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ABSTRACT

Epidermal growth factor-containing fibulin-like extracellular matrix protein 1 
(EFEMP1) acted as a tumor suppressor in endometrial carcinoma (EC). However, the 
correlation between EFEMP1 and estrogen is unknown. Here, we reported that the 
expression of EFEMP1 was conversely associated with ERα in endometrial carcinoma 
tissues. In endometrial carcinoma cells, estrogen/ERα signaling significantly 
suppressed the expression of EFEMP1. Moreover, chromatin immunoprecipitation 
(CHIP) and dual-luciferase reporter assays demonstrate that estrogen/ERα bound 
to the estrogen response element (ERE) located in EFEMP1 promoter and repressed 
its expression. Besides, in vitro and in vivo, EFEMP1 could remarkably suppress the 
expression of epithelial-mesenchymal transition (EMT) markers such as Vimentin, 
Snail and the Wnt/β-catenin target genes like Cyclin-D1 and c-Myc, which could 
be restored when EFEMP1 was silenced. In addition, XAV93920 (the inhibitor of 
the Wnt/β-catenin pathway) blocked and LiCl (the activator of the Wnt/β-catenin 
pathway) enhanced the effect of EFEMP1 on EMT. In conclusion, we demonstrated that 
estrogen/ERα signal suppresses EFEMP1. Besides, EFEMP1 inhibits EMT via interfering 
the Wnt/β-catenin signaling.

INTRODUCTION

Endometrial carcinoma (EC) is one of the most 
common cancers of the female reproductive system, with 
an estimated 54,870 new diagnosed cases and 10,170 deaths 
in the United States in 2015 [1]. The unopposed action of 
estrogen (E2) is the main etiological factor contributing to 
the tumorigenesis and progression of EC, and several studies 
have shown that EC tissue synthesized estrogen independent 
of the concentration in the serum to maintain high estrogen 
levels [2, 3]. Thus, it is necessary to further explore the 
mechanisms underlying the function of estrogen in EC [4].

Epidermal growth factor-containing fibulin-
like extracellular matrix protein 1 (EFEMP1, or 
Fibulin-3) belongs to the fibulin family of extracellular 
glycoproteins characterized by a fibulin-type C-terminal 
domain and tandem calcium binding epidermal growth 
factor (EGF)-like modules [5]. EFEMP1 was initially 
described in senescent and Werner syndrome fibroblasts 
and has been reported to be associated with inherited 
forms of macular degeneration [6]. However, the role 
of EFEMP1 in tumorigenesis and cancer progression 
remains controversial. In pancreatic adenocarcinoma 
[7], EFEMP1 expression promoted tumor growth and 
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metastasis. In cervical cancer, upregulation of EFEMP1 
not only promoted angiogenesis but also associated with 
lymph node metastasis [8]. Inversely, in sporadic breast 
cancer and non-small cell lung cancer, EFEMP1 was 
reported to be silenced through hypermethylation of the 
promoter region and suppress cancer invasion [9, 10]. 
Recently, we reported that EFEMP1 was downregulated 
in EC in part due to aberrant promoter methylation [11], 
and we also noted that EFEMP1 was downregulated in EC 
without hypermethylation. A previous study revealed the 
regulatory elements in the promoter region of EFEMP1, 
including an estrogen response element (ERE), three 
Sp1 binding sites and a Tant motif [12]. Therefore, 
we hypothesized that estrogen may also regulate the 
expression of EFEMP1 in EC.

The epithelial-to-mesenchymal transition (EMT) 
is a developmental process characterized by loss of the 
epithelial homotypic adhesion molecule E-cadherin and 
the gain of mesenchymal markers, such as Vimentin 
and/or Fibronectin, which promotes tumor invasion 
and metastasis [13, 14]. Several signals from the tumor 
microenvironment have been shown to trigger EMT 
processes via specific pathways involving epidermal 
growth factor (EGF), transforming growth factor (TGF)-β, 
hepatocyte growth factor (HGF), Notch and Wnt/β-
catenin signaling [15]. Previous research has implicated 
dysregulation of the Wnt/β-catenin pathway in many 
malignant tumors and highlighted the role of this pathway 
as an important regulator of EMT in cancer cells [16, 17]. 
Genetic or epigenetic alterations in the regulation of Wnt/
β-catenin components led to aberrant activation of target 
genes, including c-Myc and Cyclin-D1, and promoted cell 
growth, invasion and metastasis [18]. In our previously 
study, we found that EFEMP1 acted as a tumor suppressor 
to inhibit cancer proliferation, invasion and migration. 
Moreover, aberrant expression of EFEMP1 was associated 
with downregulation of E-cadherin and increased 
expression of Vimentin [11]. These results suggest that 
EFEMP1 may suppress tumor invasion through inhibiting 
EMT in EC.

