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Abstract: Intrauterine adhesions are an important problem in the field of obstetrics and
gynecology, which seriously affects female fertility and reproductive health. In recent years,
stem cells have gradually attracted attention in the treatment of intrauterine adhesions due
to their unique biological characteristics and potential therapeutic value. In this paper, the
research progress of stem cells in this field is systematically described, including its
mechanism of action, clinical research results, challenges and prospects, in order to provide
reference for further research and clinical application in this field.

Intrauterine adhesions (IUA) as one of the most common reproductive diseases in women, its
prevalence has increased widely in the past decade, and the current big data shows that the main
factor leading to the occurrence of IUA is the increase in the use of intrauterine surgery, such as:
hysterectomy, dilation and curettage. Current studies have shown that the main cause of IUA is the
serious damage to endometrial integrity caused by uterine manipulation ™. To date, hysteroscopic
adhesion-release surgery is considered the treatment of choice for patients with IUA. Other
postoperative adjuvant treatments, including hormones, IUD, hyaluronic acid gel and intrauterine
balloon, also achieved a certain effect. However, in severe intrauterine adhesives, pregnancy rates
remain unsatisfactory due to failure of functional endometrial regeneration, which is associated with
poor pregnancy outcomes and high recurrence adhesion rates. Therefore, it is critical to find
appropriate treatment strategies to overcome existing problems!?,

1. Pathogenesis of intrauterine adhesions
1.1. Theory of active fibrocyte proliferation

1.1.1. TGF-B

Studies have shown that TGF-f superfamily mainly includes TGF-B (TGF), inhibitin, Nodal
(Nodal), bone morphogenetic proteins (BMPs), growth differentiation factors (BMPs) and
anti-Muller (Mol). Among them, TGF-f protein (TGF) is an important regulatory gene, which plays
an important role in cell proliferation and differentiation. TGF-f plays an important role in a variety
of diseases. TGF-B1 has three different isomers, namely TGF-p1, p2,3E1,
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TGF-B1 is widely present in human beings and a variety of biological tissues, and is a key factor
in fibrosis of multiple organs such as lung, kidney, liver and heart 71, LiNa L et al. & constructed a
rat model of IUA using curettage, and the results showed that the level of TGF-B1 and TGF-B1 in
the tissue of rats in the curettage group was significantly increased after curettage, suggesting that
TGF-B1 may be involved in intrauterine fibrosis. Honglei Z et al. P! found that the expression of
TGF-B1 was significantly increased in endometrial tissues of IUA patients. Some studies 1% found
that the expression of TGF-B1 gene and protein was significantly increased in endometrial tissues of
patients with severe IUA, and the abnormal increase was closely related to the disease of IUA. To
explore the molecular mechanism of TGF-B1 regulation of endometrial hyperplasia, and to use this
as a target for intervention, is the focus of current research in the field of endometriosis.

1.1.2. TGF-p/Smad pathway

A large number of studies have shown that TGF-B/Smad signaling pathway is involved in the
occurrence and development of endometriosis. Some research teams believe that TGF-f/Smad is an
important regulatory factor. TGF-B1 may activate TGF-B1/Smad signaling by interacting with its
downstream downstream molecule (TGF-BRII). In this process, TGF-f1 promotes the
phosphorylation of TGF-BRII by recruiting TGF-BRII (TGF-BRII), which in turn promotes the
activation of its downstream signaling pathway. They found that R-Smad protein interacts with
Smad4 (co-Smad) in the nucleus to regulate downstream target gene expression and promote liver
fibrosis. Eickelberg et al. confirmed that by preparing B-sugar chains in vitro, the generation of
TGF-B1 and the receptor complex on its membrane can be blocked, and the expression of
TGF-B1/Smad can be blocked, thus promoting the expression of TGF-B1. At the same time, it was
found that the administration of Smad3 inhibitor (SIS3) could reduce the phosphorylation of Smad3,
block the binding of Smad3 and Smad4, up-regulate the expression of Smad7, and reduce the
regulation of TGF-B1 on ECM 114 Other studies ™ found that the expression of Smad6 in rat
endometrial tissue was significantly reduced, suggesting that Smad6 and Smad7 may play a
negative regulatory effect by down-regulating the TGF-B family pathway. In general, the
TGF-B/Smad signaling pathway can bind to nuclear DNA via Smad2,3,4,6,7 and other pathways,
thereby regulating phases. On this basis, a hypothesis was proposed: by regulating TGF-p signaling
pathway, the transcription and expression of downstream target proteins were regulated, and then
endometrial fibrosis was regulated, leading to uterine adhesion.

