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Osteoarthritis (OA) is the most prevalent form of arthritis and its multifactorial nature has been increasingly recognized. Genetic
factors play an important role in OA etiology and estrogen receptor alpha (ESR1) gene polymorphisms may be involved.This study
tried to explore whether the ESR1 gene single nucleotide polymorphisms (SNPs) were associated with primary knee OA in the
Chinese Han population. Two SNPs, rs2234693 and rs9340799, were genotyped in 469 cases and 522 controls. Rs2234693 was
associated with knee OA in the dominant genetic model (TT + TC versus CC) (𝑃 = 0.025) and a higher T allele frequency existed
(𝑃 = 0.047) among females.The combined genotype (TT+TC) (𝑃 = 0.025) andT allele (𝑃 = 0.016)were relatedwithmild kneeOA
only. For rs9340799, A allele was associated with knee OA in all subjects (𝑃 = 0.031) and females (𝑃 = 0.046). Statistical differences
were detected in the dominant genetic model (AA + AG versus GG) among females (𝑃 = 0.030). The combined genotype (AA +
AG) (𝑃 = 0.036) and A allele (𝑃 = 0.039) were merely correlated with mild knee OA. ESR1 gene is considerably associated with
knee OA etiology in the Chinese Han population.

1. Introduction

Osteoarthritis (OA, OMIM#165720) is a multifactorial dis-
order characterized by progressive cartilage loss, osteophyte
formation, and subchondral sclerosis, which accounts for a
large amount of elderly individuals with pain and disability
[1, 2]. Joint arthroplasty surgery, mostly at the knee and the
hip, acts as the major therapeutic method for severe OA in
current times despite its invasive nature and a large economic
burden [3]. In this regard, a better understanding of the
etiology of OA is much required for a more effective and
targeted prevention.

To date, several large-sample studies and genome-wide
association studies (GWAS) have shed further light on poten-
tial chromosome regions that may carry OA susceptibility

geneswhich have been subsequently confirmedby replication
studies in different populations [4–6]. Asia population have
an especially high incidence of knee OA and a recent study
has also indicated that the prevalence of symptomatic and
radiographic knee OA in Chinese females aged 60 and over
was 15.4% and 42.8%, respectively [7]. Combined with the
observation that womenweremore vulnerable tomore severe
knee OA especially after menopausal age [8], it could be
hypothesized that estrogen may be involved in the onset or
progression of knee OA.

The human estrogen receptor has two isoforms: ESR1 and
ESR2, which are members of the steroid/thyroid hormone
superfamily of nuclear receptors and encoded by separate
genes [9, 10]. ESR1 is expressed in chondrocytes, stromal cells,
and osteoblasts [11], which potentially indicated that both
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bone and cartilage can be regulated by ESR1 gene. Genetically,
there have been several studies on associations between
two common ESR1 gene polymorphisms (rs2234693 and
rs9340799) and OA, and the findings were controversial [12].
A considerable number of published reports have indicated
a significant association of ESR1 gene polymorphisms and
risk for knee, hip, or generalized OA in different populations,
although the potential mechanisms await clarifications [13–
19]. Still, some investigators failed to demonstrate the possible
effects of ESR1 gene polymorphisms on knee and hip OA
[20]. For the first time, this study is an attempt to examine
the genetic association of the ESR1 gene polymorphism
(rs2234693 and rs9340799) with kneeOA in the Chinese Han
population.

2. Materials and Methods

2.1. Subjects. A total of 991 subjects were enrolled in this
study. 469 patients with primary knee OA (357 females and
113 males) were recruited consecutively at the Center of
Diagnosis andTreatment for JointDisease,DrumTowerHos-
pital, affiliated to the Medical School of Nanjing University,
and 522 age-matched healthy controls (124 females and 398
males) were consecutively selected in a plenty of more than
2000 individuals at the Center of Physical Examination. All
subjects included in this study were Han Chinese living in
and around Nanjing and no one dropped out. The study was
approved by the ethics committee of the Medical School of
Nanjing University, and informed consent was obtained from
patients and control participants.

