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Abstract. Endometriosis is a chronic gynecological disorder 
defined as the presence of endometrial tissue within 
extra‑uterine sites. The primary symptoms are infertility 
and chronic pain. The inflammatory environment and aber-
rant immune responses in women with endometriosis may 
be directly associated with the initiation and progression of 
endometriotic lesions. In the present study, the secretion of 
inflammatory cytokines was evaluated in cultures of primary 
endometrial cells (ECs) isolated from the endometrium 
of women with and without endometriosis. The presence 
of endometriotic cells leads to alterations in the secretory 
profile of healthy ECs. The expression of the inflamma-
tory cytokines interleukin (IL)‑6 and IL‑8 was significantly 
increased in endometriotic and co‑cultured cells compared 
with healthy ECs. IL‑6 expression was strongly correlated 
with IL‑8 expression in endometriotic cells. IL‑1β expression 
was increased on day 10 of co‑culture to 48.30 pg/ml and may 
be associated with the long‑term co‑culture, rather than IL‑6 
and IL‑8 expression. IL‑6 expression was strongly correlated 
with cell number, whereas IL‑8 expression was moderately 
correlated with cell number. Additionally, it was observed that 
co‑cultured cells exhibited a different population of cells, with 
expression of the mesenchymal stem cell marker cell surface 
glycoprotein MUC18, indicating a putative role of endometrial 
mesenchymal stem cells in the secretion of cytokines and 
disease development. These results indicate a predominant role 
of primary endometriotic cells in the secretion of cytokines, 
which contributes to the disrupted peritoneal and endometrial 
environment observed in the women with endometriosis.

Introduction

Endometriosis is a chronic gynecological disorder defined 
as the presence of endometrial tissue within extra‑uterine 
sites (1,2). It affects 10‑15% of women of reproductive age 
and results in a markedly reduced quality of life (3‑5). The 
primary symptoms are infertility and chronic pain (6,7). It is a 
hormone‑dependent and chronic inflammatory disease (1,2,8), 
indicating that the endometrium and the peritoneal environ-
ment are directly associated with its pathogenesis.

The progression of endometriosis is dependent on genetic, 
endocrine, immunological and environmental factors (9,10). 
The endometrium, serum and peritoneal fluid of women 
with endometriosis have abnormal levels of inflammatory 
cytokines, angiogenic, growth and adhesion factors, and 
cancer‑like molecules  (6,11,12). These soluble factors are 
thought to have predominant involvement in disease initia-
tion and progression. Interleukin (IL)‑1β has a proliferative 
effect on endometriotic cells that does not occur in healthy 
endometrial cells (13). IL‑1β stimulates the production of IL‑6 
and IL‑8 in endometriotic cell cultures, which further induce 
proliferation (14,15) and reduce the apoptotic rate  (16‑19). 
Additionally, IL‑1β increases the shedding of intercellular 
adhesion molecule (ICAM)‑1 from peritoneal mesothelial 
cells, indicating a role in the neovascularization mediated by 
IL‑6 and vascular endothelial growth factor (VEGF) (20). 
Furthermore, higher levels of IL‑1β may indicate the conver-
sion of inflammation from an acute to a chronic form (21).

Tumor necrosis factor (TNF)‑α, IL‑6, IL‑8, IL‑10, 
VEGF and C‑C motif chemokine 2 (MCP‑1) expression 
is increased in the peritoneal fluid of women with endome-
triosis (11,18,21‑24). TNF‑α is associated with pluripotency 
mediation and inflammatory cytokine production, particularly 
IL‑8, in endometriotic tissues (25). IL‑8 increases the adhe-
sion of endometrial stroma to extracellular matrix proteins, 
in addition to increasing metalloproteinase expression and 
proliferation  (26‑28). IL‑8 may be a key cytokine in the 
progression of endometriotic lesions, by stimulating growth 
and indirectly protecting implants against apoptosis (18). IL‑6 
is secreted by endometrial cells and may have an important 
role in the pathology of endometriosis with interferon‑γ. IL‑6 
increases macrophage expression of ICAM‑1 in patients with 
endometriosis (29,30). Increased peritoneal concentrations 
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of IL‑6 and IL‑8 are associated with different stages of the 
disease  (23,31). In addition, the resistance to progesterone 
observed in endometriosis (32‑34) is linked to the aberrant 
expression of cytokines (35,36).

