
 

 

Introduction 
 
Breast cancer is the most common cancer 
among women worldwide [1]. Incidence rates 
increased rapidly predominantly in women 50 
and older [2] in the 1980s due to the increased 
detection of smaller, earlier-stage cancers with 
the widespread adoption of the screening of 
mammography among asymptomatic women 
[3], with the prevalence rate of 120 per 
100,000 [4]. A portion of this increase can be 
attributed to changes in reproductive patterns, 
such as delayed childbearing and having fewer 
children (increased life expectancy). Though at 
one of the lowest incidence rates in Iran rather 
than other Asian countries, during last four dec-
ades, increasing its incidence rate has made 
breast cancer one of the most frequent malig-
nancies among Iranian women [5]. Breast can-
cer affects Iranian women at least one decade 
younger than their counterparts in developed 
countries [6]. The mortality rate of breast cancer 

was 5.8 per 100,000 women in Tehran in 1998 
[4], 2.5 per 100,000 for the female population, 
and 7762 years life lost in the 18 provinces of 
Iran in 2001 [7]. Developing countries hope to 
be on the threshold of eliminating breast cancer 
as a major public health threat [8]. Early detec-
tion of breast cancer remains an important chal-
lenge to health professionals. According to the 
World Health Organization’s recommendations 
on implementing national cancer control pro-
grams [9], assessment of the magnitude of the 
cancer problem (i.e., incidence, prevalence, and 
mortality) is the first step in this process.  
 
It is known that breast cancer typically arises in 
luminal epithelial cells of the mammary gland 
[10, 11]. These cells contain estrogen receptors 
(ERs), which respond to ovarian estrogen in nor-
mal mammary gland development. How estro-
gens stimulate cell growth is not fully under-
stood, but it is known that estrogen activation of 
ER results in transcription of various genes that 
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are involved in cellular proliferation. 
 
Only a small fraction (<5%) of women diagnosed 
with breast cancer have a clear hereditary pre-
disposition [12-14], and about one half have 
predisposing mutations in BRCA1, BRCA2, 
PTEN, TP53, or other known cancer predispos-
ing genes. However, twin studies indicate that 
the heritability of breast cancer is about 30% 
[15], suggesting that genes other than the well-
mapped regions act as modifiers of breast can-
cer risk. Although it is likely low penetrance as 
well as high penetrance genes may be involved 
in the etiology, it remains unclear which ge-
nomic regions and which biochemical functions 
or signal transduction pathways account for the 
additional, heritability of breast cancer inci-
dence or progression. 
 
The human ER-α gene exhibits low mutational 
frequency in breast cancer tissue [16]. How-
ever, ERs allelic variants have been associated 
with breast cancer risk [17-28] in Caucasians, 
as have certain clinical features including pres-
ence of a family history [16] and lymph node 
(LN) metastasis [24]. Evidence is accumulating 
to suggest that breast cancer is a collection of 
biologically distinct disease subtypes character-
ized by unique gene expression profiles, mo-
lecular or protein markers, and that exhibit vari-
able clinical behavior, prognosis, and response 
to therapies [29-34].  
 
In the current study, we evaluated the hypothe-
sis that certain sequence variants of the ER-α 
and ER-β genes are associated with an addi-
tively increased risk for breast cancer. This 
study includes the following components: (a) 
direct sequencing of the selected exons varia-
tions, among all of the cases and controls 
whose DNA samples were available at the time 
of this study; and (d) assessment of the associa-
tion of ERs sequence variants and their interac-
tion with each others on breast cancer risk. 
 
Methods 
 
Study population 
 
A case-control study was conducted with the 
breast cancer patients (n =150; mean age 
47.49 ± 11.43 years) were newly diagnosed 
and mostly living in Tehran. They were entered 
into the study if they had a confirmed pathologi-
cal breast cancer diagnosis at the Imam 

Khomeini Hospital Complex (a large teaching 
and general hospital in the central district of 
Tehran) and were referred to our several clinics 
of the Cancer Institute, including Women Sec-
tions 1 and 3, and Central Clinics of 1 and 2 for 
breast surgery. The control group (n =147; 
mean age 40.75 ± 10.54 years) included 
healthy women neither with any history of 
breast cancer nor any other neoplastic dis-
eases, also none of their relatives had a history 
of breast cancer at the same clinic. Women with 
hysterectomy and artificial menopause or ex-
posed to any kind of radiation and chemother-
apy in their life time were excluded from the 
study. All patients provided written informed 
consent to participate before entering into the 
present study.  
 
