
Research Article
A Comparative Study of Gene Expression in Menstrual
Blood-Derived Stromal Cells between Endometriosis and
Healthy Women

Seyedeh Saeideh Sahraei ,1 Faezeh Davoodi Asl ,2 Naser Kalhor ,2

Mohsen Sheykhhasan ,2 Hoda Fazaeli ,2 Sanaz Soleymani Moud ,3

and Azar Sheikholeslami 2

1Department of Reproductive Biology, Academic Center for Education, Culture, and Research (ACECR), Qom Branch, Qom, Iran
2Department of Mesenchymal Stem Cells, Academic Center for Education, Culture, and Research (ACECR), Qom Branch,
Qom, Iran
3Midwifery Ward, Infertility Treatment Center, Academic Center for Education, Culture, and Research (ACECR), Qom Branch,
Qom, Iran

Correspondence should be addressed to Azar Sheikholeslami; azareslami10@gmail.com

Received 22 September 2021; Accepted 18 December 2021; Published 11 January 2022

Academic Editor: Haiwei Xu

Copyright © 2022 Seyedeh Saeideh Sahraei et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work
is properly cited.

Background. Research into the pathogenesis of endometriosis would substantially promote its effective treatment and early
diagnosis. Currently, accumulating evidence has shed light on the importance of endometrial stem cells within the menstrual
blood which are involved in the establishment and progression of endometriotic lesions in a retrograde manner. Objectives. We
aimed to identify the differences in some genes’ expression between menstrual blood-derived mesenchymal stem cells
(MenSCs) isolated from endometriosis patients (E-MenSCs) and MenSCs from healthy women (NE-MenSCs). Methods.
Menstrual blood samples (2-3mL) from healthy and endometriosis women in the age range of 22–35 years were collected.
Isolated MenSCs by the Ficoll-Paque density-gradient centrifugation method were characterized by flow cytometry. MenSCs
were evaluated for key related endometriosis genes by real-time-PCR. Results. E-MenSCs were morphologically different from
NE-MenSCs and showed, respectively, higher and lower expression of CD10 and CD9. Furthermore, E-MenSCs had higher
expression of Cyclin D1 (a cell cycle-related gene) and MMP-2 and MMP-9 (migration- and invasion-related genes) genes
compared with NE-MenSCs. Despite higher cell proliferation in E-MenSCs, the BAX/BCL-2 ratio was significantly lower in E-
MenSCs compared to NE-MenSCs. Also, the level of inflammatory genes such as IL1β, IL6, IL8, and NF-κB and stemness
genes including SOX2 and SALL4 was increased in E-MenSCs compared with NE-MenSCs. Further, VEGF, as a potent
angiogenic factor, showed a significant increase in E-MenSCs rather than NE-MenSCs. However, NE-MenSCs showed
increased ER-α and β-catenin when compared with E-MenSCs. Conclusion. Here, we showed that there are gene expression
differences between E-MenSCs and NE-MenSCs. These findings propose that MenSCs could play key role in the pathogenesis
of endometriosis and further support the menstrual blood retrograde theory of endometriosis formation. This could be of great
importance in exploiting promising therapeutic targets and new biomarkers for endometriosis treatment and prognosis.

1. Introduction

Endometriosis is a benign inflammatory disease in women
caused by the outgrowth of endometrial tissue outside the
uterus [1, 2]. The exact cause of endometriosis pathogenesis

has not been determined yet [3, 4]. However, the most
important accepted cause of endometriosis is the retrograde
of menstrual blood flow into the pelvic cavity and the set-
tling of menstrual blood cells outside the uterine cavity [5].
Despite being a benign disease, endometriosis needs to be
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evaluated and treated due to the complications it makes for
women, such as infertility and severe pelvic pains. Chronic
pain is extremely common in this disease, and almost 40%
of patients with endometriosis suffer from infertility prob-
lems, whereas conventional treatments including hormone
therapy and surgery are not very effective [6, 7].

Evidence of studies showed that there are stem cells with
high proliferation and differentiation potential in menstrual
blood called menstrual blood-derived stem cells (MenSCs).
These cells not only are morphologically and functionally
similar to cells directly isolated from the endometrium but
also express both markers of mesenchymal and embryonic
stem cells, such as Oct-4, SSEA-4, Nanog, c-kit (CD117),
CD44, CD90, and CD105, as well [8–11].

It has been shown that molecular signaling pathways and
expression profile of some genes in the MenSCs of women
with endometriosis are different from healthy women, in
which awareness of them can be a step towards diagnosing
the pathogenesis and providing effective treatment strategies
for this disease [4, 12]. Analyzing the molecular network of
endometriosis revealed that the genes and the signaling
pathways that play important roles in the establishment
and spread of this disease are including inflammatory genes,
such as IL-1β, Cox-2, NF-κb, HIF-1α, TNF-α, IL-6, and IL-
8; the stemness and pluripotency-related genes such as
SOX2, OCT4, SALL4, and Nanog; the genes related to ste-
roidogenic pathway such as ER; the apoptosis related genes
such as Bcl-2 and BAX; the genes of angiogenesis, such as
VEGF; the genes involved in tissue breakdown which then
facilitates migration and invasion, such as MMP-2 and
MMP-9; the cell cycle-related genes, such as cyclin D1; and
the Wnt/βcatenin signaling pathway [13–15].

Inflammation acts as a key pathway in the pathogenesis
of endometriosis [16]. So, the release of several cytokines
related to inflammation, including IL-1β, Cox-2, NF-κb,
HIF-1α, TNF-α, IL-6, and IL-8, could modulate proliferation
and vascularization followed by endometriosis development
[16]. In addition, it was reported that inflammation path-
ways and inflammasome may be modulated by sex steroid
hormones in endometriosis [17].

Also, the stemness and pluripotency-related genes play
an important role in the pathogenesis of endometriosis
[15]. Several research studies have reported that the expres-
sion of stemness genes such as OCT-4 and SOX-2 was
increased in patients with endometriosis [15, 18, 19]. It
seems that increased expression of these genes may contrib-
utes to the development and spread of endometriosis [15].

Wnt/β-catenin signaling can also be considered as an
important pathway for endometriosis development [20]. It
was found that endometriosis could be affected through
estrogen and progesterone modulation by regulating Wnt/
β-catenin signaling [20]. Furthermore, the cyclical changes
in proliferation and differentiation of endometrial cells are
modulated by estrogen and progesterone via regulating
Wnt/β-catenin signaling [21].