The inclusion criteria for both OA patients and controls
were previously described by Jiang et al. [21]. Informa-
tionregardingthe health conditions which mainly include
hypertension, hyperglycemia or diabetes, and hyperlipidemia
were collected according to their self-report due to the
potential confounding effects exerted on knee OA by these
disease conditions [1]. Notably, considering the significant
associations between ESR1 gene polymorphisms and hyper-
tension in several case-control studies [22–24], patients with
hypertension failed to be included.There were 11 (2.35%) and
19 (3.64%) patients who had hyperglycemia or diabetes in
case and control groups, respectively. No patients had hyper-
glycemia. We then calculated the body mass index as weight
(kg) divided by height squared (m2) for all the participants
to estimate obesity roughly. All the knee OA patients had not
only definite symptoms and signs (pain, tenderness, swelling,
or restricted motion) of OA for at least 5-month duration
but also radiographic evidences which were diagnosed by
standardized anteroposterior radiographs of the knee joint
in extension. For each patient, the Kellgren/Lawrence (K/L)
grading system was adopted to evaluate radiographic OA
[25], and only patients with K/L grades of 2 or higher were
included. We then classified radiographic OA findings into
mild OA (K/L grade 2) and severe OA (K/L grade 3 or 4) for a
clear definition of the severity. Exclusion criteria for this study
include other inflammatory arthritis (rheumatoid, autoim-
mune, or polyarthritic disease), posttraumatic or postseptic
arthritis, and developmental dysplasia or skeletal dysplasia.

2.2. Genotyping. The minor allele frequencies of both
rs2234693 and rs9340799 were above 0.2 in the Chinese
population, respectively. DNA samples were obtained from
all the participants from peripheral blood adopting the
Chelex-100 method [26] or buccal swabs using the DNA IQ
System (Promega,Madison,WI) based on themanufacturer’s
instructions. The two SNPs were then genotyped using Taq-
man assay (Applied Biosystems 7500, ABI, Foster City, CA).
Genotyping was performed by laboratory personnel who
were blinded to case status, and three authors independently
reviewed the genotyping results, data entry, and statistical
analyses. In addition, we randomly selected 5% samples of
case and control subjects for reproducibility tests at least twice
in different days and yielded a 100% concordant.

2.3. Statistic Analysis. Mean values were presented with
their standard deviation (SD) and assessed by Students’ 𝑡-
test and standard 𝜒2 tests were employed to determine the
significance of differences in allelic and genotypic distri-
butions between cases and controls. Multivariate logistic
regression was used to estimate odds ratios (ORs) and 95%
confidence intervals (CI) after adjustment for age and BMI
for estimating the associations between the SNPs and the
risk of knee OA. Stratifications for gender and the severity
of OA were subsequently conducted for further analyses.
The Hardy-Weinberg Equilibrium (H-WE) was tested by a
goodness-of-fit 𝜒2 test to compare the allele and genotype
proportions in case and control subjects. For all the tests, a
two-tailed probability value of less than 0.05 was considered
as statistically significant. All the data was analysed by SPSS
19.0 (IBM SPSS, Chicago, USA).

3. Results

Baseline characteristics of all the subjects were shown in
Table 1. The mean age of knee OA patients (57.3 ± 10.9) and
controls (56.4 ± 9.8) are not significantly different (𝑃 =
0.473). It could be noted that knee OA patients had a higher
mean BMI than that of control subjects (𝑃 < 0.001).
Approximately 45.6% of the OA patients had a K/L score
of 3 or 4. However, the mismatching in sex distribution
between two groups existed in this study (𝑃 < 0.001).
Tables 2 and 3 showed the genotyped and allele distributions
for cases and controls based on the stratification of gender
and K/L grades. Distributions of genotypes and alleles of
two SNPs in healthy control individuals were all confirmed
to Hardy-Weinberg Equilibrium (0.997 and 0.736, resp.).
The minor allele frequencies of rs2234693 (allele C) and
rs9340799 (allele G) in control subjects were 0.379 and 0.185,
respectively, which were close to those reported in HapMap
for the Chinese Han population (0.402 and 0.211, resp.).

