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Bisphenol A (BPA) are commonly used in the manufacture of polycarbonate plastics. Higher BPA exposure levels
have been found in patients with endometrial hyperplasia that is one of risk factors of endometrial cancer (EC).
Aberrant microRNAs (miRNAs) regulation has been observed in the development of cancer. Thus, this study in-
vestigatedwhether BPA exposure can disruptmiRNA regulation and its gene expression regarding to EC carcino-
genic progress. Microarray experiments of miRNA and mRNA were performed in human endometrial cancer
RL95-2 cells with treatment of low-to-moderate (10, 103 and 105 nM) BPA to explore the aberrant genes corre-
sponding to humanEC progression. According to the analysis of KEGGpathway and Cytoscape gene network, this
study identified that BPA exposure reduced miR-149 expression to down-regulate DNA repair gene ARF6 (ADP-
ribosylation factor 6) and tumor protein p53 (TP53), and up-regulate CCNE2 (cyclin E2) potentially to interrupt
cell cycle. BPA also increased miR-107 to suppress hedgehog signaling factors, suppressor of fused homolog
(SUFU) and GLI family zinc finger 3 (GLI3) to activate hedgehog signaling for cell proliferation underlying carci-
nogenesis. Furthermore, the BPA-induced cell proliferation was attenuated by transfection with miR-149 mimic
and miR-107 inhibitor. These findings provided an insight into potential epigenetic mechanism of BPA exposure
on the risk of endometrial carcinogenesis.

© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

Endometrial cancer (EC), one common malignant carcinoma of gy-
necologic diseases, is the second most prevalent cancer among
women following breast cancer. With over 140,000 cases occurring an-
nually worldwide, it has become the fourth most common cancer in
women (Nicolaije et al., 2013). The ascended incidence of EC is relevant
to increasing age, bodymass index and obesity or excessive estrogen ex-
posure (Oldenburg et al., 2013). EC often develops in setting of endome-
trial hyperplasia, and presents with abnormal vaginal bleeding.
Additionally, breast cancer drug Tamoxifen use (Leao et al., 2013), post-
menopausal women hormone therapy (Ali, 2014), and lifestyle changes
(canned food intake, plastic tableware and cosmetics use) may lead to
increase the number of EC patients in the worldwide (Banno et al.,
2012).
ngineering and Environmental
uang-Fu Road, Hsinchu 30013,

ang).
MicroRNAs (miRNAs) are a class of small non-coding and single-
stranded RNAs that play important roles in regulation to gene expres-
sion. They regulate gene expression by targeting to the 3′ UTR of
mRNAs, leading to their degradation or translation repression
(Berezikov et al., 2016). Aberrant expression of miRNAs can either inac-
tivate tumor suppressor genes or activate oncogenes therebypromoting
tumor formation during tumor development (Sharma et al., 2010). For
instance, down-regulation of miR-143, miR-145, miR-15 and miR-16
has been reported in colorectal cancer (Michael et al., 2003) and chronic
lymphatic leukemia (Calin et al., 2002), while increased expression of
members of the miR-17-92 cluster has been reported in lung cancer
(Hayashita et al., 2005) as well as in diffuse B-cell lymphomas (Fassina
et al., 2012). The miR-200 family (miR-200a/b/c, miR-141, and miR-
429) is up-regulated in cases of EC (Snowdon et al., 2011). A combina-
tion survey of miRNAs in endometrial tissues has been identified that
miR-182, 183, 200a, 200c and 205 was significantly higher in EC when
comparedwith endometrial hyperplasia and normal endometrial tissue
(Lee et al., 2012). Microarray studies have identified miR-27 (Mozos et
al., 2014), miR-203 (Huang et al., 2014), miR-205 (Zhang et al., 2014),
miR-141, and miR-200 (Wang et al., 2014) are up-regulated, whereas,
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miR-30c (Kong et al., 2014), miR-101 (Konno et al., 2014), miR-449 (Ye
et al., 2014), miR-143, miR-145 (Wang et al., 2014) and miR-424 (Li et
al., 2015a, 2015b) are down-regulated in EC. In the endometrium
throughout themenstrual cycle under normal and pathologic condition,
miRNAs can regulate genes of cell cycle (Pan et al., 2007), inflammatory
response (O'Connell et al., 2007), angiogenic factors (Suarez et al.,
2007), extracellular matrix and apoptotic regulators (Horcajadas et al.,
2007) infiltrating into the endometrium as well as in endometrial epi-
thelial, stromal, and vascular endothelial cells (Pan and Chegini, 2008).
The differentially expressed miRNAs can affect angiogenesis and pro-
teolytic activities in endometriosis (Braza-Boils et al., 2014), and lead
to tumor suppressor loss and disturb cell cycle in EC (Wang et al.,
2014). Thus, dysregulation ofmiRNAmay be an important consequence
in the EC progressions.

