
Original Article

PRL-3 Is Involved in Estrogen- and
IL-6–Induced Migration of Endometrial
Stromal Cells From Ectopic Endometrium
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Abstract
Objective: To investigate the role of phosphatase of regenerating liver-3 (PRL-3) in the 17b-estradiol (E2)- and interleukin
6 (IL-6)-induced migration of endometrial stromal cells (ESCs) from ectopic endometrium.Methods: Ectopic endometrial tissues
were collected from patients with endometriosis, and PRL-3 expression in ectopic and eutopic endometrium was examined by
immunohistochemistry. Endometrial stromal cells isolated from ectopic endometrium were treated with E2, progesterone (P),
IL-6, or sodium orthovanadate (Sov) to inhibit PRL-3. Total RNA and protein were extracted from ESCs after treatment for
quantitative real-time polymerase chain reaction and Western blot analyses. Cell migration was assessed using a scratch wound
assay. Results: Phosphatase of regenerating liver 3 protein was highly expressed in the endometrial glandular cells (EGCs) and
ESCs in ectopic endometrium, whereas its weak expression was observed only in EGCs in eutopic endometrium. Both E2 and IL-6
treatment significantly increased PRL-3 messenger RNA and protein expression, and P treatment significantly inhibited PRL-3
expression. However, E2-induced PRL-3 expression in ESCs from ectopic endometrium was significantly blocked by IL-6 anti-
body. Moreover, E2- and IL-6–enhanced cell migration was completely abrogated by Sov treatment. Furthermore, Sov treatment
could significantly promote PTEN expression but inhibit E2- and IL-6–induced p-AKT activation. Conclusion: Phosphatase of
regenerating liver 3 plays a key role in the E2- and IL-6–induced migration of ESCs from ectopic endometrium, a process that is
involved in the PTEN-AKT signaling pathway.
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Introduction

Endometriosis is a common gynecologic disorder that is

classically defined as the presence of endometrial glands and

stromal in ectopic locations, such as the pelvic peritoneum,

ovaries, and retrocervical septum.1,2 Endometriosis affects

6% to 10% of women at reproductive age and can cause chronic

pelvic pain, dysmenorrhea, dyspareunia, and infertility.3 The

prevalence of endometriosis is higher in infertile women

(20%-50%) and in women and adolescents with chronic pelvic

pain and dysmenorrhea (25%-70%).4 Although the underlying

pathophysiology of endometriosis remains elusive, it has been

demonstrated that endometriosis is associated with genetic

factors, hormonal influences, specifically estrogenic stimula-

tion, and environmental insults, such as exposure to endocrine

disruptors.5 Endometriosis possesses mixed traits of benign

disease and malignancy. The pathogenesis of endometriosis

is related to uncontrolled cell proliferation and local and distant

migration and metastasis.6,7 Thus, the increased migratory

capacity of endometrial stromal cells (ESCs) is the first pre-

requisite for the development of endometriosis, although the

precise molecular mechanisms are still largely unknown.

Endometriosis is also an estrogen-dependent gynecological

disease. Aberrant expression and regulation of estrogen recep-

tor (ER) and progesterone receptor (PR) are observed in the

different types of endometriosis.8 Compared to normal uterine

tissues, the expression of ERa messenger RNA (mRNA) and

protein is decreased in endometriosis lesions, whereas the

expression levels of ERb mRNA and protein in ovarian endo-

metriosis were found to be similar.9,10 The expression of PRA
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and PRB mRNA and protein is decreased or absent in ovarian

