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Abstract

Background: Intrauterine adhesions (IUA) is a common endometrial disease, which is one of the causes
of infertility. Transplantation of stem cells may provide a viable solution for endometrial repair and
regeneration. We made a model of severe endometrial injury in rats, transplanted hUCMSCs, and studied
the effect of hUCMSCs on endometrial regeneration. Methods: Thirty-two female Sprague-Dawley rats
were randomly divided into four groups: normal group, injury control group, MSC1 group and MSC2
group. After 15 days of intervention and transplantation, histological analysis was performed and
cytokine messenger RNA expression was measured. Results: The HE staining results showed that the
endometrial tissue of the injury control group was significantly damaged, and the endometrial tissues of
the MSC1 group and the MSC2 group were improved. We did not detect the expression of keratin and
vimentin in the injury control group. However, there was the expression of keratin and vimentin in the
MSC1 group and the MSC2 group. The results of Real-time PCR showed that the expression levels of
tumor necrosis factor-a (TNF-a) mRNA in the normal group and MSC1 group was lower than that of the
injury control group (P<0.05).The expression levels of basic fibroblast growth factor (0FGF) mRNA in the
normal group and MSC2 group were higher than that of the injury control group (P<0.05). The expression
levels of interleukin-1B (IL-1B) mRNA in the normal group was lower than that of the control group
(P<0.05). Conclusions: Transplantation of hUCMSCs promoted the recovery of severe endometrial
damage in rats. These findings suggest the effect may be related to the mechanisms of homing and
paracrine secretion.

Background

Due to the influence of various social and environmental factors, the incidence of infertility is increasing,
and the application of assisted reproductive technology (ART)is becoming more and more widespread.
Although the current clinical pregnancy rate of in vitro fertilization (IVF) is 40-60%!" 2], even in some
successful centers, some couples still face the difficulty of repeated implant failure.Previous studies have
shown that one-third of embryonic failures are due to a reduction in endometrial receptivity [3l.
Endometrial receptivity refers to the capacity of the endometrium to accept embryos. Intrauterine
adhesions, also known as Asherman syndrome (AS), is one of the most common causes of decreased
endometrial receptivity after intrauterine surgery or inflammation. At present, most experts believe that
IUA should be defined as intrauterine adhesion or fibrosis, which is accompanied by one or more of the
following clinical symptoms: menstrual reduction, amenorrhea, repeated abortion, infertility and
abnormal placental formation. If there is no such symptom, it is called asymptomatic intrauterine
adhesion =5, There are three processes in the routine treatment of IUA: firstly, surgical adhesion is used
to separate adhesions and enable recovery of uterine cavity morphology. Secondly, intrauterine devices
and balloon stents, are placed in the uterus to prevent adhesion recurrence. Finally, normal menstruation
needs to be restored. IUA may also be caused by fibrosis, and poor capacity for uterine intima repair and
regeneration.
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The main medical treatment modalities for endometrial repair are as follows: (1) Estrogen administration:
Estrogen can increase the residual endometrium in the uterine cavity, while preventing the formation of
new lesions, thereby improving the uterine environment. (2) Administration of aspirin or sildenafil:
Weckstein [¢] suggested the use of low doses of aspirin. Sher [/ suggested that the use of sildenafil can
increase endometrial blood flow and intima thickness. (3) Integrated Chinese and Western medicine
treatment: Some Chinese medicine doctors believe that combined with traditional Chinese medicine,
acupuncture and other treatments can increase endometrial blood flow and improve endometrial
receptivity. (4) Stem cell therapy.

Currently utilized stem cell types in animal experiments and clinical trials include bone marrow
mesenchymal stem cells (BMSCs) [8-10] adipose-derived mesenchymal stem cells (ADSCs) [}, and
menstrual blood-derived stromal cells (menSCs) ['2, and human amniotic mesenchymal stromal cells
(hAMSCs) 131 The several aforementioned stem cells have been confirmed to have some efficacy on
endometrial regeneration in related experiments.

However, these aforementioned stem cells have various deficiencies such as invasive isolation and low
purity. Utilizing hUCMSCs may overcome these limitations, and these cells do not face the problem of
decreased differentiation potential with increasing patient age ['4l. Additionally, hUCMSCs are easily
isolated from a readily available medical waste product, have low risks of viral infection, and have high
proliferative potential within in vitro culture. These aspects are superior to invasively extracted bone
marrow mesenchymal stem cells. Mesenchymal stem cells(MSCs) derived from the umbilical cord can be
obtained from the amniotic membrane, cord lining, Wharton's jelly, and perivascular region!'®. HUCMSCs
have lower immunogenicity than bone marrow mesenchymal stem cells ['®l. Due to the biological
characteristics and immunological characteristics of hUCMSCs, an increasing number of research
studies have applied these cells to the treatment of various systemic diseases.

