
Abstract. Vascular endothelial growth factor (VEGF) is a
potent angiogenic and prognostic factor for endometrial
cancer. Estrogen and tamoxifen are considered to be
associated with increasing risk of endometrial adeno-
carcinoma. To investigate the effects and mechanisms of
estrogen and antiestrogens (tamoxifen and raloxifene) on
the growth of endometrial carcinoma cells in vitro, we
performed growth studies of estradiol and antiestrogens on
estrogen receptor positive Ishikawa cells. The effects of
estradiol and antiestrogens on the induction of VEGF and
estrogen-responsive finger protein (Efp) were measured by
QRT-PCR and ELISA or Western blotting. The siRNA
method was used to investigate the action of Efp on Ishikawa
cell growth and the induction of VEGF by estradiol and
antiestrogens. Estradiol and tamoxifen induced Ishikawa
cell proliferation and expression of Efp and VEGF on mRNA
and protein levels, while raloxifene did not. The effects of
estradiol were partly or almost completely inhibited by
tamoxifen and raloxifene. When the Efp expression was
suppressed by siRNA, the cell growth was decreased with
estradiol treatment, and other actions of estradiol and
tamoxifen such as induction of VEGF were decreased. These
results demonstrate that estradiol and tamoxifen may regulate
the growth of endometrial carcinoma cells by stimulating
VEGF production through Efp, and the effects of estradiol
could be amplified by Efp. This study suggest that tamoxifen

acts as an agonist-antagonist, and raloxifene acts as an
antagonist of estrogen in Ishikawa cells in vitro.

Introduction

Endometrial carcinoma is one of the most common gyneco-
logical malignancies and its incidence has recently increased.
Endometrial adenocarcinoma accounts for ~80% of endo-
metrial tumors. A causal link between endometrial adeno-
carcinoma and estrogen or tamoxifen is widely accepted
(1,2). Tamoxifen, the first clinically useful selective estrogen
receptor modulator (SERM), has antiestrogenic effects in
breast tissue and is used to treat or prevent breast cancers.
SERMs also have estrogen-like activity in bone and can be
used to treat and prevent osteoporosis. Raloxifene is the first
SERM used to treat or prevent osteoporosis in postmeno-
pausal women. However, tamoxifen therapy results in
increased endometrial hyperplasia and long-term tamoxifen
treatment increases the incidence of endometrial carcinoma
by three to four-fold in postmenopausal women compared to
placebo (2). In contrast, raloxifene has not been shown to
increase the incidence of endometrial carcinoma (3).

Estrogen acts by binding to estrogen receptor (ER) · or ß,
the ER· predominate in breast and uterus, whereas the ERß‚
predominate in bone and blood vessels. Tamoxifen and
raloxifene compete with estrogen for binding with high
affinity to the ERs (4). Efp is one of downstream genes of
ER·, it is predominantly expressed in estrogen target tissues
including mammary glands, uteri, and osteoblasts (5,6). Efp
is essential for growth of female organs such as uteri, since
mice deficient in Efp gene have underdeveloped uteri (7).

VEGF is a vasoactive factor that alter the growth
behavior of various tissues and have a role in angiogenesis
(8,9), it might be involved in the promotion of angiogenesis
in endometrial cancer, and might contribute to the
aggressive potential of high grade tumors or certain
histological subtypes with unfavorable prognosis through
the induction of angiogenesis (10). It may be modulated by
estrogen (11,12). Some molecular mechanism have been
proposed to explain this phenomenon, however, the certain
mechanism is still unclear.
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In the present study, we investigated the effects of
estradiol on the Ishikawa cell growth and Efp dependent
synthesis of VEGF. Furthermore the effects of various
antiestrogens, i.e. tamoxifen, raloxifene, alone and in com-
bination with estradiol were investigated. We also
investigated the Efp gene function by means of siRNA to
analyze the effect of the Efp on Ishikawa cells in vitro.

Materials and methods

Reagents. Cell culture medium DMEM-high glucose medium
without phenol red, estradiol(E2) and 4-hydroxytamoxifen
(4OHT) were purchased from Sigma (St. Louis, MO). They
were solubilized in ethanol and added to the culture medium
to obtain a final of concentration of ethanol <0.1%.
Antibodies against Efp and secondary antibody were
obtained from Santa Cruz Biotechnology (Santa Cruz, CA).
ShRNAs were synthesized by Jingsai (Wuhan, P.R. China).

