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Abstract
Background: The utilization of human umbilical cord-derived mesenchymal stem cells (UC-MSCs) or granulocyte-colony stimulating factor (G-CSF) as standalone 
therapies for the treatment of endometrial injury has been extensively documented. However, the possibility of using UC-MSCs overexpressing G-CSF for the 
treatment of endometrial injury remains underreported.

Methods: UC-MSCs were isolated from human umbilical cords and characterized by flow cytometry. Subsequently, UC-MSCs overexpressing G-CSF were 
established. The rats with endometrial injury were intravenously transplanted with UC-MSCs or UC-MSCs overexpressing G-CSF. The uterine histology was 
examined through Masson’s trichrome staining and hematoxylin & eosin staining assays. Immunohistochemical assessment of pan-keratin (AE1/AE3) and 
vascular endothelial growth factor (VEGF) levels was conducted in uterine tissues. Western blotting was employed to ascertain the levels of fibrosis-, angiogenesis-, 
inflammation-, apoptosis-, and endometrial receptivity-related proteins.

Results: UC-MSCs overexpressing G-CSF effectively mitigated the pathological characteristics of damaged endometrium, enhanced angiogenesis, and promoted 
epithelial growth. Additionally, treatment with UC-MSCs overexpressing G-CSF significantly modulated the levels of proteins associated with fibrosis, angiogenesis, 
inflammation, apoptosis, and endometrial receptivity. This highlights the therapeutic potential of UC-MSCs in regulating key processes involved in angiogenesis, 
fibrosis, inflammation, apoptosis of endometrial stromal cells, and enhancing endometrial receptivity during the progression of endometrial injury.

Conclusion: Transplantation of UC-MSCs overexpressing G-CSF contributed to the repair of endometrial injury, probably through regulating multiple signaling 
pathways such as fibrosis, angiogenesis, inflammation, apoptosis, and endometrial receptivity. To some extent, these findings provide a theoretical foundation for the 
use of endometrial injury therapy in clinical settings.
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Introduction
Endometrial health is a pivotal determinant of successful pregnancy, 

and severe endometrial injury in women of reproductive age often leads 
to the development of thin endometrium and even intrauterine adhesions 
(IUA). IUA can directly result in amenorrhea, infertility, miscarriage, 
or other serious symptoms [1-3]. The occurrence of IUA is attributed 
to diminished viability or apoptosis of endometrial stromal cells. This 
leads to endometrial atrophy and disrupts its normal functioning [4]. 
Furthermore, the activation of apoptosis signaling pathways due to 
endometrial injury inhibits angiogenesis within the endometrium, 
impeding its regeneration process. During this progression, irreversible 
damage occurs to the basal lamina accompanied by fibrosis [5,6]. 
Clinically, successful repair and remodeling of the endometrium depend 
on the re-growth of epithelial cells and blood vessels on the exposed 
surface of the uterus [7,8]. However, the intricate nature of the uterine 
environment and its physiological functions impose limitations on the 
potential efficacy of treatment strategies [9]. Therefore, it is imperative 
for gynecology to explore multifunctional therapies that can effectively 
repair endometrial injury, enhance its microenvironment, and improve 
tolerance levels to augment pregnancy rates among infertility patients.

Currently, mesenchymal stem cells (MSCs) have been extensively 
employed in the treatment of diverse tissue and organ injuries [10,11]. 
Emerging evidence has indicated that transplantation of MSCs from 
different sources has a positive effect on the repair and regeneration 

