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Abstract 

Background: Ovarian cancer starts in the ovaries and is hard to detect early due to vague 

symptoms. The present study aimed to investigate whether the ESR1 gene is linked to breast 

cancer. Also, we aimed to examine whether genetic changes in the ESR1 gene affect breast cancer 

risk through estrogen binding.  

Method: A hospital‑ based case–control study was conducted with 200 breast cancer patients and 

200 age‑ matched healthy controls. Peripheral blood samples were collected, and genomic DNA 

was extracted using standard protocols. ESR1 gene variants were genotyped by real‑ time PCR. 

Allele and genotype frequencies were compared, and risk was estimated by statically. 

Results: The C/C genotype of the PvuII site in the ESR1 gene showed a significant link to breast 

cancer risk. No association was found for the AG/GG genotype of theXbaI polymorphism. The 

TG and GG genotypes of rs2881766 showed a weak risk increase.  

Conclusion: The rs2234693 variation is linked to breast cancer risk, suggesting its potential for 

genetic screening and personalized therapy. No significant link was found for other variations, 

highlighting rs2234693 for future research. 
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1. Introduction  

The most common cancer in women is breast 

cancer worldwide.1 Millions of people in the 

world are still impacted by breast cancer, a 

complicated and common health issue.2 In 

both developed and developing countries, 

breast cancer is the most common cancer. It 

is the second most common cancer in the 

world. Breast cancer is the common 

gynecological malignancy in western 

countries with lifetime prevalence of 1 in 12 

and 1 in 8 for United Kingdom and U.S.A.  In 

the United States, women have an 

approximate 13% chance of getting breast 

cancer at some point in their lives. This 

indicates that her chances of getting breast 

cancer are 1 in 8. Epidemiological studies 

expect the global burden of breast cancer to 

cross 2 million by 2030.3 Like other cancers 

genetic factors has a central role in the 

pathogenesis of breast cancer. Studies have 

reported an association between high levels 

of exogenous estrogen in the development, 

progression and alteration in breast tumors4. 

Estrogen plays a vital role in the proliferation 

of the mammary gland. Estrogens exhibit 

their effects through the receptors ESR1and 

Estrogen Receptor beta (ER β). The ESR 1 

gene is a large gene located at the position 

6q25.1 spanning 473Kb and it consists of 

eight coding exons and nine non coding 

exons.5 The ESR1 gene is found to be tightly 

associated with breast cancer risk as it 

regulates the cellular proliferation and 

differentiation of the mammary gland 

through paracrine mechanisms. The 

transcription factor encoded by the ESR1 

gene has estrogen binding domain, estrogen 

response element and an activation 

domain.6,7 Genetic alterations in the ESR 1 

gene result in altered estrogen activity having 

the ability to modulate the breast cancer risk. 

Numerous studies conducted on the single-

nucleotide polymorphisms (SNPs) of ESR1 

have shown an association with 2 SNPs in the 

first intron of the ESR 1 gene.8 The PvuII and 

Xba I single nucleotide polymorphism have 

found to be associated with carcinogenesis 

and other diseases. The polymorphism is 

generally described by the respective 

reference ID numbers rs2234693 and 

rs9340799 or by the restriction enzyme 

named PvuII and XbaI which is used for the 

detection of the variant C454A – 397 T → C 

and C454 A → G, located 397 and 351 bp 

upstream of exon 2.9 The two polymorphisms 

are separated by just 50bps and are expected 

to be in strong linkage disequilibrium and 

located in the intronic region of the gene. 

Various studies have shown these 

polymorphisms to be associated with several 

pathological conditions like prostate cancer, 

breast cancer, cardiovascular diseases, 

Alzheimers disease and 

osteoporosis.10Allelic variants in the genes 

encoding the estrogen receptor (ER) 

influence the activity of the receptor, and also 

alter the expression of sex steroid response 

pathways; Thus, polymorphism in ESR1 gene 

are implicated as candidate risk markers for 

breast cancer.11,12  Therefore, the present 

study aimed to determine if breast cancer is 

associated with the ESR1 genes rs9340799, 

rs2234693, and rs2881766. 

