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Abstract：The immunomodulatory function of mesenchymal stem cells has received increasing attention and is
widely used in the treatment of clinical immune diseases. The various signal-stimulating molecules during the
inflammatory response are essential for the ability of MSCs to exert immunomodulatory effects and determine the
fate of immune regulation in MSCs - pro-inflammatory and anti-inflammatory. Such plasticity relies on a regulatory
network between immune cells and MSCs that is formed by cytokines, chemokines, and some small molecules. To
gain a deeper understanding of the specific mechanisms by which MSCs exert immunomodulatory effects, it is
necessary to clarify the factors involved in regulation, the series of cellular signaling pathways triggered by these
factors, and the potential links between them. This article is based on these immune regulation networks, combined
with the latest research trends, to provide a theoretical basis for better clinical improvement of MSCs treatment.
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Mesenchymal stem cells (MSCs), a pluripotent stem
cell, were first discovered in the bone marrow stroma
in the 1860s and were later defined as "colony-forming
unit fibroblast" [1]. At present, it is found that MSCs
exist in various tissues, such as fat, bone marrow,
umbilical cord, periosteum, etc., and can differentiate
into adipocytes, osteoblasts and chondrocytes [2], and
can also be transdifferentiated into tissues of ectoderm
and endoderm. Cells [3], but the specific biological
mechanisms of this phenomenon remain to be
elucidated. Due to the expression of various markers on
the surface of MSCs, such as CD29, CD51, CD73,
CD90, CD105, nestin, leptin receptor, Gli1
(glioma-associated oncogene homolog 1) and FAP
(Fibroblastactivation protein), there is currently no
recognized specificity. Mark. International Cell
Therapy Association affirmed MSCs defined as CD73,
CD90 and CD105 (positive rate >95%), low expression
(positive rate <5%) CD45, CD34, CD11 or CD14,
CD79a or CD19, HLA-DR [4], recently studied CD271
(low affinity nerve growth factor receptor, LNG-FR) is
one of the markers for the isolation of high purity
MSCs [5]. These markers determine the function of
MSCs in the inflammatory response - immune
regulation and tissue regeneration. During the
inflammatory reaction, immune cells release various
inflammatory cytokines (IFN-γ, TNF, IL-1, IL-17, etc.),
which
constitute
a
local
inflammatory
microenvironment. MSCs that enter the human body by
intravenous injection recognize inflammatory factors
through their surface markers. , thus being recruited to
the site of inflammation. After receiving inflammatory
factor stimulation signals, MSCs are activated and
secrete various cytokines, including TGF-β1, HGF, NO,
IL-10, IGF, EGF, IDO, PD-L1, TSG-6, etc.Inhibits

inflammation and strengthens tissue repair in two ways
– cell replacement and cell empowerment. Previous
studies have attempted to use the differentiation
potential of MSCs to replace damaged cells, such as
cardiomyocytes, endothelial cells, and hepatocytes,
thereby promoting the repair and regeneration of
related organs [6-9]. However, in clinical research and
preclinical studies, there is increasing evidence that
MSCs are poorly transplanted and have a short graft
life [10-11], suggesting that the main way in which MSCs
play a role in tissue repair and regeneration is not cell
replacement. It is cell empowerment. Through
interaction with inflammatory factors, MSCs inhibit
inflammation and selectively secrete growth factors, on
the one hand, promote the proliferative ability of local
precursor cells in damaged tissues, and on the other
hand, recruit peripheral precursor cells to participate in
local tissue repair [12]. It can be seen that the
immunomodulatory capacity of MSCs is not
constitutive but inducible. However, with the intensity
and
type
of
inflammatory
response,
the
immunomodulatory capacity of MSCs presents two
diametrically opposite results, promoting inflammation
and inhibiting inflammation. It has been reported that
in the acute phase of inflammatory response, MSCs can
be
successfully
treated
in
patients
with
graft-versus-host disease (GvHD), but MSCs are
treated before the inflammatory response, but it has no
effect and even worsens the condition [13- 14].
MSCs and immune regulation
Since the initial discovery of bone marrow
mesenchymal stem cells inhibiting T cell proliferation
in experiments [15,16], more and more scientists have
been studying their immunomodulatory properties.
