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During the development of endometriosis, the presence of fibrotic tissues in and surrounding endometriotic lesions may lead to
subsequent adhesion, anatomic distortion, and chronic pain. Therefore, studies aimed at clarifying the underlying mechanisms
of fibrogenesis in endometriosis could potentially provide a novel strategy for effective treatment. Mesenchymal stem cells
(MSC:s) play a key role in fibrotic diseases by differentiating into myofibroblasts in appropriate microenvironment. In this study,
we collected endometrial and endometriotic tissues from patients with endometriosis (n=32) and control patients without
endometriosis (n =20) to compare the expression of fibrotic proteins and investigate the effect of endometriotic peritoneal fluid
(PF) on myofibroblast differentiation of endometrial MSCs. We found that the expression of fibrotic proteins, including alpha-
smooth muscle actin (a-SMA), type I collagen (collagen I), connective tissue growth factor (CTGF), and fibronectin, and the
extent of fibrosis extremely enhanced in ectopic endometria compared with eutopic endometria from the same patients with
endometriosis and normal endometria from patients without endometriosis. We next isolated and identified endometrial MSCs
and found that treatment with endometriotic PF strongly induced endometrial MSCs to differentiate into myofibroblasts
concomitant with the activation of Smad2/3. Moreover, ectopic endometrial MSCs expressed elevated collagen I, a-SMA,
fibronectin, and CTGF. Sushi domain containing-2 (SUSD2), a marker of endometrial MSCs, and a-SMA, a well-recognized
marker for myofibroblasts, colocalized extensively in ectopic endometria while seldom in normal and eutopic endometria. These
findings suggest that ectopic endometrial MSCs are probably more susceptible to myofibroblast differentiation because of the
long-term influence of endometriotic PF. All together, we report for the first time that endometriotic PF promotes myofibroblast
differentiation of endometrial MSCs. This understanding will greatly improve our understanding of the pathophysiology of
endometriosis and help design better therapeutics.

1. Introduction

Endometriosis, characterized by the presence of endome-
trial tissue outside the uterus, is a common gynecologic
disease that affects 10% to 15% of all women and 35%
to 50% of women with pelvic pain and/or infertility [1, 2].
During the development of endometriosis, the presence of

fibrotic tissues in and surrounding the endometriotic lesions
may lead to subsequent adhesion, anatomic distortion, and
chronic pain [3, 4]. Therefore, studies aimed at clarifying
the underlying mechanisms of fibrogenesis in endometriosis
could potentially provide a novel strategy for effective treat-
ment. Several studies have reported the presence of fibromus-
cular tissue and fibrotic proteins in endometriosis from a
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histological viewpoint [5-8]. On the other hand, some
groups have attempted to explore the mechanisms of fibro-
genesis in endometriosis based on cytological experiments
in vitro [9-11]. However, inconsistent fibrotic markers are
often examined by different groups in aforementioned
two types of studies, limiting integration of the results and
turther research.

Although the pathogenesis of endometriosis remains
elusive, growing evidences have demonstrated that
endometrium-derived mesenchymal stem cells (MSCs) and
epithelial progenitors are crucial in the pathogenesis of endo-
metriosis [12-14]. It is considered as the main cause for
endometriotic implants that endometrial MSCs and epithelial
progenitors shed through the fallopian tube into the peritoneal
cavity during menses [15]. It has been reported that ectopic
endometrial MSCs have a higher proliferation potential
in vitro and form more new blood vessels when transplanted
into immunodeficient mice compared with matched eutopic
samples [16, 17]. Suda et al. have suggested that clonal expan-
sion of endometrial epithelial cells with cancer-associated
mutations causes endometriosis.

Current evidences suggest that MSCs play a key role
in fibrotic diseases [18]. It has been reported that bone
marrow-, kidney-, and lung-derived MSCs are the precursors
of myofibroblasts, which are proposed as the main source
of extracellular matrix in fibrosis [19-21]. Since MSCs
derived from various tissues have similar differentiative
potential [22], it is reasonable to assume that endometrial
MSCs may promote fibrogenesis in endometriosis by differ-
entiating into myofibroblasts. However, to the best of our
knowledge, little is known about myofibroblast differentia-
tion of endometrial MSCs.

