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Pvull polymorphism of estrogen receptor-a gene

in breast cancer
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BACKGROUND: Estrogen receptor (ER) is a ligand-
inducible transcription factor that mediates estrogen action
in target tissue. Several common polymorphisms of the ERa.
gene have been reported to be associated with alterations
in receptor expression in breast cancer.

MATERIALS AND METHODS: A case-control study
was designed to compare 250 breast cancer patients
with 250 age-matched healthy controls. The frequency
distribution of Pvull polymorphism in the ERa gene was
assessed by PCR-RFLP method.

RESULTS: The frequency of the PP genotype (35.3%)
was increased significantly in breast cancer patients
when compared to controls (19.8%), with a corresponding
increase in P allele frequency (32 = 16.4; P = 0.0003). The
OR for genotypes PP vs. Pp was 1.989 (95% CI: 1.2708
to 3.113). Premenopausal women with breast cancer
had an elevated frequency of the PP genotype (22.8%)
as compared to postmenopausal women (16.8%). The
frequency of the PP genotype was increased in patients
positive for ER and HER-2/neu as compared to those with
receptor-negative status. The pp and p allele frequencies
were increased in progesterone-receptor-negative status.
When stage of the disease was considered, both Pp and
pp genotype frequencies were elevated in patients with
advanced stage breast cancer. The frequency of the P allele
and PP genotype frequencies tended to increase with
increase in body mass index, whereas the Pp genotype
frequency was elevated only in obese patients. The reverse
was observed in the case of pp genotype frequency.
CONCLUSION: The study thus highlighted the influence
of ERa Pvull polymorphism on the development and
progression of breast cancer.
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Introduction

Estrogen, a steroid hormone, has an essential
role in the development and maintenance of female
secondary sexual characters. It plays a crucial role in
the pathogenesis and progression of breast cancer. The
biological effects of estrogen, such as growth stimulation

and differentiation of normal mammary tissue, is mediated
primarily through high-affinity binding to ERs.™ ERs are
nuclear receptor proteins that have an estrogen-binding
domain and a DNA-binding domain.” There are two
types of ERs: ERa and ERB. The ERa gene is localized
on chromosome 6¢25.1.° Estrogen-bound ERo. acts like
a transcription factor, which binds to estrogen response
element (ERE) upstream of the target genes. The ERa. is
closely associated with breast cancer biology, especially
in the development of tumors. ERP gene is located
on chromosome 14¢22-24. ER regulates genes that
function as tumor suppressors.®

The association of genetic polymorphisms in the ERo.
gene and the risk of disease, including breast cancer,
have been a subject of increasing interest. Several
DNA sequence variations in the ERa gene have been
reported.® In particular, the Pvull polymorphism in ERa.
has been found to have a close association with breast
cancer and spontaneous miscarriage.® Several studies
have shown that among ERa genotypes assessed by
Pvull restriction fragment-length polymorphism (RFLP),
the PP genotype showed higher bone mineral density than
the Pp and pp genotypes,® and adolescent boys with the
PP genotype had greater body height than the others.!”
These findings may suggest that the local estrogenic
action is more potent in those with a PP genotype than
in those with the Pp and pp genotypes. This is also
supported by the presence of an association between ERo
gene polymorphisms and estrogen-dependent diseases,
including endometriosis,® and the risk of premenopausal
hysterectomy and onset of natural menopause.®

We studied a series of breast cancer cases and
age-matched controls to determine whether Pvull
polymorphism in the ERa gene influences the risk for
development of breast cancer.
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Materials and Methods

A group of 250 breast cancer patients, including 9 male
breast cancer cases, were selected for the study. Healthy,
age-matched women, without a family history of breast
cancer or any other cancers, were selected to serve as
the control group. Informed consent was taken from all the
subjects selected for the study. Cases were chosen from
the Nizam'’s Institute of Medical Sciences after confirmed
diagnosis. The diagnosis of breast cancer was established
by pathological examination, mammography, FNAC, and
biopsy. Epidemiological history, such as age at onset of
breast cancer, diet, socioeconomic status, occupation,
reproductive history, family history, and consanguinity was
taken through a personal interview with the breast cancer
patients, using a specific proforma. The patients were
screened for receptor status of estrogen, progesterone
and HER-2/neu through immunohistochemical assay.
Clinical history such as size of the tumor, presence of
axillary nodes, metastasis, stage and type of the breast
cancer, chemotherapeutic drugs used, and prognosis of
the disease was collected with the help of an oncologist.

