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Abstract: Objective: The aim of this study is to investigate the effects of human umbilical cord mesenchymal stem 
cells (hUCMSCs) transplantation on a rat model with intrauterine adhesions (IUA). Methods: 30 healthy female 
Sprague-Dawley rats were randomly divided into a sham operated group, a PBS group and a hUCMSCs group. The 
hUCMSCs were injected into uterines of the rat models in hUCMSCs group, and the glandular count, the endometrial 
fibrosis ratio, proliferation of endometrial cells and the location of hUCMSCs were observed. Moreover the gene 
expressions of cytokines relating to fibrosis and regeneration were tested after transplantation. Results: hUCMSCs 
transplantation can effectively reduce endometrial fibrosis area, increase glandular count and promote proliferation 
of endometrial cells. The transplanted hUCMSCs were also observed in uterines one week after surgery. In addi-
tion, there were significant differences in the expressions of cytokines among three groups. Conclusions: hUCMSCs 
transplantation is able to reduce fibrosis and improve the endometrail regeneration in IUA rats. It may become a 
promising strategy for the therapy of IUA in the future.
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Introduction

Intrauterine adhesions (IUA) result from deep 
trauma involving the basal layer of endometri-
um with subsequent scaring [1]. It is reported 
that nearly 90% of IUA is related to postpartum 
or post-abortion dilatation and curettage [2].
The presence of IUA leads to variable symp-
toms such as amenorrhea, infertility, recurrent 
miscarriage and so on. The goal of treatment is 
to rebuild the normal shape of uterine cavity, 
prevent re-adhesions, improve the endometri-
um regeneration and eventually restore uterine 
function.However, the current comprehensive 
approach doesn’t work effectively especially in 
severe cases. In fact, due to loss of most endo-
metrial cells, severe endometrial damages 
were found to be irreparable. So new treat-
ments are in great demand.

Recently, the substantial evidences indicate 
that adult stem cells have been identified in the 
continuously regenerative human endometri-
um and were considered to be involved in endo-

metrial scar-free regeneration [3-5]. The scarci-
ty and abnormality of local endometrium stem 
cells may explain the failure of the endometrial 
functional layer to regenerate in IUA [6-8]. Such 
hypothesis suggested the potential use of stem 
cells therapy in treating disorders associated 
with inadequate endometrium. Currently, stem 
cell-based therapy for IUA has been adopted in 
several studies showing a satisfactory treat-
ment effect in reducing endometrial fibrosis 
and repairing damaged endometrium [9-12]. 
Nagori et al reported a woman with refractory 
intrauterine adhesions became pregnant after 
receiving autologous bone marrow derived 
mesenchymal stem cells transplantation [13].
However, this new therapy faces many difficul-
ties, like the optimal stem cell line is unresolved 
and the mechanism has not been fully under-
stood. Accordingly, an alternative source of 
stem cells and further studies are imperatively 
needed, and Wharton’s jelly mesenchymal stem 
cells derived from umbilical cord (hUCMSCs) 
are regarded as a most promising candidate for 
cell transplantation therapy.
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Unlike bone marrow and other stem cells, hUC-
MSCs appear to offer the best clinical utility 
since they are non-controversial, easy access-
ing, can be harvested by non-invasive proce-
dures in abundance and have faster self-renew-
al properties [14, 15]. More importantly, human 
leukocyte antigen 1 are not detectable or weak-
ly expressed in hUCMSCs, demonstrating the 
beneficial effect on allograft transplantation 
without immunological suppression [16, 17]. It 
has been reported that hUCMSCs could regen-
erate other tissues loss and treat various dis-
eases [18-21]. However, there is no report  
on repairing the damaged endometrium using  
hUCMSCs in IUA.

The aim of our study was to investigate the 
therapeutic effects of hUCMSCs transplanta-
tion on IUA rat models, and verify whether it 
could reduce the endometrial fibrosis and pro-
mote the regeneration of endometrium. hUC-
MSCs have provided new possibilities for  
the treatment of endometrial degenerative 
diseases.

