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ABSTRACT. The purpose of this study was to evaluate single 
nucleotide polymorphism (SNP) variants of the estrogen receptor 1 
gene (ESR1) at rs2234693 and rs9340799, as well as to investigate the 
relationship between ESR gene polymorphisms and postmenopausal 
osteoporosis (OP) of the spine in Chinese women. We recruited 198 
postmenopausal women with OP and 276 healthy women between May 
2012 and September 2015 in Zhongshan Hospital. Dual energy x-ray 
absorptiometry was used to measure the bone mineral density (BMD) 
of the lumbar vertebrae in all subjects. In addition, PCR-restriction 
fragment length polymorphism based analysis was conducted to identify 
the genotypes of ESR1. The distribution of ESR1 in the osteoporosis 
group and the control group was determined; the relationship between 
ESR polymorphisms and BMD was analyzed. The distributions of 
BMD were: TT < TC < CC, GG < AG < AA. The TT, TTGG, and 
TCGG genotypes were found to be lower as compared to the other 
genotypes. Stratified analysis suggested that the TT genotype and the 
combined genotypes TTGG and TCGG were significantly higher in the 
OP group as compared to the control group (P < 0.01). Therefore, ESR1 
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polymorphisms at rs2234693 and rs9340799 may be associated with 
OP, and could be used as markers to screen those with high risks to 
postmenopausal OP in Chinese women.
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INTRODUCTION

Osteoporosis (OP) is a disease of the bone tissue microstructure, where bone mass is 
reduced due to increased bone loss. As a result, the bones can become brittle and are easily 
fractured (Liu et al., 2011). According to recent statistics, there are 2 billion people with OP, 
and in the United States alone, there are approximately 2400 million people with osteoporosis. 
In addition, there are 1000 million OP patients and 150 million osteoporotic fractures (OPF) 
every year. The direct medical costs for patient care amounts to approximately 140 billion 
dollars, which is also steadily increasing (Yang and Zhou, 2008; Zhao and Sun, 2010). Based 
on present estimates, by the middle of next century, there would be over 2.1 billion OP 
patients, which would place huge medical and economic burdens on the country. At present, 
the incidence of OP is continuously increasing, and OP-related fractures have serous effects 
on the quality of life for many people. Gene polymorphisms may play an important role in the 
pathogenesis of this disease (Bustamante et al., 2007), and may be used as a diagnostic tool for 
early detection and prevention of OP (Wu, 2011).

The ESR1 gene, which encodes the estrogen receptor (ER)-a, has 4 polymorphisms. 
The ESR2 gene, which encodes ERb, has 3 polymorphisms. Owing to the availability of 
genetic data for these 7 polymorphisms in the 2 ER genes, we have the opportunity to examine 
their associations with bone mineral density (BMD) (Greendale et al., 2006).

ERa and ERb are each expressed in osteoblasts and osteoclasts (Lim et al., 1999; Bland, 
2000; Bord et al., 2001). The potential roles of the 2 ER isoforms in bone homeostasis are under 
intense investigation. To date, studies on the relationship between BMD and ERs in humans 
(predominantly women) have mainly focused on 2 intronic polymorphisms in the ESR1 gene. 
These 2 polymorphisms are commonly labeled as PvuII and XbaI in reference to the restriction 
endonucleases used to characterize the polymorphisms. To a much lesser extent, the association 
between BMD and a polymorphism in the promoter region of ESR1 characterized by variable 
numbers of TA repeats, has also been studied (Ioannidis et al., 2002; Gennari et al., 2005). Of 
these frequently studied polymorphisms, 2 were included in the genetics data analyzed by the 
Sex Steroid Hormone Genetics Protocol of the SWAN Genetics Study: PvuII and XbaI, also 
referred to by their rs numbers, ESR1 rs2234693 and ESR1 rs9340799, respectively.

The evidence linking ESR1 rs2234693 and ESR1 rs9340799 to BMD is mixed; some 
studies have shown no association, whereas others have shown an association with BMD 
(Gennari et al., 2005). Furthermore, genotypes associated with higher or lower BMD vary 
among studies, and the associations between polymorphisms in ESR1 and bone density are 
inconsistent across racial or ethnic groups (Greendale et al., 2006).