The aberrant peritoneal environment, in addition to 
discrepancies in apoptosis and proliferation, result in abnormal 
immune cell clearance in women with endometriosis, providing 
a longer survival of the endometrial cells regurgitated by uterine 
tubes and the establishment of endometrial implants (5,24,31,37). 
Recently, the evaluation of peritoneal cytokines in patients with 
endometriosis indicated that the inflammatory environment 
observed in these patients is triggered by the establishment and 
growth of endometrial implants (38). Therefore, the present 
study investigated inflammatory cytokine secretion in the 
culture media of healthy and endometriotic primary cells. It 
was hypothesized that co‑culture with endometriotic cells 
may lead to inflammatory cytokine secretion and phenotypic 
modifications in healthy endometrial cells associated with 
endometriosis implant establishment.

Materials and methods

Human tissues and cell culture. The protocol of the present 
study was approved by the Federal University of São Paulo 
ethical committee (registration no. 1044/11, São Paulo, Brazil). 
Written informed consent was obtained from all patients. 
Endometrial cells (ECs) from healthy individuals and patients 
with endometriosis were obtained from the Endometrium and 
Endometriosis Cell Bank of the Pelvic Pain and Endometriosis 
Unit of the Federal University of São Paulo. The selected samples 
were collected from August 2013 to April 2014. Human endo-
metrium samples were collected from fertile cycling women 
aged 18‑45 undergoing laparoscopic surgery for endometriosis 
stage IV (endometriosis group; n=3) and tubal ligation (control 
group; n=3). Patients had not taken exogenous hormones, given 
birth or breastfed for 3 months prior to surgery; patients with 
co‑morbidities including teratoma, endometrial polyps or any 
other proliferative disease were excluded. The collected endo-
metrial tissue was separated into two for either histological 
analysis (39,40) (data not shown) or cell culture.

The tissue for cell culture was immediately placed in 
Dulbecco's modified Eagle's medium with nutrient mixture 
F12 (DMEM/F12; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) containing 400 U/ml penicillin and 400 µg/ml 
streptomycin (Gibco; Thermo Fisher Scientific, Inc.), stored 
at 4˚C and processed within 2‑24 h. The endometrial tissue 
was dissociated with 255  units of collagenase type  IA 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) and 
3 units of dispase (Gibco; Thermo Fisher Scientific, Inc.) 
in DMEM/F12 and was subsequently incubated for 40 min 
in a 37˚C water bath under constant agitation. The cell 
suspension obtained was centrifuged at 500 x g for 5 min 
at room temperature and the pellet was resuspended in 5 ml 
EC medium containing DMEM/F12 at pH 7.4, 1% Minimum 
Essential Medium non‑essential amino acids (Gibco; Thermo 
Fisher Scientific, Inc.), 0.1  mmol/l 2‑mercaptoethanol 
(Sigma‑Aldrich; Merck KGaA), 100  µ/ml penicillin and 
100 µ/ml streptomycin and 10% fetal bovine serum (FBS; 
Gibco; Thermo Fisher Scientific, Inc.), and inoculated in a 
pre‑coated 25 cm2 cell culture flask. The cells were grown 

in EC medium supplemented with 10% FBS at 37˚C until 
approximately 70% confluence was reached. At this stage, 
cells were subcultured. The cells were stored in liquid 
nitrogen.