Here, we demonstrate that E2 suppresses EFEMP1 
expression by directly binding to its promoter in EC. In 
addition, overexpression of EFEMP1 suppresses EMT 
and inhibits cell invasion and migration via Wnt/β-
catenin pathway. This role of EFEMP1 in the etiology 
and progression of EC may provide a new drug target for 
future treatment.

RESULTS

EFEMP1 expression is downregulated by E2 
in EC

In our previous study, we observed that EFEMP1 
was downregulated in some EC tissues without 
epigenetic changes and there was an ERE element at 

the promoter of EFEMP1. Therefore, our current study 
sought to further investigate the potential association 
between EFEMP1 and ERα. Firstly, we examined the 
expression of EFEMP1 and ERα in 58 EC samples 
(Figure 1A), and we found that EFEMP1 was inversely 
correlated with ERα expression at the mRNA level 
(r=-0.2879, P=0.0274). To further investigate whether 
EFEMP1 was regulated by E2, RL95-2 and Ishikawa 
cells were cultured in estrogen-depleted medium for 
24 hours prior to drug treatment. As our data shown, 
the expression of EFEMP1 decreased after treatment 
with E2 and/or PPT (an ERα-selective agonist), and 
this effect was reversed after treatment with 1 μM 
ICI182780 (an ERα-selective antagonist, Figure 1B and 
1D). To determine the role of ERα in the expression of 
EFEMP1, RL95-2 and Ishikawa cells were transfected 
with an ERα shRNA (sh-ERα) and ERα-expressing 
vector (ex-ERα) for 48 h. The results showed that 
silencing ERα increased the expression of EFEMP1 
and overexpression of ERα decreased the expression 
of EFEMP1 (Figure 1C). In orthotopic tumor sections, 
we also found that E2 treatment group showed high 
level ERα and low expression of EFEMP1 (Figure 1E). 
Furthermore, our immunofluorescence data revealed the 
similar results (Supplementary Figure S1).

EFEMP1 is a direct target of ERα

To elucidate the mechanism how does E2 mediate 
EFEMP1 expression, we performed ChIP assays using 
Ishikawa and RL95-2 cells, followed by RT-PCR using 
primer sets flanking the putative ERα binding sites in the 
core promoter region (Figure 2A). As shown in Figure 2B, 
ERα was significantly enriched in RL95-2 and Ishikawa 
cells by approximately 43-fold and 7-fold, respectively. 
After treating the cells with E2 for 3h, we noted 120-
fold and 21-fold enrichment over the isotype antibody in 
RL95-2 and Ishikawa cells, respectively. These results 
support that ERα can directly bind to the ERE located in 
EFEMP1 promoter.

To further address whether ERα can repress 
the EFEMP1 promoter, we preformed dual-luciferase 
reporter assays in both RL95-2 and Ishikawa cells. We 
transfected WT or MUT (mutation of the ERE motif) 
EFEMP1 promoter reporter constructs into cells with 
or without co-transfection of an ERα expression vector. 
In WT group, both Ishikawa and RL95-2 cells showed 
significant reduction of approximately 71% and 75% in 
luciferase activity, respectively. After co-transfection 
with the ERα expression vector, WT groups of Ishikawa 
and RL95-2 showed the greatest reduction in activity, 
at approximately 91% and 94%, respectively. Whereas, 
mutations in the ERE sequence of EFEMP1 abolished 
the suppressive effects of ERα (Figure 2C). Collectively, 
these data suggest that ERα directly suppresses EFEMP1 
expression in EC cell lines.
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Negative correlation of EFEMP1 and EMT-
related proteins in clinical samples

In our previous study, we noted that EFEMP1 
was downregulated in EC and was associated with 

lymph node metastasis. In the current study, using IHC 
analyses, we observed that the expression of EFEMP1 
and E-cadherin were significantly decreased in 120 
EC samples (Supplementary Table S1) compared to 
50 normal endometrium (P<0.001). In contrast, the 

Figure 1: 17β-estrogen inhibits the expression of EFEMP1 in EC tissues and cells. A. Quantitative real-time PCR analysis 
of the association between EFEMP1 and ERα in 58 fresh samples of EC. B. Treatment of Ishikawa and RL95-2 cell lines with 1μM and 
100nM 17β-estrogen for 9 h. The cells were treated with 17β-estrogen alone or were co-treated with 1μM ICI182780, an estrogen receptor 
agonist, or 1μM PPT, an estrogen receptor agonist for 7h. Then, EFEMP1 mRNA expression was analyzed using qRT-PCR. C. Ishikawa 
and RL95-2 cells were transfected with plasmids expressing shERα or exERα, respectively, for 48 h, the mRNA and protein levels of 
EFEMP1 and ERα were then assayed using qRT-PCR and Western blot. β-actin was used as an internal control (Ctrl). Error bars denote 
the mean ± SD of three independent experiments., *p<0.05, **p<0.01, ***p<0.001 compared to the ‘blank’ group and/or ‘NC’ group. D. 
The protein levels of EFEMP1 in Ishikawa and RL95-2 cells following treatment with 17β-estrogen, ICI182780 and/or PPT for 48 h were 
assayed using Western blotting. E. Characterization of an orthotopic endometrial cancer model (left). Histological examination showed that 
the tumor developed from the uterine cavity (arrow indicated for orthotopic tumor, middle). Effect of estrogen on EFEMP1 expression is 
analysed by immunohistochemical studies of ERα and EFEMP1(right). Original magnification ×400.
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expression of mesenchymal markers like Vimentin, Snail 
and β-catenin were much higher in EC samples (Table 1). 
Moreover, the expression of EFEMP1 positively 
correlated with E-cadherin (r=0.499, P<0.001) but 
inversely correlated with Vimentin, Snail and β-catenin 
(r=-0.164, -0.369 and -0.299, respectively, Table 2). 
Representative stainings for EMT-related proteins 
associated with varying expression levels of EFEMP1 
were shown in Figure 3.

