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Human menstrual blood-derived mesenchymal stem cells
regulation of the EGF/Ras p21 pathway as a potential therapeutic
target for thin endometrium
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Background: Human infertility is caused by many factors, among which thin endometrium is the main
reason for poor embryo implantation. Currently, stem cell therapy could be a potential approach in treating
human endometrial disorder like thin endometrium. In this study, we aimed to explore the influence of
menstrual stem cells from non-thin endometrium (NTE-MenSCs) and thin endometrium (TE-MenSCs) on
the phenotype of endometrial epithelial cells (EECs).

Methods: The MenSCs were isolated from women with and without thin endometria, characterized and
co-cultured with the EECs. The expression of cytokeratin 7 (CK7) was verified by immunofluorescence
while the detection stem cell markers was determined flow cytometry. Osteogenic and adipogenic
differentiation were induced in appropriate media. The quantitative real-time PCR and western blotting
were respectively used for detecting the mRNA and protein expression levels, respectively. The CCK-8 assay
was used for cell viability analysis whereas ELISA was used for the detection of cytokine levels.

Results: The results showed that the co-culture of NTE-MenSCs or TE-MenSCs and EECs promoted
the proliferation, migration, and angiogenesis of endothelial progenitor cells differently. Furthermore, the
TE-MenSCs promoted the expression of inflammation, vascularized adipose, and extracellular matrix related
proteins. The epidermal growth factor (EGF)/Ras p21 pathway was found to mediate the influence of
MenSCs on EECs.

Conclusions: These findings are vital in that they may promote stem cell therapy of thin endometrium

and enable embryo implantation in humans with thin endometrium.
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Introduction and, until today, no effective treatment for infertility

Female infertility is a major public health problem of has been developed (1-3). Hormonal treatments, in vitro

multiple etiologies and its management constitutes an fertilization and embryo transfer remain the only options
economic, psychological, and social burden for infertile for infertile patients who wish to have children. Embryo

patients; the prevalence of female infertility is increasing transfer technology, despite being more effective than other
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therapeutic options, is challenged by the low implantation
rate (4-7), the success of which depends on the quality of
the embryo and the endometrial receptivity (8).

The thickness of the endometrium is an important
factor affecting the receptivity of the endometrium (9,10).
A thin endometrium is characterized as an endometrium
with thickness lower than 7 mm on ultrasound (11). The
causes of thin endometrium are multifactorial with the
most incriminated factors being inflammation, drugs,
poor vascularization and low estradiol levels (11). The
thin endometrium is a critical factor that limits embryo
implantation and the success in vitro fertilization-embryo
transfer (8,12,13). The therapeutic options for thin
endometrium mainly include drug treatments and stem cell
therapy, among others, but these options currently remain
ineffective (9,14-17). Recent studies have shown that stem
cells can migrate to the endometrium, increase endometrial
thickness, and improve endometrial receptivity, which
provides new avenues for developing treatments for thin
endometrium (18-20).

Mesenchymal stem cells are a type of pluripotent stem
cell belonging to the mesoderm and mainly exist in the
interstitium and connective tissues of organs (21,22). In
recent years, a new type of mesenchymal stem cell has been
discovered, isolated, and extracted, known as menstrual
blood-derived mesenchymal stem cells (MenSCs) (23).
The MenSCs are adult stem cells, which are capable of
long-term self-replication, enabling them to play a role
in regenerative medicine, especially as a tool for stem
cell therapy (23). They can also express some of the
surface markers of embryonic stem cells, colonize the
injury site through homing, express and secrete various
cytokines, and participate in tissue repair and regeneration
(24-26). MenSCs are positive for markers such as HLA-
ABC, OCT-=4, CD73, CD90, SSEA-4, CD49a and CD105
but negative for HLA-DR and hematopoietic lineage
markers STRO-1 (23,25,26). However, inconsistencies in
MenSCs phenotype have been reported for markers c-KI'T
and SSEA-4 (23,25,26). The MenSCs are considered an
ideal seed cell for the treatment of thin endometrium, which
inhibits embryo implantation (24-26). A previous study
indicated that MenSCs not only contribute to the repair of
endometrium via upregulating VEGE, vimentin and keratin,
but also increase the fertility and embryo implantation
rate of injured endometrium (27). Another study indicated
that tail vein injection of MenSCs promotes endometrial
regeneration via regulating the FGF2 protein (28).
However, whether the interactions of MenSCs with
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endometrial cells, especially endometrial epithelial cells
(EECs) play a potential role in the the treatment of thin
endometrium and the underlying mechanism are not clear.