Moreover, the differentiative properties of MSCs are regu-
lated by their surrounding microenvironment [23]. Ectopic
endometrial MSCs exist in the peritoneal cavity. Various cyto-
kines, growth factors, and angiogenic factors are abnormally
expressed in endometriotic peritoneal fluid (PF) [24]. From
this perspective, the different biological behaviors between
ectopic and eutopic endometrial MSCs derived from the same
patients [17] may result from the effects of endometriotic PF.
Therefore, it is interesting to investigate whether endometrio-
tic PF affect the differentiation of endometrial MSCs.

In the present study, we examined the extent of fibrosis
and the expression of four fibrotic markers, consistent with
the markers in subsequent cell experiments, in human endo-
metriotic or endometrial tissues. We isolated and identified
normal, eutopic and ectopic endometrial MSCs, respectively,
and determined the effects of endometriotic PF on myofibro-
blast differentiation of endometrial MSCs. In addition, we
compared the expression of a-SMA, collagen I, CTGF, and
fibronectin among normal, eutopic, and ectopic endometrial
MSCs and detected the colocalization of the markers of endo-
metrial MSCs and myofibroblasts in human endometriotic or
endometrial tissues.

2. Materials and Methods

2.1. Patients and Specimens. The study has been reviewed
and approved by the Institutional Review Board of Jiangsu
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TaBLE 1: Characteristics of recruited patients with endometriosis
and controls.

Endometriosis Controls Pvalue
(n=32) (n=20)
Age (year)
Mean (SD) 34.4 (6.9) 350 (7.1) 0.756
?f:f;;‘ 345 (23-49) 335 (24-47)
Menstrual phase
Proliferative 16 (50) 11 (55) 0.726
Secretory 16 (50) 9 (45)
Parity
0 9 (28) 4 (20) 0.272
1 22 (69) 13 (65)
>2 103) 3 (15)
rASRM stage
I 5 (16) NA NA
I 8 (25)
1 9 (28)
v 10 (31)

Data are n (%) unless stated otherwise. NA, not applicable; rASRM, revised
American Society of Reproductive Medicine classification.

Province Hospital on Integration of Chinese and Western
Medicine. Written informed consent was obtained from all
human subjects. Thirty-two patients with laparoscopically
and histopathologically confirmed ovarian endometriosis
and twenty control women were included in this study. Con-
trol patients were surgically treated for benign gynecological
conditions such as uterine leilomyoma and benign ovarian
cyst, having no evidence of endometriosis at laparoscopy.
All of the patients with leiomyoma in the present study had
intramural and/or subserosal myomas. The patients with
endometriosis were staged according to the revised American
Fertility Society scoring system (American Society for Repro-
ductive Medicine, 1996). All of the women included in this
study had regular menstrual cycles and none of them had
received hormonal treatment for at least 3 months prior to
the surgery. The clinical characteristics of the patients were
listed in Table 1. Samples of endometrial and endometriotic
tissues (one endometriotic lesion from each patient with
endometriosis) were collected for the study. PF was aspirated
from the cul-de-sac (Douglas) immediately after the estab-
lishment of the pneumoperitoneum and before any laparo-
scopic manipulation. The tubes were not flushed before or
after PF collection. Blood-contaminated PF was excluded.

2.2. Histology and Immunohistochemistry. Masson trichrome
stain and immunohistochemistry were performed accord-
ing to common protocols [20]. For immunohistochemistry,
the primary antibodies were employed as follows: rabbit
anti-collagen I, rabbit anti-a-SMA, mouse anti-fibronectin,
and rabbit anti-CTGF (Abcam). The secondary antibodies
incubated were horseradish peroxidase-conjugated goat
anti-rabbit/mouse immunoglobulin G (Boster). All immuno-
histochemical photographs were analyzed using Image



Stem Cells International

ProPlus (version 6.0, Media Cybernetics) as described pre-
viously [25].

