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Estrogen related receptor alpha triggers the migration and invasion
of endometrial cancer cells via up regulation of TGFB1

Xiumin Huanga, Xuelian Wanga, Jing Shanga, Zhiqin Zhaanga, Binbin Cuia, Yanzhen Lina, Ying Yanga, Youyi Songa,
Shengnan Yua, and Junjie Xiab

aDepartment of Gynecology and Obstetrics, Zhongshan Hospital of Xiamen University, Xiamen, China; bOrgan Transplantation Institute, Xiamen
University, No. 308, Xiang’an South Road, Xiamen City, Fujian Province, China

ARTICLE HISTORY
Received 6 March 2018
Revised 11 May 2018
Accepted 14 May 2018

ABSTRACT
Estrogenic signals have been suggested to be important for the tumorigenesis and progression of
endometrial cancer (EC) cells. Our present data showed that estrogen related receptor alpha (ERRa),
while not ERRb or ERRg , was significantly elevated in EC cells and tissues when compared to their
controls. Targeted inhibition of ERRa by siRNA or its inverse agonist XCT-790 can suppress the
migration and invasion of EC cells. Both si-ERRa and XCT-790 decreased the expression of
transforming growth factor-beta (TGF-b). ERRa can directly bind with the promoter of TGFB1 and
then increase its transcription. Further, ERRa was involved in the positive self-feedback loop of TGF-
b in EC cells. Targeted inhibition of ERRa/TGF-b can synergistically suppress the in vitro invasion of
EC cells. Collectively, our data suggested that ERRa can trigger the cell migration and invasion via
increasing the positive self-feedback regulation of TGF-b.
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1. Introduction

As one of the most common gynecologic cancer, the
incidence of endometrial cancer (EC) has increased
worldwide [1]. There is 60,050 women diagnosed with
EC, and 10,470 women died from this disease in 2016
[2]. Numerous factors such as exogenous hormone, obe-
sity, late menopause can induce the turmorigenesis and
progression of EC [3]. During the past decade, the pri-
mary treatment for EC is surgery followed by adjuvant
radiation therapy and chemotherapy. However, metasta-
sis is one of the major reasons responsible for treatment
failure. It has been reported that 28% patients being diag-
nosed have regional or distant metastasis [4]. The five-
year survival rate for EC patients with metastasis is only
about 15–20% [5]. Therefor understanding the mecha-
nisms for EC metastasis will be great helpful for the drug
development and clinical treatment of EC patients.

As one of the most important hormone-responsive
tumors, the metastasis of EC is frequently correlated
with activity of estrogen signals and expression of estro-
gen receptors (ERa and ERb) [6]. Targeted inhibition of
ER has suggested a possible role in the development of
novel therapy approach for EC treatment [7]. Estrogen
receptor (ER)-related receptors (ERRs; ERRa, ERRb,

and ERRg), which belong to the NR3B group of nuclear
receptors, have high homologous DNA-binding domains
with ERa [8]. Accumulating evidences indicate that
orphan nuclear receptor ERR can regulate cell growth
and tumorigenesis in various cancers [9]. For example,
increased ERRa levels are correlated with a higher risk of
recurrence and poor prognosis in breast cancer [10].
ERRa is one of the negative prognostic factors in human
prostate cancer [11]. Recently, ERRa has been detected
in human EC tissues and cell lines [12]. The upregulation
of ERRa might be correlated with the tumor growth and
advancement in uterine endometrial cancers [13]. Fur-
thermore, expression of ERRa mRNA is positively corre-
lated with FIGO stage (determined by the International
Federation of Gynecology and Obstetrics with increasing
numbers indicating the neoplastic progression, P =
0.019) and myometrial invasion (P = 0.043) of endome-
trial adenocarcinoma [14]. All these results suggest that
ERRa is involve in the progression and metastasis of EC,
while how ERRa contribute to the malignant state of EC
remains unclear.

In order to elucidate the function and related mecha-
nisms of ERRa in endometrial cancer, we checked the
expression of ERRa in both cells and EC tissues in the
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present study. By performing gain and loss of function
experiments, we demonstrated the promotion effects of
ERRa on migration and invasion of EC cells via upregu-
lation of TGF-b.