Our goals are to explore the pathological changes of endometrium in rats, elucidate the regeneration
effect of transplanted hUCMSC on severely damaged endometrium, study its possible mechanism of
action through changes in cytokine gene expression, and explore the treatment of severe people An
effective and feasible method for endometrial injury.

Methods

Animals

In this experiment, 32 SD rats, SPF grade, 8—9 weeks old, weighing 160—220 g, were provided by the
Animal Experimental Center of Shanghai University of Traditional Chinese Medicine. Animal were
maintained in cages (4/cage),at an ambient temperature of 26 °C, humidity of 50%-60%, 12 hours of light
and darkness daily, and given free access to food and drinking water. This experimental study was
carried out in accordance to the "Guidelines for the Protection and Application of Experimental Animals"
issued by the National Institute of Health in the United States. The use of laboratory animals strictly
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follow the corresponding regulations of the Animal Experimental Management Committee of the
Shanghai University of Traditional Chinese Medicine.

Culture of hUCMSCs

The hUCMSCs used in this experiment were obtained as a gift from from the Shandong Stem Cell Group.
After thawing the hUCMSCs, the cells were cultured in Dulbecco's modified Eagle's medium (DMEM,
GIBCO) medium containing 10% fetal bovine serum(FBS, GIBCO) ,in an incubator at 37°C, 5% CO, and
40%-60% saturated humidity. Thereafter, the culture medium was refreshed every 2—-3 days, until cells
formed a confluent monolayer. Serial passage of hUCMSCs was carried out with 0.25% (w/v) trypsin
(0.02% EDTA).

Flow Cytometry

hUMSCs were phenotypically characterized by flow Cytometry (BECKMAN COULTER). Briefly, the cells in

each tube (1.0 x 10°) were labelled with the following monoclonal antibodies: CD146, CD140, CD105,
CD29 and CD44. The results of flow cytometry were analysed by the FlowJo® software.

Rat Model of Severe Endometrial Damage

The model of severe endometrial injury in rats was made with reference to Jing [8l. Intrauterine perfusion
of absolute ethanol caused severe damage to the endometrium. Endometrial injury surgery is performed
under anesthesia. The operation of abdominal anesthesia is simple and safe. The anesthesia time can be
maintained for one hour. The choice of narcotic drugs is sodium pentobarbital, the dosage is small, and
the mortality from anaesthesia is low. On the morning of surgery day,rats were anesthetized with 3%
(w/v) pentobarbital sodium at a dose of 40 mg/kg. The lower abdomen was cut longitudinally and the
skin was layered into the abdominal cavity. The rat uterus is Y-shaped, and the arterial clip is clamped at
the right uterine horn and the right uterine cavity (the arterial clip is toothless, no damage to the uterus).
The needle (1 ml) is extended into the uterine cavity and 95% (v/v) absolute ethanol was injected into the
uterine cavity and maintained the filling state of the uterine cavity for 6 min. After 6 min, the ethanol in
the uterine cavity was aspirated. The left uterus is treated in the same way. After flushing the abdominal
cavity with 0.9% sodium chloride solution, the abdominal cavity and skin were sutured layer by layer.The
entire operation takes about 20—-25 minutes.After the operation, the rats were placed in an incubator to
maintain their body temperature. After waking up, they were returned to their cages and fed with high-
energy feed for 1 day and kept free to take water. On the day of surgery, 80,000 units of penicillin were
injected intramuscularly into each rat.

Transplantation of hUCMSCs

Thirty-two SD rats were randomly divided into 4 groups of 8 rats each: normal group(NG), injury control
group (ICG), MSC1 group (MG1) and MSC2 group (MG2) (Fig. 1). The normal group did not undergo any
treatment. In the ICG, a severe model of rat endometrial damage was established by the above method. In
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the MG1, under isoflurane inhalation anesthesia,the hUCMSCs were injected into the tail vein within 24
hours after the model was established (1 x 107 cells ). In the MG2 within 24 hours after the model was
established each rat was treated in the same way as the MG1.Then, on the 7th day after the model was
established, rats in MG2 were again subjected to laparotomy under abdominal anesthesia. During the
operation, hUCMSCs were injected into the uterine cavity with a 1 ml syringe (1 x 107 cells per side of the
uterine cavity). On the 15th day after modeling, 32 rats were sacrificed by cervical dislocation.