In the association study, for rs2234693, we did not observe
any significant difference in any comparison as a whole
(Table 4). When stratified by gender after adjustment for
age and BMI, we found evident differences in the dominant
model (TT + TC versus CC) in female subjects (OR = 2.087;
95% CI, 1.086–4.009; 𝑃 = 0.025). In addition, a higher T
allele frequency was also associated with an increased risk
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Table 1: Baseline characteristics of subjects.

Cases Controls 𝑃 value
Subjects, number 469 522 —
Females, number (%) 356 (75.9) 120 (23.0) 𝑃 < 0.001∗

Mean age, y (SD) 57.3 ± 10.9 56.4 ± 9.8 𝑃 = 0.473

Mean BMI, kg/m2 (SD) 26.1 ± 3.9 24.3 ± 2.8 𝑃 < 0.001

Kellgren-Lawrence grading
Grade 2, number (%) 255 (54.5) 0 (0.0) —
Grade 3, number (%) 119 (25.3) 0 (0.0) —
Grade 4, number (%) 95 (20.2) 0 (0.0) —

No.: number; y: years; SD: standard deviation.
∗Pearson chi-square test.

of knee OA in females (OR = 1.359; 95% CI, 1.003–1.840;
𝑃 = 0.047). For males, no differences were found to be
statistically significant. After stratification for the severity of
OA, apparent differences were detected in the comparison
of CC versus other genotyped combined (TT + TC) after
adjustment for age, BMI, and sex in patients with mild knee
OA (OR = 1.560; 95% CI, 1.056–2.304; 𝑃 = 0.025) (Table 6).
Still, T allele was modestly related with an elevated risk of
mild knee OA (OR = 1.320; 95% CI, 1.050–1.615; 𝑃 = 0.016).
Unexpectedly, we failed to find any relationship between
genotype or allele frequencies of rs2234693 and the risk of
severe knee OA.

With respect to rs9340799, A allele was relevant to a
higher risk of knee OA in all the patients and controls (OR
= 1.272; 95% CI, 1.022–1.583; 𝑃 = 0.031) and this difference
remained in female subjects (OR = 1.454; 95% CI, 1.006–
2.102; 𝑃 = 0.046) (Table 5). The most significant difference in
the dominant model (AA + AG versus GG) was also shown
in female subjects (OR = 4.410; 95% CI, 1.027–18.938; 𝑃 =
0.030). Similarly, the combined genotype (AA + AG) (OR =
2.011; 95% CI, 1.036–3.902; 𝑃 = 0.036) and A allele (OR =
1.312; 95% CI, 1.013–1.701; 𝑃 = 0.039) were merely correlated
with the elevated risk of mild knee OA (Table 7).

4. Discussion

To our best knowledge, this case-control study firstly
described a compelling association of ESR1 SNPs (rs2234693
and rs9340799) and primary knee OA in a Chinese Han
population with a complete exclusion of those who had
hypertension previously or currently. Significant differences
were found between 469 patients and 522 control subjects in
the two SNPs. Summarily, we herein suggested the leading
roles of T allele of rs2234693 and A allele of rs9340799 in
the pathogenesis of primary knee OA, especially for female
patients and those subjects with mild disease. For these
patients, a potential individualized prevention and treatment
of knee OA may be practicable.