 

2. Materials and Methods 

2.1. Participants 

The present case-control study comprised of 

200 histological confirmed breast cancer 

patients from South India. The patients were 

from the oncology department of Sri 

Ramachandra Institute of Higher Education 

and Research India, from January 2013 to 

December 2017. Relevant clinical and 

pathological data were collected from all the 

patients. Pathological grading of the tumors 

was obtained by the histopathological 

examination. The inclusion criteria for the 

healthy volunteers were: no previous 

diagnosis of any benign breast diseases; no 

history of mastectomy, hysterectomy or 

oophorectomy; no family history of ovarian, 
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breast, endometrial and prostate cancer, no 

mental or physical disability. The patients 

and controls were similar in ethnicity and 

nutritional habits and they were age matched. 

The criteria for breast cancer patients were no 

previous treatment for cancer and 

confirmation of breast malignancy with 

histological diagnosis. Informed consent was 

mandatory for both groups. The study was 

authorized by the institutional Ethics 

Committee at the Sri Ramachandra Institute 

of Higher Education and Research, Chennai, 

India. (REF: IEC-NI/13/APR/33/28) (ICMR 

guidelines), for control and breast cancer 

affected groups. Written informed consent 

was collected from all the participants 

enrolled for the study. 

2.2. Molecular analysis by Taqman allelic 

discrimination assay  

Peripheral blood samples about 3ml were 

collected from the participant by 

veinpuncture and collected into K2 - EDTA 

vacutainers. DNA was isolated from 

peripheral blood using salting-out method. 

DNA sample analyzed for selected SNP’s by 

Taqman SNP methodology with real-time 

polymerase chain reaction technology 

(Taqman SNP Genotyping Assay, Applied 

Biosystems, Carlsbad, USA Version 2). The 

DNA isolated was amplified using Taq Gold 

Polymerase of Taqman polymerase chain 

reaction (PCR) master mix in ABI machine 

ABI 7900 using sequence specific primers 

(Table 7). The reaction volume was set to 

5μL, consisting of 2.50μL of Taqman 

genotyping master mix (2X), 0.25μL of 

Taqman genotyping assay mix (20X) and 

2.25μL of the genomic DNA of 10ng 

concentration obtained on diluting the DNA 

with distilled water. Thermal cycle reaction 

condition is programmed to initial 

denaturation at 95◦C for 10minutes followed 

by denaturation at 95◦C for 15s for 40 cycles 

followed by annealing and extension at 60 C 

for 1 minute in 384 wells in ABI 7900 

machine. Taqman probes will provide a 

fluorescence signal for the amplification of 

each allele. After PCR amplification, an end 

plate read will be performed in ABI machine. 

The sequence detection system software will 

use the fluorescence measurements made 

during the plate read to plot fluorescence 

(Rn) values based on the signal from each 

well. The plotted fluorescence signals will 

indicate which alleles are in each sample One 

fluorescent dye detector is a perfect match to 

the wild type (allele 1) and the other 

fluorescent dye detector is a perfect match to 

the variant allele (allele 2). The alleles were 

labelled with VIC-dye and FAM dye. 

2.3. Statistical analysis 

All statistical analyses were carried out using 

the SPSS statistical software version 19.0. χ2 

goodness-of-fit test was used for comparison 

of expected and observed genotype 

frequencies for performing Hardy Weinberg 

equilibrium. χ2 test was performed for 

comparing the genotype frequencies of the 

polymorphisms between the controls and 

subjects with breast cancer. Using the wild 

type genotypes as the reference groups the 

odds ratio and 95% confidence interval were 

calculated. P <0.05 was considered to be 

statistically significant. Pairwise linkage 

disequilibrium (Table 7) was computed as 

both D’ and r2 using Haploview v.4.1.The 

study participants were stratified into two 

groups based on their menopausal status as 

premenopausal and menopausal, based on the 

aggressiveness of the cancer as low grade and 

high grade, based on their receptor status as 

estrogen positive, progesterone positive and 

Her 2 positive and the risk was determined 

for each group by calculating the odds ratio 

with 95% confidence interval (CI). In order 

to further analyze SNPs, ORs and 95% CIs 

were used in three logistic regression models: 

additive, dominant, and recessive. The 

criterion for statistical significance was less 

than 0.05. We used data from HapMap to our 

research findings with those of other ethnic 

groups. 
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The allele frequencies of ESR1 gene 

polymorphisms between the communities 

being studied and other groups were 

compared using HapMap data (Figure 1). The 

results demonstrated that the variant allele of 

the ESR1rs2234693 polymorphism was 

positively associated with the South Indian 

population when compared with other 

groups. 

