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Abstract: Estrogen receptor alpha (ESRa) gene expresses in prostate stromal cells and may associate with prostate
cancer risk, while the relationship between ESRa polymorphisms and therapeutic outcome as well as prognosis
of patients with prostate cancer in Chinese Han population has not been clarified. Genotypes of rs2234693 and
rs9340799 in ESRa gene were detected in 168 ADT-resistant patients with prostate cancer and 220 healthy con-
trols by PCR-RFLP. The associations of these polymorphisms with the risk, object response rate (ORR), disease
control rate (DCR) and progression free survival (PFS) of prostate cancer were analyzed by chi-square test, Kaplan-
Meier method and log-rank test. The distributions of rs2234693 and rs9340799 genotypes in patients and controls
were significantly difference (all P<0.05). ORR was significantly higher in TT genotype of rs2234693 (X?=7.288,
P=0.026) or GG genotype of rs9340799 (X?=9.118, P=0.010) carriers. DCR was no significantly difference among
each genotypes (rs2234693: X?=4.541, P=0.103; rs9340799: X?>=5.063, P=0.080). Median PFS (mPFS) in T-allele
of rs2234693 carriers were 1.33 folds higher than CC carriers (Log rank P<0.05), while mPFS in combined cohort
of GA+AA of rs9340799 was 2 folds higher than GG carriers (Log rank P<0.05). Stratified by Gleason score, the
mPFS in CT and the combined cohort of CT+TT of rs2234693 carriers were 1.5 folders higher than that in CC (Log
rank P<0.05) carried patients with lower (<6) Gleason score. The polymorphisms rs2234693 and rs9340799 in
ESRa gene were associated with the therapeutic outcome and short-term prognosis of patients with ADT-resistant
prostate cancer in Chinese Han population, and could be considered a valuable biomarker for survival.
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Introduction tant for patients’ survival and treatment

options.
Prostate cancer has become one of the most

common non-skin malignancies among men
with an incidence of approximately 0.01%
worldwide, whose mortality has also dramati-
cally increased in China [1, 2]. Efficacious ther-
apy is beneficial to improve the outcomes and
reduce the mortality of prostate cancer, while
androgen deprivation therapy (ADT) has been
identified to be useful in approximately 80% of
untreated patients with prostate cancer [3].
Nevertheless, the prognosis of the patients
with the disorder, especially metastatic and
ADT-resistant cancer, remains poor [4]. Hence,
the prediction of therapeutic outcome and
prognosis through their risk factors are impor-

To date, biomarkers, such as prostate specific
antigen (PSA), have been approved for use in
the detection and prognosis evaluation for
prostate cancer [5]. Various gene polymor-
phisms including single nucleotide polymor-
phisms (SNPs) have also been considered to be
that valuable biomarkers [6]. Association stud-
ies have found several susceptible genes for
prostate cancer risk, such as CYP19A1,
RNASEL, MTHR, and XRCCZ1, while SNPs in
these genes were strongly associated with
oncogenesis of prostate [7, 8]. Furthermore,
the susceptible genes may also have a poten-
tial ability for predicting therapeutic outcomes
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Table 1. Demographic and clinical characteristics
of participants

Characteristics Patients Controls P
Sample size 168 220
Age (years) 57.76£8.50 56.491+9.28 0.17
Smoke history (N) 53 (31.55%) 66 (30.00%) 0.81
Drink history (N) 24 (14.29%) 29 (13.18%) 0.82
BMI (kg/m?) 20.53+4.56 20.87+4.22 0.45
PSA at diagnosis (N)

<10 112 (66.67%)

10-20 40 (23.81%)

>20 16 (9.52%)
Clinical stage* (N)

T1/T2 56 (33.33%)

T3/T4/N1 73 (43.45%)

M1 39 (23.22%)
Gleason score (N)

<6 60 (35.72%)

7 77 (45.83%)

>8 31 (18.45%)

*Clinical stage diagnostic criteria of AJCC 2010.

and prognosis of survival [9, 10]. Prostate can-
cer patients with variant allele of rs4775936 in
CYP19A1 have significantly shorter cancer-spe-
cific survival [11], and patients carried
rs12757998 variant allele in RNASEL may be
more sensitive to radiation therapy [7].