Hematoxylin-Eosin Staining

Rat uterus were fixed in 4% (w/v) formaldehyde, and these uterus were cut into tissue sections with a
thickness of about 4 mm. The cut surface was a cross section and were placed vertically in an
embedding cassette. The water in the tissue block was removed with an alcohol gradient at a
concentration of 50%—70%—80%—90% —95%. Then, the tissue block was placed in the clearing agent
xylene |, Il for 2 h, followed by dissolved paraffin, and then in an embedded wax block, prior to being cut
into thin slices (thickness, 4 pm), and subjected to the process of Hematoxylin-Eosin Staining.

Immunohistochemistry

The sections were immersed in xylene to remove paraffin from the sections, and then rehydrated by
immersion in high concentration to low concentration alcohol. For antigen retrieval, the sample was
immersed in citrate buffer (0.01M, pH 6.0), boiled for 10 min, and naturally cooled. After rinsing 3 times
with PBS for 2 minutes each time, the samples were incubated with primary antibody at room
temperature for 60 minutes, and rinsed 3 times with PBS for 2 minutes each time. Then the samples were
incubated with detection reagent (Beijing Jingiao Biological) at room temperature for 30 minutes, rinse
again with PBS for 3 times, and color was developed vy exposure to horseradish peroxidase (DAB,
Shanghai Shenggong Biological Company) for 5-10 minutes, followed by counterstaining with
hematoxylin, dehydration, and sealing with neutral resin.

Real-time PCR (g-PCR)

RNA was extracted from excised uterines using the RNAiso Plus kit (BID-RAD) according to the
manufacturer’s instructions. As previously described, cDNA was prepared and amplified by SYBR Green-
based relative quantification PCR using the ABI StepOne machine. We processed one excised uterine
sample at a time, utilizing GAPDH as an internal reference. Results of the g-PCR showed that the relative

variation of gene expression between groups, which was analyzed by the 2722CT method. Data was
computed from three different experiments. The primer sequences used in this study are as follows:

Primers are designed using Primer 5.0 software(Shanghai Biosynthesis).
TNF-a:

Forward primer 5-CCTCTTCTCATTCCTGCTCGT-3'
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Reverse Primer 5-GGCCATGGAACTGATGAGAGG-3'
bFGF:

Forward primer 5-CCCACACGTCAAACTACAGCTC-3
Reverse Primer 5-TAACACACTTAGAAGCCAGCAG-3'
IL-1:

Forward primer 5-AATGCCTCGTGCTGTCTGACC-3’
Reverse Primer 5-GCCACAGGGATTTTGTCGTT-3’
IL-6:

Forward primer 5-CAGCCAGTTGCCTTCTTGGGA-3’
Reverse Primer 5-TGCACAACTCTTTTCTCATTTCCA-3'
GAPDH:

Forward primer 5-ACCACAGTCCATGCCATCAC-3'
Reverse Primer 5-TCCACCACCCTGTTGCTGTA-3'
Data Analysis

The uterus of all 32 rats were subjected to Hematoxylin-Eosin staining and endometrial cell marker
protein expression analysis.Seven samples from NG(7/8), eight samples from ICG (8/8), seven samples
from MG1 (7/8), and eight samples from MG2 (8/8). Two samples were abandoned due to specimen
preservation issues.A total of 30 samples were analyzed by g-PCR. All data was statistically processed
using the SPSS 21.0 software package. One-way ANOVA was applied by comparing multiple sets of
samples. P < 0.05 was considered statistically significant.

Results

Culture passage of hUCMSCs

After resuscitation, hUCMSCs were oval; after the cells were cultured for 48 hours, the cells began to grow
adherently; after 5 days of cell culture, the cells adhered to the wall and were basically covered with
medium (Fig. 2).

After cell thawing, hUCMSCs were round in shape (A); after 48 hours of culture in the medium, the cells
adhered and began to grow (B); after 5 days of cell culture, the cells formed an almost confluent layer (C).

Characterization of hUCMSCs
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Results of flow cytometry showed that the expression levels levels of CD140, CD105, CD29 and CD44
were 96%,93.7%, 97.3% and 97% respectively (Fig. 3). The expression levels of these marker genes were
the same as those reported by previous MSC-related research. Therefore, our cultured hUCMSCs are
considered to have high purity. Within in vitro culture, hUCMSCs maintained the characteristic
morphological phenotype of MSCs (Fig. 2).

