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Fluorene-9-bisphenol inhibits epithelial-mesenchymal transition
of human endometrial cancer Ishikawa cells by repressing TGF-β
signaling pathway
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Abstract
Fluorene-9-bisphenol (BHPF), a new derivative of bisphenol A (BPA), has been introduced for treatment with estrogen-related
tumors, such as endometrial cancer. This study investigated the potential mechanism underlying the action of BHPF against
endometrial cancer in vitro.We used the cell counting kit-8 (CCK8) method on Ishikawa cells to screen sub-lethal doses of BHPF
and established the optimal concentration at which BHPF influenced the proliferation of Ishikawa cells. Effect of BHPF on cell
migration and invasion was investigated by cell scratch assay and transwell assay, respectively. Expression levels of epithelial-
mesenchymal transition (EMT)–related proteins were detected by Western blot analysis. BHPF was found to inhibit the prolif-
eration of Ishikawa cells, whose migration and invasion abilities were also reduced. Western blot indicated that BHPF can
significantly inhibit the EMT process of Ishikawa cells by blocking transforming growth factor-β (TGF-β) signaling pathway.
This is the first report of the effect of BHPF on the biological behavior of endometrial cancer cells and its inhibition of
endometrial cancer progression by repressing both endometrial cell proliferation and epithelial-mesenchymal transition, hence
suggesting it as a novel anti-cancer drug.
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Introduction

Bisphenol A (BPA) is widely used in the production of plastic
containers and is a known estrogenic chemical (Rahmani et al.
2018). A derivative of BPA, fluorene-9-bisphenol (BHPF),
has been reported for its anti-estrogenic activity (Okazaki
et al. 2017). In a recent report, Zhaobin Zhang et al. (Patent
No. CN1027270470 B) proved BHPF to be an estrogen
receptor–related receptor inverse agonist that could effectively
inhibit the growth of estrogen receptor–positive cancer cells,

such as in breast cancer, ovarian cancer, endometrial cancer,
cervical cancer, prostate cancer, and colon cancer, thereby
suggesting it as a novel tool to treat advanced or recurrent
tumors. However, whether BHPF can inhibit the proliferation
of endometrial cancer cells remains unclear, and the probable
impact of BHPF on EMT is still to be understood.

Endometrial cancer (EC) is one of the most common ma-
lignant tumors of the female reproductive system
(Tangjitgamol et al. 2009; Chlebowski et al. 2015); a common
type of endometrial cancer is endometrioid adenocarcinoma,
which is the most frequent gynecological tumor in developed
countries (Ismiil et al. 2007). In 2015, 54,870 new cases of
patients were reported in the USA, of whom 10,170 eventu-
ally died (Morice et al. 2016). At present, among the patients
with gynecologic cancer, in China, the incidence of EC is only
lower than that of ovarian cancer, and is ranked in the second
place (Li et al. 2018). However, once patients’ endometrial
cancer progress into stage III or IV, their 5-year survival rate
is less than 30%, accounting for more than half the mortality
of patients with EC (Alblas et al. 2018). Current research
shows the recurrence rate of endometrial cancer to be still on
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the rise, and 10 to 15% of early EC cases evolve into recurrent
EC (Rose et al. 2000). Most patients with recurrent EC prefer
radiotherapy and chemotherapy, despite the poor prognosis
(Randall et al. 2006). Therefore, treatment of advanced or
recurrent endometrial cancer is extremely important and is still
being explored.

The epithelial-mesenchymal transition (EMT) is an impor-
tant process in tumor invasion, metastasis, and drug-resistance
(Campbell 2018; Chen et al. 2018). It is a unique process that
is characterized by a transition from polarized immotile epi-
thelial cells to motile mesenchymal cells. The transformation
of epithelial cells into interstitial cells can increase their ability
of migration (Mariscal et al. 2018); as a result of which, the
tumor cells are more aggressive, migratory, and anti-apoptotic.
At the same time, they also express more exercise-related
proteins, promoting invasion of tumor cells and transporting
them to other parts of the body (Suarez-Carmona et al. 2017).
Several molecular pathways have been identified in relation to
EMT. TGF-β signaling pathway has a predominant function
in suppressing the growth of normal epithelial cells (Karlsson
et al. 2017; Rodriguez-Salas et al. 2017) and driving the met-
astatic process in malignant tumor cells. This study investigat-
ed the effect of BHPF on the growth of Ishikawa cells and its
related mechanism. Overall, the study suggests a new treat-
ment strategy for endometrial cancer.