2.3. Isolation and Identification of Endometrial MSCs. Firstly,
normal, eutopic, and ectopic endometrial stromal cells
were isolated as previously described [26]. The endometrial
specimens were washed and minced into small pieces. Diges-
tion of the tissues was performed at 37°C in the presence
of 1 mg/mL collagenase I (Sigma) and 40 yg/mL DNAse I
(Sigma) in DMEM/F-12 (Gibco). Subsequently, supernatant
was filtered through a 40 mm nylon mesh to remove undi-
gested tissue pieces and epithelial cells. Afterwards, magnetic
bead selection of endometrial MSCs was performed as
reported elsewhere [27]. Freshly isolated endometrial MSCs
were cultured with DMEM containing 10% MSC-qualified
fetal bovine serum, 4% L-glutamine, and 1% penicillin and
streptomycin (Gibco) and maintained in a humidified atmo-
sphere of 95% air and 5% CO, at 37°C. The cells were pas-
saged when they reached 70%-90% confluence.

2.4. Flow Cytometric Analysis. The cultured endometrial
MSCs were trypsinized and incubated with monoclonal anti-
bodies at 4°C for 30 min. The antibodies used were fluores-
cein isothiocyanate- (FITC-) anti-CD34, FITC-anti-CD45,
phycoerythrin- (PE-) anti-CD14, PE-anti-CD31, PE-anti-
CD44, PE-anti-CD73, PE-anti-CD90, PE-anti-CD105, PE-
anti-CD146, PE-anti-CD117, PE-anti-HLA-ABC, and PE-
anti-HLA-DR (BD). FITC- or PE-isotype-matched immu-
noglobulin G was used as isotype control. After washed with
PBS, the cells were analyzed by a flow cytometer (FACS-
Calibur, BD). At least 10,000 events were collected for fur-
ther analysis.

2.5. Multipotent Differentiation

2.5.1. Osteogenic Differentiation. The multipotent differen-
tiation ability of endometrial MSCs for osteogenesis was
examined according to the manufacturer’s instructions of
StemPro Osteogenesis Differentiation Kit (Gibco). Positive
induction was detected by alkaline phosphatase and alizarin
red stainings.

2.5.2. Adipogenic Differentiation. The multipotent differen-
tiation ability of endometrial MSCs for adipogenesis was
examined according to the manufacturer’s instructions of
StemPro Adipogenesis Differentiation Kit (Gibco). Positive
induction was detected by oil red staining of lipid vacuoles.

2.6. Clonogenicity Assay. The single-cell suspensions of cul-
tured endometrial MSCs were seeded in triplicates at a clonal
density of 50-100 cells/cm? into six-well plates coated with
fibronectin. The first media change was after the first week,
and half media changes were done twice weekly thereafter.
Colonies were monitored microscopically to ensure they
were derived from single cells. After 2 weeks, cultures were
fixed and stained with crystal violet. Clusters of >50 cells
were counted, and the colony efficiency was determined.

2.7. PF. The PF was immediately cleared of cells and cell
debris by centrifugation at 2000 rpm for 10 min at 4°C, fil-
tered through a 0.22 ym-pore size membrane and stored at

-80°C. For this study, 10 PF from women with endometriosis
(endometriotic PF, mean age 35 years, range 26-43) and 10
PF from women without endometriosis (control PF, mean
age 34.8, range 24-44) in proliferative phase of menstrual
cycle were thawed and pooled.

2.8. Western Blot Analysis. Immunofluorescence analysis was
performed as described previously [26]. Specific antibodies
against collagen I, a-SMA, fibronectin, CTGF, p-Smad3
(Abcam), Smad2/3, and p-Smad2 (Cell Signalling Technol-
ogy) were used as primary antibodies. Secondary anti-rabbit
and anti-mouse antibodies and Immobilon Western chemi-
luminescent HRP Substrate (Millipore) were used to visualize
immunoactive bands.

2.9.  Immunofluorescent  Staining and  Quantitative
Colocalization Analysis. Immunofluorescence analysis was
performed as described previously [20]. Rabbit anti-collagen
I, mouse anti-a-SMA, mouse antifibronectin, rabbit anti-
CTGF (Abcam), and rabbit anti-SUSD2 (Sigma-Aldrich)
were employed as the primary antibodies. Alexa Fluor 488-
or 594-conjugated goat anti-rabbit or anti-mouse antibody
(Invitrogen) was used as a secondary antibody. The nuclei
were stained with 4, 6-diamidino-2-phenylindole (DAPI)
(Sigma-Aldrich). The images were captured using a confocal
fluorescence microscope (Olympus). The quantitative colo-
calization analysis was performed using Image ProPlus (ver-
sion 6.0, Media Cybernetics), and Manders’ Colocalization
Coefficient (R) was acquired.