2. Materials and methods

2.1. Cells culture, transfection, and treatment

Human endometrial cell line endometrial stromal cell
(ESC) and human endometrial cancer cell lines HEC1A,
HEC1B, ECC1, AN3CA, KLE, and RL95-2 were pur-
chased from the American Type Culture Collection
(ATCC, Manassas, VA) and maintained with Dulbecco
modified Eagle medium (DMEM)/F12 (HyClone, Wal-
tham, MA, USA) supplemented with 10% fetal bovine
serum (FBS, Gibco, Carlsbad, CA, USA) at 37�C with 5%
CO2. For cell transfection, siRNA for ERRa and siRNA
negative control (siNC) obtained from Ambion (Austin,
TX) were transfected with Lipofectamine 2000 (Invitro-
gen, Carlsbad, CA) according to the manufacturer’s
instructions. The final working concentration of siRNA
was 20 nM. To confirm the roles of TGF-b in ERRa reg-
ulated cell motility, recombinant TGF-b (10 ng/ml) or
anti-TGF-b neutralization antibody (50 ng/ml) was
added in to the culture medium of EC cells.

2.2. Human tissue collection

Total 32 paired of tumor tissues and adjacent normal
endometrial samples (including 9 carcinoma tissues with
lymphoma metastasis) were collected in our hospital
during July 2012 to October 2016 according to the
approval of Medical Ethical Committee of our hospital.
All endometrial cancer samples were collected from
patients did not receive any therapy before surgery.
Informed consent was obtained from all patients. Total
RNA in tissues were extracted by use of Trizol, then the
mRNA expression of ERRa was measured by qRT-PCR.
The protein expression of ERRa was measured by west-
ern blot analysis.

2.3. qRT-PCR

Total RNA was extracted from tissues or cells by use
of Trizol Reagent (Invitrogen, CA, USA) according to
the the manufacturer’s instructions. Then, 1 mg of
total RNA was converted to cDNA by use of the Pri-
meScript RT-PCR Kit (Takara Bio, Shiga, Japan).
Samples for real-time PCR analysis were prepared
using the Light Cycler 480 DNA SYBR Green I Mas-
ter (Roche Diagnostic, Mannheim, Germany) in Light
Cycler 480 system II (Roche Diagnostic, Mannheim,

Germany) with the following primers: ERRa forward
primer, 5 0- CGA GAG GAG TAT GTT CTA CT-3 0;
and reverse primer, 5 0- TGC AGA GCT TCT CGC
AGC T-3 0; ERRb forward primer, 5 0- CCG AGA
GCT TGT GGT CAT CA-3 0; and reverse primer, 5 0-
ACA CCA GCT TGT CGT CAT AG-3 0; ERRg for-
ward primer, 5 0- TAA TGC TAT CCT GCA GCT
GG-3 0; and reverse primer, 5 0- CTG CAG CGC TTC
ATG TAA GA-3 0; IL-3 forward primer, 5 0- CGG
AGA ATC TGA CCT GCT GGA T-3 0; and reverse
primer, 5 0- GAC ACT CGT ACT GTT GAC GCC T-
3 0; IL-4 forward primer, 5 0- CCG TAA CAG ACA
TCT TTG CTG CC-3 0; and reverse primer, 5 0- GAG
TGT CCT TCT CAT GGT GGC T-3 0; IL-6 forward
primer, 5 0- AGA CAG CCA CTC ACC TCT TCA G-
3 0; and reverse primer, 5 0- TTC TGC CAG TGC
CTC TTT GCT G-3 0; IL-8 forward primer, 5 0- GAG
AGT GAT TGA GAG TGG ACC AC-3 0; and reverse
primer, 5 0- CAC AAC CCT CTG CAC CCA GTT
T-3 0; IL-10 forward primer, 5 0- TCT CCG AGA TGC
CTT CAG CAG A-3 0; and reverse primer, 5 0- TCA
GAC AAG GCT TGG CAA CCC A-3 0; BMP1 for-
ward primer, 5 0- CCA ATG GCT ACT CTG CTC
ACA TG-3 0; and reverse primer, 5 0- AAG CCA TCT
CGG ACC TCC ACA T-3 0; TGFB1 forward primer,
5 0- TAC CTG AAC CCG TGT TGC TCT C-3 0; and
reverse primer, 5 0- GTT GCT GAG GTA TCG CCA
GGA A-3 0; TNF-a forward primer, 5 0- CTC TTC
TGC CTG CTG CAC TTT G -3 0; and reverse primer,
5 0- ATG GGC TAC AGG CTT GTC ACT C -3 0;
VEGFA forward primer, 5 0- TTG CCT TGC TGC
TCT ACC TCC A -3 0; and reverse primer, 5 0- GAT
GGC AGT AGC TGC GCT GAT A -3 0; CSF forward
primer, 5 0- TGA GAC ACC TCT CCA GTT GCT G
-3 0; and reverse primer, 5 0- GCA ATC AGG CTT
GGT CAC CAC A -3 0; GAPDH forward primer, 5 0-
ATG GTG AAG GTC GGT GTG AAC-3 0; and
reverse primer, 5 0- TGT AGT TGA GGT CAA TGA
AGG-3 0. The level of gene expression in each sample
was normalized to the respective GAPDH expression
level.