Cell culture. Ishikawa human endometrial carcinoma cells
were purchased from Maisha (Shanghai, P.R. China). They
were established in 1985 by Nishida et al from an endo-
metrial adenocarcinoma that was ER and PR positive (13). In
our study, the cells were routinely cultured in DMEM-high
glucose medium without phenol red supplemented with
10% fetal bovine serum at 37˚C in a humidified atmosphere
of 5% CO2.

Efp siRNA transfection. Transfection was done using
Lipofectamine 2000 (Invitrogen) according to the manu-
facturer's instructions. Six hours after transfection, the
medium was replaced with fresh medium. The transfected
cells were collected at different intervals after transfection
and analyzed by quantitative real-time PCR (QRT-PCR)
and Western blotting. Mock siRNA was used as a control. The
targeted sequence of Efp shRNAs were as follows: 1) 5'-GAA
CACGGUGCUGUGCAACCUUGCACGCACCGUGUU
CUU-3'; 2) 5'-CUGUGACCACGGCUUUGUCCACAA
AGCCGUGGUCACAGUU-3'; 3) 5'-GGUCCACCUGAU
GUAUAAGCUUAUACAUCAGGUGGAC-3'. At first, we
checked all the three shRNAs individually. Of the three
shRNAs tested, shRNA no. 3 showed substantial and
consistent reduction in the Efp levels, therefore this shRNA
was used in the study.

Growth experiments. All growth experiments were
performed in phenol-red-free medium to remove endo-
genous steroids containing 10% fetal bovine serum. One day
prior to induction, cells were trypsinized and seeded in equal
number into 24-well plates. The cells were induced next day
with indicated concentration of E2, 4OHT, raloxifene (Eli
Lilly, USA) and ethanol (control). Cells were trypsinized from
these wells on alternate days for six or eight days, and
counted with a hemocytometer. Medium containing different
compounds was also replaced on alternate days.

RNA extraction and cDNA synthesis. Total RNA was isolated
from cell lines using TRIzol reagent (Invitrogen) according
to the manufacturer's instructions and stored at -70˚C until
use. Total RNA was reverse transcribed into cDNA using

the reverse transcription reagents (Takara, Dalian, P.R. China)
in a final volume of 10 μl containing PrimeScript™ buffer
2 μl, PrimeScript RT enzyme mix I 0.5 μl, 25 pmol of Oligo
dT Primer, 50 pmol of random 6 mers and 500 ng of total
RNA. The samples were incubated at 37˚C for 15 min, and
reverse transcriptase was inactivated by heating at 85˚C for
5 sec. Samples were preserved at -20˚C until use.

