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Abstract
Endometriosis is generally characterized as a tumor-like disease because of its potential for distant metastasis and local tissue
invasion, while whether osteopontin (OPN) plays a role in the pathogenesis of endometriosis has not been thoroughly investi-
gated. We investigated the expression of OPN, urokinase plasminogen activator (uPA), phosphatidylinositol 3 kinase (PI3K),
and phospho-PI3 kinase (p-PI3K) in endometrial stromal cells (ESCs). The serum concentration of OPN was determined by
enzyme-linked immunosorbent assays (ELISA). OPN was downregulated to explore the corresponding change of uPA, p-PI3K,
F-actin, and α-tubulin. The expression of OPN, uPA, PI3K, and p-PI3K was evaluated by western blot and quantitative real-time
PCR (RT-qPCR) and the expression of F-actin and α-tubulin was confirmed by immunofluorescence assay. The proliferation
and migration abilities of ESCs were investigated by CCK8, transwell, and wound scratch assays. Endometrial OPN, p-PI3K,
and uPA expressions and serum OPN levels were increased in patients with endometriosis compared with the control. The
expressions of p-PI3K, uPA, and α-tubulin were decreased by siRNA-OPN interference in ectopic ESCs. Activation and
inhibition of the PI3K pathway apparently upregulate and downregulate uPA expression. Knockdown of OPN and inhibition
of the PI3K pathway remarkably inhibited cell migration in ectopic ESCs. Meanwhile, activation of the PI3K pathway promoted
the migration ability of ectopic ESCs. OPN may regulate the expression of uPA through the PI3K signal pathway to affect the
migration ability of ESCs, indicating that OPN, uPA, and the PI3K pathway may be potential targets for interrupting develop-
ment of endometriosis.
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Introduction

Endometriosis, defined as the implantation and periodic
growth of endometrial glands and stroma at extra-uterine sites,
is a common benign gynecological disease with a heavy social
and economic burden since symptoms of endometriosis in-
clude chronic pelvic pain, dysmenorrhea, dyspareunia, and
infertility. Retrograde menstruation is the most widely accept-
ed theory put forward to explain the pathogenesis of endome-
triosis [1]. However, retrograde menstruation is observed in
most women of reproductive age [2], while endometriosis
occurs in only 8–10% [3]. This fact suggests that other factors
are involved in the establishment of endometriosis. To this
day, endometriosis is considered a multifactorial disease with
undetermined etiology. Complex interaction of genetic, im-
munologic, endocrine, and environmental factors is matter to
the susceptibility to endometriosis.
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Endometriosis is characterized as a benign disease with
some properties of malignant tissues such as hyperplasia, cell
invasion, and induction of metastasis [4–9]. This fact suggests
that certain signaling molecules and corresponding signaling
pathways, playing roles in invasion and metastasis of many
commonly occurring cancers, might be also involved in
endometriosis.

Osteopontin (OPN), also called secreted phosphopro-
tein 1 (SPP-1), is a 70-kDa secreted phosphorylated gly-
coprotein which is one of the important molecular targets
in cancer progression and metastasis [10]. It was origi-
nally isolated from bone matrix [11] and has been found
in a variety of tissues including kidney, brain, pancreas,
lung bronchi, secretory glands, salivary glands, lactating
breast, and some tumor tissues [12–16]. It is also secret-
ed by activated immunocytes such as macrophages, lym-
phocytes, T lymphocytes, natural killer cells, and
Kupffer cells [17]. OPN contains binding sites for
αvβ3 integrin, thrombin, glycosylation, calciumions,
and heparin [12]. Previous studies have shown that
OPN is over expressed in a wide range of malignant
tumors such as lung cancer [18], endometrial carcinoma
[19], breast cancer [20, 21], and melanoma [22], impli-
cated in anti-apoptosis, angiogenesis, cell adhesion, and
migration [19, 23]. It was reported that OPN mediated
the progression of ovarian cancer through the activation
of the PI3K/Akt (protein kinase B) pathway [24] and
promoted hepatocellular carcinoma and mammary cancer
invasion by upregulating the expression of uPA [25, 26].
Another research found that OPN leads to uPA activa-
tion and promoted proliferation, apoptosis, invasion, and
migration in gastric cancer, regulated by the PI3K path-
way [27]. The OPN/PI3K/uPA pathway represents a new
potential molecular mechanism that might be involved in
cancer progression.