The purpose of this investigation was to evaluate single nucleotide polymorphism 
(SNP) variants of the estrogen receptor 1 (ESR1) at rs2234693 and rs9340799, and to determine 
the relationship between ER gene polymorphisms and postmenopausal osteoporosis of the 
spine in Chinese women.
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MATERIAL AND METHODS

Subjects

We recruited 198 postmenopausal women with osteoporosis as well as 276 healthy 
women between May 2012 and September 2015 in Zhongshan Hospital. DEXA was used 
to measure the BMD of the lumbar vertebrae (LS-BMD) in all subjects, and PCR-RFLP 
was conducted to identify the genotypes of ER1. The exclusion standards included early 
(<45 years old) and late menopause (>54 years old), complicated OP; other low BMD 
diseases such as osteomalacia, hyperthyroidism, metastatic bone cancer, multiple myeloma, 
vertebral hemangioma, and pyogenic spondylitis. No subjects were related to each other. 
All participants gave informed written consents, and the study was approved by the ethics 
committee at the institution.

Genotyping

Blood samples were obtained from all subjects in the morning, after an overnight fast. 
Venous blood (5 mL) was drawn into vacutainer tubes containing the anticoagulant EDTA. 
Blood samples were centrifuged at 3000 rpm for 10 minutes. The buffy coat and red blood 
cell pellet were used for DNA extraction using the total blood DNA extraction kit (QIAGEN 
Biotechnology Company). Genomic DNA was amplified by polymerase chain reaction (PCR) 
using ER1 (rs2234693 and rs9340799) specific primers (Table 1). PCR condition was as 
follows: initial denaturation at 94°C for 3 min; 30 cycles at 94°C for 1 min, 55°C for 1 min, 
72°C for 5 min; final extension at 72°C for 7 min. Restriction enzyme digestions were used to 
determine the ER1 rs2234693 and rs9340799 variants, respectively (Table 1). The resulting 
fragments were analyzed on 2% agarose gels.

RFLP: restriction fragment length polymorphism.

Table 1. Primer sequences and methods used for detection of ER1 gene polymorphisms.

 Primer sequence Method 
rs2234693 Forward: 5'-CTGCCATCTTTTCCTATTCTCC-3'; 

Reverse: 5'-TCTTTCTCTGCCACCCTGGCGTCGATTATTATCTGA-3' 
PvuII based RFLP 

rs9340799 Forward: 5'-CTGCCATCTTTTCCTATTCTCC-3'; 
Reverse: 5'-TCTTTCTCTGCCACCCTGGCGTCGATTATTATCTGA-3' 

XbaI based RFLP 

 

Bone measurements

BMD in the lumbar spine (LS-BMD) was measured in grams per square centimeter with 
the Hologic densitometers (Hologic Inc., Waltham, MA). Bone density scans used in the current 
analysis were obtained at cohort baseline, when all women were designated as premenopausal 
or in early perimenopause on the basis of self-reported menstrual bleeding pattern variations. We 
considered the cohort baseline BMD values to be approximate to peak bone mass.

Statistical analysis

All SNP data were evaluated for Hardy-Weinberg equilibrium. Data were analyzed 
using the chi-square test and the Fisher’s exact test where appropriate. Analysis of variance 
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(ANOVA) was used to quantify the associations between LS-BMD and each of the ESR1 
genotypes. All significant tests were 2-sided. Statistical analysis was performed using the 
SPSS version 20.0 software. For results where P < 0.05, the exact P values were given.

RESULTS

ESR1 polymorphisms

As shown in Table 2, in ER1 rs2234693, the frequency of the TT genotype was the 
highest in OP group, and the CC genotype was the highest in control group. In addition, there 
were significant differences in the TT and CC genotypes between the 2 groups (P < 0.01). 
In ER1 rs9340799, there were 6 (3.2%), 46 (23.1%), and 146 (73.7%) OP individuals with 
the AA, AG, and GG genotypes, respectively. In the control group, the AA, AG, and GG 
genotypes were 10 (3.5%), 84 (32.4%), and 182 cases (64.1%), respectively. Even though the 
GG genotype was common in the OP group, there was no difference between two groups (P 
= 0.279). Results of the genotype frequencies are shown in Table 3. The distribution of the 
TTGG genotype differed significantly between OP group and the controls (P = 0.000). The 
TCGG genotype was significant higher in the OP group as compared to the healthy individuals, 
as demonstrated in Table 4.

Table 2. Genotype frequencies of ER1 rs2234693.