QRT-PCR. Primers and probes for Efp, VEGF and glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) were
designed with Primer Express 1.5 software (Applied
Biosystems), and synthesized by Takara. The sequences for
all primers and probes were Efp, forward, 5'-CGAGGT
GGAACTGAACCACAA-3'; reverse, 5'-TTCACAGGG
CGTGTGGATTT-3'; probe, 5'-FAM-AAACGAGCTGAA
GCAGTGCATCGGG-TAMRA-3'; VEGF, forward, 5'-AAG
ATCCGCAGACGTGTAAATGTT-3; reverse, 5'-CGGCTT
GTCACATCTGCAAGTA-3'; probe, 5'-FAM-TTGCAA
GGCGAGGCAGCTTGAGTTATAMRA-3'; GAPDH,
forward, 5'-GAAGGTGAAGGTCGGAGTCA-3'; reverse,
5'-GAAGATGGTGATGGGATTTC-3'; probe, 5'-FAM-CAA
GCTTCCCGTTCTCAGCC-TAMRA-3'. All probes were
labeled with FAM as reporter and with TAMRA as
quencher. The PCR kit (Takara) was used for the PCR
reaction. In a total volume of 20 μl, 2 μl of the cDNA, 160 nM
probe and 200 nM primer were used. PCRs were performed
with the ABI Prism 7500 sequence detection system
(Applied Biosystems). The PCR conditions were 95˚C for
10 sec, followed by 40 cycles of 95˚C for 5 sec and 60˚C
for 34 sec. Human GAPDH was used as an internal control,
and each total RNA sample was normalized to the content of
GAPDH mRNA using the comparative ΔΔCT method.
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Figure 1. Effect of E2 and antiestrogens on Ishikawa cell growth. (A) Dose-
depended effect of E2 on Ishikawa cell growth at day 8. (B) Effect of E2
and antiestrogens on Ishikawa cell growth. Each bar represents the mean
number of three wells ± SE obtained from three separate experiments. The
asterisk indicates significant difference compared with the control (*P<0.05).
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Western blot analysis. Collected cells were homogenized
and then lysed in 0.2 ml of a cell lysis buffer (0.1% SDS, 1%
NP-40, 1% glycerin, 50 mM Tris, pH 7.4, 2 mM EDTA, and
100 mM NaCl). Next, 30 μg of total protein was separated by
10% SDS-polyacrylamide gel electrophoresis and transferred
onto a polyvinylidene difluoride membrane. Membranes
were subsequently blocked for 1 h at room temperature in
5% non-fat milk in PBS, incubated with anti-Efp antibody at
a dilution of 1:400 overnight at 4˚C, then rinsed and
incubated for 1 h with horseradish-peroxidase-conjugated
secondary antibody at a dilution of 1:2000. Enhanced
chemiluminescence was carried out using enhanced
chemiluminescence kit (Amersham, Buckinghamshire, UK).
Efp was readily detectable at approximately 68 kDa. The
reactions were analyzed by FluorChem IS-9900 Imaging
System, and band intensities were quantified using
AlphaEaseFC Imaging software 4.0 (Alpha Innotech Corp.,
San Leandro, CA). An internal reference sample (same on
each blot) was included as the standard for quantification.
The standard was set to 100%. The signal from each band
was correlated to the standard, and this relative number was
used for statistical analysis.

VEGF measurement. Cells were seeded at a density of
6x104 per well in 24-well plates in 500 μl medium. Next day
cells were treated with E2 (10-8 M), 40HT (10-7 M), raloxifene
(10-7 M) and ethanol (control). The medium was collected

at various time intervals and centrifuged at 12,000 rpm for
10 min at 4˚C then the supernatant were stored at -70˚C for
later use. VEGF levels in cell culture media were measured
using an ELISA kit (R&D system) according to the
manufacturer's instructions.

Statistical analysis. Statistical significance was evaluated by
analysis with t-test, values of P<0.05 were accepted as
significant. Each experiment was repeated 3 times to verify
the reproducibility of the results. All experiments are shown
as mean of triplicate ± standard error (SE).

Results

Effect of E2 and antiestrogens on Ishikawa cell growth. The
dose dependence study showed that the maximum response
in growth rate induction was obtained by using 10-8 M E2
(Fig. 1A). Therefore, the following experiments used this
concentration. E2 and 4OHT, but not raloxifene, induced
Ishikawa cell proliferation. When 4OHT and raloxifene were
combined with E2, the effect of stimulation by E2 was partly
or almost completely reduced (Fig. 1B).

Efp and VEGF mRNA expression in Ishikawa cells. In order
to assess expression of Efp and VEGF mRNA in Ishikawa
cell lines, we performed QRT-PCR experiments as described
in Materials and methods (Fig. 2).
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Figure 2. Efp and VEGF mRNA expression in Ishikawa cells. Kinetics of QRT-PCR for Efp and VEGF mRNA in Ishikawa cell line. The three curves
represent the mRNA expression of VEGF, Efp and GAPDH.
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Efp siRNA transfection. Success of RNA interference was
analyzed with shRNA no. 3 after 48 h of transfection
(Fig. 3A). The shRNA no. 3 was able to reduce Efp mRNA
levels to 21.8% of the mock transfected control after 48 h, a
reduction of Efp mRNA to 43.5% was still observed after
72 h (Fig. 3B), meanwhile, the protein expression was also
repressed. Whereas the mock control siRNA did not have
any significant effect (data were not shown).

Effect of E2 on Ishikawa cell growth after Efp siRNA. Six
hours after transfection, the medium was replaced with fresh
medium containing E2 (10-8 M). At day 6, Efp siRNA-
transfected cells showed a growth rate slower than the control

(Fig. 4). Mock siRNA was used as a control. No significant
different growth rate of control transfected cells and parent
cells was observed (data were not shown).