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Many studies have shown that the immunomodulatory
capacity of MSCs is mainly dependent on the
regulation of immune cells, including dendritic (DC)
cells, B cells, T cells, natural killer (NK) cells and
macrophages. The regulation of immune cells by MSCs
is mainly dependent on several key steps [17-20]. MSCs
are able to inhibit the maturation of DC cells, resulting
in a tolerant phenotype that subsequently leads to
increased production of Tregs. For B cells and T cells,
MSCs mainly inhibit their proliferation and
differentiation. Studies have shown that the inhibitory
function of MSCs mainly plays a role in the
proliferation of T cells, specifically the G1 phase or
G0/G1 transition, inhibiting the differentiation into
TH1 and TH17 subpopulations, and promoting the
formation of Tregs. At the same time, MSCs can
down-regulate the killing ability of NK cells and
promote the secretion of TGF-β by macrophages,
further promoting the production of Tregs.
Subsequently, the immune regulation response can
continue to be mediated by Tregs. In the clinical
treatment of sepsis, the conversion of macrophages
from pro-inflammatory to anti-inflammatory is also the
basis for the efficacy of MSCs [21, 22]. It can be seen that
various signal-stimulated molecules during the
inflammatory response are essential for the ability of
MSCs to exert immunomodulatory effects and
determine the fate of immune regulation of MSCs. A
series of studies on the communication between
inflammatory
responses
and
MSCs-mediated
immunosuppressive
factors
revealed
that
immunomodulation of MSCs is highly flexible [12].
Such plasticity depends on the regulatory network
formed between cytokines, chemokines and some small
molecules between immune cells and MSCs. The
general process is the secretion of signaling molecules
by immune cells, such as IFN-γ and TNF-α, and then
acting on MSCs. It stimulates the secretion of
immunomodulatory molecules (NO, IDO, etc.), which
in turn acts on immune cells to regulate their immune
activity [23]. Studies have also found that cytokines
secreted by MSCs act on themselves and regulate their
own secretion capacity, such as TGF-β [24]. To gain a
deeper understanding of the specific mechanisms by
which MSCs exert immunomodulatory effects, it is
necessary to clarify the factors involved in regulation,
the series of cellular signaling pathways triggered by
these factors, and the potential links between them. In
this way, the therapeutic effect of MSCs can be better
improved clinically. The immunoregulators that have
been found so far include IFN-γ (Interferon-γ), TGF-β
(Transforming Growth Factor-β), NO (Nitric Oxide),
IDO (Indoleamine 2, 3-dioxygenase), and PD-L1
(Programmed
Death).
-1
Ligands),
IL-10
(Interleukin-10),
HLA-G
(Human
Leucocyte
Antigen-G), LIF (Leukemia Inhibitory Factor), PGE2
(Prostaglandin E2), HGF (Hepatocyte Growth Factor).
The involvement of IFN-γ in MSCs in vivo, tissue
damage, inflammation or invasion of exogenous
substances can lead to the activation of T cells, which
in turn secrete IFN-γ, TNF-α, IL-1α and IL-1β. A
pro-inflammatory cytokine that further induces the
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production of chemokines by cells [25]. These
chemokines bind to cells expressing CXCR3, including
T cells, and are involved in the immune regulation of
MSCs [26]. IFN-γ plays an extremely important role in
this process, determining the immune response of T
cells. Studies have shown that low concentrations of
IFN-γ induce MSCs to express MHC class II molecules,
which act as antigen-presenting cells to promote
proinflammatory effects [27]; while high concentrations
of IFN-γ induce MSCs to express anti-inflammatory
cytokines to perform anti-inflammatory effects [28,29].
When IFN-γ is applied to MSCs, it also induces
expression of iNOS [30] and IDO [31] and affects the
activation of intracellular signaling pathways, such as
nuclear factor kappa B and Runt-related transcription
factor 2 pathways [32,33]. Thereby inhibiting the
inflammatory response. In addition, recent studies have
found that IFN-γ-induced MSCs express the ligands
B7H1 (PDL1) and B7DC (PDL2) of the T cell
inhibitory receptor PD1, and exert immunosuppressive
effects by directly inhibiting T cell function [34] . IFN-γ
binds to IFN-γR on the surface of MSCs,
phosphorylating and nuclear translocation of STAT1,
thereby driving target gene expression of
immunoregulatory factors, including PGE2, IDO and
TNF-α [35]. Another study found that IFN-γ also
shadows STAT3, phosphatidylinositol-3-kinase, AKT,
and mitogen-activated protein kinase (ERK) expression,
as well as mTOR signaling [36,37]. It has been
demonstrated
that
IFN-γ
promotes
the
immunomodulatory function of MSCs by temporarily
activating STAT1 and STAT3 and decreasing mTOR
activity. In mouse experiments, IFN-γ inhibits mTOR
signaling through an ERK1/2-dependent mechanism
and promotes pSTAT1 nuclear translocation and
enhances the expression of immunoregulatory factors.