Furthermore, angiogenesis may be considered as one of
the steps in the development of endometriosis [22]. VEGF
as one of the most important and potent angiogenic factors
may be involved in the spread of endometriosis by affecting

angiogenesis [22]. Moreover, endometriotic cells may pro-
duce and release VEGF and may cause angiogenesis in this
way [23]. So, some blood supply is needed for growth and
increased some VEGF was observed in endometriosis.

Also, it was demonstrated that the expression of MMP-2
and MMP-9 is overexpressed in the eutopic endometrium as
well as the endometriotic lesions of patients with endometri-
osis [24, 25]. It was identified that upregulating MMP-2 and
MMP-9 could participate in tissue breakdown which then
induces migration and invasion [26, 27].

In addition, apoptosis can be regarded as a critical pro-
cess in the endometriosis pathogenesis [28]. It was con-
firmed that endometriosis-derived eutopic endometrium
shows overexpression of antiapoptotic factors and downreg-
ulated expression of proapoptotic factors compared with
healthy donor-derived endometrium [28].

In this study, in order to better understand the affected
molecular pathways involved in the endometriosis process,
we planned to investigate and compare the gene expression
patterns of MenSCs obtained from patients with endometri-
osis and healthy women.

2. Materials and Methods

2.1. Human Specimens. This experimental study was
approved by the ethics committee of Islamic Azad Univer-
sity, Qom branch (IR.IAU.QOM.REC.1399.064). All
patients signed a written informed consent before participat-
ing in the study. Nonendometriosis women were considered
as the control group (n = 3), while women with stages III-IV
endometriosis were allocated to the patient group (n = 3). All
the individuals in control and patient groups were undergo-
ing laparoscopy for infertility or pelvic pain, respectively.
The following inclusion criteria were observed to enroll par-
ticipants: age range of 25 to 35 years, body mass index (BMI)
of 18–28 kg/m2 in both groups, and no hormonal treatments
for at least the last 3 months. Moreover, in the case of the
patient group whose deep endometriosis was confirmed by
transvaginal ultrasound and magnetic resonance imaging,
having ovulatory cycles with irregular menstrual periods in
endometriosis cases, no previous surgery for endometriosis
women, and no history of malignancies or autoimmune dis-
eases should be observed.

2.2. Isolation and Culture of MenSCs. During the second or
third day of menstruation, at least 2mL of menstrual blood
was collected by a Pipelle endometrial sampling catheter
and subsequently transferred to the laboratory after 3 appro-
priate cases in each group were selected. At first, EDTA
0.5mM was added to the blood sample, and then, an equal
volume of blood sample was carefully added to Ficoll-
Paque media (Lymphodex, innotrain, Germany) and centri-
fuged at 600 × g for 30min at room temperature. Plasma and
platelets in the upper layer were eliminated during density
gradient centrifugation, leaving the mononuclear cell layer
intact at the interface. After transferring mononuclear cell
layer to the sterile centrifuging tube, it was washed twice
with phosphate buffer saline (PBS). Cell pellets were seeded
with Dulbecco’s modified Eagle’s low glucose (DMEM-LG)
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medium supplemented with 10% FBS (Gibco, Grand Island,
USA) and 1% penicillin/streptomycin (Gibco, Grand Island,
USA) and incubated at 37°C with 97% humidity and 5%
CO2. For all the experiments, approximately 5 × 105 cells at
their 3rd passage were used in each group. The endometriosis
and healthy women’s isolated MenSCs are referred to as E-
MenSCs and NE-MenSCs, respectively.

2.3. Flow Cytometry for MenSC Markers. The expression level
of positive (CD29, CD90, CD105, CD44, CD73, and CD10)
and negative (CD34, CD45, CD133, and CD38) cell surface

markers was investigated to confirm the isolated cells as
MenSCs. FITC-conjugated monoclonal antibodies against
CD34 and CD133 as well as PE-conjugated monoclonal anti-
bodies for CD10, CD44, CD45, and CD73 were purchased
from BD Biosciences (San Jose, CA, USA). PE-conjugated
anti-CD105, CD90, CD29, and CD38 were from R&D Sys-
tems (Minneapolis, MN, USA). Flow cytometry was per-
formed using an FC500 flow cytometer (Beckman Coulter,
Fullerton, CA), and Beckman Coulter CXP software was used
to analyze data. In this procedure, all of the antibodies were
employed at the amounts advised by the manufacturers.

Table 1: Specific primers for target genes.

Gene Sequence Accession number Product size (bp)