Estrogen receptor alpha (ESRx), expressed in
prostate stromal cells, have important biologi-
cal functions of promoting epithelial cell prolif-
eration and stimulating growth factors release
[12]. ESRa gene polymorphism has also been
found susceptibility to prostate cancer [13].
Individuals with C-allele of rs2234693 in ESRa
may have a significantly increased risk of pros-
tate cancer [14, 15], although some other stud-
ies suggested no association of ESRa with
prostate cancer risk [8, 16, 17]. Even so, the
expression of ESRa have also found in many
prostate cancers, and negatively correlated
with prognosis survival [18]. However, the asso-
ciation of SNPs in ESRa gene with the thera-
peutic outcome and prognosis of prostate can-
cer in Chinese Han population has not been
clarified.

In the present study, we hypothesized that poly-
morphisms in ESRa gene are associated with
therapeutic outcome and prognosis of ADT-
resistant prostate cancer in Chinese Han popu-
lation. Then two common SNPs (rs2234693
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and rs9340799) in ESRax gene were selected
due to their potential risk for prostate cancer.
Our results revealed that these two gene poly-
morphisms were crudely associated with the
risk of prostate cancer, and patients with TT
genotype in rs2234693 or GG genotype in
rs9340799 may have significantly higher
object response rate (ORR) after treatment by
Docetaxel-based chemotherapy, meanwhile
T-allele and A-allele carriers had significantly
longer progression free survival (PFS).

Materials and methods
Subjects

One hundred and eighty-two in patients with
prostate cancer were recruited from the
Xinxiang Central Hospital and affiliated
regional hospitals of Xinxiang and Anyang in
North of China. But fourteen patients were
excluded by the poor quality of DNA amplifica-
tions. Finally, one hundred and sixty-eight
patients with prostate adenocarcinoma can-
cer were included and further stratified by
Gleason Grading System (2-6 scores as well dif-
ferentiated, N=60; 7 scores as moderately dif-
ferentiated, N=77; 8-10 scores as poorly differ-
entiated, N=31) [19]. All pathological diagnosis
and Gleason score were evaluated indepen-
dently by at least two pathologists and clini-
cians in Xinxiang Central Hospital. All patients
in the study had received standardized ADT, but
due to the ADT-resistance, they had to transfer
to Docetaxel-based chemotherapy under the
guidance of NCCN in China (http://www.
ncenchina.org/). The follow up of the study was
1 to 24 months, and the median follow-up was
8 months. Meanwhile, two hundred and twenty
healthy controls with high quality of DNA sam-
ple and without complex disorders including
hypertension, diabetes, immunological mediat-
ed disease, mental disorders, and cancers
were selected from located Henan province. All
participants in the study were male Chinese
Hans. All subjects consented to participate in
the study after reviewing the informed consent.
The study was approved by the Institutional
Ethics Committee of Xinxiang Central Hospital.
All procedures performed in the study were in
accordance with the 1964 Helsinki declaration
and its later amendments or comparable ethi-
cal standards. The demographic and clinical
characteristics of the participants were showed
in Table 1.
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Table 2. Association of ESRa polymorphisms with the risk of

prostate cancer

Solid Tumors, RECIST, version
1.118 [21]) or bone metasta-

ses, or to bone scans showing

SNP Genotype Frequency Adjusted two or more new lesions, or
Patients (N=168) Controls (N=220) P . ’