1.1.3. T cell growth factor-p (TGF-p) and connective tissue growth factor (CTGF)/CCN2
(CCN2)

In addition, TGF-B1 also promotes its pro-fibrosis through the CTGF/CCN2 pathway.
CTGF/CCN2 is an important extracellular secretory factor. Literature has shown that compared
with healthy people, the expression of TGF-B1 and CTGF in endometrial tissues of patients with
adhesion disorder is significantly increased . Further studies have shown that TGFB1 can promote
the secretion of collagen by fibroblasts through the CTGF/CCN2 pathway, thus affecting uterine
adhesion [*®1. However, the role of TGF-B1/CTGF in the pathogenesis of IUA is unclear.

1.1.4. Transforming growth factor-p and matrix metalloproteinase-9 (MMP-9)

MMPs are important anti-fibrocyte injury factors. It can effectively decompose ECM, including
type IV collagen and collagen V, and reduce the precipitation of ECM 171, It has been reported in
the literature that the expression of MMP-9 in the endometrium of IUA patients is significantly
reduced. Further studies found that the expression level of MMP9 gene in endometrial stroma after
endometriosis surgery was lower than that of the control group, and the expression level of TGF-B1
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was increased (8% Therefore, it is speculated that TGF-B1 can affect the synthesis and
decomposition of ECM and promote the occurrence of IUA by down-regulating the expression and
activity of MMP-9. However, it was also found that the expressions of TGF-Bf1 and MMP-9 in
endometrial tissues of IUA patients and IUA rats were significantly increased 2%, These differences
may be due to the different pathophysiological periods and sample sizes of the subjects. Studies
have found that MMP-9 and TGF-B1 have different biological functions in the occurrence and
development of IUA, but the molecular mechanism of their regulation is not completely clear. It is
possible to achieve the prevention and treatment of IUA by regulating the expression of MMP-9
gene, but further research is needed.

1.1.5. Other regulatory pathways

It is currently known that TGF-f can not only activate Smad in uterine endothelial cells, but also
participate in the pathogenesis of uterine adhesion through various signaling pathways such as
MAPK, RHO, PI3K, serine/threonine kinase (AKT), ERK and NF-CAMb 1, ZN W et al. 22
confirmed that Junn-terminal kinase (JNK) can negatively regulate TGF-f1 by down-regulating
TGF-B1 by giving JNK signaling pathway. In addition, it was found that Hippo/TAZ/Yap
dissociated in the cytoplasm, which blocked its binding with the nucleus, thereby reducing the
activation of TGF-B/Smad, thereby blocking the activation of TGF/Smad pathway, and thereby
interfering with the pathogenesis of IUA. Overall, TGF-B-induced endometrial interstitial fibrosis is
a very complex process, involving both the joint regulation of TGF-B/Smad and non-classical
pathways as well as other signal transduction pathways [?%l. Recent studies have shown that I1L-11
plays a key regulatory role in the fibrosis process of lung, kidney, heart and other organs, and
TGF-B1 has been found to promote tissue fibrosis by up-regulating the transcription and expression
of IL-11. IL-11 is also a potential target gene for many fibrotic molecules. IL-11 overexpression in
mice can cause multiple organ fibrosis. TGF-p (TGF-p) is currently an ideal target for the treatment
of organ fibrosis, but it has a great impact on the body, and its specific blocking will lead to a
variety of adverse effects, therefore, the key to its prevention and treatment is to block TGF-p1 and
its downstream inflammatory factors that promote fibrosis 4. Therefore, IL-11 may be a new
therapeutic target for organ fibrosis. The role of IL11 in IUA development needs further study.

