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Background and Objectives: Bone marrow mesenchymal stem cells (BMSCs) is an ideal source of stem cells in the 
treatment of intrauterine adhesion. Exosomes are a type of membrane vesicle and the diameter is 30∼100 nm. 
Exosomes can take their contents into the target cells, releasing and exerting their functions. In this study, we intend 
to study the role of human BMSC-derived exosomes (BMSC-Exo) in promoting endometrial damage repair in the treat-
ment of IUA.
Methods: We used the magnetic bead affinity method to extract BMSC-Exo and analyzed its biological character. Then 
we co-cultured the BMSCs-Exo with endometrial cells to detect its effect. We injected BMSCs-Exo into the IUA mouse 
model. We over-expressed miR-29a in BMSCs-Exo by transient transfection, then used RT-PCR to analyze the ex-
pression of the related genes.
Results: BMSCs-Exo expressed exosome-specific proteins CD9, CD63, and CD81. BMSCs-Exo could bring the contents 
into the target cells. BMSCs-Exo can promote endometrial repair in vitro or in vivo. BMSCs-Exo overexpressing miR-29a 
can reduce αSMA, Collagen I, SMAD2, and SMAD3.
Conclusions: In this study, we successfully isolated BMSCs-Exo and proved its character and biological activity. 
BMSCs-Exo can promote cell proliferation and cell migration in vitro and can repair damaged endometrium in the 
IUA model. The presence of miR-29a in BMSCs-Exo may be an important factor in its resistance to fibrosis during 
endometrial repair of IUA. This study provides new ideas for the treatment of patients with IUA and has important 
clinical research significance.
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Introduction 

  Intrauterine adhesion (IUA) also known as Asherman 
syndrome, is caused by fibrosis of the endometrium. The 
uterine cavity of the patient is partially or completely oc-
cluded, which subsequently causes oligomenorrhea, ame-
norrhea, and insufficiency pregnancy or recurrent mis-
carriage (1, 2). With the increase of uterine invasive proce-
dures such as abortion and various reproductive tract in-
fections, especially the induced abortion has been increas-
ing, the incidence of IUA has also gradually increased (3). 
This severely affects women’s reproductive function. The 
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researchers have done a lot of studies on the pathogenesis 
of IUA and believe that endometrial repair disorders may 
be the main mechanism of IUA formation (4-6). There are 
some problems in the treatment of IUA, especially in pa-
tients with a severe or extensive endometrial injury. The 
treatment is still difficult to solve the problem of endo-
metrial regeneration (7). Therefore, it is of great signifi-
cance to explore new and effective treatments, restore the 
normal tissue structure and function of the endometrium, 
and improve the uterine fertility function of patients with 
IUA.
  In recent years, with the deepening of the under-
standing of stem cells, the use of hysteroscopic surgery 
combined with stem cells to treat IUA has become a new 
therapeutic way. Stem cells are a class of undifferentiated 
cells with self-replication ability and multi-directional dif-
ferentiation potential. This characteristic makes them em-
body important values in experimental research and clin-
ical treatment applications (8-10). Bone marrow mesen-
chymal stem cells (BMSCs) are a type of adult stem cells 
with multi-directional differentiation potential. It is an 
ideal source of stem cells in tissue engineering (11). 
BMSCs are also currently used in the treatment of IUA 
(12, 13). Although BMSCs have some effect on the treat-
ment of IUA, there are some problems such as immune 
rejection, cell stability, and ethical issues. Also, the mech-
anism by which transplanted BMSCs promote endometrial 
regeneration remains unclear. Therefore, it is necessary to 
find a new way to solve the problems in the clinical treat-
ment of stem cells.
  Recently, more and more researchers have discovered 
that intercellular communication is a way of transmitting 
information between cells (14, 15). Exosomes are a type 
of membrane vesicle and the diameter is 30∼100 nm. 
When exosomes are transported to the target cell, they 
fuse with the target cell’s plasma membrane or are endocy-
tosed into the cell, releasing their contents and exerting 
their functions (16). Exosomes are mainly composed of 
proteins, lipids, mRNA, and miRNA. Exosomes derived 
from different types of cells have different proteins, in-
cluding common proteins and cell-specific proteins 
(17-19). Among the biomolecules carried by exosomes, mi-
cro non-coding RNAs (miRNAs) have received widespread 
attention for their important role in regulating gene 
expression. Therefore, we infer that BMSCs-derived exo-
somes contain BMSCs-specific proteins, mRNAs, and 
miRNAs. This enables exosomes to perform functions sim-
ilar to BMSCs. 
  In view of this, we intend to study the role of human 
bone marrow mesenchymal stem cell-derived exosomes in 