2.4. Western blot analysis

Cells were lysed by use of the M-Per Mammalian Protein
Extraction Reagent (Pierce Biotechnology, Woburn,
MA). Total proteins (40 mg) were separated by 10%
SDS-PAGE and transferred to PVDF membranes (Milli-
pore, Billerica, MA, USA). The membrane was blocked
by PBS containing 5% non-fat dry milk and incubated
with primary monoclonal antibodies, against ERRa,
ERRb, ERRg, MMP-2, MMP-9, TGF-b, or GAPDH at a
dilution of 1:2000, at 4�C for overnight. After washed
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with PBS three times, membranes were further incubated
with peroxidase-conjugated secondary antibodies pro-
vided by Cell Signaling Technology (Danvers, MA,
USA). The immunoblot was visualized by use of ECL
western blot detection reagent (Amersham, Piscataway,
NJ, USA) and analyzed by ImageQuant LAS 4000 System
(GE Healthcare, Little Chalfont, UK). GAPDH was blot-
ted to show equal protein loading.

2.5. Wound healing and cell invasion assay

The effects of ERRa on the motility of EC cells were eval-
uated by use of wound healing and cell invasion assay
according to the previous study [15]. For wound healing
assay, cells were plated at 6-well plates with 90% conflu-
ence. After transfection or treatment, cells were wounded
with a 1-mm-wide pipette tip and then incubated with
serum-free medium for the indicated times. Distance
migrated was quantitated by taking pictures at the indi-
cated times.

The transwell plates (8 mm-pore size, 24-well plate,
Corning Costar, Cambridge, MA) coated with Matri-
gel (BD Biosciences, Franklin Lakes, NJ) were used to
measure the in vitro cell invasion ability. After trans-
fection, 2 £ 104 cells were seeded in the upper com-
partment of the transwell without FBS. The lower
chamber was filled with culture media containing
10% FBS. At the end of the experiment, cells invaded
to the lower surface of the filter were fixed with 10%
formalin, stained with 0.1% crystal violet, and
counted under a light microscope. Tests were
repeated via three independent experiments.

2.6. Enzyme-linked immunosorbent assays (ELISA)
for TGF-b

The effects of ERRa on the expression of TGF-b in
medium of EC cells were evaluated by use of a TGF-b
ELISA kit (Invitrogen, Basel, Switzerland). Briefly, super-
natants of 2 £ 106 cells treated with or without XCT-
790, a potent and selective inverse agonist ligand of
ERRa, for 24 h were collected and concentrated using an
Amicon Ultra centrifugal filter (3K) (Millipore, Teme-
cula, CA). Then levels of TGF-b in medium were mea-
sured by use of the kit according to the manufacturer’s
instructions.

2.7. Promoter activity of TGFB1

The effects of XCT-790 on the transcription activity of
TGFB1 promoter were evaluated by use of a luciferase
reporter assay on the basis of the previous study [16].
Briefly, the ¡436/+55 bp flanking the transcription start

site of the human TGFB1promoter was cloned to gener-
ate the pTGF-b-luciferase plasmid. Then cells were
transfected with pTGF-b-luciferase (250 ng) and the
pSV-b-galactosidase vector (25 ng) (Promega, USA) and
further treated with or without XCT-790. The luciferase
activity (Promega, USA) and b-galactosidase activity
(Applied Biosystems, Foster City, CA, USA) were ana-
lyzed by use of commercial kits according to the
instructions.