Healthy and endometriotic cell co‑culture. Co‑cultures 
were performed in 12‑well culture plates. Healthy ECs 
were pre‑stained with 2 µg/ml Calcein‑AM (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) for 30  min at  37˚C 
with 5% CO2. Cell number and viability were assessed with 
a CountessTM Automated Cell Counter (Invitrogen; Thermo 
Fisher Scientific Inc.); 10 µl cell suspension was thoroughly 
mixed with 10 µl 0.4% Trypan Blue (Invitrogen; Thermo Fisher 
Scientific Inc.), then, 10 µl was added to the chamber slide, 
the cells were settled for 30 sec at room temperature prior to 
counting; according to the manufacturer's protocols. Healthy 
and endometriotic cells were mixed at a 1:1 ratio and seeded 
onto 12‑well plates at a density of 5,000 cells/cm2 and cultured 
in EC medium supplemented with 10% FBS for 10 days. The 
adhesion of green (healthy) and unstained (endometriotic) 
cells was reported by light microscopy (magnification, x50, 
Axio Observer, Zeiss GmbH, Jena, Germany) 24 h after the 
initial cell seeding, the stained and non‑stained cells were 
visually counted in four different fields for each triplicate. The 
culture medium was changed every 2 days and in the day prior 
to each control point (1st, 3rd, 7th and 10th days of culture). 
Cells were harvested during the 1st, 3rd, 7th and 10th days of 
culture, suspended in FBS with 10% dimethyl sulfoxide and 
stored in liquid nitrogen. The culture medium was collected 
and stored at ‑80˚C on days 1, 3, 7 and 10 of culture. As a 

Figure 1. Representative fluorescent images of co‑cultured ECs. Endometriotic 
ECs were unstained and healthy ECs were stained with Calcein AM 24 h after 
cell seeding. Calcein AM‑stained cells are visualized in green. (A) Blank 
channel. (B) Green channel. Scale bar, 100 µm. ECs, endometrial cells.
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control, healthy and endometriotic cell groups were cultured 
separately as described above.

Culture medium cytokines detection. IL‑1β, IL‑6, IL‑8, 
IL‑10, IL‑12p70 and TNF‑α expression levels were detected 
in the supernatant culture medium samples of single cell or 
co‑cultured cells at days 1, 3, 7 and 10 by flow cytometry 
using the phycoerythrin (PE)‑conjugated beads from the 
Human Inflammatory Cytokine cytometric bead array kit (BD 
Biosciences, Franklin Lakes, NJ, USA). Events acquisition 
was performed in a CANTO II 6‑colour flow cytometer (BD 
Biosciences) and data were analyzed with FlowJo software 
(version 10.0.7; FlowJo LLC, Ashland, OR, USA).

Flow cytometry of membrane markers. Healthy and endome-
triotic cells prior to the co‑culture seeding and co‑cultured 
cells harvested in the 1st, 3rd, 7th and 10th days of culture were 
thawed on ice, centrifuged at 500 x g for 5 min 4˚C, ressus-
pended in pH 7.4 1X PBS (Gibco; Thermo Fisher Scientific, 
Inc.) with 1% FBS (Gibco; Thermo Fisher Scientific, Inc.) for 
blocking and incubated with directly conjugated antibodies for 
the surface markers aminopeptidase N [CD13‑allophycocyanin 
(APC); cat no. 555394; BD Biosciences] at 1:5 dilution ratio and 
cell surface glycoprotein MUC18 [CD146‑PE; cat no. 561013; 
BD Biosciences] at 1:20 dilution ratio for 1 h at 4˚C. Cells 
were washed with PBS 1X pH 7.4 and centrifuged at 500 x g 
for 5 min 4˚C, ressuspended in PBS 1X pH 7,4 and subse-
quently analyzed with a BC FACSCanto II flow cytometer 
(BD Biosciences). The experiment controls were performed 
using imunoglubulin G1 isotype controls conjugated with PE 
(cat no. 550617) and APC (cat no. 550854) both at 1:5 working 
dilution ratio (BD Biosciences). Data were analyzed in FlowJo 
software (version 10.0.7; FlowJo LLC).

