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Introduction
Myeloid-derived suppressor cells (MDSCs) are a heterogeneous 

population of immunosuppressive cells of the myeloid lineage, 
consisting of progenitor cells of macrophages, granulocytes, 
dendritic cells (DC) and immature myeloid cells (IMC).1‒3 There are 
many researches on tumor MDSCs and negative effect on immune 
system.4,5 Because of the negative regulation of immune response 
through different ways, MDSCs related researches are performed 
by transplant immunologists.6,7 Many research find that MDSCs can 
prevent graft rejection reaction, and induce immune tolerance in 
kidney, heart, skin, bone marrow, islet transplantation.8,9 Herein, we 
review the immunosuppressive role in animal transplantation models, 
as well as its potential clinical application prospect.

Characteristics and roles of MDSCs in animal 
transplantation

MDSCs were first found in cancer and determined to suppress 
immune responses to tumors. There are three important characteristics: 
myeloid origin; immature state; T cell suppression. They are a group 
of immature, heterogeneous cell populations that include myeloid 
precursor cells, immature granulocytes, macrophages, dendritic 
cells, etc. Hematopoietic stem cells differentiate into common 
myeloid precursors, and then immature myeloid cells. In normal 
conditions, immature myeloid cells differentiate into neutrophils, 
macrophages, and DC. After transplantation, especially in chronic 
infection/inflammation,10 immature myeloid cells differentiate into 
MDSCs and gain immunosuppressive functions.11 These processes 
are not completely understood yet. It seems to be associated with 
cytokine (GM-CSF, IFN, IL-2, TGF-beta), interferon regulatory 
transcription factor,CXCL1/2, PGE2 Waight JD et al.12 In mice, 
MDSCs phenotypes were defined as CD11b Gr1 cell subset. Within 
mouse MDSCs, There are two primary sub-populations: monocytic 
MDSCs (M-MDSCs) and polymer pronuclear MDSCs (PMN-
MDSC). The M-MDSCs are CD11b+ly6G-Ly6Chigh, are bona fide 
phagocytes and are morphologically similar to monocytes, while 
exerting localized suppressive activity.13 The PMN-MDSCs are 

CD1lb+Ly6G+Lyr6Clow.14 Mouse PMN-MDSCs do not express 
CD49d, whereas M-MDSCs do. Also, cell surface expression of 
Ly6C and CD11b are slightly lower for PMN-MDSC than non-MDSC 
PMN, whereas CD115 and CD224 are higher for PMN-MDSC than 
non-MDSC PMN in mice.15

The suppression mechanism of MDSCs in 
transplantation immunology

MDSCs can suppress the T cell immunoresponse, which is 
important for the definition. Both cell surface contacts and soluble 
factors are important for suppress function. However, the mechanism 
may vary in different MDSCs in different transplantation types, 
as MDSC effector function is depending on the stimulus and 
environments. Many Researches has demonstrated that the action 
of arginase-1(Arg-1) and arginine, a nonessential amino acid, is 
important. Arginine plays an important role in the treatment via 
clinical immunotherapy. Arginine can increase T lymphocyte mediated 
cellular immunity, including delayed hypersensitivity. It also enhances 
the activity of monocyte and macrophage. It is reported that MDSCs 
have high expression of L - arginine metabolism enzyme Arg-1. Arg-1 
catalyzes the transformation of Arginine into urea and L-ornithine. In 
mouse skin transplants, the migration of MDSC to the site of the skin 
graft can significantly prolong the survival of the skin graft. MDSCs 
upregulate the expression of Arg-1. Arg-l acted on allo-antigen 
activated T lymphocytes, decreasd IL2 expression, decreasd cytotoxic 
T lymphocyte development and inhibited the T cell proliferation.16 
In the MHC mismatch mouse bone marrow transplantation model, 
MDSCs inhibit T cell allogenic reaction and graft-versus-host disease 
by consuming Arginine. Arg1 deficient MDSCs showed impaired 
ability to the inhibition effect of GVHD. MDSC reduces the function 
of T cells by reducing the production of IFN, thus reducing the damage 
caused by delayed hypersensitivity, and inflammation to the graft.17 
It is also interesting that extracorporeal photopheresis can increase 
T-cell-dampening PMN-MDSCs in GvHD patients.18