Demographical and risk factor data were col-
lected using a short structured questionnaire, 
including information on family history of breast 
cancer (first-degree relatives), age at menarche, 
lymph node metastases (LN) (Table 1). An ongo-
ing protocol to collect and store blood samples 
for future genomic tests had been approved by 
the institutional review board. Peripheral blood 
was collected and genotyping analysis was per-
formed for selected regions in both genes.  
 
Screening for ER-α and ER-β variants by single 
strand conformation polymorphism analysis 
 
To identify any variant site on these genes in the 
Iranian population, our strategy was to screen 
samples for the selected coding regions of ER-α 
and ER-β using the PCR single-strand conforma-
tion polymorphism (SSCP) method. A total of 
150 breast cancer patients were screened at 
this stage and compared with 147 control indi-
viduals in order to identify disease-associated 
variants/mutations. Genomic DNA was ex-
tracted from whole blood cells using DNGTM-Plus 
extraction solution kit (Cinnagen Inc, Tehran, 
Iran) in accordance with the manufacturer's 
instructions. Genomic DNA (50 ng) was used for 
each run of PCR-based genotyping.  
 
Exons 1, 4 and 8 of the ER-α gene were ampli-
fied by PCR methods, using set of primers ac-
cording to the oligonucleotide sequences in 
Hsiao et al. [35] (Table 2). PCR was performed 
for 30 cycles of 30 seconds at 95°C, 30 sec-
onds at 58°C and 40 seconds at 72°C. Optimal 
electrophoretic separation for SSCP was con-
ducted in Polyacrylamide gel (8% for exon 1 and 
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4: 12% for exon 8) (19:1 Acrylamide: Bisacryla-
mide) at 200 V for 2 hours followed with 250 V 
for 24 hours at 16°C. 
 
Exons 3 and 7 of the ER-β gene was amplified 

by PCR methods, set of oligonucleotide primers 
designed by primer3 (v. 0.4.0) soft ware (Table 
3). PCR was performed for 30 cycles of 30 sec-
onds at 95°C, 30 seconds at 58°C and 40 sec-
onds at 72°C. Optimal electrophoretic separa-

Table 1. The distributions of selected demographic characteristics and major risk factors for breast can-
cer of whole study population: breast cancer versus control groups. 
Characteristics Case Number (%) Control Number (%) 
Age (years): 
</=40 52 (41.3) 98(57.3) 
>40 74(58.7) 73(42.7) 
BMI(kg/m2): 
</=18.5 (underweight) 5(3.3) 9(6.1) 
18.6 - 24.9 (normal) 57(38.0) 90(61.2) 
25.0 - 29.9 (overweight) 55(36.7) 35(23.8) 
>30.0 (obese) 33(22.0) 13(8.9) 
Age at menarche (years): 
</=12 60(40.0) 36(24.5) 
>12 90(60.0) 111(75.5) 
Age at menopause (years): 
</=50 47(79.7) 11(61.1) 
> 50 12(20.3) 7(38.9) 
Onset Age of breast cancer (years): 
<40 48(32.0) - 
>/=40 66(44.0) - 
After menopause 36(24.0) - 
Family history of breast cancer: 
First– degree family affected 19(12.7) - 
Not affected 131(87.3) 147(100) 
First-degree family history of breast cancer: 
Mother 8(42.1) - 
Sister 6(31.6) - 
Daughter 4(21.0) - 
Mother & sister 1(5.3) - 
Lymph node metastases: 
Yes 23(15.3) - 
No 127(84.7) - 
First-degree family history of breast cancer: 
Mother 8(42.1) - 
Sister 6(31.6) - 
Daughter 4(21.0) - 
Mother & sister 1(5.3) - 
Lymph node metastases: 
Yes 23(15.3) - 
No 127(84.7) - 

 

Table 2. Primes selected for Exons # 1, # 4 and # 8 of Gene ER-α. 
Polymorphi-sm site Melting temperature (oC) Oligonucleotic sequences Sequence size 

Exon 1 56 
64 

Primers for PCR reaction 
F 5'-GGTTTCTGAGCCTTCTGCCCTG-3' 
R 5'-AGGCCGGTCTGACCGTAGA-3' 

253 

Exon 4 58.5 
65.5 

Primers for PCR reaction 
F 5'-ACCTGTGTTTTCAGGGATACGA-3' 
R 5'-GCTGCGCTTCGCATTCTTAC-3' 

329 

Exon 8 61 
67 

Primers for PCR reaction 
F 5'-CTGTGTCTTCCCACCTACAG-3' 
R 5'-GGGTAAAATGCAGCAGGGATT-3' 

265 
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tion for SSCP was conducted in 12% Polyacryla-
mide gel (29:1 Acrylamide: Bisacrylamide) at 
200 V, 20 hours duration at 16°C. 
 