Bisphenol A (BPA) is one of well-known endocrine disruptor com-
pounds. Previous studies have been observed that exposure to BPA
from plastic beverage containers significantly increases BPA concentra-
tions in urine (Carwile et al., 2009; Calafat et al., 2008). High serum BPA
levels are found in the women with endometrial hyperplasia (Hiroi et
al., 2004) or polycystic ovarian syndrome (Kandaraki et al., 2011). BPA
affects human endometrial endothelial cell angiogenic activity via estro-
gen receptor (ER) channel to disturb vascular endothelial growth factor
(VEGF) (Helmestam et al., 2014).

Exposure to BPA has been found to lead to the alterations inmiRNAs.
In human placental cell lines (TCL-1, HTR-8, and 3A), BPA exposure al-
ters miRNAs expression levels, particularly induces miR-146a overex-
pression, to result in slower proliferation rate and higher sensitivity to
the DNA damaging agent bleomycin (Avissar-Whiting et al., 2010).
BPA can up-regulate oncogenic miR-19a and miR-19b to induce cell
proliferation in human breast cancer MCF-7 cells (Li et al., 2014). Evi-
dences have shown that BPA affects miRNAs modulation, but the effect
of BPA on miRNA expression for the progress of endometrial cancer is
still not well known. Here, we performed a transcriptomic analysis
by integrating mRNA and miRNA profiling to explore the aberrant
miRNA-mediated gene network of BPA exposure corresponding to
EC carcinogenesis, and verify the findings of transcriptomic analysis
with miRNA transfection in human endometrial carcinoma RL95-2
cells.

2. Materials and methods

2.1. Cell culture and BPA treatment

Human endometrial carcinoma RL95-2 cells (ATCC) were main-
tained in DMEM/F12 medium supplemented with 10% (v/v) fetal bo-
vine serum, 1× Antibiotic-Antimycotic and 5 μg/ml bovine insulin,
and incubated at 37 °C under 5% CO2. BPA (bis-(4-hydroxyphenyl)-pro-
pane; Sigma) was dissolved in DMSO (dimethyl sulfoxide; Sigma) to
prepare the stock solution (100 mM), and diluted to different concen-
trations (10, 103and 105 nM) by the culture medium. RL95-2 cells
were seeded into 6-well plate (1 × 106) for 24 h, and treated with 10,
103and 105 nM BPA and control group (DMSO) for 24 h.

2.2. RNA extraction and microarray processing

Total RNA was extracted from RL95-2 cells using Trizol reagent
(Invitrogen, Carlsbad, CA). The RNA quantity and purity was assessed
OD260/OD280 (≥1.8) and OD260/OD230 (≥1.5) using NanoDrop ND-
1000 (Thermo, Wilmington, MA), and the RNA integrity number was
determined ≥6 using Agilent RNA 6000 Nano assay (Agilent Technolo-
gies, Santa Clara, CA). gDNA contamination was evaluated by gel
electrophoresis.

The 2.5 μg and 13 μg of total RNA were individually determined for
miRNA profiles and mRNA profiles using Human miRNA OneArray v4
chip and Human OneArray v5 chip (Phalanx Biotech, Hsinchu, Taiwan).
The chip uses two groups of probes respectively labeling with Cy3 and
Cy5 fluorescent dyes to generate 532 nmand 635 nmexcitation. The in-
tensities of fluorescent were analyzed by GenePix 4.1 software (Molec-
ular Devices, Sunnyvale, CA). The miRNA raw intensity of each probe
was passed the criteria normalized by 75% median scaling normaliza-
tion method. The normalized spot intensities with the cutoff values
log2 ratio ≥ 0.60206 or ≤ −0.60206 (fold change ≥2) in BPA exposure
groups compared to control were transformed as significant differen-
tially expressed miRNAs (DEMs). miRDB online database was further
used in the annotation analysis for miRNA target prediction and func-
tional annotations.