Therefore, we aimed to study the effects of MenSCs on
the phenotypes of endometrial epithelial cells (EECs) and
the corresponding mechanism. These results can provide
a theoretical basis for the future clinical application of
MenSCs, thereby opening up new ideas for improving the
clinical outcome of human assisted reproductive technology.
We present the following article in accordance with the
MDAR reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-4652).

Methods
Reagents

The antibodies used for flow cytometry included:
monoclonal antibodies conjugated to FITC-A against
CD9 (Cat #555371), CD105 (Cat #561443), as well as
monoclonal antibodies conjugated to APC for CD44
(Cat #560532); monoclonal antibodies conjugated to PE-
Cy7-A for CD34 (Cat #550761) and CD38 (Cat #560677),
monoclonal antibodies conjugated to PE-A for CD72 (Cat
#316207) and SSEA4 (Cat #330405). The antibodies CD9,
CD105, CD44, CD34, CD38, and the corresponding
control antibodies (isotypes) were purchased from BD
Biosciences (Becton, Dickinson, and Co. Biosciences, San
Jose, CA, USA), CD72 and SSEA4 were purchased from
Biolegend (Biolegend, San Diego, CA, USA), All of the
antibodies used in flow cytometry experiments were based
on the concentrations recommended by the manufacturer’s
manual.

The antibodies used for the western blot experiments
were the primary antibodies against FGF (Cat #AF-233-
SP), MMP3 (Cat #MAB513-SP), platelet-derived growth
factor (PDGF; Cat #AF385-SP), EGF (Cat #AF236),
tumor necrosis factor-o (TNF-a; Cat #MAB610-SP) and
B-Actin (Cat #MAB8969); these antibodies were acquired
from R&D Biosystems (Minneapolis, MN, USA) while the
antibody conjugated to peroxidase was used as a secondary
antibody.

Patient selection

This study was approved by the Institutional Review
Board and the Ethics Committee of Tongji University
(2019tjdx352). All procedures performed in this study
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involving human participants were in accordance with
the Declaration of Helsinki (as revised in 2013). The
membership census took place between 2017 and 2019
at Shanghai First Maternity and Infant Hospital, and all
participants had signed an informed consent form before the
start of the study. Women with a “thin” endometrium (n=10,
mean age 28+2, endometrial thickness <7 mm) hospitalized
for laparoscopy for infertility were included in this study.
The control group included women with a normal (non-
thin) endometrium (n=10, mean age 29+6, endometrial
thickness >7 mm) who were prescribed laparoscopy for
tubal ligation. All individuals were of childbearing age
(25-35 years) and had normal menstrual cycles. These
women were not given hormone therapy or treatment with
gonadotropin-releasing hormone (GnRH) agonists for at
least 3 months pre- and post-operatively. No history of
autoimmune disease or cancer had been reported for these
women. The “thin” endometrial scoring was performed
by an expert surgeon on the basis of visual inspection
during laparoscopy and patients with an endometrial
thickness less than 7 mm were considered patients with thin
endometrium.

Isolation, morphological characterization, and
immunophenotyping of MenSCs

The MenSCs were isolated from menstrual blood
specimens collected by participants with a DivaCup (Diva
International Inc., Kitchener, ON, USA) on their second
day of menstruation and were immediately transported
to the laboratory. After separation by Ficoll-Paque (GE
Healthcare, Stockholm, Sweden), the mononuclear cells
were cultured for 2 weeks to obtain the MenSCs whose
confirmation was made by their negativity for cytokeratin
(Figure S1). The MenSCs used in all experiments were
passages 2 to 9. The morphological differences between
TE-MenSCs (MenSCs from patients with a “thin”
endometrium) and NTE-MenSCs (MenSCs from patients
with a “non-thin” endometrium) in 2D cultures of NTE-
MenSCs (n=6) and TE-MenSCs (n=6) were examined by
phase contrast microscopy. Analysis was performed by
2 reviewers (>90% concordance) who investigated cell
circularity using Image]J software (version 1.421; https://
imagej.nih.gov.ij/).