After electrophoresis, the bands on gel were 
visualized using 0.1% silver nitrate stain. PCR 
samples demonstrating varying band shifting 
patterns as the result of first sequencing with 
forward primer were re-purified on agarose gel 
using a DNA Extraction Kit, Fermentas # K0153, 
Germany; then directly sequenced by big dye 
Terminator V3.1 Cycle Sequencing kit protocol, 
(Applied Biosystem Kit, Microgen Co., USA), on a 
sequencer ABI 3130XL (16capillaries). 
 
We also used the PCR products purification 
method in order to confirm sequencing by re-
verse primer. The PCR products were purified 
using QIAquick PCR purification Kit (50) 
(QIAGEN cat. #28104, USA). 
 
Ethical considerations 
 
The study and signed informed consent were 
approved by the Ethics Committee of Research 
of the Dr. K Sharifi, The institute of Cancer, 
Imam Khomeini Hospital complex, Tehran Uni-
versity of Medical Sciences. 
 
Statistical analysis 
 
χ2 testing was employed to assess the influence 
of polymorphism status on features of breast 
cancer. Unconditional logistic regression analy-
sis was performed using SPSS software (version 
11.5 for Windows XP; SPSS Inc., Cary, NC, USA) 
to calculate odds ratios (ORs) with 95% confi-
dence intervals (CIs) and to examine the predic-
tive effect of each factor on risk for breast can-
cer. P < 0.05 was considered as a statistically 
significant.  
 
Results 
 
In consideration of the age at menarche at 12- 

years- old (and above or below) in the different 
gene separately and together, patients with all 
three polymorphisms in ER-α gene revealed 
higher, frequency, 61.9% in comparison with 
the normal genotype of 25.8% (P=0.001). How-
ever, addition of ER-β polymorphism in codon 
392 (CTC→CTG) rs1256054, did not show addi-
tive effecting developing breast cancer (54.5%) 
(Table 4).  
 
In the regards to criterion of codons together, all 
four codons polymorphisms (codon 10 
(TCT→TCC) rs2077647, codon 352 
(CCG→CCC) rs1801132and codon 594 
(ACG→ACA) rs2228480, in ER-α, and codon 
392 in ER-β) together, for first degree family 
history of breast cancer, we found out that het-
erozygote or homozygote polymorphisms geno-
type together in all four codons , with the much 
higher significant frequencies of 72.7% in com-
parison with situation of codon 392 with normal 
genotype (7.1%) (P= 0.001). However the re-
sults are not the same for those patients with-
out such family history (Table 5). 
 
For LN metastases development, when three 
codons in ER-α had variant genotypes, either 
heterozygote [codon 10(TCT/TCC), codon 352 
(CCG/CCC) and codon 594 (ACG/ACA)] or homo-
zygote[codon 10(TCC/TCC), codon 352 (CCC/
CCC) and codon 594 (ACA/ACA)] and codon 392 
had normal genotype (CTC/CTC) the distribution 
difference was 7.1% in comparison with when 
the codon of 392 in ER-β was also with variant 
genotype (CTC/CTG and CTG/CTG) with higher 
significant frequency of 63.6% (nine fold), and 
six fold higher when all codons have normal 
genotypes (11.8%) (Table 6).  
 