2. Overview of stem cells

Stem cells have the ability of self-renewal and multidirectional differentiation in a specific
environment. At present, more and more attention has been paid to its role in the medical field. stem
cells can be divided into embryonic stem cells (ESC), induced pluripotent stem cells (iPSCs) and
adult stem cells (ASCs). iPSCs are a new type of stem cells that acquire stem-like characteristics
from adult stem cells regulated by transcription factors, but their own genetic structure is unstable,
which limits their clinical application. Adipocytes (ASCs) are a class of tissue-derived stem cells
with the ability to differentiate. During the proliferation of stem cells, there are two different
patterns of division, namely asymmetric division and symmetrical division. The former is often
seen in the expansion of the number of stem cells themselves, while the latter produces
differentiated cells in addition to self-renewal 251,

2.1. Study on the use of MSCs in endometrial injury

ASCs has high proliferative ability and multi-potential, which has become the focus of clinical
research. Bone marrow mesenchymal stem cells (MSCs) are the most studied type in clinical
practice. They have abundant sources and can migrate to damaged areas and chronic inflammatory
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areas, and have advantages such as low immunogenicity and easy cultivation in vitro 28], Studies [2"]
have found that in the treatment of endometrial injury, the sources of MSCs include bone marrow
mesenchymal stem cells (BMSCs), umbilical cord blood (BMSCs), umbilical cord blood (ADSCs),
and endometrium-mesenchymal stem cells (MSCs). For the identification of bone marrow
mesenchymal stem cells, the minimum criteria recommended by IARC are: adhesion ability; There
are specific marker molecules on the surface of cells, such as CD73 and CD90, but lack CD14,
CD45 and HLA-DR, showing certain immune function. It can differentiate into adipocytes,
chondrocytes and bone cells in vitro. In addition, CD29, CD44, CD140b+, CD146+ can also be
used as markers of MSCs. Previous studies 2291 have shown that CD90 exhibits adhesion,
migration and other properties in a variety of tumor cells. Major pharmaceutical companies now
have commercially available surface marker testing tools for MSCs.

2.2. Clinical research and application of MSCs

2.2.1. Bone marrow stromal stem Cells (BMSCs)

Autologous BMSC can be used to repair the damaged endometrium and promote the
physiological cycle. There have been reports of successful conception, but due to its limited source,
only 10-20m1 is taken at one time, which has disadvantages such as large trauma and pain, so it
cannot be used clinically. Recent studies 5161 ysed the traditional smooth muscle embolization
method to migrate bone marrow mesenchymal stem cells (BMSC) in vitro, and then transplanted
into the endometrium through peripheral blood mononuclear cell collection (BMSC) and blood tube
intubation (BMSC), and found that it could significantly increase the endometrium thickness and
promote pregnancy in some patients 031,

2.2.2. UC-MSCs

Umbilical cord blood MSCs are rich in sources and easy to collect. They are the link between
embryo and placenta. It is surrounded by an amniotic membrane and has one umbilical vein and
two umbilical arteries in the center, which are surrounded by a kind of colloidal fetal connective
tissue called Huatong gum. At present, researchers at home and abroad have obtained UC-MSCs
from umbilical cord blood, amniotic membrane, umbilical vein endothelial cells, Huatong gel and
other methods. Previous studies have found that UC-MSCs can survive and colonize damaged
endometrium, and significantly reduce inflammatory response 21,

At present, UC-MSCs have been gradually applied in the clinical treatment of severe uterine
adhesions and IVF-embryo transfer assisted pregnancy. At present, in order to avoid the excretion of
stem cells from outside the uterine cavity in a single lavage of 2*10-7, some studies 31 compound
cord blood stem cells with collagen and remove them after 3 days of placement. After 2 months of
continuous perfusion, it was found that the distribution of blood vessels, estrogen receptors and
progesterone receptors in the endometrium increased significantly. Endometrial thickness increased
from 4.08 mm to 5.87 mm, and 15 women became pregnant after transplantation, 2 aborted at 25
weeks gestation, and 2 became pregnant naturally after embryo transfer due to repeated thinning.
However, the role of UC-MSCs in improving endometrial thickness, pregnancy outcome and
long-term safety needs further study.