IL-1β
F: TCTTCTTCGACACATGGGATA

NM_000576.3 183
R: GTACAAAGGACATGGAGAACA

IL-6
F: GTGTGAAAGCAGCAAAGAGG

NM_000600.5 140
R: CCTCAAACTCCAAAAGACCA

IL-8
F: GGAAGGAACCATCTCACTGT

NM_001354840.3 122
R: GTTCTTTAGCACTCCTTGGC

COX-2
F: TCAGCCATACAGCAAATCCT

NM_000963.4 205
R: TTGAAGTGGGTAAGTATGTAGTG

TNF-α
F: GTCTGGGCAGGTCTACTTTGG

MH180383.1 172
R: GTTCTAAGCTTGGGTTCCGAC

NF-kβ
F: GAAGTGCAGAGGAAACGTCAG

NM_001382627.1 147
R: GAAGCTATACCCTGGACCTGT

HIF-1α
F: GGCGAAGTAAAGAATCTGAAG

NM_181054.3 209
R: ACCATCCAAGGCTTTCAAATA

OCT-4
F: GTTCTTCATTCACTAAGGAAGG

NM_001285986.2 101
R: CAAGAGCATCATTGAACTTCAC

NANOG
F: ACCTGAAGACGTGTGAAGATG

NM_001355281.2 187
R: ATTAGGCTCCAACCATACTCC

SOX-2
F: GGGAAATGGAAGGGGTGCAAAAGAGG

NM_003106.4 151
R: TTGCGTGAGTGTGGATGGGATTGGTG

SALL-4
F: GGGCAGCCACATGTCTCAGCA

NM_001318031.2 204
R: GACATGACGTTCGGGAGCACC

BAX
F: CGGCAACTTCAACTGGGG

NM_001291430.2 149
R: TCCAGCCCAACAGCCG

BCL-2
F: GGTGCCGGTTCAGGTACTCA

NM_000657.3 114
R: TTGTGGCCTTCTTTGAGTTCG

MMP-2
F: ACAGTGGATGATGCCTTTGC

NM_004530.6 156
R: GAGTCCGTCCTTACCGTCAA

MMP-9
F: GCACCACCACAACATCACCT

NM_004994.3 190
R: ATACCCGTCTCCGTGCTCC

Cyclin D1
F: CCCTCGGTGTCCTACTTCA

NM_053056.3 117
R: GAAGACCTCCTCCTCGCAC

ER
F: GAGGGGGAATCAAACAGAAAG

NM_001122740.2 201
R: CTGCTGGATAGAGGCTGAGT

β-Catenin
F: GCGTGGACAATGGCTACTC

NM_001330729.2 203
R: GCCGCTTTTCTGTCTGGTT

VEGF
F: TGCTTGCCATTCCCCACTT

NM_001171622.2 195
R: ACTTTGCCCCTGTCGCTTT
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2.4. Real-Time Polymerase Chain Reaction (PCR) and Gene
Expression Analysis. Total RNA was extracted from both
E-MenSCs and NE-MenSCs using “Gene All Kit (Gene All
Biotechnology, Seoul, Korea) according to the manufactur-
er’s instructions. The Nanodrop 2000 spectrophotometer
(Thermo Fisher Scientific, Wilmington, USA) was used to
evaluate RNA purity and quantity at 260/280 nm. The
single-strand cDNA was synthesized via reverse transcrip-
tion using a transcription kit (Yekta tajhiz, Iran).” To assess
the level of selected gene expression, quantitative real-time
PCR tests were performed in triplicate (Table 1). All the
primers were purchased from Pishgam Biotech, Iran. The
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene
was selected as an internal reference for standardizing gene
expression levels. The fold change of mRNA expressions
for target genes was calculated using the 2-ΔΔCt technique.
Real-time PCR was performed according to the manufactur-
er’s instructions using RealQ Plus Master Mix Green
(AMPLIQONIII). In brief, 10μL SYBR green mix, 1μL
cDNA (250ng), and 1μL of each PCR forward and reverse
primers in 5 pmolμL-1 were mixed together. Millipore water
was added to achieve the final volume of 20μL.

The primer sequences are listed in Table 1. The thresh-
old cycle (CT) was determined manually for each run. Rela-
tive mRNA level was expressed as the relative fold change
and calculated using the formula 2–ΔΔCT = 2–ðΔCTðsampleÞ−Δ
CTðcalibratorÞÞ, where each ΔCT = ΔCT target – ΔCTGAPDH.
The quantification of mRNA was performed as a value rela-
tive to an internal reference for GAPDH.

2.5. Statistical Analysis. The experimental data are presented
as the mean ± standard deviation (SD) and compared using
ANOVA. The statistical significance was determined using
an ANOVA with a multiple comparison test, followed by
the Tukey test. The threshold for statistical significance was
established at P ≤ 0:05. For technical and biological repeat-
ability, all experiments were carried out in triplicate.

3. Results

3.1. Identification of MenSCs. During primary culture,
MenSCs exhibited a colony-like morphology, which was
clearly observed in both NE-MenSCs and E-MenSCs
(Figure 1(a), A, B, and C). As previously reported [29], sub-
cultured NE-MenSCs demonstrated growth characteristics
typical of a spindle-shaped, fibroblast-like morphology with
a radial or helical growth pattern; however, subcultured E-
MenSCs exhibited an irregular morphology different from
NE-MenSCs. Flow cytometric analysis of passage 3 MenSCs
demonstrated that both NE-MenSCs and E-MenSCs were
positive for CD44, CD73, CD90, CD105, CD29, CD9, and
CD10 expression but negative for CD34, CD45, CD133,
and CD38 expression (Figure 1(b)). To compare E-
MenSCs and NE-MenSCs concerning the expression level
of CD markers, we used the mean fluorescence intensity
(MFI). In our results, CD10 expression was significantly
higher in E-MenSCs compared with NE-MenSCs, which
can be considered as a useful marker in the diagnosis of
endometriosis. In contrast, CD9 and CD29 expression was

significantly lower in E-MenSCs compared with NE-
MenSCs (Figure 1(c)).

3.2. qRT-PCR Analysis. Based on the previous studies [9, 30],
the endometrial stem cells of women with endometriosis are
different from those of healthy women, which can be a step
towards diagnosing the pathogenesis and providing effective
treatment strategies for this disease [4].

3.2.1. Expression of Stemness Genes in E-MenSCs. Evaluation
of stemness-related genes showed that mRNA expression of
SOX-2 was significantly increased in E-MenSCs (1.8574 fold,
P ≤ 0:04) compared with NE-MenSCs. In contrast, the
expression of OCT-4 and NANOG was lower in E-MenSCs
compared with NE-MenSCs (P=0.0). There was also no
significant change in the level of SALL-4 (1.751187 fold,
P ≤ 0:06) gene expression in endometriosis cells (Figure 2).

3.2.2. Expression of Apoptosis Genes in E-MenSCs. Evalua-
tion of apoptosis-related genes showed that E-MenSCs sig-
nificantly decreased mRNA expression of BAX
(proapoptotic gene) (0.052 fold, P = 0:05) and significantly
increase mRNA expression of BCL-2 (antiapoptotic gene)
(1.60 fold, P = 0:01) in endometriosis cells, as compared with
NE-MenSCs (Figure 3). The balance between pro- and anti-
apoptotic members of this family can determine the cellular
fate. Moreover, the BAX/BCL-2 ratio was significantly lower
(0.06) in E-MenSCs compared to NE-MenSCs.

3.2.3. Migration and Invasion in E-MenSCs. To investigate
the migration and invasion of endometriotic stem cells, we
evaluated mRNA expression of MMP-2 and MMP-9 genes.
Our data showed a higher expression of MMP-2 and
MMP-9 genes in endometriosis cells (E-MenSCs) (7.6 and
5.8 fold), as compared with NE-MenSCs (Figure 4). Our
results confirmed the previous findings, demonstrating the
superior migratory capacity of E-MenSCs.

3.3. Expression of Inflammatory Genes in E-MenSCs. We
assessed the expression of several key inflammatory genes
which are expressed at high or moderate levels in MenSCs
(Figure 5). Compared with NE-MenSCs, E-MenSCs
expressed greater IL-1β (17.69, P < 001), IL-6 (9.063,
P < 001), IL-8 (16.795 fold, P < 001), NF-κB (3.017
fold, P < 001), and COX-2 (8.033 fold, P < 005), while
in E-MenSCs, HIF (1.304 fold, P<001) and TNF-α
(1.061914 fold, P < 001) genes had similar expression levels
to NE-MenSCs. Our results show that inflammatory genes
are strongly influential in endometriosis disease.