Furthermore, in cell experiments, after mTOR was
inhibited, MSCs significantly enhanced the T
cell-mediated immune response, down-regulated the
expression of IFN-γ, TNF-α and IL-17, but promoted
IL-4. Expression [35]. mTOR is a serine/threonine
kinase that can be activated by AKT and can respond to
many extracellular stimuli to control cell proliferation
and metabolism [38,39]. In a comprehensive study, when
MSCs received short-term stimulation with IFN-γ,
phosphorylation of STAT1 and STAT3 was
significantly enhanced, resulting in dephosphorylation
of mTOR and its downstream target S6. And studies
have shown that STAT1 controls the expression of
molecules involved in immune regulation, such as
Cd274 [40], Nos2 [41] and Il18bp. However, long-term
stimulation with IFN-γ induces dephosphorylation of
STAT1 and STAT3, and enhances phosphorylation of
mTOR and S6. Experiments have shown that when
STAT3 phosphorylation is inhibited, it reduces the
ability of MSCs to inhibit T cell proliferation. Since
high concentrations of IFN-γ also potentiate the
phosphorylation of STAT1 and STAT3 and the
dephosphorylation of mTOR, it is clinically possible to
stimulate MSCs with high concentrations of IFN-γ to
synergistically enhance immunosuppressive effects.
This effect localizes to genes that up-regulate genes
involved in immune regulation and down-regulate
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genes involved in cell proliferation and differentiation
[35]
.
IFN-γ-induced immune regulation
IFN-γ induces MSCs to secrete immunoregulatory
factors such as IDO, PD-L1, HLA-G, PGE2, HGF,
TSG-6, IL-10, and regulate immune response.
IDO
IDO is a rate-limiting enzyme that degrades tryptophan
to kynurenine, and its expression increases in
inflammatory or hypoxic conditions. Recent studies
have shown that MSCs can exert immunosuppressive
effects by secreting functional IDO [42]. Especially for
humans, IDO is one of the main ways in which MSCs
function.
In 2004, the Meisel team demonstrated for the first
time that MSCs can express IDO in an
IFN-γ-dependent
manner,
that
is,
inflammation-induced IFN-γ secretion, which induces
the production of IDO by MSCs, and believes that the
resulting tryptophan depletion in T cells is its function.
The key mechanism of inhibition effect [43]. According
to its view, tryptophan depletion has two consequences,
one is the accumulation of metabolites, and the other is
complete decomposition. In order to determine its exact
mechanism, 1-methyl-L-tryptophan was used to inhibit
IDO activity, and it was found that T cell proliferation
was restored in vitro, indicating that IDO is introduced
by accumulation of the tryptophan metabolite
kynurenine. Inhibition of T cells by MSCs [44].
Regarding the specific molecular mechanism by which
IDO works, recent studies have shown that IDO can
induce T cell immunosuppression through the
Vav1/Rac signaling pathway (GEF pathway). Activated
Vav1 regulates T cell development and activation by
activating calcium channels, ERK-MAPK, NF-κB, and
by NFAT pathway, and inhibits T cell proliferation
when its expression is decreased or inactivated. Further
studies have shown that IDO inhibits Vav1 mRNA
expression, Vav1 phosphorylation, and activation of its
downstream targets, while Rac activity is dependent on
Vav1, resulting in inhibition of Vav1/Rac signaling
pathway, thereby inhibiting T cell proliferation [45].
