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Introduction

Endometriosis is a benign gynecological disease that af-
fects approximately 5% to 10% of women worldwide during 

the years of reproduction [1, 2] , and is described as the pres-
ence of endometrial tissues outside the uterine cavity, which 
leads to many complications such as chronic pelvic pain 
and infertility [3]. Since endometriosis is a complex disease 
with a multifactorial etiology, generally accepted theories 
reported for the causes of endometriosis include retrograde 
menstruation, vascular dissemination, metaplasias in pelvic 
cavity, and immune dysfunction. For instance, many shreds 
of evidence offer that immune responses are activated in en-
dometriosis that lead to cellular changes in menstrual blood-
derived mesenchymal stem cells (MenSCs) [3, 4]. Regarding 
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endometriosis women. Endometriosis-derived MenSCs (E-MenSCs) were treated with CM derived from healthy women’s 
MenSCs (non-endometriosis derived MenSCs [NE-MenSCs]). Some CD markers were analyzed by flow cytometer before and 
after treatment compared with NE-MenSCs, and the expression level of inflammatory and stemness genes was evaluated by 
real-time PCR. E-MenSCs show different morphology in vitro culture in comparison with NE-MenSCs, which were changed 
in the presence of CM, into a morphology more similar to normal cells and showed significant decrease expression of CD10 
after CM treatment. In our results, the interleukin-1, cyclooxygenase-2, and hypoxia-inducible factor 1α as inflamaturay 
genes and octamer-binding transcription factor 4, NANOG, and sex determining region Y-box 2 as stemness genes showed 
significantly different expression level in E-MenSCs after treating with CM. Our study indicates that the expression level 
of some inflammatory- and stemness-related genes which have differential expression in E-MenSCs compared with NE-
MenSCs, could be changed to normal status by using CM derived from NE-MenSCs.
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the differences observed in MenSCs of endometriosis women 
in comparison with healthy women, it seems very important 
to evaluate these cells in different aspects including surface 
markers and gene expression levels [2, 4].

Some genes are differentially expressed in MenSCs from 
endometriosis patients which can be the leading reasons for 
the disease complications. These gene expression differences 
can help to diagnosis and treatment of endometriosis [5]. 
Inf lammatory genes are mostly overexpressed in these 
patients which gradually leads to chronic inflammation and 
immune responses in lesion sites and the whole pelvic cavity 
[6]. Besides, the stemness genes, also known as pluripotency 
genes, are mostly expressed differentially in MenSCs from 
endometriosis women which can result in angiogenesis, 
migration, and invasion [7, 8]. Since there is no proper and 
definitive treatment for this disease, it could be important to 
know the basic principles that cause it, such as differentially 
expressed genes, to find suitable treatment methods. 

One of the main inf lammatory actors is interleukin 
(IL)-1α. It is thought that IL-1α is a primary inflammatory 
factor in immune situations that stimulates prostaglandin 
synthesis and induces B cells to produce immunoglobulins. 
So, IL-1α can play a significant role in the pathogenesis 
of endometriosis [9]. Also, cyclooxygenase-2 (COX-2) is 
an inducible enzyme that is produced by inf lammatory 
mediators. It has been proved that expression of COX-
2 enhances in women with endometriosis. It has been 
proved that expression of COX-2 enhances in women with 
endometriosis. Consequently, the high levels of COX-
2 and Prostaglandins expression might be effective in 
endometriosis development [10]. Furthermore, aberrant 
expression of tumor necrosis factor (TNF)-α is identified to 
promote the cell proliferation and adhesion in endometriosis, 
because high concentrations of TNF-α induce the peritoneal 
macrophages to secrete inf lammatory factors [11]. The 
inf lammatory mediators such as IL-1β and TNF-α have 
key function in activating nuclear factor κB (NF-κB) and 
hypoxia-inducible factor (HIF-1α) signaling pathway. These 
factors regulate immune response and high expression of 
NF-κB and HIF-1α are observed in endometriosis [12].