endometriosis, and the expression of PRA/B mRNA and pro-

tein fails to show a consistent and regulated pattern in perito-

neal endometriosis.11,12 Interestingly, Zeitoun et al

demonstrated that aberrant P450arom expression in endome-

triotic tissue in contrast to eutopic endometrium is involved in

the local biosynthesis of estrogen that causes the growth of

these lesions.13 It has been demonstrated that rapid activation

of the ERK1/2 and PI3K/AKT intracellular signaling cascades

by growth factors and estrogens is involved in the migration of

normal ESCs.14 Moreover, endometriosis is a pelvic inflamma-

tory process that affects the secretion of various local products

such as growth factors and cytokines in the peritoneal environ-

ment.15 Elevated levels of cytokines and other factors, includ-

ing C-reactive protein, serum amyloid A, tumor necrosis factor

(TNF) a, monocyte chemoattractant protein (MCP) 1, interleu-

kin (IL)-6, IL-8, and chemokine (C–C motif) receptor 1, are

found in the peritoneal fluid and peripheral blood of patients

with endometriosis.16 Khan et al observed significantly

increased secretion of IL-6 and TNF-a in peritoneal macro-

phages in response to 17b-estradiol (E2).17 However, the pre-

cise molecular mechanisms underlying the roles of estrogen

and progesterone (P) in the pathogenesis of endometriosis are

still not well elucidated.

Phosphatase of regenerating liver 3 (PRL-3) is a member of

the phosphatases of regenerating liver family that is character-

ized by phosphatase-active domain and C-terminal prenylation

motif.18 Overexpression of PRL-3 has been found in multiple

cancers, including colorectal cancer, gastric cancer, liver can-

cer, and lung cancer.19,20 It has been found to be associated

with metastasis and proposed as a potential biomarker for

assessing tumor aggressiveness and predicting outcomes of

tumor therapy.21,22 A recent study reported that the expression

of PRL-3 is related to the clinical stages and recurrence of

endometriosis.23 Thus, it is interesting to explore whether there

is an interaction between estrogen/P and PRL-3 during endo-

metriosis progression and the possible molecular mechanisms.

In the present study, we aimed to investigate the effects of

E2, P, and IL-6 treatments on PRL-3 expression in ESCs

isolated from patients with endometriosis, on the migratory

capacity of these cells, and on the PTEN-AKT signaling pathway.

Materials and Methods

Antibodies and Reagents

Sodium orthovanadate (Sov, an inhibitor for protein tyrosine

phosphatases [PTPs]24), recombinant human IL-6

(11386000010), E2, P, and type I collagen were purchased

from Sigma-Aldrich (St Louis, Missouri). Antibodies to human

PRL-3, b-actin, p-AKT (Ser437), AKT, cytokeratin 19 (CK19),

and vimentin were purchased from Proteintech (Chicago, Illi-

nois). Rabbit antihuman IL-6 (ab9324) and phosphatase and

tensin homolog (PTEN, ab154812) antibodies were purchased

from Abcam (Cambridge, Massachusetts). Horseradish

peroxidase-conjugated goat antirabbit immunoglobulin G

(IgG) was purchased from Santa Cruz Biotechnology, Inc

(Santa Cruz, California). Enhanced chemiluminescence (ECL)

and Pierce bicinchoninic acid (BCA) kits were purchased from

Thermo Fisher Scientific (Waltham, Massachusetts). Total

RNA Purification Plus Kit was purchased from Norgen Biotek

Corp (Thorold, Ontario, Canada). The SuperScript III First-

Strand Synthesis System was purchased from Invitrogen (Life

Technologies, Carlsbad, California), and the SYBR Green PCR

Master Mix was purchased from Applied Biosystems (Foster

City, California).

Collection of Endometriotic Tissues

This study was approved by the ethics committee of The Sec-

ond Xiangya Hospital of Central South University. Samples of

eutopic endometrium and ectopic endometrium from patients

with endometriosis were collected from 20 patients who under-

went resection of endometriotic cysts (chocolate cysts) via

advanced laparoscopic surgery at the Department of Obstetrics

and Gynecology of The Second Xiangya Hospital between

May 2013 and January 2014. According to the revised Amer-

ican Fertility Society classification of endometriosis, the stages

of endometriosis in these patients were stage II in 2 patients,

stage III in 5 patients, and stage IV in 13 patients. All patients

displayed a regular menstrual cycle, without medical compli-

cations or hormone treatment within 3 months prior to sample

collection. For histology, the fresh tissues were fixed in 10%
formalin solution, dehydrated in a graded ethanol series, and

embedded in paraffin. Informed consent was obtained from all

patients.

