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Primary Sjogren’s syndrome (pSS) is a chronic systemic inflammatory autoimmune disease characterized by lymphocytic infiltrates
in exocrine glands. Current approaches do not control harmful autoimmune attacks or prevent irreversible damage and have
considerable side effects. Mesenchymal stem cells (MSCs) have been effective in the treatment of several autoimmune diseases.
The objective of this review is to illustrate the potential therapeutic role of MSCs in pSS. We summarize the recent advances in
what is known about their immunomodulatory function and therapeutic applications in pSS. MSC transfusion can suppress
autoimmunity and restore salivary gland secretory function in mouse models and patients with pSS by inducing regulatory T
cells, suppressing Thl, Th17, and T follicular helper cell responses. In addition, MSCs can differentiate into salivary epithelial
cells, presenting an option as a suitable alternative treatment. We also discuss current bioengineering methods which improve
functions of MSCs for pSS. However, there remain many challenges to overcome before their wide clinical application.

1. Introduction

Primary Sjogren’s syndrome (pSS) is a chronic, systemic
autoimmune disease characterized by lymphocytic infiltrates
in salivary and lacrimal glands which lead to the destruction
of these glands. It affects globally 0.05-1% of people, with
manifestations including xerostomia (dry mouth), dental
caries, and xerophthalmia (dry eye) [1]. Activated B lym-
phocytes are another hallmark of the disease [2]; many
antibodies appear in the circulation and tissues. Accord-
ingly, systemic extraglandular involvement is common,
including synovitis, interstitial lung disease, neuropathy,
renal disease, vasculitis, and autoimmune cytopenias [3].
Furthermore, approximately 5-10% of patients may develop
lymphoma, mainly the mucosa-associated lymphoid tissue
non-Hodgkin lymphoma, which represents the most severe
complication of the disease [4]. Although the exact etiology
is unclear, it is known that adaptive and innate immune cell
imbalances are involved in the pathogenesis of pSS [5-7].

Current approaches such as traditional disease-modifying
antirheumatic drugs and biologic agents do not cure this dis-
ease and have considerable side and toxic effects [8]. Thus,
the development of novel treatments is critically important
for pSS.

Mesenchymal stem cells (MSCs), a group of mesodermal
and ectodermal origin multipotent stromal cells, are first dis-
covered by Friedenstein et al. [9]. MSCs have a capacity of
self-renewal and differentiation into osteoblasts, adipocytes,
and chondrocytes [10, 11]. They are of interest due to their
rapid proliferation in vitro and strong immunomodulation
[12]. Notably, MSCs have been successfully isolated from
almost all adult tissues, including bone marrow, umbilical
cord blood, adipose tissue, dental tissue, skin, and placenta
[13-17]. Until now, bone marrow MSCs (BMSCs) and
umbilical cord MSCs (UMSCs) have been most widely stud-
ied. Subsequently, other types of MSCs are reported, such as
gingiva-derived MSCs (GMSCs) and adipose-derived MSCs
(AMSCs). Unlike MSCs in bone marrow and umbilical cord
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Ficure 1: Immunomodulatory properties of mesenchymal stem cells. DC: dendritic cells; TSG-6: TNF-a-stimulated gene 6; PGE2:
prostaglandin E2; M1: classically activated macrophages; M2: alternatively activated macrophages; GM-CSF: granulocyte-macrophage
colony stimulating factor; IL-1Ra: IL-1 receptor antagonist; NK: natural killer T cells; IDO: indoleamine 2,3-dioxygenase; TGF-f:
transforming growth factor-beta; HLA-G5: human leukocyte antigen-G5; MC: mast cells; MSCs: mesenchymal stem cells; Th: T helper;
Tth: T follicular helper cell; Tregs: regulatory T cells; TLRs: Toll-like receptors; SDF-1a: stromal derived factor-la; CXCR7: CXC

chemokine receptor 7; Bregs: regulatory B cells; *: controversial.

blood, GMSCs and AMSCs are both abundant and easily
accessible, and they can often be obtained as a discarded bio-
logical sample following dental procedures or abdominal sur-
gery. GMSCs and AMSCs are relatively easy to isolate,
homogenous and proliferate rapidly in vitro [18]. Interest-
ingly, no tumor is observed in the mice which are injected
with GMSCs. It indicated GMSCs are nontumorigenic [19].
AMSCs also show a low tendency to develop a tumor [20].