Statistical analysis. The data were analyzed with PASW 
Statistics 18.0.0 (IBM Corp., Armonk, NY, USA). All cell 
cultures were performed in experimental triplicates. Data 
are presented as the mean ± standard error (SE). Cytokine 
data were analyzed with repeated measures analysis 
followed by Dunnett's T3 pairwise comparisons post‑hoc test 

between the groups that presented unequal variances. Cell 
marker data were analyzed with repeated measures analysis 
followed by a Bonferroni corrected pairwise comparisons 
test within‑subjects factors. The curves obtained were tested 
for sphericity using Mauchly's test and within‑subject effects 
were corrected using the Greenhouse‑Geisser test when 
sphericity assumption was violated. Simple and multiple 
linear regression were performed to identify the correlation 
between the variables obtained, where 0< r <0.25 was null; 
0.25 < r <0.50 was weakly correlated; 0.50< r <0.75 was 
moderately correlated; and 0.75 < r <1 was strongly corre-
lated (41). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Competitive relationship between healthy and endometriotic 
cells in co‑culture systems. The adhesion of endometriotic 
(unstained) and healthy (Calcein‑AM stained) cells in the first 
day of the co‑culture is presented in Fig. 1. The amount of 
stained and not stained cells was visually semiquantitative 
evaluated in four microscopy fields in each triplicate. No 
observable difference was determined in the amount of endo-
metriotic or healthy cells attached, indicating an equal number 
of each type of cell at the beginning of co‑cultivation.

Inflammatory cytokine profile of healthy, endometriotic 
and co‑cultured cells. The levels of inflammatory cytokines 
(IL‑1β, IL‑6, IL‑8, IL‑10, IL‑12p70 and TNF‑α) secreted 
into the culture medium were determined over time in 
endometriotic and healthy cells cultured alone, in addition 
to co‑cultured cells. Insignificant levels of IL‑10, IL12p70 
and TNF‑α were detected in the culture medium of all tested 
combinations of cells (data not shown). However, the IL‑6 
concentration increased over time in all groups (Fig. 2A). The 
variation observed for the endometriotic cells was similar to 
that observed in the co‑cultured ECs (P=1.000, across all time 
points). The healthy ECs had a significantly different profile 
of IL‑6 secretion, compared with co‑cultured ECs (P=0.017, 
across all time points). As presented in Fig. 2, IL‑6 secretion 

Figure 2. IL‑6 and IL‑8 culture medium secretion over time. (A) IL‑6 concentration curves of each group. (B) IL‑8 concentration curves of each group mean. 
(C) Statistical analysis of IL‑6 and (D) IL‑8 concentrations between groups. Data are presented as the mean ± standard error of the endometriosis, healthy 
and co‑cultured endometrial cells. *Repeated measures analysis of variance between the three groups. #Significance within subjects. IL, interleukin; EIV, 
endometriotic endometrial cells; H, healthy cells, Co, co‑cultured cells.
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was higher in the endometriosis and co‑culture groups. A 
strong correlation was detected between the number of cells 
and the concentration of IL‑6 in the medium of healthy and 
endometriotic cells (Table I).

Pro‑angiogenic IL‑8 was differentially secreted in healthy, 
endometriotic and co‑cultured ECs (Fig. 2B). The most signifi-
cant variation occurred from day 7, when the concentration 
increased in all groups. The differences between the curves of 
IL‑8 concentration were statistically significant (P=0.010). The 
secreted IL‑8 level in the healthy EC culture was significantly 
lower compared with the endometriosis (P=0.026, across all 
time points) and co‑cultured (P=0.006, across all time points) 
groups. Similar to the trend observed for IL‑6, the secretion 
of IL‑8 was similar in the endometriotic and co‑cultured 
cells (P=0.474, across all time points). The number of cells 
and IL‑8 concentration were moderately correlated in healthy 

and endometriotic cells (Table I). Additionally, there was a 
moderate correlation between IL‑6 and IL‑8 secretion in the 
healthy and co‑cultured cells. A strong correlation between the 
secretion of these cytokines was observed in the endometriotic 
cells (Table I).