3.4. Expression of Mitotic Factor in E-MenSCs. Cyclin D1, as
a mitotic cyclin, plays an integral role in many types of can-
cer. We observed cyclin D1 levels deregulated in endome-
triosis cell line which was significantly elevated (5.4 folds)
in E-MenSCs (P < 0:01) compared with NE-MenSCs
(Figure 6).

3.5. Expression of Angiogenic Factor in E-MenSCs. As one of
the most potent angiogenic factors, VEGF is postulated to be
involved in the progress of ectopic lesions in endometriosis.
Compared with NE-MenSCs, VEGF (proangiogenic factor)
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Figure 1: (a) Typical characteristics of MenSCs. (A, B) Morphology of EnSCs. P0 and P3 NE-MenSCs showed a typical spindle-shaped,
polygonal, swirling, and fibroblast-like morphology (C) but E-MenSCs showed an irregular morphology less stretched and more circular
(×100 magnification); (b) The expression of MenSC surface markers was detected by flow cytometry so that they were positive for CD90,
CD44, CD29, CD73, and CD105, while negative for CD34, CD133, CD45, and CD38; (c) compare CD10, CD9, and CD29 marker in E-
MenSCs with NE-MenSCs.
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was expressed at high level in E-MenSCs, 4.09 fold (P < 0:05)
(Figure 7).

3.6. Expression of Estrogen Receptor in E-MenSCs. ER expres-
sion may serve as a prognostic biomarker of aggressive
endometriosis. We observed that ER-α gene was remarkably
increased in E-MenSCs compared with NE-MenSCs (15.88
fold, P < 0:01) (Figure 8).

3.7. Wnt\β Catenin Signaling. β-Catenin is a dual-function
protein, involved in regulation and coordination of cell-cell
adhesion and gene transcription. β-Catenin also is involved
in epithelial to mesenchymal transition and cell division.
Our data revealed that E-MenSCs expressed greater β-
catenin gene (19.97 fold, P < 0:05) (Figure 9).

4. Discussion

Endometriosis is a disease with a complex and multifactorial
etiology. Recently, several reports have shown that endome-

trial stem cells are responsible for the endometriosis genera-
tion if shed in a retrograde manner in the menstrual cycle
[31]. These menstrual blood-derived mesenchymal stem
cells are thought to be involved in the formation of endome-
triosis [4]. In the present study, we analyzed the differences
between E-MenSCs and NE-MenSCs in terms of morphol-
ogy, expression level of some surface markers, expression
of some key genes related to inflammation, apoptosis, angio-
genesis, cell cycle control, adhesion, and steroidogenic path-
ways. In our results, E-MenSCs revealed a higher expression
level of CD10 and lower expression of CD9 marker when
compared with NE-MenSCs. CD10 could be considered as
a useful marker in the diagnosis of endometriosis [32, 33].
In this regard, stromal cells existing in the milieu of several
tumor types have been reported to differ from their normal
counterparts with respect to the expression of various CD
markers. Several studies have addressed the relationship
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Figure 2: Quantitative assessment of OCT-4, SALL-4, NANOG, and SOX-2 gene expression. Gene expression in both MenSCs types was
evaluated by qRT-PCR. SOX-2 and SALL-4 genes showed an upregulation in E-MenSCs compared with that in NE-MenSCs, while OCT-4
and NANOG gene expression was lower in E-MenSCs. ∗P ≤ 0:05.
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Figure 3: Quantitative assessment of BAX and BCL-2 gene
expression. Gene expression in both MenSC types was evaluated
by qRT-PCR. BAX and BCL-2 genes showed an upregulation in
E-MenSCs compared with that in NE-MenSCs. ∗P ≤ 0:05.
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Figure 4: Quantitative assessment of MMP-2 and MMP-9 gene
expression. Gene expression in both MenSC types was evaluated
by qRT-PCR. MMP-2 and MMP-9 genes showed an upregulation
in E-MenSCs compared with that in NE-MenSCs. ∗P ≤ 0:05.
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between cancers and CD10 expression, demonstrating CD10
upregulation on tumor and stromal cells of different cancers
such as breast and bladder [32–34].

On the other hand, the endometrial stromal cell expres-
sion of CD9 has been reported to be associated with infertil-
ity related to the endometrium [35]. CD9 is known as a
marker shown to be associated with the implantation [36].
CD9 is associated with integrin adhesion receptors and con-
trols integrin-dependent cell migration and invasion during
blastocyst implantation [35]. CD9-deficient endometrium in
mice failed to implant compared to the CD9-positive endo-
metrium. CD9 is associated with blastocyst implantation by
producing MMP-2 [37]. Overall, similar to other studies,
higher expression of CD10 and lower expression of CD9 in
E-MenSCs were observed in the current study.

4.1. Enhanced Stemness Gene Expression in E-MenSCs. In the
present study, the expression level of some stemness-related
genes was evaluated. NANOG and OCT4 had significant
lower expression, whereas SOX2 gene showed significant
increase in E-MenSCs compared to NE-MenSCs. Götte et al.
in 2011 revealed a substantial increase in SOX2 expression in
endometriosis rather than infertile patients without endome-
triosis [38]. Some studies have indicated increased expression
of stemness-related markers in endometriotic tissue which can
promote cell survival and self-renewal [39]. In 2016, Proestling
et al. reported that endometriotic tissues have abnormal
expression of SOX2, NANOG, and OCT4, in which OCT4
could stimulate endometrial cell migration [19]. We have also
observed changes in the expression level of stemness genes
which show contradictory results overall [18, 19].

4.2. Enhanced Apoptosis in E-MenSCs. The apoptosis rate in
endometrial cells of endometriosis women was found to be
slightly lower, suggesting that the survival rate of cells that
reach the peritoneal cavity is higher in people with progres-
sive endometriosis. Dmowski et al. analyzed the apoptotic
index according to the stage of endometriosis and found that
there was a trend towards decreased apoptosis with increas-
ing stage of the disease, but the difference lacked statistical
significance [40].