The mRNA raw intensity of each probe was loaded into Rosetta Re-
solver System (Rosetta Biosoftware) to process data analysis. The
error model of Rosetta Resolver System can remove both systematic
and randomerrors form the data. Those probeswith background signals
werefiltered out. Probes that passed the criteriawere normalized by the
50% median scaling normalization method. The significant differently
expressed genes (DEGs) were cutoff with log2 ratio ≥ 0.39134
or ≤ −0.39134 (fold change ≥1.3) in BPA exposure group compared
with control and further annotated in analysis of KEGG and Cytoscape.

2.3. Quantitative reverse-transcription real-time PCR

cDNA was synthesized from total RNA by a high-capacity cDNA re-
verse transcription kit following the manufacture's protocols (Applied
Biosystems, Foster City, CA). A fragment of cDNA was quantified using
2× power SYBR Green PCR master mix (Applied Biosystems), forward
and reverse primers, and RNase-free water by an ABI 7300 Sequence
Detection System (Applied Biosystems).

Bulge-LoopTM miRNA qRT-PCR Primer Sets, miR-149, -107 and U6
(ssD809231415, ssD809230017, ssD0904071008; RiboBio, Guangzhou,
China), were used to prepare cDNA for subsequent q-PCR applications
involving quantification of mature miRNAs in parallel with precursor
miRNAs, mRNAs, and other noncoding RNAs. ABI 2720 thermal cycler
(Applied Biosystems) was used to amplify the cDNA with one cycle. A
fragment of cDNA was determined by using 2× power SYBR Green
PCR master mix, forward and reverse primers, and RNase-free water.
The expression was used ABI 7300 Sequence Detection System to
detect.

2.4. miRNA inhibition construct transfection

Human endometrial cancer RL95-2 cells were seeded in a 6-well
plate. When reached 70% confluences, RL95-2 cells were transfected
with synthesized miR-149 mimic (miR-10004609, 30 nM; RiboBio) or
miR-107 inhibitor (miR-20000104, 50 nM; RiboBio). The miRNA
mimics/inhibitor and lipofectamine (Invitrogen) were mixed to form
miRNA mimics/inhibitor-lipo transfection complex. RL95-2 cells were
cultured with DMEM/F12 medium and transfection complex in cultural
plates at 37 °C under 5% CO2. After the process, the transfectionmedium
was removed and fresh DMEM/F12mediumwith final concentration of
10, 103 and 105 nM BPA were respectively added in cultural plates at
37 °C under 5% CO2. After treatment, the medium was switched by the
FBS-containing culture medium at 37 °C under 5% CO2. Total RNA was
extracted for the determination of miRNAs and mRNAs expression
using q-PCR.

2.5. Cell viability assay

RL95-2 cells and transfected RL95-2 cells (2 × 105 cells/well) were
plated in 96-well plates for 24 h and treated with concentrations of
10, 103 and 105 nM BPA for 48 h, respectively. DMSO was used as a
blank control. Cells were incubated with MTT (3-(4,5-
dimethylthiazhol-2-yl)-2, 5-diphenyl-tetrazolium bromide) for 1 h at
37 °C. After removing MTT, DMSO was added to dissolve the purple
formazan formed by viable cells. The optical density was detected at



Table 1
List of significantly dysregulated miRNAs after BPA exposure.