Here, we describe the therapeutic role of MSCs in pSS
based on recent relevant publications. Indeed, MSCs have
been effective in treating autoimmune diseases such as sys-
temic lupus erythematosus, rheumatoid arthritis, systemic
sclerosis, and type 1 diabetes mellitus. Moreover, these treat-
ments have no significant side effects [21-27]. Several years
ago, scientists summarized the preliminary studies of MSC
treatment for salivary gland dysfunction and xerostomia
[28, 29]. A recently published review focuses on MSCs for
treating autoimmune dacryoadenitis but not the other
aspects of pSS [30]. Existing evidence supports the crucial
role of MSCs in the treatment of animal models and patients
with pSS. MSCs may also differentiate into salivary epithelial
cells, presenting an option as a suitable alternative treatment
[31, 32]. In this review, we summarize the immunomodula-
tory effects of MSCs both in the adaptive and the innate
immune responses. The defective function of MSCs in pSS
is then discussed, followed by a summary of the use of MSCs
in the treatment of patients with pSS or animal models.
Finally, the role of bioengineering in enhancing MSC treat-
ment is discussed.

2. Immunomodulatory Properties of MSCs on
Adaptive and Innate Immune Responses

The most attractive property of MSCs is their immuno-
suppression on both adaptive and innate immune responses.
MSCs exert major immunomodulatory effects through cell to
cell contact and release of soluble factors such as prostaglan-
din E2 (PGE2), indoleamine 2,3-dioxygenase (IDO), nitric
oxide, transforming growth factor-beta (TGF-f), human
leukocyte antigen-G5 (HLA-G5), CD39/CD73, hepatic
growth factor (HGF), interleukin- (IL-) 10, IL-6, adenosine,
kynurenic acid, TNF-a-stimulated gene 6 (TSG-6), heme
oxygenase-1 (HO-1), IL-1 receptor antagonist (IL-1Ra), pro-
grammed death-1 ligand 1 (PD-L1), and galectins [33-36].
The mechanisms are illustrated (Figure 1).

2.1. Immunomodulatory Functions on Adaptive Immune
Cells. The essential cell populations in the adaptive immune
system are effector T cells, regulatory T cells (Tregs), and B
cells. Abundant evidence supports a role for MSCs to exert
immunoregulatory functions on T cells by suppressing
proliferation and activation or regulating differentiation
[15, 16, 22, 27, 35-48]. Murine BMSCs inhibit naive and
memory T cell responses to their cognate antigens [37].
Murine BMSCs markedly suppress xenogeneic graft-versus-
host disease (x-GVHD)-derived T helper (Th) 1 cells through
adenosine accumulation [38] and also curb experimental
autoimmune encephalomyelitis- (EAE-) derived Th17 cell
activation in a CC chemokine ligand 2-dependent manner
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[27]. Recently, it is reported that human BMSCs-derived IL-
1Ra can inhibit inflammation via suppressing the Th17 dif-
ferentiation [39]. Interestingly, human BMSCs and murine
BMSCs themselves can produce IL-17, but IL-17" MSC
displays an impaired immunosuppressive capacity [40]. Fur-
thermore, BMSCs could induce Tregs and IL-10-producing T
cells through the release of soluble factors such as PGE2,
TGF-, and HLA-GS5 or cell-cell contact [41-43]. Moreover,
human BMSCs can express Toll-like receptors (TLRs).
Engagement of different TLRs in MSCs enhances their
immunosuppressive properties by inducing IDO or impair-
ing Notch signaling [46, 47]. Other MSCs, for example,
UMSCs and AMSCs, can also significantly suppress T cell
proliferation and activation [16, 44]. AMSCs inhibit the
proliferative response and the production of inflammatory
cytokines by antigen-specific CD4 and CD8" T cells. Also,
the numbers of IL-10-producing T cells and monocytes are
significantly augmented upon AMSC treatment [16]. It is
demonstrated that GMSCs suppress T cell proliferation and
activation via interferon-y- (IFN-y-) induced stimulation of
IDO and IL-10 [15]. Moreover, GMSCs ameliorate colonic
inflammation by enhancing Tregs and IL-10 expression in
mice [15]. GMSCs could significantly inhibit Th1 and Th17
cells and reduce the production of inflammatory cytokines
(IFEN-y, IL-17A) via CD39/CD?73 signaling [22, 45].