In 2020, Delbandi et al. analyzed the apoptosis in endome-
triosis by modulating Bcl-2 expression. In many studies, there
is an inverse relationship between the level of apoptosis and
the stage of endometriosis in apoptosis, and in general, there
is an increase in angiogenesis and a decrease in apoptosis in
endometriosis patients [41]. Actually, the ratio of Bax/Bcl-2
has an important involvement in apoptosis level. The Bax/
Bcl-2 ratio was significantly lower in E-MenSCs compared to
NE-MenSCs. Our data based on the Bax/Bcl-2 ratio confirm
the decreased apoptosis in endometriosis stromal cells.
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Figure 5: Quantitative assessment IL-1b, COX-2, IL-8, HIF, TNF-a, NF-κB, and IL-6 gene expression. Gene expression in both MenSC
types was evaluated by qRT-PCR. IL-1b, IL-8, NF-κB, and IL-6 genes showed an upregulation in E-MenSCs compared with that in NE-
MenSCs, while COX-2, HIF, and TNF-a gene expression was similar to the control group. ∗P ≤ 0:05.
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Figure 6: Quantitative assessment of Cyclin D gene expression.
Gene expression in both MenSC types was evaluated by qRT-
PCR. Cyclin D gene showed an upregulation in E-MenSCs
compared with that in NE-MenSCs. ∗P ≤ 0:05.
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4.3. Enhanced Migratory and Angiogenic Capacities of E-
MenSCs. Angiogenesis has an essential role in the establish-
ment and growth of endometriotic lesions, regardless of apo-
ptosis [42, 43]. Based on previous studies, it is shown that
patients with endometriosis have much more active types
of MMP-9 in epithelial cells and menstrual stroma than
those without endometriosis [44]. Our results in consistent
with the findings of the above study confirmed the increase
in migration genes (MMP2 and MMP9) of E-MenSCs com-
pared to NE-MenSCs. Furthermore, one of the most active
angiogenesis factors, VEGF, plays an important role in both
physiological and pathological angiogenesis [45]. Yerlikaya
et al. in 2016 showed that there is an increase in angiogenesis
and a decrease in apoptosis in endometriosis patients in gen-
eral [45], which is in line with the results of our study.
Growth factors, hormones, cytokines, and hypoxia stimulate
VEGF development, and ectopic endometrium and perito-
neal macrophages are sources of this factor in endometri-
osis [41].

4.4. Immunomodulatory Dysfunction of E-MenSCs. In endo-
metriosis, local proinflammatory mediators such as interleu-
kin (IL)-1b and tumor necrosis factor- (TNF-) a stimulate
the nuclear factor kB (NF-κB) and hypoxia inducible factor-
(HIF-) 1a signaling pathways, increasing COX-2 expression
[46]. COX-2 is an inducible enzyme that is normally absent
in physiologic conditions but is rapidly released in patholog-
ical conditions such as endometriosis after stimulation by
cytokines and proinflammatory agents. COX-2 expression
in peritoneal macrophages was substantially increased in
women with endometriosis [47]. In the present research,
consistent with previous studies, a significant increase in
the expression of inflammatory genes such as IL-1β, IL-6,
IL-8, COX-2, and NFkB was observed in E-MenSCs com-
pared with NE-MenSCs. Zhang and colleagues in 2018
showed that inflammation and estrogen form a positive
feedback loop in ectopic endometriotic lesions, increasing
the expression of aromatase, COX-2, and local estrogen pro-
duction [48]. Estrogen receptor b (ERb) is increased in
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Figure 7: Quantitative assessment of VEGF gene expression. Gene expression in both MenSC types was evaluated by qRT-PCR. VEGF gene
showed an upregulation in E-MenSCs compared with that in NE-MenSCs. ∗P ≤ 0:05.
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Figure 8: Quantitative assessment of ER-α gene expression. Gene
expression in both MenSC types was evaluated by qRT-PCR. ER
gene showed an upregulation in E-MenSCs compared with that
in NE-MenSCs. ∗P ≤ 0:05.
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Figure 9: Quantitative assessment of β-catenin gene expression.
Gene expression in both MenSC types was evaluated by qRT-
PCR. The β-Catenin gene showed an upregulation in E-MenSCs
compared with that in NE-MenSCs. ∗P ≤ 0:05.
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endometriotic tissue and mediates estradiol-induced COX-2
expression. Also, angiogenesis and migration are strongly
linked to IL-6 expression [49]. The expression levels of cyto-
kines and chemokines such as IL-1b, TNF-a, IL-6, and IL-8,
secreted by peritoneal macrophages and ectopic endome-
triotic lesions, were abnormally elevated in peritoneal fluid
[50]. IL-1b is a major proinflammatory cytokine released
in excess by endometriosis-derived peritoneal macrophages
and found in high levels in the peritoneal fluid of endometri-
osis patients [16]. In 2018, Lousse et al. showed that IL-8 is
involved in the pathogenesis of endometriosis, as sex ste-
roids might stimulate the chemokine IL-8 expression in
endometrial cells from women with endometriosis [51]. A
proinflammatory transcription factor called NF-κB is
involved in both physiological and pathological inflamma-
tion [52]. Our results in this study are in complete agree-
ment with other studies on the increase of inflammatory
factors in endometriosis patients. NF-κB is activated by var-
ious inflammatory factors and then stimulates proinflamma-
tory cytokines. NF-κB activator increases inflammation,
invasion, angiogenesis, and cell proliferation in endometri-
osis lesions and peritoneal macrophages in endometriosis
patients while suppressing apoptosis [53].

4.5. Steroid Signaling. Endometriosis is regarded as an
estrogen-dependent disease, and women with this condition
display an increased estrogenic expression and activity.
Aberrations in the molecular pathways hinder with this hor-
monal regulation favoring an overproduction of estrogen,
prostaglandins, and cytokines which could potentially lead
to the onset of endometriosis [54]. We also examined
whether there was a relationship between the rate of endo-
metriosis development and estrogen level. According to the
results of this study and compatible with previous studies,
the expression of estrogen gene in E-MenSCs cells is signif-
icantly higher than that in NE-MenSCs [55, 56].

4.6. Wnt/β-Catenin Signaling. Two stages appear to be
essential for the establishment of endometriosis, according
to the implantation theory: migration and invasion. These
findings indicate that abnormal Wnt/β-catenin pathway
activation could lead to enhanced migration and invasion
of menstrual endometrial cells in endometriosis patients
[57]. Cyclin D1 expression was shown to be higher in the secre-
tory phase stromal cells of patients with endometriosis than in
the secretory phase stromal cells of healthy women [58]. In this
study, a significant increase in β-catenin and Cyclin D1 was
observed in E-MenSCs compared to NE-MenSCs, which is
quite consistent with the observations of previous studies [20,
59, 60]. Cell proliferation, migration, and invasion are all regu-
lated by Wnt/β-catenin pathway, which is also involved in the
pathophysiology of endometriosis [61].

