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Purpose: Both obesity and gender are important etiological factors in renal cell carcinoma
(RCC) development, suggesting a pivotal role of sex hormone signaling pathway and insulin-like
growth factor (IGF) family in RCC carcinogenesis. Here, we aimed to investigate the effect of
estrogen on RCC growth and the possible interaction between estrogen/estrogen receptor (ER)
signaling pathway and the IGF axis.

Methods: ER-o.and ER-f3 were detected in four human RCC cell lines. Cells were treated with
17B-estradiol (E2), and cell proliferation was determined using the cell counting kit-8 assay.
Using siRNA, ER-3 was downregulated in RCC cells and the effect of E2 on cell growth and
IGF-1 receptor (IGF-1R) expression was examined.

Results: E2 inhibited 786-0 cell but not A498 cell growth significantly. After the downregula-
tion of ER-B, E2 showed no obvious inhibitory role in 786-O cells. E2 stimulation increased the
expression of IGF-1R in 786-0 cells. Downregulation of ER-f3, as well as fulvestrant, attenuated
the stimulatory effect of E2 on IGF-1R expression.

Conclusion: Our results revealed that estrogen induced RCC growth inhibition via an
ER-B-dependent pathway. Estrogen also upregulated the expression of IGF-1R, suggesting a
link between estrogen/ER and IGF axis.
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Introduction

Renal cell carcinoma (RCC) is a common malignancy derived from kidney parenchyma,
which accounts for 2%-3% of all adult cancers.! Nearly one-third of RCC patients
develops recurrence and/or metastasis after complete surgical removal of the pri-
mary tumors.? RCC is characterized by a very low sensitivity to chemotherapy and
radiotherapy. Recent development of targeted therapy has yielded improved overall
survival in patients with late-stage RCC, however, with limited long-term prognosis.
Therefore, a deeper insight into the mechanisms underlying RCC initiation and pro-
gression is required.

RCC shows obvious gender differences in several aspects. First, the incidence of
RCC in males is about twice higher than that in females.? Second, the RCC incidence
increases in females after hysterectomy.* Third, chromophobe RCC is more likely to
be diagnosed in females while papillary RCC is less likely to be in females, compared
with clear cell RCC as the major histological subtype of RCC.> Fourth, a recent study
reported that premenopausal female RCC patients showed lower cancer-specific
mortality compared with their male counterparts, while the gender disparities were
diminished and even reversed in postmenopausal women.® These differences supposed
that estrogen might play an inhibitory effect on RCC development. Estrogen func-
tions through estrogen receptors (ERs), including ER-o and ER-f. Yu et al* found that
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ER-PB might act as a tumor suppressor in RCC: upregulation
of ER-f could reduce RCC cell growth rate and inhibit cell
migration in vitro.

Obesity has been demonstrated to be a definite etiology of
RCC. Obesity is associated not only with increased long-term
RCC risk but also with adverse oncological outcome.”* How-
ever, recent studies have found a phenomenon in terms of “the
obesity paradox”. Zhang et al’ performed a meta-analysis and
concluded that obesity is related to favorable cancer-specific
postoperative survival in RCC patients. The obesity paradox
suggests a complicated role and mechanisms by which obesity
is involved in RCC development. Obesity can trigger a cascade
of secondary metabolic disorders, such as dyslipidemia and
diabetes. These pathologies, either alone or in combination,
can promote RCC carcinogenesis through a series of com-
plicated signaling pathways, among which the insulin-like
growth factor (IGF) family functions as an important molecu-
lar mediator.'° IGF-1 and IGF-1 receptor (IGF-1R) are crucial
members of the IGF family and have been investigated in
many studies to understand their role in RCC. IGF-1, which
is bound to IGF-1R, can stimulate tumor angiogenesis, pro-
mote cell mitosis and migration, and inhibit cell apoptosis.'"!
Previous studies have revealed the crosstalk between IGF-1R
and ER signaling in breast cancer.'* Kanagaraj et al' reported
that estrogen could exert its anticancer function through
affecting IGF system in prostate cancer. In this study, we
aimed to find the evidence for an interaction between estro-
gen/ER pathway and the IGF family, providing a possible
explanation and deeper understanding of RCC evolution.

Materials and methods

Cell lines and reagents
Four human RCC cell lines (786-O, ACHN, A498, and
Caki-1) were obtained from the Institute of Cell Research
of the Chinese Academy of Sciences (Shanghai, People’s
Republic of China) and used for <3 months after resuscita-
tion. 786-0 cells were cultured in Roswell Park Memorial
Institute 1640 medium, ACHN and A498 cells were cultured
in minimum Eagle’s medium, and Caki-1 cells were cultured
in McCoy’s 5A medium. All cells were maintained in the
media (Thermo Fisher Scientific, Waltham, MA, USA)
supplemented with 10% fetal bovine serum (Hyclone, Logan,
UT, USA) in CO, incubator at 37°C. Before use, cells were
cultured in serum-free media for 24 hours, aiming to exclud-
ing the effect of exogenous estrogen.