Materials and methods

Animals

Female Sprague-Dawley rats (9 weeks old) 
were obtained from Vital River Laboratory 
Animal Technology Co., Ltd. (Beijing, China) and 
raised in the Chao-Yang Hospital Medical 
Research Center Animal Department. All rats 
were sexually mature and nulliparous. Rats 
were housed five per cage in a room with a 12 
hr light/dark cycle (7:00 am-7:00 pm) with free 
access to food and water. The room tempera-
ture is (23±2°C); humidity is 45-55%. All rats 
were treated in accordance with Guidelines for 
the Care and Use of Laboratory Animals of 
Beijing Obstetrics and Gynecology Hospital, 
and the protocol was approved by the 
Institutional Review Board of Beijing Obstetrics 
and Gynecology Hospital. Rats were anaesthe-
tized and killed painless after tissues obtained.

Preparation of hUCMSCs

The hUCMSCs were given by Dr. Wang Jing 
(Newish Technology Co., Ltd., Beijing, China).
These cells derived from umbilical cord of 
informed, healthy mothers in local maternity 
hospitals after cesarean deliveries. The isola-
tion and culture methods were adopted as pre-

viously described [22]. In brief, once isolated, 
cells were cultured in Dulbecco’s Modified 
Eagle’s Medium/F12 (DMEM/F12; Gibco, USA) 
with 10% fetal bovine serum (FBS; Gibco), and 
100 U/mL penicillin/streptomycin (Gibco) at 
37°C in a 5% CO2 incubator. After reaching 80% 
confluency cells, cells were passaged with a 
1:3 split. Then the cells of passage 3 were 
stained with fluorescein-conjugated monoclo-
nal antibody against CD29, CD34, CD73, CD90, 
CD105, CD106, HLA-ABC and HLA-DR (Becton, 
Dickinson and company, USA) for 30 minutes, 
then analyzed by flow cytometry (FACSscan, 
Becton, Dickinson and company, USA). hUC-
MSCs of passages 3-5 were trypsinized and 
dissociated into single cell PBS suspensions 
and used for the following transplantation.

A rat model of intrauterine adhesions

IUA were induced by scraping the uterine horn 
in rats, mimicking the cause of IUA in human. 
Briefly, SD female rats were used to create IUA 
animal model during diestrus. After administra-
tion of 5% pentobarbital sodium solution (5 
mg/kg) by intraperitoneal injection, a vertical 
incision (3-4 cm) was made in the abdominal 
wall and the two uterine horns were exposed. A 
smallincision was made in the right uterine 
horn at the utero-tubal junction and the uterine 
horn traumatized in a standardized fashion 
using self-made mini-endometrial curette in- 
serted two-thirds of the way through the lumen, 
rotated and withdrawn many times until the 
uterine wall became rough and feel granular 
sensation. Then, the uterine lumen was washed 
with saline to prevent the residual of endome-
trial cells and establish hemostasis. Later on, 
the uterine small incision was closed by sti- 
tching with 6-0 vicryl sutures (ETHICON, 
W9981, Coated polyglactin 910 sutures, 
Johnson & Johnson, USA). Interrupted 3-0 silk 
non-absorbable sutures (ETHICON) were used 
to close the abdominal incision. After modeling, 
rats were placed in temperature controlled 
incubation chambers until they awoke and 
returned to their housing facilities.

Animal grouping and transplantation

A total of 30 rats were randomly divided into 
three groups as follows: a sham operated 
(Sham-O) group (n=10), a PBS group (n=10) 
and a hUCMSCs group (n=10). For thesham 
operated group, after abdominal surgical inci-
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sion, the normal uterine hornswere exposed 
without any injuries to endometrium and any 
interventions. For the PBS group, after model-
ing, the uterine horn was injected with 500 µl 
PBS. For the hUCMSCs group, 500 µl hUCMSCs 
suspensions (1*107 cells) were locally injected 
into injured side of uterine horn at multiple 
points intramuscularly. In each group, ten rats 
were sacrificed one week after surgery. All uter-
ine horns were collected and fixed in formalin 
liquid or liquid nitrogen for further tests.

Hematoxylin-eosin and masson staining

The formalin-fixed paraffin-embedded uterine 
tissues were sectioned at 4 um and the sec-
tions on slides were immersed in xylene (10 
minutes, twice) and rehydrated in a series of 
ethanol dilutions (100%, 100%, 95%, 95%, 
75%, 0%, 1 minute each). The sections were 
rinsed in deionized water, stained in hematoxy-
lin for 45 seconds, rinsed in deionized water, 
and stained in eosin for 1 second. After the 
color reaction, sections were dehydrated in 
graded ethanol and xylene. Finally, the mor-
phology of endometrium and the mean number 

of glands were observed and evaluated in high-
power fields (HPF) under light microscope 
(DP70, Olympus, Japan) among three groups. 