ERo genotyping

Five milliliters of blood was collected in an EDTA
vaccutainer from patients as well as controls. DNA
was isolated™® and used for amplification of intron 1 of
the ERa gene by PCR, using specific oligonucleotide
primers.t Each amplification reaction contained 0.1 ugm
of DNA, 0.4 uM of each primer, 200 uM of each of the
four deoxyribonucleotides, and 1 U of Taq polymerase.
PCR was performed through 30 cycles with the following
steps: denaturation at 94°C for 30 s, annealing at 55°C
for 1 min, and extension at 72°C for 90 s. The PCR
product was a 1.3 Kbp fragment. After amplification,
the PCR product was digested overnight with 10 U of
Pvull restriction endonuclease (New England Biolabs)
at 37°C and genotyped on 2% agarose gel. The sizes

of the bands were estimated using a 100 bp ladder. The
genotyping was done on the basis of the presence or
absence of the Pvull restriction site, as follows: PP 1300,
Pp 1300,850,450, and pp 850,450.

Statistical analysis

The results were analyzed using appropriate statistical
tests. Odds ratios were estimated to calculate the relative
risk for each genotype to develop disease. Differences
in genotype frequency distribution between disease and
control groups were estimated using the 2 x 2 x? and the
¥ test for heterogeneity.

Results

Two hundred and fifty breast cancer patients and
healthy controls were analyzed for genotype distribution
of Pvull polymorphism of the ERa gene. The mean age
at diagnosis of breast cancer in the present sample was
47.6 years. The genotype distribution was studied with
respect to risk confounding factors, such as menopausal
status, body mass index, hormone receptor status
(estrogen receptor, progesterone receptor, and HER-
2/neu status), and stage of the tumor.

Table 1 shows the genotype frequency distribution
of Pvull polymorphism of the ERa gene in both breast
cancer patients and controls. The frequency of the
PP genotype (35.3%) was increased significantly in
breast cancer as compared to controls (19.8%), with a
corresponding increase in P allele frequency (y? = 16.4;
P =0.0003). The OR for genotype PP vs. Pp was 1.989
(95% CI: 1.2708 to 3.113). Premenopausal women had
elevated frequencies of the PP genotype (22.8%) as
compared to postmenopausal women (16.8%) [Table 2].
The frequency of the PP genotype was elevated in
patients positive for ER and HER-2/neu as compared to
those who were negative for the same [Tables 3 and 5],
whereas the pp genotype and p allele frequencies

Table 1: Genotype distribution of Pvull polymorphism of ERa gene in breast cancer patients and controls

PP Pp pp Allele frequency
n (%) n (%) n (%) P p
Disease (n= 249) 88 (35.3) 93 (37.3) 68 (27.3) 0.54 0.46
Controls (n= 248) 49 (19.8) 103 (41.5) 96 (38.7) 0.41 0.59

Hardy-Weinberg for disease y? = 3.28; control x? = 1.748, *x? = 16.4 (P = 0.0003), OR: PP vs. Pp = 1.989 (Cl: 1.2708 to 3.111), PP vs. pp = 2.5354 (Cl 1.5886 to
4.0465), Pp vs. pp = 1.2747 (C1 0.8388 to 1.9371)
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Table 2: Pvull polymorphism of ERa gene and menopausal status of breast cancer patients

PP Pp pp Allele frequency
n (%) n (%) n (%) P p
Pre (n=123) 28 (22.8) 48 (39) 47 (38.2) 0.42 0.58
Post (n=125) 21 (16.8) 55 (44) 49 (39.2) 0.39 0.61

x> = 1.5 (P = 0.4724), OR: PP vs. Pp = 1.5278 (Cl 0.7697 to 3.0326), PP vs. pp = 1.3901 (CI 0.6951 to 2.7798), Pp vs. pp = 0.9.99 (Cl 0.5214 to 1.5878)

