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The regenerative abilities and the immunosuppressive properties of mesenchymal stromal cells (MSCs) make them potentially the
ideal cellular product of choice for treatment of autoimmune and other immune mediated disorders. Although the usefulness
of MSCs for therapeutic applications is in early phases, their potential clinical use remains of great interest. Current clinical
evidence of use of MSCs from both autologous and allogeneic sources to treat autoimmune disorders confers conflicting clinical
benefit outcomes. These varied results may possibly be due to MSC use across wide range of autoimmune disorders with clinical
heterogeneity or due to variability of the cellular product. In the light of recent genome wide association studies (GWAS), linking
predisposition of autoimmune diseases to single nucleotide polymorphisms (SNPs) in the susceptible genetic loci, the clinical
relevance of MSCs possessing SNPs in the critical effector molecules of immunosuppression is largely undiscussed. It is of further
interest in the allogeneic setting, where SNPs in the target pathway of MSC’s intervention may also modulate clinical outcome.
In the present review, we have discussed the known critical SNPs predisposing to disease susceptibility in various autoimmune
diseases and their significance in the immunomodulatory properties of MSCs.

1. Introduction

Mesenchymal stromal cells (MSCs) are under investigation in
clinical trials to treat autoimmune disorders and degenerative
disorders due to their immunomodulatory and regenerative
properties. Various sources of MSCs have been described in
the literature, but the one widely studied source is the bone
marrow derived MSCs. MSCs in bone marrow represent 1
in 100,000 nucleated cells, but they play a significant role
in regulating the niche for hematopoietic stem cells and
immune homeostasis and hypothetically can differentiate
into cartilage, bone, and adipocytes [1]. Major limitation for
the use of MSCs in clinical trials is their low frequency in
the bone marrow aspirates. This specific challenge has been
addressed by MSC expansion into large quantities by virtue
of their in vitro mitogenic properties under standard cell

culture conditions [2]. This rapid expansion favors robust
translational inquiry to utilize these cells in cellular therapy.
Tominimize ambiguity, the International Society for Cellular
Therapy (ISCT) proposed minimal criteria to define human
MSCs as expressing CD105, CD73, CD90 and lack of CD45,
CD34, CD14 orCD11b, CD79𝛼 orCD19, andHLA-DR surface
molecules [3].

The therapeutic potential of transfused MSCs was well
demonstrated in animal models of experimental autoim-
mune encephalitis, diabetes, rheumatoid arthritis, myocar-
dial infarction, acute lung injury, retinal degeneration, acute
renal failure, transplant rejection, liver fibrosis, inflammatory
bowel diseases, and graft versus host diseases [4, 5]. Based
on these preclinical observations, therapeutic applications
of MSCs are currently being explored in more than 300
clinical trials (http://www.clinicaltrials.gov/). MSCs were
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used for the first time to treat grafts versus host disease
(GVHD) and later to treat autoimmune disorders such as
Crohn’s disease, multiple sclerosis, autoimmune rheumatic
diseases, and autoimmune diabetes. The regenerative and
anti-inflammatory properties eased their use to treat immune
mediated disorders. MSCs suppress both innate and adaptive
immune system as they inhibit the activation, proliferation,
and also the function of lymphocytes, monocytes, dendritic
cells, and natural killer cells. Previous reviews have already
addressed the immunomodulatory properties of MSCs, and
it is beyond the scope of current review [5–15].

The fundamental pathogenesis of autoimmune disorders
lies on the loss of immune tolerance to self-antigens. In
patients with autoimmune diseases, genetic changes in the
genome of an individual affect the role of essential immuno-
logical pathways, leading to the breakdown of immune toler-
ance.The consequence of this effect is the inability of immune
system to distinguish self- versus non-self-antigens. Genome
wide association studies (GWAS) advanced the understand-
ing of autoimmune diseases by identifying common single
nucleotide polymorphisms (SNPs) and linking them to the
cause of the diseases [16]. SNPs alter the phenotype and func-
tionality of proteins in the immune system thereby affecting
its function leading to disease. It is of essential interest to
question the immunosuppressive properties ofMSCs derived
from the individuals bearing the disease causing SNPs.