2.2.3 Endometrial mesenchymal stem cells (eMSCs)

Some scholars isolated 1000 endometrium from the rat endometrium and injected it after 3
generations of purification, and found that the thickness of the endometrium increased, the number
of endometrial glands increased, and the number of blood vessels increased. Human endometrial
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mesenchymal stem cells (eMSCs) were isolated from the intact endometrial layer of endometrial,
and after enzymatic hydrolysis and mechanical treatment, the number of the source mesenchymal
stem cells was significantly higher than that of the epithelium, and the number of eMSCs in the
membrane during proliferation was significantly higher than that in the secretory stage, but the
specific mechanism remained unclear. Bone marrow mesenchymal stem cells (MSCs) are centered
on blood vessels, mainly in functional layer and basal layer. Menstrual blood-derived endometrial
stem cells (MenSCs) refer to the increase of stem/precursor cells on the surface of the endometrium,
between the intima - muscle layers, and between the base and the base during the menstrual cycle.
Repair of the endometrium is determined by many types of stem/precursor cells. Bone marrow
mesenchymal stem cells (BMSCS) have the properties of promoting regeneration and inflammatory
response. Menstrual blood contains functional membrane cells, which have the function of
promoting endometrial regeneration in the late menstrual period. In addition, the function of MET
in a mouse menstrual-like animal model was examined. The stromal cells closest to the uterine
epithelial repair site also have both epithelial and stromal cell markers. In addition, during vascular
intimal repair, marker proteins in stromal cells decreased while marker proteins in epithelial cells
increased, suggesting a possible mechanism of MET occurrence 3431

Hematopoietic stem cells in the blood source is simple, easy to isolate and culture, but easy to be
infected in the blood. Studies have found that bone marrow mesenchymal stem cells (MSCs) grow
slowly within 3 days in vitro, then prolifize rapidly within 7 to 14 days, and reach logarithmic
growth within 7 to 14 days, and continue to be cryotherapy after subgeneration 1. Patients with
endometrial adhesion have scarce menstruation, and the proliferation and differentiation of MSCs
are decreased, which is still a problem to be further studied. In addition, how to ensure the
non-toxicity and low toxicity of MSCs is the focus of further research in the future.

3. Challenges of stem cell therapy
3.1. Security Issues

Because of its high cost, its use in clinic is restricted to some extent. In the process of applying
stem cell therapy, how to ensure that the endometrial can be effectively repaired under normal
conditions without causing excessive hyperplasia of the endometrial is an urgent problem in clinical
practice. In addition, long-term safety and potential adverse effects require ongoing attention and
evaluation.

3.2. Standardization of cell source and preparation

At present, the source of stem cells may vary, and the stem cell preparation process is not
uniform. To ensure the stability and high quality of stem cells is the key to clinical application

3.3. Optimization of treatment plan

The key parameters, such as cell dose, transplantation pathway and transplantation timing, have
not been unified and need to be further studied.

4. Summary and prospect

Stem cells play a key role in the regeneration and repair of uterine adhesion endometrium, and
provide a new potential treatment method and idea for refractory uterine adhesion endometrium. In
addition, in the process of stem cell therapy, how to ensure that the endometrium can be efficiently
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repaired under normal conditions without causing excessive hyperplasia of the endometrium is an
urgent problem to be solved clinically. Although stem cells face many challenges in the treatment of
intrauterine adhesions, with the continuous deepening of research and technological progress, it is
expected to overcome these difficulties and bring new hope for patients with intrauterine adhesions.
Future research should further focus on the in-depth study of the mechanism of action of stem cells,
the optimization of treatment regimens, and the comprehensive evaluation of clinical efficacy and
safety.
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