Recently, OPN was reported to be related with endo-
metriosis [28–31]. A complementary deoxyribonucleic
acid (cDNA) microarray analysis showed that the tran-
scription of OPN in ectopic endometrial lesions was
130-fold higher than that in normal endometrial samples
[32]. It was further certified that OPN enhances endo-
metrial cell invasion and contribute to the establishment
of ectopic foci [28]. However, the roles for OPN and
PI3K signaling pathway and uPA in the pathogenesis of
endometriosis still remain largely unexplored. The pres-
ent study aimed to explore the effect of OPN and relat-
ed proteins on migration abilities of endometrial stromal
cells (ESCs) from patients with endometriosis. The pres-
ence of relevant protein and their gene expression in
specimens was verified by western blotting and RT-
qPCR. Transwell, wound scratch, and cell counting
kit-8 (CCK8) assays were conducted to evaluate the
migration and proliferation abilities of ESCs.

Materials and Methods

Participants’ Recruitment and Specimens

Ethics approval was granted by the Ethics Committee of
Women’s Hospital School of Medicine Zhejiang University
(reference number 20130039) on June 2013 and all partici-
pants signed a written informed consent prior to inclusion. For
the purpose of this study, fresh endometriosis cyst tissues and
serumwere collected from participants enrolled in the hospital
from Jan 2016 to Dec 2018. Totally 68 women (aged 22–
50 years, average 34.1 years) with III/IV stage endometriosis
(48 in stage III and 20 in stage IV) and 18 women (study
group, aged 24–49 years, average 31.4 years) without visible
endometriosis (control group) undergoing operation for
hydrosalpinx, septate uterus, endometrial polyp anastomosis
of tube, or other benign gynecological diseases were recruited
for this study. There is no significant difference in body mass
index, parity, and progesterone level between two groups.
Patients with adenomyosis, uterine fibroids, hypertension, di-
abetes mellitus, cardiopathy, other neoplastic, and serious dis-
eases were excluded. All participants had regular menstrual
cycles between 25 and 35 days in duration and none of them
had been prescribed hormones or medications known to influ-
ence reproductive functions for at least 6 months before the
surgery. About 3 ml venous serum was drawn before surgery
and the endometrial tissues were transferred to the sterile
phosphate buffer saline (PBS) and transported to the labora-
tory on ice in an hour for further experiments.

Enzyme-Linked Immunosorbent Assay

Peripheral blood samples were drawn from the 68 patients
before surgical operation and only 46 blood samples (serum)
were redundant enough for our following enzyme-linked im-
munosorbent assay (ELISA) experiment after clinical regular
detect.

The concentration of OPN in the serum from 46/68 patients
with endometriosis and 18 control patients was measured in
accordance with the instruction of the ELISA kit (R&D
Systems, No.DOST00, Minneapolis, USA). The optical den-
sity was detected by a microplate reader at 450 nm and the
serum concentration of OPN would be computed by referring
the standard curve.

Primary Culture of Endometrial Stromal Cells

Our rationale for using in vitro cultured ESCs as a model for
endometriosis research have been generally accepted [33–36].
Briefly, sixty-eight ectopic endometrial cysts from 68 women
with III/IV stage endometriosis were collected, among them
we also collected 12 homologous eutopic endometria. Nine
endometrial tissues from 18 patients without endometriosis
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(control endometrium) at proliferation phase were collected
from participants by laparoscopy and hysteroscopy. In order
to avoid ovarian contamination of ectopic tissue, lining of
chocolate cyst was scraped and the fibrous capsule was
discarded. After being washed in sterile PBS for three times,
the specimens were dissected into small pieces and digested in
PBS with collagenase IV (0.05%; Sigma, St. Louis, MO,
USA) and deoxyribonuclease I (DNase I) (10 U/mL, Sigma,
St. Louis, MO, USA) for 1 h. Residual tissue pieces were
removed by being centrifuged for 5 min and 100- and
40-μm cell filters were used to eliminate cell debris and epi-
thelial cells respectively. Isolated cells were suspended in
Dulbecco’s Modified Eagle Medium: Nutrient Mixture F-12
(DMEM/F12), supplemented with 10% fetal bovine serum
(FBS) and cultured in a cell incubator at 37 °C. ESCs from
different patients were kept separate, and each specimen rep-
resents an independent individual. Purity of both ectopic and
eutopic stromal cells from 5 endometriosis patients were ex-
amined by immunocytochemistry staining. Pan cytokeratin
(ab7753, Abcam, Cambridge, UK) and vimentin (ab92547,
Abcam, Cambridge, UK) were chosen as epithelial and stro-
mal marker, respectively. Both primary cultured EuESC and
EcESC, of which the purity were guaranteed to be over 95%,
were selected for next steps of experiments. All used ESCs
were controlled within passage 4, with the maximum culture
time of 15 days.