of the damaged endometrium. For example, Hu, et al. confirmed the 
effects of menstrual blood-derived MSCs (Men-MSCs) on endometrial 
injury repair, indicating that Men-MSCs have the potential to 
enhance endometrial thickness in a mouse model of endometrial 
injury, potentially by upregulating keratin, vimentin, and vascular 
endothelial growth factor (VEGF) levels [12]. Meanwhile, Wang, et 
al. [13] reported that transplantation of bone marrow-derived MSCs 
(BM-MSCs) can effectively repair the damaged endometrium through 
activating progesterone receptor and estrogen receptor [13]. A recent 
study conducted by Zhang, et al. [14] established a 95% ethanol-
induced endometrial injury rat model and they demonstrated that 
transplantation of human umbilical cord-derived MSCs (UC-MSCs) 
contributes to the repair of endometrial injury and restoration of 
fertility, potentially by attenuating excessive fibrosis and inflammation, 
promoting endometrial cell proliferation, and facilitating vascular 
remodeling [14]. However, in the study of MSCs transplantation for 
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repairing endometrial injury, it has been observed that the number of 
stem cell transplants is extremely limited, with less than 0.1% proportion 
of detected stem cells in the damaged tissue post-transplantation 
[15]. Further study has revealed that the paracrine effect of stem cells 
serves as the primary mechanism for endometrial repair rather than 
mere cellular replacement [16]. Granulocyte colony-stimulating factor 
(G-CSF), initially discovered in hematopoietic stem cells, and also 
plays an immunoregulatory and angiogenic role in MSCs [17-19]. In 
female reproduction, G-CSF has been demonstrated to participate 
in multiple processes including follicle growth and development, 
ovulation, and embryo implantation [20,21]. G-CSF receptors are 
expressed in ovarian granulosa cells, endometrium, and placenta; 
moreover, G-CSF significantly influences pregnancy outcomes by 
affecting embryo implantation and ovarian function while promoting 
endometrial thickening [22,23]. It can even serve as a remedial measure 
for cases involving failed embryo implantation [24]. Recently, the 
therapeutic effect of human UC-MSCs in combination with G-CSF on 
rats with acute liver failure has been comprehensively elucidated [25], 
but its effect on endometrial injury is still in the preliminary stage of 
exploration.

In this study, we present a novel therapeutic approach for the 
management of endometrial injury by investigating the potential 
synergistic effects of UC-MSCs combined with G-CSF in mitigating 
endometrial injury. This study aims to provide a technically efficient, 
safe, and economically viable treatment modality for clinical application 
in endometrial injury while establishing a solid theoretical foundation.

Materials and methods
Reagents

The pL6.3-CMV-GFP-IRES-MCS lentivirus vector was from 
Novobio Scientific (Shanghai, China). Transfection reagent 
Lipofectamine 3000 was obtained from Invitrogen (Carlsbad, CA, 
USA). BD Biosciences (Franklin Lakes, NJ, USA) provided monoclonal 
antibodies (mAbs) CD73 (cat. no. 550741), CD34 (cat.no. 568294), 
CD90 (cat.no. 555595), CD14 (cat.no. 347493), CD45 (cat.no. 560976), 
CD105 (cat.no. 562408), CD19 (cat.no. 555415) and HLA-DR (cat.no. 
347364). Maxim Biotech (Fuzhou, China) provided us the Masson’s 
trichrome Staining Kit. From Abcam (Cambridge, UK), hematoxylin & 
eosin (HE) Staining Kit, primary antibodies VEGF (cat. no. ab32152) 
and AE1/AE3 (cat. no. ab961) for immunohistochemistry, and primary 
antibodies p38 (cat. no. ab4822), AKT (cat. no. ab4822), p-AKT (cat. 
no. ab4822), LIF (cat. no. ab4822), p65 (cat. no. ab4822), PI3K (cat. no. 
ab4822), Smad3 (cat. no. ab4822), TGFβ-1 (cat. no. ab4822), αγβ3 (cat. 
no. ab179475) and GAPDH (cat. no. ab8245) for western blotting as 
well as the corresponding HRP-conjugated secondary antibodies were 
available. The BCA Kit were manufactured by Thermo Fisher Scientific 
(Rockford, MD, USA). RIPA lysis buffer was obtained from BOSTER 
(Wuhan, China). The ECL Kit was got from Tanon (Shanghai, China). 
The total RNA Extraction Kit was acquired from Promega (Madison, 
WI, USA), and Qiagen (Dusseldorf, GER) provided First Strand Kit 
and QuantiFast SYBR® Green PCR Kit.