 

4. Results  

Three polymorphisms rs9340799, rs2234693 

and rs2881766 of ESR1 gene were studied to 

determine the association with breast cancer 

risk. The demographic data of the 

participants are represented in Table 1.  A 

significant association of the CC genotype of 

the PvuII site in the ESR1 gene (odds ratio, 

2.18; 95% CI, 1.14–4.16; P=0.02), with 

breast carcinoma risk, was observed (Table 

2). The variant rs2234693 showed a positive 

association with breast cancer risk. For ESR1 

gene rs9340799 (A to G) polymorphism the 

frequency of homozygous wild type AA is 

40.5%, heterozygous mutant AG is 43.5% 

and homozygous mutant GG is 16% in the 

control group. The frequency of homozygous 

wild type AA is 41% heterozygous mutant 

AG is 42% and homozygous mutant GG is 

17% in the breast cancer patients (Table 2). 

For ESR1gene rs2234693 (T to C) 

polymorphism the frequency of Homozygous 

wild type TT is 44%, Heterozygous mutant 

TC is 46.5% and Homozygous mutant CC is 

9.5% in the control group. The frequency of 

homozygous wild type TT is 35% 

heterozygous mutant TC is 48% and 

Homozygous mutant CC is 16.5% in the 

breast cancer patients (Table 2). For ESR 

Gene rs2881766 (T to G) polymorphism the 

frequency of homozygous wild type TT is 

54%, heterozygous mutant TG is 36% and 

homozygous mutant GG is 10% in the control 

group. The frequency of homozygous wild 

type TT is 51% heterozygous mutant TG is 

37.5% and Homozygous mutant GG is 11.5% 

in the breast cancer patients (Table 2). The 

association of the genotypes for the three 

polymorphisms with menopausal status was 

analyzed rs2234693 showed an association 

with premenopausal breast cancer cases 

(Table 3). The association analysis of the 

genotypes with tumor grade revealed 

association with high grade tumor for 

rs2234693 (Table 4). The association 

analysis with receptor status did not show an 

association with receptor status for all the 

three polymorphisms studied. Haplotype 

analysis was not informative Table 5 and 

Figure 2. 

 

4. Discussion 

The study investigated the association of 

three polymorphisms in the ESR1 gene 

(rs9340799, rs2234693, and rs2881766) with 

breast cancer risk. It found that the 

rs2234693 polymorphism showed a 

significant association with an increased risk 

of breast cancer, particularly in 

premenopausal women and those with high-

grade tumors. Specifically, the CC genotype 

of this polymorphism at the PvuII site had an 

odds ratio of 2.18, indicating a higher 

likelihood of developing breast cancer. In 

contrast, the rs9340799 and rs2881766 

polymorphisms did not show a significant 

association with breast cancer risk or receptor 

status. Overall, the findings highlight the 

potential role of the rs2234693 variant in 

contributing to breast cancer susceptibility.  

ERs belong to a group of proteins classified 

as nuclear hormone receptors and are 

members of ligand-activated transcription 

factors. The action of the hormone estrogen 

on its targets is mediated by ER.13 The PvuII 

and XbaI are intronic variants expected not to 

be involved in protein modification, but they 

have been suggested as genetic biomarkers 

for hormone-related pathological conditions, 

as they work by modulating other functional 

regions with which they interact, thereby 

altering the function of the ESR1 gene or its 
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expression.14 There are two forms of ERs, 