miRNA Fold changea q-Valueb

Up-regulated
hsa-mir203 1.6, 2.3, 1.7 0.14, 0.14, 0.13
hsa-mir205 2.5, 2.9, 2.1 0.14, 0.07, 0.11
hsa-mir103a 1.8, 2.6, 2.2 0.17, 0.07, 0.12
hsa-mir107 2.0, 2.6, 1.4 0.13, 0.11, 0.18
hsa-mir200c 2.0, 4.4, 1.9 0.07, 0.10, 0.07
hsa-mir141 1.8, 2.6, 1.8 0.07, 0.19, 0.14
hsa-mir221 1.6, 3.5, 1.7 0.11, 0.12, 0.07
hsa-let_7a-5p 2.6, 2.5, 2.7 0.18, 0.14, 0.13
hsa-mir193b 1.6, 2.1, 1.6 0.10, 0.14, 0.07
hsa-mir423 1.6, 2.2, 1.6 0.07, 0.14, 0.12

Down-regulated
hsa-mir513 3.2, 4.3, 4.8 0.08, 0.10, 0.10
hsa-mir149 2.4, 2.9, 1.8 0.10, 0.11, 0.11
hsa-mir765 3.3, 3.8, 4.9 0.19, 0.10, 0.11

a Number indicated significant fold change of miRNA expression compared to control
after BPA exposure (10, 103 and 105 nM).

b q-Value: false discovery rate-adjusted p value calculated from BPA exposure referred
to control.
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570 nmwithin 20min usingVersaMax ELISAmicroplate reader (Molec-
ular Devices).

2.6. Statistical analysis

The results of q-PCR were described as mean ± standard deviation
(SD) of two independent experiments. The Student t-test was used to
compare the differences of gene expression between BPA exposure
group and control as well as between miRNA mimic/inhibitor transfec-
tion group and non-transfection group. A two-tailed p-value b0.05 was
considered statistically significant.

3. Results

3.1. miRNA expression profile corresponding to BPA exposure and EC

All normalized miRNA signals in microarray analysis of RL95-2 cells
treated with BPA (10, 103and 105 nM) were visualized using heat map
generated by unsupervised hierarchical clustering (Fig. 1A). Overall, a
total of 82 miRNAs were considered differentially expressed (N2 fold
Fig. 1. Differentially expressed miRNAs in exposure to BPA exposure. (a) unsupervised hierarchical clustering of miRNA expression spotted on the microarray in analysis of RL95-2 cells
treated with BPA (10, 103 and 105 nM). Columns represented triplicate samples, and rows were fold changes of intensity of miRNA expression labeled by colors (log2 transformed). (b)
venn diagram showed 82 DEMs of RL95‐2 cells between treatments with10, 103 and 105 BPA exposure.



Table 2
Genes and genomes pathway analysis of miRAs target genes.

miRNA Pathwaya Gene
number

Genesb p-Valuec

miR107, miR149, miR200c,
miR203, miR205, miR765

Cancer pathway 114 TP53, JUN, LAMB4, CCCDC6, PRKCA, STAT1, SUFU, DVL1, GLI3, MAPK1, CRK, LAMC1, MAPK9,
CXCL8

1.0E-6

miR103a, miR107, miR205 MAPK signaling
pathway

96 DUSP1, JUN, MAPK9, MAP3K1, MAP3K2, NF1, PKC-alpha, RPS6KA3, STMN1, CRKL 1.6E-4

miR103A, miR107, miR203,
miR205

Focal adhesion 69 COL1A1, ITGAV, JUN, LAMB4, LAMC1, MAPK9, PDGFD, PKCα, CRKL, VAV3, VCL 9.4E-3

miR107, miR203, miR765 Hedgehog
pathway

41 BTRC, CSNK1A1L, SUFU, SHH, SFRP1, WNT5A, GLI3, GLI2, GSK3B, PRKACA 2.7E-3

miR149, mIR141, mir205 Cell cycle 68 TP53, SMAD2, CCNE2, MYC, CDC14B, SMC1A, CDC14A, GSK3B, TGFB2, DBF4, PCNA, MAPK9, E2F5,
TGF2, c-jun