T follicular helper cells (Tth) are recognized as crucial
effector cells for B cell maturation and immunoglobulin
production. UMSCs are found to suppress the differentia-
tion of Tth via the secretion of IDO [26, 49]. Most impor-
tantly, BMSCs can inhibit the Tth response in lupus-prone
mice [50]. Furthermore, it is suggested that BMSCs and
UMSCs could indirectly affect the maturation and immu-
noglobulin production of B cells by inhibiting the Tth
immune reaction.

As we know, B cell development is dependent on the
interaction of B cell progenitor and stromal cells, which
provides a supportive microenvironment for B cells. BMSCs
can suppress B cell proliferation, differentiation toward plas-
mablast, and immunoglobulin production dependent on
galectin-9 or IL-1Ra signaling [51, 52]. BMSCs and AMSCs
both suppress activation of blood B cells by phytohemagglu-
tinin stimulation, but UMSCs do not display an inhibitory
effect [53]. Besides, BMSCs could affect chemotactic proper-
ties of B cells, because chemokine receptors (CCR) and CXC
chemokine receptors (CXCR), such as CXCR4, CXCR5, and
CCR7, are decreased after B cell-BMSC coculture. However,
B cell costimulatory molecules CD40, CD80, and CD86 and
production of various cytokines are unaffected by BMSCs
[54]. Interestingly, BMSCs do not inhibit B cell proliferation
but only in the presence of inflammatory cytokine IFN-y
[55]. The suppressive effect of IFN-y is related to its ability
to stimulate the release of IDO by BMSCs, which in turn
inhibits the proliferation of B cells [55]. Another group finds
that enhanced autoantibody production is companied by
increased plasma cells after BMSC administration [56].

Several years ago, a new regulatory subset called B
regulatory cells (Bregs) was identified. These cells can inter-
act with pathogenic T cells to inhibit harmful immune
responses [57]. Transfer of UMSCs ameliorates experimental

colitis by inducing Bregs [58]. AMSC treatment expands the
Breg population in lupus mice in vivo [59]. Further study
finds that murine BMSCs promote Bregs through stromal
derived factor-la (SDF-la) and its receptor CXCR7-
mediated signaling [60].

2.2. Immunomodulatory Functions on Innate Immune Cells.
The innate immune system is the first line of host defense
and consists of several types of immune cells including den-
dritic cells (DC), macrophages, natural killer T cells (NK),
and mast cells (MC). MSCs exhibit potent immunomodula-
tory effects on these cells which may play an important role
in the pathogenesis of pSS [5]. Human BMSCs can suppress
activation and maturation of DC and impair their antigen-
presenting ability through the release of TSG-6 [61-63].
Other research finds that the soluble factor IL-6 is involved
in the immunomodulatory mechanism mediated by murine
BMSCs through partial inhibition of DC differentiation
[64]. Murine BMSCs impair TLR4-induced activation of
DC resulting in downregulation of antigen presentation to
T cells [65]. Human GMSCs can significantly blunt the mat-
uration and activation of DC via PGE2-dependent mecha-
nisms [66]. Human UMSCs can facilitate the shift of
monocytes toward IL-10 producing phenotypes through the
production of IL-6 and HGF [67].