Masson’s staining was applied to evaluate the 
endometrial fibrosis area. After being rehydrat-
ed as described previously, sections on slides 
were performed by procedures in Masson tri-
chrome staining kit (Zhongshan Golden Bridge 
Biotechnology, Co., Ltd., Beijing, China). Finally, 
mount the slides with mounting media. The 
fibrosis area was measured with Image-Pro 
Plus 6.0 software on photos taking from slides.

Immunohistochemistry 

Briefly, all sections (4 um) were de-paraffinized 
using xylene, rehydrated in a series of decreas-
ing concentrations of ethanol. Antigen retrieval 
was performed using pressure cooker with 
enough retrieval solution. Endogenous peroxi-
dase activity was inhibited by incubating slides 
in 0.3% H2O2 for 30 minutes at room tempera-
ture. After blocking for one hour in PBS supple-
mented with 10% normal goat serum, the slides 
were incubated with primary antibodies: rabbit 
monoclonal antibodies to CK18 (1:200; Abcam, 
Cambridge, UK) and Ki67 (1:200; Abcam, 
Cambridge, UK) overnight at 4°C. Sections 
were incubated with second antibody goat-anti-
rabbit IgGs for 30 minutes at room tempera-
ture. Slides were then briefly counterstained (1 
min) with hematoxylin solutionand observed 
using a microscope (Olympus Company, Tokyo, 
Japan). The expressions of Ki67 and CK18, the 
markers of the regeneration of endometrial 
cells were analyzed using Image-Pro Plus 6.0 
software by average optical density (AOD).

Immunofluorescence

Rat uterine horns were removed at day 7 and 
embedded into OCT (SAKURA, Japan) and froze 
at -30°C for 10 min. Then the frozen tissues 
were continuously sectioned to 6 um thickness 
(Tissue-Tek Cryo; Sakura, Japan). The sections 
were stained with mouse anti-human nuclear 
antigen antibody (HN, 1:100; Chemicon, Millipo- 
re, California, USA), mouse anti-vimentin (VIM, 
1:100, Boster Biological Technology Co., Ltd, 
Wuhan, China) and pan-cytokeratin (CK, 1:100, 
Santa Cruz Biotechnology, USA). Then fluores-
cence-taggedsecondary antibodies (1:100; 
Zhongshan Golden Bridge Biotechnology, Co., 
Ltd., Beijing, China) were used to amplify signal 

Table 1. Specific primers used in qRT-PCR 
analysis
Gene Primer Sequence (5’→3’)
GAPDH FW TACCCACGGCAAGTTCAACG

RV CACCAGCATCACCCCATTTG
COL-1 FW CCTCCCAGAACATCACCTAT

RV CATCCACAAGCGTGCTGTAG
FGF2 FW GATCCCAAGCGGCTCTACTG

RV TCGCACACACTCCCTTGATG
CTGF FW GCTGGAGAAGCAGAGTCGTC

RV CACACCCCACAGAACTTAGC
TGF-β1 FW CAACAATTCCTGGCGTTACC

RV TGGGACTGATCCCATTGATT
Ki67 FW AAGACGAAGATCAGGCAGGA

RV CAACAATCAGGTTGGCTTCA
VEGF FW TACTGCTGTACCTCCACCAT

RV GGGTACTCCTGGAAGATGTC
VIM FW CACCCTGCAGTCATTCAGACA

RV GTGAGGTCAGGCTTGGAAACG
CK FW TCCTCAGCCATGTCTTCCTATG

RV CTAAAACTTCCACCGCGTCCT
Abbreviation: GAPDH, glyceraldehyde phosphate 
dehydrogenase; COL-1, collagen I; FGF2, fibroblast 
growth factor-2; CTGF, connective tissue growth factor; 
TGF-β1, transforming growth factor-β1; VEGF, vascular 
endothelial growth factor; VIM, vimentin; CK, cytokeratin.
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Figure 1. Identification of hUCMSCs. A: Representative micro-
graph of hUCMSCs obtained from passage 5 shows typical 
spindle-shaped morphology. B-J: Fluorescence activated cell 
sorting (FACS) analysis reveals that the immuno-phenotypic 
surface profiles of hUCMSCs were positive for CD29, CD73, 
CD90, CD105, and CD166 and negative for CD34, HLA-ABC 
and HLA-DR. Scale bar=200 um.
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of the primary antibodies. Cell nuclei were 
stained with 4’, 6-diamidino-2-phentlindole 
(DAPI, Sigma-Aldrich). Secondary antibodies 
were detected using fluorescence microscopy 
(Nikon ECLIPSE TI-SR, Japan) instantly for visu-
alization to locate and observe the hUCMSCs. 
Negative controls were generated using PBS 
instead of primary antibodies. 

