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Abstract: It has reported that human endometrial stromal cells (ESCs) express thymic stromal lymphopoietin (TSLP), 
and TSLP concentrations in the serum and peritoneal fluid were higher in women with endometriosis. Endometrio-
sis is an estrogen-dependent disease. The present study aimed to elucidate whether and how estrogen regulates 
the growth of ESCs through TSLP. The ESCs behaviors in vitro were verified by SRB assay and Ki67 level detection, 
respectively. In addition, the effects of estrogen on TSLP and TSLP on the correspondent functional molecules were 
investigated by ELISA and flow cytometry. Here we found that estrogen stimulated the secretion of TSLP in a dosage-
dependent manner. Recombinant human TSLP stimulates the secretion of MCP-1 and IL-8, and markedly promotes 
the viability and proliferation relative gene Ki-67 expression of ESCs. These effects could be abolished by the inhibi-
tor for JNK or NF-κB signal, respectively. Moreover, not only anti-TSLP neutralizing antibody, but also blocking JNK or 
NF-κB signal by inhibitor abrogated the stimulatory role in the production of MCP-1 and IL-8, and the growth of ESCs 
induced by estrogen. Our current study has demonstrated that TSLP is involved in the regulation of estrogen on the 
secretion of MCP-1 and IL-8, and the growth of ESCs through JNK and NF-κB signal pathways, which suggests that 
the abnormal high expression of TSLP induced by estrogen may play an important role in ESCs growth and finally 
contribute to the origin and development of endometriosis.
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Introduction

Endometriosis is a benign gynecological disor-
der characterized by the presence of tissue 
implants resembling endometrial glands and 
stroma in areas outside of the uterus [1]. The 
ectopic implants are found most commonly in 
the ovaries and on the visceral and peritoneal 
surfaces within the pelvis. As many as 10% of 
women aged 30-40 years can be affected, 
although many more can have asymptomatic 
disease [2]. Symptomatic cases have been 
associated with deregulated cytokine produc-
tions in both ectopic and eutopic endometrium 
[3, 4].

Endometriosis is also an estrogen-dependent 
disease [5]. Our previous research has also 
demonstrated that 17β-estradiol stimulates 
CCL2 secretion and CCR2 expression, and pro-
motes the invasion of ESCs via suppressing 

tumor metastasis suppressor CD82 expres-
sion. The enhanced interaction of CCL2–CCR2 
recruited more macrophages into the ectopic 
milieu, and promoted the viability, proliferation 
and invasiveness [6, 7]. Moreover, estrogen 
enhances the proliferation and invasiveness of 
ESCs, and promotes angiogenesis in the endo-
metriotic milieu by down-regulating the expres-
sion of tumor metastasis suppressor NME1 [8, 
9].

Thymic stromal lymphopoietin (TSLP) is a novel 
cytokine that triggers Th2 cytokines, including 
thymus and activation regulated chemokine 
(TARC), and is involved in allergic responses, 
IgE production, and eosinophilia [10-12]. In 
addition, we have shown that human first-tri-
mester trophoblasts secrete soluble TSLP, and 
that TSLP is in fact an effective inducer of prolif-
eration and invasion of human trophoblast  
cells in an autocrine manner through down-reg-
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ulating the expression of NME1 [13, 14]. The 
TSLP-TSLPR interaction also induces the prolif-
eration, activation and angiogenesis of HUVECs 
in a paracrine manner and plays an important 
role in the pathogenesis of cervical cancer [15].

Recently, Urata et al have reported that TSLP 
concentrations in the serum and peritoneal 
fluid (PF) are both higher in women with endo-
metriosis than those without endometriosis. 
The stroma of endometrial tissue expresses 
TSLP, and IL-4 can enhance the IL-1β-induced 
TSLP secretion from ESCs [16]. However, there 
are still questions whether estrogen regulates 
the growth of ESCs through modulating the 
expression of TSLP. Therefore, the present 
study is undertaken to identify the role and 
mechanism of estrogen and TSLP in the viabili-
ty and proliferation of ESCs in eutopic endome-
trium from women with endometriosis.