2.8. Chromatin immunoprecipitation (ChIP) PCR

After treated with or without XCT-790, cells were
crosslinked by use of formaldehyde to crosslink pro-
teins and their interacting DNA. Then cells were col-
lected, lysed, and sonicated to shear DNA into
fragments of 500–1000 bp in length. The antibody
against ERRa and human IgG were used for immu-
noprecipitation. The promoter of TGFB1 was ampli-
fied by use of the primer as follow: forward 5 0-TCC
TTG GCG TAG TAG TC-3 0, and reverse 5 0-CAA
GAC TAT CGA CAT GGA G-3 0.

2.9. Statistical analysis

All data were analyzed by use of the SPSS statistical soft-
ware (Abbott Laboratories, USA). The data were pre-
sented as mean § standard error. The comparison
between two groups was analyzed by t-test (two-sided).
In all samples, P < 0.05 was considered to be statistically
significant.

3. Results

3.1. The expression of ERRa/b/g in EC cells

Firstly, we used qRT-PCR to evaluate the mRNA
expression of ERRa/b/g in EC cells and compared
the expression with that in human endometrial stro-
mal cell (ESC). Our data showed that the expression
of ERRa was significantly increased in human EC
cells as compared to that in human ESC cells. The
expression of ERRg was also increased in some EC
cell lines such as ECC1 and AN3CA as compared to
that in ESC cells (Figure 1A). We then evaluated the
protein expression of ERRa/b/g in EC cells. In order
to evaluate the relative expression of ERR family, we
firstly evaluate the expression of GAPDH in equal
amount of protein by western blot analysis. Then the
adjusted amount of protein was loaded to obtain the
comparable levels of GAPDH in each cell samples.
Our data showed that the expression of ERRa, while
not ERRb or ERRg, was significantly increased in EC
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cells as compared with that in human ESC cells
(Figure 1B). These data showed that expression of
ERRa was significantly increased in human EC cells.

3.2. The expression of ERRa was up regulated
in human EC tissues

We then checked the expression of ERRa in 32 human
EC tissues paired with the adjacent non-neoplastic nor-
mal tissues (9 carcinoma tissues with lymphoma metas-
tasis) (Table 1). Our data showed that the expression of
ERRa in EC tissues was significantly greater than that in
their matched adjacent non-neoplastic normal tissues
(Figure 2A). In addition, the expression of ERRa was
consistently increased even more in EC tissues with
lymph node metastases (8/9, 88.9%, Figure 2B). The
expression of ERRa in EC patients with lymph node
metastases was significantly greater than that in patients
without lymph node metastases (p < 0.05, Table 1). Col-
lectively, clinical data revealed that expression of ERRa
was increased in EC tissues and might be involved in
cancer metastasis.

3.3. Targeted inhibition of ERRa suppressed
migration and invasion of EC cells

We then evaluated the effects of ERRa on cell motility of
EC cells. Firstly, we knocked down the expression of
ERRa in both HEC1A and ECC cells by use of si-RNA
(Figure 3A). Our data confirmed that si-NC had no effect

on protein expression (Figure S1). The si-ERRa-1 was
used for next study due to the better efficiency. Our data
showed that si-ERRa-1 can decrease the expression of
MMP-2 and MMP-9 in both HEC1A and ECC cells
(Figure 3B). Wound healing assay showed that si-ERRa-
1 can impair the wound healing of both HEC1A and
ECC cells (Figure 3C). This was confirmed by the trans-
well analysis that knockdown of ERRa significantly
inhibited the invasion of both HEC1A and ECC cells
(Figure 3D), while si-NC had no effect on cell migration
(Figure S2). In addition, cell viability assay showed that
si-ERRa-1 had no significant effect on the proliferation
of HEC1A or ECC1 cells (Figure S3). We further targeted
inhibition of ERRa by its specific inverse agonist XCT-
790. The results showed that XCT-790 can also inhibit
the expression of MMP-2 and MMP-9 in HEC1A and
ECC cells (Figure 3E) and suppress their invasion
(Figure 3F), while vehicle control had no effect on pro-
tein expression (Figure S4). These results showed that
targeted inhibition of ERRa can suppress the migration
and invasion of EC cells.