PD-L1
PD-1 is a signaling protein that is mainly expressed on
the surface of activated T cells and B cells [46], when
with ligands ， binding of PD-L1/B7-H1 or
PD-L2/B7-DC initiates an inhibitory signal for cell
activation or proliferation [47-49], thereby suppressing
the immune response. The overall role of the PD-1
pathway in T cell homeostasis is evident, and studies
have shown that PD-1 knockout mice exhibit
splenomegaly and increased susceptibility to
autoimmune diseases [50, 51]. With the deeper
understanding of the PD-1 pathway, its important role
in the mouse model of GvHD [52] and type I diabetes [53]
was also found. Although the affinity of PD-L2/PD-1 is
2-6 times higher than that of PD-L1/PD-1, PD-L1/PD
is used in vivo because the expression level of PD-L2
is much lower than that of PD-L1. -1 is predominant [54].
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IFN-γ induces MSCs to express membrane-bound and
soluble PD-L1, and membrane-bound PD-L1 inhibits T
cell proliferation and function via contact-dependent
interaction with PD-1 on the surface of T cells [55,56],
soluble PD -L1 further inhibits the secretion of IL-2 by
activated T cells. In molecular mechanism, MSCs
secrete soluble PD-L1 to bind to PD-1 on the surface of
T cells, inhibit the phosphorylation of AKT, leading to
up-regulation of downstream FOXO3 expression, and
up-regulation when PD-L1/PD-1 is blocked. FOXO3
reversed down-regulation, but only partially restored
AKT phosphorylation, demonstrating that MSCs can
affect AKT phosphorylation through a variety of
immunoregulatory factors (such as IDO). The AKT
pathway regulates a variety of cellular processes such
as proliferation, apoptosis, and cytokine production [57].
FOXO3 has been shown to be the core of the
inflammatory process, and its deletion causes a
disorder in the activation and proliferation of T cells
[58]
.
HLA-G
HLA-G is an atypical molecule of the HLA family, and
the initial transcript is selectively cleaved to produce
four membrane-bound molecules (HLA-G1-HLA-G4)
and three soluble molecules (HLA-G5-HLA-G7). It
plays an important role in immune regulation [59].
HLA-G is generally thought to mediate immune
tolerance between the fetus and the mother, but there
are differences as to whether it mediates the
immunosuppressive effects of MSCs. Studies have
reported that HLA-G is mainly present in the
intracellular [60], but studies have also reported that
MSCs do not express intracellular HLA-G [61]. Recent
studies on epigenetics have shown that inhibition of
DNA methylation enhances MSCs expression of
HLA-G1 and HLA-G3 [62]. It can be speculated that the
expression of HLA-G in MSCs is inducible rather than
constitutive, and MSCs mainly express intracellular
HLA-G, but not membrane-bound HLA-G.
A variety of cytokines (including IDO, IL-10) can
affect the expression of HLA-G, and there is also a
relationship between them. IDO can induce the
expression of HLA-G on the cell membrane surface [63].
IL-10
can
up-regulate
the
expression
of
membrane-bound HLA-G and its receptors [64]. In turn,
HLA-G can also regulate the cytokine balance by
increasing IL-10 secretion, inducing Th1/Th2 balance
toward Th2 tilt. [65]. Regarding the HLA-G-mediated
immune regulation mechanism, studies have found that
HLA-G is involved in the activation of phosphatase
SHP-2, which inhibits the mTOR pathway in T cells
and prevents activated T cells from entering G0/G1.
The transformation phase, in turn, inhibits T cell
proliferation [66]. Recently, there have been reports that
HLA-G can affect the production of Tregs through the
PD1/PD1L pathway [67].
PGE2
The precursor of PGE2 is arachidonic acid, constitutive
cyclooxygenase
(COX1)
or
inducible
cyclooxygenase(COX2), PG synthase metabolism, can
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be induced by pro-inflammatory cytokines (IL-1β,
IFN-γ, and TNF-α) [68] and participate in the regulation
of immune responses at different stages. Studies have
shown that MSCs form PGE2, and PG can also
regulate the proliferation of MSCs by differentially
activating cAMP-dependent protein kinases [69]. During
co-culture with immune cells, MSCs produced a
significant increase in PGE2, suggesting that
up-regulation of PGE2 expression may be dependent
on immune cell stimulation [70]. Further studies have
found that when MSCs are stimulated by T cells, they
up-regulate the expression of COX1/COX2, thereby
producing more PGE2 [71], and attenuating the immune
response by inhibiting the activation and proliferation
of γδT cells and NK cells [72]. In addition, PGE2 can
up-regulate IL-10 expression by regulating JAK-STAT
signaling pathway, and synergistically regulate immune
response [73]. In addition to inhibiting T cells, recent
studies have also found that PGE2 produced by the
COX2 pathway in MSCs can induce macrophage to
switch from proinflammatory phenotype (M1) to
anti-inflammatory phenotype (M2) by altering
metabolic status. Inhibition of its immune function [74].