Materials and methods

Tissue collection, isolation and culture of ESC

All tissue samples were obtained with informed 
consent in accordance with the requirements 
of the Research Ethics Committee in Hospital 
of Obstetrics and Gynecology, Fudan University 
Shanghai Medical College. Eutopic endometrial 

tissue was obtained from fertile women (age 
21-46 years) with ovarian (n=20) and pelvic 
(n=4) endometriosis, undergoing laparoscopy 
for pain or other benign indications. None of 
the women had received hormonal medication 
in the 3 months prior to the surgical procedure. 
All the samples were confirmed histologically 
according to established criteria. The samples 
were obtained only in the proliferative phase of 
the cycle.

The eutopic endometrial tissues were collected 
under sterile conditions and transported to the 
laboratory on ice in DMEM (Dulbecco’s modi-
fied Eagle’s medium)/F-12 (Gibco, USA) with 
10% fetal calf serum (FCS; Hyclone, Logan, UT, 
USA). The ESCs were isolated according to the 
previous methods [6, 17]. Immunocytochemistry 
showed >95% vimentin-positive and cytokera-
tin-negative ESCs.

Enzyme-linked immunosorbent assay (ELISA) 
for TSLP concentration

The ESCs were seeded at 1×105 cells in 24-well 
plates and treated with various concentrations 
of 17-β estradiol (E2) (10-11 M to 10-7 M) in phe-
nol red-free DMEM (GIBCO) containing 10% 
dextran-coated charcoal-treated FBS (Hyclone, 
Logan, UT, USA). The controls were treated with 
0.1% dimethyl sulfoxide (DMSO). In 48 h of cul-
ture, the culture supernatant was harvested, 
centrifuged to remove cellular debris, and 
stored at -80°C until being assayed by ELISA 
for TSLP determination (R&D Systems, 
Abingdon, UK).

Treatment with E2 and anti-human TSLP neu-
tralizing antibody

ESCs (1×105 cells/well for ELISA assay) in 
24-well plates or ESCs (1×104 cells/well for flow 
cytometry assay) in 96-well plates were treated 
with E2 and or anti-human TSLP neutralizing 
antibody (0.25 μg/ml, R&D Systems) for 48 h, 
and the supernatant was collected and ana-
lyzed the concentration of MCP-1, IL-8 and IL-6 
by ELISA (R&D Systems), the viability and the 
expression of Ki67 of ESCs were detected by 
SRB assay and flow cytometry, respectively.

Treatment with signal inhibitors

Moreover, ESCs were incubated with or without 
WP1066 (STAT3 inhibitor, 10 μM, Santa Cruz 
Biotechnology, inc., USA), N’-((4-Oxo-4H-chro- 

Figure 1. Estrogen stimulates the secretion of TSLP 
in ESCs. ESCs (1×105 cells/well) of eutopic endome-
trium from women with endometriosis (n=6) were 
seeded in 24-well plates, and treated with 17-β estra-
diol (10-11 M-10-7 M) for 48 h, with the vehicle as con-
trol, and then ELISA was performed to analyze the 
secretion level of TSLP in the supernatant. E2: 17-β 
estradiol. Error bars depict the standard deviation 
of the mean. P<0.05, **P<0.01 and ***P<0.001 
compared to control. ##P<0.01 compared to 10-11 M 
group.
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men-3-yl) methylene) nicotinohydrazide (STAT5 
inhibitor, 10 μM, Santa Cruz Biotechnology), 
LY294002 (AKT signal pathway, 10 μM, Santa 
Cruz Biotechnology) SP600125 (inhibitor for 
JNK signal, 10 μM, Santa Cruz Biotechnology), 
SB203580 (inhibitor for p38/MAPK signal, 10 
μM, Santa Cruz Biotechnology), U0126 (inhibi-
tor for ERK1/2 signal, 10 μM, Santa Cruz 
Biotechnology) BAY11-7080 (NF-κB inhibitor, 
10 μM, Santa Cruz Biotechnology), or pyrro-
lidine dithiocarbamate (PDTC, an antioxidant 
and an inhibitor of NF-κB, 10 μM, Santa Cruz 
Biotechnology) for 6 h, and then treated with or 
without rhTSLP (10 ng/ml) or E2 (10-8 M) for 48 
h, as the vehicle with control. Finally, the super-
natant was collected and the concentration of 
MCP-1, IL-8 and IL-6 of the supernatant was 
analyzed by ELISA (R&D Systems), and the via-
bility of ESCs was detected by SRB assay.