(s2234693  CC 31 (18.45%) 38(17.27%)  0.084 tumor-specific death [22]. The

or 87 (51.79%) 90 (40.91%) secondary end point was objgct

response rate (ORR) and dis-

Ll 50 (29.76%) 92 (41.82%) ease control rate (DCR). ORR

C allele 149 (44.35%) 166 (37.73%) 0.126 were defined as a reduction in

Tallele 187 (55.65%) 274 (62.27%) the PSA level from baseline by

rs9340799 GG 16 (9.52%) 22 (10.00%) 0.018 50% or more, as confirmed on

GA 66 (39.29%) 55 (25.00%) an additional PSA evaluation

AA 86 (51.19%) 143 (65.00%) performed at least 3 weeks, or a

Gallele 98 (29.17%) 99 (22.50%)  0.068 reduction in the volume of pros-

Aallele 238 (70.83%) 341 (77.50%) tate tissue or bone metastases

Genotyping

Global genomic DNA was extracted from the
peripheral blood mononuclear cells using stan-
dard protocols. The ESRa SNPs, including
rs2234693 and rs9340799 polymorphisms,
were amplified by the polymerase chain reac-
tion with the following primers: Sense:
5-CCTTTCTGTGTTCCTCTTCT-3’; antisense: 5'-
TACCTCTTGCCGTCTGTT-3. PCR amplification
was performed in a total 25 yL reaction volume
containing primer (10 yM, supplied by Genewiz)
1 uL, dNTP mix (2.5 mM, supplied by TaKaRa)
0.5 pL, 10xPCR buffer (supplied by TaKaRa)
2.5 uL, Taq DNA polymerase (5 U/uL, supplied
by TaKaRa) 0.4 uL, genomic DNA 1 L, and ster-
ile deionized water 18.6 pL [20]. After initial
denaturation at 94°C for 5 min, the ingredients
were mixed at 35 cycles at 94°C for 30 s, 55°C
for 30 s, 72°C for 54 s, and a final elongation
was done at 72°C for 10 min [20]. Pvu Il and
Xba | restriction enzymes (supplied by Thermo)
used to cleave PCR product at 37°C for 2 h,
which were then analyzed by electrophoresis
on 1.5% agarose gels [20]. Genotypes of
rs2234693 and rs9340799 polymorphisms
were identified by two investigators inde-
pendently.

Clinical measures

Two end points were used to examine the thera-
peutic outcomes of patients with ADT-resistant
prostate cancer after standard Docetaxel-
based chemotherapy. The primary end point
was progression free survival (PFS), which was
defined as the time from Docetaxel-based
treatment to progression of PSA, prostate tis-
sue disease (Response Evaluation Criteria in
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from baseline by 50% or more
[21, 23]. Disease controls were
defined as the situations failed to get
progression.

Statistical analysis

Hardy Weinberg equilibrium was performed
using Haploview 4.1 to identify the genotype
distributions of these two polymorphisms in
ESRa gene. The following statistical analysis
was performed in SPSS 18.0 software. The
associations of rs2234693 and rs9340799
gene polymorphisms with the risk, clinical
baseline and therapeutic outcomes of patients
with ADT-resistant prostate cancer were evalu-
ated by Chi-square test (X?). The Kaplan-Meier
method and the log-rank test for analysis of
survival were used to examine the prognostic
significance of the respective rs2234693 and
rs9340799 genotypes for PFS. Cox forward
stepwise regression model was used in multi-
variate analysis to determine the independent
risk factors of prognosis. The power analysis
was performed using the Genetic Power
Calculator software. All statistical tests were
two-tailed, and P<0.05 was the threshold level
for statistical significance. Notably, Gleason
score in patients was associated with PFS of
our sample. Subgroup analysis was also per-
formed to avoid the confounding factors from
Gleason scores.

