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Abstract

Introduction: A change in the expression of estrogen receptor a, as a key mediator
of the response to estrogen in breast tissue, plays a role in the susceptibility to
breast cancer. In the present study, the relationship between ER-NE T>C functional
polymorphism (rs9478245) in the regulatory region of the ESR1 gene and the risk
of breast cancer was investigated.

Methods: In this case-control study, the rs9478245 polymorphic genotype was
determined by PCR-RFLP technique in 200 breast cancer patients and 172 healthy
individuals. The collected data were analyzed in SPSS23 software using a logistic
regression test with a significance level of p < 0.05.

Results: The results showed that allele C, as well as TC and CC genotypes of
rs9478245 polymorphism, significantly increase the risk of breast cancer.

Conclusion: It seems that the ER-NE T>C functional polymorphism affects the
susceptibility to breast cancer so that the C allele as a dominant allele increases the
risk of breast cancer.
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Introduction

According to the statistics reported by the
World Health Organization, breast cancer
is the most common type of malignant
tumor and one of the main causes of death
among women (1). Increasing evidence
from  population-based  studies  has
confirmed the role of endogenous and
exogenous estrogen in increasing the risk
of  occurrence, development, and
progression of premenopausal breast
carcinoma (2).

Estrogen affects the body by interacting
with  specific intracellular  receptors
through two pathways: the classic path of
the nuclear receptor and the non-nuclear
pathway. Two estrogen receptors have
been identified to date: estrogen receptor
alpha (ERa) and estrogen receptor beta
(ERP), which are encoded by ESR1 and
ESR2 genes, respectively (3).

Genetic variation in genes involved in
encoding proteins of the estrogen signaling
pathway may alter the response to estrogen
and play a significant role in the risk of
estrogen-related diseases, such as breast
cancer. The most important candidate
genes in this pathway are ERa and ER},
whose regulation is complex and not well-
understood (3).

Analyzing the human ESR1 gene promoter,
Penolazzi et al. identified a transcriptional
regulatory sequence in the P3 promoter
that is located between nucleotides -33258
and -33157 and includes a polymorphism
(ER-NE T>C; rs9478245) (4). It has been
reported that this polymorphism as a
negative transcription element (ER-NE) in
the 5-UTR of the estrogen receptor
inhibits the transcription of the Nera ESR1
gene. However, in the presence of the
allele C, the negative regulatory effect of
the ER-NE element is completely lost and
leads to a significant increase in the

expression of the estrogen receptor gene (a
two-fold increase in reporter gene
transcription) compared to the wild allele
T, which can be a justification for the
relative increase in ERa  receptor
expression in some people (5).

Considering the role of estrogen signaling
in pathological processes, such as breast
cancer, it is possible that the ER-NE T>C
polymorphism  has  wider  systemic
consequences (6). Accordingly, this study
investigated the relationship between
rs9478245 polymorphism and the risk of
breast cancer for the first time.

Materials & Methods

In this case-control study, initially, total
DNA was extracted from the whole blood
of 200 women with breast cancer and 172
healthy women. The women in the former
group were diagnosed with breast cancer
by the attending physician and based on
pathology results. Their mean age was
obtained at 47.64+9.54 years (range: 30-
89), and they had not undergone any
treatment. The females in the control group
had no history of breast cancer and were
matched with the patient group in terms of
age (£5) and gender. Their mean age was
estimated at 52.46+12.81 years (range: 32-
89). In the next step, DNA quality was
checked in all samples  using
electrophoresis on 1% agarose gel.
Afterward, a part of the ESR1 gene
containing the polymorphism of rs9478245
was amplified using specific primers

forward 5-
AAGAGAATGCTGGAGAGAAAG-3’
and reverse 5-

AATGACTCTAATCACAATGCC-3" and
polymerase  chain  reaction (PCR)
technique. To determine the genotype of
each sample, the PCR product was treated
with Hincll enzyme according to the
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instructions, and the final product was
electrophoresed on a 2% agarose gel using
DNA stain safe view |. Data analysis was
done in SPSS 23.0 statistical software
using y° statistical test and logistic
regression with a significance level of p <
0.05.