Until now, a relative lack of consistency or reproducibil-
ity of the association between ESR1 gene (rs2234693 and
rs9340799) polymorphisms and OA still exists. Previously,
Ushiyama et al. [13] reported an increased risk of generalized

OA with genotypes of rs2234693 and rs9340799 polymor-
phisms in 383 Japanese women. In a large-scale population-
based study of Caucasians, Bergink et al. [14] found that ESR1
haplotypes of rs2234693 and rs9340799 polymorphisms were
significantly relevant to radiographic knee OA, especially for
those who had osteophytes with adjustment for bonemineral
density (BMD). Also, one study showed no correlation
between ESR1 gene polymorphisms and idiopathic OA of the
knee and the hip in a Caucasian population (371 OA patients
who underwent total joint replacement and 369 controls)
[20]. Recently, ESR1 gene haplotype had been confirmed to
be associated with primary knee OA in Korean and Mexican
mestizo populations [15, 19]. After accounting for femoral
neck BMD, a decreased prevalence of hip OA phenotype
which was characterized by moderate to severe joint space
narrowing in presence of CC genotype in SNP rs2234693 was
also reported in Caucasians [17]. Still, associations of the CC
genotype with a reduced risk of knee OA in women and an
increased risk of hip OA in men were found in Europeans
[18].

Noteworthy, the C allele frequency of rs2234693 and
the G allele frequency of rs9340799 in controls were 0.379
and 0.185, respectively, which were similar to those observed
in the Japanese and Korean populations [13, 15] whereas
different from those in European and American Caucasians
to a certain degree [17, 18].We also proposed the predisposing
roles of T allele of rs2234693 in the etiology of knee OA,
and this was partially in concordance with the protective
effects of C allele in Japanese and Caucasians [17, 18] but
against the observation that CC genotype was a risk fac-
tor of radiographic knee OA in a Rotterdam study [14].
Still, this difference itself may indicate the heterogeneity in
association with specific genetic polymorphisms in different
ethnic groups. Environment factors such as anatomical and
biomechanical effects and some joint-specific hereditary
factorsmay also be involved in the influencing process onOA
susceptibility by certain polymorphic locus [27, 28]. Likewise,
potential variations in the nature of OA genetic susceptibility
in different joints seem to be a reasonable interpretation
[27]. In addition, the different inclusion criteria in the
aforementioned studies may also be a possible explanation
for the discrepancy. Summarily, further studies on different
anatomic OA after unifying the recruitment criteria and
OA end points of subjects in various populations will be
enormously beneficial to a better understanding of these
polymorphisms in OA etiology.

The lack of difference in male participants in this study
may be due to the limited sample number, despite a large
sex bias of OA incidence in females [8]. With adjustment for
age, BMI, and gender, we found that both of the rs2234693
and rs9340799 were in relation with the risk of mild knee
OA, whereas the associations disappeared in patients with
severe knee OA, which indicated that the SNPs might play
a certain role in the progress of OA at different stages.
The findings were consistent with that of an Oxford study
in patients who accepted joint arthroplasty due to severe
OA of the lower limb [20] but against the results reported
by Jin et al. in Koreans [15]. The analysis of different OA
end points used in different studies may be an explanation.
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Hence a definite conclusion cannot be made and more large-
scale population studies will be much required to clarify this
finding. Still, we cannot exclude the possibility that the two
SNPsmay be in linkage disequilibriumwith some othermore
relevant alleles within the ESR1 gene region. Previous studies
of candidate genes for OA susceptibility were mainly related
to genes encoding collagens, extracellular matrix molecules,
bone and cartilage growing factors, and the inflammation
pathway [29, 30]. Thus, polygenic effects on the pathogenesis
of kneeOA should not be ignored.There still exists a necessity
to explore other potentially contributing genes involved in
the development of knee OA for a better comprehension of
genetic regulation on knee OA.