The co‑cultured cells had 48.30 pg/ml (SE, 9.68) IL‑1β 
at day 10 of culture (data not shown); IL‑1β levels at days 1, 
3 and 7 were undetectable. The secretion of IL‑1β appears 
to be associated with the effects of long‑term co‑culturing 
of the cells, although not directly to the secretion of IL‑6 or 
IL‑8 (Table I).

Population profile of co‑cultured ECs. Flow cytometry anal-
ysis of the cells cultured alone and co‑cultured cells using the 
size (forward scatter) and complexity (side scatter) parameters 
demonstrated the presence of two main populations in the 

Figure 3. Flow cytometry analysis of the healthy, endometriotic and co‑cultured ECs. (A) Endometriotic ECs cultivated alone prior to co‑culture and (B) healthy 
ECs cultured alone prior to co‑culture. (C) Co‑cultured ECs at day 1, (D) day 3, (E) day 7 and (F) day 10. (G) Frequency of P1 and P2 during co‑culture. 
(H) Statistical analysis of each population frequency between each day of co‑culture and cells cultured alone. The elliptical delimitations 1 and 2 indicate the 
two populations delimited by differences in size and complexity in each sample. The images are representative for all samples. Data are presented as the mean 
of each sample group ± standard error. ECs, endometrial cells; EIV, endometriotic ECs; D1, day 1 of co‑culture; D3, day 3 of co‑culture, D7, day 7 of co‑culture; 
D10, day 10 of co‑culture; FSC, forward scatter; H, healthy ECs; P1, population one; P2, population two; SSC, side scatter.

Table I. Multiple correlation coefficient between inflammatory cytokine expression and cell number in endometriotic and healthy 
endometrial cells individually and co‑cultured over time.

	 Endometriosis	 Healthy	 Co‑cultured cells
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Pairs	 r	 P‑value	 r	 P‑value	 r	 P‑value

No. of cells and IL‑6	 0.87114	 0	 0.92528	 0
No. of cells and IL‑8	 0.60255	 0.0001	 0.53407	 0.0087
IL‑6 and IL‑8 (all time points)	 0.84211	 0	 0.50648	 0.0137	 0.6947	 0
IL‑1β and IL‑6 (day 10)					     0.5565	 0.1197
IL‑1β and IL‑8 (day 10)					     0.2158	 0.5771

IL, interleukin.
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samples: One and two. Population one represented <5% of the 
total events collected in the healthy (Fig. 3A) and endometriosis 
(Fig. 3B) samples alone (2.95%; SE, 0.44). The percentage of 
this population increased by 15‑fold in the first day of co‑culture 
(Day 1, 45.93%; SE, 3.58; P=0.000179 vs. cells cultured alone; 
Fig. 3C). No population differences were observed in the ECs 
individually cultured over time (data not shown).

Population one diminished at day 3 (32.35%; SE, 2.16; 
P=0.028412 vs. day 1 of co‑culture; Fig.  3D) and day  7 
(11.89%; SE, 2.33; P=0.000076 vs. day 3 of co‑culture; 
Fig. 3E) of co‑culture and appeared to stabilize between days 7 
and 10 (Fig. 3F) of culture (10.40%; SE, 1.79; P=0.302732, 
day 7 vs. day 10 of co‑culture).

Population two was more prevalent in the EC samples 
cultured alone (87.36%; SE, 1.52; Fig.  3A and B). This 
percentage reduced by one‑half on day 1 of co‑culture (43.78%; 
SE, 3.03; P=0.000264 vs. cells cultured alone; Fig. 3C). Despite 
this population size increasing over time (day 3,  59.50%; 
SE, 2.41; P=0.000449 vs. cells cultured alone; day 7, 78.36%; 
SE, 2.19; P=0.015462 vs. cells cultured alone; Fig. 3D and E, 
respectively), the original population size detected in ECs 
cultured alone was not completely reestablished at day 10 of 
co‑culture (80.73%; SE, 2.06; P=0.000622 vs. cells cultured 
alone; Fig. 3F).