On the other hand, stemness genes play an emerging role 
in endometrium regeneration in each woman ovarian cycle. 
In addition, pluripotency genes promote cell migration in 
endometriosis. It was proved that the expression of stemness-
related factors such as the Spalt-like protein 4 (SALL4), 
NANOG, octamer-binding transcription factor 4 (OCT4), 

and sex determining region Y-box 2 (SOX2) are different in 
endometrial stem cells between endometriosis patients and 
healthy women [13, 14]. OCT4 is an important factor for the 
survival of cell pluripotency and is identified to be highly 
expressed in endometriosis women [15]. In endometriosis, 
expression of the pluripotent transcription factor OCT4 
encourages cell migration [7]. NANOG expression in un-
differentiated stem cells and it is a critical regulator in cells 
pluripotency and differentiation by interaction with other 
factors [16, 17]. Many studies revealed that SALL4 expression 
changes in numerous cancers and endometriosis [18, 19]. 

Since there is no proper and definitive treatment for en-
dometriosis, it can be very important to know its etiology to 
find suitable treatment methods. Extensive investigations in 
recent years on mesenchymal stem cells-derived conditioned 
medium (MSCs-CM) lead our mind to the dynamic role of 
endometrial stem/progenitor cells and their derivatives in 
the treatment of endometriosis. Growth factors, extracel-
lular vesicles, and bioactive agents in the secretion released 
by stem cells into the in vitro culture medium, known as the 
conditioned medium, have been shown to induce many cell 
processes and changes in gene expression, and eventually, 
tissue repair and regeneration through paracrine mecha-
nisms [20-22].

Regarding the various functions reported for MSCs-CM, it 
can be expected that the conditioned medium from MenSCs 
of healthy women can affect the surface markers and gene ex-
pression of MenSCs from endometriosis women. So, the aim 
of this study was to evaluate the expression of inflammatory 
and stemness genes in endometriosis patients in the presence 
of CM from endometrial stem cells of healthy women. 

Materials and Methods

Patient selection 
This interventional experimental study was approved 

by Azad University ethics committee (IR.IAU.QOM.
REC.1399.065) and written informed consents were obtained 
from individuals before enrolling in the study. The patient 
group comprised endometriosis women (n=3) (stages III–IV) 
undergoing laparoscopy for infertility or pain and the con-
trol group consisted of healthy women (non-endometriosis 
subjects) (n=3). The inclusion criteria were as follows: (1) 
age ranging from 25 to 35 years in both groups; (2) history 
of ovulatory cycles with unregularly menstrual periods in 
endometriosis cases; (3) body mass index of 18–28 kg/m2; (4) 
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no hormonal treatments for at least the last 3 months; (5) no 
previous surgery for endometriosis women: (6) no history of 
malignancies or autoimmune diseases; and (7) evidence for 
deep endometriosis suggested by transvaginal ultrasound 
and magnetic resonance imaging (Fig. 1).

MenSCs isolation and culture
After selecting 3 proper cases in each groups, at least 2 ml 

menstrual blood was collected by pipelle catheter during the 
second or third day of menstruation and were immediately 
transferred to the laboratory. Four folds of blood sample 
was added EDTA 0.5 mM, an equal volume of blood sample 
was added to Ficoll-Paque media (Lymphodex; inno-train, 
Kronberg, Germany) carefully and centrifuged at 600 g for 
30 minutes at room temperature. Following density gradient 
centrifugation, plasma and platelets in the upper layer were 
removed and mononuclear cell layer remained undisturbed 
at the interface. The mononuclear cell layer was transferred 
to a sterile centrifuge tube and washed twice with phosphate 
buffered saline. Cell pellets were grown in Dulbecco’s modi-
fied Eagle’s low glucose (DMEM-LG) medium supplemented 
with 10% fetal bovine serum (Gibco, Grand Island, NY, 
USA) and 1% penicillin/streptomycin (Gibco) and incubated 
in 97% humidity, and 5% CO2 at 37°C. The isolated Men-
SCs from endometriosis and healthy women are defined 
as endometriosis-derived MenSCs (E-MenSCs) and non-
endometriosis derived MenSCs (NE-MenSCs), respectively. 