However, although a large number of experiments have
shown that PGE2 inhibits the immune response, some
studies have reported its pro-inflammatory effects.
PGE2 produced by MSCs can suppress Th1 response
and enhance immune response by promoting Th17
response [75].
HGF
HGF is a hepatocyte mitogen. In a murine model of
allogeneic bone marrow transplantation, rhHGF can be
used to improve acute GVHD [76]. Early studies have
shown that HGF secreted by MSCs binds to the
specific transmembrane receptor c-Met, which drives
the signal transduction pathway mediated by MAPK
and PI3K, phosphorylates STAT3 [77], inhibits T cell
proliferation [78], and Induction of Tregs amplification
[79]
. HGF can also inhibit T cell responses in a
synergistic manner with TGF-β, and it has been found
that blocking the expression of both completely
restores lymphocyte proliferation [78]. In addition, HGF
can also induce monocyte-derived (M0)-DCs to exhibit
immune tolerance and reduce pro-inflammatory
function by inducing secretion of other cytokines (IDO
and IL-10) [80]. Further studies have shown that HGF
up-regulates IL-10 expression in monocytes via
ERK1/2 signaling [81]. In recent years, studies have also
found that HGF can enhance HO-1 transcription and
post-transcriptional pathways through c-Met signaling,
thereby promoting HO-1 production [82]. In a mouse
model of endotoxemia, it has been found that HO-1 can
regulate IL-6 / IL-10 balance and exert an
anti-inflammatory effect [83]. From this point of view,
the HGF / HO-1 / IL-10 pathways are interrelated and
may play a more important role in the immune
regulation of MSCs.
TSG-6
TNF-α-activated gene/protein-6 (TSG-6) is an
inflammation-associated secreted protein belonging to
the family of hyaluronic acid-binding proteins. During
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inflammation and tumorigenesis, TSG-6 can participate
in cell-to-cell interactions between cells and matrices
through interactions with matrix-related molecules [84].
Studies have shown that the expression of TSG-6 in
MSCs is inducible and can be used by many
pro-inflammatory mediators (IFN-γ, TNF-α,IL-1β, LPS)
is induced and rapidly secreted to participate in
anti-inflammatory responses [85]. TSG-6 exerts an
anti-inflammatory
effect
by
regulating
the
inflammatory network of proteases and inhibiting the
migration of neutrophils to the site of inflammation [85].
In an autoimmune disease model, TSG-6 also
potentiates immune tolerance by inhibiting the
maturation of Th1 [86]. Recent studies have found that
TSG-6 secreted by MSCs inhibits the immune response
affected by BMP-2 (bone morphogenetic protein 2) via
the p38 and MEK mitogen-activated protein kinase
pathways. At the same time, high dose of BMP-2 can
induce the expression of inflammatory factors in
THP-1 cells and the expression of anti-inflammatory
factor TSG-6 in MSCs. Inflammatory cytokines are
released from THP-1 cells, forming a local
inflammatory response, whereas TSG-6 secreted by
MSCs interferes with the inflammatory response of
THP-1 cells via p38 and ERK in the MAPK pathway
[87]
. In addition, studies have found that TSG-6 can
attenuate excessive inflammation caused by severe
burns by inhibiting P38 and JNK signaling pathways
[88]
. TSG-6 also inhibits chemokine function by
inhibiting chemokine/glycosaminoglycan interactions,
thereby inhibiting neutrophil migration [89].
IL-10
IL-10 is a pleiotropic immunomodulatory factor that
affects both innate immunity and immune immunity
[90]
.