5. Conclusion

In this study, we showed that there are gene expression dif-
ferences between E-MenSCs and NE-MenSCs. Our results
showed that several genes from critical cellular processes
including inflammation, apoptosis, migration, and angio-

genesis are differentially expressed in E-MenSCs compared
with healthy cells. These findings propose that MenSCs
could play a key role in the pathogenesis of endometriosis
and further support the menstrual blood retrograde theory
of endometriosis formation. This could be of great impor-
tance in exploiting promising therapeutic targets and new
biomarkers for endometriosis treatment and prognosis.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Seyedeh Saeideh Sahraei and Faezeh Davoodi asl contrib-
uted equally.

Acknowledgments

We are grateful to all those who have contributed to this
paper. This work was funded by grants from the Academic
Center for Education, Culture and Research, Qom Branch,
Qom, Iran.

References

[1] P. Parasar, P. Ozcan, and K. L. Terry, “Endometriosis: epide-
miology, diagnosis and clinical management,” Current Obstet-
rics and Gynecology Reports, vol. 6, no. 1, pp. 34–41, 2017.

[2] R. O. Burney and L. C. Giudice, “Pathogenesis and pathophys-
iology of endometriosis,” Fertility and Sterility, vol. 98, no. 3,
pp. 511–519, 2012.

[3] S. Sourial, N. Tempest, and D. K. Hapangama, “Theories on
the pathogenesis of endometriosis,” International Journal of
Reproductive Medicine, vol. 2014, Article ID 179515, 9 pages,
2014.

[4] A. S. Laganà, S. Garzon, M. Götte et al., “The pathogenesis of
endometriosis: molecular and cell biology insights,” Interna-
tional Journal of Molecular Sciences, vol. 20, no. 22, p. 5615,
2019.

[5] T. Bloski and R. Pierson, “Endometriosis and chronic pelvic
pain: unraveling the mystery behind this complex condition,”
Nursing for Women's Health, vol. 12, no. 5, pp. 382–395, 2008.

[6] M. L. Macer and H. S. Taylor, “Endometriosis and infertility: a
review of the pathogenesis and treatment of endometriosis-
associated infertility,” Obstetrics and Gynecology Clinics of
North America, vol. 39, no. 4, pp. 535–549, 2012.

[7] C. Bulletti, M. E. Coccia, S. Battistoni, and A. Borini, “Endo-
metriosis and infertility,” Journal of Assisted Reproduction
and Genetics, vol. 27, no. 8, pp. 441–447, 2010.

[8] Y. Liu, Z. Zhang, F. Yang et al., “The role of endometrial stem
cells in the pathogenesis of endometriosis and their application
to its early diagnosis†,” Biology of Reproduction, vol. 102, no. 6,
pp. 1153–1159, 2020.

[9] Y. Liu, S. Liang, F. Yang et al., “Biological characteristics of
endometriotic mesenchymal stem cells isolated from ectopic

9BioMed Research International



lesions of patients with endometriosis,” Stem Cell Research &
Therapy, vol. 11, no. 1, 2020.

[10] Y. Cheng, L. Li, D. Wang et al., “Characteristics of human
endometrium-derived mesenchymal stem cells and their tro-
pism to endometriosis,” Stem Cells International, vol. 2017,
Article ID 4794827, 9 pages, 2017.

[11] M. C. Rodrigues, T. Lippert, H. Nguyen, S. Kaelber, P. R. San-
berg, and C. V. Borlongan, “Menstrual blood-derived stem
cells: in vitro and in vivo characterization of functional effects,”
in Biobanking and Cryopreservation of Stem Cells, vol. 951 of
Advances in Experimental Medicine and Biology, , pp. 111–
121, Springer, 2016.

[12] P. A. B. Klemmt and A. Starzinski-Powitz, “Molecular and cel-
lular pathogenesis of endometriosis,” Current Women's Health
Reviews, vol. 14, no. 2, pp. 106–116, 2018.

[13] K. Kurokouchi, F. Kambe, K. Yasukawa et al., “TNF-α
increases expression of IL-6 and ICAM-1 genes through acti-
vation of NF-κB in osteoblast-like ROS17/2.8 cells,” Journal
of Bone and Mineral Research, vol. 13, no. 8, pp. 1290–1299,
1998.

[14] P. Mashayekhi, M. Noruzinia, and S. Khodaverdi, “Deregula-
tion of Stemness-related genes in endometriotic mesenchymal
stem cells: further evidence for self-renewal/differentiation
imbalance,” Iranian Biomedical Journal, vol. 24, no. 5,
pp. 328–334, 2020.

[15] A. Forte, M. T. Schettino, M. Finicelli et al., “Expression pat-
tern of stemness-related genes in human endometrial and
endometriotic tissues,” Molecular Medicine, vol. 15, no. 11-
12, pp. 392–401, 2009.

[16] M.-H. Wu, K.-Y. Hsiao, and S.-J. Tsai, “Endometriosis and
possible inflammation markers,” Gynecology and Minimally
Invasive Therapy, vol. 4, no. 3, pp. 61–67, 2015.

[17] E. García-Gómez, E. R. Vázquez-Martínez, C. Reyes-Mayoral,
O. P. Cruz-Orozco, I. Camacho-Arroyo, andM. Cerbón, “Reg-
ulation of inflammation pathways and inflammasome by sex
steroid hormones in endometriosis,” Frontiers in Endocrinol-
ogy, vol. 10, 2020.

[18] F. Shariati, R. Favaedi, F. Ramazanali et al., “Increased expres-
sion of stemness genes REX-1, OCT-4, NANOG, and SOX-2
in women with ovarian endometriosis versus normal endome-
trium: a case-control study,” International Journal of Repro-
ductive Biomedicine, vol. 16, no. 12, 2019.

[19] K. Proestling, P. Birner, S. Balendran et al., “Enhanced expres-
sion of the stemness-related factors OCT4, SOX15 and TWIST1
in ectopic endometrium of endometriosis patients,” Reproduc-
tive Biology and Endocrinology, vol. 14, no. 1, p. 81, 2016.

[20] A. Pazhohan, F. Amidi, F. Akbari-Asbagh et al., “The Wnt/β-
catenin signaling in endometriosis, the expression of total and
active forms of β-catenin, total and inactive forms of glycogen
synthase kinase-3β, WNT7a and DICKKOPF-1,” European
journal of obstetrics, gynecology, and reproductive biology,
vol. 220, pp. 1–5, 2018.

[21] R. M. Marquardt, T. H. Kim, J.-H. Shin, and J.-W. Jeong, “Pro-
gesterone and estrogen signaling in the endometrium: what
goes wrong in endometriosis?,” International Journal of Molec-
ular Sciences, vol. 20, no. 15, p. 3822, 2019.

