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ABSTRACT. Sex hormones play important roles in breast cancer (BC) 
development. This study investigated associations between BC risk and 
hormone-related gene variants in Chinese women. In a cohort of 336 
patients with histopathologically confirmed BC and 390 age-matched 
controls, we genotyped seven single nucleotide polymorphisms (SNPs) 
in five hormone-related genes: estrogen receptor-α (ESR1), aromatase 
(CYP19), catechol-O-methyl transferase (COMT), sex hormone-
binding globulin (SHBG), and glutathione S-transferase (GSTP1). 
Among these seven SNPs, the SNPs in GSTP1 rs1695 [A/G; odds 
ratio (OR): 1.68; 95% confidence interval (CI): 1.23-2.30] and ESR1 
rs2046210 (C/T; OR: 1.39; 95%CI = 1.02-1.91) were associated with 
an increased risk among heterozygote carriers. Homozygotes of minor 
alleles of CYP19 rs10046 (CC) were associated with a reduced risk 
of BC with OR: 0.61 (95%CI = 0.39-0.95). In addition, a stratified 
analysis by menopausal status indicated that the association of the 
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CYP19 polymorphisms (rs10046 and rs700519) with BC risk was mainly 
evident in premenopausal women, and the association of CYP19 rs700519 
with BC risk was significant in women less than 50 years old. Haplotype 
analysis identified 15 common haplotypes (>1%). The haplotype 
TGGGGTC was significantly associated with BC risk compared with 
the reference haplotype CGAGGTC (OR > 1000, P < 0.0001). Our data 
demonstrate that these ESR1, GSTP1, and CYP19 polymorphisms are 
associated with risk of BC, and the risk haplotype TGGGGTC could help 
to identify populations with high susceptibility to BC in Chinese women.

Key words: Breast cancer; Hormone-related gene; Genetic variants; 
Haplotype; Association analysis

INTRODUCTION

Endogenous sex steroids have been shown epidemiologically to be associated with breast 
cancer (BC) development (Chen, 2008; Key et al., 2015). For example, high levels of circulating 
estradiol and estrone are associated with increased BC in postmenopausal women (Key et al., 
2002; Lukanova et al., 2004; Missmer et al., 2004; Kaaks et al., 2005). BC risk is also indirectly 
linked to premenopausal hormone levels by epidemiological studies (Pike et al., 1983).

Although many epidemiological studies have evaluated the potential role of 
polymorphisms in estrogen metabolizing genes in BC risk, the overall results remain inconsistent. 
We selected several genes involved in estrogen synthesis and metabolism, including COMT 
(catechol-O-methyl transferase), CYP19 (aromatase), ESR1 (estrogen receptor-α), GSTP1 
(glutathione S-transferase P), and SHBG (sex hormone-binding globulin). COMT, an important 
estrogen-metabolizing enzyme, has a functional single nucleotide polymorphism (SNP) rs4680 
(Val158Met), which results in a valine-to-methionine amino acid substitution and is associated 
with decreased activity of the COMT enzyme (Dawling et al., 2001). The CYP19 gene encodes 
aromatase, which has two SNPs: rs700519, a non-synonymous coding SNP (Arg264Cys) in 
exon 7, and rs10046, located in the 3'UTR region of the CYP19 gene. ESR1 encodes an estrogen 
receptor with two SNPs: the rs2046210 SNP, which is located 29 kb upstream of the first 
untranslated exon, and the rs9383951 SNP, which is located in ESR1 intron 5. The GSTP1 SNP 
rs1695 (Ile105Val) G allele has been demonstrated to exhibit abnormal catalytic enzyme activity 
(Zimniak et al., 1994). A non-synonymous SNP in exon 8 of the SHBG gene results in an amino 
acid substitution of asparagine for aspartic acid, and the asparagine (N) allele is associated with 
elevated levels of SHBG in postmenopausal women (Haiman et al., 2005). Functionally relevant 
polymorphisms in these hormone-related genes may alter hormone levels and affect the risk of 
BC. Candidate polymorphisms selected in our study were associated with BC risk in some, but 
not all, studies. Therefore, we selected these polymorphisms in hormone-related genes to assess 
whether these variants are associated with the risk of BC risk in Chinese women.