EFEMP1 suppresses EMT in vitro and in vivo

To further investigated the role of EFEMP1 in EMT, 
we established stably transfected HEC-1B-exEFEMP1 and 
RL95-2-shEFEMP1 cells. Data showed that compared to 
the control group, knockdown EFEMP1 induced EMT-
like morphological features, such as a spindle-shaped 
appearance (Figure 4B), and led to significant reduction 
in E-cadherin expression levels as well as increase in 

Figure 2: ERα binds to the EFEMP1 promoter and suppresses its expression in EC cells. A. A schematic of the EFEMP1 
promoter, showing the mutant binding site in black. Both of the promoter regions were cloned into the pGL3 reporter plasmid. B. Ishikawa 
and RL95-2 cells were transfected with 200 ng of the pGL3 promoter luciferase construct containing the EFEMP1 promoter regions 
as shown in (A), together with 200 ng of internal control plasmid expressing Renilla-luciferase. To further evaluate the role of ERα in 
EFEMP1 expression, cells were also co-transfected with ERα-expressing plasmids. Relative luciferase activities were measured at 48 
h after transfection. The results are shown as the fold induction after normalizing to Renilla-luciferase activity. All experiments were 
performed at least twice, in triplicate. C. ChIP analysis of the physical association between ERα and the EFEMP1 promoter region. 
Crosslinked protein-chromatin complexes were immunoprecipitated from Ishikawa and RL95-2 cells using an anti-ERα antibody or a non-
specific IgG control. Furthermore, cells were pretreated with E2 at 1μM or 100nM for 3 h to investigate the interaction between ERα and 
EFEMP1. The immunoprecipitated DNA was quantitated using real-time PCR. The enrichment of targeted genomic regions was assessed 
relative to the input DNA.
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Table 1: Expression of EFEMP1, E-cadherin, Vimentin, Snail and β-catenin in 120 cases of endometrial carcinoma 
and 50 normal endometrium

Endometrial
carcinoma

Normal
endometrium

P* value

EFEMP1 <0.001

 Positive 32 45

 Negative 88 5

E-cadherin <0.001

 Positive 52 42

 Negative 68 8

Vimentin 0.019

 Positive 65 17

 Negative 55 33

Snail <0.001

 Positive 70 12

 Negative 50 38

β-catenin <0.001

 Positive 67 7

 Negative 53 43

*χ2 test.

Table 2: The correlation between the expression of EFEMP1 and E-cadherin, Vimentin, Snail and β-catenin in 
endometrial carcinoma tissues

Proteins EFEMP1

Positive negative r P*-value

E-cadherin 0.499 <0.001

 positive 27 25

 negetive 5 63

Vimentin -0.164 0.097

 positive 13 52

 negetive 19 36

Snail -0.369 <0.001

 positive 9 61

 negetive 23 27

β-catenin -0.299 0.002

 positive 10 57

 negetive 22 31

*Spearman test.



Oncotarget25717www.impactjournals.com/oncotarget

Vimentin, Snail and β-catenin expression levels (Figures 
4A and 4C). However, enforced stable expression 
of EFEMP1 in HEC-1B (do not express detectable 
endogenous EFEMP1 [11]) led to an increased cuboidal 
appearance (Figure 4B). In agreement with the changes in 
cellular appearance, HEC-1B-exEFEMP1 stimulated the 
expression of E-cadherin and inhibited the expression of 
mesenchymal cell markers (Figures 4A and 4C).

Next, to directly test the function of EFEMP1 in 
EMT, we evaluated its effect on TGF-β-induced EMT. 
We observed that control cells underwent marked EMT 
modification within 72 h with TGF-β treatment, and 
EFEMP1-overexpressing cells kept their epithelial features 
(Figure 4B). Accordingly, E-cadherin expression was 
retained in EFEMP1-overexpressing cells but lost in control 
cells after treatment with TGF-β (Figures 4C and 4D). 
We also found that enforced EFEMP1 expression blocked 
the TGF-β-induced numerous mesenchymal genes, such 
as Vimentin, Snail and β-catenin. While in EFEMP1-
silenced cells, TGF-β treatment induced more mesenchymal 
characteristics than control cells (Figures 4C and 4D).