Isolation and phenotype determination of human UC-MSCs
The human umbilical cords (UC) were procured from full-term 

cesarean section surgeries conducted at our hospital. The patients had 
been informed in advance and had given their prior consent to donate. 
We obtained ethical approvals from the Ethics Committee of Jinhua 
Maternal & Child Health Care Hospital (approval No. 2021-KY-010) 
and this research adheres to the principles outlined in the Declaration 
of Helsinki. The isolated UC was incised, delicately peeled off the 
surface membrane, and then cleared of blood from the tissues. This 

was followed by rinsing in PBS three times. The tissue samples were 
manually divided into sections measuring 1-2 mm3 and subjected to 
incubation with collagenase type II at a concentration of 0.075% for a 
duration of 30 min. This was followed by treatment with trypsin at a 
concentration of 0.125% for another 30 min, while gently agitating the 
samples at a temperature of 37°C. Subsequently, the sections were evenly 
distributed onto culture dishes containing L-DMEM, supplemented 
with 5% FBS and 1% penicillin/streptomycin, and maintained in a 
humidified atmosphere with an additional presence of 5% CO2 at a 
temperature of 37°C. 

After a period of three days, the non-adherent cells were eliminated. 
The surface antigen was detected using cells from passage 5 (1 × 106) 
through a BD LSR II flow cytometer provided by BD Biosciences. For 
flow cytometry analysis, the UC-MSCs that were isolated underwent 
incubation with mAbs conjugated with different fluorescent markers: 
phycoerythrin (PE)-conjugated anti-CD73 and anti-CD34; fluorescein 
isothiocyanate (FITC)-conjugated anti-CD90, anti-CD14 and anti-
CD45; allophycocyanin (APC)-conjugated anti-CD105 and anti-CD19; 
as well as peridinin-chlorophyll protein complex (perCP)-conjugated 
anti-HLA-DR.

Lentivirus production and UC-MSCs overexpressing G-CSF 
establishment

The pL6.3-CMV-GFP-IRES-MCS lentivirus vector was utilized to 
incorporate the complete cDNA of the human G-CSF-coding gene. 
Lipofectamine 3000 was employed to transfect HEK293FT cells with 
lentivirus-G-CSF (LV-G-CSF). After 48 h of transfection, the culture 
supernatants were collected and subjected to centrifugation for viral 
particle concentration. UC-MSCs were then infected with these 
concentrated lentivirus particles at a multiplicity of infection of 50 
pfu per cell in order to establish UC-MSCs overexpressing G-CSF. 
Following a further 48 h post-infection, the UC-MSCs were maintained 
in DMEM supplemented with 10% FBS.

Rat endometrial injury model establishment
A total of 24 eight-week-old female Sprague-Dawley rats with body 

weight (230 ± 10) g were purchased from the Experimental Animal 
Center of Zhejiang Province (Hangzhou, China). All rats were raised 
in a specific pathogen-free environment for one week, with free access 
to food and water under a light/dark cycle of 12/12 h at a temperature 
of 23°C-25°C. After that, the rats were separated into four groups at 
random: the sham, model, UC-MSCs and LV-G-CSF + UC-MSCs 
groups, with 6 rats in each group. As previously described [14], a 95% 
ethanol-induced endometrial injury rat model was established. The rats 
in the model, UC-MSCs and LV-G-CSF + UC-MSCs groups received 
pentobarbital sodium (50 mg/kg) for anesthetization and maintained 
body temperatures at 37°C ± 0.5°C. Under aseptic surgical conditions, 
the abdominal wall was incised, followed by careful extraction of 
the uterus. A solution containing 0.3 mL of 95% ethanol was then 
administered into the uterine cavity, which was subsequently rinsed twice 
with saline solution. The wound site was covered using moist gauze for 
protection. In contrast, the sham group did not receive any intervention 
and instead received an injection of physiological saline in place of 95% 
ethanol. Eight days later, rats in the UC-MSCs and LV-G-CSF + UC-
MSCs groups were intravenously transplanted with UC-MSCs (100 
μL) and UC-MSCs overexpressing G-CSF (100 μL) respectively, with a 
concentration of 1 × 106/mL. Three weeks after intervention, rats were 
euthanatized via overdose of pentobarbital sodium (200 mg/kg). The 
uterus was collected for succeeding experiments. All the experiments of 
this study were conducted by three experienced technicians who were 
blinded to grouping. We adhered to the protocols outlined in the NIH 
Guide for the Care and Use of Laboratory Animals when conducting 
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all experiments on rats. Furthermore, the Ethics Committee of Jinhua 
Maternal & Child Health Care Hospital granted approval for these 
procedures (approval No. 2021-KY-010).