Results

The rs9478245 polymorphic genotype for
each sample is given in Figure 1. Allelic
and genotypic distribution of rs9478245
polymorphism and its relationship with the
risk of breast cancer are presented in Table
1. In both control (¥2=2.10; df=1, P>0.05)
and patient (y2=1.82; df=1, P>0.05)
groups, the frequency of rs9478245
polymorphism was in Hardy-Weinberg
equilibrium,

The statistical analysis of the data showed
that considering the allele T as the

M 1

reference allele, the allele C significantly
increased the risk of breast cancer (odds
ratio [OR]=1.85, confidence interval
[CI]=1.27-2.70, P=0.001). (Table 1).
Considering the genotype TT as the
reference genotype, two genotypes TC
(OR=1.86, CI=1.16-2.99, P=0.009) and
genotype CC (OR=2.68, CI=1.01-7.15,
P=0.04) significantly increased the risk of
breast cancer (Table 1). Moreover, CC or
TC genotype (TC+CC), in comparison to
carriers of the genotype TT (dominant
model for allele C), increases the
probability of developing breast cancer
almost 2 times (OR=2.5, CI=0.5-1.16,
P=0.01). People with CC genotype,
compared to those with TT or TC genotype
(TT+TC) (recessive model for allele C),
are not susceptible to developing breast
cancer. Therefore, it seems that allele C
against allele T is dominant.

«— 555 bp

«— 304 bp
“— 251bp

Figure 1: Genotyping of rs9478245 polymorphism in ERa gene regulatory sequence by PCR technique
and electrophoresis on 2% agarose gel. The 555 bp band represents the genotype CC (well 1), the 304/251
bp bands represent the genotype TT (well 2), and the 251/304/555 bp bands represent the genotype TC
(well 3). M: 100 bp DNA Ladder.

Table 1: Genotypic and allelic distribution of rs9478245 polymorphism and its relationship with breast

cancer risk
rs9478245 Controls (%) Patients (%) OR 95% ClI P-value
Genotype
TT 128 (74.4) 119 (50.5) 1 - -
TC 38 (22.1) 66 (33) 1.86 1.16-2.99 0.009
CcC 6 (3.5) 15 (7.5) 2.68 1.01-7.15 0.048
Allele
T 294 (85.5) 304 (76) 1 - -
C 50 (14.5) 96 (24) 1.85 1.27-2.70 0.001
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Discussion

The difference in estrogen-dependent
phenotypes,  which is  considered
"sensitivity to estrogen”, may be related to
the amount of estrogen hormone or the
factors involved in response to this
hormone, including the change in the
expression level of the hand receptor (7).
Although different molecular mechanisms,
such as post-transcriptional and
translational changes, can be involved in
controlling ESR gene expression in normal
and neoplastic cells, regulation at the
transcriptional level seems to be the main
responsible for the difference in the ESR
gene expression in breast cancer (2). The
level of expression of estrogen receptors
can change under the influence of their
genetic polymorphisms (3). The effect of
estrogen receptors on breast
carcinogenesis, especially ESR1, whose
expression in breast tissue is higher than
the ERP isoform has been studied for more
than a decade (8).

The human ESR1 gene has at least 9
promoters, each of which contains several
binding sites for transcription factors (5).
The level of expression of this receptor at
the MRNA level is usually regulated based
on the activity of different promoters and
alternative splicing (4).

The ER-NE sequence in the regulatory
region of the ESR1 gene reduces the
expression of the luciferase reporter gene
by approximately 50%, independent of its
orientation  (6). In this negative
transcription element, the single nucleotide
polymorphism rs9478245 ER-NE T>C is
the binding site of the SRY transcription
factor, and it has been reported that the
increased expression of this transcription
factor plays an important role in the
progression of breast cancer (5), which
may be through interaction with ESR1
gene promoter. Considering that in the
presence of the C allele of the rs9478245
polymorphism, the negative effect of the
ER-NE element on transcription is lost, the
increased risk of breast cancer in the
presence of the C allele and the genotypes

carrying this allele (TC and CC) of the ER-
NE polymorphism T>C can be justified.

Conclusion

ER-NE T>C polymorphism in the ESR1
gene promoter can be related to breast
cancer by affecting the binding tendency of
transcription factors and consequently
changing the expression of the ESR1 gene.
It is used to screen individuals prone to
breast cancer and should also be
considered in the treatment process.
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