Materials and methods

Cell lines and cell culture

The human endometrial cancer cell line (Ishikawa) was pur-
chased from the American Type Culture Collection (ATCC)
and cultured in a medium supplemented with 10% fetal bo-
vine serum and 1% penicillin/streptomycin (Invitrogen) in a
humidified incubator with 5% CO2 at 37 °C.

Cell counting kit-8 cell viability and proliferation
assay

BHPF was donated by the College of Urban and
Environmental Sciences of Peking University. Cell viability
was assessed after seeding 1 × 104 Ishikawa cells in 96-well
culture plates in the corresponding media for 24 h prior to
BHPF treatment. Cells were then incubated with different
concentrations of BHPF (0.5, 1, 5, 10, 20, 50, and 100 μM)
and blank serum–free medium for another 24 h. Cell viability
and proliferation were detected by cell counting kit-8 (CCK8)
(Solarbio Science & Technology Co, Ltd., Beijing, China)
according the manufacturer’s protocol; absorbance value
was measured at 450 nm. Effect of BHPF was calculated as
a percentage of control cell viability, treated with vehicle only.

Migration assay

Migration was assessed by the wound-healing assay. Cells
were seeded at 5.0 × 104 cells/well in a 6-well plate until full
confluence. After scraping the cell monolayer with sterile mi-
cropipette tip, cells were washed with PBS twice and treated
with different concentrations of BHPF (0.5 and 5 μM) and
blank serum–freemedium. The first image of each scratch was
acquired at time zero. At 12 and 24 h, each scratch was ex-
amined and captured at the same location, and the healed area
was measured by Image J software.

Transwell invasion assay

Invasion of tumor cells was assessed in transwell chambers
equipped with polyvinylpyrrolidone-free polycarbonated
membranes of 8-μm pore and 6.5-mm diameter (Corning
Costar Inc., Corning, NY). Cells were seeded onto the upper
wells at 2 × 105 cells/well, with various concentrations of
BHPF (0, 0.5, and 5.0 μM) for 24 h. The bottom chambers
of the transwell were filled with conditioned medium (RPMI-
1640 supplemented with 10% FBS, 1% glutamine, and 1%
penicillin/streptomycin). After 24-h incubation, cells were
fixed with 4% formaldehyde for 10 min at room temperature
(22 °C), stained with DAPI (Solarbio Science & Technology
Co, Ltd., Beijing, China), and counted under a light micro-
scope (EVOS XL Core).

Western blot analysis

Cells were treated with various concentrations of BHPF (0.5,
1, 5, 10, 20, and 50 μM) for 24 h. After lysing the cells with
RIPA buffer supplemented with protease inhibitor cocktail
(Roche, Switzerland), proteins were resolved by sodium do-
decyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and immunoblotted using primary antibodies for 12 h at 4 °C.
Subsequently, they were treated with appropriate secondary
antibodies (shown in Table 1) for 1 h at room temperature
(22 °C). The immunoreactive bands were visualized by
BIO-RAD ChemiDoc XRS chemiluminescence system
(Bio-Rad Inc., CA).

Table 1 The secondary antibodies used in Western blot analysis

Antibody Manufacturer Dilution

Smad2/3 Cell Signaling Technology 1:1000

P-Smad2/3 Cell Signaling Technology 1:1000

Slug Cell Signaling Technology 1:1000

Vimentin Proteintech 1:1000

N-cadherin Proteintech 1:2000

E-cadherin Proteintech 1:1000

β-actin Proteintech 1:2000
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Statistical analysis

The data are expressed asmean ± SEM. Independent t test was
used for statistical analysis. P values less than 0.05 (*) or
0.001 (#) were considered statistically significant in the treated
group compared with the control group. All statistical analy-
ses were performed by SPSS software (Chicago, IL).