promoting endometrial damage repair in the treatment of 
IUA. This may provide new methods for endometrial re-
pair in patients with intrauterine adhesion.

Materials and Methods

Ethics statement
  This study was approved by the Affiliated Changzhou 
Maternal and Child Health Care Hospital of Nanjing 
Medical University research ethics committee (No. 
2018023). The protocols, including all relevant details, 
were carried out in compliance with the institutional and 
national guidelines. 

Isolation, culture, and characterization of BMSCs
  Human bone marrow was collected from 3 donors by 
puncturing. Then diluted the bone marrow with equiv-
alent saline. The diluted bone marrow was added gently 
on the top of equivalent Ficoll (Sigma-Aldrich, USA), cen-
trifuged the mixture at 2,000 rpm for 30 mins, then ex-
tracted the interface layer and washed by saline for 3 
times. Cells were inoculated in a dish at a density of 
1×106. Human BMSCs were cultured by adherent culture. 
The medium was BMSCs culture medium: containing 
10% fetal bovine serum (Gibco, USA), 2 mmol/L L-gluta-
mine (Gibco, USA), 0.1 U/L penicillin (Gibco, USA), and 
0.1 μg/L Streptomyces (Gibco, USA) in the low-glucose 
DMED medium (Gibco, USA). BMSCs were cultured at 
37℃ and 5% CO2. After the primary BMSCs are adhered 
to for 3 days, remove the non-adherent cells by rinse the 
culture flask with PBS, then add the complete BMSCs cul-
ture medium, and change the medium every 1∼2 days. 
The morphological characteristics of BMSCs were ob-
served under the microscope. 

Flow cytometry analysis
  To characterize the BMSCs, 3rd passage cells were tryp-
sinized and re-suspended in phosphate-buffered saline 
(PBS), with 1% bovine serum albumin (BSA). The cells 
were incubated at 4℃ for 1 h with primary antibodies 
against CD29, CD44, CD73, HLA-DR (eBioscience, San 
Diego, CA); CD90, CD105, and CD45 (Biolegend, San 
Diego, CA); CD34 (BD Pharmingen, San Diego, CA). 
Proper isotype antibodies were used as control. Cells were 
then washed twice with PBS containing 1% FBS and re-
suspended in 0.5 ml PBS. Quantitative flow cytometry 
analysis was performed using a FACScan flow cytometer 
(Beckman Coulter, CA).
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Exosome derived from BMSCs
  We used a magnetic bead affinity method to extract 
exosomes. After removing the medium, the BMSCs cells 
were rinsed 3 times with PBS to completely remove the 
serum components from the medium. It was then cultured 
overnight in low-glucose DMEM medium without serum, 
and the supernatant was collected. The obtained super-
natant was centrifuged at 2,000 g for 20 min to removed 
cell debris. Subsequently, the obtained cell-free super-
natant was concentrated using a Millipore ultrafiltration 
tube 100K, and the supernatant was concentrated to less 
than 1 ml to obtain exosomes more efficiently. Then we 
used MagCaptureTM Exosome Isolation Kit PS (FUJIFIL 
M Wako, Japan) to isolate exosomes according to the man-
ufacturer’s instructions. We stored the exosome at −80℃  
for further use.

Definition of exosome concentration in this study
  In order to use the exosomes more conveniently, we de-
signed exosomes from cells in a 10cm diameter dish as 
one unit. According to the detection in Fig. 2B, we have 
known the concentration of one-unit exosomes was 4.1E＋
9 Particles/ml, then we can figure out the concentration 
of exosomes used in other tests. If there are no special in-
structions, the concentration of exosomes used in the test 
was one-unit in this study. 