3.4. ERRa regulated the motility of EC cells via
modulating TGFB1

We then investigated the mechanisms responsible for
ERRa regulated motility of EC cells. We tested the
mRNA expression of major cytokines in both si-ERRa
and XCT-790 treated HEC1A cells. The IL-3, IL-4, IL-6,
IL-8, IL-10, BMP1, TGFB1, TNF, VEGFA and CSF were
measured due to their positive role in cell motility [17]
and the progression of endometrial cancer [18, 19]. Our
data showed that both si-ERRa (Figure 4A) and XCT-
790 (Figure 4B) can significantly decrease the expression
of TGFB1 in HEC1A cells. In addition, si-ERRa and
XCT-790 also decreased TGFB1 in ECC cells
(Figure 4C). ELISA confirmed that XCT-790 can
decrease the protein secretion of TGF-b in both HEC1A
and ECC cells (Figure 4D). To investigate whether TGF-
b is involved in ERRa regulated the motility of cells, we
treated HEC1A cells with XCT-790, TGF-b, or together.

Table 1. The detailed pathological features of clinical EC tissues
(n = 32).

Characteristics N Expression of ERRa p value

Tumor/Adjacent Tumor 32 0.94 § 0.54 <0.01
Adjacent 32 2.97 § 1.41

Age �50 11 3.27 § 1.01 0.802
>50 21 3.02 § 1.37

FIGO stage I»II 25 2.94 § 0.95 0.168
III»IV 7 3.11 § 1.27

Grade 1»2 19 2.83 § 1.31 0.132
3 13 3.09 § 1.54

Lymph node metastasis No 23 2.67 § 1.28 0.045
Yes 9 3.34 § 1.23

Figure 1. The expression of ERRa/b/g in EC cells. (A) The mRNA expression of ERRa/b/g in human EC and ESC cells were checked by
qRT-PCR; (B) The protein expression of ERRa/b/g in human EC and ESC cells were checked by western blotting (left) and quantitatively
analyzed (right). Each experiment has been replicated for three times. �p < 0.05, ��p < 0.01 as compared with the control group.
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Figure 2. The expression of ERRa was increased in human EC tissues with lymph node metastases. (A) The mRNA expression of ERRa in
32 human EC tissues paired with the adjacent non-neoplastic normal tissues was measured by qRT-PCR and normalized to GAPDH; (B)
The expression of ERRa in human EC tissues was detected by western blotting (left) and quantitatively analyzed (right). The expression
of ERRa in cancer tissue (C) was higher than that in adjacent normal tissue (N). The higher expression of ERRa was observed in EC
patients with lymph metastasis (L) in 88.9% (8/9) EC patients.

Figure 3. Targeted inhibition of ERRa suppressed migration and invasion of EC cells. (A) HEC1A and ECC cells were transfected with si-
NC or si-ERRa for 24 h; (B) After transfected with si-NC or si-ERRa for 48 h, the expression of MMP-2/-9 in HEC1A and ECC cells were
checked by western blotting; (C) The wound healing assay for HEC1A and ECC cells transfected with si-NC or si-ERRa for 48 h; (D) The in
vitro invasion assay of HEC1A and ECC cells transfected with si-NC or si-ERRa for 48 h; (E) HEC1A and ECC cells were treated with or with-
out XCT-790 (1 mM) for 48 h, the expression of MMP-2/-9 in HEC1A and ECC cells were checked by western blotting; (F) The in vitro inva-
sion assay of HEC1A and ECC cells treated with or without XCT-790 (1 mM) for 48 h. Each experiment has been replicated for three times.
� p<0.05, ��p<0.01 as compared with the control group.
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The in vitro invasion assay showed that TGF-b can
attenuate the XCT-790 suppressed invasion of HEC1A
(Figure 4E) and ECC (Figure 4F) cells. These data con-
firmed that ERRa regulated the motility of EC cells via
modulating TGFB1.

3.5. ERRa regulated the transcription of TGFB1via
directly binding to its promoter

We then investigated the mechanisms responsible for ERRa
regulated expression of TGF-b. By use of XCT-790, we
observed that the transcription of TGFB1 was rapidly
decreased in HEC1A since the treatment of 1 h (Figure 5A).
Similarly, XCT-790 also decreased the mRNA expression of
TGFB1 in ECC cells after 1 h (Figure 5B).We then evaluated
the promoter activity of TGFB1 in cells treated with or with-
out XCT-790. The dual luciferase assay indicated that XCT-
790 can suppress the promoter activity of TGFB1 in both
HEC1A and ECC cells (Figure 5C). We then investigated
whether ERRa can directly bind to the promoter of TGFB1
by ChIP assay. Our data showed that ERRa can bind with
the promoter of TGFB1, while XCT-790 can decrease the
binding between ERRa and promoter of TGFB1 in HEC1A

cells (Figure 5D). Collectively, these data confirmed that
ERRa regulated the transcription of TGFB1via directly
binding to its promoter.