MSCs reprogram macrophages into the anti-
inflammatory M2 phenotype through the production of
IL-6, granulocyte-macrophage colony stimulating factor
(GM-CSF), PGE2, kynurenic acid, TSG-6, or IL-1Ra [52,
68-71]. Human BMSCs are activated by TNF-« to produce
an anti-inflammatory mediator, TSG-6, and thereby create
a negative feedback loop that attenuates inflammation by
reducing TLR2-mediated signaling in resident macrophages
[72]. MSCs have been shown to interact with NK cells depen-
dent on their activation state. When resting NK cells are
exposed to IL-2, the expression levels of activating receptors
such as NKG2D, NKp30, and NKp44 are increased. Human
BMSCs could inhibit IL-2-induced proliferation of resting
NK cells, whereas they partially affect proliferation of acti-
vated NK cells. Human BMSCs also downregulated the
activation and cytotoxicity of NK cells by mechanisms
involving PGE2, IDO, TGEF-f3, HLA-G5, adenosine, or cell
contact [43, 53, 73-75]. Interestingly, human NK cells secrete
NAP-2 (CXCL7), a chemokine that can induce MSC migra-
tion to repair damaged tissue [76]. And GMSCs are capable
of exerting suppressive effects on mast cells through the
release of PGE2 and cell-cell contact both in vitro and
in vivo [66, 77].

Recently, it has been thought that the immunomodula-
tory capabilities of MSCs are not constitutive but rather
are subject to the inflammatory milieu or different signals.
MSCs primed with IFN-y or the stimulation of TLR sig-
naling is required to induce their immunosuppressive phe-
notype [47, 55]. Proinflammatory cytokines such as TNF-«
and IL-1 have been shown to enhance the effect of IFN-y
on MSC priming through the production of IDO or PGE2
[55, 78, 79]. The activation of TLR3 may promote the polar-
ization of MSCs into immune-suppressive phenotype, while
TLR4 stimulation may induce polarization of MSCs toward
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proinflammatory phenotype [80]. Therefore, MSCs show a
plastic behavior and switch into an immunosuppressive
phenotype depending on microenvironmental conditions.

3. BMSCs and Salivary MSCs Are Both
Defective in pSS

Some evidence shows that BMSCs are defective in immuno-
regulatory functions in animal models and patients with pSS
[81]. BMSCs have a significantly lower proliferative capacity
and less osteogenic and adipogenic differentiation potentials
in nonobese diabetic (NOD) mice. BMSCs derived from
NOD mice fail to suppress T cell proliferation. CD4"Foxp3™
Treg cells are much lower when splenocytes are cocul-
tured with BMSCs from NOD mice. Furthermore, BMSCs
obtained from pSS patients show an impaired suppressive
effect on PBMC proliferative responses. Interestingly, acti-
vated T cells can induce BMSC apoptosis via the Fas/Fas
ligand pathway [82]. IFN-y synergistically enhances TNF-
a-induced BMSC apoptosis [83, 84]. Furthermore, proin-
flammatory T cells inhibit the ability of BMSCs to repair
damaged tissue. When the concentrations of IFN-y and
TNF-a are decreased, it significantly improves the function
of BMSCs in repairing the tissue [83]. As we know, Thl
(IFN-y and TNF-a)-mediated inflammation is a key feature
in the salivary gland pathology [85]. T cells are activated in
patients with pSS [86]. These findings suggest that T cell-
induced BMSC apoptosis may contribute to BMSC impair-
ment in pSS. Collectively, these results demonstrate that the
biological and regulatory functions of BMSCs are impaired
in pSS [81].