Western blot characterization of exosome
  We added 5×loading buffer (Thermo Scientific, UK) 
into the samples, and cooked at 95℃ for 5 min. Then we 
added the samples into the SDS-PAGE gel (Bio-Rad, 
USA), performed 1.5h electrophoresis at 150V constant 
pressure. After the electrophoresis, we transferred the gel 
to the nitrocellulose membrane (Bio-Rad, USA). We in-
cubated the membrane with CD9 (Abcam, USA), CD63 
(Abcam, USA) and CD81 (Abcam, USA) antibodies at 
4℃ overnight. Then incubate the membrane with horse-
radish peroxidase-labeled goat anti-rabbit secondary anti-
bodies (Abcam, USA) for 30 min at room temperature. We 
used the chemiluminescence reagent as a substrate and 
imaging.

Exosome activity test
  We used PKH26 dye (Sigma-Aldrich, USA) to interact 
with exosomes. According to the kit instructions, we took 
100 μl of BMSCs-Exo suspension and resuspend in 
Diluent C solution. We added another 1 μl of PKH26 
dye to 250 μl Diluent C solution, and quickly mix. After 
5 minutes of incubation at room temperature, an equal 
volume of fetal calf serum was added to stop the reaction. 

We rinsed twice with low glucose DMEM medium 
(100,000 g, 2 h), and then added cell basal medium to 
resuspend. We took fibroblasts with good growth status, 
added PKH26-labeled exosomes during the culture proc-
ess, and observed the effects at different time points under 
a microscope.

Exosome co-culture with endometrial epithelial cells
  We isolated endometrial epithelial cells from 8 weeks 
old estrous female ICR mouse. Endometrial epithelial 
cells in good growth conditions were used to co-culture 
with exosomes. We digested the cells with 0.25% trypsin 
and added a complete culture solution to make a cell 
suspension. Then we adjusted the cell density after count-
ing, inoculated 1×104/ml into 96-well plates, 100 μl/ 
wells. BMSCs-derived exosomes were added into the cells. 
After the exosomes and cells had fully functioned, the cell 
growth curve was drawn using the CCK-8 method with 
time as the abscissa and the absorbance values (OD val-
ues) at different time points as the ordinate.

Establishment of a mouse model of intrauterine 
adhesion
  We used 8 weeks old estrous female ICR mouse to do 
the surgery. We anesthetized mouse with an intraperito-
neal injection of 5% chloral hydrate. The dosage of chloral 
hydrate was 0.1 ml/10 g. After anesthesia, the mouse’s ab-
dominal cavity was opened through a median incision in 
the lower abdomen, and the “Y-shaped” mouse uterus was 
found behind the bladder. The right uterus was selected 
as the treatment side and the left uterus was used as the 
self-control. We used two vascular clamps respectively 
clamp the upper right uterine horn and lower Y-shaped 
uterine bifurcation. Then we used a 1 ml syringe to insert 
the uterine cavity and injected 0.1 ml of ethanol. According 
to the grouping requirements, they will stay in the uterine 
cavity for 10 s. When the time was up, the ethanol was 
drawn out. Finally, we loosened the vascular clip, flushed 
the abdominal cavity with saline, and closed the abdomen 
layer by layer. 
  For exosomes treatment, the surgery was done as de-
scribed above. One-unit exosomes were injected into the 
uterine cavity for each mouse.

Histological analysis
  The damaged uterus were collected and fixed with 4% 
concentration of paraformaldehyde overnight. The tissues 
were dehydrated in stratified alcohols and then embedded 
in paraffin. The samples were sliced consecutively into 
sections with 5um thickness and normally stained with 
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Table 1. Primer sequence in this study

Genes Forward primer sequence Reverse primer sequence

αSMA ACTGAGCGTGGCTATTCCTCCGTT GCAGTGGCCATCTCATTTTCA
Collagen I GAGCGGTAACAAGGGTGAGC CTTCCCCATTAGGGCCTCTC
SMAD2 CCGACACACCGAGATCCTAAC GAGGTGGCGTTTCTGGAATATAA
SMAD3 CCATCTCCTACTACGAGCTGAA CACTGCTGCATTCCTGTTGAC
GAPDH TGTGGGCATCAATGGATTTGG ACACCATGTATTCCGGGTCAAT

hematoxylin and eosin (HE). The sections were observed 
under a light microscope.