Cell viability and proliferation assays

For SRB proliferation assay, 50 μl of 30% tri-
chloroacetic acid was added for 60 min at 4°C. 

After washing and drying the plate, 100 μl of 
0.4% SRB was added for 30 min. Next, the 
plate was rinsed with 0.1% acetic acid and air 
dried, and 100 μl of Tris base (10 mM) was 
added before shaking the plate for 10 min. The 
SRB value was measured at a wavelength of 
570 nm. The experiment was performed in sex-
tuplicate and repeated five times.

In addition, we analyzed the proliferation of 
ESCs by detecting the expression of Ki67 via 
flow cytometry. ESCs were trypsinized and col-
lected. The cells were resuspended and washed  
with PBS, fixed and permilized the member and 
then incubated with mouse anti-human Ki67-
PE monoclonal antibody (BD, NJ, USA) for 
another 30 min at room temperature, mean-
while, the isotypic control was used. After incu-
bation, the cells were washed and analyzed 
immediately by a FACS Calibur flow cytometer 
(Becton Dickinson, NJ, USA) by using Cellquest 
software (Becton Dickinson). Statistical analy-
sis was conducted by using isotype matched 

Figure 2. TSLP enhances the viability and proliferation of ESCs. We incubated ESCs (n=6) (1×104 cells/well in 96-
well plates for SRB assay; 1×105 cells/well in 96-well plates for flow cytometry) with recombinant human TSLP (rhT-
SLP) from 0.1 to 100 ng/ml or anti-human TSLP neutralizing antibody (0.25 μg/ml) (α-TSLP) for 48 h, and then the 
viability (A) and the expression of Ki67 (B, C) in ESCs were analyzed by SRB assay and flow cytometry. These pictures 
are representatives of three individual experiments. Data are expressed as the mean ± SD. P<0.05, **P<0.01 and 
***P<0.001 as compared to control.
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controls. The experiments were repeated three 
times.

Statistics

All values are shown as the mean ± SD. One-
way ANOVA analysis of variance was used to 
detect the difference of TSLP, MCP-1, IL-8, IL-6, 
and Ki67 expression and the viability in ESCs. 
Differences were considered as statistically 
significant at P<0.05.

Results

Estrogen stimulates the secretion of TSLP in 
ESCs

In order to evaluate whether estrogen regulates 
the secretion of TSLP in ESCs, we treated 
eutopic ESCs from women with endometriosis 
with different concentration of 17-β estradiol 
(E2) for 48 h, and analyzed the secretion level 
of TSLP in the culture supernatant. As depicted 
in Figure 1, our results showed E2 significantly 
promoted the secretion level of TSLP in ESCs, 
and the optimal stimulus concentration was 
10-8 M (P<0.05 or P<0.01) (Figure 1). These 
results suggest that estrogen promote the pro-
duction of TSLP in ESCs in a dose-dependent 
manner, which may participate in regulating the 
biological behaviors of ESCs.