1.4E-3

Overlapping
21 TP53, GLI3, CCNE2, CRK, KIF23, SAMD2, CCDC6, FZD3, ARF6, MAPK9, SUFU, PRC1, MDM2, SMAD4,

DVL1, EGLN1, JUN, MYC, LAMC1, PRKCA, STAT1

a KEGG database and DAVID Bioinformatics Resources 6.7 were used for pathway enrichment analyses of genes regulated by identified miRNA.
b Genes with significant fold change N2.0 compared with control.
c Significant enriched pathways at p-value b0.05.
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change) at a false discovery rate of N0.2 in RL95-2 cells after BPA expo-
sure (10, 103 and 105 nM), and 34 miRNA differentially expressed com-
mon in all BPA exposure groups (Fig. 1B). Interestingly, 13 miRNAs
(miR-107, -141, -200c, -103, -193, -203, -221, -423, -149, -205, -513,
-765 and let-7; Table 1) among 82 DEMs of BPA exposure were related
with the progression of EC according to the survey from literatures
(Table S1). These DEMs had moderate-to-high fold changes (1.6–4.9
fold changes referred to control, q-value b0.01), contributing to the
pathways of oncogenic signaling, proliferation, angiogenesis and inva-
sion metastasis in EC progression.
Fig. 2. Gene network analysis of differentially expressed genes mediated bymiRNAs in respons
illustrated by Cytoscape presented in (a) overview the biological function, and detailed viewof (
TP53 network and apoptosis. Yellow circle, blue line and yellow line respectively indicated func
KEGG pathway and black labels were genes co-expression or binding to the red labels.
3.2. Gene network of BPA exposure corresponding to EC carcinogenesis

A regulatory gene network of DEMs was constructed to investigate
the target genes for BPA exposure corresponding to EC carcinogenesis.
First, the miRNA target computational prediction website (miRDB, ver-
sion 4.0) was used to predict potential target genes of DEMs. The 4842
potential target genes were yielded corresponding to the 13 DEMs. To
consider the context of the DEMs-gene regulatory correlation between
BPA exposure and EC progressions, 696 of these 4842 target genes
were selected corresponding to the EC-related DEGs following BPA
e to BPA exposure. The gene network of 21 DEGsmediated by miRNAs in exposure to BPA
b) hedgehog signaling pathway, and (c) cancer pathway, cell cycle, DNA damage response,
tion, gene-gene binding and gene-gene expression. Red labelswere the genes chosen from



Fig. 3.miRNA expression in RL95-2 cells exposure to BPA. The expressions of (a) miR-107
and (b) miR-149 were determined using q-PCR. *p b 0.05 indicated significant difference
between BPA exposure and control.
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exposure in our previous studies (Chou et al., 2014). This study per-
formed the enrichment analysis in KEGG pathway, and identified five
pathways relevant to the potential BPA-induced EC progressions.
These pathways included (1) cancer pathway, (2) hedgehog pathway,
(3) cell cycle, (4) adherens junction, and (5) MAPK signaling pathway.
There were total 21 target DEGs (TP53, GLI3, CCNE2, CRK, KIF23,
SAMD2, CCDC6, FZD3, ARF6, MAPK9, SUFU, PRC1, MDM2, SMAD4,
DVL1, EGLN1, JUN, MYC, LAMC1, PRKACA, and STAT1) overlapped in
these 5 pathways (Table 2).

We constructed themiRNAs-gene-pathway network to visualize the
potential biological roles of miRNAs-regulated 21 DEGs by importing
into Cytoscape software. In the network analysis, four major functions
were classified into inflammatory response, WNT signaling, DNA dam-
age response signaling, and hedgehog signaling, respectively (Fig. 2a).
Among 21 DEGs, SUFU and GLI3 contributed to hedgehog pathway
(Fig. 2b), and 9 DEGs (TP53, JUN, MYC, SMAD2, CCNE2, PRC1, KIF23,
ARF6 and MDM2) contributed to DNA damage response performing in
integrated cancer pathway, G1 to S cell cycle pathway, miRNA regula-
tion of DNA damage response, TP53 network, and apoptosis (Fig. 2c).
These pathways were enriched with the target genes of miR-149 and
-107 (Table 2).

3.3. miRNA expression in exposure to BPA

The expression of the two annotated human miRNAs (miR-107 and
-149) that were identified from themicroarray analysis as differentially
expressed were assayed in RL95-2 cells after exposure to BPA using
quantitative real-time PCR. The expression of miR-107 (2.05, 2.53 and
1.43 fold changes; Fig. 3a) was up-regulated and miR-149 (0.63, 0.71
and 0.64 fold changes; Fig. 3b) was down-regulated with increasing
dose of BPA exposure (10, 103and 105 nM).