Gene Silencing

ESCs were divided into three groups (siRNA-OPN, siRNA
scrambled, and control group). Scrambled siRNA was used to
set a negative control. The siRNA sequence of OPN designed
a s f o l l o w s : s e n s e s t r a n d , 5 ′ - CUCCAGAG
GAUGUUCAAUATT-3 ′, and antisense strand, 5 ′-
UAUUGAACAUCCUCUGGAGTT-3′. The siRNA scram-
bled is a disordered small RNA. Milli Q water was added to
the control group instead of siRNA. All of the siRNAs were
designed and purchased from Shanghai Gene-Pharma Inc.
RNAiMAX Transfection Reagent (Thermo Fisher Scientific,
USA) was used to transfect these siRNA oligonucleotides into
ESCs. The ratio of transfection reagent to siRNA was
10 μl:2.5 μg per 2 × 105 cells. For transfection procedure,
we followed the protocol provided by the transfection reagent
manufacturer. Subsequent western blot was used to evaluate
the transfection efficiency after 48 h.

RNA Extraction and RT-qPCR

Total RNAwas extracted from the ESCs using TRIzol reagent
(Invitrogen, USA), chloroform, isopropanol, and diethyl
pyrocarbonate (DEPC)–treated water according to the manu-
facturer’s instruction. A NanoDrop spectrophotometer
(Thermo Scientific, Waltham, MA, USA) was used to detect

the RNA concentration. The reverse transcription was accom-
plished by using PrimeScript™ RT reagent Kit (Takara Bio,
Japan) and 1 μg of total RNA was reverse transcribed into
cDNA in a 20 μl volume. RT-qPCR was then carried by
SYBR Premix Ex Taq™ Kit (Takara Bio, Japan) as follows:
95 °C for 15 s followed by 40 cycles at 95 °C for 5 s and 60 °C
for 30 s (for up to 40 cycles). GAPDHwas chosen to provide a
normalization control. The primers used in above-mentioned
experiment are presented in Table 1. For each sample, the
average threshold (Ct) was calculated from triplicate wells
and the fold change was analyzed using the 2-ΔΔCt method.
At least four independent experiments were performed for
each condition.

Western Blot

Western blot was accomplished using lysates from ESCs
pretreated in different conditions. A total of 1 × 107 ESCs
was washed twice with cold PBS and then submerged in
150 μl RIPA Lysis and Extraction Buffer (Thermo
Sc i e n t i f i c , Wa l t h am , MA , USA) w i t h 1 . 5 μ l
phenylmethanesulfonyl fluoride (PMSF) (Thermo Fisher
Scientific, USA). The cell lysates were centrifuged at
12,000g for 15 min at 4 °C. Bradford method was used to
determine the protein concentrations. Equal amounts of lysate
(50 μg) were run on 10% sodium dodecyl sulfonate (SDS)-
polyacrylamide gels and then transferred to a PVDF transfer
membrane (Thermo Scientific, Waltham, MA, USA). The
membranes were washed in Tris-buffered saline tween
(TBST), blocked in 5% non-fat dry milk in TBST, and incu-
bated with primary OPN (1:1000, Abcam 8448, UK), uPA
(1:1000, Abcam 169754, UK), p-PI3K (1:1000, Abcam
182651, UK), and PI3K (1:1000, Abcam 86714, UK) antibod-
ies overnight at 4 °C. GAPDH (1:1000, DawenBiological,
China) antibody was used as internal control for normaliza-
tion. The membranes were then washed three times with
TBST and incubated with secondary antibodies (1:5000,
Dawen Biological, China) conjugated to horseradish peroxi-
dase for an hour at room temperature. Bands of immune reac-
tive proteins were visualized by the enhanced chemilumines-
cence (ECL) reagent (BI, Israel) and normalized to the loading