Quantitative real-time polymerase chain reac-
tion

Total RNA samples were extracted from uterine 
tissues using RNAiso Plus (Takara Bio Inc., 
Otsu, Shiga, Japan) and quantified using Nano- 
Drop 2000 spectrophotometery (NanoDrop 
Technologies, Thermo Scientific, Waltham, 
USA). cDNA was synthesized from 1 ug RNA 
employing the TransScript First-Strand cDNA 
synthesis SuperMix kit (TransGen Biotech). 
Then, quantitative real-time PCR was per-
formed on an Applied Biosystems 7500 Real-
time PCR system (Applied Biosystems, Life 
Technologies, California, USA) using TransStart 
Top Green qPCR SuperMix SYBR (TransGen 
Biotech). The primer sequences are shown in 

Table 1. The cycling parameters for the qRT-
PCR were as follows: an initial denaturation at 
95°C for 15 min followed by 40 cycles of 10 s 
at 95°C and 32 s at 60°C. The relative mRNA 
abundance was performed as fold-changes 
relative to Sham-O controls. Glyceraldehyde 
phosphate dehydrogenase (GAPDH) was used 
as an internal control to quantify mRNA ex- 
pression and mRNA expressions were analyzed 
according to the 2^-ΔΔ(CT) method.

Statistical analysis

Data and statistical analysis were performed 
using GraphPad prism5. Data were presented 
as mean ± SD. We analyzed the differences 
between the groups using one-way ANOVA and 
student’s t-test. For all statistical tests, P-values 
were set at 0.05 (P < 0.05) for significant 
differences.

Results

Characterization of hUCMSCs

The hUCMSCs displayed two distinct morpho-
logical features: spindle-shaped and whirlpool-

Figure 2. Location of hUCMSCs in uterine. A-D: One week after transplantation, presentative images for HN (red), 
DAPI (blue) and vimentin (green) immunofluorescence staining in uterine of hUCMSCs group. E: There was no red 
fluorescence within uterine of PBS group. F-H: There are only micrographs for DAPI (blue) and vimentin (green) im-
munofluorescence staining in uterine of PBS group. I: Vimentin (green) staining co-localized with human nuclear 
antigen (red) in uterines of hUCMSCs group reveals that the transplanted cells expressed the endometrium stromal 
cell marker vimentin. J: While double-staining with CK and HN shows that hUCMSCs did not differentiate into endo-
metrium epithelial cells after transplantation. Scale bar=50 um.
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Figure 3. Uterine pathology of rats in different groups. A-C: Gross patholo-
gy. D-F: Histological structures in the uterine horns. G-I: Masson trichrome 
staining of endometrium. J-L: Immuno-staining of CK. M: Immuno-stain-
ing of Ki67 in sham operated group. N: Immuno-staining of Ki67 in PBS 
group. O: Immuno-staining of Ki67 in hUCMSCs group. P: Statistical analy-
sis of the glandular count of endometrium. Q: The ratios of fibrotic area 
in the endometrium. R: Immunohistochemically expression of Ki67. S: Im-
munohistochemically expression of CK. Data were presented as mean ± 
SEM. *P < .05 and ***P < .001.

like growth. Cells resembled 
fibroblasts and formed bipolar 
spindle-like cells with parallel or 
whirlpool-like arrangement (Fi- 
gure 1). Flow cytometry analysis 
showed that over 95% cells at 
passage 3 expressed CD105, 
CD73, CD90, CD106 and CD29 
while they did not exhibit expres-
sion of the hematopoietic mak-
ers CD34, and HLA-DR, HLA-ABC 
(Figure 1), indicating that the 
majoritycells used in the present 
study were hUCMSCs.