MATERIAL AND METHODS

Study population

This study was approved by the Ethics Committee of Zhejiang Cancer Hospital. We 
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recruited 336 women with pathologically confirmed BC (mean age: 46 years; range: 27-84 
years) in the Zhejiang Cancer Hospital during May 2011 and September 2012. We took de-
tailed clinicopathological information, including tumor size, histological grade, and lymph 
node involvement, as well as estrogen receptor (ER), progesterone receptor, and human epi-
dermal growth factor receptor 2 statuses from patients’ medical records (Table 1). As controls, 
we randomly selected 390 age-matched (± 5 years) cancer-free women from the same resi-
dential areas.

Missing: the number (%) of cases for which the corresponding information was not available.

Table 1. Clinicopathological characteristics of breast cancer patients.

Characteristics Cases (%) Controls (%) 
Age (years) 
50 200 (59.5%) 236 (60.5%) 
>50 136 (40.5%) 154 (39.5%) 
Menopausal status 
Premenopausal 203 (60.4%)  
Postmenopausal 133 (39.6%)  
Tumor size (cm) 
2 59 (17.6%)  
>2 238 (70.8%)  
Missing 39 (11.6%)  
Histological grade 
I+II 137 (40.8%)  
III 82 (24.4%)  
Missing 117 (34.8%)  
Lymph node status 
Negative 116 (34.5%)  
Positive 213 (63.4%)  
Missing 7 (2.1%)  
ER status 
Negative 114 (33.9%)  
Positive 211 (62.8%)  
Missing 11 (3.3%)  
PR status 
Negative 135 (40.2%)  
Positive 190 (56.5%)  
Missing 11 (3.3%)  
HER2 status 
Negative 201 (59.8%)  
Positive 114 (33.9%)  
Missing 21 (6.3%)  

 

DNA extraction and genotyping

Genomic DNA was extracted from peripheral blood samples using a blood genomic 
DNA extraction kit (Xinjin Genetech Ltd., Hangzhou, China) according to the manufacturer 
protocol. We selected seven SNPs for genotyping as follows: ESR1 rs2046210 and rs9383951, 
CYP19 rs10046 and rs700519, COMT rs4680, SHBG rs6259, and GSTP1 rs1695. Genotyping 
was performed with the iPLEX MassARRAY® platform (Sequenom, San Diego, CA, USA) 
with an allele-specific, matrix-assisted, laser desorption/ionization time-of-flight assay (Ju-
rinke et al., 2002). Primers for amplification and extension reactions were designed by Seque-
nom guidelines using MassARRAY® Assay Design software. Primers for COMT rs4680 were 
5'-CACCATCGAGATCAACCCCG-3' (F) and 5'-TTCCAGGTCTGACAACGGGT-3' (R); 
CYP19 rs10046: 5'-GACTTGTCCTTGCACCCAGA-3' (F) and 5'-GGCCACTGAGTGTTC
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ACTGT-3' (R); CYP19 rs700519: 5'-CAGCAAGGATTTGAAAGATGCCA-3' (F) and 
5'-GTTCAGGTCAGTACCTCTGCT-3' (R); ESR1 rs2046210: 5'-CATCAGGGTGCCTCAA
CTGT-3' (F) and 5'-TCCTCACACATACATACAGTCACA-3' (R); ESR1 rs9383951: 5'-AGT
CACAGCCAGCTTACAGAG-3' (F) and 5'-AGGCTCTTTCCTCTCAGGTCA-3' (R); SHBG 
rs6259: 5'-ATGCCACCTTTGCACTACCT-3' (F) and 5'-TTGTGCCCAAAGGCCATTCA-3' 
(R); GSTP1 rs1695: 5'-ATCCCCAGTGACTGTGTGTTG-3' (F) and 5'-AAGCCCCTTTCTTT
GTTCAGC-3' (R). All procedures were performed following manufacturer instructions. The 
average genotype call rate for these SNPs was >99%; the concordance rate for all SNPs was 
100%.

Statistical analysis

Deviation from the Hardy-Weinberg equilibrium was examined in controls using the χ2 
test. Logistic regression analysis was used for odds ratios (OR) and 95% confidence intervals (CIs) 
for genotype case-control associations and haplotype association analyses. The most common 
haplotype was selected as the reference. P < 0.05 was considered significant. Associations of 
SNPs and patients’ clinicopathological features were assessed using logistic regression analyses 
restricted to cases (case-only analyses). All statistical analyses were performed with SNPStats 
software (http://bioinfo.iconcologia.net/SNPstats) (Solé et al., 2006).

RESULTS

Study population characteristics were compared by case-control status, as shown in 
Table 1. The mean age of controls was similar to that of the BC patients.