TSLP enhances the viability and proliferation 
of ESCs

We next measured the effect of endogenous 
and exogenous TSLP on the viability and prolif-
eration of ESCs. Date presented in Figure 2 
showed that recombinant human TSLP (rhTSLP) 
from 0.1 to 100 ng/ml significantly increased 
the viability of ESCs (P<0.001) (Figure 2A). 
RhTSLP markedly up-regulated the expression 
of proliferation related gene Ki67 in ESCs, 
especially at the concentration of 10 ng/ml 
(P<0.01) (Figure 2B and 2C). In the contrast, 
blocking TSLP with anti-human TSLP neutraliz-
ing antibody (α-TSLP) decreased the expression 
of Ki67 in vitro (P<0.05) (Figure 2B and 2C). 
These results indicate that both the exogenous 
TSLP and TSLP derived from ESCs enhance the 
viability and proliferation of ESCs.

TSLP stimulates the secretion of MCP-1 and 
IL-8 and viability through JNK and NF-κB signal 
pathways

Taking into account the important role of cyto-
kine in the regulation of ESC growth [4, 18-21], 
we further investigated the influence of TSLP 
on MCP-1, IL-8 and IL-6 levels of ESCs. At first, 
we treated ESCs with different concentration of 
rhTSLP (0-100 ng/ml) for 48 h. Then we found 
that rhTSLP obviously increased the secretion 
of MCP-1 and IL-8 (P<0.05, P<0.01, P<0.001) 
(Figure 3A and 3B), but not changed IL-6 level 
in ESCs (P>0.05) (Figure 3C), suggesting that 
TSLP promote the viability and proliferation of 

Figure 3. RhTSLP stimulates the secretion of MCP-1 
and IL-8 of ESCs. ESCs (n=6) (1×105 cells/well) were 
seeded in 24-well plates, and treated with rhTSLP 
(0-100 ng/ml) for 48 h, and then ELISA was per-
formed to analyze the secretion level of MCP-1 (A), 
IL-8 (B) and IL-6 (C) in the supernatant. Data are ex-
pressed as the mean ± SD. P<0.05, **P<0.01 and 
***P<0.001 as compared to control.
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ESCs possibly through stimulating the produc-
tion of MCP-1 and IL-8.

In order to explore the down-stream signal of 
TSLP in regulating the biological behavior of 
ESCs, we analyzed the viability of ESCs after 
stimulation with rhTSLP and or different inhibi-
tors for several signal pathways. As shown, 
combination of inhibitor for JNK (SB600125) or 
NF-κB (BAY-11-7080 and PDTC) signal signifi-

cantly decreased the increase of ESCs viability 
induced by rhTSLP (P<0.001) (Figure 4A and 
4B). However, the inhibitors for AKT, p38/
MAPK, ERK1/2, STAT3 and STAT5 had no this 
effect (P>0.05) (Figure 4A). Our data indicated 
that the regulatory role of TSLP in the growth of 
ESCs required JNK and NF-κB signal pathways.

Subsequently, in order to test whether TSLP 
regulates MCP-1 and IL-8 levels through JNK 

Figure 4. TSLP up-regulates the production MCP-1 and IL-8 and viability of ESCs through JNK and NF-κB signal 
pathways. (A) The ESCs (n=6) were treated with or without inhibitor for STAT3 (WP1066, 10 μM), STAT5 [N’-((4-Oxo-
4H-chromen-3-yl) methylene] nicotinohydrazide, 10 μM], AKT (LY294002, 10 μM), JNK (SP600125, 10 μM), p38/
MAPK (SB203580, 10 μM), ERK1/2 (U0126, 10 μM) or NF-κB (BAY11-7080, 10 μM; PDTC, 10 μM) signal pathways 
for 6 h, and then incubated with rhTSLP (10 ng/ml) or α-TSLP (0.25 μg/ml) for 48 h, as the vehicle with control. The 
SRB assay was performed to detect the viability of these ESCs. After treatment with or without SP600125, BAY11-
7080 or PDTC for 6 h, and stimulation with or without rhTSLP for another 48 h, SRB assay and ELISA were used to 
analyze the viability (B) and the secretion of MCP-1 (C) and IL-8 (D) of ESCs (n=6), respectively. Error bars depict 
the standard deviation of the mean. *P<0.05, **P<0.01, and ***P<0.001 as compared to the control. #P<0.05, 
##P<0.01, ###P<0.001 as compared to rhTSLP treatment alone group. n.s.: no statistically difference.
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and NF-κB signal pathways, we performed 
ELISA to measure the secretion level of MCP-1 
and IL-8 of ESCs treated with rhTSLP and or 
inhibitor for JNK or NF-κB signal. It was found 
that rhTSLP promoted the production of MCP-1 
and IL-8 of ESCs, and this effect mediated by 
rhTSLP on MCP-1 could be significantly abro-
gated by JNK or NF-κB inhibitor (Figure 4C). 
However, only blocking NF-κB signals with BAY-
11-7080 or PDTC could abolish the stimulatory 
effect on IL-8 production induced by rhTSLP 
(Figure 4C, left). Thus, it could be concluded 
that TSLP up-regulated the secretion of MCP-1 
and IL-8, and therein stimulated the viability 
and proliferation by JNK and NF-κB signal 
pathways.