3.4. Target gene expression after transfection ofmiR-149mimic in exposure
to BPA

miR-149 was down-regulated in RL95-2 cells exposure to BPA ac-
companying with the decreased gene expressions of ARF6 (Fig. 4a)
and TP53 (Fig. 4b), and increased expression of CCNE2 (Fig. 4c). After
RL95-2 cells transfectedwithmiR-149mimic (30 nM), ARF6 expression
was significantly increased in 105 nM BPA exposure (0.72 fold; Fig. 4d)
as well as TP53 expression (0.98, 1.03 and 0.96 folds in 10, 103and
105 nM BPA; Fig. 4e), and CCNE2 displayed no different changes (Fig.
4f). The cell viability was decreased in exposure to BPA (13.8%, 32.1%
and 45.6% in 10, 103 and 105 nM BPA) (Fig. 4g).

3.5. Target gene expression after transfection of miR-107 inhibitor in expo-
sure to BPA

After BPA exposure, gene expressions of SUFU (Fig. 5a) andGLI3 (Fig.
5b) were decreased in RL95-2 cells whilemiR-107was significantly up-
regulated (Fig. 3a). After transfection of miR-107 inhibitor (50 nM), the
gene expressions of SUFU and GLI3 displayed the diminished changes
(Fig. 5c) and no significant changes (Fig. 5d), respectively. Moreover,
the proliferation of RL95-2 cells was decreased after transfection of
miR-107 inhibitor in exposure to 10, 103 and 105 nM BPA (13.5%,
30.3% and 46.5%, respectively; Fig. 5e).

4. Discussion

Previous profiling studies have presented that miRNAs differently
express in various types of cells with the treatment of BPA
(Avissar-Whiting et al., 2010; Tilghman et al., 2012) and pregnant
women (De Felice et al., 2015). Gene targets of dysregulated miRNAs
in cancer development have been investigated (Chou et al., 2014;
Jacobsen et al., 2013). This study foundmiR-149 andmiR-107were sig-
nificantly differentially expressed in the potential BPA-induced EC
development according to the combined analysis of high-throughput
miRNA/mRNA microarray profiling of BPA exposure in RL95-2 cells
with the literature review ofmiRNAs and their target genes correspond-
ing to EC development. miR-149 andmiR-107were previously reported
to be differentially expressed in human endometrial cancer and dys-
regulated in cancer pathways (Bischoff et al., 2014; Boren et al., 2008;
Chung et al., 2009; Wu et al., 2009), which emphasized the importance
of thesemiRNAs in EC progression. In this study, the gene network anal-
ysis of mRNA/miRNA microarray data of RL95-2 cells presented that
BPA exposure potentially dysregulated two pathways corresponding
to the literature survey of EC development: (1) miR-149 regulated
ARF6, TP53 and CCNE2 for cell cycle regulation (Fig. 6); (2) miR-107
regulated SUFU and GLI3 in hedgehog signaling (Fig. 7). BPA exposure
increased the gene expression of CCNE2 (Fig. 4c) and decreased SUFU,
GLI3 (Fig. 5a–b), ARF6 andTP53 (Fig. 4a–b) resulting in cell proliferation
(Fig. 4g and 5e) in RL95-2 cells. Furthermore, this study used miRNA
mimic/inhibitor transfection to verify that BPA exposure did reduce
miR-149 to down-regulate the gene expressions of ARF6 and TP53
and up-regulate CCNE2, and increase miR-107 to down-regulate SUFU
and GLI3 expression for cell proliferation in RL95-2 cells (Fig. 6 and
Fig. 7). These results suggested that BPA exposure would reduce miR-
149 expression in ARF6-TP53-CCNE2 pathway to interrupt cell cycle ar-
rest for aberrant cell proliferation, and increase miR-107 to attenuate
hedgehog signaling SUFU-GLI3 pathway for endometrial cancer devel-
opment and metastasis through decreasing expression of apoptotic
genes and increasing cyclins.