In nude mouse peritoneum metastasis model 
we further tested the suppressive role of EFEMP1 on 
EMT. We observed that the number and volume of 
disseminated tumors in the HEC-1B-exEFEMP1 group 
were significantly lower than the HEC-1B-NC group 

(P<0.001 and P<0.01, Figure 5A). Besides, we performed 
immunohistochemistry to test the expression of EFEMP1, 
E-cadherin, Vimenten, Snail and β-catenin on tumor 
sections. We found that Vimenten, Snail and β-catenin 
were decreased in HEC-1B-exEFEMP1group tumors, 
while E-cadherin was increased (Figure 5B). These results 
suggest that EFEMP1suppresses EMT in EC.

EFEMP1 blocks Wnt/β-catenin signaling in EC

Due to its critical role in tumorigenesis and 
metastasis in EC, we next examined whether EFEMP1 
could affect the Wnt/β-catenin signaling. In HEC-1B 
cells, EFEMP1 overexpression significantly suppressed 
the expression of Cyclin-D1 and c-Myc, which were target 
genes of Wnt/β-catenin signaling. Conversely, knockdown 
of EFEMP1 in RL95-2 cells could activated the expression 
of Cyclin-D1 and c-Myc (Figures 5C and 5D). These data 
suggest that EFEMP1 could block the Wnt/β-catenin 
pathway in EC.

EFEMP1 suppresses EMT process through 
Wnt/-catenin signaling

Then, to analyze the role of Wnt/β-catenin signaling 
during EFEMP1-inhibiting EMT, we used the Wnt/β-catenin 

Figure 3: EFEMP1 expression correlates with EMT markers. IHC staining of EFEMP1, E-cadherin, Vimentin, Snail and 
β-catenin in samples from patients with low and high levels of EFEMP1 expression. Magnification, x200 (left), x400 (right).
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Figure 4: EFEMP1 suppresses EMT in EC cells. A. Immunoblotting analysis of the expression of the four EMT-related markers 
(E-cadherin, Vimentin, Snail and β-catenin) in HEC-1B and RL95-2 cells transfected with plasmids expressing exEFEMP1 and shEFEMP1, 
respectively. β-actin was used as an internal control. B. The changes in cellular morphology induced by TGF-β that resulted in EMT 
were evaluated in different groups using phase contrast microscopy. C. Four cell types, HEC-1B-NC, HEC-1B-exEFEMP1, RL95-2-NC 
and RL95-2-shEFEMP1, were incubated for 48 h in the absence or presence of TGF-β (2 ng/ml) to induce EMT. Then, total RNA was 
isolated and subjected to quantitative real-time PCR to monitor the expression of EMT-related marker transcripts, which were normalized 
to β-actin levels. Data shown are the mean (±SD; n=3), *p<0.05, #p<0.05, &p<0.05 different group compared with the ‘NC group’. D. 
Immunofluorescence microscopic analysis of changes in the expression and localization of EMT markers. Cells (c) were untreated or 
treated with TGF-β for 3 days and stained with anti-E-cadherin, anti-Vimentin, anti-Snail or anti-β-catenin antibodies. Altered cytoskeletal 
architectures were identified using rhodamine-phalloidin immunofluorescence as indicated. Statistical values were calculated using t-tests, 
and experiments were performed at least three times.
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pathway inhibitor XAV939 and activator LiCl. As 
expected, in RL95-2-shEFEMP1 cells, XAV939 markedly 
reduced the expression of Cyclin-D1 and c-Myc. While 
in HEC-1B-exEFEMP1 cells, LiCl could increase the 
expression of these genes (Figure 6A). In addition, 
activation of Wnt/β-catenin signaling by LiCl impaired 
the effect of EFEMP1-overexpressing on the suppression 
of EMT related markers. In contrast, inhibition of Wnt/β-
catenin reversed the effect of knockdown EFEMP1 on 
EMT related proteins (Figure 6A). Furthermore, we 
examined the biological mechanism of EFEMP1 in EC. 
Through Transwell and Wound healing assay, we found 
that inhibition of Wnt/β-catenin signaling in RL95-2-

shEFEMP1 could abrogate EFEMP1 silencing-induced 
invasion and migration. Moreover, activation of this 
pathway by treatment with LiCl promoted cell migration 
and invasion in HEC-1B-exEFEMP1 cells (Figure 6B, 6C 
and 6D). Taken together, our results indicate that Wnt/β-
catenin signaling is a functional mediator of EFEMP1-
related EMT and invasion in EC cell lines.