Table 3: Pvull polymorphism of ERa gene and estrogen receptor status in breast cancer patients

PP Pp pp Allele frequency
n (%) n (%) n (%) P p
+(n=289) 21 (23.6) 38 (42.7) 30 (33.7) 0.45 0.55
—(n=97) 17 (17.5) 43 (44.3) 37 (38.1) 0.4 0.60

x2=1.12 (P = 0.5712), OR: PP vs. Pp = 1.3978 (CI 0.6445 to 3.0315), PP vs. pp = 1.5235 (CI 0.6842 to 3.3923), Pp vs. pp = 1.0899 (CI 0.5691 to 2.0875)

Table 4: Pvull polymorphism of ERa gene and progesterone receptor status in breast cancer patients

PP Pp pp Allele frequency
n (%) n (%) n (%) P p
+(n=86) 17 (19.8) 41 (47.7) 28 (32.6) 0.44 0.56
— (n=100) 21 (21) 40 (40) 39 (39) 0.41 0.59

x?=1.19 (p = 0.5516), OR: PP vs Pp = 0.7898 (CI 0.3643 to 1.7121), PP vs pp = 1.1276 (Cl 0.5052 to 2.5168), Pp vs pp = 1.4277 (Cl 0.7436 to 2.741)

Table 5: Pvull polymorphism of ERa gene and HER-2/neu status in breast cancer patients

PP Pp pp Allele frequency
n (%) n (%) n (%) P p
+(n=26) 7 (26.9) 13 (50) 6 (23) 0.52 0.48
—(n=27) 5 (18.5) 15 (55.6) 7 (25.9) 0.46 1.54

x?=0.53 (P = 0.7672), OR: PP vs. Pp = 1.6154 (CI 0.4117 to 6.3382), PP vs. pp = 1.6333 (Cl 0.3354 to 7.9542), Pp vs. pp = 1.011 (CI 0.2703 to 3.7825)

Table 6: Pvull polymorphism of ERa gene and stage of breast cancer

PP Pp pp Allele frequency
n (%) n (%) n (%) P p
I (n=10) 3(30) 4 (40) 3(30) 0.60 0.40
Il (n=96) 22 (22.9) 35 (36.5) 39 (40.6) 0.41 0.59
I (n=73) 14 (19.2) 33 (45.2) 26 (35.6) 0.42 0.58
IV (n=47) 6 (12.8) 22 (46.8) 19 (40.4) 0.36 0.64

x? = 3.83 (P = 0.6997), OR: PP vs. Pp = 1.7628 (CI 0.8606 to 3.6107), PP vs. pp = 1.3393 (Cl 0.65 to 2.7595), Pp vs. pp = 0.7597 (Cl 0.4222 to 1.3671)

Table 7: Pvull polymorphism of ERa gene and BMI of breast cancer patients

PP Pp pp Allele frequency
n (%) n (%) n (%) P p
>20 (n=13) 1(7.7) 5 (38.5) 7 (53.8) 0.27 0.73
20-26.4 (n=53) 11 (20.8) 20 (37.7) 22 (41.5) 0.40 0.60
26.4-30 (n=78) 18 (23.1) 28 (35.9) 32 (41) 0.41 0.59
<30 (n=45) 10 (22.2) 21 (46.7) 14 (31.1) 0.45 0.55

%2 =3.74 (P=0.7118), OR: PP vs. Pp = 0.84 (Cl 0.3662 to 1.927), PP vs. pp = 0.6798 (CI 0.2992 to 1.5443), Pp vs. pp = 0.8093 (CI 0.4144 to 1.5806), *Significant
result. OR: Odds ratio

were increased in patients with progesterone receptor- The P allele and the PP genotype frequencies tended
negative status [Table 4]. When the stage of the disease  to increase with increase in body mass index, whereas
was considered, both Pp and pp genotype frequencies  the Pp genotype frequency was elevated only in obese
were found to be elevated in advanced stage breast  patients. The reverse was observed in the case of the
cancer [Table 6]. frequency of the pp genotype [Table 7].
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Discussion