Isolation, Culture, and Treatment of ESCs

For cell isolation, fresh ovarian endometrial cysts from 6

patients (4 at the proliferative phase and 2 at the secretary phase

of endometrium) were cut into small pieces using scissors and

digested in 4 to 5 mL Dulbecco modified Eagle medium

(DMEM; Invitrogen) containing 0.1% collagenase I for 20 to

30 minutes at 37�C. The cell mixture was centrifuged at 1000

rpm for 5 minutes, and the supernatant was discarded. The cell

pellet was suspended in DMEM containing 10% fetal bovine

serum (FBS) and cultured in an incubator with 5% CO2 at

37�C. The identification of isolated cells was carried out by

staining of CK19 and vimentin as previously described.25

For cell treatment, the ESCs were seeded into 6-well culture

dishes at a density of 5 � 105 cells/mL. The complete culture

medium was replaced by serum-free medium after 24 hours in

culture. The cells were treated with 10�6 mol/L E2,
14 10�5 mol/

L P,26 1.0 ng/mL IL-6,27 10�6 mol/L E2 þ 1.0 ng/mL IL-6,

10�5 mol/L P þ 1.0 ng/mL IL-6, E2 10�6 mol/L þ 20 mg/mL

IgG, or E2 10�6 mol/L þ 20 mg/mL anti-IL-6 for 24 hours, and

then the total mRNA and protein from the cells were extracted

using conventional protocols. For the detection of PTEN, p-

AKT, and AKT, the cells were cultured in complete culture

medium for 24 hours and treated with 10�6 mol/L E2 þ
dimethyl sulfoxide (DMSO), 10�6 mol/L E2 þ 0.5 mmol/L
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Sov, 10�6 mol/L E2 þ 1.0 ng/mL IL-6 þ DMSO, or 10�6 mol/

L E2 þ 1.0 ng/mL IL-6 þ 0.5 mmol/L Sov in serum-free

medium for 24 hours. Total protein was isolated to assess the

expression of PTEN, p-AKT, and AKT by Western blot

analysis.

Scratch Wound Assay

The ESCs were seeded into 6-well culture dishes at a density of

5 � 105 cells/mL and grown to 100% confluence. A thin

‘‘wound’’ was made by scratching the cell layer with a 200-

mL pipette tip, and the cells were washed 3 times with

phosphate-buffered saline (PBS) to remove unattached cells.

The cells were then treated with 10�6 mol/L E2 þ DMSO, 0.5

mmol/L Sov, 10�6 mol/L E2þ 0.5 mmol/L Sov, 10�6 mol/L E2

þ 1.0 ng/mL IL-6 þ DMSO, or 10�6 mol/L E2 þ 1.0 ng/mL

IL-6 þ 0.5 mmol/L Sov in DMEM containing 2% FBS for 36

hours. Representative images were captured before (0 hour)

and after (36 hours) treatment. The width of the ‘‘wound’’

before and after treatment was measured using Image-Pro Plus

(Media Cybernetics, Inc, Rockville, Maryland) to calculate the

migration distance.

Real-Time Quantitative Reverse Transcriptase
Polymerase Chain Reaction Analysis

Total RNA was extracted from ESCs using the Total RNA

Purification Plus Kit following the manufacturer’s instructions.

A total of 1.0 mg RNA was reverse transcribed using the Super-

Script III First-Strand Synthesis System following the manu-

facturer’s protocol. All polymerase chain reaction (PCR)

primers were synthesized by Sango Biotech (Shanghai, China),

and the primer sequences were as follows: PRL-3-F (gene ID:

11156): 50-AACGCCACGCTCAGCACCTTC-30, PRL-3-R
(gene ID: 11156): 50-GGCTCAGCCAGTCTTCCAC-

TACCTT-30, b-actin-F: 50-CATCCTGCGTCTGGACCTGG-
30, and b-actin-R: 50-TAATGTCACGCACGATTTCC-30.
Each PCR was carried out using an ABI 7500 Detection Sys-

tem with Power SYBR (Applied Biosystems) with the follow-

ing conditions: 95�C for 10 minutes, 40 cycles of 95�C for 10

seconds, 59�C for 50 seconds, and 72�C for 1 minute. To con-

firm the specificity of quantitative PCR (qPCR), dissociation

curves were analyzed at the end of each qPCR assay. b-actin
was used as a reference gene for normalization. The relative

PRL-3 mRNA level was calculated by 2(DCt�Test � DCt�Control).
The Ct of each target gene was compared to the Ct of the

internal control b-actin gene.

