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Abstract: Background: Xerostomia is the main manifestation from patients with Sjögren syndrome (SS). However, 
traditional immunosuppressive agents are nearly invalid due to complicated etiopathogenesis in salivary glands, 
including aberrant immune dysregulation, epithelial structure destruction, and diminished secretory function. Ob-
jective: To investigate the therapeutic effect of murine embryonic mesenchymal stem cells (ME-MSCs) on salivary 
glandular epithelium structure and secretory function in Sjögren-like mice. Methods: Salivary flow rate (SFR), blood 
glucose, and body weight was weekly monitored among treatment group, disease group, and health control group. 
ME-MSCs were used to treat NOD mice via tail vein injection. HE staining and transmission electron microscope 
was used to evaluate the structure of salivary gland epithelial cells (SGEC). TUNEL fluorescence staining and PCNA 
immumohistochemical staining was used to evaluate the SGEC apoptosis and proliferation. The SGEC secretory 
function was tested by PAS staining and amylase immumohistochemical staining. Results: ME-MSC treatment could 
elevate SFR, restore the acini and micromorphologies, promote the SGEC proliferation, and suppress the SGEC 
apoptosis in NOD mice, but not restore to that in health control group. The SGEC structure was more intact in treat-
ment group. Mucopolysaccharide and amylase of salivary acinar cells in treatment group was better than that in 
disease group, although transmission electron microscopy showed secretory granules were lower than those in 
healthy control. Conclusion: ME-MSCs demonstrated its potential as a candidate treatment for xerostomia due to 
some effects on salivary flow rate in NOD mice by restoring the SGEC impairment and secretory function.
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Introduction

Sjögren’s syndrome (SS) is a chronic autoim-
mune disease that affects exocrine glands 
such as salivary glands and lacrimal glands, as 
well as multiple visceral systems and organs. 
The typical manifestations are xerostomia and 
keratoconjunctivitis sicca, but the mechanism 
is still obscure. Recent studies indicated that 
salivary gland epithelial cells (SGEC), and their 
interaction with cells of innate and adaptive 
immune system might play a vital part in auto-
immune epithelitis. After an initial stimulus, 
SGEC became apoptotic and aberrant autoanti-
gens are expressed, which may result in autore-
active T cells [1]. Moreover, SGEC have the 
unique capacity to express proinflammatory 
molecules, i.e. HLA-DR, CD80, CD86, CD40, 
CCL17, CCL19, CCL21, CCL22, interferons, and 

other cytokines, and cause complex interac-
tions [2]. Therefore, SGEC seem to be the nidus 
of pathogenetic events in SS, and as antigen 
presenting cells leads to lymphocytic infiltra-
tion. The chronic proliferation of T and B cells 
secrete interferon gamma and tumor necrosis 
factor alpha which also induce Fas expression 
and mediate the apoptosis of SGEC [3]. The 
resulting autoimmune epithelitis is responsible 
not only for altered glandular homeostasis, but 
have also been implicated in aberrant acinar 
cells and ductal cells, and secretory dysfunc-
tion or xerostomia, maybe prior to onset of 
inflammation [4].

There are two kinds of treatment to xerostomia 
in SS: saliva replacement and stimulation of 
salivary flow with secretagogues. Traditional 
disease-modifying antirheumatic drugs and 
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biologic agents is nearly invalid due to aberrant 
SGEC and secretory dysfunction [5]. Mesen- 
chymal stem cells (MSCs) have their potential 
clinical benefits with immunomodulatory func-
tion and multi-directional differentiation into 
adipocyte, osteocyte, myocyte, and other cells 
under specific culture condition [6]. Studies 
had proven that MSCs could migrate to dam-
aged salivary glands through various path- 
ways such as stromal cell-derived factor- 
1 (SDF-1)/C-X-C chemokine receptor 4 (CXCR4) 
signal pathway [7]. Our previous research had 
indicated that treating NOD/Ltj mice with MSCs 
could improve salivary flow rate (SFR) and alle-
viate lymphocyte infiltration in submandibular 
glands. Levels of serum IL-6, hepatocyte growth 
factor (HGF), IL-10, prostaglandin E2 (PGE2), 
and transforming growth factor beta 1 (TGF-
beta 1) were elevated in treatment group. 
Meanwhile levels of IL-2 and IFN-γ were de- 
creased [8].