Recently, MSCs have been also found in the salivary
glands of patients with pSS. Such organ-specific MSCs
may have advantages for treatment of the specific tissue
of origin since they could directly act on the target cell.
Jeong et al. [87] efficiently isolates and amplifies MSCs in
large amounts from human parotid and submandibular sal-
ivary glands in vitro. These cells express the same charac-
teristic MSC markers; they are negative for hematopoietic
stem cell and salivary gland epithelium markers. They are
able to differentiate into adipogenic, osteogenic, and chon-
drogenic cells and notably into amylase-expressing cells.
Transplantation of SGSCs restores salivary gland function
in radiation-damaged rat salivary glands [87]. However,
MSCs from the labial glands of patients with pSS have a
deficiency in salivary gland-like cell differentiation [88].
Taken together, BMSCs and salivary MSCs are both defec-
tive in patients with pSS disease condition, meaning that it
is not ideal to treat patients using their own MSCs. We may
use allogeneic MSCs for the treatment of pSS, due to non-
immunogenic characteristics and low or absent expression
of non-major histocompatibility complex- (MHC-) I and
MHC-II [12].

4. The Application of MSCs in the
Treatment of pSS

pSS is a disease triggered by the breakdown of self-nonself dis-
crimination and a subsequent autoreactive immune response.
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Salivary gland pathology is mainly a Thl-mediated immune
reaction [85]. Th17 and Tth cells are also associated with
inflammation and clinical profiles in pSS [49, 86]. The Treg
percentage is altered in the peripheral blood [89-91], and
their suppressive function is compromised in pSS [92]. In
contrast, another group reports that the Treg subset did not
change in patients with pSS [93]. Therefore, the imbalance
of these immune cells contributes to the pathogenesis of
pSS. It is clear that MSCs could possess potent immuno-
modulatory functions on both adaptive and innate immune
cells and especially reset the immune imbalance by upregu-
lating Tregs and downregulating Th1, Th17, or Tth cells. In
addition, MSCs can differentiate into salivary epithelial cells,
presenting an option as a suitable alternative treatment for
pSS. The unique immunomodulatory and biological proper-
ties of MSCs make them candidates for cell therapy to repair
tissue and organ damages caused by pSS. We have summa-
rized the applications of MSCs in the treatment of patients
with pSS or in animal models (Table 1).

MSC treatment ameliorates sialadenitis in the mouse
model and in patients with pSS partly through reducing the
proliferation of T cells, decreasing Th1, Th17, and Tth cells,
and increasing Tregs [44, 49, 81, 94-98]. The pSS patients
tolerate the allogeneic UMSCs well, have an improvement
in symptoms and a decrease in serum anti-SSA/anti-SSB
antibody without significant adverse events [81]. Interest-
ingly, infused allogeneic BMSCs could migrate toward the
inflammatory regions in an SDF-1-dependent manner, as
neutralization of SDF-1 ligand CXCR4 abolishes the effec-
tiveness of BMSC treatment. Therefore, allogeneic BMSCs
might target local sialadenitis and systemic inflammatory
responses in pSS patients by a mechanism that is dependent
on SDF-1/CXCR4 signaling [81]. Another team finds that
treatment with BMSCs prevents a decline in the salivary flow
rate and lymphocytic infiltrations in the salivary glands of
NOD mice [94]. Furthermore, BMSCs enhance tear produc-
tion in the NOD mouse model, due to decreased inflamma-
tion and increased expression of aquaporin 5 [95]. Although
the number of lymphocytic foci in the lacrimal glands of
treated animals did not change, the size of the foci decreased
by 40.5% [95].

As we know, bone marrow mesenchymal cells can be
easily contaminated with hematopoietic cells. Researchers
isolate CD45 /TER119™ cells from murine bone marrow
by depleting CD45" cells or TER119" hematopoietic cells.
CD457/TER119 cells are identified as BMSCs because they
are positive for stem cell surface markers and have multiple
differentiation potentials. Treatment with CD45 /TER119™"
cells could prevent loss of saliva flow and reduce lymphocytic
infiltrations in SG of NOD mice through downregulation
of inflammatory cytokines such as TNF-a. Notably, the
infiltrations of T and B cells are decreased in all foci, while
the frequency of Tregs is increased. Investigators speculate
enhanced Tregs inhibit the inflammation in SG. Mean-
while, fibroblast growth factor-2 (FGF-2) and epidermal
growth factor (EGF) involved in the growth, regeneration,
and maintenance of salivary glands are both increased
after CD45 /TER119™ MSC treatment. This suggests the
CD457/TER119™ BMSCs are effective in both preventing