namely ERs α and β, each coded by two 

genes, ESR1 and ESR2. These receptors are 

expressed in many organs and tissues like the 

mammary gland, uterus, hypothalamus, 

ovary, and pituitary gland. Estradiol performs 

several functions: it stimulates the growth of 

granulosa cells, increases the production of 

granulosa cell insulin-like growth factor 1, 

upholds the Follicle-Stimulating Hormone 

receptor, increases the activity of the enzyme 

aromatase and thereby the production of 

estradiol, and stops the apoptosis of 

granulosa cells. Estrogen binds to receptors 

that are members of nuclear receptors and 

performs ligand-regulated transcription 

factor activities, activating the transcription 

of other genes as well. The receptor estrogen 

and its ligand 17 beta-estradiol play a vital 

role in the development and growth of 

secondary sexual characteristics in females, 

the female reproductive tract, and the 

maintenance of pregnancy. The ESR1 gene 

has several promoters responsible for tissue-

specific expression of genes. The encoded 

protein has three domains similar to other 

nuclear hormone receptors: an amino-

terminal domain for transcription regulation, 

a central domain for binding to DNA, and a 

carboxy-terminal hormone-binding domain. 

When the estrogen receptor is bound to the 

principal ligand, compound estradiol, the 

complex transforms to a form that has high 

affinity for the components in the nucleus, 

thus activating or repressing the expression 

of several genes involved in organizational 

and developmental functions. 

The findings suggest that genetic variation in 

the genes coding for proteins participating in 

hormone-mediated signal transduction has 

the ability to modulate the potential of steroid 

hormones, the concentration of the 

hormones, and their carcinogenic 

metabolites. The binding of estradiol to the 

estrogen receptor triggers DNA synthesis, 

division, and growth factor production.15 

Estrogen is essential for the normal 

development of the mammary gland, but 

genetic variation induces breast cell 

proliferation, which may be procarcinogenic. 

Identified factors like lifetime exposure to 

estrogen and other hormones explain the 

involvement of estrogen levels in the 

pathogenesis of malignancy.16 Estrogens are 

implicated in the regulation of bone 

metabolism, the cardiovascular system, the 

central nervous system, and the reproductive 

system. They are also reported to be 

associated with the pathogenesis of breast 

and endometrial cancers.17 

To gain insight into the functional role of the 

polymorphism, several hypotheses have been 

put forward. It may be that the ESR1 gene 

rs2234693 with the C allele may have 

increased responsiveness towards estrogen, 

resulting in higher estrogen-regulated 

activities of growth proliferation, increasing 

estrogenic diseases. The C allele has a 

potential binding site for the myeloblastosis 

(myb) transcription factor that, in the 

presence of B-myb, is capable of augmenting 

in vitro transcription of a downstream 

reporter construct tenfold. Thus, in some 

settings, the presence of the C allele might 

amplify ERα transcription. Genes related to 

estrogen metabolism, like endothelial nitric 

oxide synthase and vascular endothelial 

growth factors, are also activated, promoting 

the survival of cells and suppressing 

apoptosis. Studies assessing the cell response 

to estradiol for proliferation on myometrial 

cell lines with different genotypes of ER 

alpha showed that, compared with other 

genotypes of ER α, cell lines with the CC 

genotype had a significant increase in 

proliferation, correlating to in-vivo 

conditions for estrogenic diseases.18 

While some studies reported the association 

of the T allele of the PvuII polymorphism 

with increased breast cancer risk,19 other 

studies did not show an association between 

the PvuII polymorphism of the ESR1 gene 
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and breast cancer risk. The inconsistent 

results may be due to variable factors such as 

ethnicity, environment, age, and other factors 

contributing to genetic heterogeneity.13 The 

results of the study were in accordance with 

some studies that reported an increased risk 

of breast cancer for the PvuII CT and CC 

genotypes.18 A meta-analysis conducted in 

Asian women showed an association of the 

rs2234693 of the ESR1 gene.20 The results 

also correlated with the findings of a study 

conducted in Asia, where an association of 

the CC allele of the rs2234693 of the ESR1 

gene with breast cancer risk in 

premenopausal women was reported.21 The 

polymorphism rs2881766, studied for the 

first time in the South Indian population, 

failed to show an association with breast 

cancer risk in South Indian women. The 

rs2881766 was found to be strongly 

associated with breast cancer risk in two 

studies in Korean and Chinese 

populations.22,23 

Recent studies have continued to explore the 

role of estrogen receptors and their 

polymorphisms in various conditions. For 

example, a study discusses recent strategies 

targeting estrogen receptor alpha for the 

treatment of breast cancer, highlighting the 

importance of ER-α in breast cancer 

development and treatment strategies.18 

Another study by Chen et al. in 2024 

investigates the role of G protein-coupled 

estrogen receptor in non-small cell lung 

cancer, providing insights into the 

mechanisms by which estrogen receptors 

influence cancer progression. These recent 

studies underscore the ongoing relevance and 

importance of understanding estrogen 

receptor polymorphisms in the context of 

cancer research and treatment. 