This study found BPA exposure increase miR-107 to down-regulate
SUFU and GLI3 expression for cell proliferation in RL95-2 cells. miR-
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107 is involved in cell division, metabolism, stress response, and angio-
genesis (Finnerty et al., 2010). Previous studies have demonstrated that
miR-107 can be up-regulated in response to environmental exposure
including estradiol (Cicatiello et al., 2010), and has both roles in regula-
tion of proliferation and apoptosis inmany types of cancers (Boren et al.,
2008; Chen et al., 2011; Zhang et al., 2015). Two of down-regulated tar-
get genes of miR-107, SUFU and GLI3 are regulators in hedgehog
Fig. 4.Gene expression in RL95-2 cells transfectedwithmiR-107 inhibitor in exposure to BPA. Fo
transfected with miR-107 inhibitor. (e) Cells viability of RL95-2 cells treated with BPA (10, 103

significant difference between BPA exposure and control; #p b 0.05 indicated significant differ
signaling inactivation (Ruel and Thérond, 2009). SUFU is a repressor to
GLI family (Szczepny et al., 2014), andGLI3 is known as a transcriptional
repressor or have a positive transcriptional function (Taipale and
Beachy, 2001). SUFU causes accumulation of GLI3 to form a complex
with the reintroduced SUFU (Humke et al., 2010). Activation of the
hedgehog pathway leads to decrease apoptotic genes to induce cellular
proliferation and cause tumor growth (Athar et al., 2004). Thus, taken
ld change of (a) SUFU and (b) GLI3 after BPA exposure, aswell as (c) SUFU (d) GLI3 in cells
and 105 nM) for 48 h underlying transfection with miR-107 inhibitor. *p b 0.05 indicated
ence between transfection and vehicle.
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together with our results, BPA exposure could inducemiR-107 to atten-
uate SUFU and GLI3 expression for activating hedgehog signaling path-
ways, a hallmark of tumorigenesis in cancer development. Indeed, the
activation of hedgehog signaling has identified to participate in gyneco-
logic cancer development such as the ectopic tissue of endometriosis
mice (Heard et al., 2014). Hedgehog signaling also can communicate
with transforming growth factor β (TGFβ), fibroblast growth factor re-
ceptors (FGFR), Wnt and phosphoinositide-3-kinase-protein kinase B
(PI3K-AKT) pathways in cancer process (Katoh and Nakagama, 2014).
Thus, the results of this study suggested that BPA exposure might alter
miRNA expression to activate the hedgehog signaling pathway for pro-
moting cell proliferation and decreasing apoptosis in endometrial
tumorigenesis.

This study discovered BPA exposure reduced miR-149 to down-reg-
ulate the gene expressions of ARF6 and TP53 and up-regulate CCNE2 in
RL95-2 cells potentially underlying cell cycle interruption. MiR-149 is a
tumor suppressor to control cancer cell migration and invasion, and
considered as a regulator of ARF6-HDM2-TP53-CDKN1A pathway in
gastric cancer (Wang et al., 2012). ARF6 serves as a DNA-binding pro-
tein to repair DNA damage specifically during the terminal stage of
Fig. 5. Gene expression and cell viability of RL95-2 cells transfectedwithmiR-149mimic in exp
control, as well as (d) ARF6, (e) TP53 and (f) CCNE2 in cells transfected with miR-149 mimi
transfection of miR-149 mimic. *p b 0.05 indicated significant difference between BPA exposur
cytokinesis (Schweitzer and D'Souza-Schorey, 2005). TP53 regulates
cell cycle as a tumor suppressor to prevent cancer progress (Strachan
and Read, 1999). Human homolog of murine double minute oncogene
2 (HDM2) is an oncogene in TP53 suppression (Tong and Wu, 2014).
ARF6-HDM2-TP53-CDKN1A pathway is important in cell cycle regula-
tion controlled by zinc finger and BTB domain containing 2 (ZBTB2).
ZBTB2 is a potent transcription repressor of cell cycle arrest, and can in-
terrupt cell cycle arrest by inhibiting TP53 (Jeon et al., 2009). Therefore,
BPA exposure might decrease miR-149 to attenuate ARF6 and TP53 ex-
pression for cell cycle arrest through ZBTB2 mediation, and the sup-
pressed miR-149-ARF6-TP53-CCNE2 pathway in human endometrial
cancer cells might promote tumor growth and cancer progression.