However, few studies had investigated the spe-
cific SGEC variation after MSC treatment. In 
this study, the mesenchymal stem cells (ME- 
MSCs) were isolated, identified, and infused 
into NOD mice through the tail vein. The SGEC 
proliferation, apoptosis, and cellular substruc-
ture, as well as saliva secreting function in 
NOD/Ltj mice would be evaluated after ME-MSC 
treatment.

Material and methods

Animals

Four-week-old female NOD/Ltj (n=30, ~15 g) 
and ICR mice (n=15, ~15 g) were bought from 
Model Animal Research Center of Nanjing 
University (Nanjing, China). Female NOD/Ltj 
mice were served as SS animal model which 
were randomly divided into treatment group 
(n=11) and disease group (n=9), while ICR mice 
were the healthy controls (n=3). All the mice 
were maintained under specific pathogen-free 
conditions with a 12/12 h light/dark cycle 
(22±3°C, 50% humidity) in the Animal Ex- 
perimental Center of Tongji University (Shang- 
hai, China).

Isolation and enrichment of ME-MSCs

Female ICR mice at 12.5 days gestation period 
(n=2) were sacrificed by cervical dislocation. 
Embryo mice were taken out from the womb 

and their limbs were gently removed so that the 
trunk part could be used to extract stem cells. 
Embryo mouse trunk was cut into pieces and 
spread on culture flasks. After cultured at 37°C 
overnight, primary stem cells were achieved. All 
the MSCs used in this research were derived 
from passage 3-5.

Identification of ME-MSCs

Primary stem cells were cultured to the third 
passage then identified by flow cytometry 
(Becton, Dickinson and Company, USA) to de- 
tect cell surface antigen (MSCs were positive 
for CD29, CD44, and Sca-1 and negative for 
CD34, CD11b, and CD45). In addition, osteo-
genic, and adipogenic differentiation base me- 
dium (Biotowntek Co., LTD., China) was used  
to induce stem cells respectively differentiate 
into osteocyte and adipocyte in about 20 days. 
Calcium deposits were detected in osteogene-
sis differentiation through alizarin red S stain-
ing (Sigma, USA), and lipid droplets were detect-
ed for adipogenic differentiation by oil red O 
(Sigma, USA) staining.

Measurements of blood glucose and SFR of 
NOD/Ltj mice

To evaluate if NOD mice were valid, blood was 
acquired using a sterilized needle to stab the 
tail-vein and glucose levels were measured by  
a blood glucometer (Sannuo, Changsha Sino- 
care, Inc., Changsha, China) once a week. The 
mice, which were hyperglycemic, would be 
injected with long-acting insulin once a day to 
keep the blood glucose level in normal ranges. 
SFR was monitored once a week by intramus-
cular injection of pilocarpine (Yangzhou Aoxin 
Chemical Co., Ltd., Yangzhou, China; 0.5 mg/kg 
body weight) in order to stimulate saliva secre-
tion. Using 4% chloral hydrate (Solarbio, Beijing, 
China) to anaesthetize the mice (the dose was 
400 mg chloral hydrate per kg animal body 
weight), then put the cotton sliver into their 
mouths to collect saliva in 15 minutes. The 
whole saliva secretory volume was measured 
gravimetrically by weighing cotton sliver before 
and after saliva collection. SFR was detected 
since mice were 5 weeks old.