Results

Identification of sub-lethal concentrations of BHPF
that interfere with normal cellular processes

In order to investigate the cytotoxic effects of BHPF on
Ishikawa cells, CCK8 assay was performed to determine the
sub-lethal doses. After 24-h exposure to increasing doses of
BHPF (0 to 20 μM), no toxic effect was observed. However,
BHPF significantly affected cell proliferation, inhibiting
growth by 60%, at 50 μM (Fig. 1b), thereby suggesting that
overall exposure to BHPF at this concentration significantly
inhibited ovarian cancer cell proliferation, as demonstrated
previously (Patent No. CN1027270470 B).

In the Zhang et al. patent, BHPF significantly inhibited the
growth of ovarian cancer cells (OVCAR-3), cervical cancer
cells (HeLa), prostate cancer cells (PC3), and endometrial
cancer cells (RL95-2). The number of cells in the treatment
group was significantly lower than that in the control group,
especially when the BHPF concentration was above 50 μM,
consistent with our current results. Since significant cell death
might complicate the investigation of interaction between
BHPF and plasma membrane, the concentration of BHPF in
subsequent experiments was selected below the sub-lethal lev-
el (50 μM, P < 0.001).

BHPF treatment attenuated cellular migration
and invasion

To investigate the interplay between BHPF and biological
state, we focused on migration and invasion of cells. First,
migration was assessed by wound-healing assay (Bin et al.
2018), and cell motility was observed after 24 h, as shown
in Fig. 2a. Migration of the endometrial cancer cells was ame-
liorated by BHPF, as indicated by the inability of BHPF-
treated cells to migrate across the slide. Application of
BHPF increased unrecovered wound areas in a time-
dependent manner, when compared with those of the control
(Fig. 2a). Comparison of cell mobility showed that both
0.5 μM and 5 μM showed significant inhibition, at 20% and
33%, respectively, compared with that in the control group in
Fig. 2b (P < 0.05).

BHPF also inhibited the invasion of Ishikawa cells. To
check the altered invasive capacity of cells in response to
BHPF treatment, a transwell assay was conducted. Once the
cells had been cultured with drug-containing medium for 24 h,
the image of Ishikawa cells that moved from the top chamber
to the bottom chamber was significantly reduced (Fig. 3a), and
the invasion of Ishikawa cells decreased by 40% and 86%,
compared with that of untreated cells in Fig. 3b (P < 0.01).
The high-BHPF dose group showed significantly inhibited
invasion of Ishikawa cells. The effect of BHPF on endometrial
cells, as observed in this study, is similar to that of TAM,
indicating that its cytotoxicity plays a crucial role. EMT has
been elucidated as a crucial mechanism in EC progression (Gu
et al. 2018); especially during cell invasion and metastasis, we
detected EMT markers in Ishikawa cells. E-cadherin (Mitra
et al. 2018), vimentin (Li et al. 2014), and N-cadherin (Shenoy
et al. 2016) were selected as EMT markers and detected by
Western blotting. Subsequently, we checked the alterations of
EMT markers in EC upon BHPF treatment. As shown in

Fig. 1 Screening for the sub-lethal concentrations of BHPF that inhibited
the proliferation of Ishikawa cells. a Structural formula of BHPF. b
Ishikawa cells were treated with blank serum–free medium as a control,
and with BHPF (0.5, 1, 5, 10, 20, 50, and 100 μM) for 24 h, after which

cell viability was measured by CCK8 assay. The experiment was repeated
five times, and data are reported as the means ± SD. Asterisk (*) indicates
P < 0.05 and pound (#) shows P < 0.001, relative to control or as
indicated
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Fig. 4, while the epithelial marker E-cadherin increased, the
mesenchymal markers N-cadherin and vimentin decreased in
ECs upon BHPF treatment, especially at 10 μM (Fig. 4a).
These data together suggested that BHPF significantly impairs
EMT in ECs, resulting in decreased cell viability and inva-
siveness, as described above. Collectively, our data revealed
the efficacy of BHPF in inhibiting cell proliferation, migra-
tion, invasion, and EMT.