3.6. ERRa was involved in the self-feedback loop
of TGF-b in EC cells

Previous studies indicated that TGF-b can positively regu-
late its own expression in normal and transformed cells.
Our data confirmed that exogenous TGF-b increased the
mRNA (Figure 6A) and protein (Figure 6B) levels of TGF-b
in both HEC1A and ECC cells. Intriguingly, TGF-b also
increased the mRNA (Figure 6C) and protein (Figure 6B)
expression of ERRa in both HEC1A and ECC cells. Consid-
ering that ERRa can regulate the transcription of TGF-b,
we investigated the expression of TGF-b in HEC1A cells
transfected with si-NC or si-ERRa. The results showed that
si-ERRa can abolish TGF-b self-feedback loop in HEC1A
cells (Figure 6D). We then checked the mRNA expression
of TGFB1 in 32 human EC tissues paired with the adjacent
non-neoplastic normal tissues. Our data showed that the
expression of TGFB1 in EC tissues was significantly greater
than that in the adjacent non-neoplastic normal tissues

Figure 4. ERRa regulated the motility of EC cells via modulating TGFB1. HEC1A transfected with si-NC or si-ERRa (A) or treated with or
without XCT-790 (1 mM) (B) for 24 h, then the mRNA expression of cytokines was measured by use of qRT-PCR; (C) ECC cells were trans-
fected with si-NC or si-ERRa or treated with or without XCT-790 (1 mM) for 24 h, the mRNA of TGFB1 was measured by use of qRT-PCR;
(D) HEC1A or ECC cells were treated with or without XCT-790 (1 mM) for 24 h, the expression of TGF-b in medium was measured by use
of ELISA; HEC1A (E) or ECC (F) cells were treated with XCT-790 (1 mM), TGF-b (10 ng/ml) or together for 48 h, the in vitro invasion of cells
was measured by tranwell assay. Each experiment has been replicated for three times. � p<0.05, ��p<0.01 as compared with the control
group.
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(Figure 6E). These data indicated that ERRawas involved in
the self-feedback loop of TGF-b in EC cells.

3.7. Targeted inhibition of ERRa/TGF-b suppressed
the motility of EC cells

Considering that ERRa can trigger the cell migration via
upregulation the expression of TGF-b, we then evaluated
the effects of targeted inhibition of ERRa/TGF-b on the
motility of EC cells. Our data showed that both si-ERRa
and TGF-b neutralization antibody can suppress the inva-
sion of HEC1A cells, furthermore, they had synergistic
effects to suppress the invasion of HEC1A cells (Figure 7A).
This was confirmed by the results that si-ERRa and TGF-b
neutralization antibody can synergistically inhibit the
expression of MMP-2 in HEC1A and ECC cells (Figure 7B).
Our data suggested that targeted inhibition of ERRa/TGF-b
suppressed themotility of EC cells.

4. Discussion

Metastasis is one of the most important characteristics of
EC cells, while the related under mechanisms are not

well illustrated. Our present study showed that the
expression of ERRa, while not ERRb or ERRg, was
increased in the EC cells and tissues as compared with
the normal controls. The expression of ERRa in EC
patients with lymph node metastases was significantly
greater than that in patients without lymph node metas-
tases. Mechanically studies indicated that ERRa can bind
to the promoter of TGF-b and then trigger the migration
and invasion of EC cells. Silencing of ERRa can block
the self-feedback loop of TGF-b and then synergistically
increase the inhibition effects of anti-TGF-b neutraliza-
tion antibody on the invasion of EC cells. Collectively,
our study suggested that up regulation of ERRa in EC
cells can trigger the cell migration and invasion via
increasing the positive self-feedback regulation of TGF-b
(Figure 7C).