Estrogen promotes the viability and prolifera-
tion of ESCs by stimulating TSLP secretion

To further analyze whether estrogen regulate 
the growth of ESCs by TSLP, we used SRB assay 
and flow cytometry to detect the viability and 
proliferation of ESCs, after treatment with E2 
(10-8 M), α-TSLP or E2 plus α-TSLP for 48 h. As 

shown in Figure 5, estrogen significantly pro-
moted the viability (P<0.01 or P<0.001) (Figure 
5A) and the expression of Ki67 (P<0.01) (Figure 
5A) in ESCs, and these effects could be 
reversed by α-TSLP (Figure 5A-C). Collectively, 
our data indicated that estrogen was involved 
in increasing TSLP expression, and might fur-
ther modulate the growth of ESCs.

Estrogen promotes MCP-1 and IL-8 secretion 
and the viability of ESCs through TSLP and its 
downstream JNK and NF-κB signal pathways

To test whether estrogen modulates the biologi-
cal function and cytokines production of ESCs 
by increasing TSLP expression and downstream 
JNK and NF-κB signals, we analyzed the secre-
tion level of MCP-1 and IL-8, and the viability of 
ESCs after treatment with E2 (10-8 M), α-TSLP, 
E2 plus α-TSLP, inhibitor for JNK or NF-κB signal 
pathway, or E2 plus inhibitor for JNK or NF-κB 
signal pathway. As shown in Figure 6, estrogen 
could markedly up-regulate the expression of 
MCP-1 and IL-8, and the viability of ESCs 
(P<0.05 or P<0.01) (Figure 6A-C). In contrast, 

Figure 5. Estrogen promotes the viability and proliferation of ESCs by stimulating TSLP secretion. After incubation 
with E2 (10-8 M), α-TSLP (0.25 μg/ml), or E2 plus α-TSLP for 48 h, the viability (A) and the expression of Ki67 (B, 
C) in ESCs (n=6) were detected. Data are expressed as the mean ± SD. *P<0.05, **P<0.01, and ***P<0.001 as 
compared to the control. ###P<0.001 compared to E2 treatment alone group. ΔP<0.05 as compared to α-TSLP treat-
ment alone group.
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α-TSLP and inhibitor for JNK or NF-κB signal not 
only suppressed MCP-1 secretion and the via-
bility of ESCs (P<0.05 or P<0.01) (Figure 6A 
and 6C), but also reversed the effect on MCP-1 
secretion and ESCs viability induced by estro-
gen. However, α-TSLP and BAY-11-7080 did not 
inhibit NF-κB signal to reverse the increase of 
IL-8 production in ESCs triggered by estrogen 
(Figure 6A-C).

Our results demonstrate that estrogen may 
raise the secretion of MCP-1 and IL-8, and the 
viability and proliferation of ESCs by TSLP and 
the down-stream JNK and NF-κB signal path-
ways. Thus, the abnormal high level of TSLP 
mediated by estrogen may be involved in the 

pathogenesis of endometriosis through stimu-
lating the growth of ESCs in the endometriotic 
milieu.