Flow cytometry for mesenchymal stem cell markers
To confirm the isolated cells as MenSCs, the expression 

level of positive cell surface markers (CD29, CD90, CD105, 
CD44, CD73, and CD10) and negative markers (CD34, 
CD45, CD133, CD38) for MenSCs were determined. FITC-
conjugated monoclonal antibodies against CD34, CD38, 
CD90, CD10, CD44, and CD133, as well as PE-conjugated 
monoclonal antibodies for CD105, CD45, CD29 and CD73 
were purchased from BD Biosciences (San Jose, CA, USA). 
PE-conjugated anti-CD105 and were from R&D Systems 
(Minneapolis, MN, USA). The entire corresponding isotype-
matched control antibodies were obtained from the same 
companies as their test antibodies. All the antibodies were 
used in flow cytometry experiments at the concentrations 
recommended by the manufacturers. Flow cytometry was 
performed using a FC500 flow cytometer (Beckman Coulter, 
Fullerton, CA, USA) and analyzed using Beckman Coulter 
CXP software. 

Preparation of conditioned medium and treatment
For preparation of conditioned medium, NE-MenSCs 

at passages 3–4 were seeded in T‐75 f lasks at a density of 
1×106 cells. Once the 70%–80% confluency was obtained, 
the culture medium was collected after 3 days of culture. To 
remove cells and cell debris, culture medium was centrifuged 
and filter-sterilized through a 0.22-m filter, and then it was 
termed as a conditioned medium of MenSCs (MenSCs-CM). 
The aliquoted MenSCs-CM was stored at −80°C till use. All 
in vitro experiments were performed using passages 3–5 of 
MenSCs-CM.

Then, E-MenSCs were treated in three experimental 
groups with NE-MenSCs derived conditioned medium for 
2, 4, and 6 days. Before and after CM treatment the cell lines 
was measured by flow cytometry assay and real-time PCR.

Real-time polymerase chain reaction and gene 
expression analysis 

Total RNA was isolated from treated cells using “Gene All 
Kit (Gene All Biotechnology, Seoul, Korea) according to the 
manufacturer’s instructions. RNA purity and quantity were 
assessed using Nanodrop 2000 spectrophotometer (Thermo 

Flowcytometric

assay

CM treatment

E-MenSCsE-MenSCsNE-MenSCs

Real-time PCR

Menstrual blood-

derived stem cell

isolation and culture

1 to 2 ml menstrual

blood sample collection

Healthy women

n=3

Participants

n=6

Endometriosis

n=3

Fig. 1. The flowchart of the study design. NE-MenSCs, non-endometriosis 
derived menstrual blood-derived mesenchymal stem cells; E-MenSCs, 
endometriosis derived menstrual blood-derived mesenchymal stem 
cells; CM, conditioned medium.
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Fisher Scientific, Wilmington, NC, USA) at 260/280 nm. 
The reverse transcription was used to synthesize the first-
strand cDNA using transcription Kit (Yekta tajhiz, Tehran, 
Iran).” Quantitative real-time PCR assays were performed in 
triplicate to evaluate the expression of selected genes (Table 
1). For normalizing gene expression levels, glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) gene was used as an 
internal reference. The 2–∆∆Ct method was used to calculate 
the fold change of mRNA expressions for target genes. Real-
time PCR was carried out using RealQ Plus Master Mix 
Green (Ampliqon, Odense M, Denmark) following the 
manufacturer’s instructions. Briefly, a mixture comprised 

of 10 µl SYBR green mix, 1 µl of cDNA (250 ng), 1 µl PCR 
forward primers and 1 µl PCR reverse primer in 5 pmol µl-
1, and millipore water to achieve a final volume of 20 µl was 
made. The sequences of primers are presented in Table 1. The 
Threshold Cycle (CT) was determined manually for each 
run. Relative mRNA level was expressed as the relative fold 
change and calculated using the formula 2–∆∆CT=2–(∆CT(Sample)-
∆CT(calibrator)), where each ∆CT=∆CT Target–∆CT GAPDH. 
One sample without any treatment from the control group 
was designated as a calibrator. The quantification of mRNA 
was performed as a value relative to an internal reference for 
GAPDH.