85US017 SUOWILLIOD BATea1D 3|edldde aup Aq paukeob afe sajoie VO ‘8sn Jo Se|n. 10} AreiqiT 8UIIUO A1\ UO (SUORIPUOD-PUe-SWUB 0D A8 | 1M Afeig 1 [euljuo//SdnL) SUOIPUOD pUe SWB | 8L 885 *[6202/2T/S0] Uo AriqiTauliuo A8|IM ‘G98/SEY/8TOZ/SSTT OT/I0p/Wo A8 | 1M Aseiq Ul uoy//sdny wo.y papeo|umoq ‘T ‘8T0Z ‘Z9TH



4162, 2018, 1, Downloaded from https://onlinelibrary.wiley.com/doi/10.1155/2018/4357865, Wiley Online Library on [05/12/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(6] yusuraaoxduwiy 1 21038 1a1urered sypuowr ¢ SO Ym Sog VN %MMMMNMMHWMMMMMMHN 8op ‘243 1od “asop suo SOSINY
Je[nOO | 159) I€d) JOULITYOS : po1oa .:m. A0 oreuadofre 0T X 8
Sox7, ¢ d
[#¥] uorssaxddng 9 1L % w%uﬁw mﬁ w ﬂ%;&:ei VN VN SS UWW/MMO@ 21M3[Md0)) ueWNE] paremsdesusomniu SHSIN N
[6¥] uorssaxddng T WL 3o VN VN gsd 2IM3Mo0D) uewmy SDSINN

uonerd)ijord pue UOTRIUIIIPI(T
1005 e ur | sSa1y,

[96]  judwasordwy T s[Pd g pue [ ‘T DS Ul UONBN[YUL  SY2M ] a0 QON VN uonoalur AT
onhooyduwi4] ¢| ayer moyy Lrearfes

uewINy ‘s3sop

S|
moy 01 X | OSINE _61TIHL_SPAD

s8ueypd jou prp asnowr 9sop

[s6] juowaoxdw] 21008 onhooydwA] ¢ | YNJW § SYoIM ¥ o1 qON VN uondaur J1 S0 0T X T SDOSING
urrodenbe ‘| wononpoid reag, 9
L g-aon] o1-1 2SNOW “s30P
[#6] juowsordw T A-NJ[ WnIds ] SUOIIRIIYUT oM F 21w qON VN uonod(ur AJ M0y 0T X ¢ SOSING
onhooyduiL] ¢| ayer moy eares } e
T eT/dSS-Bue pue 0Y/ySS-nue
¢| 9181 Mo[j ATeAI[ES PajR[NUUT)S gsd m uewNy 9sop
JuswraA0Idu pue pajenuImsun < 21008 SeA spuotr et VN syuaned uondafut AL auo BY/,01 X T SOSW
JudWISsasse [eqo[3 pue [V ASS
(18] 1L T Z14L L 2L (dnoig yusunean)
juswaaoxdu] < sSa17, <| a1e1 moyj AxeAres SA2oM 81 o1 qON VN 2Be sypm 91 SO1W 9¢ 10 57TV SDSING
; : 1O YoM § 10 (dnoi3 uonyuasaxd) 9SOp 9UO ‘ 0T X |
DG ur T eare Arojewrwrepyuy s
9 38 uon3ur A[
i (uewny) uonensIuIupy urdLIo ‘sIequunu [0
DULIYAY  AWOodINQ 1959 dn-mofjog (eo1wr) jusrdey Juordpoy S—— SDSIN Jo sad4 T,

'ssd yym syuanjed pue sppowr fewrue Sunjean) ur sHSIA Jo uoneorddy i1 a1avy,

Stem Cells International



deterioration of saliva secretion and reducing lymphocytic
influx in salivary glands with a systemic effect [96].