RNA isolation and RT-PCR
  Total RNA was isolated using the RNeasy Mini Kit 
(Qiagen, UK) following the manufacturer’s protocol. The 
quality and quantity of RNA were checked on a NanoDrop 
spectrophotometer (Thermo Scientific, UK). A total of 1 
μg RNA was reverse transcribed into cDNA. RT-PCR 
was performed by using SYBR Green PCR reagent 
(Thermo Scientific, UK). GAPDH was used as an internal 
reference. Normalization and fold changes were calculated 
using the comparative CT (2−Ct) method. The average 
values were obtained from three individual experiments. 
The primer sequences are shown in Table 1.

Overexpression of miR-29a on BMSCs
  In this study, we used the transfection reagent Fugene 
HD (Promega, USA) to transiently transfect miR-29a on 
BMSCs. The miR-29a was designed and composited by 
the company. We made the Fugene HD-miR-29a complex 
according to the manufacturer’s instruction. The complex 
was added to the BMSCs. We collected the supernatant 
after culturing 48 h and then extracted the exosomes. 

Exosomal miRNA extraction
  The exosome miRNA was isolated via the ultra-
centrifugation method as reported in the previous study 
(20). We collected the BMSCs-Exo from the conditioned 
medium according to the procedure mentioned above. 
Thereafter, RT-PCR was performed as described above for 
the miR-29a level.

Statistical analysis
  Statistical analysis was performed with GraphPad 
Software (San Diego, CA). Analysis of variance followed 
by Student’s t-test was applied to determine the sig-
nificant differences between groups. p＜0.05 were consid-
ered as statistically significant. All data were presented as 
the mean±SD.

Results

Identification of BMSCs
  BMSCs were able to grow adhering to the wall, and cells 
are fusiform or irregularly distributed. After 3 days of cul-
tured, the number of cells gradually increased and ar-
ranged closely. After 6 days of cultured, the growth of the 
cells can cover 80% of the entire culture flask (Fig. 1A). 
  To detect the proliferation capacity of BMSCs after cul-
tured in vitro, we took the third-generation and fifth-gen-
eration cells in a good growth state, digest with 0.25% 
trypsin and add complete culture solution to make a cell 
suspension, adjust the cell density after counting, and in-
oculate 1×104 /ml in 96-well plates. The cell growth curve 
was drawn using the CCK-8 method. It can be seen from 
the growth curve that the cells began to enter the loga-
rithmic growth phase on the second day after inoculation, 
and reached the plateau phase on the sixth day, the cells 
appeared growth inhibition after the eighth day. The pro-
liferative capacity of the 5th passage cells is significantly 
lower than that of the 3rd passage cells (Fig. 1B). So, we 
used the 3rd generation cells for subsequent experiments.
  Next, we examined the expression of molecules on the 
surface of BMSCs by flow cytometry. The results showed 
that BMSCs expressed mesenchymal cell surface markers 
CD29, CD44, CD73, CD90, and CD105, did not express 
MHC-II molecules HLA-DR, and did not express hema-
topoietic stem cell markers CD34, CD45 (Fig. 1C). This 
is consistent with the previous report (9).

Isolation and identification of BMSCs derived 
exosomes
  We used magnetic beads and phosphatidylserine (PS) 
binding protein (PS affinity method) to extract exosomes 
derived from BMSCs (BMSCs-Exo). The BMSCs-Exo were 
collected and observed by transmission electron micro-
scopy. As shown in the Fig. 2A, BMSCs-Exo showed a 
clear saucer-like shape under the observation of the trans-
mission electron microscope. Next, the obtained exosomes 
were tested for particle size. From the Fig. 2B, we can see 
that the particle size of the obtained exosomes is about 
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Fig. 1. Culture and identification of 
BMSCs. (A) Cellular morphology of 
BMSCs, Scale bar: 40 μm. (B) 
Growth curve of 3rd BMSCs and 5th 
BMSCs. (C) Expression of surface an-
tigens was carried out by flow cy-
tometry using CD29, CD44, CD73, 
CD90, CD105, HLA-DR, CD34, and 
CD45.