Table 1. Primer pairs used in real-time PCR 
Gene Sequence Accession number Product size (bp)

IL-1β F: TCTTCTTCGACACATGGGATA
R: GTACAAAGGACATGGAGAACA

NM_000576.3 183

COX-2 F: TCAGCCATACAGCAAATCCT
R: TTGAAGTGGGTAAGTATGTAGTG

NM_000963.4 205

TNF-α F: GTCTGGGCAGGTCTACTTTGG
R: GTTCTAAGCTTGGGTTCCGAC

MH180383.1 172

NF-κB F: GAAGTGCAGAGGAAACGTCAG
R: GAAGCTATACCCTGGACCTGT

NM_001382627.1 147

HIF-1α F: GGCGAAGTAAAGAATCTGAAG
R: ACCATCCAAGGCTTTCAAATA

NM_181054.3 209

OCT4 F: GTTCTTCATTCACTAAGGAAGG
R: CAAGAGCATCATTGAACTTCAC

NM_001285986.2 101

NANOG F: ACCTGAAGACGTGTGAAGATG
R: ATTAGGCTCCAACCATACTCC

NM_001355281.2 187

SOX2 F: GGGAAATGGAAGGGGTGCAAAAGAGG
R:TTGCGTGAGTGTGGATGGGATTGGTG

NM_003106.4 151

SALL4 F: GGGCAGCCACATGTCTCAGCA
R: GACATGACGTTCGGGAGCACC

NM_001318031.2 204

IL-1α, interleukin 1α; COX-2, cyclooxygenase-2; TNF-α, tumor necrosis factor-α; NF-κB, nuclear factor κB; HIF-1α, hypoxia-inducible factor 1α; OCT4, 
octamer-binding transcription factor 4; SOX2, sex determining region Y-box 2; SALL4, Spalt-like protein 4.

A B C100 m� 100 m� 100 m�

Fig. 2. Morphological difference between non-endometriosis derived menstrual blood-derived mesenchymal stem cells (NE-MenSCs) and 
endometriosis derived menstrual blood-derived mesenchymal stem cells (E-MenSCs). NE-MenSCs in 2D culture showed a fibroblast-like 
spindle-shaped morphology (A), while E-MenSCs were less stretched and more circular (B). After conditioned medium (CM) treatment, the 
cells changed to spindle-shaped morphology (C). 
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Statistical analysis 
Experimental data are expressed as the mean±standard 

error (SE) and compared by ANOVA. ANOVA using a 
multiple comparisons test was used to determine statistical 
significance, followed by the Tukey test. Statistical signi
ficance was set at P≤0.05. All experiments were performed in 
triplicate for technical and biological repetitions.

Results

Morphology of MenSCs 
The MenSCs are morphologically similar to bone 

marrow-derived mesenchymal stem cells. In our study, mi-
croscopic observations showed that MenSCs from healthy 
women (NE-MenSCs) had fibroblast-like spindle-shaped 
morphology, while, E-MenSCs were less stretched and 
elongated (Fig. 2A, B). The morphology of E-MenSCs was 
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Fig. 3. (A) The expression of menstrual blood-derived mesenchymal stem cells (MenSCs) surface markers was detected by flow cytometry so that 
they were positive for CD90, CD10, CD44, CD29, CD73, and CD105, while negative for CD34, CD133, CD45, and CD38. (B) MFI was used 
to compare E-MenSCs with NE-MenSCs and E-MenSCs after conditioned medium treatment. MFI, mean fluorescence intensity; E-MenSCs, 
endometriosis derived MenSCs; NE-MenSCs, non endometriosis-derived MenSCs.
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changed under treatment of CM derived from NE-MenSCs 
into a more elongated, spindle-shaped morphology (Fig. 2C).

Expression of specific mesenchymal stem cell markers
In order to characterize MenSCs, f low cytometry assay 

was performed in passage 3 for E-MenSCs (before and after 
treatment) and NE-MenSCs, and our results showed that 
both MenSC types (E-MenSC, NE-MenSCs) were positive 
for CD29, CD90, CD117, CD105, CD44, CD73, and CD10, 
and negative for CD34, CD45, CD133, CD38 (Fig. 3A).

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 marker 
expression was significantly higher for E-MenSCs compared 
with that of NE-MenSCs. Also, after CM treatment, there 
was significantly decrease in CD10 expression for E-MenSCs 
(P<0.05; Fig. 3B).