ME-MSC transplantation

After 3-5 passage, ME-MSCs were diluted to 
4×105/mlin PBS (Gibco, USA). The 12 week old 
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NOD/Ltj mice (n=11) were infused with freshly 
collected ME-MSCs (1×105/mouse) through 
tail-vein injection. This treatment was perfor- 
med 2 times a week and lasted for 2 weeks.

Hematoxylin-eosin (HE) and periodic acid-
schiff (PAS) staining

All the mice in the three groups were sacrificed 
at the age of 19 week old. Submandibular 
glands were immediately removed to 4% para-
formaldehyde then fixed at 4°C for 24 h, then 
embedded in paraffin. The tissue sections were 
deparaffinized, rehydrated, and stained with 
the HE staining kit and PAS staining kit (Sigma-
Aldrich, INC, USA). Finally the ratio of the sur-
face area filled with PAS positive cells to the 
total measured area was quantified from five 
random fields under 400× magnification with a 
light microscope. The measurement was per-
formed in three randomly selected sections by 
using Image J software (NIH, USA).

Detection of SGEC apoptosis and proliferation

An In Situ Cell Death Detection Kit (Roche, USA) 
was used based on the TUNEL assay, to detect 
SGEC apoptosis according to the manufactur-
er’s instructions. As for detection of SGEC pro-
liferation, a Zymed PCNA staining kit (Roche, 
USA) was used according to the manufactur- 
er’s instructions based on ABC method. The 
amount of PCNA positive cells was counted in 
five random fields per section under light mi- 
croscopy (400× magnification) and three ran-
domly selected sections were chosen for an- 
alysis.

Transmission electron microscopy (TEM)

The sections were fixed in 2.5% glutaraldehyde 
solution for 12 h and post-fixed in 1% osmium 
tetroxide for 2 h, then dehydrated and embed-
ded in epoxy resin.The specimens were cut into 
thin sections and examined with a transmis-
sion electron microscope (JEM-1230; Jeol, Tok- 
yo, Japan).

Immunohistochemical staining of amylase

Amylase production was a vital index analyz- 
ing SGEC secreting function. Staining was per-
formed with a commercially available kit (Ab- 
cam Inc., Cambridge, MA, USA) based on the 
avidin-biotin-peroxidase complex (ABC) meth-
od. Tissue sections were deparaffinized, rehy-
drated, incubated three times for 5 min in 

microwave oven, washed with Tris-buffered 
saline (TBS), covered with 1% H2O2 for 8 min, 
added normal goat serum for 20 min, and incu-
bated with anti-amylase antibodies (Abcam 
Inc., Cambridge, MA, USA) overnight (except  
the negative control sections). Tissue sections 
were washed with PBS for 5 min then incubated 
with biotinylated IgG and peroxidase-marked 
avidin-biotin complex respectively for 30 min. 
Finally, peroxidase was visualized by DAB reac-
tion. The measurement of positive cell was per-
formed randomly in five fields within three ran-
domly selected sections by using Image J 
software (NIH, USA).

Statistical analysis

All data were presented in the form of mean ± 
standard deviation. ANOVA was used for the 
comparison between multiple groups. All the 
experimental data were analyzed with SP- 
SS21.0 statistical software (IBM SPSS, Armonk, 
NY, USA) and set p-value <0.05 as statistical 
difference.

Results

Identification of ME-MSCs

Cultivating the primary stem cells acquired 
from embryo mice to passage 3-5. ME-MSCs 
displayed spindle-shaped and fibroblast-like 
cell outline (Figure 1A). Passage 3-5 ME-MSCs 
were identified by flow cytometry with the 
results showing that stem cells were positive 
for CD29, CD44, and Sca-1, but negative for 
CD34, CD11b, and CD45 (Figure 1B). In addi-
tion, stem cells could respectively differentiate 
into osteocyte and adipocyte in vitro in about 
20 days, as calcium deposits were detected in 
osteogenesis differentiation through alizarin 
red S staining (Sigma, USA) (Figure 1C) and li- 
pid droplets were detected in adipogenic differ-
entiation by oil red O (Sigma, USA) staining 
(Figure 1D). All the results indicated that the 
stem cells acquired from embryo mice were 
confirmed to the characteristics of MSCs.