Earlier studies have demonstrated that IL-10 can
directly regulate T cells by modulating the balance of
Th1/Th2 cytokines [91], and can also regulate T cells by
regulating the presentation of antigen-presenting cells
and inducing Tregs [92,93]. Molecular studies have also
found that there is a feedback loop between IL-10 and
miRNA, IL-10 can regulate the production of certain
specific miRNAs, which in turn can regulate their
production before IL-10 transcription, thereby
controlling anti-inflammatory in vivo. The balance of
response and proinflammatory response [94]. Regarding
the mechanism of action of IL-10, recent studies have
shown that IL-10 expression is tightly controlled by
IFN-γ and itself, and it can both inhibit its own
expression and promote expression through positive
feedback [95]. IL-10 signals through STAT3 ， the
pathway exerts an anti-inflammatory effect, and IL-10
receptor (IL-10R) is expressed on the surface of
macrophages, NK cells, T cells, DC cells, B cells, and
mast cells, and when they are combined, JAK1 is
activated, and Phosphorylation of the downstream
target STAT3 is activated, then enters the nucleus,
activates specific target genes, and inhibits the
expression of pro-inflammatory genes at the
transcriptional level [96]. However, there are many
claims about the cellular source of IL-10. Although
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most people believe that T cells are the main source of
IL-10, while MSCs produce almost no IL-10, and
MSCs stimulate their secretion only by contact, some
studies have found that MSC2 induced by TLR3
produces high levels. IL-10 [97]. For the reason that
MSCs produce almost no IL-10, it has been found that
fatty MSCs form PDCD4 and PDCD4 is inhibited the
production of IL-10, based on this, suggests that the
expression of PDCD4 may cause MSCs to not produce
IL-10 [98,99]. For the pathway of IL-10 production by
MSCs, studies have also shown that IL-10 produced by
T cells stimulates Tr1 to produce IFN-β and acts on
MSCs, which induces an increase in the transcription
level of TLR3, resulting in IL-10 production by
MSCs[100]. In summary, to date, whether IL-10 is
derived
from
MSCs
and
mediates
its
immunosuppressive effect remains to be confirmed.
iNOS
In vivo, NO is a gaseous bioactive molecule produced
by nitric oxide synthase (NOS) and involved in
homeostasis and immune regulation. In mice, it has
been found that NO inhibits the immune response. In
the absence of NO, MSCs recruit T cells to exert
pro-inflammatory effects, and when iNOS is inhibited,
it also attenuates the immunosuppressive effects of
MSCs [101]. NOS is also grouped into constitutive and
induced, and has a tissue-specific expression pattern
[102]
. In the current study, only amnion-derived MSCs in
all MSC types can mediate immunosuppression by
secreting NO [103]. NO produced by T cells mediates
lower levels of T cell proliferation through STAT-5
phosphorylation. By inducing NOS to activate NO
produced by iNOS, it can inhibit the phosphorylation
of STAT-5 and arrest the cell cycle. The specific
mechanism that causes these two opposite results is
still unclear, and from the dose-dependent effects of
NO that have been confirmed, it is possible that the
amount of NO produced by the two is different, and T
cells produce less NO, while MSCs More NO is
generated to activate the negative feedback mechanism
[101]
. Further studies have also found that NO produced
by activated MSCs can affect MAPK and nuclear
factor κB in addition to affecting JAK-STAT pathway,
further reducing the expression of pro-inflammatory
cytokines at the gene level [104].
TGF-β
TGF-β is a widely recognized anti-inflammatory
cytokine that is present in a variety of inflammatory
processes.
The immunosuppressive effects that MSCs mediate
by TGF-β have been confirmed in a mouse model of
ragweed-induced asthma. Intravenous MSCs inhibit
Th2-induced allergic reactions and reconstitute
physiological balance through TGF-β [105]. However,
recent experiments have found that TGF-β alone
inhibits proliferation of T cells, but addition to
co-cultures of spleen cells and MSCs eliminates the
immunosuppressive effects of MSCs and even
promotes immune responses [106]. Such a discovery has
greatly expanded people's understanding of TGF-β.