Cytokeratin 7 immunofluorescence

The MenSCs (5x10°) were cultured in 8-well chamber
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slides (Falcon, NJ, USA) for 24 h. Next, the MenSCs were
harvested and fixed for 30 min in 4% paraformaldehyde.
After permeabilization for 10 min with ice-cold methanol, a
mixture of PBS-1% bovine serum albumin (BSA) was used
for saturation reaction. Afterward, the cells were treated
with anti-CK7 Alexa Fluor 555 Conjugate (1:50 Abcam,
#ab209601). Then, DAPI was employed to counterstain
the cell nuclei. The confocal microscopy (Nikon, Lipsi,
"Tokyo, Japan) was used for examination of the slides at 40x
magnification and imaging.

Adipogenic induction and differentiation

Previous studies have demonstrated the adipogenic
differentiation potential of MenSCs (29), thus we assessed
the adipogenic differentiation potential of MenSCs. For
the induction of adipogenic differentiation, dexamethasone
(Sigma-Aldrich, St. Louis, MO, USA), 3-isobutyl-1-
methyl-xanthine (Sigma-Aldrich, USA), and recombinant
human insulin (Sigma-Aldrich, USA) and rosiglitazone
(Osvah Pharmaceutical Company, Tehran, Iran) were
purchased and used for the treatment of MenSCs which
were cultured for a period of 7 days. On the third
day of culture in Dulbecco’s modified Eagle medium
(DMEM)-F12 to which fetal bovine serum (FBS) had
been added, the MenSCs were collected and cultured in a
new DMEM-F12 medium containing FBS, recombinant
human insulin, dexamethasone, and indomethacin until
the 14th day. Exposure of the differentiated MenSCs was
performed by staining the fatty vacuoles with O red oil
which was provided by Sigma Chemicals (St. Louis, MO,
USA). The aforementioned methods were applied to the
undifferentiated cells which were used as control cells.

Osteogenic induction and differentiation

Previous studies have demonstrated the osteogenic
differentiation potential of MenSCs (29), thus we assessed
the osteogenic differentiation potential of MenSCs.
MenSCs (4x10" cells/well) were cultured in 12-well plates.
The induction of osteogenic differentiation was initiated
when cells reached sub-confluence by adding the osteogenic
medium. The osteogenic medium was the DMEM medium
supplemented with high glucose (4.5 g/L) (Gibco, Life
Technologies), 10% FBS, 50 pg/mL ascorbic acid, 1%
penicillin/streptomycin, 10 mmol/L B-glycerophosphate
(Santa Cruz), and 0.1 pmol/L. dexamethasone for 21 days.
Alizarin Red S (Carl Roth) staining was subsequently

Ann Transl Med 2021;9(18):1476 | https://dx.doi.org/10.21037/atm-21-4652


https://cdn.amegroups.cn/static/public/ATM-21-4652-Supplementary.pdf

Page 4 of 14

performed and osteogenic differentiation was evaluated
by microscopic observation. Undifferentiated cells were
used as controls and the experiments were performed in
triplicates.

Flow cytometry of stem cell surface markers

In order to verify that the primary MenSCs isolated and
used in the experiments were stem cells, MenSCs were
used to prepare a cell suspension to which specific labeled
antibodies against CD34, CD38, CD44, CD72, CD90,
CD105, and SSEA4 described above were added, and
after incubation in the dark, the cells were collected for
analysis by flow cytometry with the Partec platform (Partec,
Miinster, Germany). The isotypes were used as negative
controls. FlowJo software (version 7.6.1; https://www.
flowjo.com/) was used for data processing.

Detection of the proliferation capacity of MenSCs

The MenSCs (1x10* cells/well) that were serum-deprived
overnight were cultured in 96-well plates, each well
containing 100 pL. of DMEM culture without phenol
red (Gibco, Waltham, MA, USA) but with penicillin-
streptomycin solution (50 U/mL) (Sigma), L-glutamine
(2 mM) (Sigma), and FBS (10%) (Gibco) in a humidified
incubator (5% CO,) over 3 days. Cell proliferation was
measured using Cell Counting Test Kit-8 (CCK-8; Sigma-
Aldrich, USA) strictly following the manufacturer’s
instructions.