Current clinical trials utilize MSCs obtained from autol-
ogous or allogeneic origin. In the autologous setting, MSCs
acquired from the bonemarrow of patients with autoimmune
diseases are used in the suppressor therapy. While MSCs
possess multiple immunoregulatory molecules to exert sup-
pression, the question that remains unanswered is whether
the SNPs in the immunomodulatory genes of MSCs affect
the clinical outcome following MSC therapy. In the allo-
geneic setting, bonemarrow-derivedMSCs are expanded and
banked from the universal healthy donor and subsequently
administered to the patients. Since MSCs are derived from
healthy donors, it is possible that these cellular products may
not possess the genetic changes associated with the disease.
However, MSCs specifically act on certain immune target
pathways systemically or to the inflamed site and thereby
execute immunosuppressive and regenerative functions. By
considering the SNPs in these targets of MSC intervention, it
raises the question if SNPs in the recipient’s immune pathway
affect the clinical outcome. In the present review, we analyzed
the common SNPs identified in the autoimmune diseases
that are under investigation for MSC therapy and their
significance in the mechanism of MSCs immunosuppressive
effect and clinical outcome.

2. Multiple Sclerosis

Multiple sclerosis (MS) is an autoimmune disorder of the
central nervous system where myelin and oligodendrocytes
are targeted by cellmediated and humoral immunity [17].The
beneficial effects of MSC therapy have been well described
in autoimmune encephalomyelitis (EAE) mouse model that
provided a basis for further exploration in clinical trials

[18–20]. Currently, close to 15 clinical trials are registered
to use MSC therapy for the treatment of multiple sclerosis
(http://www.clinicaltrials.gov/). MSCs have been well tol-
erated and were deemed safe in patients with MS in the
early phase clinical trials. Mallam et al. described that MSCs
derived from MS patients show expansion, differentiation,
and surface marker expression similar to the MSCs from
healthy individuals [21]. In contrast another study reported,
although MSCs from MS patients exhibit normal growth,
phenotype and immunomodulatory properties, they secrete
higher levels of lipopolysaccharide-stimulated IP10 com-
pared toMSC fromhealthy controls [22].These contradictory
results suggest the functional differences in the MSC popula-
tions, rooted from the changes in their genetic profile, isolated
fromMS patients. However, the efficacy results demonstrated
the evidence of structural, functional, and physiological
improvement and are suggestive of neuroprotection [23, 24].
The most relevant SNPs linked with the pathogenesis of MS
are harbored in the genesHLADRB1, IL2RA, IL7R, CLEC16A,
CD226, CYP27B1, MMEL1, SH2B3, CD40, CD80, CD86, and
CD58 [25]. The relevance of IL2RA, IL7A, CYP27B1, SH2B3,
and MMEL1 for MSC therapeutic activity is subtle. MSCs
do not express CD40 [26]. CD80 and CD86 do not present
on MSCs, and addition of IFNg does not upregulate these
costimulatory molecules. Although HLADR is absent on the
MSCs, IFNg upregulates its expression [27]. Considering the
IFNg dependency of MSC’s suppressive activity, the current
unknown factor is the differences in HLADR alleles on the
immunosuppressive activity of MSCs. MSCs upregulate the
adhesion molecule CD58 (lymphocyte function-associated
antigen) after coculture with the T cells [28]. MSCs ability
to bind to the inflamed tissues is important to execute their
immunosuppressive effect [29]. The significance of SNPs on
adhesion molecules onMSC’s engraftment potential requires
further investigation.