DISCUSSION

Previous studies have shown that EFEMP1 regulates 
cancer in a context-dependent manner [19], and we 
have proven EFEMP1 acted as a tumor suppressor in 

Figure 5: EFEMP1 downregulates the expression of target genes in the Wnt/β-catenin pathway and suppresses EMT 
in mice peritoneum metastasis model. A. Effect of EFEMP1 on peritoneum metastasis tumor volume is expressed as mean ± SD 
of each group. **p<0.01. B. Representative examples of IHC staining of EMT markers in disseminated tumors from each group of mice. 
Magnification, x200 (left), x400 (right). C. The effect of EFEMP1 overexpression or inhibition on mRNA levels of the Wnt/β-catenin target 
genes Cyclin-D1 and c-Myc was analyzed using real-time PCR in the indicated EC cells. Error bars denote the SD calculated from three 
independent experiments. *p<0.05. D. Western blotting was performed to examine protein expression of the Wnt/β-catenin pathway target 
genes Cyclin-D1 and c-Myc in the indicated cells. β-actin was used as a loading control.
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EC. In the current study, we focused on the underlying 
mechanism of EFEMP1 in EC. In EC cells, we found 
that E2 downregulated EFEMP1 via binding to the ERE 
within its promoter. Furthermore, our results showed that 
EFEMP1 suppressed EMT through blocking the Wnt/β-
catenin signaling, which further inhibited tumor invasion 
and migration in EC.

Recent study has shown that the concentration of 
E2 in endometrial carcinoma tissue was significantly 

higher than normal endometrium. Recently, in situ 
estrogen metabolism, including synthesis and degradation 
has been thought to play a very important role in the 
development and progression of EC. Qi Che et al. 
reported that there was activation of a positive feedback 
loop in EC, IL-6 stimulated by E2 in endometrial cancer 
cells induced aromatase expression in stromal cells, 
promoting enhanced intratumoral E2 synthesis [2, 20]. 
Data from our study showed an inverse relationship 

Figure 6: EFEMP1 suppresses EMT via the Wnt/β-catenin pathway. A. Expression levels of EFEMP1, EMT-related markers 
and Wnt/β-catenin pathway downstream targets in the indicated cells following treatment with 10 μmol/l XAV93920 or 20 mmol/l LiCl for 
24 h were examined using Western blotting. Glyceraldehyde 3-phosphate dehydrogenase was used as an internal control. B. The invasive 
capacity of different groups was measured using a transwell assay. Representative images were captured after LiCl or XAV93920 treatments 
for 48 h, and statistical significance was determined using the arithmetic means ± SD of three independent experiments. Magnification, 
x100. *p<0.05, **p<0.01. C. Migratory capacity was examined using a transwell assay without BD Matrigel. D. Graphical presentation of 
the percentage of wound-healing, which was calculated as (0 h width - 24 h width of wound) / (0 h width of wound); original magnification, 
x100. The percentage of wound closure was measured from at least three randomly selected regions (mean ± SD).
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between EFEMP1 and ERα. The similar phenomenon 
had been reported in retinal diseases (drusen) [12] and 
breast cancer [21, 22]. However, there were no reports 
about the direct interactions of E2 and EFEMP1. Using 
CHIP and luciferase reporter assays, we demonstrated 
that estrogen/ERα signal could inhibit the expression 
of EFEMP1 by directly binding to the ERE motif 
localized in EFEMP1 promoter. Many of these E2-
repressed genes are cell cycle inhibitors, proapoptotic 
genes or tumor suppressors; thus, their repression may 
be a critical step for cancer development and progression 
[23]. Endometrium has both α and β forms of the ER. 
However, the AF-1 (activating function-1) domain in 
ERβ was less transcriptional activation compared with 
the AF-1 domain of ERα. These differences in functional 
homology between ERα and ERβ might partially account 
for the differences in E2 responsiveness [24]. Although 
ERα was primarily considered a transcriptional activator, 
significant researches have demonstrated that more than 
half of all E2-regulated genes are instead repressed 
[25]. In view of the repressive role of ERα, mechanisms 
explaining this phenomenon included the removal of 
co-activators from promoters or enhancers [25, 26], 
co-repressor competition with co-activators at the 
regulatory regions of repressed genes [27] and active 
recruitment of repressive complexes, such as NCoR, 
SMRT or HDACs [28]. Despite these findings, the 
mechanisms underlying the repression of EFEMP1 by 
estrogen still requires further investigation in EC.