Western Blot Analysis

The ESCs were lysed in 50 mL lysis buffer for 30 minutes and

centrifuged at 14 000 rpm for 10 minutes to collect the super-

natant. The protein concentration was determined using the

BCA protein assay. A total of 60 mg protein was separated

on 12% (for p-AKT) and 15% (for PRL-3) sodium dodecyl

sulfate-polyacrylamide gel electrophoresis gels in reducing

condition and transferred onto 0.2-mm nitrocellulose mem-

branes (Proteintech). The membrane was blocked in 5% nonfat

milk in Tris-buffered saline containing Tween 20 for 1 hour

and incubated with the appropriate primary antibody (PRL-3,

1:250 dilution; p-AKT and AKT, 1:500 dilution; PTEN,

1:1000; b-actin, 1: 2000) at 4�C overnight. After 3 washes, the

membrane was incubated with the appropriate conjugated sec-

ondary antibody for 1 hour at room temperature and then

exposed to reveal target protein bands using the ECL kit. The

band intensity was quantitated using Quantity One software

(Bio-Rad, Hercules, California).

Immunohistochemical Staining

Paraffin-embedded tissue sections cut at 5-mm thickness were

prepared and heated at 68�C for 20 minutes. The sections

were deparaffinized in xylene (5 minutes twice) and rehy-

drated in graded ethanol solutions (100%, 100%, 95%, 75%,

and 50%, 5 minutes each). Antigen retrieval was performed

using EDTA solution. The sections were treated with 3%
H2O2 for 10 minutes to quench endogenous peroxidase activ-

ity. The sections were blocked with nonimmune goat serum to

inhibit nonspecific binding and then incubated with rabbit

antihuman PRL-3 antibody (1:600 dilution) or PBS (negative

control) at 4�C overnight. After 3 washes in PBS, the sections

were incubated with biotin-conjugated goat antirabbit second-

ary antibody for 30 minutes at room temperature and then

stained with a 3,30-diaminobenzidine kit and hematoxylin for

counterstaining. The staining results were analyzed by light

microscopy and scored by an experienced pathologist. The

relative staining intensity (score 1: weak staining, strami-

neous; score 2: moderate staining, buffy; score 3: strong stain-

ing, brown) and percentage of positive cells in 5 random fields

were each graded, and the results were multiplied. H-score is

calculated by multiplying the intensity score with the percent-

age of positive cells.

Statistical Analysis

All data are presented as mean+ standard deviation values and

analyzed using SPSS software version 17.0 (SPSS, Inc, Chi-

cago, Illinois). All experiments included 6 individual samples

(n ¼ 6) and were repeated 3 times. The t test was used to

evaluate differences between the 2 groups (before and after

treatment), and 1-way analysis of variance was used to analyze

differences among multiple groups. P < .05 was considered

statistically significant.

Results

Overexpression of PRL-3 in Ectopic Endometrium

A previous study demonstrated that PRL-3 expression is asso-

ciated with the clinical stages and recurrence of endometrio-

sis,23 suggesting that PRL-3 may be involved in this disease.

Here, we compared the expression of PRL-3 protein in ectopic

and entopic endometrium by immunohistochemistry. We
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observed that PRL-3 was highly expressed in the cytoplasm

and membrane of endometrial glandular cells (EGCs) and

ESCs in the ectopic endometrium (Figure 1A and B) but

weakly expressed in the glandular epithelium and more weakly

in the ESCs from eutopic endometrium (Figure 1C and D).