Since ethnic/race specific associations of 

ESR1 gene have been reported contradiction 

among different investigations could be 

attributed to variations in ethnic groups. 

Indeed, the specific influence of gene 

polymorphisms and environmental factors 

could be different in various 

populations.  Estrogenic endocrine disruptors 

or Xenoestrogens are widely distributed in 

the environment such as pesticides, 

polychlorinated biphenyl congeners, food 

related toxic chemicals, metals influence 

hormonal response by binding to estrogen 

receptors and the presence of polymorphic 

allele results in high estrogen receptor 

mediated activity. Thus, the polymorphism 

rs2234693 of ESR 1 gene showed an 

association with breast cancer risk in 

premenopausal women and an association 

with tumor grade.  

Our findings suggest a significant association 

between the rs2234693 variation in the ESR1 

gene and breast cancer risk, while no 

association was observed for the 

XbaIrs9340799 and rs2881766 

polymorphisms. This highlights the potential 

for genetic screening and personalized 

therapy targeting the rs2234693 variation. 

However, this study has certain limitations. 

The sample size was relatively small, which 

may affect the generalizability of the results. 

Additionally, the study population was 

limited to a specific geographic region, and 

further research with a more diverse 

population is needed to validate these 

findings. Despite these limitations, our 

results provide valuable insights for future 

research and clinical applications in breast 

cancer genetics. 

 

5. Conclusion 

The analysis of the parameters suggested the 

involvement of genetic polymorphism in 

estrogen receptor regulating genes with 

breast cancer risk. The genotype analysis aids 

the assessment of risk individual for early 

detection and for the selection of candidates 

for chemoprevention and hormonal more 

effectively. Our study clarifies previous in 

consistent results shedding light on the genes 

for future research focus.  
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Table 1. Factors associated with breast cancer risk  

Factors Cases 

(n=200) 

Controls 

(n=200) 

χ2 P OR 

(95% CI)* 

P-value 

Menarcheal age 

>14 14 16 1.629 0.44 1  

12-14 175 178 1.12(0.53-2.37) 0.75 

<12 11 6 2.09(0.61-7.14) 0.23 

Parity 

Parous  178 181 0.108 0.74 1  

Nulliparous  22 19 1.17(0.61-2.25) 0.62 

Age at first birth 

<20 20 23 1.831 0.60 1  

20–24 78 88 1.01(0.52-1.99) 0.95 

25–29 50 46 1.25(0.60-2.56) 0.54 

>29 52 43 1.39(0.67-2.86) 0.37 

Lactational history 

Yes 164 169 0.286 0.59 1  

No 36 31 1.19(0.70-2.02) 0.50 

BMI 

Normal (18–25) 80 91 1.517 0.67 1  

Underweight (<18) 20 19 1.19(0.59-2.40) 0.61 

Overweight (25–30) 62 59 1.19(0.75-1.90) 0.45 

Obesity (>30) 38 31 1.39(0.79 2.44) 0.24 

Family history 

No 171 200 29.14 6.707e-

08 

1  

Yes 29 0 68.97(4.18-

1137.33) 

0.003** 

O.C 

No 182 194 5.36 0.020* 1  

Yes 18 6 3.19(1.24-8.23) 0.01* 

H.R.T 

No 188 193 0.88 0.347 1  

Yes 12 7 1.75(0.67-4.56) 0.24 
*Odds ratios and 95% CI was calculated by logistic regression analysis showed association with oral contraceptive. OR: Odds ratio; 

CI: Confidence interval; BMI: Body mass index; OC: Oral contraceptives; HRT: Hormone replacement therapy
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Table 2. Genotype and allele frequencies of studied SNP’s in estrogen receptor signaling 