Cocultures of MenSCs and buman endometrial epithelial
cells

For the co-culture of MenSCs and endometrial epithelial
cells (EECS; MenSC/EECS co-cultures), the Transwell
culture system was used. The EECS were purchased form
Procell Life Science and Technology Co., Ltd. (Cat #CP-
HO058). Briefly, inoculation of MenSCs (2x10° NTE-
MenSCs or TE-MenSCs cells) was performed in the lower
Transwell chambers containing Roswell Park Memorial
Institute (RPMI)-1640 medium supplemented with 10%
FBS, while inoculation of EECs obtained from normal
individuals was performed in the upper chambers. For the
control cultures, the culture of the EECs was performed
in the absence of MenSCs. The TE-MenSCs and NTE-
MenSCs were collected by centrifugation after 72 h of
culture for use in subsequent experiments. In some cases,
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cells were treated with epidermal growth factor (EGF). For
the determination of cytokine concentration, supernatants
from the co-cultures were collected. Autologous EECs were
used in all experiments.

Real-time quantitative polymerase chain reaction

The NTE-MenSCs and TE-MenSCs recovered from
MenSCs/EECs co-cultures were tested for the expression
of EGE, PDGEF, FGE, MMP3, and TNF-a using real-time
quantitative polymerase chain reaction (QRT-PCR). Total
RNA was extracted (Invitrogen, Carlsbad, CA, USA) and
used for complementary DNA (cDNA) synthesis which was
used as a template for qRT-PCR. The primer sequences
for qRT-PCR are presented in Table 1. Amplification was
performed under the following reaction conditions: 20 pL
PCR mixture containing 10 pL 2x PCR buffer (Takara,
Shiga, Japan), 1 uL. cDNA, 0.4 pL primers’ 0.8 pL TagMan
probe (Operon, Sweden), 0.4 pL. Dye II 50x (Takara), and
7 pL distilled water autoclave. After incubation at 95 °C
for 10 s, amplification for EGEF, PDGE, FGEF, MMP3, and
TNF-a was conducted at 95 °C for 5 s and 60 °C for 34 s for
40 cycles. Standardization was performed with reference to
the expression of the gene B-Actin. The experiments were
performed in triplicate on the ABI Prism 7500 platform
(Applied Biosystems, USA). The AACt method was used to
calculate the relative expression of the studied genes.

Western blot

The NTE-MenSCs and TE-MenSCs were recovered
from the MenSCs/EECs co-cultures and homogenized
in lysis buffer on ice by vortexing every 5 min for
15 min. Subsequently, after centrifugation at 12,000 g
for 15 min, the supernatants were collected. Then, the
protein concentration of the samples was detected by the
bicinchoninic acid (BCA) method using an appropriate
kit (Pierce, Rockford, IL, USA), followed by protein
separation by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE; Sigma, USA) and
transfer to a polyvinylidene fluoride (PVDF) membrane
(0.45 pm) purchased from Millipore (Burlington, MA, USA).
Subsequently, blocking was performed at room temperature
in a buffer solution [0.05% phosphate-buffered saline
(PBS)-Tween 20] containing 5% skim milk powder for
2 h. Then, after washing, the membranes were incubated
overnight at 4 °C with primary antibodies against p21 Ras,
p38 MAPK, and B-Actin. After washing, the membrane
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Genes Forward primer 5° — 3’ Reverse primer 5 — 3’

EGF TGCGATGCCAAGCAGTCTGTGA GCATAGCCCAATCTGAGAACCAC
B-actin TGGTGAGCTGCGAGAATAGC TCCGACCAGTGTTTGCCTTT
FGF ATGGCACAGTGGATGGGACAAG TAAAAGCCCGTCGGTGTCCATG
VEGF TTTTAAGGCCCCTGTGGTGG GTCTTGCCTCCCTGACTGAC
PDGF AGCACTAAGTTCCCACGACG CCTGCTTACAGGTGGCTGAG
MMP3 CACTCACAGACCTGACTCGGTT AAGCAGGATCACAGTTGGCTGG
TGF-p1 TACCTGAACCCGTGTTGCTCTC GTTGCTGAGGTATCGCCAGGAA
MAPK p38 ACACCAACCTCTCGTACATCGG TGGCAGTAGGTCTGGTGCTCAA
Ras p21 ACGCACTGTGGAATCTCGGCAG TCACGCACCAACGTGTAGAAGG

was probed with secondary antibodies conjugated to
horseradish peroxidase (1:9,000) at room temperature over
a period of 1 h followed by successive washes with PBS-
Tween 20. Finally, visualization was done with the enhanced
chemiluminescence (ECL) detection kit (GE Healthcare,
Chicago, IL, USA) according to the vendor’s manual and
Image] software was used for densitometric quantification of
the bands for the calculation of relative protein expression
to B-Actin.