Table 1 The primer sequences for OPN, uPA, and GAPDH

Gene Sequences

OPN forward primer 5′-ACCCTGATGCTACAGACGAG-3′

OPN reverse primer 5′-GACTATCAATCACATCGGAATG-3′

uPA forward primer 5′-CTGTGAGATCACTGGCTTTG-3′

uPA reverse primer 5′-TTGGAGGGAACAGACGAG-3′

GAPDH forward primer 5′-TCAGTGGTGGACCTGAC-3′

GAPDH reverse primer 5′-TGCTGTAGCCAAATTCGTT-3′
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internal control. At least four independent experiments were
performed for each circumstance.

Immunofluorescence Assay

ESCs were seeded on creep plates (1 × 105cells/well),
fixed with 4% paraformaldehyde for 15 min, perme-
abilized with 0.1% Triton X-100, and blocked with 1%
BSA for 1 h. ESCs were than triple stained with fluo-
resce in isothiocyanate (FITC)-phalloidin (1:100, Sigma-
Aldrich, St. Louis, MO, USA) for 40 min, 4 ′ ,6-
diamidino-2-2-phenylindole (DAPI) (ab104139, Abcam,
Cambridge, UK) for 10 min, and Alexa Fluor 594-anti-
alpha tubulin antibody (DM1A, Abcam, Cambridge,
UK) at 4 °C overnight. Immunofluorescence photo-
graphs were taken with a laser scanning confocal micro-
scope (LSM 510, Zeiss, Oberkochen, Germany) to cal-
culate the pixel (Px) of cells by ImageJ. At least 200
cells from triplicate cover slides in each sample were
analyzed and experiments were repeated in samples from
four individuals.

Cell Migration Assay and Effects of Inhibitor and
Activator

The ESC migration assay was carried out by transwell and
wound scratch assays. A total of 1.5 × 105 ESCs per well were
seeded into the upper chamber using FBS-free DMEM/F12.
DMEM/F12 medium supplemented with 10% serum was
added to the lower chamber. ESCs were also co-cultured with
p-PI3K inhibitor ly294002 (50 μM) and p-PI3K activator-
SF1670(4 μM) or siRNA-OPN respectively to evaluate the
regulation of cell migration. Twenty-four hours later, the up-
per chamber was removed, washed with PBS, immersed in
alcohol for 15 min, and then stained with 0.1% crystal violet
solution. Cells at the inner face of the upper chamber were
removed with a cotton swab. Cells outside the upper chamber
were photographed and counted under a light microscope
(200 ×). Cells in five visual fields per chamber were counted
and all transwell assays were performed in triplicate for eight
independent experiments.

As for wound scratch assays, ESCs were evenly seeded
in a 6-well plate (5 × 105 cells/well) and incubated at
37 °C in a 5% CO2 incubator. When cell confluence
reached 90%, we replaced the medium (DMEM/F12 +
10% FBS) with FBS-free DMEM/F12. Then a ruler and
a 10-μl pipette tip were used to generate a straight wound
in the 6-well plates [37–39]. Cellular debris was removed
by washing the scratched area with PBS for three times.
Remaining ESCs were cultured in DMEM/F12 and
photographed at 0 h, 24 h, and 48 h under a microscope.
At least 5 random areas of the plate were photographed
(100 ×) and the migration rates were computed based on

the change of wound width measured by ImageJ (NIH,
Bethesda, MD). All wound scratch assays were repeated
in samples from at least eight different individuals.

Cell Counting Kit-8 Assay

Treated ESCs were seeded in a 96-well plate (2 × 104 cells/
well) and incubated in FBS-DMEM/F12. Cell counting kit-8
(CCK8) reagent (10 μl/well, DOJINDO, CK04-13) was
added at 0 h, 24 h, and 48 h. After 4 h of incubation, the optical
density (OD) was measured by ultraviolet spectrophotometry
at 440 nm. At least seven independent experiments were per-
formed using five wells for each condition.