EMT is a multistage process that is required during 
embryonic development. However, increasing evidence 
suggests that this normal genetic program is often 
hijacked in various pathological conditions, such as tissue 
fibrosis and cancer metastasis [13, 29]. In our previous 
study, we showed that EFMEP1 expression in EC 
samples was negatively associated with metastasis of the 
lymph node and the suppression of cancer cell invasion 
and migration. Therefore, we postulated that EFEMP1 
may be involved in EMT. In this study, we found that 
EFEMP1 upregulated the expression of epithelial marker 
and downregulated the expression of interstitial markers 
in EC cells and mouse disseminated tumor sections. 
Notably, EFEMP1 prevented EMT and maintained 
epithelial morphology during TGF-β-induced EMT. 
It has been reported that in ovarian cancer and EC, E2 
could potentiate tumor progression and invasion through 
effects on EMT-related markers, including E-cadherin 
and Snail [30, 31, 32]. Our previous data showed that 
EFEMP1 suppressed MMP2 and MMP9 secretion in EC 
and recent studies reported implication of EFEMP1 in the 
expression of extracellular matrix proteins. For example, 
overexpression of EFEMP1 reduced the expression of 
MMP2 and MMP7 [9]. EFEMP1 was a binding pattern 
of TIPM-3 [33]. Therefore, EFEMP1 may suppress EMT 
and collaborated with inhibiting secretion of MMPs to 
promote EC progression and metastasis in EC.

Accumulating evidence suggests that aberrant 
activation of Wnt/β-catenin signaling is involved in EC 
development and progression [34, 35]. However, little 
is known about the association among EFEMP1, EMT 
and Wnt/β-catenin signaling. The results of this study 
indicated that EFEMP1-downregulation facilitated EMT 
and promoted Wnt/ β-catenin signaling then inhibiting the 
expression of Cyclin-D1 and c-Myc. Furthermore, we also 
observed that treatment with XAV939 or LiCl reversed the 
changes in EMT markers induced by EFEMP1 silencing 
or overexpression, respectively. These results indicate 
that EFEMP1 suppresses EMT most likely via Wnt/β-
catenin signaling in EC cells. In contrast, in light of this 
involvement of Wnt/β-catenin signaling, Yongyi et al 
[36] reported that E2 activated Wnt/β-catenin signaling 
and enhanced proliferation during the normal menstrual 
cycles, whereas progesterone inhibited Wnt/β-catenin 
signaling to counterbalance E2-induced proliferation and 
enhance differentiation during the secretory phase. Thus, 
the unopposed action of E2 may lead to hyperplasia or 
early endometrial carcinogenesis via Wnt/β-catenin 
signaling. Therefore, there is a possible cross-talk among 
E2, EFEMP1, Wnt/ β-catenin pathway and EMT in EC 
tumorigenesis and development.

In clinic, the most common basis to estimate the 
prognosis of endometrial carcinoma is the categorization 
of type I and type II EC. However, the practical value 
of this approach is limited because up to 20% of type I 
cancers recur [35, 37]. Although a recent study showed 
that ERα-negative ECs were associated with increased 
EMT, which may represent a potential marker for 
the treatment response to EMT inhibitors [38], there 
was considerable morphologic and molecular overlap 
between these two cancer types. Furthermore, in contrast 
to breast cancer treatment, ERα status has not been 
used systematically to tailor hormonal therapy or other 
targeted treatments for EC [39, 40]. So, it is necessary 
to improve upon the identification of patients at risk for 
recurrence and poor outcome, and molecular markers 
may assist in this goal. In both our current and previous 
study, we observed that the expression of EFEMP1 was 
decreased in EC due to promoter hypermethylation 
and E2, which subsequently promoted EMT. Recently, 
in pleural mesothelioma, it was noted that EFEMP1 
could serve as a sensitive and specific biomarker to 
mesothelioma [41]. Then, the chemical therapy targeting 
E2 and EFEMP1 may be cooperated to enhance the effect 
of prognosis of EC patients, although further researches 
are required to confirm this hypothesis.

In conclusion, the data reported herein reveal that 
estrogen/ERα signal downregulated the expression of 
EFEMP1 by directly binding to the promoter of EFEMP1, 
and EFEMP1 suppresses EMT and migration in EC by 
inhibiting Wnt/β-catenin signaling. With respect to its 
tumor suppressor function in EC, EFEMP1 might be an 
excellent candidate for a therapeutic target in EC.
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MATERIALS AND METHODS

Samples and patients

The Human Investigation Ethical Committee of 
the International Peace Maternity and Child Hospital 
affiliated to Shanghai Jiao Tong University approved this 
study. Samples of EC and normal endometrial tissues 
were collected after written informed consent. Primary 
tumor tissue samples were acquired from 120 endometrial 
carcinoma patients who underwent hysterectomy with 
lymph node dissection at our institution between April 
2009 and July 2012. Among them, 58 fresh samples 
were immediately frozen at -80°C for future research. In 
addition, 50 normal endometrium samples were obtained 
from patients who underwent hysterectomy due to other 
diseases than endometrial carcinoma. The stages and 
histological grades of these tumors were established based 
on the FIGO criteria (2009; http://www.figo.org/). An 
independent pathologist verified the histological diagnosis 
of all collected tissues.