Moreover, the expression levels of PRL-3 in EGCs and ESCs

from ectopic endometrium were significantly higher than those

in EGCs and ESCs from eutopic endometrium (P < .05 or P <

.01; Figure 1E), whereas the levels of PRL-3 in the EGCs and

ESCs were not significantly different from those in the ectopic

endometrium (P(( > .05; Figure 1E).

Modulation of PRL-3 Expression in ESCs From Ectopic
Endometrium by E2, P, and IL-6

Because endometriosis is a hormone-dependent disease, we

sought to determine whether overexpression of PRL-3 in ecto-

pic endometrium is mediated by hormone levels. Indeed, PRL-

3 expression at both the mRNA and protein levels in ESCs from

ectopic endometrium was significantly upregulated by E2

treatment (P(( < .01), whereas its mRNA and protein expression

was inhibited by P treatment (P < .05; Figure 2A and B).

Moreover, PRL-3 expression in ESCs was significantly ele-

vated after IL-6 treatment (P < .01; Figure 2A and B). Inter-

estingly, compared with E2 or IL-6 treatment alone, PRL-3

expression in ESCs was further increased upon combined treat-

ment with E2 and IL-6 (P(( < .05 or P < .01; Figure 2A and B).

However, the reduced PRL-3 expression in ESCs by P treat-

ment was rescued by IL-6 treatment (Figure 2A and B).

Interleukin 6 Antibody Blocks the Effect of E2 on PRL-3
Expression in ESCs

Circulating cytokine levels are influenced by ovarian stimula-

tion, and it has been reported that peak serum levels of IL-6,

MCP-1, and paraoxonase 1 in women with endometriosis,

polycystic ovarian syndrome, or unexplained infertility are

positively correlated with E2 peak levels.28 Here, we found

that treatment with IL-6 antibody could significantly block the

increase in PRL-3 mRNA and protein expression in ESCs

induced by E2 treatment (P < .05; Figure 3A and B).

Effects of E2, IL-6, and PRL-3 on ESC Migration From
Ectopic Endometrium

Endometrial stromal cell migration was evaluated by a scratch

wound assay. Compared with the migration of control ESCs,

E2 treatment significantly increased the migration of ESCs

from ectopic endometrium, and combined treatment with E2

and IL-6 further enhanced the migration of ESCs (P(( < .05 or

P < .01; Figure 4A and B). Interestingly, Sov treatment alone

did not influence the migration of ESCs compared with that of

control ESCs; however, Sov treatment significantly blocked

the elevated migration of E2- and E2 þ IL-6–treated ESCs

(P(( < .01; Figure 4A and B).

Figure 1. The expression of PRL-3 protein in ectopic and eutopic endometrium. A and B, Representative images of PRL-3 staining in ectopic
endometrium (in the proliferative phase). A, �100; B, �200. C and D, Representative image of PRL-3 staining in eutopic endometrium (in the
proliferative phase). C, �100; D,�200. Scale bar¼ 100 mm. E, Statistical analysis of PRL-3 staining in ectopic and eutopic endometrium. n¼ 20,
*P < .05, **P < .01. EGCs indicates endometrial glandular cells; ESCs, endometrial stromal cells; PRL-3, phosphatase of regenerating liver 3.
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Effects of E2, IL-6, and PRL-3 on PTEN-AKT Signaling in
ESCs From Ectopic Endometrium

A recent study reported that dysfunction of PTEN-PI3K/AKT

signaling is associated with endometriosis.29 Moreover, it has

been demonstrated that estradiol may downregulate PTEN

activity by increasing its phosphorylation30 and PRL-3 can

downregulate PTEN expression and promote epithelial–

mesenchymal transition (EMT) through PI3K.31 Consistent

with previous findings, here we observed that the PTEN level

was low in E2-treated ESCs, whereas the combined treatment

with E2 and IL-6 slightly but not significantly upregulated the

PTEN level in ESCs compared with that in ESCs treated with

E2 only (Figure 5A and B). Moreover, PRL-3 inhibition by Sov

could significantly upregulate the PTEN level in E2-treated and

E2 þ IL-6–treated ESCs (P < .05; Figure 5A and B). Because

PTEN is a well-recognized suppressor of the PI3K-AKT path-

way,32 we sought to examine the effects of E2, IL-6, and PRL-3

on the activation of AKT signaling. In contrast to the PTEN

expression trend, the ratio of p-AKT/AKT, an indicator of AKT

activation, was high in E2-treated and E2 þ IL-6–treated ESCs

(Figure 5A and C), whereas Sov treatment significantly inhib-

ited AKT activation in E2-treated and E2 þ IL-6–treated ESCs

(P(( < .01; Figure 5A and C).