Histology
The uterine tissues were fixed, dehydrated, and embedded in 

paraffin. Subsequently, the tissue samples were sliced into sections with 
a thickness of 4 μm. Following dewaxing and rehydration procedures, 
the sections underwent HE staining and Masson's trichrome staining 
assays. Utilizing an OLYMPUS BX53 light microscope (Tokyo, Japan), 
images were captured at a magnification of 400×.

Immunohistochemistry 
The uterine tissue samples were fixed, embedded in paraffin, 

deparaffinized, and rehydrated. Following antigen retrieval, the samples 
underwent overnight incubation at 4°C with primary antibodies VEGF 
(1:1,500) and AE1/AE3 (1:1,500). Subsequently, secondary antibodies 
conjugated with HRP (1:3,000) was applied for 1 h at 37°C. DAB 
staining was performed on each slice followed by capturing images 
using a light microscope (magnifications, 400×).

Total RNA isolation and qRT-PCR
The total RNA from UC-MSCs was isolated via a total RNA 

Extraction Kit. Subsequently, we utilized a First Strand Kit to synthesize 
cDNA. For qRT-PCR analysis, we employed the QuantiFast SYBR® 
Green PCR Kit following the provided instructions. To determine gene 
expression levels, we applied the 2-ΔΔCt method. Normalization was 
performed using GAPDH as a reference gene, and the primers used in 
this study can be found in Table 1.

Western blotting assay
The uterine tissue samples were subjected to lysis using RIPA buffer, 

followed by determination of protein concentrations utilizing a BCA 
Protein Kit. Subsequently, the protein products were separated through 
SDS polyacrylamide gel electrophoresis and transferred onto PVDF 
membranes. To block the membranes, a solution containing nonfat 
milk at a concentration of five percent was employed. Following this 
step, the primary antibodies (p38, AKT, p-AKT, LIF, p65, PI3K, Smad3, 
TGFβ-1, αγβ3 and GAPDH; all diluted at 1:1,000) were introduced to 
the membranes for overnight incubation at 4°C. The corresponding 
secondary antibodies (diluted at 1:3,000) were then added and 
allowed to incubate for 1 h at room temperature. Visualization of 
immunoblotting was achieved using an ECL detection Kit.

Statistical analysis
The differences in the data were assessed using Student's t-tests 

and one-way ANOVA as appropriate. Data analysis was conducted 
using SPSS software version 22.0. The data were presented as mean ± 
standard deviation (SD). Statistical significance was defined as P < 0.05.

Results
Characterization of human UC-MSCs 

The flow cytometry technique was employed to analyze the surface 
molecular expression of human UC-MSCs that had undergone five 

passages for enrichment. As illustrated in Figure 1A-B, the result 
showed a high expression of CD73/CD90/CD105 (>99%), while a 
low expression of CD14/CD19/CD34/CD45/HLA-DR (<1%) for the 
isolated human UC-MSCs. These results conformed with the expression 
standard of MSCs surface molecular markers [26].