Statistics

Data from at least four independent experiments were
analyzed using GraphPad Prism 5 (GraphPad Software,
San Diego, CA, USA) and presented as mean ± SEM.
Sample size calculation was according to formula:
n = ((uα + uβ)

2 × σ2/δ2 × (1 + 1/k), when α = 0.05, β =
0.2, uα = 1.96, uβ = 0.84, σ represents the pooled stan-
dard deviation, δ represents the standardized mean dif-
ference, the number of one group is n, while another
group k × n. A parametric Student t test was used for
statistical analysis. Multiple comparisons were first ana-
lyzed by one-way ANOVA and then by Tukey’s tests.
The correlation analyze was used to state the OPN rela-
tion between serum and endometrial stromal cells.
Values were considered statistically significant if
P < 0.05 (*P < 0.05, **P < 0.01).

Results

Serum Concentrations of OPN

The serum concentration of OPN in patients with endo-
metriosis and the control was detected by ELISA. The
average concentration of OPN was 53.83 ± 9.32 ng/ml
in the endometriosis group and 22.90 ± 4.7 ng/ml in

�Fig. 1 Identification of primary cultured ESCs and expression of OPN,
uPA, and PI3K. a The serum OPN level was detected by ELISA (control
n = 18; endometriosis n = 46). b, c Primary cultured ESCs were identified
by immunohistochemical staining in EcESC (200 × scale, bar = 100 μm).
d, e The protein (control n = 4; eutopic n = 6; ectopic n = 7) expression of
OPN, uPA, PI3K, and p-PI3K in eutopic ESCs (EuESCs), ectopic ESCs
(EcESCs), and control ESCs (CoESCs) were examined by western blot. f
The mRNA (control n = 5; eutopic n = 6; ectopic n = 8) expression of
OPN and uPA in EuESCs, EcESCs, and CoESCs were examined by
RT-qPCR. g The correlation analysis of OPN level between in ectopic
endometrium tissue and in serum was displayed (n = 7). Results are
presented as the mean ± SEM (*p < 0.05, **p < 0.01)

b
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the control group (Fig. 1a). Statistical analysis showed a
significant difference between two groups (P < 0.05).

There was no significant difference between stage III
and IV endometriosis in ELISA results (data unshown).
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Expression of OPN, uPA, PI3K, and p-PI3K in ESCs

Primary ESCs were successfully isolated from endometrial
tissues and cultured in dishes. ESCs grew exuberantly and
displayed atypical elongated spindle morphology (Fig.
1b, c). Immunocytochemistry was used to identify that the
cultured cells were actually ESCs. Randomly selected fields
were pictured to calculate the purity. As shown, most cells
(over 95%) were positive for vimentin and negative for pan
cytokeratin, which means the success of primary culture of
ESCs.

Quantification of the OPN, uPA, PI3K, and p-PI3K expres-
sion levels in control ESCs (CoESCs), eutopic ESCs
(EuESCs), and ectopic ESCs (EcESCs) was performed by
RT-qPCR and western blot. GAPDH was chosen as the inter-
nal control and the 2-ΔΔCt method was used to normalize
mRNA expression. The OPN and uPA mRNA expressions
were significantly upregulated in both EuESCs and EcESCs
compared with in CoESCs (P < 0.05, Fig. 1f). Analogously,
we used ratio of the gray density of OPN, uPA, PI3K, and p-
PI3K to the gray density of GAPDH to represent the relative
protein expression. The protein levels of OPN, uPA, and p-
PI3K were significantly higher in both EuESCs and EcESCs
than in CoESCs (P < 0.05, Fig. 1d, e). However, no significant
difference was detected in PI3K protein expression in
EuESCs, EcESCs, and CoESCs (P > 0.05, Fig. 1d, e). The
protein levels of uPA were significantly higher in EuESCs
than in EcESCs (P < 0.05, Fig. 1d, e). However, OPN was
significantly higher in EcESCs than in EuESCs (P < 0.05,
Fig. 1d, e). No significant difference was detected in p-PI3K
and PI3K between EcESCs and EuESCs.