Flow cytometry showed that the expression levels of CD140 was 96%, the expression levels of CD105
was 93.7%, the expression levels of CD29 was 97.3%, and the expression levels of CD44 was 97% in
hUCMSCs.

Rat Endometrial Hematoxylin-Eosin Staining

In the normal group (NG), the endometrial epithelium was cubic columnar in morpology, and the intima
was wrinkled. The endometrial glands and interstitium can be observed under the epithelium. In the injury
control group (ICG), the uterine cavity was closed. There was no endometrial epithelium, glandular and
endometrial stroma, but fibrovascular proliferation, and some scattered inflammatory cells were
observed. In the MSC1 Group (MG1), epithelial cells can be observed in the uterine cavity, and the folds
were reduced. The endometrial stromal cells, individual glands and scattered inflammatory cells can be
observed. In the MSC2 group (MG2), the endometrial epithelium was cubic columnar in morphology, the
intima was wrinkled, and the endometrial glands and interstitiaum can be observed under the epithelium.
A small number of scattered inflammatory cells were seen in the interstitium(Figure 4).

NG: The endometrial epithelium was cubic columnar in morphology and the intima was wrinkled. ICG:
Endometrial injury, closed uterine cavity, no endometrial epithelium, glands and endometrial stroma. MG1:
epithelial cells were seen in the uterine cavity, wrinkles decreased, endometrial cells and individual glands
observed, regeneration of endometrial damage observed. MG2: Endometrial morphology and he normal
group was similar and the endometrial damage was repaired significantly.

Rat endometrial cell marker protein expression

Keratin (CK) is expressed in epithelial cells to maintain the integrity and continuity of epithelial tissue. CK
was confirmed to be expressed in the epithelial cells, as shown by immunohistochemical staining of the
endometrium. Vimentin is expressed in various cell types such as mesenchymal cells, vascular
endothelial cells, and smooth muscle cells. In this study, CK immunohistochemical staining was used to
observe endometrial and glandular epithelial cells; while Vimentin immunohistochemical staining was
used to observe endometrial stromal cells.

The results of CK immunohistochemical staining were as follows: In the normal group, there were a large
number of brown-yellow granules in the endometrial epithelium and glandular epithelium, and CK was
positively expressed (Fig. 5SNG-A); There were no endometrial epithelium and glands in the injury group,
and CK was negatively expressed (Fig. 5ICG-A); In the MG1 group, a small amount of brown particles
were observed within the uterus in the endometrial epithelium, and CK was weakly expressed (Fig. 5SMG1-
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A). In the MG2 group, a small amount of brown-yellow particles were observed in the columnar epithelium
of the endometrium, and CK was weakly expressed (Fig. 5SMG2-A).

The results of Vimentin immunohistochemical staining were as follows: In the NG group (Fig. 5NG-B), the
dark brown particles within the endometrial stroma of the endometrial epithelium were densely
distributed. In the ICG group (Fig. 5ICG-B), the uterine cavity was closed, and the scattered brown particles
were distributed in the endometrial stroma, with interstitial edema being observed. In the MG1 group

(Fig. 5SMG1-B), the brown particles in the endometrial stroma were evenly distributed under the
endometrial epithelium. The distribution density of brown particles was thinner than that in the NG group
(Fig. 5NG-B). In the MG2 group (Fig. 5MG2-B), the endometrial epithelium and glandular epithelium were
deep within the endometrial stroma. The brown particles are similarly distributed and the image is similar
to the NG group (Fig. 5NG-B).

The expression levels of bFGF, TNF-q, IL-6 and IL-1B genes in the rat endometrium

The expression levels of bFGF mRNA was lowest in the ICG, which was different from the NG (P < 0.05).
The expression levels of bFGF mRNA in the MG1 was higher than that of the ICG, but there was no
statistically significant difference between the MG1 and ICG (P >0.05). There were no significant
differences between the MG1, MG2 and NG(P >0.05). The expression levels of TNF-amRNA was highest
in the ICG, which was different from the NG (P < 0.05). The expression levels of the MG1 was lower than
that of the ICG (P < 0.05), and the expression levels of the MG2 was lower than that of the ICG (P<0.01).
A significant difference was not found between the three groups of NG, MG1 and MG2 (P >0.05). The
expression levels of IL-6 mMRNA in the NG was the highest, and there were no statistically significant
differences between the four groups (P > 0.05). The expression levels of IL-18 mRNA in the ICG was the
highest, its expression levels was significantly different from NG (P < 0.05). The expression levels of the
MG1 and MG2 were lower than that of the ICG, but there was no statistically significant difference
between these groups (P >0.05)(Figure 6).