Engraftment of hUCMSCs in the 
injected rats

One week after transplantation, 
anti-human nuclear antigen (HN) 
was used to detect the presence 
of human cells. Immunofluore- 
scence staining of HN (red) 
showed that hUCMSCs localized 
in the damaged endometrium of 
rats and no cytokeratin-positive 
cells double staining with HN 
were observed. A few hUCMSCs-
may differentiate into endome-
trial stromal cells which were 
both positive for vimentin (green) 
and HN staining. As expected, 
we did not observe any HN 
immunostaining in the PBS con-
trolgroup, only DAPI (blue) andVi-
mentin (green) staining (Figure 
2).

Therapeutic effects after trans-
plantation 

Gross pathology: As we can see, 
the uterine of Sham-O group is 
smooth and supple, compared 
with normal self-control uterine, 
there is no different; and after 
endometrial scraping, the uter-
ine of PBS group is thin and cov-
ered with coagulation and exu-
date; the transplantation group 
is better than PBS after the 
surgery. 

Histopathology: H&E staining 
and Masson’s staining show that 
hUCMSCs transplantation exert-
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ed favorable effects. The transplantation group 
tends to have more glands and less collagen 
deposition. H&E staining shows the absence 
and irregular structure of endometrial gland in 
PBS group (1.6±1.2) while an increased num-
ber of glands in stem cell treated horns 
(6.6±1.2) (P < 0.05) (Figure 3). The ratio of 
fibrosis area is (0.19±0.08) in Sham-O group, 
while in PBS and transplantation group is 
(0.81±0.08) and (0.56±0.09) respectively (P < 
0.05) (Figure 3). When we look at the immuno-
histochemical staining of CK18, Ki67, we can 
see that the expression of CK18 is higher in 
transplantation group (0.34±0.08) than in PBS 
group (0.17 ±0.07) significantly (P < 0.05); 
Compared to the PBS group (0.158±0.07), the 
expression of Ki67 is higher (0.339±0.07) in 
hUCMSCs group (P < 0.05) (Figure 3). 

mRNA expressions of cytokines: One week 
after surgery, qRT-PCR analysis revealed decre- 
ased mRNA levels of Col-1, TGF-β1, FGF2, 
CTGF; and increased levels of VEGF, Ki67, VIM, 
CK in the hUCMSCs group (Figure 4). Com- 
pared to the PBS group, the Col-1, TGF-β1, 
FGF2 and CTGF mRNA expressions are 
decreased significantly in the hUCMSCs group 
(P=0.0016, P < 0.0001, P=0.0018, P=0.0383). 
Meanwhile, VEGF, Ki67, VIM, CK mRNA expres-
sions are increased when compared with PBS 
group (P=0.0005, P=0.0006, P < 0.00018, 
P=0.0087) (Figure 4).

Discussion

Stem cell therapy has become a novel method 
for treatment of tissue damage and fibrosis in 
response to injury. In 2009, it was firstly report-
ed an infertile IUA patient achieved pregnancy 
after autologous bone marrow mesenchymal 
stem cells transplantation [13]. As confirmed 
by many in vivo experiments, embryonic stem 
cells [23], mesenchymal stem cells (including 
bone marrow, fat) [11, 12] all showed a positive 
therapeutic effect on IUA model. However, con-
sidering the possibilities of future clinical appli-
cation, Clearly, mesenchymal stem cells derived 
from umbilical cord Wharton’s jelly constitute 
an attractive alternative because of many irre-
placeable advantages, such as no ethical con-
straints, the collection procedure is non-inva-
sively, easy preparation and amplified in abun-
dance, lower risk of viral contamination and 
lower immunogenicity. To our knowledge, there 
has been no evaluation of the therapeutic 

effect of hUCMSCs in IUA model until now [14].
So we preferred to use hUCMSCs, a more 
accessible source, to treat IUA rat model. 

Our results showed that IUA rats who received 
intrauterine hUCMSCs transplantation had 
more endometrial glands, a higher expression 
of cytokeratin and vimentin, lower fibrosis area 
and expressions of fibrosis factors than control 
rats. This indicated that direct transplantation 
of hUCMSCs into the uterine cavities of IUA rats 
prevented against fibrosis process and cell 
damage, and promoted the regeneration of 
endometrial cells. Currently, there are many 
studies using different approaches to create 
IUA model, such as chemical aggression, 
mechanical and/or infectious injury, fibroblast 
implants and ovariectomy [24-26]. While, since 
endometrial curettage is the actual situation in 
routine clinical practice, our present study 
decided to create a rat model of IUA based on 
the endometrial curettage which is similar to 
the clinical situation. In fact, the histopathology 
evaluation showed that curettage was effective 
for endometrial destruction after one week.