Cell culture and transfection

The human EC cell lines HEC-1B, RL95-2 and 
Ishikawa were obtained from the Chinese Academy of 
Sciences Committee Type Culture Collection (Shanghai, 
China). Cells were maintained in Dulbecco’s modified 
Eagle’s medium (DMEM)/F12 (11030; Gibco, Auckland, 
NZ) supplemented with 10% fetal bovine serum (FBS; 
16000-44; Gibco, Carlsbad, CA) in a humidified 
atmosphere containing 5% CO2 at 37°C. Prior to treatment 
with 1 μM or 100 nM β-estradiol (E2, Sigma; St. Louis, 
MO), 1 μM ICI 182,780 (ERα specific antagonist, Tocris; 
Ellisville, MO) or 1 μM propyl pyrazole triol (PPT, 
ERα specific agonist, Sigma; St. Louis, MO), cells were 
cultured in serum-free medium for 24 h to minimize the 
influence of FBS. To induce EMT, TGF-β (PEPROTECH; 
NJ, USA) was administered at a concentration of 2ng/ml 
for 3 days. The Wnt/β-catenin signaling activator LiCl 
(Sigma; St. Louis, MO) 20mM and inhibitor XAV93920 
(Selleck Chemicals, Houston, TX) 10μM treated for 24h. 
The ERα-expressing plasmid (RG213277) and its control 
vector (PS10010), the plasmid encoding ERα silencing 
(sh)RNA (shERa, GI378604) and its control (shNC, 
TR3008) were all purchased from OriGene Technologies 
(BeiJing, PRC). Cells were transiently transfected using 
Lipofectamine 2000 (Invitrogen Life Technologies; 
USA) according to the manufacturer’s protocol. The 
establishment of HEC-1B-exEFEMP1 and RL95-2-
shEFEMP1 were performed as previous description [11].

Quantitative RT-PCR analysis

Total RNA was extracted using Trizol reagent 
(Invitrogen Life Technologies; USA). The isolated RNA 

was reverse transcribed into complementary DNA using 
the one-step PrimeScript RT reagent Kit (TaKaRa; Dalian, 
PRC). cDNA was then quantified by real-time PCR 
using SYBR Premix Ex Taq in an Eppendorf realplexy 
mastercycler. The primers used for this PCR are shown 
in Supplementary Table S1. Data analysis employed the 
2(-ΔCt) method, and data were obtained in triplicate from 
three independent experiments.

Plasmid construction and luciferase reporter 
assays

A 675-bp fragment of the upstream region of 
EFEMP1 was amplified from DNA obtained from normal 
endometrium using the forward primer 5’-CGGGTACCC
CATTCTTGCCAACACTTGT-3’ and the reverse primer 
5’-TACTCGAGTGGGTCTGATCTGGCGAAGT-3’. The 
product was cloned directly into the luciferase reporter 
assay plasmid pGL3-basic (Promega; Madison, WI, USA). 
Plasmids expressing three mutations in the ERE of the 
EFEMP1 promoter region were used to determine the role of 
this regulatory element in EFEMP1 expression (Figure 2A). 
All plasmids were confirmed by sequencing.

Ishikawa and RL95-2 cells were seeded into 
24-well plates on the day prior to transfection. The 
following day, 200 ng of EFEMP1 promoter reporter-
containing plasmid (WT and MUT) together with 200 ng 
of internal control plasmid expressing Renilla-luciferase 
were co-transfected using Lipofectamine 2000 (Invitrogen 
Life Technologies; USA). Reporter activity was measured 
at 48 h post-transfection using a Dual-Luciferase Assay 
System (Promega; Madison, WI, USA). Besides, cells 
were also co-transfected with ERα-expressing plasmid to 
examine the role of ERα in EFEMP1 expression.

Chromatin immunoprecipitation (ChIP) assays

ChIP assays were performed according to the 
manufacturer’s protocol (Millipore, USA). Briefly, the 
assay was performed as followed. Step I: DNA shearing. 
Cells were fixed in 1% formaldehyde for 10 min and 
then glycine treated for 5 min before cell scraping and 
centrifugation. Samples were sonicated to shear DNA 
to an average fragment size of 300-1500bp. Step II: 
ChIP.1.7 ml of ChIP Dilution Buffer containing protease 
inhibitors was added to 300 μl sample and ten percent of 
each sample was kept as input for PCR. The supernatant 
was incubated overnight with 5 μg primary antibody ERα 
and negative control (ChIP grade, Millipore, USA) at 
4°C. Subsequently, 60μl of Salmon Sperm DNA/Protein 
A Agarose was mixed to incubation for 1 hour at 4°C 
and then carefully removed the supernatant containing 
unbound, non-specific DNA. The pellet was washed three 
times on a rotator with washing buffers. Step III: elution, 
cross-link reversal and DNA purification. The pelleted 
complex were added 250 μl freshly prepare elution 
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buffer to incubate for 15 min with rotation and collected 
the supernatant. 20 μl of 5 M NaCl was used to reverse 
protein-DNA crosslinks of eluates and the input by heating 
at 65°C for 4 hours. Immunoprecipitates were eluted into 
25 μl of TE buffer, and 2 μl of the DNA was used in 20μl 
PCR reactions using the SYBR Green Mix (TaKaRa; 
Dalian, PRC). Specific primers used for the ChIP-PCR 
are shown in Supplementary Table S1. Enrichment was 
calculated as a percentage of the input. At least two 
individual repeats of the entire experiment were conducted 
and data combined to give an average % Input.