Estrogens act on the skeleton through the binding to
ESRs (ESR1 and ESR2), and ESR1 has been increasingly
deemed as a mediator of considerable importance in the
signal transduction pathway [10]. Given that rs2234693 and
rs9340799 are located in intron 1, there is a possibility
that TT and AA genotypes of rs2234693 and rs9340799
polymorphisms may exert influence on the expression of
ESR1 in bone cells and chondrocytes through transcriptional
process. The specific effects may be associated with changes
in (juxta articular) bone or articular cartilage, subsequently
leading to OA.The truth is that human ESR1mRNA isoforms
are synthesized by splicing of 1 of 6 alternative first exons (1A–
1F) to a common acceptor site, which may lead to differential
patterns of expression of ESR1 in different tissues and cells
[31]. There also exist three isoforms of ESR1 of 36, 46, and
66 kDa, which were generated by alternative splicing of
the gene and had certainly transcriptional and functional
differences [32]. Previously, C allele of rs2234693 was found
to produce a favorable and functional binding site for the
myb transcription factor that can initiate a great promotion
of transcription [33]; however, little has been known in terms
of this potential influence on ESR1 expression up to now. On
the other hand, Riancho et al. [18] recently pointed out that
genotypes of rs2234693 were correlated with the statistically
differences in CYP19A1 transcript abundance in a large-
sample study, whichmight propose an underlying transinter-
action of the two genes situated in different chromosomes.
Accordingly, considering the fact that the expression pattern
of ESR1 isoforms in the skeleton especially the cartilage
remains unclear, further exploration concerning the impacts
of ESR1 gene on OA pathogenesis from the perspective of
transcriptional regulation will still be of critical importance.

OA has been seen as a chronic inflammatory disease
which could affect the cartilage, the synovium, the subchon-
dral bone, and the other joint tissues [34].Much attention has
been paid to the effects of estrogen on articular cartilage, and
estrogen can also affect the synovium, muscles, ligaments,
the preiarticular bone, and the joint capsule [35]. Conflicting
results have been reported in experimental animal models in
terms of the role of estrogen in the development of OA [36–
38]. In clinic, several observational studies have shown the
protective effects of estrogen replacement therapy (ERT) on
OA, especially at the hip joint [39–41]. But, other published
reports found short term of ERT may increase the risk of OA
in the hip and hand [42, 43]. For all that, the fact that estro-
gen may have both anti- and proinflammatory properties

depending on the involved joint tissues and the situation has
been gradually accepted but the specific mechanisms are still
unknown [44]. Therefore, more large-sample retrospective
and prospective studies in terms of the duration of ERT in
different joints will be much needed. By combining with
the established association of polymorphisms in the ESR1
gene and OA susceptibility, it will also help to conduct a
more resultful and targeted adjuvant treatment on these
patients especially for postmenopausal women. Particularly,
ERT should target the joint as a whole rather than focusing
only on the damage of cartilage. A view that combined
estrogen and progesterone therapy could reduce the severity
of OA in a murine model of OA is likely to provide us a
novel research direction again [45]. Estrogen has been found
to decrease the levels of reactive oxygen species, inhibit the
synthesis of interlukin-1𝛽-mediated nitric oxide, and reduce
the production of some proinflammation factors in articular
cartilage [44, 46]. Getting insight into the mechanisms with
which estrogen works onOAwill also be conducive to amore
comprehensive understanding of the genetic influence onOA
by ESR1 gene.

Our study still has a few limitations.The relatively limited
sample size and unmatched gender in patients and controls
may influence the statistical power of any existing association.
We failed to systematically obtain X-rays of the knee in
control subjects to avoid the interference of asymptomatic
OA. Also, we only evaluate the risk of kneeOA and ESR1 gene
polymorphisms, and the results cannot be well generalized to
other joint sites. Nevertheless, there is reason to believe that
the findings are of considerable credibility and veracity. Given
the fact that genetic factorsmay vary with disease pattern and
severity and according to individuals’ characteristics such as
gender and age [19], we still have a long way to go in the
genetic research of OA.

5. Conclusions

In conclusion, we suggested an association of the poly-
morphisms of rs2234693 and rs9340799 in the ESR1 gene
and susceptibility to primary knee OA in the Chinese Han
population. This association remained in female patients
and those who had mild OA. Future investigations should
focus on sex-specific mechanisms on the etiology of knee
OA and determine whether there are genetic factors which
can be targeted through prevention and therapy strategies to
mitigate the seemingly increased prevalence of knee OA.
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