For breast cancer, patients in the category with 
genotypes, combination of three SNP markers 
in 2, 3 or 4 as are shown in Table 7, revealed 
the OR< 1, especially for combination of 2 (OR 
0.17, 95% CI 0.6- 0.481). Our results revealed 
that a combination of the three SNP markers 

Table 3. Primers selected for Exons #3 and #7 of Gene ER-β. 
Polymorphi-sm site Melting temperature (oC) Oligonucleotic sequences Sequence size 

Exon 3 59.23 
59.86 

Primers for PCR reaction 
F TTGCTCCCTAGAGAGACACTGA 
R CTTCACACGACCAGACTCCA 

151 

Exon 7 60.04 
60.14 

Primers for PCR reaction 
F 5' GATGAGGGGAAATGCGTAGA 3' 
R 5' GGCCCAGCTGTGTGATTACT 3' 

156 
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Table 4. Comparison of genotypic distribution frequencies in estrogen receptor- gene (codons 10, 325, 594) with genotypic distribution frequencies in 
estrogen receptor-  gene (codon 392) for the age at menarche in the case group of the study population groups. 

Age at menarche (years) </=12 >12 Total  

Test result Codon 10 & 325 & 594 
Codon 392 Frequency Percent Frequency Percent Frequency Percent 

Case Not Polymorphisma 

Not Polymorphisma 24 25.8 69 74.2 93 100 χ2=10.374 

P=0.001 Polymorphismb 4 100 - - 4 100 
total 28 28.9 69 71.1 97 100 

Polymorphismb Not Polymorphism 26 61.9 16 38.1 42 100 χ2=0.195 
P=0.659 Polymorphism 6 54.5 50 45.5 11 100 

total 32 60.4 21 39.6 53 100 
Total Not Polymorphism 50 37.1 85 62.9 135 100  

Polymorphism 10 66.7 5 33.3 15 100 

total 60 40 90 60 150 100 

acodon 10(TCT/TCT), codon 352 (CCG/CCG) and codon 594 (ACG/ACG), genotype; bheterozygote genotype codon 10(TCT→TCC), codon 352 (CCG→CCC) and codon 594 (ACG→ACA) and 
homozygote genotype codon 10 (TCC→TCC), codon 352 (CCGC→CCC) and codon 594 (ACA→ACA)  

Table 5. Comparison of genotypic distribution frequencies in estrogen receptor- gene (codons 10, 325, 594) with genotypic distribution frequencies in 
estrogen receptor-  gene (codon 392) for first-degree family history of breast cancer in the case group of the study population. 

First-degree family history of  breast cancer Yes No Total Test result 

Codons 10 & 325& 594              Codon  392 Frequency Percent Frequency Percent Frequency Percent 

Case Not Polymorphisma Not Polymorphisma 4 4.3 89 95.7 93 100 2=22.250 

P=0.001 
Polymorphismb 4 100 - - 4 100 
total 8 8.2 89 91.8 97 100 

Polymorphismb Not Polymorphism 3 7.1 39 92.9 42 100 2=19.627 
P=0.001 Polymorphism 8 72.7 3 27.3 11 100 

total 11 20.8 42 79.2 53 100 

Total Not Polymorphism 7 5.2 128 94.8 135 100  

Polymorphism 12 80.0 3 20.0 15 100 

total 19 12.7 131 87.3 150 100 

acodon 10(TCT/TCT), codon 352 (CCG/CCG) and codon 594 (ACG/ACG), genotype; bheterozygote genotype codon 10(TCT→TCC), codon 352 (CCG→CCC) and codon 594 (ACG→ACA) and 
homozygote genotype codon 10 (TCC→TCC), codon 352 (CCGC→CCC) and codon 594 (ACA→ACA)  
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Table 6. Comparison of genotypic distribution frequencies in estrogen receptor- gene (codons 10, 325, 594) with genotypic distribution frequencies in 
estrogen receptor-  gene (codon 392) for lymph node metastases in the case group of study population. 

                             Lymph node metastases  Yes No Total  
Test result 

Codons  10&325&594         Codon 392 Frequency Percent Frequency Percent Frequency Percent 

Normal a Normal a 11 11.8 82 88.2 93 100 χ2=3.275 
P=0.07 Not normal b 2 50.0 2 50.0 4 100 

Total 13 13.4 84 86.6 97 100 
Not normal b Normal 3 7.1 39 92.9 42 100 χ2=15.301 

P=0.001 Not normal 7 63.6 4 36.4 11 100 
Total 10 18.9 43 81.1 53 100 

Total Normal 14 10.4 121 89.6 135 100  
Not normal 9 60.0 6 40.0 15 100 
Total 23 15.3 127 84.7 150 100 

acodon 10(TCT/TCT), codon 352 (CCG/CCG) and codon 594 (ACG/ACG), genotype; bheterozygote genotype codon 10(TCT→TCC), codon 352 (CCG→CCC) and codon 594 (ACG→ACA) and homozygote 
genotype codon 10 (TCC→TCC), codon 352 (CCGC→CCC) and codon 594 (ACA→ACA)  
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may decrease accuracy in predicting develop-
ment of breast cancer later in their lifetime 
(Table 7). 
 