Phenotypic profile of co‑cultured ECs over time. According 
to the variations detected within the populations of ECs 
cultured alone or co‑cultured, the stromal endometrial cell 
marker CD13  (42,43) and the endometrial mesenchymal 
stem cell (eMSC) marker CD146 (44‑46) were selected to 
further characterize these populations. CD13 expression was 
not significantly different within co‑cultured or individually 
cultured populations (Fig. 4).

The expression of eMSC marker CD146 varied significantly 
over time (Fig. 5). Population one had negligible expression 
of CD146, with the mean expression at all time points in the 
co‑cultured group of 1.21% (SE, 0.25). In population two, an 
increase in CD146 expression was observed between days 1 
and 7 of co‑culture (1st vs. 3rd days, P=0.037; 3rd vs. 7th days, 
P=0.017), with a slight decrease in expression between days 7 
and 10 of co‑culture (P=0.071). The expression of CD146 
in population 2 at 1st day of co‑culture was more similar to 
endometriotic cells (P=0.102010) compared with healthy ECs 
(P=0.051579) (data not shown). These results demonstrated 
that population two was predominantly composed of eMSCs, 
and that there was an increase in these cells when healthy and 
endometriotic cells were co‑cultured.

Discussion

The first and most acceptable theory for endometriosis 
pathogenesis was proposed almost a century ago  (47), 
yet the pathophysiology of this disease remains unclear. 
As a hormone‑dependent and chronic inf lammatory 
disease (1,2,8), cytokines and soluble factors appear to serve 
an important role in its pathophysiology. The inflamma-
tory content of the peritoneal fluid and serum, in addition to 
the eutopic and ectopic endometrium has been extensively 
studied (6,11,12,18,21,23,38). However, there are a number of 
questions which remain unanswered.

The increased levels of inflammatory cytokines in the perito-
neal fluid, serum and endometrium of women with end ometriosis 
has been reported in numerous studies (18,23,28,31,38,48). 
The principal identified factors include TNF‑α, IL‑6, IL‑8, 
IL‑10, VEGF and MCP‑1 (11,18,21‑24,49‑51). In the present 
study, increased levels of IL‑6 and IL‑8 were observed in 
endometriotic cells cultured alone and in co‑culture with 
healthy ECs, compared with individually cultured healthy 
ECs. The levels of IL‑1β were additionally increased in the 
co‑culture at day 10.

Sikora  et  al  (18) proposed that IL‑8 is important for 
progression of endometriosis. IL‑8 increases the adhesion 
of endometrial stroma to extracellular matrix proteins, 
in addition to metalloproteinase expression and cell 
proliferation (26‑28). The surgical excision of endometrial 
lesions leads to a decrease in the peritoneal levels of 
IL‑8 (38). In the present study, increased secretion of IL‑8 by 
endometriotic and co‑cultured cells was detected. A previous 
study indicated that peritoneal immune cells, particularly 
macrophages, are the main source of IL‑8 (18). The results of 
the present study indicated that ECs additionally contribute to 
IL‑8 secretion. Furthermore, IL‑8 expression was moderately 
correlated with cell number and IL‑6 expression, suggesting 
that IL‑8 secretion may be independent of cell proliferation 
and IL‑6 levels.

IL‑6 is secreted by the endometrium and implants, and 
is involved in diverse aspects of reproductive physiology, 
including ovarian steroid production, foliculogenesis and 
early embryonic implantation (28,49,52,53). IL‑6 is associated 
with the increased expression of ICAM‑1 by macrophages 
in patients with endometriosis  (29,30). The present study 
demonstrated that the secretion of IL‑6 by endometriotic 
cells was higher compared with healthy or co‑cultured ECs. 
The increased levels of IL‑6 were strongly correlated with 
cell numbers, indicating that the increased proliferative rate 
may be due to IL‑6 signaling. The increased cell number also 
increases the IL‑6 secretion. It has been well established that 
endometriotic stromal cells have a higher proliferative rate 
compared with healthy endometrial stromal cells  (54,55). 
This increase in proliferation rate may be mediated by IL‑6.