Pro-inflammatory genes expression under MenSCs-
CM treatment

In this study E-MenSCs were treated with conditioned 
medium derived from NE-MenSCs of 3rd passage, for 2, 4, 
and 6 days. According to the gene expression analysis, the 
considerable effect was related to 4 days of CM treatment and 
data from 2 and 6 days of treatment were omitted and not 
shown. Quantitative RT-PCR analysis of IL-1β, COX-2, HIF, 
TNF-α and NF-κB genes was performed in E-MenSCs in 
before and after CM treatment, as well as in NE-MenSCs as 

control group. As shown in Fig. 4, the expression of IL-1β in 
E-MenSCs was significantly higher compared to NE-MenSCs 
(1.00±0.1 vs. 0.008±0.003; P<0.001), that after CM treatment 
it was surprisingly decreased (0.013 vs. 1.00; P<0.001) so that 
was similar to NE-MenSCs (0.013±0.002 vs. 0.008±0.003; 
P>0.627). Similarly, the expression of COX2 in E-MenSCs 
was significantly higher compared to NE-MenSCs (1.00±1.04 
vs. 0.125±0.09; P<0.001), that was significantly decreased af-
ter CM treatment (0.132±1.08; P<0.001), which was surpris-
ingly similar to NE-MenSCs (0.013±0.002 vs. 0.008±0.003; 
P<0.001). HIF-1α gene expression was significantly lower in 
E-MenSCs compared to NE-MenSCs (1.00±1.8 vs.8.9±2.4; 
P<0.001), whereas, in treated E-MenSCs, it was significantly 
up-regulated (1.00±1.04 vs.4.55±1.36; P<0.001). In the case 
of TNF-α gene, lower expression was observed in E-MenSCs 
in comparison with NE-MenSCs (1.00±1.04 vs. 6.54±1.96; 
P<0.001). TNF-α expression was increased after CM treat-
ment but this change was not significant. There was no 
significant difference in NF-κB gene expression between 
groups. 

MenSCs-CM regulates stemness genes expression
As shown in Fig. 5, the expression of some stemness genes 

was compared between E-MenSCs (before and after CM 
treatment) and NE-MenSCs. OCT4 expression showed a 
significant decrease in E-MenSCs compared to NE-MenSCs 
(1.00±1.04 vs. 42.22±7.4; P<0.001), while under CM treat-
ment it was significantly up-regulated similar to NE-Men-
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SCs. (1.00±1.04 vs. 27.63±5.32; P<0.001). Similar to OCT4, in 
the E-MenSCs, NANOG expression was significantly lower 
than NE-MenSCs (1.00±1.04 vs. 7.1±2.8; P<0.001). NANOG 
was also significantly increased in E-MenSCs after CM treat-
ment and became almost similar to NE-MenSCs (1.00±1.04, 
5.99±2.3, 7.1±2.8; P<0.001). In E-MenSCs, SOX2 expression 
was significantly higher than NE-MenSCs (1.00±0.88 vs. 
0.05±0.04; P<0.05). Sox2 was significantly down-regulated 
in E-MenSCs after CM treatment (0.14±0.08; P<0.001), simi-
lar to NE-MenSCs with no significant difference between 
treated E-MenSCs and NE-MenSCs (P>0.235). Furthermore, 
SALL4 expression show higher expression in E-MenSCs 
compared to NE-MenSCs (1.00±0.74 vs. 0.13±0.09; P<0.001). 
No significant difference was observed between E-MenSCs 
and treated E-MenSCs, so, SALL4 had no difference under 
CM treatment.

Discussion 

In the present research study, we evaluated the morpho
logical alterations, and gene expression analysis in E-Men-
SCs-CM treated endometriosis cells compared with untreat-
ed controls. We observed that NE-MenSCs-CM could have 
a considerable effect on the phenotype and expression level 
of inflammatory and stemness genes of menstrual blood-
derived stem cells of endometriosis patients (E-MenSCs). 

Recent studies reported many morphological alterations 
in various cancer cells treated with condition medium 
of mesenchymal stem cells [23, 24]. Similar to the study 
of Nikoo et al. [25], we also observed that NE-MenSCs 
illustrated a more elongated, spindle-shaped morphology 
similar to fibroblast-like cells, whereas E-MenSCs did not, 
and surprisingly the morphology of E-MenSCs changed in 
the presence of CM derived from NE-MenSCs into a more 
elongated, spindle-shaped morphology. 