Figure 2. Effects of E2, P, and IL-6 on the expression of PRL-3 mRNA (A) and protein (B) in ESCs from ectopic endometrium. The isolated ESCs
were treated with 10�5 mol/L P, 10�6 mol/L E2, 1.0 ng/mL IL-6, 10�5 mol/L P þ 1.0 ng/mL IL-6, or 10�6 mol/L E2 þ 1.0 ng/mL IL-6 for 24 hours.
Control cells received no treatment. Relative PRL-3 mRNA and protein expression is presented with normalization to b-actin. Significance was
determined by 1-way ANOVA based on the results from 6 individual patients (n ¼ 6). ANOVA indicates analysis of variance; ESCs, endometrial
stromal cells; E2, 17b-estradiol; IL-6, interleukin 6; mRNA, messenger RNA; P, progesterone; PRL-3, phosphatase of regenerating liver 3.

Figure 3. Effect of IL-6 antibody on E2-induced PRL-3 mRNA (A) and protein (B) expression in ESCs from ectopic endometrium. Relative PRL-3
mRNA and protein expression is presented with normalization to b-actin expression. n ¼ 6, *P < .05. E2 indicates 17b-estradiol; ESCs,
endometrial stromal cells; IL-6, interleukin 6; mRNA, messenger RNA; PRL-3, phosphatase of regenerating liver 3.
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Discussion

Estrogen and P are 2 critical factors for maintaining endome-

trial function, because they regulate the expression of a large

number of genes throughout the menstrual cycle.33 Endome-

triosis is defined by the presence of estrogen-stimulated

lesions, and both endogenous and exogenous estrogens have

been found to regulate the development and progression of

endometriosis.2,8 Moreover, estrogen can increase the risk of

laparoscopically visible endometriosis and the associated pel-

vic pain.34 However, the role of P in the development of endo-

metriosis has not been well understood. Endometriosis is a

benign chronic inflammatory disorder. Estrogen and P exert

direct effects on the production of cytokines and chemokines

as well as the expression of local regulatory factors.35

However, the molecular mechanisms underlying the roles of

E2, P, and IL-6 in the development and progression of endo-

metriosis have not been clearly clarified.

As a member of the PTPs family, PRL-3 has recently been

identified as a marker for metastasis of malignant tumors and is

associated with poor prognosis.20,21 Previous studies have

demonstrated that PRL-3 regulates cell migration and invasion

in various cancers.36 Moreover, Ruan et al reported that PRL-3

expression is mainly detected in endometriotic tissues but not

in eutopic and normal endometrium, and PRL-3 expression is

closely related to the clinical stages and recurrence of endome-

triosis.23 Moreover, they demonstrated that PRL-3 knockdown

by small interfering RNA can decrease the migratory capacity

of ESCs, although no mechanistic data were presented.37 Thus,

we hypothesized that PRL-3 may play a specific role in the

Figure 4. Effects of E2, IL-6, and PRL-3 on migration of ESCs from ectopic endometrium. A, Representative images of ESCs before and after
treatment. Scale bar ¼ 100 mm. B, Statistical analysis of cell migration after different treatments. Migration distance ¼ width of gap at 0 hour �
width of gap at 36 hours. n¼ 6. #P < .05, ##P < .01, compared with DMSO control (between groups); **P < .01, compared with DMSO (within E2
and E2þ IL-6 groups). DMSO indicates dimethyl sulfoxide; ESCs, endometrial stromal cells; E2 indicates 17b-estradiol; IL-6, interleukin 6; PRL-3,
phosphatase of regenerating liver 3.
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migration of ESCs during endometriosis. Consistent with the

results of a previous study,23 we observed that PRL-3 was

highly expressed in the EGCs and ESCs of ectopic endome-

trium. However, we observed weak expression of PRL-3 in the

EGCs of eutopic endometrium, and this difference may have

been caused by the sensitivity of the antibody. Thus, our data

suggest that PRL-3 may be involved in mediating the patho-

genesis of endometriosis.