Correlation analyze of OPN level between ectopic endo-
metrium tissue and serumwas completed and displayed with a
scatter plot (P < 0.05, Fig, 1g). The pearson product-moment
correlation coefficient is 0.841. There is a positive correlation
between tissue OPN and serum OPN.

Regulation of OPN and PI3K Pathway on Protein
Expression in ESCs

Knockdown of OPN by siRNAwas used to observed uPA and
p-PI3K expression change in EcESCs. It was observed that
uPA and p-PI3K were regulated by OPN in gastric cancer
[27]. To explore the signaling pathways downstream of
OPN, we used siRNA to downregulate OPN. OPN-specific
siRNA-mediated knockdown of OPN in EcESCs significantly
reduced the mRNA and protein levels of OPN at 48-h post
transfection (P < 0.01, Fig. 2a, b, c). As shown, knockdown of
OPN significantly decreased the protein expression of uPA
and p-PI3K, while had no effect on PI3K (P < 0.05, Fig.
2d, e).

The PI3K signaling pathway was reported to be involved in
the progression of ovarian cancer mediated by OPN [40].

Combining the above-mentioned results, we sought to further
explore the role of p-PI3K in EcESCs. The protein expression
of p-PI3K was inhibited and activated by ly294002 (50 μM)
or SF1670(4 μM) respectively after 12-h (data not shown) and
24-h treatment (Fig. 3a) and statistical analysis based on the
gray intensity showed a significant difference (P < 0.01, Fig.
3c). As shown, ly294002- and SF1670-mediated
downregulated/upregulation of p-PI3K significantly
decreased/increased uPA protein expression respectively,
meanwhile, showed no effect on OPN protein expression
(P < 0.05, Fig. 3b, d).

Effect of OPN on Cytomorphology and Cytoskeleton

It was reported that OPN was involved in cytoskeleton dy-
namics in osteoblast [41] and primary erythroblasts cells [40].
To further explore the role of OPN in cytoskeleton, we knock-
down OPN by siRNA and detected subsequent expression of
F-actin and α-tubulin by immunofluorescence. EcESCs were
fixed with 4% paraformaldehyde and triple stained with DAPI
(for nucleus, blue), FITC-phalloidin (for F-actin, green), and
Alexa Fluor 594-DM1A (for α-tubulin, red) at 48 h after
siRNA-OPN transfection. Decreased lamellipodia and fluo-
rescence intensity of α-tubulin were observed in siRNA-
OPN-treated EcESCs (Fig. 4a). Cells treated with siRNA-
OPN appears to be a spindle and had more thin edges and
corners. The fluorescence intensity of F-actin and α-tubulin
was quantified and a significant difference in α-tubulin fluo-
rescence intensity was detected in siRNA-OPN-treated
EcESCs compared with siRNA-scrambled treated EcESCs
(P < 0.05, Fig. 4b). However, no significant difference was
observed in F-actin (P > 0.05, Fig. 4b).

Effects of OPN and p-PI3K on EcESCs Migration and
Proliferation

To explore the function of OPN in regulating EcESCs migra-
tion and proliferation, we performed transwell, wound scratch,
and CCK8 assays. The number of EcESCs outside the upper
chamber significantly decreased in the siRNA-OPN group
than in the siRNA-scrambled group (P < 0.05, Fig. 5a, c).
The wound width at 48 h significantly broadened in the
siRNA-OPN group than in the siRNA-scrambled group
(P < 0.05, Fig. 5b, d). Migration ability of EcESCs after
OPN downregulation was significantly attenuated in the
transwell and the scratch assay, while knockdown of OPN
showed no influence on cellular proliferation at all set time
points in CCK8 assay (P > 0.05, Fig. 3e).