Heme oxygenase (HO) can catalyze the oxidation of heme. It is 
the rate limiting enzyme of heme catabolism. HO-1 is recognized as 
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Abstract

Myeloid-derived suppressor cells” have been introduced to scientific world for 
more than 10years. They are a heterogeneous population of cells that gain immune 
suppression function in a pathologic state, such as tumor, chronic infection, obesity 
et al. The group of cells suppress the immune system through a variety of ways, 
such as Arg-1, HO-1, NOS, ROS and NOX-2. MDSCs can also work together with 
other immunosuppressive cell, such as Treg and Breg to induce immune tolerance. In 
kidney, heart, skin, bone marrow, islet and other organ transplant of animal models, 
MDSCs can reduce graft rejection in different mechanism. This article reviews the 
progress of MDSCs in the field of animal transplantation and discusses its potential 
clinical application.
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immune modulatory characteristics and anti-inflammatory effects. 
HO-1 is expressed on monocytes, macrophages and bone marrow 
cells and can be up regulated in fever, shock or stress. HO-1 gene 
transfection can reduce ischemia-reperfusion injury, which effectively 
inhibits cardiac rejection in heart transplantation. In a mouse skin 
transplant, MDSCs produce a large number of IL 10 and HO-1, which 
is related to the activity of MDSCs. HO-1 can prevent dendritic cells 
from maturation and promote IL 10 secretion. Meanwhile, IL10 can 
also induce HO-1 expression. The use of the HO -1 specific inhibitor 
SnPP can block the inhibitory effect of MDSC on T cells and reduce IL-
10 production by MDSC. Mixed lymphocyte reactions and polyclonal 
stimulation tests showed that MDSCs inhibited the production of Thl 
and Th2 cytokines, and further prolonged the survival time of the skin 
graft.19

Nitric oxide synthase (NOS) is the key enzyme and rate-limiting 
enzyme in the synthesis of nitric oxide (NO), and its biological activity 
directly determines the amount of NO synthesized. Inducible nitric 
oxide synthase (iNOS) mainly exits in immune cells, macrophages. 
In animal kidney transplant, MDSCs accumulate in peripheral blood 
and tolerable kidney grafts. MDSCs induce effector T cell apoptosis 
through the over expression of iNOS and NO. iNOS acts by reducing 
the phosphorylation of tyrosine residues on JAK3 and STAT5 
and induce reversible T cell energy. Inhibition of iNOS expression 
can damage the established tolerance state, leading to kidney graft 
rejection.20 In vitro experiments showed MDSCs significantly 
inhibited effectors T cell proliferation and induced apoptosis in a 
contact-dependent manner. Although adoptive transfer of MDSCs 
failed to induce renal allograft immune tolerance, the maintenance of 
transplant tolerance established by anti-CD28 antibody was dependent 
on iNOS activity.21 There is no rejection in mouse liver transplantation. 
However, hepatocyte transplant could be rejected, indicating that non-
parenchymal liver cells have immune modulatory properties. hepatic 
stellate Cells are among those that have strong immunosuppressive 
properties.22 MDSCs can be induced in vitro by adding mouse hepatic 
stellate cells into mouse bone marrow cells. Those MDSCs induced 
by hepatic stellate cells are highly expressed in iNOS, which can 
significantly inhibit the proliferation of T cells. iNOS increases the 
metabolism of Arginine and the decrease and consumption of arginine 
inhibits the function of T cells. The mechanism of Arginine depletion 
inhibiting T cell function may also be the inhibition of T cell Cyclin D3 
and cyclin dependent kinase 4 (Cdk4) expressions, which eventually 
leads to cell cycle arrest in T cells, which inhibits the proliferation 
of T cells.23 The co-transplantation of MDSCs and islets of iNOS- 
transgenic mice can also prolong the survival of the grafts compared 
with the islet transplantation alone, indicating that MDSCs has other 
mechanisms besides iNOS to regulate the immune response.22 The 
other mechanism includes as follows. MDSCs deplete local levels 
of cysteine through sequestration. MDSCs also deplete reactive 
oxygen species (ROS) by NADPH oxidase-2 (Nox2), which all lead 
to suppression of T cells. MDSCs produce peroxynitrite (PNT), down 
regulate L-selection, and inhibit lymphocyte trafficking.13 