Considering the important roles of E2 and P in the devel-

opment and progression of endometriosis, we speculated that

an interaction may exist between reproductive hormones such

as E2 and P and PRL-3 during endometriosis. Indeed, we

found that the expression of PRL-3 mRNA and protein in

ESCs was upregulated by E2 treatment but downregulated

by P treatment. These data provide the first evidence support-

ing the notion that PRL-3 is involved in the regulatory func-

tions of E2 and P during endometriosis. Moreover, PRL-3

mRNA and protein expression levels in ESCs were elevated

by IL-6 treatment and further increased upon combined treat-

ment with E2 and IL-6. Furthermore, the enhanced PRL-3

expression induced by E2 treatment was completely reversed

by treatment with IL-6 antibody. Previous studies reported that

the serum IL-6 level is elevated in patients with endometriosis

and E2 treatment significantly increases the secretion of IL-6

and TNF-a from peritoneal macrophages isolated from patients

with endometriosis.16,17 These data indicate that IL-6 is an

important effector in the downstream signaling of E2 and is also

an important intermediate player between E2 and PRL-3 expres-

sion. Interestingly, IL-6 treatment neutralized the inhibiting

effect of P on PRL-3 expression in ESCs. Because there is no

direct evidence supporting the ability of IL-6 to neutralize the

effect of P, we speculate that P and IL-6 have opposite effects on

PRL-3 expression via different molecular mechanisms, which

results in overlapping effects on PRL-3 expression.

Although no evidence supports regulation of ESC migration

by IL-6, it has been found that ovarian steroids significantly

affect the migration of ESCs derived from women with endo-

metriosis.38 Gentilini et al observed that E2 (10�6-10�8 mol)

can stimulate the motility of ESCs by inducing cytoskeletal

reorganization, whereas P pretreatment (10�7 mol) could not

inhibit the migratory response induced by platelet-derived

growth factor (PDGF-BB).38 Here, we observed that both E2

and E2 þ IL-6 treatments significantly increased the migratory

capacity of ESCs isolated from ectopic endometrium. How-

ever, the elevated migratory capacity by E2 and E2 þ IL-6 was

completely abrogated by Sov, which can inhibit PRL-3 func-

tion. These data further verify that both E2 and IL-6 regulate

functions such as the migration of ESCs during endometriosis

via PRL-3, although the precise mechanisms require further

investigation.

A previous study demonstrated that estrogen and growth

factors can regulate the migration of normal ESCs via rapid

activation of the ERK1/2 and PI3K/AKT intracellular signaling

cascades.14 Moreover, it has been reported that estradiol can

downregulate PTEN activity by increasing its phosphoryla-

tion,30 and PRL-3 downregulates PTEN expression and pro-

motes EMT via PI3K/AKT signaling,31 suggesting that PTEN/

AKT signaling may be involved in E2- and IL-6–induced ESC

migration via PRL-3. Indeed, the Sov upregulated the expres-

sion of PTEN but inhibited the activation of AKT signaling

(reduced ratio of p-AKT/AKT) in E2-treated and E2 þ IL-6–

treated ESCs. Our results support our hypothesis that PRL-3

regulates the migratory potential of ESCs via downregulating

PTEN expression, and a reduction in PTEN expression leads to

the activation of AKT signaling. Furthermore, the regulatory

roles of E2 and IL-6 in the development and progression of

endometriosis involve PRL-3 and PTEN/AKT signaling.

In summary, our results demonstrate that E2 and IL-6 play

key roles in the migratory potential of ESCs in the ectopic

endometrium via upregulation of PRL-3 expression, which is

involved in the PTEN-AKT signaling pathway.
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