Fig. 2. Identification of BMSCs derived exosomes. (A) Transmission electron microscopy analysis of BMSCs-Exo, Scale bar: 100 μm. (B) 
Particle size analysis of BMSCs-Exo. (C) Western blot analysis of exosome-specific proteins CD9, CD63, and CD81 in BMSCs-Exo. (D) 
Immunofluorescent staining analysis to detect labeled exosomes biological activity.

170 nm and the concentration is 4.1E＋9 Particles/ml. 
Subsequently, we used western blot to detect the expre-
ssion of exosome-specific proteins CD9, CD63, and CD81 
(Fig. 2C).
  To test whether the obtained exosomes have biological 
activity, we labeled the exosomes with PKH26 dye, added 
the labeled exosomes to fibroblasts, and observed the sit-
uation of exosomes entering cells at different times. The 
results showed that over time, the labeled exosomes gradu-

ally entered the cells (Fig. 2D). This indicated that the 
obtained exosomes had biological activity and could bring 
the contents into the target cells to play a role.

BMSCs-Exo can promote endometrial repair in vitro 
and in vivo
  To prove the functionality of BMSCs-Exo, we co-cul-
tured the one-unit BMSCs-Exo with endometrial cells for 
5 days, then used CCK8 to measure the OD value of the 
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Fig. 3. BMSCs-Exo promotes endo-
metrial repair in vitro or in vivo. (A) 
Growth curve of endometrial cells 
co-cultured with BMSCs-Exo. (B) 
BMSCs-Exo promoted cell migration 
by scratch test. (C) HE staining anal-
ysis to detect the ability of BMSCs- 
Exo to repair endometrial damage in 
vivo, Scale bar: 100 μm. (D) The 
number of endometrial glands.

Fig. 4. The nucleic acid component present in BMSCs-Exo can play 
a role in inhibiting the formation of fibroblasts. (A) Gel electro-
phoresis of BMSCs-Exo after lysed by proteinase K or RNase A. (B) 
Silver nitrate staining of BMSCs-Exo after lysed by proteinase K or 
RNase A. (C) The expression of fibroblast formation related gene 
(α-SMA, Collagen I) in TGFβ-induced fibroblasts models, which 
treated by BMSCs-Exo, RNAse-BMSCs-Exo, PROnase-BMSCs-Exo, 
and PBS.

cells that acted at different time points. From Fig. 3A, we 
can see that with the increase of culture time, cells pro-
liferation gradually slows down and enters the plateau 
phase. The experimental group added BMSCs-Exo had a 
faster proliferation rate than the control group. These re-
sults suggest that BMSCs-Exo can promote the pro-
liferation of endometrial cells.
  To test whether the obtained BMSCs-Exo could pro-
mote migration, we used a scratch test to verify. When 
mouse endometrial epithelial cells were overgrown in the 
6 well plate, we used the pipette to make a straight scratch 
on the plate. Then we co-cultured cells with BMSCs-Exo 
and observed the cell growth of the scratch for 2 days and 
5 days. From Fig. 3B, we can see that the experimental 
group added with BMSCs-Exo was significantly smaller in 
the width of the scratch than the control group. The 
scratches had healed in the BMSCs-Exo group by 5th day. 
These results suggest that BMSCs-Exo can promote cell 
migration.
  We first established a mouse model of intrauterine ad-
hesions and then injected BMSCs-Exo into the mouse 
model of intrauterine adhesions. After 2 weeks of repair, 
samples were collected for HE staining analysis. From 
Fig. 3C, we can see that the effect of tissue restoration 
with BMSCs-Exo is better than the control group, which 
is mainly manifested in the increase in the number of 
glands, the increase in intimal thickness, and the decrease 
in fibrosis. We observed the tissue sections under a micro-
scope with high power. Each section follows the order 
from left to right and top to bottom, observed and counted 
the endometrial glands, repeated the count 3 times for 
each section. The number of endometrial glands was shown 

in Fig. 3D. The above results suggest that BMSCs-Exo can 
repair damaged endometrium in mice.
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Fig. 5. miR-29a-3p in BMSCs-Exo 
has an anti-fibrotic role during the 
repair process. (A) miR-29a overex-
pressed in BMSCs-Exo used transient 
transfection. (B) RT-PCR analysis of 
the expression of fibroblast forma-
tion related gene, NC: fibroblast- 
Exo, miR29a: BMSCs-Exo overexpre-
ssing miR-29a, *p＜0.05.