2.10. Cell Proliferation Assay. The effects of the PF on the
proliferation of endometrial MSCs were evaluated by cell
counting assays using Cell Counting Kit-8 (CCK-8, Vazyme).
Cells were seeded at 6 x 10° cells per well in a 96-well plate and
cultured in serum-free medium containing indicated concen-
tration of control PF or endometriotic PF for 24 h. The rela-
tive cell number was determined using CCK-8 according to
the manufacturer’s instructions. The OD (absorbance) value
of each well was converted to relative cell number using a
standard curve.

2.11. Statistical Analysis. In vitro data represent at least three
independent experiments using cells from a minimum of
three separate isolations. Data that followed a normal distri-
bution were presented as means + SD and analyzed by ¢-test
or paired t-test, while data that were not normally distributed
were presented as boxplots, in which the bottom and top of
the box represent the lower and upper quartiles, respectively,
the band near the middle of the box represents the median,
and the ends of the whiskers represent the smallest and the
largest nonoutlier observations, and subjected to Mann-
Whitney U-test or Wilcoxon’s matched pairs test. All these
tests were performed using the statistical package SPSS
17.0. P < 0.05 was considered statistically significant.

3. Results

3.1. Ectopic Endometria Exhibit Enhanced Expression of
Fibrotic Proteins and Fibrosis Degree. As shown in Figure 1,
the expression of collagen I, a-SMA, fibronectin, and CTGF
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Fi1GURE 1: Ectopic endometria exhibit enhanced expression of fibrotic proteins and fibrosis degree. (a) The expression of collagen I, a-SMA,
fibronectin, and CTGF in human endometriotic or endometrial tissues from 32 women with endometriosis and 20 women without
endometriosis was detected by immunohistochemistry (x200) and quantified by Image ProPlus. *P < 0.05 versus the normal endometria.
***P < 0.001 versus the normal endometria. #P < 0.05 versus the paired eutopic endometria from the same patients with endometriosis.
(b) The collagen deposits in the endometriotic or endometrial tissues were detected by Masson trichrome staining (x200). EMs represent
endometriosis. (c) Relative extent of fibrosis was determined by quantifying the Masson trichrome staining by Image ProPlus. *P < 0.05
versus the normal endometria. ***P < 0.001 versus the normal endometria. ##P < 0.01 versus the paired eutopic endometria from the
same patients with endometriosis (A). *P < 0.05 versus the ectopic endometria from patients with stage I/II endometriosis (B).

and the extent of fibrosis in ectopic endometria were
extremely enhanced compared with eutopic endometria
from the same patients and normal endometria from patients
without endometriosis. Moreover, the extent of fibrosis in
endometriotic lesions from patients with stage III/IV endo-
metriosis was markedly higher than that from patients with
stage I/IT endometriosis.

3.2. Isolation and Identification of Endometrial MSCs.
We isolated primary endometrial MSCs derived from
normal, eutopic, and ectopic endometria, respectively, and
investigated whether the subcultures of endometrial MSCs
possessed fundamental properties of MSCs including immu-
nophenotypic profile, multipotency, and clonogenicity. Flow
cytometric analysis showed that the putative normal, eutopic,
and ectopic endometrial MSCs expressed positive MSC
markers CD44, CD73, CD90, CD105, CD146, and HLA-
ABC and lacked negative MSC markers CD14, CD3l,
CD34, CD45, CD117, and HLA-DR (Figures 2(a)-2(c)).
After treatment with respective differentiation-inducing
medium, positive stainings for alkaline phosphatase and
alizarin red were indicative of osteogenic differentiation.
Evidence of adipogenic differentiation was found by the
presence of intracellular lipid vacuoles when stained with
Oil Red O (Figure 2(d)). The cloning efficiency was 0.83%-
2.92%, which was similar to previous studies [28, 29]. Taken
together, these isolated cells were confirmed as MSCs.