Variant allele frequencies and association analysis are shown in Table 2. All SNP 
frequencies were in Hardy-Weinberg equilibrium among controls (data not shown). Increased 
BC risk was significantly associated with SNPs in GSTP1 rs1695 (OR: 1.65; 95%CI = 1.19-
2.28) and ESR1 rs2046210 (OR: 1.43; 95%CI = 1.03-1.99) among heterozygote carriers. 
Homozygotes of CYP19 (rs10046) minor alleles (CC) were associated with significantly 
reduced BC risk (OR: 0.61; 95%CI = 0.39-0.95). The remaining SNPs were not observed 
to be associated significantly with a risk of BC.

To explore the potential role of these SNP genotypes in BC, we further analyzed 
the association of these genotypes with clinicopathological features of patients (Table 3). A 
stratified analysis by menopausal status indicated that rs700519 and rs10046 were mainly 
evident in premenopausal women (OR: 2.31; 95%CI =1.37-3.91 and OR: 1.68; 95%CI = 
1.04-2.70). An analysis by age group showed that the association between SNP rs700519 
and BC was stronger in women under 50 years old. Further, the association between the 
SNPs rs700519 and rs10046 and BC risk according to the ER/progesterone receptor/ human 
epidermal growth factor receptor 2 (HER-2) status was also explored; no difference was 
found (data not shown). The SHBG, ESR1, COMT, and GSTP1 SNPs were not associated 
with other clinicopathological features (data not shown).

Fifteen haplotypes with a frequency greater than 1% were identified (Table 4). 
There was an overall haplotype effect when comparing cases to controls (P = 0.0025). 
The haplotype TGGGGTC was associated with higher BC risk than the reference hap-
lotype CGAGGTC (OR > 1000; P < 0.0001). Other haplotypes showed no association 
with BC risk.
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Table 2. Genotype frequencies in breast cancer patients and control group.

Genotype Controls (%) N = 392 Cases (%) N = 336 OR (95%CI) P value 
rs2046210 
C/C 146 (37.4%) 97 (30%) 1.00  
C/T 187 (48%) 178 (55.1%) 1.43 (1.03-1.99) 0.031 
T/T 57 (14.6%) 48 (14.9%) 1.27 (0.8-2.01) 0.31 
C/T+T/T 244 (62.6%) 226 (70%) 1.39 (1.02-1.91) 0.037 
Rs9383951 
G/G 305 (78.2%) 272 (83.4%) 1.00  
G/C 75 (19.2%) 50 (15.3%) 0.75 (0.5-1.11) 0.146 
C/C 10 (2.6%) 4 (1.3%) 0.45 (0.14-1.45) 0.168 
G/C+C/C 85 (21.8%) 54 (16.6%) 0.71 (0.49-1.04) 0.078 
Rs1695 
A/A 280 (71.8%) 194 (60.2%) 1.00  
A/G 100 (25.6%) 114 (35.4%) 1.65 (1.19-2.28) 0.0025 
G/G 10 (2.6%) 14 (4.3%) 2.02 (0.88-4.64) 0.091 
A/G+G/G 110 (28.2%) 128 (39.8) 1.68 (1.23-2.30) 0.0011 
Rs6259 
G/G 265 (68%) 221 (68%) 1.00  
G/A 120 (30.8%) 98 (30.1%) 0.98 (0.71-1.35) 0.898 
A/A 5 (1.3%) 6 (1.9%) 1.44 (0.43-4.78) 0.550 
G/A+A/A 125 (32%) 104 (32%) 1.00 (0.73-1.37) 0.988 
Rs4680 
G/G 221 (57.3%) 182 (56.9%) 1.00  
A/G 143 (37%) 119 (37.2%) 1.01 (0.74-1.38) 0.947 
A/A 22 (5.7%) 19 (5.9%) 1.05 (0.55-2.00) 0.884 
A/G+A/A 165 (42.8%) 138 (43.1%) 1.02 (0.75-1.37) 0.919 
Rs10046 
T/T 111 (28.3%) 100 (29.9%) 1.00  
T/C 192 (49%) 185 (55.4%) 1.07 (0.76-1.05) 0.696 
C/C 89 (22.7%) 49 (14.7) 0.61 (0.39-0.95) 0.028 
T/C+C/C 281 (71.7%) 234 (70.1) 0.92 (0.67-1.27) 0.631 
Rs700519 
C/C 289 (74.1%) 225 (70.1%) 1.00  
T/C 96 (24.6%) 87 (27.1%) 1.16 (0.83-1.63) 0.378 
T/T 5 (1.3%) 9 (2.8%) 2.31 (0.76-6.99) 0.127 
T/C+T/T 101 (25.9%) 96 (29.9%) 1.22 (0.88-1.70) 0.234 
 

Table 3. Subgroups analysis between SNPs and clinicopathological feature of breast cancer patients.