ME-MSC transplantation ameliorates SFR in 
NOD/Ltj mice

NOD/Ltj mice became hyperglycemic since the 
10-week-old, and the highest blood glucose 
was 13.7 mmol/L at 12-week-old. 11 NOD mice 
became hyperglycemic in treatment group and 
9 in disease group at the 12-week-old (Figure 
2A), and insulin was used at a dose of 0.5 UI/kg 
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to control blood glucose each day. SFR in NOD/
Ltj mice decreased since the 9-week-old, and 
the SFR value at the 12-week-old was: treat-
ment group (117.75±31.24) μg/min, disease 
group (115.82±25.24) μg/min, healthy control 
group (272.19±12.76) μg/min. SFR in both 
treatment group and disease group from NOD/
Ltj mice with hyperglycemia was obviously de- 
creased compared with that in ICR mice from 
9-week-old to 12-week-old (P<0.05, Figure 2B). 
These results showed that NOD/Ltj mice with 
hyperglycemia became disorder in autoimmu-
nity and had low SFR.

SFR value after ME-MSCs treatment for 2 
weeks was: treatment group (93.1±12.2) μg/
min, disease group (47.8±12.4) μg/min, healthy 
control group (247.8±18.0) μg/min, respective-
ly. SFR value of disease group were distinctly 
decreased compared with treatment group 
(P<0.05), but the treatment group SFR level 
was still lower than that of healthy controls 
(P<0.05, Figure 2C). Although SFR in the treat-
ment group still declined after ME-MSCs treat-
ment for 2 weeks, the decrease was less than 
that in the disease group (P<0.05, Figure 2D), 
demonstrating that ME-MSC treatment could 
improve the SFR in NOD mice.

ME-MSC treatment could restore the acini and 
micromorphologies in salivary gland from NOD 
mice

HE staining revealed that there were relatively 
well preserved acini and micromorphologies 
that could be found not in the disease group, 
but in the health control group and in the treat-
ment group. Although acini and micromorpholo-
gies in treatment group could not restore to 
that in health control group, it was alleviated 
compared with that in disease group (Figure 
3A). The results showed that ME-MSC treat-
ment could protect the acini and micromorphol-
ogies in salivary gland from NOD mice.

ME-MSC infusion could promote the SGEC pro-
liferation while suppress the SGEC apoptosis 
in salivary gland from NOD mice

We further explored the effects of ME-MSC 
infusion on SGEC proliferation in NOD mice. 
Proliferative nuclear antigen (PCNA) is mainly 
located in cell nucleus, and the cell nucleus in 
salivary gland epithelial with biologically prolif-
eration activity that can be brown/yellow st- 
ained by PCNA immunohistochemical staining. 
Stained intensity in treatment group (13.4± 

Figure 1. ME-MSC culture and identification. A. ME-MSCs displayed spindle-shaped and fibroblast-like morphology 
under the microscope. (magnifcation, ×100). B. Identification of ME-MSCs cell surface markers by flow cytometry. 
ME-MSCs were negative for CD34, CD11b, and CD45, but positive for CD29, CD44, and Sca-1. C. ME-MSCs could 
respectively in vitro differentiate into osteocyte detected through alizarin red S staining. D. In vitro differentiate into 
adipocyte detected by oil red O staining.
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1.9%) was higher than that in disease group 
(9.0±2.3%) (P<0.05), but the intensity in both 
treatment group and disease group was lower 
than that in healthy control group (21.3±1.5%) 
(P<0.05, Figure 3B), which indicated that 
ME-MSC treatment was able to promote the 
SGEC proliferation in NOD mice.

