent regulation of myeloid cell function in
experimental autoimmune uveoretinitis,” The Journal of
Immunology, vol. 183, no. 4, pp. 2321–2329, 2009.
[53] H. Ma, S. Wan, and C. Q. Xia, “Immunosuppressive CD11b
+Ly6Chi monocytes in pristane-induced lupus mouse model,”
Journal of Leukocyte Biology, vol. 99, no. 6, pp. 1121–1129,
2016.
[54] A. Mildner, M. Mack, H. Schmidt et al., “CCR2+Ly-6Chi
monocytes are crucial for the eﬀector phase of autoimmunity
in the central nervous system,” Brain, vol. 132, no. 9,
pp. 2487–2500, 2009.
[55] H. F. Yi et al., “Mouse CD11b+Gr-1+ myeloid cells can promote Th17 cell diﬀerentiation and experimental autoimmune
encephalomyelitis,” The Journal of Immunology, vol. 189,
no. 9, pp. 4295–4304, 2012.
[56] M. Ioannou, T. Alissaﬁ, I. Lazaridis et al., “Crucial role of granulocytic myeloid-derived suppressor cells in the regulation of
central nervous system autoimmune disease,” Journal of
Immunology, vol. 188, no. 3, pp. 1136–1146, 2012.
[57] J. E. Thaxton, B. Liu, P. Zheng, Y. Liu, and Z. Li, “Deletion of
CD24 impairs development of heat shock protein gp96–driven
autoimmune disease through expansion of myeloid-derived
suppressor cells,” The Journal of Immunology, vol. 192,
no. 12, pp. 5679–5686, 2014.
[58] H. Wu, Y. Zhen, Z. Ma et al., “Arginase-1–dependent promotion of TH17 diﬀerentiation and disease progression by
MDSCs in systemic lupus erythematosus,” Science Translational Medicine, vol. 8, no. 331, article 331ra40, 2016.
[59] A. Trigunaite, A. Khan, E. der, A. Song, S. Varikuti, and
T. N. J⊘rgensen, “Gr-1(high) CD11b+ cells suppress B cell
diﬀerentiation and lupus-like disease in lupus-prone male
mice,” Arthritis and Rheumatism, vol. 65, no. 9, pp. 2392–
2402, 2013.

8
[60] F. Whitﬁeld-Larry, J. Felton, J. Buse, and M. A. Su, “Myeloidderived suppressor cells are increased in frequency but not
maximally suppressive in peripheral blood of type 1 diabetes
mellitus patients,” Clinical Immunology, vol. 153, no. 1,
pp. 156–164, 2014.
[61] B. Yin, G. Ma, C. Y. Yen et al., “Myeloid-derived suppressor cells prevent type 1 diabetes in murine models,” The
Journal of Immunology, vol. 185, no. 10, pp. 5828–5834,
2010.
[62] M. J. Park, S. H. Lee, E. K. Kim et al., “Interleukin-10 produced
by myeloid-derived suppressor cells is critical for the induction
of Tregs and attenuation of rheumatoid inﬂammation in
mice,” Scientiﬁc Reports, vol. 8, no. 1, p. 3753, 2018.
[63] V. Singh, U. Mueller, P. Freyschmidt-Paul, and M. Zöller,
“Delayed type hypersensitivity-induced myeloid-derived suppressor cells regulate autoreactive T cells,” European Journal
of Immunology, vol. 41, no. 10, pp. 2871–2882, 2011.
[64] Y. Li, Z. Tu, S. Qian et al., “Myeloid-derived suppressor cells as
a potential therapy for experimental autoimmune myasthenia
gravis,” Journal of Immunology, vol. 193, no. 5, pp. 2127–2134,
2014.
[65] D. Talabot-Ayer, P. Martin, C. Vesin et al., “Severe neutrophildominated inﬂammation and enhanced myelopoiesis in IL33-overexpressing CMV/IL33 mice,” Journal of Immunology,
vol. 194, no. 2, pp. 750–760, 2015.
[66] Z. Jiao, S. Hua, W. Wang, H. Wang, J. Gao, and X. Wang,
“Increased circulating myeloid-derived suppressor cells correlated negatively with Th17 cells in patients with rheumatoid
arthritis,” Scandinavian Journal of Rheumatology, vol. 42,
no. 2, pp. 85–90, 2013.
[67] J. Zhu, S. Chen, L. Wu et al., “The expansion of myeloidderived suppressor cells is associated with joint inﬂammation
in rheumatic patients with arthritis,” BioMed Research International, vol. 2018, Article ID 5474828, 12 pages, 2018.
[68] P. A. Barnie, P. Zhang, H. Lv et al., “Myeloid-derived suppressor cells and myeloid regulatory cells in cancer and autoimmune disorders,” Experimental and Therapeutic Medicine,
vol. 13, no. 2, pp. 378–388, 2017.
[69] M. Zoller, “Janus-faced myeloid-derived suppressor cell exosomes for the good and the bad in cancer and autoimmune
disease,” Frontiers in Immunology, vol. 9, p. 137, 2018.
[70] Z. Tu, Y. Li, D. Smith et al., “Myeloid suppressor cells induced
by retinal pigment epithelial cells inhibit autoreactive T-cell
responses that lead to experimental autoimmune uveitis,”
Investigative Ophthalmology & Visual Science, vol. 53, no. 2,
pp. 959–966, 2012.
[71] I. Marigo, E. Bosio, S. Solito et al., “Tumor-induced tolerance and immune suppression depend on the C/EBPbeta
transcription factor,” Immunity, vol. 32, no. 6, pp. 790–
802, 2010.
[72] M. G. Lechner, D. J. Liebertz, and A. L. Epstein, “Characterization of cytokine-induced myeloid-derived suppressor cells
from normal human peripheral blood mononuclear cells,”
Journal of Immunology, vol. 185, no. 4, pp. 2273–2284,
2010.
[73] S. L. Highﬁll, P. C. Rodriguez, Q. Zhou et al., “Bone marrow
myeloid-derived suppressor cells (MDSCs) inhibit graftversus-host disease (GVHD) via an arginase-1-dependent
mechanism that is up-regulated by interleukin-13,” Blood,
vol. 116, no. 25, pp. 5738–5747, 2010.

Mediators of Inﬂammation
[74] Z. Zhou, D. L. French, G. Ma et al., “Development and function of myeloid-derived suppressor cells generated from
mouse embryonic and hematopoietic stem cells,” Stem Cells,
vol. 28, no. 3, pp. 620–632, 2010.
[75] N. Obermajer and P. Kalinski, “Generation of myeloid-derived
suppressor cells using prostaglandin E2,” Transplantation
Research, vol. 1, no. 1, p. 15, 2012.
[76] K. P. A. MacDonald, V. Rowe, A. D. Clouston et al., “Cytokine expanded myeloid precursors function as regulatory
antigen-presenting cells and promote tolerance through IL10-producing regulatory T cells,” Journal of Immunology,
vol. 174, no. 4, pp. 1841–1850, 2005.

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Gastroenterology
Research and Practice
Hindawi
www.hindawi.com

Volume 2018

Journal of

Hindawi
www.hindawi.com

Diabetes Research
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi
www.hindawi.com

Disease Markers

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Journal of

Obesity

Journal of

Ophthalmology
Hindawi
www.hindawi.com

Volume 2018

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Journal of

Oncology
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2013

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi
www.hindawi.com

Volume 2018

AIDS

Behavioural
Neurology
Hindawi
www.hindawi.com

Research and Treatment
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Oxidative Medicine and
Cellular Longevity
Hindawi
www.hindawi.com

Volume 2018