Results

Association of ESRa polymorphisms with the
risk, Gleason score and therapeutic outcome
of prostate cancer

The distributions of genotypes and allele fre-
quencies of ESRa gene polymorphisms

Int J Clin Exp Pathol 2016;9(2):2074-2082
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Table 3. Association of ESRa polymorphisms with Gleason score and therapeutic outcome of prostate

cancer
rs2234693 rs9340799
Factors
cC CT T X? P GG GA AA X? P
Gleason score (N)
<6 13 28 19 1.540 0.819 6 29 25 5.848 0.211
7 12 43 22 8 29 40
>8 6 16 9 2 8 21
Therapeutic outcome (%)
ORR 194 253 440 7288 0.026 625 273 256 9118 0.010
DCR 38.7 483 62.0 4541 0103 750 439 523 5.063 0.080
ORR, objective response rate; DCR, disease control rate.
Table 4. Association of ESRa polymorphisms with PFS of prostate cancer
Group SNP Genotype  mPFS (months) Log-Rank P HR* 95% ClI
All patients rs2234693 cC 6 1.000 Ref.
CcT 8 0.024 0.661  0.434-1.007
T 8 0.013 0.552  0.345-0.883
CT+TT 8 0.012 0.620 0.415-0.927
rs9340799 GG 4 1.000 Ref.
GA 8 0.056 0.597 0.342-1.041
AA 8 0.073 0.632  0.368-1.086
GA+AA 8 0.049 0.617 0.366-1.041
Gleason score <6 rs2234693 cc 6 1.000 Ref.
CcT 9 0.006 0.470  0.235-0.939
T 9 0.056 0.386 0.177-0.842
CT+TT 9 0.007 0.437 0.227-0.843
rs9340799 GG 4 1.000 Ref.
GA 8 0.132 0.502 0.204-1.236
AA 9 0.058 0.448 0.179-1.125
GA+AA 8 0.071 0.477 0.200-1.135
Gleason score =7 rs2234693 cc 5 1.000 Ref.
CcT 6 0.856 0.924  0.483-1.769
T 6 0.290 0.747 0.363-1.539
CT+TT 6 0.606 0.859  0.459-1.609
rs9340799 GG 3 1.000 Ref.
GA 5 0.391 0.715  0.323-1.586
AA 8 0.201 0.630  0.292-1.360
GA+AA 7 0.238 0.663  0.315-1.393
Gleason score =8 rs2234693 cc 3 1.000 Ref.
CcT 8 0.094 0.403  0.144-1.129
T 9 0.065 0.458  0.150-1.398
CT+TT 8 0.057 0.423 0.161-1.111
rs9340799 GG 3 1.000 Ref.
GA 7 0.541 0.541  0.105-2.787
AA 7 0.973 1.041  0.242-4.488
GA+AA 7 0.851 0.882  0.207-3.750

*Adjusted by age and BMI; HR, hazard ratio; 95% CI, 95% confidence interval.
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Figure 1. Progression free survival characteristic of all patients.

rs2234693 and rs9340799 were in Hardy-
Weinberg equilibrium. The study demonstrated
that these two gene polymorphisms were
crudely associated with the risk of prostate
cancer in Chinese Han population (rs2234693:
X?=6.328, P=0.042; rs9340799: X?=9.334,
P=0.009), but the association was only exis-
tence in rs9340799 when P values were
adjusted by Bonferroni (Table 2). This study had
the power of 0.727 overall. However, no signifi-
cant difference was found in the distribution of
genotypes in patients with different Gleason
score (rs2234693: X?=1.540, P=0.819;
rs9340799: X°=5.848, P=0.211; Table 3).
However, when comparing the therapeutic out-
come of Docetaxel-based chemotherapy in
patients with different genotypes, TT of
rs2234693 carriers had ORR of 44.0%, while
CT and CC carriers had 25.3% and 19.4%
respectively, the difference was significantly
(X?=7.288, P=0.026, Table 3). Furthermore,
GG, GA, and AA of rs9340799 carriers had ORR
of 62.5%, 27.3%, and 25.6%, the difference

2078

was still significantly (X?=9.118, P=0.010,
Table 3). However, the DCR in patients with dif-
ferent genotypes was no significantly differ-
ence (rs2234693: X?=4.541, P=0.103; rs93-
40799: X?=5.063, P=0.080; Table 3).