UC-MSCs overexpressing G-CSF ameliorates the pathological 
features of damaged endometrium

To explore the effects of UC-MSCs overexpressing G-CSF on 
the injured endometrium in a rat model, a UC-MSC cell model that 
overexpressed G-CSF was firstly established. As shown in Figure 2A, 
we found that the expression of G-CSF was remarkably increased in the 
LV-G-CSF + UC-MSCs group relative to that of UC-MSCs group (P < 
0.001), suggesting that UC-MSCs overexpressing G-CSF was established 
successfully. As illustrated in Figure 2B, the images of HE staining showed 
that the endometrial structure of the sham group seemed more complete, 
epithelial cells were arranged closely, and blood vessels and glands were 
clearly visible. In the model group, the cells of the endometrial intrauterine 
epithelium were necrosis and abscission, and the number of glands in the 
functional layer was significantly reduced. The uterus recovered well in 
both the UC-MSCs and LV-G-CSF + UC-MSCs groups, and the glands 
and blood vessels were obvious. When the severity of endometrial injury 
increases, there is a proliferation of interstitial fibrous connective tissue 
that facilitates the repair process for damaged tissue. Consequently, this 
ultimately results in the formation of fibrotic lesions. Hence, the degree of 
endometrial fibrosis serves as a direct indicator for assessing the extent of 
damage to the endometrium. The results of Masson's trichrome staining 
revealed notable differences among the various experimental groups 
(Figure 2C). It was observed that rats in the model group exhibited 
pronounced fibrosis, with severe adhesion of the injured uterine cavity as 
well as replacement of myometrium by collagen. However, both UC-MSCs 
treatment and LV-G-CSF + UC-MSCs treatment demonstrated superior 
reparative effects when compared to the model group.

Gene Sequences

G-CSF
Forward 5'- GGAGAAGCTGGTGAGTGAGTGTG -3'

Reverse 5'- TGGAAAGCAGAGGCGAAGG -3'

GAPDH
Forward 5'- GAATGGGCAGCCGTTAGGAA -3'

Reverse 5'- AAAAGCATCACCCGGAGGAG -3'

Table 1. Real-time PCR Primer synthesis list

Figure 1. Flow cytometry analysis of cells harvested from human umbilical cords 
displays MSCs phenotype. MSCs were positive for (A) CD73, CD90 and CD105, and 
negative for (B) CD14, CD19, CD34, CD45 and HLA-DR
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UC-MSCs overexpressing G-CSF promotes angiogenesis and 
epithelial growth

VEGF is vital for the formation of new vessels and re-
epithelialization of the endometrium [27]. Pan‑keratin (AE1/AE3) is 
a marker of endometrial epithelial cells [28]. Through the results of 
immunohistochemistry, we demonstrated that the expression of VEGF 
and AE1/AE3 was dramatically decreased in the model group by contrast 
to the sham group (Figure 3, P < 0.001). However, UC-MSCs treatment, 
particularly UC-MSCs overexpressing G-CSF, significantly restored the 
VEGF and AE1/AE3 levels in injured endometrium (P < 0.05).

Effects of UC-MSCs overexpressing G-CSF on fibrosis-, 
angiogenesis-, inflammation-, apoptosis-, and endometrial 
receptivity-related pathways

We further investigated the effects of UC-MSCs overexpressing 
G-CSF on fibrosis-, angiogenesis-, inflammation-, apoptosis-, and 

endometrial receptivity-related pathways using western blotting. 
As shown in Figure 4, compared to the sham group, pronounced 
downregulation of p38, LIF, and αγβ3 protein levels (P < 0.001) 
but upregulated protein levels of AKT, p-AKT, p65, PI3K, Smad3, 
and TGF-β1 were observed in the model group (P < 0.001). The 
administration of UC-MSCs overexpressing G-CSF significantly 
restored the levels of p38, LIF, and αγβ3 proteins (P < 0.001) but 
inhibited the expression of AKT, p-AKT, p65, PI3K, Smad3, and 
TGF-β1 (P < 0.01). Additionally, UC-MSCs administration only was 

Figure 2. UC-MSCs overexpressing G-CSF ameliorates the pathological features 
of damaged endometrium. (A) The expression of G-CSF in UC-MSCs following 
transfection with LV-G-CSF was detected via qRT-PCR. ***P < 0.001 vs. UC-MSCs. 
The uterine histology was examined through (B) hematoxylin & eosin staining and (C) 
Masson’s trichrome staining assays. Bar=20 μm