Meanwhile, the SGEC apoptosis was detected 
by TUNEL fluorescence staining. The number of 
apoptotic epithelial cells in salivary gland in 
treatment group (20.4±7.9/field) was less than 
that in disease group (34.4±7.1/field) (P<0.05), 
but the number of apoptotic cells in both treat-
ment group and disease group was more than 
that in healthy control group (8.0±1.1)/field 

(P<0.05, Figure 3C), which indicated that 
ME-MSC treatment could inhibit the SGEC 
apoptosis from NOD mice.

Intravenous ME-MSCs protected SGEC mor-
phological structure from NOD mice

Transmission electron microscope revealed 
that an intact nucleus with condensed chroma-
tin at its periphery could be seen in healthy 
control group, but SGEC in disease group had 
malformed nuclei and an obviously decreased 
amount of secretory granules. While in treat-
ment group, SGEC were nearly restored to nor-
mal in appearance. However, the amounts of 
secretory granules in the treatment group were 

Figure 2. ME-MSC transplantation ameliorated SFR in NOD/Ltj mice. A. Blood glucose levels of mice 12 weeks be-
fore ME-MSC treatment. NOD/Ltj mice became hyperglycemia since the 10-week-old, while blood glucose concen-
tration in ICR mice was normal. B. SFR of mice 12 weeks before ME-MSC treatment. SFR in NOD/Ltj mice decreased 
since the 9-week-old compared with that in ICR mice (P<0.05). C. SFR of mice 2 weeks after ME-MSC treatment. 
12-week-old NOD mice were injected intraperitoneally with. 2 weeks after ME-MSC treatment, the mouse SFR in 
disease group [(47.8±12.4) μg/min, n=9] was distinctly decreased compared with that in the treatment group 
[(93.1±12.2) μg/min, n=11] (P<0.05), but SFR in treatment group was still lower than that in the healthy control 
group [(247.8±18.0) μg/min, n=3] (P<0.05). D. SFR of mice 2 weeks after ME-MSC treatment. After ME-MSC treat-
ment, SFR in treatment group was slightly decreased. However, SFR in treatment group was still better than that in 
disease group. *P<0.05.
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lower than that in healthy controls (Figure 4). 
Results above indicated that ME-MSCs might 
contribute to protect the SGEC morphological 
integrity.

ME-MSCs by intravenous infusion improved 
the SGEC secretory function

Amylase and mucopolysaccharide was the 
main ingredients in saliva, which was detected 
by amylase immunohistochemical staining and 
PAS staining respectively. The percentage of 
salivary amylase positive cells in healthy con-
trol group, treatment group, and disease group 
was (34.5±1.2)%, (26.2±7.7)%, and (15.7±5.9) 
%, and salivary amylase content in disease 
group was lower than that in treatment group 

(P<0.05, Figure 5A). Concomitantly, the per-
centage of PAS positive cells in healthy control 
group, treatment group and disease group  
was (45.0±5.5)%, (29.4±7.1)%, and (19.7± 
5.8)%, and the function of glycogen secretion  
in treatment group was better than that in the 
disease group (P<0.05, Figure 5B). The results 
revealed that ME-MSC transplantation could 
effectively revive the SGEC secretory function 
from NOD mice.

Discussion

In this study, we observed improvement on 
SFR, SGEC structure, and secretory function 
from the Sjögren-like NOD mice, which were 
injected with MSCs from ICR fetal mice through 