Association of ESRa polymorphisms with PFS
of prostate cancer

In the present study, Kaplan-Meier method and
log-rank test were used to investigate the influ-
ences of ESRa gene polymorphisms rs2234693
and rs9340799 on short-term prognosis of
patients with prostate cancer. In all patients,
the median PFS (mPFS) was 8 months in CT, TT,
and combined cohort of CT+TT of rs2234693
carriers, which were 1.33 folds higher than CC
carriers (CT: Log rank P=0.024, HR=0.661,
95% Cl: 0.434-1.007; TT: Log rank P=0.013,
HR=0.552, 95% Cl: 0.345-0.883; CT+TT: Log
rank P=0.012, HR=0.620, 95% Cl: 0.415-
0.927; Table 4 and Figure 1). For rs9340799,
the PFS was 8 months in combined cohort of

Int J Clin Exp Pathol 2016;9(2):2074-2082
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Table 5. Multivariate analysis

Characteristics SE RR 95% ClI P
Age 0.342 1.007 0.987-1.027 0.496
Smoke history

No 0.528 1.000 Ref.

Yes 0.022 0.974 0.684-1.386 0.884
Drink history

No 0.427 1.000 Ref.

Yes 0.006 1.451 0.926-2.273 0.104
PSA at diagnosis

<10 0.125 1.000 Ref.

10-20 0.167 1.222 0.364-4.102 0.746

>20 0.343 1.310 0.437-3.927 0.630
Clinical stage*

T1/T2 0.410 1.000 Ref.

T3/T4/N1 0.210 0.819 0.567-1.183 0.287

M1 0.456 1.281 0.828-1.980 0.266
Gleason score

<6 0.257 1.000 Ref.

7 0.351 1.562 1.098-2.223 0.013

>8 0.249 1.713 1.076-2.728 0.023

*Clinical stage diagnostic criteria of AJCC 2010; SE, standard
error; RR, relative risk; 95% Cl, 95% confidence interval.

GA+AA, which was 2 folds higher than GG (Log
rank P=0.049, HR=0.617, 95% Cl: 0.366-
1.041; Table 4 and Figure 1).

In the multivariate analysis, Gleason score was
found to be a potential factor which may influ-
ence the prognosis of patients with prostate
cancer (Table 5). Subsequently, the subgroup
analyses were conducted in the included
patients who were stratified by Gleason score.
In patients with lower (<6) Gleason score, the
mPFS in CT and the combined cohort of CT+TT
of rs2234693 carriers were 9 months, and 1.5
folders higher than that in CC (CT: Log rank
P=0.006, HR=0.470, 95% CI: 0.235-0.939;
CT+TT: Log rank P=0.007, HR=0.437, 95% CI:
0.227-0.843; Table 4). But the mPFS was no
significantly difference in the patients with dif-
ferent genotypes of rs9340799 (Table 4).
Furthermore, for patients with middle (=7) or
higher (=8) Gleason score, the mPFS was also
no significantly difference in patients with dif-
ferent genotypes of both rs223493 and
rs9340799 (Table 4).

Discussion
In this study, we focused on two potential pros-

tate cancer risk polymorphisms in ESRa gene
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and systematically investigated that signifi-
cance in therapeutic outcomes and short-term
prognosis in ADT-resistant prostate cancer. Our
results suggested that the two gene polymor-
phisms were crudely associated with the risk of
prostate cancer in Chinese Han population,
and ADT-resistant patients carried TT genotype
in rs2234693 or GG genotype in rs9340799
may have significantly higher object response
rate after treatment by Docetaxel-based che-
motherapy for two periods of treatment, in
addition, T-allele and A-allele carriers had sig-
nificantly longer progression free survival, and
implied a potential candidate biomarker for
predicting prognosis of prostate cancer. The
findings in our study are novel, especially in
Chinese Han population.