The influence of p-PI3K inhibition and activation on cellu-
lar migration of EcESCs was also assessed by transwell assay
and wound scratch assays. Migration ability of EcESCs was
significantly decreased by ly294002 and increased by SF1670
after 24-h and 48-h treatment (P < 0.05, Fig. 6a–d).
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Discussion

Endometriosis is a common but complex disease with unde-
termined etiology and pathogenesis. OPN plays a crucial role
in progression and metastasis in cancer through cell migration,
invasion, anti-apoptosis, angiogenesis, and abnormal activat-
ed immunocytes. Overexpression of OPN has been reported to
promote cell migration in many cancers, such as human naso-
pharyngeal carcinoma, breast cancer, colorectal cancer,

human lung adenocarcinoma, and human endometrial carci-
noma [42–45]. Recently, it was also reported that OPN may
correlate with the migration of endometrial cells in patients
with endometriosis, while the underlying molecular mecha-
nism remained undetermined. It was reported that multifarious
biological function of OPN may achieve through the activa-
tion of PI3K/Akt pathway by upregulating uPA [25, 26].
Recent studies have showed that ectopic lesion occurs and
develops accompanied by cell migration and invasion, and

Fig. 2 Knockdown of osteopontin (OPN) downregulate the expression of
uPA and p-PI3K in EcESCs (si-Ctrl represents control; si-Scr represents
siRNA scrambled; si-OPN represents siRNA-OPN; n = 4). a, b, c The
protein (a and b) and mRNA (c) levels of OPN were detected by western

blot and RT-qPCR at 48 h after transfection. d, e Protein expression of
uPA, PI3K, and p-PI3K in untreated EcESCs, siRNA-scrambled treated
EcESCs, and siRNA-OPN-treated EcESCs were examined by western
blot. Results are presented as the mean ± SEM (*p < 0.05, **p < 0.01)

Fig. 3 Activation and inhibition of p-PI3K significantly increased and
decreased uPA protein expression respectively (n = 4). a, c The protein
level of p-PI3K was detected by western blot after 24-h treatment. b, d

Protein expression of uPA and OPN in untreated EcESCs, ly294002-
treated EcESCs, and SF1670-treated EcESCs was examined by western
blot. Results are presented as the mean ± SEM (*p < 0.05, **p < 0.01)
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its key regulators have not been illustrated. This prompted us
to detect the role of OPN, p-PI3K, and uPA in endometriosis.

Phosphorylation of PI3K has been reported to mediate cel-
lular migration in many malignant tumors, such as human
osteosarcoma [46], breast cancer [47], melanoma [48], and
hepatoma [49]. uPA, part of the plasminogen-activating sys-
tem, is known to participate in degradation of extracellular
matrix and modulation of cell adhesion and migration [50].
It was reported that migration and invasion of human naso-
pharyngeal carcinoma cells were suppressed by inhibiting
uPA through the modulation of the PI3K/Akt signaling path-
way [51]. CD40-related uPA induced human multiple myelo-
ma cell migration through the PI3Ksignalling pathway [52].
We demonstrated that p-PI3K and uPA were upregulated in
ESCs from patients with endometriosis and knockdown of
OPN decreased the expression of p-PI3K and uPA in
EcESCs. Our finding is consistent with several previous stud-
ies in which OPN was reported to be related to the PI3K
pathway and uPA. It was observed that uPA and p-PI3K were
regulated by OPN in gastric cancer [27]. The PI3K signaling
pathway was reported to be involved in the progression of
ovarian cancer mediated by OPN [40]. Additionally, OPN
contributes to the migration of lung cancer cells through com-
bining with alpha v beta 3 integrin or adhensive glycoprotein
receptor CD44 by activating the PI3K pathway [53]. OPN and
uPA were functionally relevant since OPN-induced enhance-
ment of invasiveness in human mammary epithelial cells was

uPA dependent [25, 53, 54]. Moreover, knockdown of OPN
significantly reduced the level of uPA and suppressed non-
small lung cancer cell invasion and metastasis [55].

To further demonstrate the OPN/p-PI3K/uPA pathway per-
formances vital function in endometriosis, we used 50 μM of
ly294002 and 4 μM of SF1670 after 12-h and 24-h treatment
to inhibit and activate the p-PI3K pathway respectively. We
found that inhibition and activation of the p-PI3K pathway
significantly upregulate and downregulate uPA expression,
while no apparent change in OPN expression was observed.
This result suggests that p-PI3K acts upstream of uPA and
downstream of OPN, which means that OPN induces the ex-
pression of uPA through the PI3K pathway in endometriosis.
In addition, OPN may induce kinds of transcription factors
including NF-κB and AP-1 combine with DNA, enhance
uPA and MMP synthesis and celluar matrix degradation, in-
hibit cell apoptosis, and promote proliferation and invasion of
ectopic endometrial cell.