In the previous studies, it was demonstrated that some 
pro-inf lammatory genes including IL-1 and COX-2 can 
demonstrate a significantly dysregulated expression in 
some of tissues of endometriosis patients [10, 12, 26-
28]. For instance, Chalpe et al. (2015) [26] demonstrated 
that pro-inf lammatory genes, including IL-1β induce 
differential expressions in endometrial stromal cells. Our 
results indicated that MenSCs-CM significantly inhibited 
the expression of IL-1β and COX-2 in endometriosis cells. 
This result indicated that MenSCs-CM may inhibit the 
inflammation of endometriosis cells by inhibition of COX-2 

expression. 
On the other hand, we did not observe a significant differ-

ence in the NF-κB gene expression in E-MenSCs compared 
to NE-MenSCs. Consistent with previous results, it is possi-
ble that NF‐κB activates epithelial cells proliferation and mi-
gration most likely via Notch signaling activation resulting 
in enhancement of re‐epithelialization [29]. Given that there 
is no change in epithelial cell proliferation and epithelializa-
tion in endometriosis, it seems that NF-κB could not have 
significantly different expression in endometriosis. 

Besides, regarding the generally accepted theories re-
ported for the causes of endometriosis include retrograde 
menstruation, the importance of mesenchymal stem cells 
present in retrograde menstrual blood and their stemness 
gene expression were analyzed [30]. Also, previous studies 
demonstrated that OCT4 and NANOG played an important 
role in cell proliferation and invasion of various cancer cells 
[14]. Moreover, the OCT4 and NANOG genes are overex-
pressed in approximately all human cancers and considered 
as potential targets for cancer therapy. In contrast to cancer 
cell studies, we observed lower expression level of NANOG 
and OCT4 in E-MenSCs in comparison with NE-MenSCs, 
that treatment of the E-MenSCs with MenSCs-CM resulted 
in their increased expression. Some Studies have shown 
SALL4 upregulatetion in endometriosis carcinoma and en-
dometrial cancer cancer [14, 31], but we did not see a signifi-
cant increase in endometriosis patients.

Moreover, it was cleared that COX-2 upregulation could 
be observed in endometriotic stromal cells due to the sup-
pression of OCT4 in these stem cells by pro-inflammatory 
cytokines [32]. Considering in vitro findings, it was identi-
fied that COX-2 expression could be increased in the eutopic 
and ectopic endometrium of endometriosis patients [10, 12, 
27, 28]. These studies were consistent with our study results. 

In previous studies, it was observed that some stemness 
genes, including SOX2 and NANOG demonstrate a signifi
cantly higher expression in some tissues of endometriosis 
patients [7, 14]. For example, a study revealed that the SOX2 
stemness gene has an aberrant expression in endometriosis 
[33]. Furthermore, Song et al. (2014) [14] reported that SOX2 
and NANOG genes were overexpressed in ovarian endome-
triosis. In line with other studies, we observed that SOX2 had 
a high expression level in E-MenSCs, which was decreased 
after treatment with the CM derived from NE-MenSCs.

Given that OCT4 stemness gene has aberrant expression 
in endometriotic tissues, and considering the influence of 
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HIF-2α transcription factor on the expression of OCT4 [34], 
Our results also showed a coordinated relationship between 
the expression of these genes.

On the other hand, in a research study, the MFI was used 
to evaluate the expression of CD10. The results obtained 
from this study indicated that CD10 expression was 
considerably higher in stromal stem cells from endometriosis 
compared with that of non-endometriosis [25]. Our findings 
are in agreement with the results obtained from this study.

On the whole, the present study outcomes recommend 
that CM derived from NE-MenSCs could be exerted as 
an effective option to inf luence the expression of genes 
related to endometriosis formation, such as inflammatory 
and stemness genes. Nevertheless, further experiments 
are required in order to profit from these observations. 
Understanding and identification of the most important 
contents (extracellular vesicles, microRNAs, etc.) of the NE-
MenSCs-derived CM is an essential question that should be 
answered in the future research studies.
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