ESRa is a member of superfamily of nuclear
receptors, which belong to ligand-dependent
transactivators [20]. Various studies have dem-
onstrated that the expression of ESRa in pros-
tate cancer tissues may correlate with recur-
rence and progression of patients with prostate
cancer, while patients’ absence of its expres-
sion may have a better prognosis [18, 24, 25].
Notably, the polymorphisms in ESRa gene are
the influencing factors for expression of ESRa
levels in cells [13], hence, they may further
interfere with the prognosis of patients with
certain cancers. Our study suggested that the
polymorphisms in ESRa gene were associated
with the risk, therapeutic outcomes and short-
term prognosis of patients with prostate can-
cer. It is mostly consistent with an earlier study
in Iranian and Caucasian cohort, which revealed
that T allele of rs2234693 and A allele of
rs9340799 carriers had a decreased risk of
prostate cancer, and patients with prostate
cancer and carried two copies polymorphisms
in ESRa gene had shorter progression free sur-
vival, but T-allele of rs2234693 carried had
better improved [13, 26]. However, Sun [27]
demonstrated that variations in ESRa were not
associated with aggressiveness of prostate
cancer or efficacy of androgen deprivation ther-
apy. This difference may be due to these rea-
sons: on one hand, the therapeutic methods in
the former two studies were Docetaxel-based
chemotherapy, while the last was androgen
deprivation therapy; on the other hand, the sub-
jects in our and Sissung’s [26] study was ADT-
resistant prostate cancer, but Sun’s [27] was
not. Actually, patients with ESRa gene variants
was found associated with development of ADT

Int J Clin Exp Pathol 2016;9(2):2074-2082



Association of ESRa with risk, outcome and prognosis of prostate cancer in CN

resistant [28], which also implied poorer
prognosis.

Prostate is mainly considered to be targeted by
androgen, however, it is also an estrogen target
organ [29]. Accumulating evidence indicates
that the development and function of prostate
is regulated by estrogen, which could cause
squamous metaplasia with the retrieval of
androgen effect [30, 31]. The estrogen in the
plasma enters prostate tissues and could fur-
ther bind to both ESRa and ESR (another type
of estrogen receptor) [32] on the nucleus of epi-
thelium and stroma, while the binding of estro-
gen and ESRa seems to be involved in the car-
cinogenesis of prostate [29]. Furthermore, the
ESRa-signaling considered to be involved in the
3,4-QE2 metabolites, which may cause estro-
gen-purine DNA lesions and oppose the thera-
peutic efficacy of Docetaxel in prostate cancer
through covalently binding the drug and desta-
bilizing tubulin polymerization reactions [26,
33, 34]. Hence, we infer that the polymor-
phisms such as rs2234693 and rs9340799 in
ESRa gene cause effects on the risk and prog-
nosis of prostate cancer through the participa-
tion of these variants in the ESRa-signaling
pathway. The mechanism of the effects needs
further study.

In summary, we presented an association anal-
ysis of ESRa polymorphisms with the risk, ther-
apeutic outcome and prognosis of ADT-resistant
prostate cancer in Chinese Han population.
The conclusion is helpful for the comprehen-
sion of the role and function of ESR« in pros-
tate cancer, as well as for estimating whether
the polymorphisms in ESRa gene could be con-
sidered to be a valuable biomarker for survival
of prostate cancer. But limitations also existed
in the study. As only two polymorphisms
(rs2234693 and rs9340799) in ESRa gene
were selected, but they do not represent the
effects of the whole fragment gene, more vari-
ants should be considered in the further study.
Furthermore, we only included the patients with
ADT-resistant and treated by Docetaxel that
may cause inadequate sample size. It is encour-
age us to next focus on the significant mecha-
nisms of ESR« in the carcinogenesis, progres-
sion, and overall survival of prostate cancer.
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