Discussion

The mechanisms contributing to the establish-
ment of endometriotic lesions still remains con-
troversial despite extensive research. However, 
an increasing body of evidence shows that the 
primary defect in endometriosis can be located 
in the eutopic endometrium. Different charac-
teristics of the eutopic endometrium from 
women with endometriosis, such as aberrant 
production of cytokines [3, 22, 23], growth, 
adhesion and angiogenic factors as well as 

Figure 6. Estrogen promotes MCP-1 and IL-8 
secretion and the viability of DSCs through 
TSLP and its downstream JNK and NF-κB sig-
nal pathways. ESCs (n=6) were treated with or 
without SP600125, BAY11-7080 or PDTC for 6 
h, and then stimulation with or without E2 and 
or α-TSLP for 48 h. Then ELISA and SRB assay 
were used to analyze the secretion of MCP-1 (A) 
and IL-8 (B) and the viability (C) of ESCs. Data 
are expressed as the mean ± SD. *P<0.05, 
**P<0.01, and ***P<0.001 compared to the 
control. #P<0.05, ##P<0.01, ###P<0.001 com-
pared to E2 treatment alone group. ΔP<0.05 
compared to α-TSLP treatment alone group. 

&P<0.05 compared to SP600125 or PDTC treat-
ment alone group.
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specific cancer-related molecules [6, 8, 9], are 
believed to contribute to the occurrence and 
continuation of this disease.

TSLP is an IL-7-like cytokine, originally isolated 
from a murine thymic stromal cell line [24] and 
characterized as a lymphocyte growth factor 
[25]. Both human and mouse TSLP exert their 
biological activities by binding to a high-affinity 
TSLP receptor (TSLPR) complex that is a het-
erodimer of TSLPR chain, which is closely relat-
ed to the common receptor c chain (cc) and 
interleukin 7 receptor-a (IL-7Ra) [26, 27]. TSLP 
is expressed mainly by epithelial cells, epider-
mal keratinocytes, and other types of cells such 
as mastocyte, smooth muscle, fibroblast, den-
dritic cell, trophoblast and cancer cells. This 
cytokine is a critical factor at interfaces 

between the body and environment (skin, air-
way, gut, placenta, and so on), which is involved 
in regulating Th2 cell differentiation, cell 
growth, invasion and angiogenesis, and partici-
pating in several physiological and pathological 
processes [13-15, 28-32]. The report by Urata 
et al [16] was the first to show that the stroma 
cells of endometrial tissue express TSLP, and 
the TSLP concentrations in the serum and PF in 
women with endometriosis are higher than that 
in women without endometriosis. However, the 
cause and role for high level of TSLP of women 
with endometriosis were still unknown.

Taking into account endometriosis is an estro-
gen-dependent disease [5, 33], as shown in 
Figure 7, the key finding of the present study is 
that up-regulation of TSLP secretion induced by 

Figure 7. Schematic roles of estrogen 
and TSLP in regulating biological be-
havior of ESCs. TSLP up-regulates the 
expression of Ki67, stimulates the se-
cretion of MCP-1 and IL-8, and further 
promotes the viability and proliferation 
by JNK and NF-κB signal pathways in an 
autocrine manner. The abnormal high 
expression of TSLP induced by estrogen 
contributes to the growth of ESCs, finally 
participates in the origin and develop-
ment of endometriosis.
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estrogen can promote the viability and prolifer-
ation of ESCs. In addition, we have found that 
these effects are dependent on the elevated 
expression of downstream molecules, such as 
MCP-1, IL-8 and Ki67, in JNK and NF-κB signals-
dependent manners. These findings suggest 
that estrogen may lead to the abnormal high 
level of TSLP from ESCs, and stimulate the pro-
liferation and growth of ESCs in abdominal cav-
ity, and further participate in the establishment 
and maintenance of endometriosis.