3.3. Endometriotic PF Promotes Myofibroblast Differentiation
of Endometrial MSCs. Since the differentiative properties of
MSCs are regulated by the microenvironment and endome-
triotic lesions were surrounded by PF [23, 24], we speculated
that myofibroblasts in ectopic lesions might differentiate
from endometrial MSCs in the presence of endometriotic
PF. We therefore determined the effects of control PF
and endometriotic PF on the myofibroblast differentiation
of normal endometrial MSCs derived from patients without
endometriosis, respectively. As shown in Figures 3(a)-3(c),

endometriotic PF enhanced the expression of collagen I, a-
SMA, fibronectin, and CTGF in endometrial MSCs more sig-
nificantly than control PF, indicating that endometriotic PF
could strongly induce endometrial MSCs to differentiate into
myofibroblasts. Since activation of Smad2 or Smad3 plays an
important role in myofibroblast differentiation [30], we also
examined whether endometriotic PF activated Smad2 or
Smad3 in endometrial MSCs. The results demonstrated that
endometriotic PF profoundly induced the activation of
Smad2/3 in endometrial MSCs (Figure 3(d)).

3.4. Ectopic Endometrial MSCs Expressed Elevated Fibrotic
Proteins Compared with Normal and Eutopic Endometrial
MSCs. In light of the findings in Figure 3, we speculated that
ectopic endometrial MSCs probably expressed higher levels
of fibrotic proteins than normal and eutopic endometrial
MSCs because of long-term exposure to endometriotic PF.
We therefore compared the expression of fibrotic proteins
in the cells mentioned above and found that the expression
of collagen I, a-SMA, fibronectin, and CTGF in ectopic
endometrial MSCs was robustly intensified compared with
eutopic endometrial MSCs from the same patients and nor-
mal endometrial MSCs from women without endometriosis
(Figure 4).

3.5. Colocalization of Endometrial MSCs and Myofibroblasts
Extensively in Ectopic Endometria. We also examined the
colocalization of SUSD2, a marker of endometrial MSCs,
and a-SMA, a well-recognized marker for myofibroblasts in
endometrial tissues. As shown in Figure 5, in normal endo-
metria and eutopic endometria, immunofluorescent detec-
tion of SUSD2 and a-SMA showed their well-arranged
perivascular localization. However, in ectopic endometria,
both SUSD2 and a-SMA were dispersedly distributed. It
is noteworthy that SUSD2 and a-SMA colocalized exten-
sively in ectopic endometria while seldom in normal and
eutopic endometria.
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FI1GURE 2: Isolation and identification of endometrial MSCs. (a-c) The normal, eutopic, and ectopic endometrial MSCs were identified for the
expression of positive MSC markers CD44, CD73, CD90, CD105, CD146, and HLA-ABC and negative MSC markers CD14, CD31, CD34,
CD45, CD117, and HLA-DR. Black lines, cells stained with a matched isotype control; red lines, cells stained with the antibodies
indicated. EN-MSCs represent endometrial MSCs. (d) The normal, eutopic, and ectopic endometrial MSCs were identified for
multipotency. The osteogenic differentiation was detected with alkaline phosphatase and alizarin red (x200), and the adipogenic

differentiation was detected with Oil Red O (x400).

3.6. PF Exhibits a Minimal Effect on Proliferation of
Endometrial MSCs. Considering that endometrial MSCs,
especially ectopic endometrial MSCs, have aberrant prolifer-
ative potential, we also evaluated the influence of PF on the

proliferation of normal, eutopic, and ectopic endometrial
MSCs, respectively. As shown in Figure 6, both control PF
and endometriotic PF slightly decreased the viability of nor-
mal endometrial MSCs from patients without endometriosis
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Ficure 3: Endometriotic PF promotes myofibroblast differentiation of endometrial MSCs. (a) Endometrial MSCs from patients without
endometriosis were treated with control PF or endometriotic PF, and the expression of collagen I, a-SMA, fibronectin, and CTGF was
analyzed by Western blot. GAPDH was used as loading control. Con represents the cells treated without PF; ConPF and EMsPF represent
the control PF and endometriotic PF, respectively. (b) The expression levels of proteins were quantified by densitometry and normalized
to the expression of GAPDH. *P < 0.05 versus the cells treated without PF. **P < 0.01 versus the cells treated without PF. ***P < 0.001
versus the cells treated without PF. #P < 0.05 versus the cells treated with ConPF at the same concentration. ##P < 0.01 versus the cells
treated with ConPF at the same concentration. ###P <0.001 versus the cells treated with ConPF at the same concentration. (c)
Endometrial MSCs from patients without endometriosis were treated with control or endometriotic PF, and the expression of collagen I,
a-SMA, fibronectin, and CTGF was examined by immunofluorescence analysis. The nuclei were stained with DAPI (x600). (d)
Endometrial MSCs from patients without endometriosis were treated with control or endometriotic PF, and the expression of p-Smad2,
p-Smad3, and Smad2/3 was analyzed by Western blot. GAPDH was used as loading control.
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F1GURE 5: Colocalization of endometrial MSCs and myofibroblasts extensively in ectopic endometria. (a) The colocalization of SUSD2 and a-
SMA in human endometriotic or endometrial tissues from women with or without endometriosis was examined by immunofluorescence
analysis. The nuclei were stained with DAPI (x600). (b) The overlap coefficients were quantified by Image ProPlus. ***P < 0.001 versus
the normal endometria. ##P < 0.01 versus the paired eutopic endometria from the same patients with endometriosis.