Characteristics rs700519 
C/C T/C T/T T/C+T/T 

Age onset 
>50/50 92/133 24/63 0/9 24/72 
OR (95%CI) 1.00 1.82 (1.06-3.12) NA 2.08 (1.22-3.54) 
P value  0.029 0.013 0.006 
Menopause 
Post/pre 101/124 25/62 0/9 25/71 
OR (95%CI) 1.00 2.02 (1.18-3.44) NA (0-NA) 2.31 (1.37-3.91) 
P value  0.009 0.007 0.001 

 rs10046 
T/T T/C C/C T/C+C/C 

Age onset 
>50/50 38/62 70/115 13/36 83/151 
OR (95%CI) 1.00 1.01 (0.61-1.66) 1.70 (0.80-3.60) 1.12 (0.69-1.81) 
P value  0.978 0.165 0.659 
Menopause 
Post/pre 48/52 68/117 15/34 83/151 
OR (95%CI) 1.00 1.59 (0.97-2.60) 2.09 (1.02-4.31) 1.68 (1.04-2.70) 
P value  0.065 0.043 0.031 
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DISCUSSION

In this case-control study, we investigated associations of hormone-related gene variants 
and BC risk in a Chinese population. Of the seven SNPs, CYP19 rs10046, ESR1 rs2046210, 
and GSTP1 rs1695 were significantly associated with BC risk in this population; one haplotype 
comprising seven SNPs significantly increased the risk of BC in Chinese women.

CYP19, which converts androgens to estrogens, contributes to variations in circulating 
hormone levels, and polymorphisms in this gene potentially affect BC risk (Dunning et 
al., 2004). Association analysis between rs10046 and BC in different populations showed 
inconsistent results (Zhang et al., 2009; Pineda et al., 2013). Karin et al. (Zins et al., 2014) 
reported that the TT genotype of this polymorphism was associated with an increased BC risk. 
Our data contradicted two earlier studies in which the CC genotype had a reduced risk of BC. 
In a stratified analysis, Karin et al. found that rs10046 may affect BC susceptibility in women 
below the age of 50 years in an Austrian population. We found that the rs10046 CC genotype 
occurred in 16.9% of women under 50 years of age and 10.7% in women above 50 years of 
age in subgroup analysis; however, this difference was not significant. In a stratified analysis 
by menopausal status, the association between the rs10046 C allele and BC was more evident 
in premenopausal women than postmenopausal women.

Chattopadhyay et al. (2014) previously observed that rs700519 had a significant 
association with BC risk in North Indian women, which was strongly affected by menopausal 
status. Sun et al. (2015) also reported that rs700519 is associated with susceptibility to BC 
among the Han Chinese population. However, Khvostova et al. (2012) and Sangrajrang et 
al. (2009) found that rs700519 was not associated with BC risk in Siberian and Thai women. 
Our findings also found no association between rs700519 and BC risk, similar to those of 
Khvostova and Sangrajrang. However, stratified analysis by age and menopausal status 
showed the rs700519 T allele to be more strongly associated with premenopausal women or 
women under 50 years of age. It suggested that the association between rs700519 and BC was 
evident in premenopausal or women under the age of 50 years.

The SHBG rs6259 influences estrogen bioavailability, but its association with BC 
is uncertain. In a large study of Chinese women, Zhang et al. (2011) reported that SHBG 
rs6259 was significantly associated with BC risk in stage I and II combined analyses, in which 

Global haplotype association P value: 0.0025.

Table 4. Association analysis of haplotypes with breast cancer patients.