3. Autoimmune Rheumatic Diseases

MSCs are under clinical investigation for the treatment
of autoimmune rheumatic diseases such as rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), Sjögren’s
syndrome, and systemic sclerosis. The animal models of
collagen-induced arthritis reported varied results. Although
an earlier study demonstrated that MSCs do not have any
beneficial effect on mice with collagen-induced arthritis
(CIA), subsequent studies demonstrated therapeutical effect
[30–32]. Few other combination approaches were suggested
such as conditioning of MSCs with the drugs such as borte-
zomib by modulating the microenvironment and thereby
enhancing the therapeutic efficiency of MSCs [33]. Results
of early phase ongoing clinical trials are not available to
evaluate the clinical impact of MSCs in RA. Although a study
suggested that stromal cell function is defective in patients
with RA, another study demonstrated the immunosuppres-
sive functions of MSCs derived from three RA patients [34,
35]. The common SNPs identified in RA and relevant to
MSC biology and immunomodulation are in the genes of
CD58 (adhesion molecule), IL6ST (CD130), and chemokine
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(C-C motif) receptor 6 [36]. IL6ST is the signal transducer
in the IL-6 receptor complex to initiate the downstream
signals. MSCs secrete high levels of IL-6, and it has been
demonstrated that IL-6-dependent secretion of PGE2 by
MSCs inhibits local inflammation in the mouse model of
arthritis [31]. In addition, autocrine effect of IL-6 has been
demonstrated as this cytokine enhances the survival of MSCs
after serum starvation-induced apoptosis [37]. IL-6 secreted
from MSCs accelerates intestinal epithelium recovery in the
animal model of total body irradiation [38]. These studies
highlight the significance of IL-6 in MSC immunobiology
and support the need for further studies to evaluate the
breadth of the signal induction with the CD130 receptor
complex. MSCs have been shown to bind to Th17 cells via
CCR6 and thereby induce regulatory T cell phenotype in
these cells [39]. It is necessary to further investigate the SNPs
in CCR6 on T cells and the immunomodulatory properties of
MSCs.

Although MSCs from the SLE patients show immuno-
suppressive activity, they undergo senescence relatively faster
than MSC from age matched healthy controls [40, 41].
Autologous MSC therapy in two SLE patients was safe but
did not reduce the disease activity [42]. A direct link between
the SLE and SNPs in genes of the inflammasomes has
been demonstrated [43]. However, its relevance to MSC’s
immunomodulatory functions has not been studied so far to
rationalize and improve future clinical trials for SLE.

Few trials evaluating the safety and efficacy of MSCs in
Sjögren’s syndrome and systemic sclerosis/scleroderma are
ongoing. MSCs from the patients with Sjögren’s syndrome
show impaired immunosuppressive activity, and allogeneic
MSC treatment improves disease outcome [44]. Ice et al.
reviewed several SNPs linked to Sjögren’s syndrome, but
the relevance of these genes to MSCs therapeutic proper-
ties may be subtle [45]. Unlike Sjögren’s syndrome, MSCs
from scleroderma patients preserve their immunosuppres-
sive functions [46]. SNPs associated with scleroderma and
specifically SNPs in FAS gene is of further interest in MSC
biology [47]. FAS/FASL interaction has been described in
MSC’s immunomodulatory properties [48]. Altogether MSC
biology from autoimmune disease patients requires further
investigations with the linkage to the genetic changes in the
key immunomodulatory molecules.

4. Crohn’s Disease

The etiology of Crohn’s disease (CD), an inflammatory bowel
disease, is presumed alteration of genetic factors or gutmicro-
biota or the host immune system [49]. Despite the etiology,
all these factors share the common clinical manifestation of
excessive intestinal inflammation. Clinical trials using MSCs
as cell based inflammatory bowel suppressive therapy for CD
are promising [50–53]. GWAS scan of nonsynonymous SNPs
inCDhas identified amutation in the genes of autophagy [54,
55]. Autophagy is a cellular homeostatic process in which the
cell compartments are recycled under stressful conditions.
Recent developments have highlighted a balancing role of
autophagy in the immunity and inflammation [56]. Defects