Our present study confirmed that ERRa plays a posi-
tive role on tumorigenesis and development of various
cancers including EC. It has been speculated that ERRa
might be a candidate for prognostic factors in uterine
endometrial cancer [13]. The expression of ERRa
mRNA was positively correlated with FIGO stage (P =
0.019) and myometrial invasion (P = 0.043) of

Figure 5. ERRa regulated the transcription of TGFB1 via directly binding to its promoter. HEC1A (A) or ECC (B) cells were treated with
XCT-790 (1 mM) for the indicated times, the mRNA expression of TGFB1 was checked by qRT-PCR; (C) Cells were treated with or without
1 mM XCT-790, the luciferase activities of TGFB1 promoter were measured by use of the dual-luciferase assay; (D) HEC1A cells were
treated with or without XCT-790 (1 mM) for 2 h, the binding between ERRa and promoter of TGFB1 was measured by ChIP assay. Each
experiment has been replicated for three times. ��p < 0.01 as compared with the control group.
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Figure 6. ERRa was involved in the self-feedback loop of TGF-b in EC cells. HEC1A or ECC cells were treated with or without 10 ng/ml
TGF-b for 24 h, the mRNA of TGFB1 (A) and ERRa (C) was checked by qRT-PCR; the protein expression of TGF-b and ERRa was checked
by western blotting (B); (D) After transfected with siNC or si- ERRa-1 for 12 h, the HEC1A cells were further treated with or without
10 ng/ml TGF-b for 24 h, the mRNA of TGFB1 was checked by qRT-PCR; (E) The mRNA expression of TGFB1 in 32 human EC tissues
paired with the adjacent non-neoplastic normal tissues was measured by qRT-PCR and normalized to GAPDH. Each experiment has
been replicated for three times. � p<0.05, ��p<0.01 as compared with the control group.

Figure 7. Targeted inhibition of ERRa/TGF-b suppressed the motility of EC cells. (A) HEC1A cells were treated with si-NC or si- ERRa-1 for
12 h before treated with or without anti-TGF-b neutralization antibody for another 48 h, the cell invasion was evaluated with transwell
analysis; (B) Cells were treated as (A), the expression of MMP-2 was checked by western blotting (B). Each experiment has been repli-
cated for three times. (C) The schematic of ERRa triggered cell migration and invasion via increasing the positive self-feedback regula-
tion of TGF-b. � p<0.05, ��p<0.01 as compared with the control group.
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endometrial adenocarcinoma [14]. Similarly, our data
showed that expression of ERRa in EC patients with
lymph node metastases was significantly greater than
that in patients without lymph node metastases (p<0.05,
Table 1). Our data showed that ERRa can trigger the
migration and invasion of EC cells. It was reported that
knockdown of ERRa can suppress the angiogenesis and
proliferation of uterine endometrial cancer cells [20].
The positive roles of ERRa on motility of cancer cells
were also observed in colorectal [21] and triple negative
breast [22, 23] cancer cells. Together with the published
data, our present study suggested that ERRa might be a
potential target to suppress the metastasis of EC cells.

Our results showed that ERRa triggers the migra-
tion and invasion of EC cells via strengthening the
self-feedback loop of TGF-b in EC cells. This was evi-
denced by the results that ERRa can directly bind
with the promoter of TGF-b, and TGF-b can increase
the expression of ERRa. Knockdown of ERRa blocked
the TGF-b induced its own expression. Recent study
revealed that ERRa can mediate the TGF-b induced
epithelial-mesenchymal transition (EMT) of osteosar-
coma cells via upregulation of Snail [24]. As one of
the most important cytokines, TGF-b can promote
cancer metastasis by regulating the composition of
extracellular matrix and induction of EMT [25]. High
levels of TGF-b can promote cancer progression in
an autocrine and/or paracrine manner that favours
invasion and metastasis of EC cells [26]. TGF-b1 was
also able to promote cell migration by up-regulating
the activity of MMPs [27], which was observed in our
present study that TGF-b mediated induced up regu-
lation of MMP-2/-9. It was reported that TGF-b1 can
trigger the cancer progression via activation of
SMAD2/3 [28], whether SMAD2/3 mediates TGF-b1
induced ERRa in EC cell still needs further studies.

Taken together, our data showed that ERRa was over
expressed in EC cells and tissues. It can positively regulate
the migration and invasion of EC cells via up regulation of
TGF-b1. Targeted inhibition of ERRa/ TGF-b can suppress
the invasion of EC cells efficiently. Our study suggested that
ERRamight be a potential target for EC treatment.
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