Group N Genotype frequency (%) 
TT TC CC 

OP group 198 35.2 50.7 14.1 
Control group 276 10.2 39.9 49.9 
2  17.654 1.825 22601 
P  0.000 0.183 0.000 

 

Table 3. Genotype frequencies of ER1 rs9340799.

Group N Genotype frequency (%) 
AA AG GG 

OP group 198 3.2 23.1 73.7 
Control group 276 3.5 32.4 64.1 
2  0.031 2102 2087 
P  0.903 0.167 0.279 

 

Table 4. Combined genotype frequencies of ER1 in two groups.

Group N Combined genotype frequency (%) 
CCGG TCGG TCAG TCAA TTGG TTAG TTAA 

OP 198 14.9 39.2 10.3 - 19.3 12.5 3.8 
Control 276 51.1 12.2 25.1 2.4 0.8 7.9 0.5 
Total 474 36.1 23.6 18.8 1.5 8.4 9.7 1.9 

 

Relationship between LS-BMD and ESR1 polymorphisms

The LS-BMD Z value of the TT genotype was the lowest, which showed the trend: 
TT < TC < CC; the differences between the groups were statistically significant (P = 0.000) 
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in ER1 rs2234693. Additionally, the LS-BMD Z value showed the trend: GG < AG < AA in 
ER1 rs9340799, and the differences between the groups were also statistically significant (P 
= 0.000). Results are shown in Table 5. Lastly, the BMD Z value of the TTGG genotype was 
the lowest (Table 6).

Table 5. Relationship between ER1 genotypes with BMD Z values.

Gene TT TC CC 
BMD Z value -2.79 ± 1.46 -1.67 ± 0.91 -1.54 ± 0.35 
Gene AA AG GG 
BMD Z value -0.35 ± 2.19 -1.65 ± 0.02 -1.98 ± 0.91 

 

Table 6. Relationship between ER1 combined genotype with BMD Z values.

Gene TTAA TCAA TTAG TCAG TTGG TCGG CCGG 
BMD Z value -0.67 ± 3.29 -2.29 ± 0.78 -3.28 ± 1.12 0.00 ± 0.56 -1.07 ± 0.51 -2.23 ± 0.88 -1.53 ± 0.35 

 

DISCUSSION

BMD is used to diagnose OP, and is used to evaluate OP fracture. It has been found 
to be influenced by both environmental and genetic factors. At the present, it has been 
hypothesized that various candidate genes polymorphisms such as vitamin D, ER gene, IL-6, 
and TGF may be associated with variations in BMD (He et al., 2004; Li et al., 2005; Lei et al., 
2005; Ye et al., 2006).

Estrogens are bone trophic agents. Cohort studies reported a strong, positive association 
between BMD and serum estradiol and estrone levels in adults of both sexes (Greendale et al., 
1997; Khosla et al., 2001). As estrogen receptors mediate estrogens’ effects, it is rational to 
hypothesize that variations in ER genes could result in variation in BMD (Gennari et al., 2005)

Interestingly, studies examining the specific associations between BMD and ESR1 
or ESR2 polymorphisms found varied results in different races/ ethnicities (Greendale et 
al., 2006). In this study, we found that the distribution of ER gene polymorphisms differed 
between races and regions. The distribution frequencies in Chinese women were consistent 
with that of postmenopausal women in Japan, and their relationship with BMD was as follows: 
TT < TC < CC, GG < AG < AA. On the other hand, in western countries such as Finland, a 
different trend was found: TT > TC > CC, GG > AG > AA (Carling et al., 1997; Ushiyama T 
et al., 1998). These differences in gene polymorphisms may explain the variations in BMD. 
Two group analyses revealed that the distribution frequency of the TT genotype was higher in 
the OP group as compared to the control group (P < 0.01). The distributions of the combined 
genotypes TTGG and TCGG were also found to be significantly higher in the OP patients as 
compared to the control group (P < 0.01). Therefore, it is possible that these 3 genotypes are 
associated with susceptibility to spine osteoporosis.

In summary, this study found that estrogen receptor 1 gene polymorphisms may be 
associated with postmenopausal osteoporosis of the spine in Chinese women. Therefore, ER 
gene could be employed as a selection method to identify individuals with higher risk to 
OP, which may decrease the risk of OP fracture and implement early prevention techniques. 
Furthermore, ER gene polymorphism may be used to select potential treatments and test drug 
efficacy in OP patients.
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