BHPF inhibits the malignant transformation
of endometrial cancer via TGF-β signaling pathway

Based on the role of TGF-β signaling pathway in the progres-
sion of endometrial cancer, we postulated that BHPF might
exert its proliferation-suppression effect through TGF-β sig-
naling pathway. In a previous study, treatment of Ishikawa
cells with a TGF-β signaling inhibitor (SB-431542) had

Fig. 3 BHPF repressed the
invasion of Ishikawa cells.
Ishikawa cells (2 × 105 cells) were
cultured in transwells with the
bottom surface covered with
fibronectin in each well of a 24-
well plate for 24 h. Cells were
treated with blank serum–free
medium as a control and with
BHPF (0.5 and 5 μM). The cells
attached to the bottom surface of
the transwell were fixed with 10%
formalin solution and stainedwith
DAPI. a The stained cells were
detected under a microscope and
the images were photographed
after 24 h. The blue dots are the
nuclei. Scale bar, 100 μm. b The
number of invading cells was
counted, the experiment was re-
peated thrice, and data are pre-
sented as the means ± SD. Pound
(#) shows P < 0.001, relative to
control or as indicated

Fig. 2 BHPF repressed the
migration of Ishikawa cells. Cells
were treated with blank serum–
free medium as a control and
BHPF (0.5 and 5 μM) for 24 h
and then scratched with a 1-mL
micropipette tip. a The images
presenting the recovery of wound
area were captured at 0 and 24 h,
using a microscope at a magnifi-
cation of ×40. Scale bar, 100 μm.
b The percentage of the wound
recovery area at each time point
was calculated. The experiment
was repeated thrice, and data are
presented as the means ± SD.
Asterisk (*) indicates P < 0.05,
relative to control or as indicated
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shown it to significantly inhibit proliferation, invasion, and
migration of endometrial cancer cells (Muppala et al. 2017;
Zhang et al. 2017a), thereby potentially inhibiting the progres-
sion of endometrial cancer. To investigate whether BHPF in-
fluences the expression of TGF-β in ECs, we conducted
Western blot analysis to detect TGF-β expression in
Ishikawa cells. In our study, we detected the downstream pro-
tein of TGF-β signaling pathway, including the expression
levels of Smad2/3 (Klauzinska et al. 2014), p-Smad2/3
(Robertson et al. 2007), and slug (Mallini et al. 2014), after
exposing Ishikawa cells to BHPF. We found the level of p-
Smad2/3 and slug proteins to be significantly decreased with
increasing BHPF concentration (Fig. 4b). Therefore, we ten-
tatively suggested that BHPF inhibits the EMT process of
endometrial cancer by repressing the TGF-β signaling path-
way in Ishikawa cells.

Discussion

In this study, we described the in vitro inhibition of cell pro-
liferation, invasiveness, migration, and malignancy by BHPF.
In addition, we also considered the effect of BHPF on the
expression of EMT marker protein and of TGF-β signaling
pathway–related proteins. To date, this is the first study to
explore these parameters and emphasized that BHPF inter-
feres with the biological characteristics of tumor cells, chang-
ing the original protein levels to affect the malignant progres-
sion of tumor cells. These findings are consistent with those
reported by Zhang et al.

Bisphenol fluorene and its compounds have been devel-
oped (Patent No. CN1027270470 B) as an alternative drug
to tamoxifen, with potential anti-tumor effects. BHPF is an
estrogen receptor and an inverse-agonist of the estrogen
receptor–associated receptor. Zhang et al. (2017b) (Patent
No. CN1027270470 B) had shown that these compounds

can effectively inhibit the growth of estrogen receptor–
positive cancer cells. In an in vivo and in vitro experimental
study, they have demonstrated that BHPF can lead to irrevers-
ible pregnancy outcomes, like low birth weight and even death
at early stage (Zhang et al. 2017b). Pregnancy is a special
stage at which the human hormonal levels change dramatical-
ly. Since BHPF has such toxic side effects on normal physio-
logical processes, it might as well be considered to inhibit
estrogen-related tumor cells. In addition, BHPF was found
to inhibit the proliferation of human breast cancer cells
MCF-7 and human cervical cancer cells HeLa (Patent No.
CN102727470), implying the strong anti-estrogenic activity
of BHPF. In our study, we selected endometrial cancer cell
line (Ishikawa) to investigate the effect of BHPF on EC, since
it is a well-differentiated endometrioid adenocarcinoma with
positive ER and PR (Menendez et al. 2004). Therefore, we
indirectly explained the effect of BHPF on endometrial cancer
by studying its effect on Ishikawa cells.