in this homeostatic autophagy process may cause the basic
pathogenesis of many infectious and inflammatory diseases
[56]. A majority of studies indicate that autophagy plays
a major role in the CD pathogenesis [57–60]. ATG16L1
protein is an important player in the autophagy process by
forming the autophagosomes. In the colitis mouse model,
autophagy knockout mice (ATG16L1 deficient mouse) die
after Dextran Sodium Sulfate (DSS) treatment due to the
excessive production of proinflammatory cytokines IL-1 beta
and IL-18 [61]. In addition, CD patients with T300A SNP
in ATG16L1 gene show many abnormalities in the intestinal
paneth cells, which are the producers of alpha-defensins
in the intestine [62]. Peripheral blood mononuclear cells
from the CD patients with T300A SNP in ATGL161 gene
secrete high levels of proinflammatory IL-1 beta and IL-
6 upon in vitro stimulation [63]. Altogether these studies
demonstrate the potential linkage between phenotype and
SNPs in autophagy genes in CD patients. Two important
studies describe the relevance of autophagy in MSC’s biolog-
ical properties. The first study suggested that MSCs utilize
autophagic mechanism to provide tumor stromal support
[64]. The second study demonstrated the role of autophagy
in MSC mediated hepatic regeneration in the animal model
of liver diseases [65]. The role of autophagy in the MSC’s
immunomodulatory properties and the significance of these
SNPs in MSC’s biology is currently unknown. Utilization of
autologous MSC treatment and the influence of SNPs in the
genes of autophagy on the clinical outcome of crohn’s diseases
require further investigation.

5. Autoimmune Diabetes

Type I diabetes results from the immune destruction of
insulin producing beta cells in the pancreatic islets of Langer-
hans. Although transplantation of islets of Langerhans helps
to maintain the insulin levels, immunosuppressive therapy
is a requirement. MSCs are under clinical investigation to
treat autoimmune diabetes due their immunosuppressive and
angiogenic properties and the ability to regenerate beta cells
[66]. Reversal of hyperglycemia with MSC therapy has been
demonstrated in a number of diabetic animal studies [67–70].
Type I diabetes associated SNPs were reported in the genes
such as IFIH1 (interferon-induced helicase), CTLA4, IL2RA,
CLEC16A (C type lectin), and PTPN2 [71]. Of these genes,
PTPN2 is of significant interest to the immunomodulatory
properties of MSCs. PTPN2 regulate signaling events by
dephosphorylating multiple JAK and STAT molecules, and
MSCs immunosuppressive properties are highly depend on
the signal induction through IFNg [72].Thus, the role of SNPs
in PTPN2 gene on the suppressive properties of MSCs and
IFNg signaling events require further investigation.

6. Common SNPs in the Immunoregulatory
Pathways of MSC’s Intervention

The unique feature of MSCs is their array of immunoregula-
tors, which collectively mediate the immunosuppressive and
regenerative functions that impact the clinical outcome. The
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most important T cell regulators defined by MSCs are IDO
and PDL1/PDL2-PD-1 pathways.

6.1. Indoleamine 2,3 Dioxygenase. Indoleamine 2,3 dioxyge-
nase (IDO) is an enzyme of tryptophan degradation pathway
which converts tryptophan to kynurenine and suppresses the
T cell responses [73]. IFNg upregulates IDO inMSCs thereby
not only suppresses T cell proliferation but also induces
the differentiation of monocytes into suppressor phenotype
[74]. IDO expression by MSCs is considered as a standard
readout for the functionality of the cellular product [75].
Impairment of IDO activity in the patients with autoimmune
primary biliary cirrhosis has been reported, suggesting the
possible role of IDO to maintain immune tolerance [76].
Arefayene et al. reported the genetic variants of IDO-1 gene
with SNPs and associated altered enzyme activity, but this
study does not include any disease specific SNPs in IDO
[77]. A subsequent study demonstrated that SNP rs7820268
(C6202T) in the IDO gene is statistically more frequent
in systemic sclerosis patients than in controls. In addition,
patients bearing this SNP in IDO show impaired CD8+ T reg
function [78]. This is an important functional study, which
establishes a relationship of IDO SNPs with T cell responses.
Future investigations are required to study the influence of
SNPs in IDOon the immunomodulatory properties ofMSCs.