Figure 3. UC-MSCs overexpressing G-CSF promotes angiogenesis and epithelial 
growth. Immunohistochemical assessment of VEGF and pan-keratin (AE1/AE3) levels 
was conducted in uterine tissues. Bar=20 μm. ***P < 0.001 vs. sham; #P < 0.05, ##P < 0.01, 
###P < 0.001 vs. model

Figure 4. Effects of UC-MSCs overexpressing G-CSF on fibrosis-, angiogenesis-, 
inflammation-, apoptosis-, and endometrial receptivity-related pathways. The protein 
levels of p38, AKT, p-AKT, LIF, p65, PI3K, Smad3, TGF-β1, and αγβ3 in uterine tissues 
were measured by western blotting. ***P < 0.001 vs. sham; #P < 0.05, ##P < 0.01, ###P < 0.001 
vs. model. ns: no significance
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found to reduce the levels of AKT, p-AKT, PI3K, Smad3 (P < 0.05), and 
elevate the levels of LIF and αγβ3 (P < 0.01), while having no significant 
effect on p38, p65 and TGF-β1 contents.

Discussion
In general, stem cells can be categorized into embryonic stem 

cells (ESCs) and adult stem cells (ASCs) based on their developmental 
trajectory. Among the ASCs, MSCs are the most widely used that 
have been successfully isolated from menstrual blood, bone marrow, 
umbilical cord, and other tissues [29]. The clinical application is 
immensely limited due to the disadvantages of BM-MSCs (a decrease in 
differentiative potential with an increase in the donor’s age) and Men-
MSCs (difficult preservation and high contamination rate) [30,31]. At 
present, human UC-MSCs, characterized by a shorter proliferation 
time, ease of extraction, multidirectional differentiation potential, 
prolonged post-transplantation survival, low immunogenicity, and 
other distinctive features, have emerged as the preferred choice for 
transplantation [32]. In this study, a novel therapy related to UC-MSCs 
on gynecology was preliminarily explored, indicating that UC-MSCs 
overexpressing G-CSF can attenuate endometrial injury in a rat model.

The International Society for Cellular Therapy (ISCT) has put 
forth a set of three criteria, as suggested by the Mesenchymal and 
Tissue Stem Cell Committee, in order to establish a clear definition for 
MSCs [26]. First, MSCs must exhibit adherent property when cultured 
under standard conditions. Second, MSCs should demonstrate in 
vitro differentiation potential towards adipocytes, osteoblasts, and 
chondroblasts. Third, MSCs must express adhesion molecules such 
as CD105, CD90, and CD73 while lacking expression of cell surface 
markers HLA-DR, CD45, CD34, CD19, and CD14. Hence, the 
characteristics of MSCs can be utilized to assess their purity following 
in vitro cultivation and purification. In our pre-experiments, the UC-
MSCs that were cultured exhibited a spindle-shaped adherent growth 
pattern, capable of differentiating down the adipogenic, osteogenic 
and chondrogenic lineages (data were not shown). Meanwhile, the 
analysis of immunophenotyping was conducted on the isolated UC-
MSCs, indicating that UC-MSCs exhibited high levels of expression 
for specific antigens such as CD105, CD90, and CD73, while lacking 
expression for HLA-DR, CD45, CD34, CD19, and CD14. All these 
results suggested that UC-MSCs were isolated successfully, adhering to 
the globally accepted criteria for characterizing UC-MSCs. 

The regenerative potential of UC-MSCs in repairing endometrial 
damage has been extensively documented. For instances, a recent study 
showed the potential of transplantation of UC-MSCs to enhance the 
recovery of endometrial morphology and function [33]. Zhang, et 
al. injected UC-MSCs into the tail vein of the rat endometrial injury 
model and demonstrated that transplantation of UC-MSCs contributes 
to rejuvenation of the endometrium and enhancement of fertility 
through mitigating excessive fibrosis and inflammation, stimulating 
proliferation of endometrial cells, and promoting remodeling of blood 
vessels [14]. Our study demonstrated that compared to the model 
group, transplantation of UC-MSCs could restore the endometrial 
structure, promote angiogenesis and epithelial growth, and reduce 
fibrosis. However, the homing capacity, duration of local residence in 
the endometrium, and colonization ability of stem cells remain poorly 
understood. Considering the low local persistence and utilization of 
MSCs in the endometrium, Xin, et al. used a collagen scaffold (CS) 
loaded with UC-MSCs to transplant onto the damaged endometrial 
surface and uncovered that CS/UC-MSCs can promote the homing 
and colonization capacities of UC-MSCs, accelerating endometrial 
regeneration and restores fertility through the paracrine effects [34]. 