while increased the viability of eutopic and ectopic endome-
trial MSCs from patients with endometriosis. However, there
were no significant differences in the effects of control PF and
endometriotic PF. In contrast, the viability of endometrial
non-MSCs (SUSD2-) was dramatically affected by the PF.
These results suggest that PF mainly modulated the differen-
tiation but not proliferation of endometrial MSCs while
affecting the proliferation of endometrial non-MSCs.

4. Discussion

One prominent histological feature of endometriosis is the
presence of dense fibrotic tissue in and surrounding the
lesions. a-SMA-positive myofibroblast-like cells or smooth
muscle cells are frequently detected in the fibrotic areas asso-
ciated with superficial peritoneal [31], ovarian [6, 7], and

deep infiltrating endometriosis [5, 8]. Type I collagen has
been reported as a major contributor to fibrosis in peritoneal
endometriosis despite the presence of type I, III, and IV col-
lagen in intrauterine and ectopic endometria of patients with
endometriosis [32, 33]. In the present study, we compared
the expression of fibrotic proteins as well as the extent of
fibrosis in eutopic and ectopic endometria from patients with
endometriosis and normal endometria from patients without
endometriosis, which is absent in the previous studies. We
found that the expression of a-SMA, collagen I, CTGF, and
fibronectin and the extent of fibrosis in ectopic endometria
were extremely higher than normal and eutopic endometria.
Furthermore, our results showed that the extent of fibrosis in
endometriotic lesions from patients with stage III/IV endo-
metriosis was notably higher than stage I/II endometriosis,
indicating that more advanced endometriosis was more



10

Normal EN-MSCs

Eutopic EN-MSCs

Stem Cells International

Ectopic EN-MSCs

100 4 140 4 * 140 %
. 120 - 120 - 3
S 80 - S S
= = 100 A = 100 A
= 60 4 = 80 4 = 80 -
i) B B
< < <
2 40 4 =S' 60 4 =S' 60 4
6 6 40 A 6 40 A
207 20 A 20 A
0 - 0 - 0 -
10%PF 20%PF 30%PF 10%PF 20%PF 30%PF 10%PF 20%PF 30%PF
Il ConPF Il ConPF Il ConPF
[] EmsPF [] EmsPF [] EmsPF
Normal EN-non MSCs Eutopic EN-non MSCs Ectopic EN-non MSCs
## Sk skokok
ok
140 140 ## 140 o #
ES * *
120 - 120 - 120 -
X X X
= 100 A = 100 A = 100 A
= 80 - g Z 80 A Z 80 A
2 sk ] =
= 60 - = 60 - = 60 4
3 404 3 404 3 404
20 4 20 A 20 4
0 - 0 - 0 -
10%PF 20%PF 30%PF 10%PF 20%PF 30%PF 10%PF 20%PF 30%PF
Il ConPF Il ConPF Il ConPF
] EmsPF [ EmsPF [ EmsPF
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fibrotic. Therefore, an important approach to understand the
pathogenesis of endometriosis is to investigate the mecha-
nisms of fibrogenesis in endometriotic lesions.

In recent years, MSCs isolated from various tissues
such as bone marrow, kidney, and lung have been demon-
strated to differentiate into myofibroblasts, suggesting that
MSC:s play a key role in the development of fibrotic diseases
[19-21]. Meanwhile, the existence of MSCs with remarkable
regenerative ability in endometrium has been proposed,
and growing evidence shows that etiology of endometriosis
involves endometrial MSCs [14]. In consideration of the
similar differentiative potential of MSCs derived from vari-
ous tissues and the crucial role of endometrial MSCs in the
pathogenesis of endometriosis [22, 34], we assumed that
endometrial MSCs may differentiate into myofibroblasts in
the development of endometriosis.