The levels of IL‑6 may be associated with IL‑1β secre-
tion  (20). The results of the present study revealed the 
presence of IL‑1β at day 10 of co‑culture only, with no 
significant alterations in the expression of IL‑1β in individu-
ally cultured healthy or endometriotic cells. Furthermore, 
there was no statistically significant correlation between 
IL‑6 and IL‑1β expression. The secretion of IL‑1β by the 
primary co‑cultured ECs may be associated with long‑term 
co‑culture, which may indicate a switch from an acute to 
chronic inflammatory response in the endometrial cells (21). 
The proliferative effects of IL‑1β have been reported in 
endometriotic cells (13). Furthermore, an increase in IL‑1B 
expression occurs in the co‑culture of endometrial primary 
cells and MSCs (56).

The endometrium contains MSCs that are involved in 
the cyclical regeneration of this tissue  (57‑59). The role of 
stem cells in the pathogenesis of endometriosis has been 
reported  (37,60,61). The most widely accepted theory for 
endometriosis pathogenesis was proposed by Sampson (47) 
and indicates that the implants establish from cells undergoing 
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retrograde menstruation; this theory alone is unable to explain 
all clinical presentations of the disease. The combined theories 
of Sampson (47) and the involvement of stem cells provide a 
better explanation for endometriosis physiopathology. The 
dysregulation of eMSCs has been proposed as a key mecha-
nism of endometriosis, in concordance with the retrograde 
menstruation theory (62).

The mesenchymal stem cell marker CD146 (46) was used 
in the present study in order to identify the presence of MSCs 
in the pool of primary cells, and to report the variations in the 
MSC population during co‑culture. An increase in the number 
of eMSCs detected by CD146 expression was observed in the 
co‑culture system. These alterations in CD146 expression over 
time, together with the alterations in cytokine secretion, may 

Figure 4. CD13 expression in each cell population. In the histograms, light gray dotted lines indicate background fluorescence obtained with the isotype control 
immunoglobulin G1. CD13 expression is represented by the light gray filled areas. The x axis represents fluorescence intensity and the y axis represents cell count. 
(A) Histogram for CD13 expression in P1 of healthy ECs and (B) EIV. (C) Histogram for CD13 expression in P2 of healthy ECs and (D) EIV. (E) Histogram for 
CD13 expression on P1 at day 1, (F) day 3, (G) day 7 and (H) day 10 of EC co‑culture. (I) Histogram for CD13 expression on P2 at day 1, (J) day 3, (K) day 7 and 
(L) day 10 of EC co‑culture. (M) CD13 expression in each population. (N) Statistical analysis of CD13 expression between each day of co‑culture for P1 and P2. 
Data are presented as the mean of each sample group ± standard error. ECs, endometrial cells; CD13, aminopeptidase N; P1, population one; P2, population two; 
H, healthy ECs; EIV, endometriotic ECs; D1, day 1 of co‑culture; D3, day 3 of co‑culture; D7, day 7 of co‑culture; D10, day 10 of co‑culture. 
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indicate the involvement of MSCs in cytokine secretion. A 
pool of primary cells at a low passage number were selected, as 
this contained various cell populations and was more similar 
to the composition of the eutopic endometrium. In previous 
work  (56), the co‑culture of umbilical cord blood MSCs 
with primary endometrial cells resulted in increased IL‑1β 

expression. Furthermore, co‑culture eliminated the effect of 
p27 gene therapy on endometriotic stromal cells. These obser-
vations, together with the identification and characterization of 
endometrial MSCs (37,45,58,60,63), have provided an insight 
into the involvement of MSCs in endometriosis pathogenesis. 
In the present study, the co‑cultivation of a pool of healthy and 