Immunofluorescence

Cells were cultured on glass cover slips and fixed 
in 4% paraformaldehyde for 30 min. The cells were then 
permeabilized using 0.25% Triton X-100 for 10 min at 
room temperature and blocked with 5% bovine serum 
albumin for 30 min at 37°C. The primary antibodies 
anti-EFEMP1 (1:200; Abcam, HK), anti-E-cadherin 
(1:100; CST, USA), anti-Vimentin (1:100; CST), anti-
Snail (1:100; CST) and anti-β-catenin (1:100; Epitomics, 
Burlingame, CA, USA) were incubated with the samples 
overnight at 4°C. A species-specific secondary rhodamine-
labeled antibody (1:200, Epitomics, USA) was incubated 
with the samples for 30 min at 37°C, and the cells were 
then counterstained with DAPI at room temperature for 10 
min. Control samples were incubated with PBS in place 
of the primary antibody. Samples were mounted with 
antifade solution (Tocris; Ellisville, MO) prior to imaging 
using a laser scanning confocal microscope (Leica TCS-
SP5 II, Heidelberg, Germany).

Immunohistochemistry (IHC) and western 
blotting

IHC and Western blotting were performed as 
described previously [11]. The primary antibodies 
included those used for immunofluorescence studies 
as well as anti-Cyclin-D1 and anti-c-Myc (both from 
Epitomics, Burlingame, CA, USA). β-actin was used as 
a loading control.

Cell invasion and migration assays

Cell invasion activity was accomplished using BD 
BioCoat Matrigel Invasion Chambers (BD Biosciences, 
USA) according to the manufacturer’s instructions. 
Cells (1x105 cells/well) were resuspended in serum-free 
medium in the upper chamber, which was coated with 
40 ml of Matrigel at a 1:3 dilution (BD Biosciences). 
Medium containing 10% FBS was added to the lower 
chamber. After being incubated at 37°C for 48 h, cells 
on the upper side of the membrane were removed using 
cotton swabs, and cells that were attached to the underside 
of the membranes were fixed in 4% paraformaldehyde 

and stained with crystal violet. Five randomly selected 
fields of view (x100 magnification) were counted to 
obtain a value for cell invasion. Cell migration assays 
were performed using transwell chambers not coated with 
Matrigel, following a similar protocol. Wound healing 
assays were also conducted to evaluate cellular migration 
and representative images were captured at the time of 
wounding and at 24 h after wounding. All experiments 
were repeated at least three times.

EC orthotopic tumor and peritoneum metastasis 
assay in nude mice

4-to 6-week-old female BALB/c mice were 
purchased from the Shanghai Life Science Institute 
(Slac Laboratory Animal Co. Ltd, PRC). The animals 
were raised in pathogen-free conditions. All mice were 
handled based on the Guidelines for the Care and Use 
of Laboratory Animals. Surgeries were performed as 
described previously [20]. Cells (1×107 Ishikawa) were 
injected subcutaneously into the flanks of nude mice. 
After 2 weeks, the tumors were removed for orthotopic 
implantation. A tumor sample of 1 mm3 in size was 
immediately implanted into the posterior face of the 
uterus and fixed. Half mice (5 mice) were supplemented 
with estrogen (17β-estradiol 90-day release pellets, 
0.72mg/pellet; Innovative Research of America, Toledo, 
OH). After 4 weeks, these mice were euthanized, and the 
peritoneal cavity was carefully examined. The tumors 
were removed, measured and weighed prior to histological 
evaluation.

Besides, to demonstrate the role of EFEMP1 
on tumor metastasis, EFEMP1 stable overexpressing 
cells (HEC-1B-exEFEMP1) was used to establish the 
model of peritoneum metastasis. GFP reporter imaging 
was performed to monitor the cell seeding. After 
intraperitoneal injection (1×107cells) for 5-6 weeks, the 
obvious tumors were observed using the NightOWL 
LB981 NC100 system (Berthold Technologies; Bad 
Wildbad, Germany). Laparotomy was performed to 
resect and count disseminated tumors. The volume of 
the disseminated tumor was measured by the sum of all 
tumors, and calculated as (Rmax)×(R2min)/2.

Statistical analyses

Statistical analyses were performed using the 
Statistical Package for the Social Sciences (SPSS) software 
version 17.0 (Chicago, IL, USA). Data were presented 
as the mean ± one standard deviation (SD). Continuous 
variables were examined using unpaired Student’s t-tests 
or one-way ANOVAs (the latter in the case of multiple 
comparisons). The χ2 test was used to examine 2×2 tables, 
and Spearman tests were used for correlation analyses. 
Differences were considered statistically significant with 
an alpha value set to P<0.05.
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