[22] A. L. L. Rocha, F. M. Reis, and R. N. Taylor, “Angiogenesis and
endometriosis,” Obstetrics and Gynecology International,
vol. 2013, Article ID 859619, 8 pages, 2013.

[23] J. L. Shifren, J. F. Tseng, C. J. Zaloudek et al., “Ovarian steroid
regulation of vascular endothelial growth factor in the human

endometrium: implications for angiogenesis during the men-
strual cycle and in the pathogenesis of endometriosis,” The
Journal of Clinical Endocrinology and Metabolism, vol. 81,
no. 8, pp. 3112–3118, 1996.

[24] T. Collette, R. Maheux, J. Mailloux, and A. Akoum, “Increased
expression of matrix metalloproteinase-9 in the eutopic endo-
metrial tissue of women with endometriosis,” Human Repro-
duction, vol. 21, no. 12, pp. 3059–3067, 2006.

[25] K. Szymanowski, M. Mikołajczyk, P. Wirstlein, and A. Dera-
Szymanowska, “Matrix metalloproteinase-2 (MMP-2),
MMP-9, tissue inhibitor of matrix metalloproteinases
(TIMP-1) and transforming growth factor-β2 (TGF-β2)
expression in eutopic endometrium of women with peritoneal
endometriosis,” Annals of Agricultural and Environmental
Medicine, vol. 23, no. 4, pp. 649–653, 2016.

[26] A. H. Webb, B. T. Gao, Z. K. Goldsmith et al., “Inhibition of
MMP-2 and MMP-9 decreases cellular migration, and angio-
genesis in in vitro models of retinoblastoma,” BMC Cancer,
vol. 17, no. 1, 2017.

[27] Y. H. Kim, H. J. Kwon, and D. S. Kim, “Matrix Metallopro-
teinase 9 (MMP-9)-dependent Processing of βig-h3 Protein
Regulates Cell Migration, Invasion, and Adhesion,” The Jour-
nal of Biological Chemistry, vol. 287, no. 46, pp. 38957–38969,
2012.

[28] F. Taniguchi, A. Kaponis, M. Izawa et al., “Apoptosis and
endometriosis,” Frontiers in Bioscience, vol. E3, no. 2,
pp. 648–662, 2011.

[29] S. Nikoo, M. Ebtekar, M. Jeddi-Tehrani et al., “Menstrual
blood-derived stromal stem cells from women with and with-
out endometriosis reveal different phenotypic and functional
characteristics,” Molecular Human Reproduction, vol. 20,
no. 9, pp. 905–918, 2014.

[30] A. Augoulea, A. Alexandrou, M. Creatsa, N. Vrachnis, and
I. Lambrinoudaki, “Pathogenesis of endometriosis: the role of
genetics, inflammation and oxidative stress,” Archives of gyne-
cology and obstetrics, vol. 286, no. 1, pp. 99–103, 2012.

[31] I. E. Sasson and H. S. Taylor, “Stem cells and the pathogenesis
of endometriosis,” Annals of the New York Academy of Sci-
ences, vol. 1127, no. 1, pp. 106–115, 2008.

[32] V. P. Sumathi andW. McCluggage, “CD10 is useful in demon-
strating endometrial stroma at ectopic sites and in confirming
a diagnosis of endometriosis,” Journal of Clinical Pathology,
vol. 55, no. 5, pp. 391-392, 2002.

[33] E. Oliva, “CD10 expression in the female genital Tract,”
Advances in Anatomic Pathology, vol. 11, no. 6, pp. 310–315,
2004.

[34] S. Borgna, M. Armellin, A. Di Gennaro, R. Maestro, and
M. Santarosa, “Mesenchymal traits are selected along with
stem features in breast cancer cells grown as mammospheres,”
Cell Cycle, vol. 11, no. 22, pp. 4242–4251, 2012.

[35] N. Kawano, K. Miyado, N. Yoshii et al., “Absence of CD9
reduces endometrial VEGF secretion and impairs uterine
repair after parturition,” Scientific Reports, vol. 4, no. 1, 2015.

[36] M. S. Chaudhari-Kank, K. Zaveri, V. Antia, and I. Hinduja,
“Comparison of CD9 & CD146 markers in endometrial stro-
mal cells of fertile & infertile females,” The Indian Journal of
Medical Research, vol. 147, no. 6, p. 552, 2018.

[37] W. Liu, Y. Cao, Y. Yang, J. Li, Z. Hu, and E. Duan, “Tetraspa-
nin CD9 regulates invasion during mouse embryo implanta-
tion,” Journal of Molecular Endocrinology, vol. 36, no. 1,
pp. 121–130, 2006.

10 BioMed Research International



[38] M. Götte, M. Wolf, A. Staebler, O. Buchweitz, L. Kiesel, and
A. N. Schüring, “Aberrant expression of the pluripotency
marker SOX-2 in endometriosis,” Fertility and Sterility,
vol. 95, no. 1, pp. 338–341, 2011.

[39] D. Zeineddine, A. Abou Hammoud, M. Mortada, and
H. Boeuf, “The Oct4 protein: more than a magic stemness
marker,” American Journal of Stem Cells, vol. 3, no. 2, p. 74,
2014.

[40] W. Dmowski, J. Ding, J. Shen, N. Rana, B. Fernandez, and
D. Braun, “Apoptosis in endometrial glandular and stromal
cells in women with and without endometriosis,” Human
Reproduction, vol. 16, no. 9, pp. 1802–1808, 2001.

[41] A.-A. Delbandi, M. Mahmoudi, A. Shervin, S. Heidari,
R. Kolahdouz-Mohammadi, and A.-H. Zarnani, “Evaluation
of apoptosis and angiogenesis in ectopic and eutopic stromal
cells of patients with endometriosis compared to non-
endometriotic controls,” BMC Women's Health, vol. 20,
no. 1, pp. 1–9, 2020.

[42] S. Matsuzaki and C. Darcha, “In vitro effects of a small-
molecule antagonist of the Tcf/ß-catenin complex on endome-
trial and endometriotic cells of patients with endometriosis,”
PLoS One, vol. 8, no. 4, article e61690, 2013.

[43] A. Dufour, S. Zucker, N. S. Sampson, C. Kuscu, and J. Cao,
“Role of Matrix Metalloproteinase-9 Dimers in Cell Migra-
tion:,” Journal of Biological Chemistry, vol. 285, no. 46,
pp. 35944–35956, 2010.