Figure 3. ME-MSC treatment could restore the acini and micromorphologies, promote the SGEC proliferation, and 
suppress the SGEC apoptosis from NOD mice. A. HE staining of submandibular glands in mice (magnification, 
×200). Relatively well preserved acini and micromorphologies could be found not in the disease group, but in the 
health control group and in the treatment group. B. PCNA immunohistochemical staining in SGEC in health control 
group, treatment group, and disease group. The percentage of proliferation cells in disease group [(9.0±2.3%), n=9] 
was lower than that of treatment group [(13.4±1.9%), n=11]. *P<0.05. C. Apoptosis cells in salivary glands were 
stained by TUNEL fluorescence staining in health control group, treatment group, and disease group. The percent-
age of apoptosis cells in treatment group [(20.4±7.9/field), n=11] was lower than that in disease group [(34.4±7.1/
field), n=9]. *P<0.05.
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the caudal vein injection for two weeks. As a 
result, the average static SFR was higher in 
MSC treatment group compared with that in 
disease group. We observed less destructed 
tissue structure of SGEC in treatment group 
than that in disease group through HE staining, 
transmission electron microscopy experiments, 
TUNEL fluorescence assay for apoptosis, and 
PCNA immunohistochemical staining for prolif-
eration. In the treatment group, the SGEC 
nucleus displayed an almost commonly shaped 
and totally different from the nucleus pheno-

type in disease group with deformation atrophy 
and abnormal deposition of chromatin. The 
mice in both groups have decreasing secreti- 
on granules compared with healthy control. 
Besides, the SGEC in disease group have hi- 
gher apoptosis activity and lower proliferation 
activity versus MSCs treatment group. Salivary 
amylase immunohistochemical experiment and 
PAS glycogen staining showed more intact sali-
vary gland secretion for amylase and mucopo- 
lysaccharide in treatment group compared with 
disease group, but both groups displayed lower 

Figure 4. ME-MSC treatment protected SGEC morphological strucrure from NOD mice. SGEC ultrastructure by TEM 
(Scale bars=2 μm). SGEC in healthy control group, where an intact nucleus with condensed chromatin at its periph-
ery could be seen (arrow). SGEC in treatment group, where cell nuclei were still normal in appearance, however, the 
amount of secretory granules was lower than that in healthy control. In disease group, SGEC had malformed nuclei 
and an obviously decreased amount of secretory granules.

Figure 5. ME-MSC improved the SGEC secretory function from NOD mice. Amylase immunohistochemical staining 
of submandibular glands in health control group, treatment group and disease group. The percentage of salivary 
amylase positive cells in disease group [(15.7±5.9)%, n=9] was lower than that in treatment group [(26.2±7.7)%, 
n=11]. *P<0.05 (A). PAS staining of submandibular glands in health control group, treatment group, and disease 
group. The percentage of PAS positive cells in disease group [(19.7±5.8)%, n=9] was less than that in treatment 
group [(29.4±7.1)%, n=11]. *P<0.05 (B).
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secretion level versus healthy controls. All the 
above results indicated that ME-MSC treat-
ment has a protective effect on SGEC damage 
from NOD mice.

To our surprise, SFR in treatment group was 
restored evidently compared with that in dis-
ease group, which is hard to improve via tradi-
tional disease-modifying antirheumatic drugs 
and biologic agents due to aberrant SGEC and 
secretory dysfunction [5]. More and more evi-
dence supports a immunosuppressive action 
for MSCs on T cells, B cells, dendritic cells (DC), 
macrophages, and natural killer T cells (NK) 
through cell to cell contact or release of soluble 
factors such as prostaglandin E2 (PGE2), inter-
leukin- (IL-) 10, IL-6, in doleamine 2,3-dioxygen-
ase (IDO), and etc [9]. Our previous study had 
indicated that BMMSCs prevented SFR decline 
and lymphocyte infiltration in the salivary 
glands of NOD mice, maybe through PGE2, 
IL-10, IL-6, transforming growth factor-beta 
(TGF-β), and hepatic growth factor (HGF) [5]. 
Activated lymphocyte infiltration produced a 
variety of inflammatory mediators and cyto-
kines originated from chronic and progressive 
acini and ducts destruction, and in turn led  
to catheter obstruction, acinar atrophy, and 
impaired exocrine gland function [10]. MSC 
treatment ameliorated sialadenitis in the SS- 
like mouse and in pSS patients partly through 
decreasing T cell activation, and increasing 
Tregs [11, 12]. Therefore, in our study, ME-MSC 
treatment might revive SFR by lessening lym-
phocyte infiltration focal in submandibular gl- 
ands. In addition, Xu also found infused MSCs 
could migrate toward the inflammatory salivary 
gland in a stromal cell-derived factor-1-depen-
dent manner [12], and interestingly, it has  
been demonstrated when cocultured with SG- 
EC, MSCs could transdifferentiate into SGEC 
showing comparable cellular structures such 
as tight junctions and some secretory granul- 
es, and expressed several salivary genes su- 
ch as aquaporin 5, α-amylase, and E-cadherin 
[13]. Accordingly, in our study, ME-MSC infusion 
might restore salivary gland destruction via 
transdifferentiating into SGEC.