For the age at menarche 12- years- old (and 
above or below), patients in the category with 
genotypes, combination of three SNP markers 
(2, 3 or 4), revealed the OR < 1 indicates that 
the condition is less likely in the age at men-
arche 12 or below 12 years old, especially for 
combination of 2 (OR 0.116, 95% CI 0.013-
1.058). These results demonstrated that a com-
bination of the three SNP markers may increase 
accuracy in predicting development of breast 
cancer for individuals with age at menarche 
below 12 years old. 
 
For the first- degree family history of breast can-
cer, patients in the category with genotypes, 
combination of three SNP markers (2, 3 or 4), 
revealed the OR >1, especially for combination 
of 2 (OR 2.720, 95% CI 0.411-17.996). Our 
results showed that a combination of the three 
SNP markers may increase accuracy in predict-

ing development of breast cancer in the first- 
degree relatives with history of breast cancer. 
 
In lymph node metastases, patients in the cate-
gory with genotypes, combination of three SNP 
markers (2, 3 or 4), revealed the greater OR 
than 1, especially for combination of 3 (OR 1.5, 
95% CI 1.149 - 1.959). Our results demon-
strated that a combination of the three SNP 
markers may increase accuracy in predicting LN 
metastases (Table 7). 
 
Discussion 
 
Substantial evidence has been reported that 
indicates that ER participates in mammary 
gland tumorigenesis, and thus ER is among the 
genes that affect breast cancer susceptibility. 
Breast cancer associated ER-α and ER-β poly-
morphisms were surveyed in previous studies 
[36-42]. However, there are some exceptions of 
no association of common genetic variations in 
the ER-α gene in relation to breast cancer risk 
in some studies [43, 44]. In fact, it has been 

Table 7. Comparison of estimated selected factors with estrogen receptor-a genotypes. 
Age at menarche (years) </=12 

n=60 
>12 
n=90 

P value OR (95% CI) 
  

Breast cancer Yes 
n=150 

No 
n=147 

    

1 1(14.3%) 6(85.7%) 0.001 1.0(reference) 
2 23(59.0%) 16(41.0%) 0.116(0.013-1.058) 
3 15(55.6%) 12(44.4%) 0.133(0.014-1.264) 
4 21(27.3%) 56(72.7%) 0.444(0.05-3.914) 
First- degree family history 
of breast cancer 

Affected 
n=19 

Not affected 
n=131 

    

1 2(28.6%) 5(71.4%) 0.001 1.0(reference) 
2 5(12.8%) 34(87.2%) 2.720(0.411-17.996) 
3 10(37.0%) 17(63.0%) 0.68(0.111-4.182) 
4 2(2.6%) 75(97.4%) 15.0(1.732-129.928) 
Lymph node metastases Yes 

n=23 
No 
n=127 

    