miR-29a in BMSCs-Exo has an anti-fibrotic role during 
the repair process
  Based on the current research, the pathogenesis of IUA 
has not been indicated, but most experts believe that IUA 
is a fibrotic lesion when repaired after endometrium dam-
aged (21-23). We used fibroblasts isolated from uterine of 
8 weeks old estrous female ICR mouse to detect the effect 
of BMSCs-Exo. The fibroblasts were plated in a 6-well 
plate. When the cells grew to 70% of the whole well, 10 
ng/ml TGFβ cytokines were added to induce the fibro-
blasts. The induced cells were used in subsequent experi-
ments.
  To study molecules in BMSCs-Exo that may influence 
fibroblast formation, we first treated one-unit BMSC-Exo 
with 100 ul proteinase K (PROnase) or 10 mg/ml RNase 
A for 2 h. We used agarose gel electrophoresis and silver 
nitrate staining to detect whether the protein or nucleic 
acid components in BMSCs-Exo were completely lysed. 
The results of gel electrophoresis revealed that (Fig. 4A), 
the nucleic acid components carried by BMSCs-Exo and 
PROnase-BMSCs-Exo were mainly small fragments of 
RNA (＜100 bp). The proteins in RNAse-BMSCs-Exo and 
untreated BMSCs-Exo were concentrated at about 75KD, 
and the expression of exosomes treated with protease de-
creased significantly (Fig. 4B). 
  We added BMSCs-Exo, RNAse-BMSCs-Exo, PROnase- 
BMSCs-Exo, and PBS to TGFβ-induced fibroblasts mod-
els, and examined their effects on fibroblast formation. 
We used RT-PCR to analyze the expression of a related 
gene. The results showed that the expression of fibro-
blast-specific markers αSMA and Collagen I in the Exo 
group treated with RNase was significantly higher than 
the other two experimental groups and closer to the un-
treated group. The results indicated that after RNase 

treatment, BMSC-Exo lost some of its components and 
thus lost the effect of inhibiting fibroblast production 
(Fig. 4C). The above results suggested that the nucleic 
acid component present in BMSCs-Exo can play a role in 
inhibiting the formation of fibroblasts, but the protein 
component does not have this function. 
  Then we used high-throughput sequencing analysis to 
detect all miRNAs in BMSCs-Exo and sorted them accord-
ing to their content. Current research indicates that the 
target genes of miR-29a have the most effect on cell fib-
rosis-related proteins (24-26). In our study, the content of 
miR-29a is also among the top, so we chose miR-29a as 
the target for research. We used transient transfection to 
make miR-29a overexpressed in BMSCs-Exo and sub-
sequently detected the miR-29a by RT-PCR analysis. It 
was found that the over-expressed BMSCs-Exo miR-29a 
content was significantly increased (Fig. 5A), indicating 
that our over-expressed BMSCs-Exo can be used for the 
next experiment. Then we isolated and extracted BMSCs- 
Exo with high expression of miR-29a, added it to the cell 
model, and used RT-PCR to analyze the expression of the 
related genes. As shown in the Fig. 5B, BMSCs-Exo over-
expressing miR-29a can reduce αSMA, Collagen I, 
SMAD2, and SMAD3. The above results suggested that 
miR-29a in BMSCs-Exo may be an important factor for 
its anti-fibrosis during endometrial repair of intrauterine 
adhesions.