However, the SFR was not elevated to the level 
of health control, consistent with the recent 
report [14, 15], on account that MSC treat-
ments promoted tissue proliferation in the 
glands significantly higher than the disease 
group and their rates were comparable to the 
ICR group by immunofluorescence staining of 

submandibular glands for proliferation pro- 
tein Ki-67. Meantime, MSC treatments could 
decrease a specific Caspase-3 gene in gland 
apoptosis by quantitative RT-PCR in subman-
dibular glands. Our study further validated ME- 
MSC treatment could facilitate SGEC prolifera-
tion by PCNA immunohistochemical staining 
and prohibit SGEC apoptosis by TUNEL fluores-
cence assay, in spite of not restoring to heal- 
thy control. SGEC apoptosis and proliferation, 
which is induced by paracrine mechanisms, 
has been found to be unusual in MSG biopsy of 
patients with SS. The cause of dysfunction is 
probably multifactorial, potentially including 
altered glandular homeostasis in the preim-
mune and non-immune phase [16], which are 
difficult to remit by ME-MSC treatment. MSC 
treatment may retard the declining speed of 
SFR compared with disease group. As a result, 
the treatment was to slow down the progress of 
salivary gland damage, which may be related  
to the MSC treatment initiation. Our previous 
studies had confirmed that MSC treatment in 
22-week-old NOD mice, which were at the ter-
minal stage of SS, could only slow down SFR 
decline instead of improving SFR to healthy 
control [8]. In this study, we started MSC treat-
ment in 12-week-old NOD mice, which were at 
the middle disease stage, showing that MSC 
treatment can slow down the process of de- 
creased SFR.

While ME-MSC treatment could ameliorate the 
SFR from the Sjögren-like NOD mice, no study 
has demonstrated that traditional disease-
modifying antirheumatic drugs, such as hydr- 
oxychloroquine [17], methotrexate [18], leflu- 
nomide [19], mycophenolate [20], azathioprine 
[21], and cyclosporinA [22] could reverse glan-
dular dysfunction and, therefore, cure xerosto-
mia [23]. Salivary amylase and glycogen was 
the main secretory biomarkers of SGEC. In this 
study, we found the treatment group had higher 
amylase and mucopolysaccharide content in 
SGEC compared with disease group. The pro-
tective function of MSCs in SGEC secretion may 
relate to a potential MSCs differentiation to 
SGEC. One study noted that α-amylase expr- 
ession in the MSCs of labial glands from SS 
patients was lower than that from healthy indi-
viduals by Real-time polymerase chain reaction 
and immunofluorescence staining. Thus, MSCs 
in the labial glands from SS patients could  
lack salivary α-amylase secretion [24]. Another 
recent study showed the migration of BM-MSCs 
in the basal membrane of the ducts and acinar 
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cells obviously damaged by radiation exposure, 
and there was significant increase in the ex- 
pression of α-amylase after transplantation 
[25], indicating MSCs could improve the dam-
aged salivary glands by multiplying the vitali- 
ty of the α-amylase except for MSC immuno- 
regulation.

In conclusion, this study confirmed that the 
ME-MSCs had a significant effect on impaired 
SGEC structure and secretory function from 
Sjögren-like NOD mice. However, the uderlying 
mechanism and signaling pathways need fur-
ther exploration.
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