We herein isolated and identified paired eutopic and
ectopic endometrial MSCs from the same patients with endo-
metriosis and normal endometrial MSCs from women with-
out endometriosis in order to investigate the underlying
mechanism for myofibroblast differentiation of endometrial
MSCs in endometriosis. Several studies have indicated that
PF from women with endometriosis has different expres-
sion patterns of numerous bioactive factors in comparison
with PF from the control women [35, 36]. Therefore, we eval-
uated the influence of endometriotic PF and control PF on
the expression of fibrotic proteins in endometrial MSCs,

respectively. The endometrial MSCs treated with endome-
triotic PF had a greater ability to differentiate into a myofi-
broblast phenotype compared with the corresponding cells
treated with control PF, as evidenced by the markedly
strengthened expression of proteins involved in fibrogenesis.
Moreover, the distinctively enhanced expression of fibrotic
proteins in ectopic endometrial MSCs and the extensive colo-
calization of SUSD2 and a-SMA in endometriotic endome-
tria suggest that ectopic endometrial MSCs are probably
more susceptible to myofibroblast differentiation than nor-
mal and eutopic endometrial MSCs because of the long-
term influence of endometriotic PF. Although different
hypotheses, such as epigenetic regulation, could explain the
altered functional properties detected in ectopic MSCs with
respect to eutopic or normal MSCs [37], our data provide
strong evidence that endometriotic PF, the microenviron-
ment of endometriotic lesions, substantially give rise to myo-
fibroblast differentiation of endometrial MSCs.
Nevertheless, it is undeniable that control PF could also
promote the myofibroblast differentiation of endometrial
MSCs in spite of the much lesser extent. A possible explana-
tion is that there are several profibrogenic cytokines and
growth factors, which are necessary for maintaining physio-
logical function in control PF. On the other hand, our results
also revealed that eutopic endometrial MSCs expressed more
fibrotic proteins than normal endometrial MSCs, suggesting
that the inherent characters of eutopic endometrial MSCs
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also contributed to the fibrogenesis in endometriosis. In
addition, endometrial epithelial cells have been reported to
promote fibrosis in endometriosis through epithelial-
mesenchymal transition (EMT) [38]. PF from patients with
endometriosis is rich in TGF- and estrogen, both of which
can promote EMT in endometriosis [39-43]. Therefore, it
is speculated that endometriotic PF may play a role in the
development of fibrosis in endometriosis by facilitating EMT.

In light of the notion that endometrial MSCs, once
located in the microenvironment of the ectopic lesions, may
undergo a selection process that could lead to the survival
of the MSCs with enhanced proliferative property, we also
assessed the influence of endometriotic PF on the prolifera-
tion of endometrial MSCs and found that endometriotic PF
mainly modulated the differentiation of endometrial MSCs
and affected the proliferation of endometrial non-MSCs.
The results, together with the results in Figure 3, imply that
endometriotic PF promotes endometrial MSCs to differen-
tiate into myofibroblasts, and the differentiated endome-
trial non-MSCs acquire significantly increased proliferative
capacity in the presence of endometriotic PF, consequently
accelerating the growth of endometriotic lesions as well as
fibrogenesis in it. Interestingly, the proliferation of eutopic
endometrial MSCs was elevated by endometriotic PF much
remarkably than ectopic endometrial MSCs derived from
the same patients, while the proliferation of normal endome-
trial MSCs was inhibited in the same condition. These data
suggest that there are some inherent differences between
endometrial MSCs from patients with and without endome-
triosis facilitating the proliferation of eutopic but not normal
endometrial MSCs in the presence of endometriotic PF,
which is consistent with the theory of “eutopic endometrium
determinism” [44].

5. Conclusions

In conclusion, we report for the first time that endometrio-
tic PF promotes myofibroblast differentiation of endome-
trial MSCs, although the exact factors responsible for the
profibrotic modulations still deserve further investigation.
This understanding will greatly improve our understanding
of the pathophysiology of endometriosis and help design
better therapeutics.
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