1 - 7(100%) 0.033 1.0(reference) 
2 5(12.8%) 34(87.2%) 1.147(1.017-1.294) 
3 9(33.3%) 18(66.7%) 1.5(1.149-1.959) 
4 9(11.7%) 68(88.3%) 1.132(1.044-1.228)_ 
Codon 10: Codon 325: Codon 594. 
1) TCT/TCT:CCG/CCG:ACG/ACG; 
2)TCT/TCC:CCG/CCC:ACG/ACA,TCC/TCC:CCC/CCC:ACG/ACG,TCC/TCC:CCG/CCG:ACA/ACA,TCT/TCT:CCC/CCC:ACA/ACA,CCG/
CCG:ACG/ACG: ACA/ACA,TCT/TCT:CCC/CCC:ACG/ACG,TCC/TCC:CCG/CCG:ACG/ACG,TCT/TCT:CCG/CCC:ACA/ACA,TCT/TCC:CCG/
CCG:ACA/ACA / TCC/TCC: CCG/CCG:ACG/ACG,TCT/TCT:CCC/CCC:ACG/ACA,TCT/TCC:CCC/CCC:ACG/ACG,TCC/TCC:CCG/CCC:ACG/
ACG; 3)TCC/TCC:CCC/CCC:ACA/ACA,TCT/TCC:CCG/CCC:ACA/ACA,TCT/TCC:CCC/CCC:ACG/ACA,TCC/TCC:CCG/CCC:ACG/ACA,TCT/
TCC: CCC/CCC: ACA/ACA, / TCC/TCC:CCG/CCC:ACA/ACA,TCC/TCC:CCC/CCC:ACG/ACA; 
4)TCT/TCT:CCG/CCG:ACG/ACA,TCT/TCC:CCG/CCG:ACG/ACG,TCT/TCT:CCG/CCC:ACG/ACG,TCT/TCC:CCG/CCC:ACG/ACG,TCT/TCC: 
CCG/CCG: ACG/ACA, TCT/TCT:CCG/CCC:ACG/ACA 
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shown that ER-α protein over expression is com-
mon in breast cancer [27]. Somatic mutation of 
the ER-α gene has been identified [38], but ER-
α germ-line mutation rarely occurs in the breast 
cancer patients. In agreement with observed 
low mutation rates, the present study found no 
novel mutations. Unexplained differences be-
tween Asian and Western breast cancer sympto-
matology and demographics led us to consider 
whether unknown genetic factors within the 
Iranian genome are involved, prompting us to 
conduct the present PCR-SSCP analysis of ER-α 
polymorphism. 
 
We found when patients exhibited two polymor-
phisms at the same time; there were additive 
effects in menstruation age below12- years- old 
as proved risk factor in developing breast can-
cer. Patients individuals with the age at men-
arche below 12- years- old showed 53.7% poly-
morphisms in codon 352 and 47.6% in codon 
594, but individuals with both polymorphisms 
(codons 325 and 594) revealed significantly 
increase in frequency of age at menarche below 
12 years old up to 59.0%(χ2=15.491, P=0.001). 
Patients with all three polymorphisms in ER-α 
gene revealed even higher significant 
(χ2=14.180, P=0.001) frequency, 60.4% for the 
same risk factor. Nevertheless, addition of ER-β 
polymorphism in codon 392 did not show addi-
tive effect in age at menarche (54.55%). These 
findings together suggest that, SNP in codon 
392 of estrogen receptor- β gene is more effec-
tive than those SNPs in codons 10, 325, 594, of 
estrogen receptor-α gene, in developing breast 
cancer in those patients with the first- degree 
family history of breast cancer. Also, SNP in 
codon 392 of estrogen receptor- β gene is much 
effective than those SNPs in codons 10, 325, 
594, of estrogen receptor-α gene in developing 
LN metastases in breast cancer patients. 
 
Our results demonstrated that a combination of 
the three SNP markers may increase accuracy 
in predicting LN metastases, the results match-
ing that in the Taiwan population [35].These 
findings together suggest that SNP in codon 
392 of estrogen receptor-β gene has more influ-
ence than SNPs in codons 10, 325, 594, of es-
trogen receptor-α gene in developing breast 
cancer in those patients with the first-degree 
family history of breast cancer. Also, SNP in 
codon 392 of estrogen receptor- β gene is more 
affective than those SNPs in codons 10, 325, 
594 of estrogen receptor-α gene in developing 

LN metastases in breast cancer patients.  
 
Conclusion 
 
To our knowledge, this was the first systematic 
association study in joint effects of polymor-
phisms in these two genes for breast cancer 
risk. In current study we found that the four dif-
ferent common silent single nucleotide polymor-
phisms in estrogen receptor α and β are corre-
lated with various aspects of breast cancer in 
Iran and have additive effects in increasing risk 
for developing breast cancer with LN metasta-
ses. Furthermore, ER-β variation seems to be 
more effective among Iranian breast cancer 
patients. Our data suggest that ERs polymor-
phisms as determined during presurgical 
evaluation might represent a surrogate marker 
for predicting breast cancer lymph node metas-
tasis. Furthermore, our results indicate a need 
for more extensive evaluation of the role of 
other ERs polymorphism regions in susceptibil-
ity to breast cancer. 
 
Abbreviations 
 
BMI= Body Mass Index; CI = confidence interval; 
ESR = estrogen receptor; LN = lymph node; OR 
= odd ratio; PCR = polymerase chain reaction; 
Rh = Rhesus blood group system; SNP = single 
nucleotide polymorphism; SSCP = single-strand 
conformational polymorphism. 
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