The results of bFGF mRNA expression: the expression levels of the normal group and the MSC2 group
was higher than that of the control group (P < 0.05). The result of TNF-a mRNA expression: Expression
levels of the normal group and MSC1 group was significantly lower than that of the control group (P <
0.05); while the expression levels of the MSC2 group was significantly lower than that of the control
group as well (P<0.01). The results of IL-emRNA expression: No significant differences were found
amongst the four groups (P >0.05). The results of IL-18 mRNA expression: Expression levels of the
normal group was lower than that of the control group (P <0.05).

Discussion

Stem cell therapy is becoming a new and effective therapeutic modality for endometrial repair and
regeneration, with extensive research and clinical trials. MSCs are a subpopulation of adult stem cell that
have multi-lineage differentiation potential, low immunogenicity and certain immune-regulatory functions
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[19]. MSCs express marker genes of CD105, CD73, CD44, CD166, CD54, CD102, CD49, but do not express
the marker gene of CD14, CD34, CD45, CD11a and HLA-DR, and lack expression of the defining markers
of red blood cells, platelets and endothelial cells such as CD31 [20-21] Duye to the low expression of major
histocompatibility complex (MHC) | molecules and lack of MHC Il molecule expression by MSCs,
cytotoxic T lymphocytes and natural killer cells are unable to recognize and destroy allogeneic MSCs 122
23 |n this study, hUCMSCs highly express the marker genes of CD140, CD29, CD44 and CD105, which are
consistent with MSCs characterization markers. The low immunogenicity of hUCMSCs is the major
advantage of its utilization in allogeneic transplantation. This makes it possible to achieve allogeneic
transplantation without using immunosuppressive drugs, which is one of the theoretical basis of this
study.

The severe endometrial damage model was established as described by a previous study ['%. The
principle mode of action is cellular dehydration and protein coagulation. The arterial clip was placed at
the uterine horn and uterus bifurcation to prevent the overflow of absolute ethanol. After 6 minutes of
treatment time, the ethanol in the uterine cavity was aspirated, but the uterine cavity was not washed, so
that severe damage to the endometrium can be inflicted.

HUCMSCs are derived from medical waste from a wide range of sources, are conveniently and non-
invasively isolated, and there is no ethical controversy over its procurement, so it is a suitable source for
stem cell therapy. Ding 124! transplanted umbilical cord mesenchymal stem cells cultured in vitro into the
infracted brains of rats. The results showed that umbilical cord mesenchymal stem cells exerted a
positive neuroregenerative effect on the cerebral infarction area. Ryu 25! found that there were no
significant differences in the therepautic efficacy of MSCs from different sources in the treatment of
spinal cord injury in dogs. However, hUCMSCs are more potent in inducing nerve regeneration than MSCs
from other sources and also exhibit higher anti-inflammatory activity.

In this experiment, the main experimental indicators were Hematoxylin-Eosin staining of rat endometrium
and marker protein expression of endometrial cells, and to understand the repair effect of hUCMSCs
transplantation on severe endometrial injury. The secondary experimental indicator was g-PCR analysis
of endometrial cytokines to understand the possible mechanism of action of stem cells.

After establishing a model of severe endometrial injury, hUCMSCs were administered by tail vein injection,
or tail vein injection combined with intrauterine infusion. The rat uterus was harvested 15 days after
injury. The HE staining results of the MG1 and MG2 were compared with the HE staining results of the
ICG. The presence of the uterine cavity was observed, and the endometrial epithelium and gland were
also observed. Compared with MG1, MG2 clearly observed the morphology of the endometrial epithelium,
increased the number of wrinkles, and increased the number of glands. The immunohistochemical
staining results showed that there was negative expression of CK protein in the control group, weak
expression of CK protein in the MG1, and positive expression of CK protein in the MG2. The distribution of
vimentin in the injured control group was loose and scattered, while the distribution of vimentin in the
MG1 was evener than that of the control group. However, the expression in the MG1 was lower than that

Page 9/17



of the normal group, and the vimentin in the MG2 were densely distributed under the endometrial
epithelium, which was similar to the normal group. Therefore, our results demonstrated that hUCMSCs
can promote the repair of severe endometrial damage in rats, and the effect of intravenous injection
combined with local application in the uterine cavity is better than intravenous injection.