MDSCs and T cells

A separate lineage of CD4+ T cells have been identified as 
regulatory T cells that can suppress activation and expansion of 
effector immune cells. Regulatory T cells constitutively express 
high levels of CD25, and CTLA4, and a transcription factor, Foxp3, 
which control regulatory T cell (Treg) development and suppressive 
function. Mutation of Foxp3 in scurfy mice leads to severe lethal 
autoimmune inflammation. Treg cells are demonstrated to be a 

dominant suppressor cell that is critical for peripheral tolerance.24 
In animal kidney transplantation, blood-derived MDSCs were found 
to significantly down-regulate the chemokine CCL5 of immune-
tolerant receptors. MDSCs caused a CCL5 concentration gradient 
that tolerated animal grafts, resulting in the recruitment of Tregs in 
the graft to induce immune tolerance.25 In a mouse heart transplant 
model, mononuclear MDSCs migrate from the bone marrow to the 
transplanted organ, preventing the initiation immune responses and 
participating in the differentiation and maturation of Tregs.26 In animal 
islet transplantation, immunosuppressive medicine in combination 
with MDSCs can effectively induce large numbers of regulatory T 
cells. In this model, MDSCs through the PDL1 signaling pathway 
could be directly induced by regulatory T cells.27 In vivo tests showed 
that the accumulation of MDSCs after kidney transplantation and 
Treg increased linearly. In vitro experiments show that MDSCs can 
amplify Treg.28 It is interesting that MDSCs also induce expansion of 
regulatory B cells and ameliorate autoimmunity in a murine model 
of SLE.29

Adoptive transfer of MDSCs

In view of the immunosuppressive characteristics of MDSCs, it is 
necessary to induce, amplify and activate MDSCs in transplantation 
immunology. Adoptive transfer of MDSCs produced in vitro was used 
to control alloantigen specific reactions or induce immune tolerance. 
MDSCs can prolong graft survival in corneal transplantation 
models.30The adoptive transfer of MDSCs can inhibit donor T 
cell infiltration of corneal grafts, which led to a reduction in the 
histopathological changes in the corneal allograft.31 Similar results 
were also found in mouse islet transplantation.32 Further, administration 
of MDSCs increased the number of Tregs within the islet graft.33 In 
animal skin transplantation, the suppressive effects of the adoptively 
transferred MDSCs were dose-dependent.34,35 Compared to 1million 
cells group, graft survival was prolonged by 50% when the dose of 
MDSCs was increased to 3million cells.36 

Discussion
MDSCs have potential clinical application benefits to transplanted 

patients. With ongoing research, we can now more clearly define 
the MDSC subset by cell surface markers and we are now clearer 
on the differentiation and migration of MDSCs developed after 
transplantation. However, there are many issues unanswered, such as 
whether the MDSCs after transplantation are antigen specific. Also, 
the translational expansion method of MDSCs ex vivo and the yield of 
MDSCs to infuse is different clinical transplantation situations are not 
known yet. It is of clinical significance to augment naturally occurring 
recipient MDSCs after transplantation, such that immune suppression 
dosing can be reduced or eliminated altogether. Up till now, majority 
of the MDSCs studies are done in small animals, monkey trials and 
human studies are needed for further clinical usage. 

Conclusion
MDSCs can exert immunosuppressive effects under a variety 

of pathological conditions. In the field of organ transplantation, 
it is clinically important to understand that MDSCs play an 
immunosuppressive role and induce immune tolerance mechanisms. 
How to use MDSCs to induce the body to produce immune tolerance, 
thereby reducing the use of immunosuppressive agents and their toxic 
side effects, and prolonging the survival time of the graft will become 
the hot issues in the future clinical treatment strategies.
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