[44] T. H. Madjid, D. F. Ardiansyah, W. Permadi, and B. Hernowo,
“Expression of matrix metalloproteinase-9 and tissue inhibitor
of metalloproteinase-1 in endometriosis menstrual blood,”
Diagnostics, vol. 10, no. 6, p. 364, 2020.

[45] G. Yerlikaya, S. Balendran, K. Pröstling et al., “Comprehensive
study of angiogenic factors in women with endometriosis
compared to women without endometriosis,” European Jour-
nal of Obstetrics & Gynecology and Reproductive Biology,
vol. 204, pp. 88–98, 2016.

[46] E. M. C. Ohlsson Teague, C. G. Print, andM. L. Hull, “The role
of microRNAs in endometriosis and associated reproductive
conditions,” Human Reproduction Update, vol. 16, no. 2,
pp. 142–165, 2010.

[47] S. Banu, J. Lee, V. Speights Jr., A. Starzinski-Powitz, and
J. Arosh, “Cyclooxygenase-2 regulates survival, migration,
and invasion of human endometriotic cells through multiple
mechanisms,” Endocrinology, vol. 149, no. 3, pp. 1180–1189,
2008.

[48] L. Zhang, X. Liu, J. Liu et al., “miR-26a promoted endometrial
epithelium cells (EECs) proliferation and induced stromal cells
(ESCs) apoptosis via the PTEN-PI3K/AKT pathway in dairy
goats,” Journal of Cellular Physiology, vol. 233, no. 6,
pp. 4688–4706, 2018.

[49] M. Y. Wu and H. N. Ho, “The role of cytokines in endometri-
osis,” American Journal of Reproductive Immunology, vol. 49,
no. 5, pp. 285–296, 2003.

[50] M.-P. Wu, L.-W. Wu, and C.-Y. Chou, “Gynecology and Min-
imally Invasive,” Therapy, 2015.

[51] J.-C. Lousse, A. Van Langendonckt, S. Defrere, R. G. Ramos,
S. Colette, and J. Donnez, “Peritoneal endometriosis is an
inflammatory disease,” Frontiers in Bioscience, vol. 4, no. 1,
pp. 23–40, 2012.

[52] R. González-Ramos, A. van Langendonckt, S. Defrère et al.,
“Involvement of the nuclear factor-κB pathway in the patho-

genesis of endometriosis,” Fertility and Sterility, vol. 94,
no. 6, pp. 1985–1994, 2010.

[53] S. Houshdaran, A. B. Oke, J. C. Fung, K. C. Vo, C. Nezhat, and
L. C. Giudice, “Steroid hormones regulate genome-wide epige-
netic programming and gene transcription in human endome-
trial cells with marked aberrancies in endometriosis,” PLoS
Genetics, vol. 16, no. 6, 2020.

[54] S. E. Bulun, D. Monsavais, M. E. Pavone et al., “Role of estro-
gen receptor-β in endometriosis,” Seminars in Reproductive
Medicine, vol. 30, no. 1, pp. 39–45, 2012.

[55] T. Mori, F. Ito, A. Koshiba et al., “Local estrogen formation
and its regulation in endometriosis,” Reproductive Medicine
and Biology, vol. 18, no. 4, pp. 305–311, 2019.

[56] M. L. Hull, C. R. Escareno, J. M. Godsland et al., “Endometrial-
peritoneal interactions during endometriotic lesion establish-
ment,” The American Journal of Pathology, vol. 173, no. 3,
pp. 700–715, 2008.

[57] M. C. Velarde, L. Aghajanova, C. R. Nezhat, and L. C. Giudice,
“Increased mitogen-activated protein kinase kinase/extracellu-
larly regulated kinase activity in human endometrial stromal
fibroblasts of women with endometriosis reduces 3′, 5′-cyclic
adenosine 5′-monophosphate inhibition of cyclin D1,” Endo-
crinology, vol. 150, no. 10, pp. 4701–4712, 2009.

[58] H. T. Yildirim, D. Nergiz, C. Sadullahoglu et al., “The extent of
cyclin D1 expression in endometrial pathologies and relevance
of cyclin D1 with the clinicopathological features of endome-
trioid endometrial carcinoma,” Indian Journal of Pathology
and Microbiology, vol. 63, no. 3, 2020.

[59] S. Liang, K. Mu, Y. Wang et al., “CyclinD1, a prominent prog-
nostic marker for endometrial diseases,” Diagnostic Pathology,
vol. 8, no. 1, pp. 1–8, 2013.

[60] S. Matsuzaki, R. Botchorishvili, J. L. Pouly, andM. Canis, “Tar-
geting the Wnt/β-catenin pathway in endometriosis: a poten-
tially effective approach for treatment and prevention,”
Molecular and Cellular Therapies, vol. 2, no. 1, pp. 1–7, 2014.

[61] K. Huhtinen, M. Ståhle, A. Perheentupa, and M. Poutanen,
“Estrogen biosynthesis and signaling in endometriosis,”
Molecular and Cellular Endocrinology, vol. 358, no. 2,
pp. 146–154, 2012.

11BioMed Research International


	A Comparative Study of Gene Expression in Menstrual Blood-Derived Stromal Cells between Endometriosis and Healthy Women
	1. Introduction
	2. Materials and Methods
	2.1. Human Specimens
	2.2. Isolation and Culture of MenSCs
	2.3. Flow Cytometry for MenSC Markers
	2.4. Real-Time Polymerase Chain Reaction (PCR) and Gene Expression Analysis
	2.5. Statistical Analysis

	3. Results
	3.1. Identification of MenSCs
	3.2. qRT-PCR Analysis
	3.2.1. Expression of Stemness Genes in E-MenSCs
	3.2.2. Expression of Apoptosis Genes in E-MenSCs
	3.2.3. Migration and Invasion in E-MenSCs

	3.3. Expression of Inflammatory Genes in E-MenSCs
	3.4. Expression of Mitotic Factor in E-MenSCs
	3.5. Expression of Angiogenic Factor in E-MenSCs
	3.6. Expression of Estrogen Receptor in E-MenSCs
	3.7. Wnt\β Catenin Signaling

	4. Discussion
	4.1. Enhanced Stemness Gene Expression in E-MenSCs
	4.2. Enhanced Apoptosis in E-MenSCs
	4.3. Enhanced Migratory and Angiogenic Capacities of E-MenSCs
	4.4. Immunomodulatory Dysfunction of E-MenSCs
	4.5. Steroid Signaling
	4.6. Wnt/β-Catenin Signaling

	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