 

A χ2 test was performed to evaluate the association between SNP and breast cancer cases. The genotypes were verified to comply 

with the HW; OR and 95% CI were calculated to assess the relative risk; p <0.05 was considered to be statistically significant.  A 

significant association of the CC genotype of the PvuII site in the ESR1 gene (odds ratio, 2.18; 95% confidence interval, 1.14–4.16; 

P=0.02), with breast cancer risk, was observed. The variant rs2234693 showed a positive association with breast cancer risk.OR: 

Odds ratio; CI: Confidence interval; ref: Reference

Gene  Genotype   Control (%) Case (%) OR (95% CI) P value  

ESR1XbaI (rs9340799) A>G, Genotype frequency  

ESR 1 

 rs9340799  

  

  

  

  

  

AA 81(40.50%) 84(42%) Ref   

AG 87(43.50%) 82(41%) 0.91(0.59-1.39) 0.66 

GG 32(16%) 34(17%) 1.02(0.58-1.81) 0.93 

AG+GG 119(59.50%) 116(58%) 0.94(0.63-1.39) 0.76 

A 249(62.25%) 250(62.50%) Ref   

G 151(37.75%) 150(37.50%) 0.98(0.74-1.32) 0.94 

MAF 0.38 0.38     

HWP 0.29 0.07     

ESR1PvuII (rs2234693) T>C, Genotype frequency 

ESR 1 

rs2234693 

  

  

  

  

  

  

TT 88(44%) 70(35%) Reference   

TC 93(46.50%) 97(48.5%) 1.31(0.85-2.00) 0.21 

CC 19(9.50%) 33(16.50%) 2.18(1.14-4.16) 0.02* 

TC+CC 112(56%) 130(65%) 1.46(0.97-2.18) 0.06 

T 269(67.25%) 237(59.25%) Reference   

C 131(32.75%) 163(40.75%) 1.41(1.06-1.88) 0.02* 

MAF 0.33 0.41     

HWP 0.43 0.95     

ESR 1 Gene rs2881766 T>G, Genotype frequency  

ESR 1 

rs2881766 

  

  

  

  

  

  

TT 108 (54%) 102 (51%) Ref   

TG 72 (36%) 75 (37.5%) 1.10(0.72-1.68) 0.65 

GG 20 (10%) 23 (11.5%) 1.22(0.63-2.35) 0.56 

TG+GG 92 (46%) 98 (49%) 1.13(0.76-1.67) 0.55 

T 288 (72%) 279 (69.7%) Ref   

G 112 (28%) 121 (30.25%) 1.12(0.82-1.51) 0.48 

MAF 0.28 0.30     

HWP 0.13 0.11     
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Table 3. Stratified analysis of the genotypes of the estrogen receptor signaling pathway with 

clinical characteristics like menopausal status 

Association between premenopausal, menopausal and SNP was evaluated. The relative risk was accessed by calculating the OR 

and 95% CI, P<0.05 level was considered to be significant. The rs2234693 of ESR1 the TC; OR; 2.3, P=0.01* and CC; OR;3.5, 

P=0.008** was found to be associated with premenopausal breast cancer. OR: Odds ratio; CI: Confidence interval; N: Number of 

samples  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Genotype  Controls (%) Patients (%) OR 95% CI P value 

ESR1Xba I (rs9340799) genotype among breast cancer patients and control stratified by age at diagnosis  

Premenopausal  N=(86No) N=(86No)    

AA 43(50%) 36(41.86%) Ref 

AG 27 (31.3%) 31(36%) 1.37 0.69-2.70 0.36 

GG 16 (18.6%) 19(22%) 1.41 0.638-3.15 0.39 

Menopausal  N=(114No) N=(114No)    

AA 38 (33.33%) 48(42.10%) Ref 

AG 60 (52.6%) 51(44.7%) 0.672 0.382-1.185 0.17 

GG 16 (14%) 15(13.15%) 0.742 0.32-1.69 0.47 

ESR Pvu II (rs2234693) genotype among breast cancer patients and control stratified by age at diagnosis 

Premenopausal  N=(86No) N=(86No)    