Cytokine assays

Supernatants from MenSCs/EECs co-cultures were
enzyme-linked immunosorbent assay (ELISA)-tested
using commercially available EGF, PDGF, FGF, MMP3,
VEGE, and TGF-B1 ELISA kits (R&D systems, USA). The
optical density of the wells was measured at 450 nm using
spectrophotometric methods with microplate readers.

Statistical analysis

Statistical differences were evaluated by the one-way
analysis of variance (ANOVA) test using GraphPad Prism
software (version 6; GraphPad Software, San Diego,
CA, USA). Differences were considered significant when
P<0.05.

Results
Characterization of NTE-MenSCs and TE-MenSCs

In order to see if there are morphological differences
between NTE-MenSCs and TE-MenSCs, microscopic
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examinations were performed. The results indicated that the
NTE-MenSCs were like fibroblasts more or less fusiform
(Figure 1A), while the TE-MenSCs were more or less
spherical with greater circularity (Figure 1A4). In addition,
TE-MenSCs showed their ability to form small colonies
(Figure 1B); the population doubling (PD) of NTE-MenSCs
was greater than that of the TE-MenSCs (P<0.01) over the
cell expansion through passages 1-9 (Figure 1B).

In order to examine the ability of MenSCs to
differentiate into adipocytes, these cells were stained with
O-red oil. As shown in Figure 1C, the formation of oil
droplets in cells that had differentiated into adipocytes was
observed. In the osteogenesis induction medium, we also
observed that the TE-MenSCs and NTE-MenSCs were
all capable of osteogenic differentiation, and the osteogenic
differentiation capacity of NTE-MenSCs was greater than
that of TE-MenSCs (Figure 1C). No staining was observed
for undifferentiated control MenSCs (Figure 1C).

Flow cytometry showed that TE-MenSCs and NTE-
MenSCs were positive for CD90, CD34, CD72, and CD44,
but negative for CD38, SSEA-4, and CD105 (Figure 24,2B).
Our results showed that the expression [mean fluorescence
intensity (MFI)] of CD90, CD34, CD72, and CD44 was
significantly lower in NTE-MenSCs than in TE-MenSCs
(Figure 24,2B).

Effect of NTE-MenSCs and TE-MenSCs on the
proliferation, invasion, and adbesion of EECs

In order to detect the effect of MenSCs on EECs, we co-
cultured EECs in the presence of NTE-MenSCs and TE-

MenSCs in Transwell chambers or in the presence of their
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Figure 1 Characteristics of TE-MenSCs and NTE-MenSCs. (A) Morphological analysis of NTE-MenSCs and TE-MenSCss cultures
by microscopic examination (x400); (B) colony-forming ability of NTE-MenSCs and TE-MenSCs; (C) adipogenic differentiation and
osteogenic differentiation of TE-MenSCs and NTE-MenSCs was detected by red oil staining O and induction in osteogenic medium,

respectively. Staining of undifferentiated cells was used as a control group (x400, scale bar =50 pm). TE-MenSCs, menstrual stem cells from

thin endometrium; NTE-MenSCs, menstrual stem cells from non-thin endometrium.

supernatants. The results showed that TE-MenSCs or their
supernatant (TE-MenSCs CM) had an inhibitory effect on
the proliferation of EECs compared to NTE-MenSCs or
NTE-MenSCs CM (Figure 34). Cell cycle analysis by flow
cytometry indicated that TE-MenSCs or their supernatant
increased the proportion of cells in G2-phase, indicating
their potential effect on cell cycle arrest compared to NTE-
MenSCs, NTE-MenSCs CM, or EECs alone groups
(Figure 3B). No significant effect was observed on the
action of TE-MenSCs and their supernatant on EEC
apoptosis compared to NTE-MenSCs, NTE-MenSCs
CM, or EECs alone groups in the Tunel experiments
(Figure 3C). Compared to NTE-MenSCs, TE-MenSCs and
their supernatant significantly increased invasive ability of
EECs (P<0.05) (Figure 4).