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Further animal studies indicate that TGF-β only acts on
MSCs without affecting other immune cells and
inhibits iNOS transcription in a Smad3-dependent
manner, specifically inhibiting the activity of the iNOS
promoter induced by inflammatory cytokines, There is
no effect on the degradation of its mRNA or iNOS
protein. Because of the species differences in the
immunosuppressive mechanisms of MSCs, iNOS is
required in mice, and IDO is required in humans, so
human MSCs experiments were subsequently
performed and the same inhibitory effects were also
found. It was also found that TGF-β has a
dose-dependent effect on MSCs, and high doses of
TGF-β significantly reduce the expression of TGF-βII
bound to the extracellular membrane, thereby
attenuating its effect on MSCs [106]. In addition to the
action of TGF-β, which is not secreted by itself, MSCs
are also affected by TGF-β secreted by themselves.
Experiments have found that activated MSCs also
secrete TGF-β, which in turn acts on itself and inhibits
its own immunosuppressive effects [106].
LIF
LIF is a glycoprotein cytokine that can expressed
inducibly in almost all tissues and participates in
many process of the body, especially humoral
immunity and cellular immunity [107,108]. During the
inflammatory response, the level of LIF is upregulated
[109]
. Although research on the involvement of LIF in
immune regulation has been underway for a long time,
little is known about whether it mediates the
immunosuppressive effects of MSCs. Until 2009,
Nasef et al. reported that the immunosuppressive
effects of MSCs were associated with increased
expression of LIF [110]. The secretion of LIF was
significantly increased during MSCs co-culture with T
lymphocytes. Studies have further shown that
pro-inflammatory cytokines secreted by T cells cause
an increase in the secretion of LIF, indicating the role
of LIF in the immunosuppression of MSCs [111].
LIF can mediate immunosuppressive effects by directly
inhibiting T cell activity or indirectly inducing Tregs
production [112]. And LIF can also regulate the
production of HLA-G, and there is a positive
correlation with it. When the production of LIF is
suppressed, the expression of HLA-G is also reduced
[113]
. There are few studies on the specific molecular
mechanism of LIF involved in immune regulation.
Currently, only the LIF-trophoblast-IL-10 pathway can
regulate the activation of monocytes/macrophages by
IFN-γ, and this pathway is STAT1 inhibition, STAT3
activation [114].
Discuss
In the immune system, immune cells and non-immune
cells in a complex network of cytokines,which are
tightly linked each other,and the cytokine network is
also a potential target for immunotherapy [115]. These
cytokines constitute a platform for cell communication
and interaction and induce biological consequences of
inflammatory responses. A large number of studies
have shown that each cytokine can act on immune
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regulation alone. This may be due to the presence of
many corresponding receptors on the surface of MSCs.
After receiving these stimuli, the signal pathways
initiated
a
cross
talk
each
other .Blocking/neutralization experiments have also
shown that the immunosuppressive function of MSCs
cannot be completely shut down. From the current
research, the premise of MSCs to play an
immunoregulatory role is that activation of the
pro-inflammatory cytokine IFN-γ must be initiated
before the expression of various immunoregulatory
factors is initiated. As can be seen from the above,
these immunoregulators do not function independently,
but are related to each other. This association is not
only reflected in IFN-γ, but also in signaling pathways,
modes of action, and ultimately effects. For example,
HLA-G, PGE2, HGF, IL-10, and iNOS all involve the
JAK/STAT signaling pathway. HGF can synergistically
inhibit T cell responses with TGF-β and also promote
the expression of IDO and IL-10. In addition, PGE2
also promotes IL-10 expression. TGF-β attenuates the
production of NO by MSCs by inhibiting the promoter
activity of iNOS. Finally, the immune response is
inhibited in three ways: 1. inhibiting the proliferation
of immune cells; 2. inhibiting the function of immune
cells; 3. promoting the production of Tregs. Although
the adjustment path is different, the final effect is the
same, reflecting the principle of “efficient and precise”
biological response. Although MSCs mainly exert
immunosuppressive effects, they are initially induced
by pro-inflammatory cytokines, and depending on the
amount and duration of stimulation, in addition to
exerting anti-inflammatory effects, it also promotes
inflammatory reactions to some extent.

5.

And some anti-inflammatory cytokines also exhibit
immune-promoting effects, such as NO, at low levels.
Therefore, to accurately control the immunomodulatory
properties of MSCs, this balance must be controlled. In
summary, this review describes the specific causes of
MSCs' immunomodulatory effects from the perspective
of the immune regulation network of MSCs and related
signaling pathways. Understanding and interpreting
this regulatory network can provide more detailed
information on MSCs-based immunotherapeutic
strategies.

15.
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