Haplotype Freq OR (95%CI) P value 
CGAGGTC 0.135 1.00 - 
TGAGGTC 0.105 0.99 (0.51-1.94) 0.99 
CGAGGCC 0.087 0.73 (0.37-1.44) 0.36 
TGAGGCC 0.062 0.79 (0.39-1.59) 0.51 
CGAGGCT 0.054 0.87 (0.42-1.77) 0.69 
CGAGATC 0.050 0.81 (0.36-1.83) 0.62 
CGAAGTC 0.050 0.90 (0.38-2.13) 0.82 
CGGGGTC 0.041 2.02 (0.74-5.51) 0.17 
TGAGATC 0.032 1.22 (0.47-3.16) 0.68 
TGAGACC 0.026 0.51 (0.17-1.57) 0.24 
CGAGACC 0.023 0.46 (0.12-1.69) 0.24 
CCAGGTC 0.021 0.15 (0.02-1.10) 0.062 
TGGGATC 0.018 1.25 (0.26-5.97) 0.78 
TGAGACT 0.017 2.20 (0.71-6.77) 0.17 
TGGGGTC 0.017 >1000 <0.0001 
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the minor allele (A) produced a reduced risk of disease. However, Clendenen et al. (2013) 
and Diergaarde et al. (2008) found no association between rs6259 and BC risk, which is in 
agreement with our findings.

COMT encodes an estrogen-metabolizing enzyme, and the COMT Val108/158Met 
(rs4680) is thought to reduce enzymatic activity, which has been widely studied as a potential 
risk factor for BC. Several studies showed no association between rs4680 and BC risk (20, 24-
27). We also found no association between the COMT rs4680 and BC risk in Chinese women.

The glutathione S-transferase family of proteins is thought to affect conjugation 
of catechol estrogen quinones; the GSTP1 Val105 allele has been shown to disrupt normal 
catalytic enzyme activity. Reding et al. (2009) showed that the GSTP1 rs1695 A allele was 
a protective factor for BC compared with the G allele, but several other studies found no 
association between rs1695 and BC risk (Ramalhinho et al., 2011; Liu et al., 2013). Zhang et 
al. (2011) reported that the minor allele homozygotes of rs1695 (GG) were associated with 
an increased risk of developing BC, which is consistent with three other studies in Chinese 
women (Chang et al., 2006; Lee et al., 2008; Sakoda et al., 2008). Liu et al. (2013) found that 
GSTP1 rs1695 was associated with BC risk in an Asian population, but not in Caucasians or 
Africans. In our data, the SNP in rs1695 was found to be associated with an increased BC 
risk among heterozygote carriers, which is similar to the results of Zhang et al. (2011). The 
differences in association between rs1695 and BC among Caucasians, Africans, and Asians 
could be attributed to the different ethnicities of the various populations.

The SNP rs2046210 is located 180 kb upstream of the transcription initiation site of 
the ESR1 first coding exon and was first shown to be associated with increased BC risk by 
Zheng et al. (2009). Since then, several studies on ESR1 rs2046210 have yielded inconsistent 
results. Guo et al. (2012) reported that the rs2046210 A allele was significantly associated 
with BC risk in a case-control study and then confirmed these findings in a meta-analysis 
of the overall population. A meta-analysis by Yang et al. (2013) reported that the A allele 
of rs2046210 was associated with significantly increased BC risk in the overall population. 
When stratified by ethnicity, this significance was lost in those of African descent, but it was 
maintained in European and Asian populations. Mizoo et al. (2013) performed a case-control 
study that associated rs2046210 with higher BC risk in Japanese women. Our results also 
suggest that rs2046210 T allele carriers (TC and TT genotypes) have a significantly elevated 
BC risk compared with those with CC genotypes. However, we found no evidence that this 
association was stronger in pre- or postmenopausal women.

The SNP rs9383951 is located in ESR1 intron 5. Long et al. suggested that it was a 
susceptibility locus for BC, and this allele was associated with decreased BC risk in East Asians 
(Long et al., 2012). In our study, rs9383951 was not associated with BC risk in Chinese women.

Haplotype analysis can detect cis-acting causal variants that are potentially associated 
with disease risk, and the haplotype-specific risks are interesting to consider. In our data, 
haplotype analyses encompassing all seven SNPs identified 15 haplotypes with frequencies 
>0.01. A haplotype with frequency 0.017 was associated with extremely increased BC risk 
(TGGGGTC; OR: >1000) compared with the reference haplotype (CGAGGTC, 13.5%). 
Although not all seven SNPs in hormone-related genes are associated with BC risk, the 
haplotype TGGGGTC composed of seven SNPs significantly increased the risk of BC.

In summary, we reported associations between BC risk and ESR1 rs2046210, GSTP1 
rs1695, and CYP19 rs10046 SNPs and identified a haplotype TGGGGTC that was associated 
with a highly increased risk of BC in Chinese women. These findings suggest that the ESR1, 
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GSTP1, and CYP19 polymorphisms are likely to play an important role in BC among Chinese 
women, and the TGGGGTC haplotype could be a genetic marker for BC risk.
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