Another finding of the present study was that 
hUCMSCs were not rejected by the immune 
system of rats, existed at least one week in 
damaged uterine horn and those transplanted 
rats lived well. Chen et al. reported that hUC-
MSCs maintain their biological character and 
function after long-term in vitro culturing (P15). 
So they can be safely expanded in vitro and 
maintain a stable immune phenotype and chro-
mosome structure in serum-free medium [27].
In fact, the most intriguing feature of hUCMSCs 
is displaying low expression levels of HLA class 
I, no expression of HLA class II, and no expres-
sion of costimulatory molecules [28, 29], but 
expression of HLA-G6, HLA-G5 isoform can 
inhibit maternal alloreactivity [30-32]. It is 
reported hUCMSCs can be differentiated and 
engrafted with successful functional outco-
mein vivo in rat models for cerebral and myo-
cardial ischemia, multiple sclerosis, retinal dis-
ease, type 1 and type 2 diabetes, and so on 
[33]. Immunity is always a hazard for allogenic 
transplantation, however, hUCMSCs make it 
possible in the future clinical practice.

In order to observe the distribution of hUCMSCs 
more easily and precisely, we adopt a specific 
antibody (human nuclear antigen) for human 
cells rather than using labeled protein.
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Figure 4. The mRNA expression of TGF-β1, Col-1, FGF2, CTGF, Ki67, VEGF, VIM and CK in rat uteri after one week transplantation was investigated by Quantitative 
Real-time PCR (A-H). Data are representative of the relative expression of mRNA normalized by GAPDH. Data were presented as mean ± SEM. *P < .05, **P < .01 
and ***P < .001.



hUCMSCs improve recovery of intrauterine adhesions

12127 Int J Clin Exp Pathol 2016;9(11):12119-12129

The exact mechanism of how hUCMSCs pro-
mote endometrial regeneration is unknown. It 
is possible that compound action of hUCMSCs 
works. One study have described that some of 
male donor derived bone marrow cells were 
found to differentiate into epithelial cells in 
female recipients after bone marrow transplan-
tation [34]. However, Jing Z showed that rat 
BMSCs could only differentiate into endometri-
al stromal cells [35]. Our result of double stain-
ing of HN and CK showed that hUCMSCs did not 
differentiate to epithelial cells. Since hUCMSCs 
is a kind of mesenchymal cells which could 
express vimentin protein originally. It is hard to 
say hUCMSCs can differentiate into endometri-
al stromal cells in vivo. In addition, several stud-
ies have shown that paracrine effect of MSCs 
plays an important role in tissues repair. After 
recruited to the sites of injury, they can produce 
various anti-inflammatory cytokines and growth 
factors, indirectly supporting revascularization, 
protecting tissue from apoptosis, and appropri-
ately modulating inflammatory reaction [21, 
36-38]. Endometrial repair after injury is a com-
plex and dynamic process involving various 
cytokines. Many studies have shown that hUC-
MSCs possessed a paracrine capacity and 
could secret multiple cellular factors which are 
benefit to wound healing [36, 39]. Our present 
study confirmed that several fibrosis factors 
can be ameliorated and some regenerative fac-
tors evaluated significantly by injection of hUC-
MSCs. Based on these reports and our results, 
we thought direct replacement of injured tissue 
cells may not the major mechanism; hUCMSCs 
likely secreted a variety of factors that aid in 
endometrial repair and regeneration.

The limitations of our study can be the lack of 
hUCMSCs condition medium group and did not 
explain the exact mechanism. The observation 
time was not long enough. In addition, some 
problems remain to be elucidated before hUC-
MSCs could be utilized in clinical studies. The 
long term safety of hUCMSCs as a heterograft 
tissue, optimal and standard dosage, route of 
transplantation, the possible side effects are 
unclear yet.

In summary, the results suggested that hUC-
MSCs transplantation could significantly pro-
mote recovery of IUA rat. Taken together, the 
mechanism of action may be mediated by para-
crine effects of hUCMSCs rather than direct dif-
ferentiation. We hope these findings in the 
present study may shed some light into alloge-

neic hUCMSCs transplantation for their future 
clinical applications.
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