This study is also the first to report that BHPF can inhibit
the EMT process of Ishikawa cells by blocking the TGF-
signaling pathway. Cancer metastasis is considered to be the
main cause of cancer mortality (Mali et al. 2019). At the initial
stage of metastasis, EMT plays a crucial role; during which,
normal epithelial cells lose their epithelial characteristics and
gain migratory behavior, transporting these altered cells away
from their epithelial cell population and appearing in vicinal or
even more remote location (Brabletz et al. 2018). E-cadherin
is a characteristic protein in epithelial cells while vimentin and
N-cadherin are present in mesenchymal cells (Bharti et al.
2016). In estrogen-dependent cancer, such as ovarian cancer
and breast cancer, anti-estrogenic drug decreases the metasta-
tic potential by inhibiting the migration and invasion of cancer
cells (Yamazaki et al. 2015; Nicolini et al. 2016). BHPF has
anti-estrogenic properties and can be used to prepare anti-
cancer drugs (Patent No. CN1027270470 B). To investigate
whether BHPF promotes or inhibits the EMT process in

Fig. 4 Relative expression of proteins. Ishikawa cells were treated with
blank serum–free medium as a control as well as with BHPF (0.5, 1, 5, 10,
20, 50, and 100 μM) for 24 h. Total proteins were extracted and analyzed
by Western blot. a Band images correspond to E-cadherin, N-cadherin,

and vimentin proteins. b The downstream proteins of TGF-β signaling
pathway, including Smad2/3, p-Smad2/3, and slug. The experiment was
repeated five times, and data are presented as the means ± SD
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endometrial cancer cells, we examined the marker protein
expression of EMT-related genes. Results showed that
BHPF inhibits the EMT process, which is consistent with
the existing research results (Xin et al. 2019). To explore the
underlying mechanisms leading to this phenomenon, we
attempted to identify the most common tumor-associated sig-
naling pathway. Previous studies had demonstrated the in-
volvement of TGF in the regulation of EMT, leading to
sustained tumorigenesis (Afrin et al. 2018). As is well-known,
the ligand, receptor, and intracellular signal transduction mol-
ecule, Smad, of TGF-β signaling pathway, constitutes a tumor
suppressor pathway. Abnormality in any element of the path-
way or effect of the external environment may result in signal
transduction disorders leading to tumorigenesis (Afrin et al.
2018). In our study, we detected the downstream protein of
TGF-β signaling pathway, including the expression levels of
Smad2/3 (Klauzinska et al. 2014), p-Smad2/3 (Robertson
et al. 2007), and slug (Mallini et al. 2014), after exposing
Ishikawa cells to BHPF; our Western blot analysis found the
level of p-Smad2/3 and slug protein to be significantly de-
creased with increasing BHPF concentration (Fig. 5). These
results showed that BHPF could inhibit tumor formation and
play an anti-tumor role at the protein level.

Compared with the existing studies on BHPF (Patent No.
CN1027270470 B), our study only examined the effect of
BHPF on a tumor cell line in vitro, and after gaining consistent
results with previous studies, we correlated the anti-tumor
effect of BHPF with several of the most common tumorigen-
esis mechanisms. Under the treatment of BHPF, the expres-
sion level of EMT marker protein in tumor cells was found to
change correspondingly. At the same time, the expression lev-
el of marker protein, downstream of the signaling pathway
inducing EMT, was found to be significantly inhibited, thus
confirming the hypothesis that BHPF could inhibit tumors.
However, the study reports for the first time the mechanism
of BHPF in the treatment of endometrial cancer. In order to

obtain comprehensive research results, further verification at
the gene level and molecular level is required. Considering
that BHPF may be used as an anticancer drug, further animal
experiments and in vivo studies would be recommended in
future for better understanding of the influencing factors.

Conclusion

This study revealed that BHPF could inhibit epithelial-
mesenchymal transition of human endometrial cancer cells
(Ishikawa), by repressing TGF-β signaling pathway. Based
on this mechanism, BHPF significantly attenuated cell viabil-
ity in terms of proliferation, migration, and invasion, and
eventually retarded the malignant progression of EC
Ishikawa cells. Collectively, our study shed more light on
the interface between BHPF and Ishikawa cells and offered
more novel insights into relevant mechanisms of action.
BHPF may be used as a drug to prevent malignant tumors
and treat cancer. However, further efforts would be required
to identify whether this novel finding can be extrapolated to
clinical application in endometrial cancer, or in general tumor
treatment.
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