The mechanism of action of MSC in tissue regeneration has not been clarified. It is currently believed that
the relevant mechanisms of action include homing differentiation, paracrine function, and
immunomodulatory effects. Most researchers believe that stem cell homing is similar to leukocyte
migration behavior and is a multi-step, multi-factor coordinated process involving many cytokines,
receptors, adhesion factors and extracellular matrix-degrading proteases 261 The stromal cell-derived
factor-1 (SDF-1)/CXC chemokine receptor 4 (CXCR-4) axis is an important biological axis that promotes
homing of mesenchymal stem cells to injured tissues [27). Inflammation, tissue ischemia, liver drug
damage, and damage to the body with chemotherapy drugs, as well as pro-inflammatory factors such as
TNF-a or IL-1, may cause an increase in SDF-1 expression. The model of severe endometrial injury
induced by intrauterine infusion of absolute ethanol was utilized. The expression levels of IL-1Band TNF-
amRNA in ICG was higher than that in NG, which may induce hUCMSCs to home into the inflammation
and repair the tissue.

The paracrine effects of MSCs help restore injured tissues through various mechanisms, including the
production of antioxidants such as catalase, glutathione peroxidase and manganese superoxide
dismutase, which can reduce the presence of destructive anaerobic free radicals in ischemic tissue [28]
MSCs are a rich source of growth factors such as bFGF, vascular endotjelial growth factor (VEGF),
hepatocyte growth factor and insulin-like growth factor-1, which promote angiogenesis, inhibit apoptosis
and stimulate cell proliferation 291, Tog 3% intravenously injected BMSCs into an acute renal failure
model induced by ischemia-reperfusion in rat kidney. After 24 h, proinflammatory cytokines IL-1B3 and
TNF-a were significantly decreased. Anti-inflammatory cytokines IL-10 and bFGF were Up-regulated.Above
changes suggested that the role of MSCs in improving renal function at the early stages of acute renal
failure may be related to paracrine effects. The expression levels of TNF-ain MG1 and MG2 group was
decreased compared with the ICG group, and there was no significant difference in the expression levels
of IL-1B and IL-6 between the MG1 and MG2. The expression levels of bFGF in the MG2 was higher than
that in the ICG. These results suggested that the paracrine effect of hUCMSCs may also play a significant
role in endometrial repair.

Conclusions

In summary, our study demonstrated that transplantation of hUCMSCs promoted the repair of severe
endometrial damage in rats, and that the effect of venous combined intrauterine transplantation was
better than that of simple vein grafting. The homing and paracrine mechanisms are potentially involved
in the endometrial repair process. The molecular mechanisms underlying this process are still not well
understood. Future studies are required to further understand the potential impact on the fertility of rats.
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hUCMSCs : human umbilical cord mesenchymal stem cells
IL-6 : interleukin-6

IL-1PB : interleukin-13

TNF-a : tumor necrosis factor-a

bFGF : basic fibroblast growth factor

ART : assisted reproductive technology

IVF : in vitro fertilization

RIF : repeated implantation failure

IUA : intrauterine adhesions

AS : Asherman syndrom

BMSCs : bone marrow mesenchymal stem cells
ADSCs : adipose-derived mesenchymal stem cells
menSCs : menstrual blood-derived stromal cells

hAMSCs : human amniotic mesenchymal stromal cells
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Figure 1

Transplantation of hUMSCs
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Figure 2

The morphology of hUCMSCs
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Figure 3

Expression levels of CD140, CD105, CD29 and CD44 in hUCMSCs
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Figure 4

The results of rat endometrial Hematoxylin-Eosin Staining NG: The endometrial epithelium was cubic
columnar in morphology and the intima was wrinkled. ICG: Endometrial injury, closed uterine cavity, no
endometrial epithelium, glands and endometrial stroma. MG1: epithelial cells were seen in the uterine
cavity, wrinkles decreased, endometrial cells and individual glands observed, regeneration of endometrial
damage observed. MG2: Endometrial morphology and he normal group was similar and the endometrial
damage was repaired S|gn|ﬁcantly
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Figure 5

Panel A shows immunohistochemical staining of CK in each group, and panel B shows
immunohistochemical staining of Vimentin in each group.
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Figure 6

Figure 6: The expression levels of bFGF, TNF-q, IL-6 and IL-13 genes in the rat endometrium
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