The present study attempted to evaluate the role of
ERa polymorphism in the development of breast cancer.
The ER gene comprises more than 140 kb and has
8 exons and 5 functional domains, designated A/B-F. The
Pvull RFLP site was found in the first intron, with a point
mutation (T-C) in the recognition sequence CAGCTA
responsible for the P allele.? Pvull polymorphism is
the most studied in several diseases, including breast
cancer,™ endometrial cancer,*¥ Alzheimer’s disease,
endometriosis,®® and also with increased bone mineral
density.[”

The PP genotype was significantly elevated in breast
cancer patients as compared to controls, suggesting
that this genotype confers a risk for the development of
breast cancer. However, a number of studies have failed
to show an association between Pvull polymorphism
in the ERa gene and breast cancer,>* though some
studies have shown an association with the p allele.*®
The possible explanation for the association is that the
local estrogenic action is more potent in the presence
of P allele, which might confer the risk to develop breast
cancer. Estrogen is known to induce cell proliferation, and
prolonged exposure to environmental xenoestrogens is
associated with breast cancer.”

Itis unclear how the anonymous intronic polymorphism
of the ERa gene influences its protein function. Some
studies have postulated that the ERa gene polymorphism
may influence its action as a modulator of the ligand
estrogen.! Some introns contain regulatory sequences
such as enhancers, i.e., binding sites for elements that
regulate the level of gene expression, and thus also affect
protein synthesis.*1 The intronic polymorphism may be in
linkage disequilibrium with exon alteration, which affects
ERa protein function. The Pvull polymorphism in the
ERa gene may be linked with the alteration of another
unidentified gene adjacent to the ERo. gene, which might
increase breast cancer risk.®! Intronic changes in gene
sequences may have an impact on the expression of
other genes by influencing the transcription/stability of
MRNA of these genes. 8

Recent studies suggested that Pvull polymorphism
might affect the splicing of ERa. mRNA, resulting in the
alteration of protein expression. The P allele has a potential

binding site for myeloblastosis (myb) transcription factor
that, in the presence of B-myb, is capable of augmenting
in vitro transcription of a downstream reporter construct
10 fold. Thus, in some settings, the presence of the
P allele might amplify ERa transcription. Because B-myb
expression is itself responsive to estrogen activation, it
may contribute to a signal-amplifying system, producing
augmented responses to estrogen in those cell types
that commonly express B-myb or related transcription
factors.l*®

There was an elevation in the frequency of the
PP genotype in premenopausal patients as compared
to postmenopausal cases, which supports further the
role of the PP genotype, with strong estrogenic action
in breast cancer development. This is also supported
by the finding that the PP genotype has a higher risk
for premenopausal hysterectomy (for menorrhagia and
fibroids) and earlier onset of menopause than the Pp and

pp genotypes.®

PP genotype frequency was increased in patients with
ER and HER-2/neu positive status, which are the risk
conferring factors. The frequencies of the pp genotype
as well as of the p allele were increased in progesterone-
receptor-negative status, which is similar to the Shanghai
breast cancer study.¢

When the size and stage of the disease were
considered, Pp and pp genotype frequencies were found
to be increased in patients with large tumor size and
advanced stage of the disease; there was a corresponding
elevation of p allele frequency in advanced stage disease,
suggesting that the presence of the p allele might confer
arisk for an aggressive form of the disease. It is possible
that individuals with the p allele have a lower expression
of the ERa receptor or lower estrogen affinity and are,
therefore, not controlled by endocrine therapy, resulting
in greater tumor aggressiveness and poor prognosis.2%
The probability of estrogen-independent ER function
(non-genomic pathway) leading to poor response and
rapid progression cannot be ruled out.

The P allele frequency was elevated in overweight
and obese patients. Being fatty, breast tissue can absorb
and accumulate the end products of xenobiotics and
xenoestrogens. Further, the distribution of adipose tissue
through endocrine and paracrine effects was mediated
by the activation of ER. Estrogen exposure will increase
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breast cancer incidence and proliferation.?” Hence,
overweight and obesity might independently predispose
women to breast cancer, which gets confounded by the
ERao polymorphism status.

In conclusion, our data suggests an influence of Pvull
polymorphism of the ERa gene in the development of
breast cancer.
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