Overall, we found BPA exposure dysregulatedmiR-149 andmiR-107
to affect the gene expression relevant to cell proliferation, cell cycle, re-
pair system and hedgehog signaling underlying endometrial carcino-
genesis. According to the findings of this study, the potential
pathways of BPA-induced miRNA dysregulation were illustrated in Fig.
6 (miR-149-mediated cell cycle pathway) and Fig. 7 (miR-107-mediat-
ed hedgehog signaling). The general pathway of DNA damage as shown
in Fig. 6a that miR-149 induced ARF6 and TP53 expression to further
osure to BPA. Fold change of (a) ARF6, (b) TP53 and (c) CCNE2 between BPA exposure and
c. (g) Cell viability of BPA exposure (10, 103and 105 nM) for 48 h was determined with
e and control; #p b 0.05 indicated significant difference between transfection and vehicle.



Fig. 6. Pathways of DNA damage response in regulation of BPA exposure. (a) a normal pathway in general situation, and (b) pathway dysregulated by BPA exposure. The figure displayed
that miR-149mediated ARF, TP53, CCNE2 and CDKN1A genes in cell cycle pathway. BPA decreasedmiR-149 to affect cell cycle arrest and interferewith DNA repair system. Green linewas
general direction of regulate path; red line was affected by BPA.
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suppress CCNE2. ARF6, a tumor suppressor (Hemmati et al., 2002), can
be induced by sustainedmitogenic stimulation and activates tumor sup-
pressor TP53 (Lohrum et al., 2003). TP53 plays a critical role in the
Fig. 7. Gene regulation of hedgehog signaling in response to BPA exposure. BPA exposure incre
could active hedgehog signaling to cause cell proliferation and tumorigenesis.
maintenance of cell homeostasis through cell cycle arrest and apoptosis
when cells are subjected to stressors such as hypoxia and DNA damage
(Harris and Levine, 2005). TP53 is the upstream gene of CCNE2 and
ased the expression of miR-107 to suppress SUFU and GLI3. The decreased SUFU and GLI3
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CDKN1A (Wang and Li 2013). CCNE2 and CDKN1A usually overexpress
in cancers (Lu et al., 2013a; Lu et al., 2013b; Masamha and Benbrook,
2013). On the other hand, Fig. 6b displayed that BPA down-regulated
miR-149 to interrupt cell cycle arrest by decreasing miR-149-mediated
ARF6 and TP53 gene expression. BPA exposure also increasedDNAdam-
age related genes CCNE2 and CDKN1A expression to disturb cycle arrest
and to result in abnormal cell proliferation. In Fig. 7, BPA exposure in-
creased miR-107 to mediate SUFU and GLI3 expression decrease for ac-
tivating hedgehog signaling. The activation of hedgehog signaling has
been identified through increasing angiogenic factors, cyclins, and de-
creasing apoptotic genes to cause metastasis and tumor growth
(Katoh and Nakagama, 2014), and can communicate with TGFβ, FGFR,
Wnt and PI3K-AKT pathways for gynecologic cancer development
(Heard et al., 2014). The above findings suggested BPA exposure
might induce the progress of carcinogenesis and promote tumor growth
in endometrial cells.

5. Conclusions

In summary, the results of this study revealed miRNAsmay play im-
portant roles in tumorigenesis underlying BPA exposure. ThesemiRNAs
modulated unique gene targets but coordinately target a few common
pathways, contributing on reprogramming critical pathways to facili-
tate tumor development. Our findings suggested that BPA would
down-regulate miR-149 expression in ARF6-TP53-CCNE2 pathway to
interrupt cell cycle arrest and initiate migration and invasion for cancer
metastasis (described in the schema in Fig. 6). Meanwhile, BPA might
up-regulate miR-107 to attenuate hedgehog signaling SUFU-GLI3 path-
way, and disturb DNA repair function for cancer cell proliferation (de-
scribed in the schema in Fig. 7). These findings provided the utility of
miRNA expression profiles in response to BPA exposure, and the insight
to the potential epigenetic mechanism of BPA exposure on endometrial
carcinogenesis.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.tiv.2017.02.012.
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