Tth cells are recognized as crucial for B cell maturation
and differentiation. Unlike BMSCs, UMSCs are found to sup-
press the differentiation of Tth cells via the secretion of IDO
in patients with pSS [49]. Therefore, UMSCs could provide a
novel therapeutic approach for pSS by targeting Tth cells.
Other investigators find that human UMSCs inhibit prolifer-
ation of healthy T cells, but not T cells from pSS patients.
Interestingly, they develop a new microencapsulation tech-
nique to make a coculture system separating UMSCs from
T cells. This approach avoids a systemic immune reaction
in the host. The specialized UMSCs could suppress pSS T cell
proliferation and restore the Tregs/Th17 ratio, suggesting a
drug delivery system able to enhance the immunomodula-
tory effects of UMSCs in pSS [44].

A small preclinical study regarding the application of
AMSCs shows that when allogeneic AMSCs are implanted
around the lacrimal glands in 12 dogs (24 eyes) with refrac-
tory keratoconjunctivitis sicca (KCS), improvement is
observed in the Schirmer tear and ocular surface integrity
tests during nine months follow-up. No systemic or local
complications appear. However, a caveat is that no control
cells are mentioned in this study [97].

Interestingly, it has been demonstrated that human
BMSCs could temporarily change into salivary gland epithe-
lial cells (SGEC) in a coculture system. BMSCs have compa-
rable cellular structures and expressed several salivary genes
such as aquaporin 5, E-cadherin, and a-amylase (a-AMY)
when cocultured with SGEC. These BMSCs can secrete a-
AMY. Moreover, they have comparable cellular structures
to SGEC, such as tight junctions and numerous secretory
granules, as shown by electron microscopy [99]. Some pro-
teins such as ankryin-repeat-domain-containing-protein
56, high-mobility-group-protein 20B, and transcription fac-
tor E2a are the putative regulatory factors involved in the
transdifferentiation of BMSCs into SGEC in an animal study
[31]. These data suggest that cocultured BMSCs can generate
a salivary gland acinar phenotype, meaning that this
approach has potential application to treat salivary gland dis-
eases such as pSS [31, 32, 99]. However, we still do not know
whether pSS disease-derived BMSCs switch into acinar epi-
thelial cells. Further study is needed to answer this question.

5. Perspectives: Learn from
Bioengineering Strategies

In order to improve the function of MSCs, novel methods
such as retroviral transduction, electroporation, or CRISPR-
associated protein-9 nuclease (Cas9) of foreign genes have
been utilized to engineer MSCs [100-103]. In cancer, MSCs
have been successfully modified with a tumor suppressive
gene to inhibit progress or metastasis of tumor cells. Simi-
larly, current bioengineering strategies could be applied in
pSS. For instance, IL-10 is a powerful cytokine to suppress
inflammation. One team engineered mouse BMSCs with an
IL-10 gene (called IL-10-BMSCs) through retroviral trans-
duction. They demonstrated that IL-10-BMSCs, but not
BMSCs alone or PBS, could modulate inflammatory arthritis
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and decrease the histological scores [100]. Besides, MSCs
transfected with minicircles encoding CXCR4 are more likely
to migrate to the injury site [102]. Moreover, it is possible to
track the MSCs which are transfected with minicircles and
monitor their elastic properties with noninvasive microscopy
technologies. Recently, a novel gene-editing technology
based on a bacterial CRISPR-associated protein-9 nuclease
(Cas9) has been successfully used to target important genes
in many cell lines and organisms [103]. It may be possible
to develop a successful MSCs-derived therapy for pSS if we
target crucial genes involved in MSC immunomodulation,
such as soluble factor production and chemokine receptors
using Cas9 methods.