TT 46(53.48%) 26(30.2%0 Ref 

TC 31(36%) 42(48.8%) 2.39 1.22- 4.67 0.01* 

CC 9 (10.46%) 18(20.9%) 3.53 1.39-9.00 0.008** 

Menopausal  N=(114No) N=(114No)    

TT 42(36.8%) 44(38.5%) Ref 

TC 62(54.38%) 55(48.2%) 0.84 0.48-1.478 0.55 

CC 10(8.7%) 15(13.1%) 1.43 0.57-3.53 0.43 

ESR1  (rs2881766)  genotype among breast cancer patients and control stratified by age at diagnosis  

Premenopausal  N=(86No) N=(86No)    

TT 56 (65.1%) 46(53.4%) Ref 

GT 25 (29.06%) 31(36.4%) 1.50 0.78-2.9 0.21 

GG 5(5.8%) 9(10.4%) 2.19 0.68-6.99 0.18 

Menopausal  N=(114No) N=(114No)    

TT 52 (45.6%) 56(49.1%) Ref 

GT 47 (41.2%) 44(38.5%) 0.86 0.497-1.519 0.62 

GG 15(13.1%) 14(12.2%) 0.866 0.381-1.96 0.73 
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Table 4. Estrogen receptor signaling pathway genotype among breast cancer patients stratified by 

grade of the tumor 
Genotype  Low grade Tumors% 

(76No)  

High Grade Tumors % (124No) OR 95% CI P value 

      

Association between ESR1Xba I and tumor grade 

AA 41 (53.9%) 43 (34.6%)    

AG 25 (32.8%) 57 (45.9%) 2.174 1.15-4.10 0.01* 

GG 10(13.1%) 24(18.5%) 2.288 0.975-5.36 0.05 

Association between ESR1PvuII (rs2234693) and tumor grade 

TT 33 (43.4%) 37 (29.8%) Ref   

TC 33 (43.4%) 64 (51.6%) 1.729 0.921-3.24 0.08 

CC 10(13.1%) 23(18.5%) 2.05 0.85-4.93 0.10 

Association between ESR1rs2881766 and tumor grade 

TT 38 (50%) 64 (51.6%)    

GT 27 (35.52%) 48 (38.7%) 1.055 0.56-1.960 0.86 

GG 11 (14.47%) 12 (9.67%) 0.64 0.26-1.611 0.35 

Association between tumor grade and SNP was evaluated. The relative risk was accessed by calculating the OR and 95% (CI), 

P<0.05 level was considered to be significant. The rs9340799 polymorphism of ESR1 gene AG; OR=2.1 P value 0.01* was found 

to be associated with high grade tumors.  

Stratified analysis of the genotypes of rs9340799, rs2234693, and rs2881766 of ESR1 gene with clinical characteristic like receptor 

status did not show an association with estrogen, Progesterone and Her 2-receptor status.  

OR: Odds ratio; CI: Confidence interval; SNP: Single nucleotide polymorphism
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Table 5. Association between ESR1 gene AND ER, PR AND HER2 Receptor Status 
 

Genotype  Patient % OR 95% 

CI 

P value 

Association between ESR1 

(rs9340799) and ER, PR and Her2 

Receptor Status  

ESR1 

rs9340799 

ER 

Positive 

(92)  

ER 

Negative 

(108) 

   

AA 46 (50%) 38 

(35.18%) 

Ref 

AG 28 

(30.43%) 

54 (50%) 0.42 0.22-

0.80 

0.008** 

GG 18 

(19.56%) 

16 

(14.81%) 

0.92 0.41-

2.06 

0.85 

 PR 

Positive 

(84)  

PR 

negative 

(116) 

   

AA 41(48.8%) 43(37%) Ref  

AG 30 (35.7%) 52 

(44.8%) 

0.749 0.52-

1.07 

0.11 

GG 13(15.47%) 21 

(18.10%) 

0.78 0.48-

1.26 

031 

 Her 2 

Positive 

(68)  

Her 2 

Negative 

(132) 

   

AA 32 

(47.05%) 

52 

(39.39%) 

Ref 

AG 28 

(41.17%) 

54 

(40.90%) 

0.896 0.59 -

1.34 

0.59 

GG 8 (11.76%) 26 

(19.69%) 