Estradiol is the biologically active estrogen. It is 
produced in primarily three body sites (ovary, 
the peripheral tissues, the endometrial tissue 
itself) in a woman with endometriosis [34, 35]. 
Estrogen action is mediated by two receptors, 
ERa and ERβ, the two transcription factors of a 
large family of nuclear receptors. ERβ sup-
presses ERα expression and results in strik-
ingly high ERβ-to-ERα ratios in endometrial 
cells [35]. In our current study, 17β-estradiol 
stimulated the viability and Ki67 expression by 
stimulating TSLP secretion of eutopic ESCs 
from women with endometriosis in a dosage-
dependent manner. However, whether these 
effects depend on ERβ and or ERα remains 
unclear.

A series of research has shown that cytokine 
produced in the endometriotic milieu may con-
tribute to a feed-forward cascade of events, 
which changes the biological behavior of ESCs 
and accentuates the recruitment of leukocytes 
into the peritoneal cavity of patients with endo-
metriosis [4, 22]. Estrogen amplifies interleu-
kin-1-induced monocyte chemotactic protein-1 
expression by ectopic endometrial cells of 
women with endometriosis [22]. IL-1β has been 
suggested to induce TSLP secretion from ESCs. 
In addition, IL-1β also supports the develop-
ment of endometriosis through the production 
of various inflammatory molecules including 
IL-6, IL-8 and MCP-1 [16]. Therefore, we next 
analyzed the expression of IL-6, IL-8 and MCP-1 
of ESCs after stimulation with rhTSLP and 
estrogen, and found that estrogen stimulates 
the production of IL-8 and MCP-1 not IL-6 from 
ESCs through TSLP. Whether this process 
requires IL-1β signals also need further elucida-
tion. Based on the role of IL-8 and MCP-1 in 
modulating the biological behavior of ESCs and 
development of endometriosis [7, 17], it is not 
difficult to speculate the role of TSLP in endo-
metriosis through IL-8 and MCP-1, including 
regulation of ESCs growth and invasion in peri-

toneal cavity, and the recruitment of leukocytes 
to local ectopic foci.

Estrogen also is involved in promoting the 
growth, adhesion, invasion of ESCs and angio-
genesis through down-regulating the expres-
sion of NME1 [9]. And TSLP regulates the prolif-
eration and invasion of trophoblasts by 
decreasing NME1 [14]. Thus, the up-regulation 
of TSLP induced by estrogen possible down-
regulates the expression of NME1, and further 
modulates the biological behavior of ESCs.

Although a lot of research focused on STATs sig-
nals [36, 37] in regulating cells biological func-
tion induced by TSLP, in view of the key role of 
several signals in cell growth, we evaluated 
whether the effects of estrogen and TSLP on 
the cytokine secretion and the growth of ESCs 
requires MAPK, AKT, STATs and NF-κB signal 
pathways. It was found that blocking JNK or 
NF-κB signal pathway significantly abolished 
these effects mediated by estrogen and TSLP, 
however, the inhibitor for p38/MAPK, AKT, 
STAT3 or STAT5 had no similar effect.

Therefore, our finding indicates that TSLP pro-
duced by ESCs increases the expression of 
Ki67, the secretion of MCP-1 and IL-8, and fur-
ther promotes viability and proliferation of ESCs 
through JNK and NF-κB signal pathways. The 
abnormal high expression of TSLP from ESCs 
triggered by estrogen, on the one hand, pro-
motes ESCs growth through Ki67, MCP-1 and 
IL-8; on the other hand, participates in the for-
mation of immune microenvironment in ectopic 
foci through recruiting leukocytes via MCP-1 
and directly educating the differentiation and 
development of immune cells. These integral 
effects will promote the survival and growth of 
ESCs and benefit to the origin and development 
of endometriosis. Further research is warrant-
ed to elucidate the functions and significance 
of estrogen and TSLP in the coordination 
between ESCs and other immune cells in peri-
toneal cavity, which will lead to a deeper under-
standing of the cross-talking mechanisms and 
biological functions between the immune cells 
and non-immune cells in the endometriotic 
milieu.
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