The following reagents and antibodies were used:
17B-estradiol (E2) and fulvestrant (Sigma-Aldrich Co.,
St Louis, MO, USA), cell counting kit (CCK)-8 kit (Dojindo,

Shanghai, People’s Republic of China), Lipofectamine
2000 (Thermo Fisher Scientific), rabbit polyclonal antibod-
ies against ER-o, ER-B, and IGF-1R (Abcam, Cambridge,
MA, USA), mouse monoclonal antibody against B-actin
and horseradish peroxidase (HRP)-conjugated secondary
antibodies (goat antimouse IgG HRP and goat antirabbit
IgG HRP) (Santa Cruz Biotechnology Inc., Dallas, TX,
USA), and protease inhibitors (Hoffman-La Roche Ltd.,
Basel, Switzerland). E2 was dissolved in absolute ethanol
and stored at —5°C in the dark. Before use, E2 was prepared
with a working concentration of 10 nM and fulvestrant was
prepared with a working concentration of 1 uM.

siRNA transfection

Three pairs of the ER-B-targeted siRNA were chemi-
cally synthesized in Genepharma (Shanghai, People’s
Republic of China). The sequence of siRNA that was
chosen for further experiments because of its high
efficiency in reducing ER-P expression was as fol-
lows: 5’-CACUUCUGCGCUGUCUGCAGCGAUU-3".
siRNA transfection was performed using Lipofectamine
2000 according to the manufacturer’s instruction. Briefly,
cells were seeded in six-well plate and cultured overnight.
Then, the transfection complex containing Lipofectamine
2000 and diluted siRNA was added to the plate, followed
by continued incubation for 48 hours. Then, the transfected
cells were collected for further experiments.

Cell proliferation assay

Cell proliferation was determined using the CCK-8 assay.
Cells were seeded in 96-well plates. Twenty-four hours later,
the media were replaced by those mixed with CCK-8 (10:1).
After incubation for 2 hours, absorbance was measured by a
microplate reader at 450 nm.

Western blotting analysis

Western blotting analysis was performed as described
previously." Briefly, cells were harvested using the CelLytic
extraction kit supplemented with protease inhibitors. Protein
concentration was measured using the BCA Protein Assay
reagent kit (Thermo Fisher Scientific) according to the manu-
facturer’s instructions. After separated by SDS-PAGE in
12% (w/v) polyacrylamide gels, proteins were transferred to
polyvinylidene fluoride membranes and blocked in 5% nonfat
milk. Then, the primary antibodies and secondary antibodies
were used to probe the target proteins. Immunoreactivity was
then visualized by the ECL Plus Western Blotting System
(Thermo Fisher Scientific).
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Statistical analyses

All experiments were performed in triplicate. Data were
expressed as mean = SD. Comparison between groups
was performed using Student’s #-test. A two-sided P-value
of <0.05 was considered statistically significant. Statistical
analyses were performed with STATA Version 12.0.

Results

The expression levels of ER-o. and ER-} in four human
RCC cell lines were detected by Western blotting. As shown
in Figure 1, all cell lines had no ER-o protein expression
and positive ER-3 expression. Among the four cell lines,
786-0 cells and A498 cells indicated the strongest and
weakest ER-P expressions, respectively (Figure 1A and B).
Therefore, we chose 786-0 cells and A498 cells for further
experiments.

The effect of E2 on 786-O and A498 cell viabilities was
tested using the CCK-8 assays. The results showed that E2
inhibited 786-O cell growth significantly 72 hours after
E2 administration, while there was no obvious difference
between the E2 group and the control group in A498 cells
(Figure 1C). Then, we downregulated the expression of ER-[3
in 786-0 cells by siRNA, and the effect of downregulation
is shown in Figure 2. Because of its highest efficiency in
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decreasing ER-P expression (reduced by 46%), siER-3 was
selected for further experiments.

Next, we investigated whether E2 exerted its inhibitory
function through ER-B. As shown in Figure 2C, E2 reduced
786-0 cell growth rate significantly. After the downregula-
tion of ER-B, the inhibitory effect of E2 could not be taken.
In addition, this inhibitory effect could be reversed by estro-
gen inhibitor (fulvestrant). All these results suggest that E2
inhibits RCC cell viability through ER-J.

Then, we examined the relationship between estrogen/ER
pathway and the IGF-1R. E2 stimulation increased the
expression of IGF-1R by 23% in 786-0 cells. Downregula-
tion of ER-B, as well as fulvestrant, attenuated the stimulatory
effect of E2 on IGF-1R expression (Figure 2D, E2), suggest-
ing a crosstalk between estrogen/ER-f and IGF axis.