© Annals of Translational Medicine. All rights reserved.

Effects of MenSCs and their supernatants on gene
expression

The qRT-PCR experiments for EGE, PDGE, FGE, MMP3,
VEGFEF, and TGF-p1 genes were performed after co-
culturing EECs in the presence of NTE-MenSCs or TE-
MenSCs and their superntants from transwell MenSCs/
ECCs co-cultures. As shown in Figure 5, the expression
levels of EGF, PDGE, FGF, MMP3, VEGEF, and TGF-p1
were more promoted in EECs incubated in the presence
of TE-MenSCs or their supernatant compared to NTE-
MenSCs or their supernatant (P<0.001) (Figure 5). The
ELISA test also confirmed the significantly increased release
of proteins encoded by these genes in the supernatant
of TE-MenSCs and NTE-MenSCs compared to the
supernatant of EECs (Figure 6). These results suggested
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Figure 2 Detection of stem cell membrane markers of NTE-MenSCs and TE-MenSCs by flow cytometry. (A) Flow cytometry images for
TE-MenSCs; (B) flow cytometry images for NTE-MenSCs. TE-MenSCs, menstrual stem cells from thin endometrium; NTE-MenSCs,

menstrual stem cells from non-thin endometrium.
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Figure 3 Proliferation, cell cycle and apoptosis analysis of EECs co-cultured with NTE-MenSCs and TE-MenSCs or in the presence of
their supernatant. The potential for proliferation, cell cycle and apoptosis EECs cocultured with NTE-MenSCs and TE-MenSCs was
measured using cck8, flow cytometry and Tunel assay, respectively. (A) Optical density indicating the proliferation of EECs as determined by
CCKS8; (B) flow cytometry images of the cell cycle and quantification of cells in G2 phase; (C) Tunel assay images of cell apoptosis of EECs
(x400). ***P<0.0001 compared to EECs group. TE-MenSCs, menstrual stem cells from thin endometrium; NTE-MenSCs, menstrual stem

cells from non-thin endometrium; EECs, endometrial epithelial cells.
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Figure 4 Invasion of EECs in the presence of NTE-MenSCs and TE-MenSCs or their supernatants. Cell invasion was determined using

the matrigel cell invasion experiment in transwell chambers (x400). Compared to EECs group, **P<0.01; compared to EECs group,

***P<0.001. NS, non-significant among the indicated groups. TE-MenSCs, menstrual stem cells from thin endometrium; NTE-MenSCs,

menstrual stem cells from non-thin endometrium; EECs, endometrial epithelial cells.

that TE-MenSCs may influence the phenotypes of EECs
by regulating these proteins.

TE-MenSCs regulate the pbenotype of EECs by activating
the EGF/Ras p21 pathway

To explore the mechanism underlying the effect of TE-
MenSCs on EECs, we chose to investigate the effect of
EGF on the phenotypes of EECs as this gene was the most
induced by the TE-MenSCs. The results showed that the
treatment of EECs by EGF significantly increased the
proliferation and invasiveness of EECs (Figure 74,7B).
Moreover, the expression of Ras p21 was increased by EGF
treatment both at the messenger RNA (mRNA) and protein
levels while MAPK p38 expression was increased only at
mRNA level (Figure 7C,7D), suggesting that the effect of
TE-MenSCs may be partially driven by its activation of the
EGEF/Ras p21 pathway.