Induction of Efp by E2 and antiestrogens in Ishikawa cells.
Ishikawa cells were treated with E2 (10-8 M), 40HT (10-7 M),
raloxifene (10-7 M) and ethanol (control). Three, 6, 12, 24
and 48 h later, cells were collected to measure the level of
Efp mRNA and protein by QRT-PCR and Western blotting.
The level of Efp mRNA and protein was increased
significantly at 24 h after treatment by E2 (10-8 M), 40HT
(10-7 M) and E2 (10-8 M) combination with 40HT (10-7 M),
that was not increased significantly before 12 h, and was still
increased at 48 h (data were not shown). Raloxifene (10-7 M)
alone had no effect. When tamoxifen and raloxifene were
combined with E2 (10-8 M), the induction of Efp by E2 was
partly or completely inhibited (Fig. 5).

Induction of VEGF by E2 and antiestrogens in Ishikawa
cells. Ishikawa cells were seeded and transfected as described
in Materials and methods. Twenty-four hours later, the
medium was replaced with fresh medium containing different
compounds of indicated concentration. Parent cells without
transfection were also treated with these compounds of the
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Figure 3. Efp siRNA transfection. (A) Success of RNA interference was
analyzed with shRNA no. 3. (B) Effect of RNA interference at different
time with shRNA no. 3. The asterisk indicates significant difference
compared with the control (**P<0.001, *P<0.05).

Figure 4. Effect of E2 on Ishikawa cell growth after Efp siRNA. Each bar
represents the mean number of three wells ± SE obtained from three
separate experiments. The asterisk indicates significant difference compared
with the control (*P<0.05).

Figure 5. Induction of Efp by E2 and antiestrogens in Ishikawa cells. (A)
Induction of Efp mRNA expression. Results were obtained from three
separate experiments and expressed in percent of the control (here defined
as 100%) as mean ±SE. (B) Induction of Efp protein expression. The
semiquantitative measurements are expressed as mean ± SE as percentage
changes from an internal reference sample (the same for each gel). The
asterisk indicates significant difference compared with the control (**P<0.01,
*P<0.05). Parent cells without treatment as control.
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same concentration. Cells and medium were collected after
3, 6, 12, 24 and 48 h to measure the VEGF mRNA and
protein levels by QRT-PCR and ELISA. The expression of
VEGF mRNA and protein secretion were increased in
parent Ishikawa cells at 24 h after treatment by E2 (10-8 M),
40HT (10-7 M) and E2 (10-8 M) combination with 40HT
(10-7 M), that was not increased significantly before 12 h,
and was still increased at 48 h (data were not shown).
Raloxifene (10-7 M) alone had no effect, when it was
combined with E2 (10-8 M), the induction of VEGF was
almost completely inhibited, and tamoxifen partly inhibited
the induction of VEGF by E2. Under all conditions tested,
Efp siRNA-transfected cells showed a lower induction level
than the parent cells (Fig. 6).

Discussion

Endometrial and breast cancers are important hormone-
dependent tumors that develop in women. The major risk
factor for the two cancers is associated with lifetime exposure
to estrogen (14). Estrogen is a major cause of tumorigenesis
of the endometrium. The stimulatory effect of estrogen on
cell proliferation may be regulated by up-regulation of
Cyclin D1 and A, and down-regulation of P53, P21 and P27
(15), or several signaling responses, including insulin-like
growth factor 1, MAPK/ER/MDM2, PI3K/Akt and Pak1 (16-
19), however, the mechanism is still uncertain.

Tamoxifen is the primary hormonal therapy for breast
cancer and is also used as a breast cancer chemopreventative

agent. A major problem with tamoxifen therapy is undesirable
endometrial proliferation. Raloxifene has not been shown to
have estrogenic effects on endometria in postmenopausal
patients (20). However, Micheal et al found that raloxifene
did not inhibit the growth of endometrial cancer cells in vitro,
high concentrations even promoted cell growth (21). To
evaluate the effects of estradiol and antiestrogens on the
growth of Ishikawa cells, we performed growth experiments.
Our experiments showed that E2 and 4OHT increased the
growth rate of the cells, however raloxifene did not. This
was consistent with previous observations that tamoxifen is
an agonist of estrogen on Ishikawa endometrial cancer cells,
and raloxifene acts as an antagonist (22-23). Surprisingly,
when 4OHT was combined with E2, the effect of
stimulation by E2 was partly reduced, so tamoxifen also acts
as an antagonist of estrogen. We did not find stimulation of
the Ishikawa cell growth with the raloxifene treatment. The
reason for this discrepancy may be related to the
concentration of raloxifene, i.e., high concentrations might
promote cell growth, lower concentrations (therapy concen-
tration) may not.