Figure 5. CD146 expression in cell each population. In the histograms, light gray dotted lines indicate background fluorescence obtained with the isotype 
control immunoglobulin G1. CD146 expression is represented by the light gray filled areas. The x axis represents fluorescence intensity and the y axis 
represents cell count. (A) Histogram for CD146 expression in P1 of healthy ECs and (B) EIV. (C) Histogram for CD146 expression in P2 of healthy ECs and 
(D) EIV. (E) Histogram for CD146 expression on P1 at day 1, (F) day 3, (G) day 7 and (H) day 10 of EC co‑culture. (I) Histogram for CD146 expression on P2 
at day 1, (J) day 3, (K) day 7 and (L) day 10 of EC co‑culture. (M) CD146 expression in each population. (N) Statistical analysis of CD146 expression between 
each day of co‑culture for P1 and P2. Data are presented as the mean of each sample group ± standard error. ECs, endometrial cells; CD146, cell surface 
glycoprotein MUC18; P1, population one; P2, population two; H, healthy; ECs, EIV, endometriosis ECs; D1, day 1 of co‑culture; D3, day 3 of co‑culture; D7, 
day 7 of co‑culture; D10, day 10 of co‑culture.
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diseased primary cells, containing endometrial MSCs, led to 
the secretion of cytokines that may be directly involved in the 
pathogenesis of endometriosis. This supports the theory that 
eMSCs have an important role in the secretion of cytokines 
and endometriosis.

MSCs express CD13  (44,46), which is additionally 
expressed by stromal endometrial cells (42,43). CD13 is an 
N‑aminopeptidase involved in the inactivation of IL‑8 (64). 
Conflictingly, increased levels of CD13 expression due to 
cell‑to‑cell contact may be associated with IL‑8 inactivation 
resistance  (65) and the inhibition of apoptosis mediated 
by IL‑8  (66). In the present study, CD13 expression was 
not significantly different between the co‑cultured and 
individually cultured cells, indicating no physiological 
implications. Therefore, CD13 expression in the present study 
may be indicative of fibroblastoid cells.

Furthermore, the present study observed that a mixed 
cell population derived from the endometrium exhibited 
a secretory profile similar to that of endometriotic 
cells, even in the presence of healthy ECs. The results 
obtained demonstrated that the communication between 
endometriotic and healthy cells results in a secretory profile 
similar to what is reported in the peritoneal fluid of women 
with endometriosis (24,28,31,52). The increased secretion 
of IL‑6 and IL‑8 is additionally associated with the 
progesterone resistance observed in endometriosis (32,34). 
The results of the present study support this finding, as 
the endometriotic cells secreted higher levels of IL‑6 
and IL‑8 compared with the healthy cells. Additionally, 
the findings of the present study were consistent with the 
retrograde menstruation theory and clarified certain aspects 
of the disrupted peritoneal environment of women with 
endometriosis. For example, despite the presence of healthy 
endometrial cells in retrograde menstruation, the presence 
of endometriotic cells may be decisive in the secretory 
profile of the cell pool  (18,21,37). The endometrial cells 
regurgitated into peritoneal cavity may be responsible for 
the induction of the aberrant cytokine profile observed in 
the peritoneal fluid and eutopic endometrium of women with 
endometriosis (18,19,21,23,37,38). The variations observed 
in the CD146+ population support the putative role of eMSCs 
in the pathogenesis of endometriosis.

The secretion alterations observed in the individually 
cultured ECs and the co‑culture indicate a critical role for 
ectopic endometrial cells in the initiation of peritoneal envi-
ronment disruption, which is in accordance with a recently 
published report (38). Thus, the cytokine profile observed may 
not only be generated by molecules secreted from immune 
cells. The main limitation of the present study is that, as an 
in vitro study, the effects of EC‑secreted cytokines on immune 
cells present in the peritoneum of women with endometriosis 
was not demonstrated. Studies which isolate each population 
of cells observed in the present study may clarify the cell type 
responsible for the secretion of the cytokines or reveal the 
association between healthy and disease cell contact.

In accordance to previous research (18,19,21,23,37,38), the 
findings of the present study suggest that the soluble factors 
secreted by endometriotic cells may have an important role 
in the disruption of the cell cycle and in the establishment of 
the peritoneal environment of women with endometriosis. The 

endometriotic cell pool may be responsible for the establish-
ment of an inflammatory peritoneal environment favorable to 
the initiation and progression of endometrial cell adhesion and 
clustering.
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