Discussion

Low endometrial receptivity is a condition frequently

© Annals of Translational Medicine. All rights reserved.

encountered in women of reproductive age, which has
great influence on the embryo implantation, and occurs
in women with thin endometrium (1,8). The application
of stem cells in the treatment of various diseases has been
proven (13,14,18,24); however, the therapeutic effect of
stem cells in women with thin endometrium is ill-defined.
In the present work, we extracted MenSCs from healthy
women and women with thin endometrium in order to
explore their effects on the invasiveness, proliferation,
and angiogenesis of epithelial endometrial cells (EECs).
After their characterization, our results showed that the
MenSCs from women with thin endometrium were able
to induce the proliferation and invasion of EECs but had
no effect on apoptosis. Further coculture experiments
indicated that TE-MenSCs supernatant had high levels of
cytokines and both TE-MenSCs and their supernatants
were able to stimulate the expressions of EGE, PDGE, FGE
MMP3, VEGE, and TGF-B1. The effect of TE-MenSCs
was likely to be driven through its activation of the EGE/
Ras p21 pathway. These findings pave the way for the
application of MenSCs in the treatment of low endometrial
receptivity in women. In the present study, surface markers

Ann Transl Med 2021;9(18):1476 | https://dx.doi.org/10.21037/atm-21-4652
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Figure 5 Quantitative evaluation of the mRNA expression of EGF, PDGE, FGF, MMP3, VEGF and TGF-B1 genes in EECs co-cultured
in the presence of NTE-MenSCs, TE-MenSCs or their supernatant. Gene expression was determined by qRT-PCR. *P<0.05; **P<0.01;
***P<0.001; ****P<0.0001 compared to EECs group. TE-MenSCs, menstrual stem cells from thin endometrium; NTE-MenSCs, menstrual

stem cells from non-thin endometrium; EECs, endometrial epithelial cells; qRT-PCR, real-time quantitative polymerase chain reaction.

of MenSCs were CD90, CD34, CD72, and CD44, which
corroborated previous findings (27) and confirmed the
stemness of MenSCs. These results also corroborated with
the studies indicating that MenSCs have some commons
markers with MSC surface markers such as CD90, CD73,
and CD105 but differ markers such CD49a, OCT-4 and
SSEA-4 which are found expressed in MenSCs and STRO-
1 which is not expressed in MenSCs (26). Morphological
differences were also observed between the NTE-MenSCs
and the TE-MenSCs, which also corroborated with the
above work. These differences are probably due to the
pathological microenvironment of the endometrium and are
undoubtedly responsible for the differences in the response
of EEC:s to both types of MenSCs.

Our study indicated that TE-MenSCs were able to
stimulate the invasiveness and proliferation of EECs and
regulate the levels of cytokines. These results indicated
that TE-MenSCs stimulate inflammatory pathways to

© Annals of Translational Medicine. All rights reserved.

change the function of EECs, which may impact on
embryo implantation in vivo. Thus, by manipulating the
phenotype of MensCs, we can module the phenotypes of
EECs in women, which is of great value in dealing with
embryo implantation in women with thin endometrium.
Our findings were in line with previous studies indicating
the ability of MenSCs to regulate the proliferation, wound
healing, migration, and apoptosis of endometrial stromal
cells (30).

Human endometrial tissue and primary stromal cell
culture contain immunoreactive EGF, PDGF-AB as well
as EGF and PDGF-beta receptors. Both EGF and PDGF
are mitogenic for endometrial stromal cells, suggesting an
autocrine/paracrine role in modulation of endometrial cell
growth and differentiation. Herein, we found that EGE,
PDGE, and FGF were significantly regulated by the TE-
MenSCs, which further indicated that the TE-MenSCs
might regulate the immune response of EECs. In addition,

Ann Transl Med 2021;9(18):1476 | https://dx.doi.org/10.21037/atm-21-4652
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polymerase chain reaction.

these proteins are reported to play a significant role in the
vascularized adipose. Thus, our results indicated that TE-
MenSCs can also regulate vascularization of EECs, which
might be very detrimental for embryo implantation in vivo.
Furthermore, the expression of MMP3 was also influenced
by the TE-MenSCs, which is indicative of TE-MenSCs
influence on the extracellular matrix and fibrosis. Our
results also showed that the EGF/Ras p21 axis is partially
involved in the mechanism underlying the effect of TE-
MenSCs on the proliferation and invasiveness of EECs.

Conclusively, our study showed for the first time that
the MenSCs can regulate the phenotypes of EECs by
governing important biological processes. These findings
are vitally important to the treatment of thin endometrium
for embryo implantation. Further iz vivo experiments are
needed for further validation of these findings.

© Annals of Translational Medicine. All rights reserved.
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Figure S1 Immunofluorescence detection of CK7 expression (x400). Scale bar =50 pm.
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