G-CSF, a crucial paracrine factor initially discovered in hematopoietic 
stem cells, has been documented to induce stem cell mobilization, 
which is extensively employed for clinical transplantation, including 
the treatment of endometrial injury [35,36]. Early in 2012, Yener, et al. 
has proposed that the combined utilization of UC-MSCs and G-CSF 
demonstrates superior efficacy compared to either treatment alone in 
mitigating renal damage induced by carbon tetrachloride [37]. Chen, 
et al. also reported that the combination of UC-MSCs transplantation 
with G-CSF promotes the proliferation and colonization of UC-MSCs 
in a rat model with acute liver failure, emphasizing the impact of G-CSF 
on mobilizing UC-MSCs [25]. In this study, we established a lineage 
of UC-MSCs that exhibited G-CSF overexpression. As expected, 
we further indicated that intravenous transplantation of UC-MSCs 
overexpressing G-CSF could attenuate endometrial injury more 
effectively than UC-MSCs alone through inducing angiogenesis and 
reducing excessive fibrosis.

Except for excessive fibrosis and endometrial angiogenesis 
inhibition, endometrial injury is also implicated in various 
pathological mechanism, such as apoptosis of endometrial stromal 
cells, inflammatory responses, and decrease in endometrial receptivity 
[38-40]. TGF-β1 plays a pivotal role in the activation of profibrotic 
mediators via TGF-β receptors, thereby initiating the classical TGF-β/
Smad signaling pathway and exerting critical influence on fibroblast 
activation and extracellular matrix deposition [41]. Both αγβ3 
and LIF are considered as two important markers of endometrial 
receptivity [42,43]. PI3K/AKT signaling, p65 NF-κB, and p38 MAPK 
have been reported to be a classical pathway that closely associated 
with angiogenesis, inflammation, and apoptosis, respectively [44-
46]. Compared to the model group, we observed a decrease in AKT, 
p-AKT, PI3K, and Smad3 levels in the UC-MSCs group. Additionally, 
LIF and αγβ3 levels were increased while there were no significant 
changes in p38, p65 and TGF-β1 levels. These results suggested that 
treatment with UC-MSCs alone significantly enhances angiogenesis 
and improves endometrial receptivity in the damaged endometrium. 
Additionally, it partially inhibits fibrosis but does not appear to have 
any effects on suppressing inflammation or preventing apoptosis 
of endometrial stromal cells. More importantly, it was observed 
that treatment with UC-MSCs overexpressing G-CSF significantly 
regulated all these proteins, highlighting its therapeutic potential in 
modulating angiogenesis, fibrosis, inflammation, endometrial stromal 
cell apoptosis, and endometrial receptivity during the progression of 
endometrial injury.

The presence of certain limitations in this study should not be 
disregarded. Firstly, further in vitro investigation is required to explore 
the impact of UC-MSCs overexpressing G-CSF on the proliferation 
and apoptosis of human endometrial stromal cells. Additionally, more 
inflammation-related indicators are necessary to fully understand the 
effects of UC-MSCs overexpressing G-CSF on inflammatory responses. 
Lastly, while this study focuses on the ameliorating effects of UC-MSCs 
overexpressing G-CSF on animal models, its efficacy for patients with 
endometrial injury requires further verification. 

Conclusion
The present study provides preliminary evidence for the therapeutic 

efficacy of UC-MSCs overexpressing G-CSF in mitigating endometrial 
injury, suggesting that this intervention effectively regulates key 
processes including apoptosis, angiogenesis, fibrosis, inflammation, 
and endometrial receptivity within the endometrial stromal cells. These 
findings offer valuable insights into potential clinical interventions for 
managing endometrial injury. 
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