E2 and tamoxifen are typical ligands for ER· that exhibit
agonist and tissue-specific agonist-antagonist activities.
There is evidence that 4OHT and other SERMs induce
unique ER conformations that influence interactions with
nuclear proteins and thereby modulate gene expression
(24,25). However, despite these conformational-induced
changes in ER, tamoxifen is a potent ER agonist in certain
cell lines for activation of ER·-Sp1 and ERß-AP1 regulated
genes or gene promoter constructs (26-29). Therefore,
tamoxifen acted as estrogen agonist-antagonist in Ishikawa
cells in vitro in this study.

Efp was first isolated from HeLa cells and found to be
inducible when cells were treated with estrogen (30). Efp
belongs to family of nuclear proteins, that contains a Ring
finger motif, which has been implicated in transcriptional
regulation, DNA repair and site-specific recombination. Efp
expression in cancer has been studied predominantly in
breast cancer. Efp was significantly correlated with poor
prognosis of breast cancer patients, and it considered to be a
new potential biomarker for breast cancer (31). Efp mRNA
was detected in MCF-7 human breast carcinoma cells, and
was induced by estrogen treatment, suggesting that Efp can
mediate estrogen actions such as cell growth and is a primary
responsive gene in breast cancer (32). Whereas, there are few
studies on Efp in endometrial cancer. We found that
treatment of E2 after 24 h resulted in about two-fold induction
of Efp mRNA expression in Ishikawa endometrial carcinoma
cells, 40HT also induced the Efp mRNA expression. Efp
siRNA transfected Ishikawa cells showed a significantly
slower growth rate than the control cells with treatment of
E2. These results indicated that Efp was essential for cell
growth induced by estrogen in Ishikawa cells and it could
amplify the actions of estrogen.

VEGF is one of the most potent angiogenic factors
favoring the development of new blood vessels and, therefore,
contribute to the progression of tumors that depend on
neovascularization (33). The regulation of VEGF expression
by human tumor cells has been considered to be a key factor
in human tumorigenic and metastatic potential (34,35).
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Figure 6. Induction of VEGF by E2 and antiestrogens in Ishikawa cells.
(A) Induction of VEGF mRNA expression. (B) Induction of VEGF protein
secretion. Results were obtained from three separate experiments and
expressed as mean ± SE. The asterisk indicates significant difference
compared with the control. Parent cells without treatment as control
(**P<0.001, *P<0.05).
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Estradiol has been reported to increase VEGF gene tran-
scription and protein secretion (36), and Lam et al found
that raloxifene therapy in postmenopausal women was
associated with a significant reduction in serum VEGF
concentration (37). We investigated the effects of E2 and
antiestrogens on the regulation of VEGF mRNA and protein
secretion in Ishikawa cells that we confirmed expressing
Efp and VEGF mRNA. We observed that the VEGF mRNA
and protein secretion increased when treated with E2 and
4OHT, raloxifene did not regulate the level of VEGF mRNA
and protein. This was consistent with Mueller et al (38) and
Dardes et al (36). When the Efp gene was suppressed by
siRNA transfection, the induction of VEGF mRNA and
protein secretion by E2 and 4OHT decreased subsequently.
These results indicated that the Efp transduction pathway
was necessary to VEGF induction and cell growth and VEGF
was a target for Efp in endometrial cancer cells. Therefore, it
can be hypothesized that the major signal transduction
pathway for E2 inducing the VEGF expression and cell
growth may be through Efp in Ishikawa cells.

In conclusion, this study suggests that estradiol and
tamoxifen may regulate the growth of endometrial cancer in
part by stimulating VEGF production through the effect of
Efp and thus increasing the density of the microvasculature.
The results also support the hypothesis that tamoxifen acts
as an agonist-antagonist and raloxifene acts as an antagonist
of estrogen in Ishikawa cells. This study demonstrate that
Efp is essential for estradiol induced cell proliferation in
Ishikawa cells and it could amplify the actions of estradiol.
A further investigation, whether Efp expression in
tamoxifen-induced endometrial cancer biopsies correlates
with VEGF expression, vascular density and prognosis, is
now in progress.
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