Cytoskeleton reorganization was observed simultaneously
with decreased p-PI3K and uPA expressions after knockdown
of OPN in EcESCs. Specially, significantly decreased fluores-
cence intensity of α-tubulin rather than F-actin was observed
in siRNA-OPN-treated EcESCs. Cells treated with siRNA-
OPN changed to a spindle with more thin edges and corners,
implying cells have weak migration ability. These results are
in accordance with previous reports as tubulin decreased with
OPN in response to mechanical strain in osteoblast while

Fig. 4 Knockdown of
osteopontin (OPN) affected
cytomorphology and induced α-
tubulin reorganization in EcESCs
(si-Scr represents siRNA
scrambled; si-OPN represents
siRNA-OPN). a EcESCs were
triple stained with DAPI (for
nucleus, blue), FITC-phalloidin
(for F-actin, green), and Alexa
Fluor 594-DM1A (for α-tubulin,
red) at 48 h after siRNA-OPN
transfection(1000 × scale, bar =
10 μm, n = 4). b Color pixels (px
represents pixels) of F-actin and
α-tubulin were quantified based
on more than 200 cells for each
experiment and four independent
experiments were performed.
Results are presented as the mean
± SEM (*p < 0.05)
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neither the level of actin nor that of the intermediate filament
protein vimentin changed [41]. We concluded that OPN/p-
PI3K/uPA may regulate cytoskeleton reorganization of

ectopic ESCs, especiallyα-tubulin alterations in cell morphol-
ogy andmotility, promoting migration and invasion of ectopic
ESCs in endometriosis.

Fig. 5 Knockdown of osteopontin (OPN) attenuated cell migration while
exhibited no effect on cell proliferation in EcESCs (si-Ctrl represents
control; si-Scr represents siRNA scrambled; si-OPN represents siRNA-
OPN). a, c Cell migration was detected by transwell assay (200 × scale,

n = 8). b, d Cell migration was detected by wound scratch assay (100 ×
scale, n = 10). eCell proliferationwas examined byCCK8 assay (n = 7) at
0 h, 24 h, and 48 h after transfection. Results are presented as the mean ±
SEM (*p < 0.05, **p < 0.01)
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Excessive proliferation of ESCs is also known to contribute
to the pathogenesis of endometriosis. OPN has been reported
to regulate cell proliferation in ovarian cancer cells [56], na-
sopharyngeal carcinoma cells [45], and human lung adenocar-
cinoma cells [44]. In our study, cellular proliferation of
EcESCs was not influenced after siRNA-OPN treatment at
all set time points. This result may suggest that the major
effects of OPN on ESCs might be regulation of cell migration
rather than proliferation, while other study reported prolifera-
tion in endometrial epithelial cells involved in the pathogene-
sis of endometriosis [31]. The inconsistent results may due to
the different OPN expression in epithelial cells and stromal
cells. We performed the correlation analysis, showing serum
OPN positive correlated with endometriotic cyst tissue, indi-
cating that serum OPN might be a potential prediction of en-
dometriosis progression.

Actually, there are several limitations in our study. Firstly,
the control participants are not disease free due to ethical per-
mission. We set inclusion criteria scrupulously to minimize
the impact of other diseases and baseline characteristic be-
tween the two groups, such as age, body mass index, parity,
and hormone level. Secondly, our study only incorporated

endometria specimen of stage III/IV. In future investigation,
early stage endometriosis (I/II) would be included to explore
the role of OPN in endometriosis progression. Finally, animal
experiment would be performed to further identify the role of
OPN in endometriosis in vivo.

In summary, we demonstrated that OPN was upregulated
in ESCs from participants with endometriosis. OPN played a
role in cytoskeleton reorganization through α-tubulin rather
than F-actin and regulate cellular migration of ESCs by mod-
ulating uPA expression through the PI3K signaling pathway.
Despite the limitations, this study does provide us with a better
understanding of the pathogenesis of endometriosis and imply
potential targets for endometriosis.
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