Recently, extracellular vesicles (EVs) have been consid-
ered as a functional molecule with their potential for treat-
ment of pSS. As we know, extracellular vesicles are secreted
by many cells, including MSCs, and are classified into two
types of particles: exosomes, with a size of 50 to 100 nm
derived from the endosomal compartment, and microvesi-
cles (MVs), with a size between 100 nm and 1000 nm. It has
been reported that BMSCs, UMSCs, and AMSCs may be a
suitable source for therapeutic EVs [104-107]. EVs can
mediate cell-to-cell communication and participate in many
processes including inflammation, proliferation, cell differ-
entiation, and immune signaling [106, 108]. They can also
act directly with the target cell membrane by fusion, transfer-
ring components into intracellular compartments or causing
endocytosis. MVs have a role in antigen presentation and
activation of endosomal receptors such as Toll-like receptors
[109]. EVs can carry autoantigens, cytokines, and tissue-
degrading enzymes. Collectively, EVs could repair damaged
tissue or serve as agents for drug delivery in autoimmune dis-
ease [106, 108, 110]. Recently, it has been reported that MSCs
derived from human-induced pluripotent stem cells (MSCs-
iPSCs) can prevent the onset of sialadenitis in NOD mice.
Furthermore, EVs derived from MSCs-iPSCs are shown to
suppress activation of immune cells in vitro. And the infusion
of these EVs at the predisease stage reduces the lymphocyte
infiltration in salivary glands and serum autoantibody levels
in NOD mice [111].

We focus on the therapeutic effect of GMSCs in autoim-
mune disease, especially in pSS. GMSCs are relatively easy
to isolate, homogenous and proliferate rapidly in vitro, and
have a strong immunomodulation via suppression of Thl
and Thl17 cells and enhancement of Treg differentiation
[22]. We further find that GMSCs suppress human T cell-
mediated diseases in the x-GVHD model via CD39/CD73/
adenosine and IDO signals [112]. In addition, GMSC popu-
lations existing within the inflamed gingival tissue are func-
tionally equivalent to those derived from healthy gingival
tissue, indicating the possibility of treatment with the
patient’s GMSCs [113]. Furthermore, our unpublished data
have documented that GMSCs could inhibit the proliferation
and IFN-y production of peripheral T cells from patients
with pSS in vitro. Next, we plan to study whether the patient
with pSS will benefit from GMSC transfusion.

There remain many challenges to overcome for clinical
application of MSCs in pSS. First, there are great variations
in the MSC isolation protocols, culture systems, MSC dose,
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cell delivery methods, and transfusion frequency in the
reported studies. Secondly, the quality control of diverse
MSCs is not defined. It will be necessary to establish stan-
dardized protocols for cell culture, differentiation, and
expansion, as well as recommended transfusion schedules
and evaluation of responses. Thirdly, the number of enrolled
patients reported in published papers is small and may not be
sufficient to provide a reliable conclusion. Fourthly, another
restriction in the field of clinical application of MSCs is the
biosafety issues relevant to tumorigenicity [114]. Some
papers report that MSCs enhance tumor angiogenesis and
promote tumor formation in mice [115, 116]. Finally,
whether MSC transfusion will have a long-term effect in
pSS is unknown.

6. Conclusions

In summary, MSCs can be obtained from different sources
and are especially abundant in adipose and dental tissues.
They possess potent immunomodulatory functions and act
on both adaptive and innate immune responses. They may
repair damaged tissue via suppressing Th1/Th17/Tth cell
responses and upregulating Tregs. Furthermore, MSCs could
induce Breg cells and modulate innate immune cells such as
DC, macrophages, mast cells, and NK cells. Moreover, new
bioengineering approaches, such as Cas9 methods, may
improve the function of MSCs. Currently, there is no curative
clinical therapy for pSS, so MSCs-based therapies show great
potential in this area, with the expected capacity to signifi-
cantly suppress the inflammation and preserve salivary func-
tion in pSS. As of now, no conclusive evidence to support the
use of MSC-based therapies has been published. In the near
future, randomized controlled trials of the therapeutic use
of MSCs in pSS will be of considerable interest.
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