Discussion

The present study confirms the antiproliferative effect of
estrogen in 786-0O cells. This inhibitory effect was not
observed in A498 cells, which showed relatively lower
expression of ER-B. In ER-B-downregulated 786-O cells, the
antiproliferative effect of estrogen was not found, either. All
these results revealed an important role of ER-f§ in RCC via-
bility. We also proved an association between estrogen/ER-[3
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Figure | (A and B) The expression of ER-0. and ER-f in four human RCC cell lines. (C) Effect of E2 on 786-O and A498 cell proliferation (*P<<0.05).
Abbreviations: con, control; E2, |7f3-estradiol; ER, estrogen receptor; OA, optical absorbance; RCC, renal cell carcinoma.
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Figure 2 (A and B) The effect of ER-} siRNA on 786-O cells. (C) E2 exerted its inhibitory function through ER-B: ER-B-downregulated 786-O cells and the controls were
treated with E2 and/or fulvestrant for 72 hours, and cell proliferation was tested using the CCK-8 assays (*P<0.05). (D and E) E2 stimulation increased the expression of

IGF-1R in 786-O cells.

Abbreviations: IR, | receptor; E2, 17B-estradiol; ER, estrogen receptor; ful, fulvestrant; IGF, insulin-like growth factor.

and IGF axis, suggesting a complicated mechanism linking
estrogen, obesity, and RCC carcinogenesis.

The role of estrogen in cancer development remains con-
troversial. Recent studies have demonstrated that estrogen
promotes the malignant progression not only in target organs,
such as breast cancer, but also in other nontarget organs, such
as lung cancer.'!'” However, other studies reported that estro-
gen can inhibit cell growth, induce cell apoptosis in prostate
cancer, and exert a protective function in laryngeal cancer and
colorectal cancer.'*!#!1° A possible explanation is the ununi-
form expression of ERs in different organs. The expression
subtypes and levels of ER are primary elements that deter-
mine organ-specific estrogen responsiveness. After binding
to ER-q, estrogen initiates a series of complicated biological
processes involving the transcription of growth-related fac-
tors, which enhance gene expression and mitosis, resulting
in tumor development. As far as ER-B is concerned, previous
studies have reported that ER-B indicated antiproliferative
and apoptosis-inducing potential.>*?! Yu et al* investigated the
expression of ER-0.and ER-f in kidney and RCC tissues and
observed the negative expression of ER-o in normal kidney

and RCC tissues, as well as relatively lower expression of
ER-B in RCC tissues.* Using immunohistochemical staining,
our previous study also found positive expression of ER-3 in
22.58% of clear cell RCC specimens (data not shown). In the
present study, we observed negative expression of ER-atand
positive expression of ER-f in four RCC cell lines. There-
fore, we deduced that estrogen might take its effect on RCC
through ER-P rather than through ER-ou. Further experiments
confirmed our speculation. Exogenous estrogen administra-
tion could inhibit RCC cell growth in 786-O cells and not
in A498 cells. In addition, in ER-B-downregulated 786-O
cells, we did not observe the inhibitory effect of estrogen.
Taken together, we speculated that estrogen inhibits RCC
cell proliferation through ER-J.

Previous studies have deeply investigated the role of IGF
family in cancer development, including RCC. Compared
with normal kidney tissue, RCC tissue indicated high expres-
sion levels of IGF-1R.>> IGF-1R activation is considered
as prerequisite for malignant transformation.? Transgenic
overexpression of IGF-1R can induce mammary epithelial
hyperplasia and tumor formation in vivo.>* Cardillo et al*
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reported that targeting both IGF-1R and mTOR synergisti-
cally inhibited the growth of RCC in vitro. Thus, IGF-1R
serves as an oncogenic mediator in RCC. According to previ-
ous studies, there exists an interaction between estrogen/ER
signaling and IGF axis. Estrogen may regulate the expression
ofkey molecules in the IGF axis.!” In a hamster model, estro-
gen stimulation could induce the elevated expression of IGF-
1R.% Administration of estrogen with IGF-1 could promote
lung adenocarcinoma development in vivo.!” In the present
study, we validated that estrogen stimulation increased the
expression of IGF-1R in 786-O cells. Downregulation of
ER-B, as well as estrogen inhibitor, attenuated the stimula-
tory effect of estrogen on IGF-1R expression. These results
seemed to be self-contradictive: estrogen can inhibit RCC
cell growth and promote IGF-1R expression. IGF-1R is a
positive stimulatory factor for RCC development. There
are several possible explanations: first, whether a series
of signaling reactions can be initiated by IGF-1R without
the stimulation of IGF-1 is unknown; second, the promo-
tion effect of IGF-1R might be weakened by the inhibitory
effect of estrogen; and third, our results were based on the
findings in only one cell line and whether there are different
phenomena in other cell lines or in vivo remains unclear.
Thus, further experiments about the complicated crosstalk
between estrogen/ER-0/ER-f3 and the IGF family, as well
as their role in RCC carcinogenesis, are warranted.

Conclusion

Our results demonstrated that estrogen induced RCC growth
inhibition via an ER-B-dependent pathway. Estrogen also
upregulated the expression of IGF-1R, suggesting a link
between estrogen/ER and IGF axis. These data revealed the
role of ER-P as a tumor suppressor and facilitated the poten-
tial estrogen-based therapeutic strategies in RCC.
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