0.61 0.31-

1.20 

0.15 

Association between ESR1 gene 

(rs2234693) and ER, PR and Her2 

Receptor Status  

ESR1 gene 

(rs2234693) 

ER 

Positive 

(92)  

ER 

Negative 

(108) 

   

TT 26 

(28.26%) 

44 

(40.74%) 

Ref  

TC 50 

(54.34%) 

47 

(43.51%) 

1.8 0.96-3.3 0.06 

CC 16 

(17.39%) 

17 

(15.74%) 

1.59 0.68-

3.67 

0.27 
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 PR Positive 

(84)  

PR 

Negative 

(116) 

   

TT 32 

(38.09%) 

38 

(32.57%) 

Ref 

TC 37 

(44.04%) 

60 

(51.7%) 

0.73 0.39-

1.36 

0.32 

CC 15 

(17.85%) 

18 

(15.5%) 

0.98 0.43 – 

2.27  

0.98 

 Her 2 

Positive 

(68)  

Her 2 

Negative 

(132) 

   

TT 27 

(39.70%) 

43 

(32.57%) 

Ref 

TC 31 

(45.58%) 

66 (50%) 0.748 0.39-

1.42 

0.37 

CC 10 

(14.70%) 

23 

(17.42%) 

0.692 0.28-

1.67 

0.41 

Association between ESR1 gene 

(rs2881766) and ER, PR and Her2 

Receptor Status  

ESR1 

rs2881766 

ER 

Positive 

(92)  

ER 

Negative 

(108) 

   

TT 45 

(48.91%) 

57 

(52.77%) 

Ref 

TG 36 

(39.13%) 

39 

(36.11%) 

1.16 0.64-

2.12 

0.60 

GG 11 

(11.95%) 

12 

(11.11%) 

1.16 0.46-

2.87 

0.74 

 PR Positive 

(84)  

PR 

Negative 

(116) 

   

TT 40 (47.6%) 62 

(53.4%) 

Ref 

TG 35 (41.6%) 40 

(34.4%) 

1.35 0.74-

2.47 

0.32 

GG 9(10.7%) 14 

(12.06%) 

0.99 0.39-

2.51 

0.99 

 Her 2 

Positive 

(68)  

Her 2 

Negative 

(132) 

   

TT 31 

(45.58%) 

71 

(53.78%) 

Ref 

TG 28 

(41.17%) 

47 

(35.60%) 

1.36 0.72-

2.56 

0.33 
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GG 9 (13.23%) 14 

(10.60%) 

1.472 0.57-

3.76 

0.41 

ER: Estrogen receptor; PR: Progesterone receptor; OR: Odds ratio; CI: Confidence interval  
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Table 6. Pair-wise Linkage Disequilibrium Values D' and r2 values for ESR 1variants 

 

SNPs rs2881766 rs2234693 rs9340799 

rs2881766  0.118 0.075 

    

rs2234693 0.003  0.208 

rs9340799 0.004 0.043  
D’ values are located above the diagonal; r2 values are below the diagonal; Note: Measures of pairwise linkage disequilibrium for 

the ESR1gene polymorphism was presented in figure 2 and table6.  The low r2 values showed that the ESR1variants were not in LD 

and failed to LD blocks (Figure 2). Haplotype analysis was not informative. 

 

Table 7. Sequence specific primers for Taqman assay 
GeneESR1 Primer 

rs2881766 GATGCATTCCTATAAACTGCAGACT 

[G/T]AAATTAAGACCTTGAGCAAACTGGC 

rs2234693 TCATCTGAGTTCCAAATGTCCCAGC 

[ C / T ] GTTTTATGCTTTGTCTCTGTTTCCC 

rs9340799 TTCCCAGAGACCCTGAGTGTGGTCT 

[A/G]GAGTTGGGATGAGCATTGGTCTCTA 
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Figure 1. HapMap data for the current study's allele frequency compared to other ethnic groups. 
ESR1: Estrogen receptor 1 
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Figure 2. An LD map showing the pair-wise LD between the variants (SNPs) in the gene ESR1 in 

the cases and normal controls. The colour coding represents the r2 values and the values inside the 

squares indicating the D’ values.  