Discussion

  Based on the current research, the pathogenesis of IUA 
has not been specified, but most experts believe that the 
main pathological changes in the pathogenesis of IUA are 
as follows (21-23). After the endometrium is damaged, 
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there is a local infection or ischemic response in the endo-
metrium at the damaged location, which will promote 
cells to secrete many factors, and these factors interact and 
affect the process of repairing the endometrium. The pro-
liferation and migration of fibroblasts maintain the syn-
thesis and degradation of ECM, thereby achieving the role 
of repair. However, if some cytokines are abnormally ex-
pressed during the repair process, the normal regulatory 
effect will be out of balance, leading to the accumulation 
of ECM and inhibiting endometrial repair. The new con-
nective tissue will replace the endometrial tissue, causing 
endometrial fibrosis. Eventually, lead to the occurrence of 
IUA. IUA is a fibrotic lesion caused by abnormalities 
when repaired after the endometrium is damaged. So we 
choose fibroblasts to detect the effect of BMSCs-Exo in 
vitro.
  More and more studies have shown that exosomes se-
creted by mesenchymal stem cells play a certain role in 
the treatment of diseases (27-31). The paracrine effect of 
mesenchymal stem cells has been proven to be one of how 
it works, and exosomes derived from mesenchymal stem 
cells may be important substances in this role. Mesenchy-
mal stem cell-derived exosomes have played a good role 
in a variety of animal disease models. These studies sug-
gest that exosomal treatment can become a new type of 
clinical treatment, thereby avoiding the problems caused 
by stem cell therapy. So we chose BMSCs-Exo to study 
its role in the repair of endometrial damage. 
  Exosomes are mainly composed of proteins, lipids, 
mRNA, and miRNA. Exosomes derived from different 
types of cells have different proteins, including common 
proteins and cell-specific proteins (17). Exosomes derived 
from different tissues may have the memory of the tissue, 
not only with tissue-specific protein molecules, but also 
with functional molecules (18, 19). Therefore, we spec-
ulate that BMSCs-Exo contains BMSCs-specific proteins, 
mRNAs, ncRNAs, miRNAs, and other substances that can 
perform functions like BMSCs. BMSCs-Exo plays a role 
as a complex, delivered its contents into target cells to 
have an effect. It is the focus of our research whether 
BMSCs-Exo can regulate the target cells through its con-
tent and have the ability to resist fibrosis during the 
process.
  Transforming growth factor-beta (TGFβ) has attracted 
more and more researchers’ attention due to its important 
role in embryonic development. Current research confirms 
that TGFβ plays an important role in fibrous scar 
formation. The high expression of TGFβ at the damaged 
site may be the main reason for the formation of fibrous 
scars. Therefore, TGFβ is currently recognized as the 

strongest fibrogenic cytokine and can stimulate the for-
mation of extracellular matrix (ECM) (32). TGFβ com-
bined with its receptor, then transmits signals in the ex-
tracellular environment into the cell through the SMAD 
pathway (33). Previous studies have shown that SMAD2 
and SMAD3 are highly expressed during scar hyperplasia 
and have high levels of phosphorylation. They cannot reg-
ulate the formation of fibroblasts and the extracellular ma-
trix Collagen I, which leads to excessive proliferation. 
Interfering with the expression of SMAD2 and SMAD3 
can reduce the formation of fibroblasts and thus reduce 
scarring (34). Therefore, inhibition of the TGFβ /SMAD 
pathway may be a method for treating scar hyperplasia.
  Recently, researchers have found that microRNA-29 
(referred to as miR-29) is closely related to fibrotic dis-
eases and has gradually become a new focus of research. 
The study also found that the decline in miR-29 ex-
pression was proportional to the degree of fibrosis (35). 
Previous studies have found that the expression of miR-29 
is related to the expression of TGFβ, TGFβ can inhibit 
the expression of miR-29, and conversely, overexpression 
of miR-29 can reduce the expression of TGFβ, thereby 
inhibiting the activity of Smad3, reaching Purpose of anti-
fibrosis (36). These studies show that miR-29 could resist 
fibrosis, which provides new ideas for the treatment of fi-
brotic diseases. The currently known miR-29 family in-
cludes miR-29a, miR-29b1, miR-29b2, and miR-29c. Studies 
have found that among these subtypes, the target genes 
of miR-29α are most associated with fibrosis (37). In our 
study, the expression of miR-29α in BMSCs-Exo ranked 
among the top ten, so we chose miR-29α for our research.
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