6.2. PDL1/PDL2-PD-1 Pathway

6.2.1. T Cell Mediated Immune Responses. T cell activation
is not only controlled by major histocompatibility complex
(MHC) and T cell receptor (TCR) engagement but also by the
interactionwith other costimulatorymolecules. PDL1/PDL2-
PD-1 pathway is one such pathway which regulates the T
cell tolerance in various conditions [79]. This pathway is
implicated in negatively regulating T cell immunity in tumor
microenvironment and chronic viral infections [80]. PD-1 is
the receptor on the T cells with immunoreceptor tyrosine-
based inhibitingmotif (ITIM). Upon its engagement with the
ligands PDL1 (B7H1) or PDL2 (B7DC), it provides negative
signal to the T cells [81]. PDL1-PD1 pathway is implicated in
MSC’s suppression of T cell proliferation upon licensing with
proinflammatory cytokine IFNg [20, 82–84]. Some studies
reported that there is no correlation with SNPs in PDL1 gene
and autoimmune diseases in Japanese patients. However, one
study suggested that A/C polymorphism at position 8923
in PDL1 gene is associated with Graves diseases [85–87].
Similarly, another study demonstrated that SNPs in the gene
for PDL2 is associated with SLE in Taiwan [88]. Since SNPs
in the genes of PDL1 and PDL2 are not explicitly reported,
it is possible to conclude that these ligands are intact on
the surface of MSCs to execute the suppressive functions
in the autologous therapy. However, the SNPs in the gene
of PD-1 (PDCD1) are widely reported and associated with
the autoimmune diseases [87]. Association between SNPs in
PDCD1 and disease susceptibility to autoimmune diseases
were demonstrated in SLE [89, 90], Type I diabetes [91],
RA [92, 93], MS [94], and Graves disease [95]. Kroner et
al. specifically showed the functional relevance of SNPs in

PDCD1 polymorphism by demonstrating the deficit in PD-1
mediated inhibition of cytokine secretion in T cells from the
multiple sclerosis patients [94]. These studies clearly suggest
the role of dysfunctional PDL1/PDL2-PD-1 pathway in the
autoimmune patients. In the allogeneic cellular therapeutic
situation, although the ligands PDL1 and PDL2 on MSCs are
intact, it is possible that the SNPs in PD-1 may compromise
the delivery of negative signals to T cells. Hence, PDL1/PDL2
mediated therapeutic effect by allogenic or autologous MSCs
may depend on the PD1 polymorphism of the recipient which
could predict the treatment responsiveness.

6.2.2. Humoral Immune Responses. T helper cells and B cell
interaction plays an important role in the breakdown of
peripheral tolerance in the autoimmune disorders.Thehelper
T cells that are not sensitive to self-tolerance mechanisms
secrete proinflammatory cytokines, resulting in expansion
of the autoreactive B cells which produce autoantibodies to
cause the self damage [96]. MSCs also affect B cell differ-
entiation into plasma cells and subsequent immunoglobulin
production [97–100]. MSCs affect the plasma cell differen-
tiation through contact independent pathway by cleaving
CCL2 in a uniquemechanism [101]. Additionally, there is data
suggesting that MSCs suppress B cells through PDL1/PD1
pathway [102]. Another study by Liu et al. demonstrates
that periodontal ligament stem cells inhibit B cell activation
through PDL1/PD1 [103].These results suggest that stem cells
act on the humoral immune responses through the PDL1/PD1
pathway. PD-1 is upregulated on the B cells after stimulation
with ani-IgM and PMA/ionomycin [104]. Bertsias et al.
reported that homozygous PD-1.3 SNP on the SLE patients
causes lower expression of PD-1 on CD19+ B cells [105]. It is
possible to speculate that lower expression of PD-1 on B cells
due to PD-1.3 SNP may compromise MSC’s inhibitory effect
in B cells in SLE patients. Further studies are required to study
the role of PD-1.3 SNP on the B cell interaction with MSCs.

7. Conclusion

MSCs are attractive to researchers due to their wide spec-
trum of immunomodulatory and regenerative properties,
which collectively constitute their therapeutic activities. It is
arguable that even if genetic changes such as SNPs affect one
pathway, compensatory pathwaysmay balance the functional
machinery of MSCs. However, in certain situations, target
pathways are crucial for the maintenance of immune toler-
ance, and in those conditions, MSCs could be considered as
supplemental therapy along with the other immune suppres-
sive molecules. SNPs are suggested as biomarkers for dis-
ease susceptibility in certain autoimmune disorders. Further
studies are warranted in the direction of utilizing these SNPs
as biomarkers for prediction of treatment responsiveness to
MSC therapy.
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