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Abstract: Background: We investigated two osteoprotegerin (OPG) single nucleotide polymorphisms (SNPs), T950C 
and A163G, for their association with knee osteoarthritis (KOA) disease progression. Methods: A total of 120 KOA 
patients and 120 control subjects were recruited for this study. Genotype frequencies and allele frequencies of the 
OPG gene polymorphisms were analyzed by polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) assay. Serum OPG levels were determined by enzyme-linked immunoassay (ELISA). Results: The T950C 
CC genotype and C allele frequencies were significantly higher in KOA patients, compared to controls (all P < 0.05). 
The C allele carriers (TC+CC) were associated with significantly increased risk of KOA than those carrying the TT 
genotype. Within the T950C genotypes, serum OPG levels of TC and CC genotypes were significantly higher than 
the TT genotype (P < 0.05), but no difference was observed between the three genotypes in control group (all P > 
0.05). Importantly, radiographic analysis showed that the highest frequency of late stage KOA occurred in patients 
with the OPG T950C CC genotype, while TC genotype was more frequently associated with middle stages and the 
TT genotype with early stage in KOA patients. Logistic regression analysis showed that body mass index (BMI) (OR = 
1.744, 95 CI% = 1.630-2.879, P < 0.001), T950C (OR = 6.616, 95 CI% = 2.476-17.682, P < 0.001) and serum OPG 
levels (OR = 2.860, 95 CI% = 2.152-3.802, P < 0.001) were independent risk factors for KOA. Conclusion: Based 
on our results, we propose that OPG T950C genetic polymorphism is associated with the development of KOA, and 
the C allele increased the risk and severity of KOA. However, the OPG A163G polymorphism did not correlate with 
the radiographic stage in KOA patients.
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Introduction

Osteoarthritis (OA) is a skeletal disease caused 
by effusion and synovitis, with serious impact 
on the quality of life, especially in middle age 
and older patient populations [1]. The knee is 
the most frequently affected joint in OA. Knee 
osteoarthritis (KOA) is a degenerative arthritis 
in the knee characterized by mechanical abnor-
malities due to joint degradation, including 
articular cartilage and subchondral bone dam-
age [2]. Longitudinal study in US and UK has 
shown that the onset of KOA is associated with 
advancing age, and additionally, obese individ-
uals are at highest risk of KOA [3]. On a global 
scale the disease has stunning statistics, and 
an estimated 250 million people suffer from 
KOA, which represents nearly 3.6% of the total 
world population [4]. The prevalence of KOA 

varies from < 10% to > 90% depending on sev-
eral factors, including geographical location [5]. 
In particular, women have a higher risk of KOA 
than men, with female to male ratios ranging 
from 1.5:1 to 4:1 [6]. The pathogenesis of KOA 
involves both intrinsic and extrinsic factors 
such as age, weight, gender, trauma to the 
knee, muscle weakness, and genetic factors 
[7]. Unfortunately, current therapeutic methods 
for OA treatment are ineffective in preventing 
OA progression, and therefore, study of genetic 
factors contributing to the disease progression 
may help in understanding the mechanisms of 
KOA, with the ultimate goal of designing effec-
tive clinical interventions for KOA [8].

Osteoprotegerin (OPG) is also known as osteo-
clastogenesis inhibitory factor or tumor necro-
sis factor receptor superfamily member 11B, 
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and is a glycoprotein composed of 401 amino 
acid residues [9]. OPG functions as a decoy 
receptor and binds strongly to receptor activa-
tor for nuclear factor κB ligand (RANKL), and 
the RANK/RANKL/OPG system has important 
functions in inflammation, skeletal remodeling 
and the vascular system [10]. In the context of 
disease states, down-regulation of OPG levels 
correlated with altered fat distribution, and 
appeared to decrease cardiovascular risk [11]. 
The OPG/RANKL ratios are critical to maintain 
a proper between balance bone resorption and 
bone formation, and increased OPG/RANKL 
ratio may prompt osteoblast proliferation and 
differentiation via suppressing osteoclast sur-
vival and formation [12]. Increased level of 
serum OPG is also an indicator of chronic kid-
ney disease, and OPG effects on bone resorp-
tion and bone loss in this disease setting may 
be a secondary complication [13]. Considering 
the role of OPG in regulating bone turnover and 
bone formation, genetic alteration in the OPG 
gene may influence bone mass, increase risk of 
fractures, and play a role in OA [14]. Alterations 
in OPG serum levels are associated with genet-
ic variations, including T950C, A163G and 
G1181C polymorphisms in OPG gene, and pre-
menopausal women with OPG variants were 
shown to have a distinct bone mineral density 
(BMD) compared to normal individuals [15,  
16]. Measurements of BMD using radiographic 
absorptiometry showed a strong correlation 
between OPG gene polymorphisms and BMD in 
postmenopausal women [17]. Accordingly, our 
study used polymerase chain reaction-restric-
tion fragment length polymorphism (PCR-RFLP) 
assay for assessing the association between 
the distribution of two osteoprotegerin (OPG) 
single nucleotide polymorphisms (SNPs) (T9- 
50C and A163G) and the development of KOA, 
and further confirmed by testing serum OPG 
levels.

Materials and methods

Ethics statement

The protocol of the study was reviewed and 
approved by the commitment of Dongying 
People’s Hospital. All subjects provided written 
informed consent prior to diagnostic and thera-
peutic procedure during their hospitalization. 
All procedures were conducted according to the 
Declaration of Helsinki [18].

Subjects

A total of 120 patients, diagnosed with primary 
KOA, were selected for participation in this 
study conducted from March 2013 to May 
2014 at the Department of Orthopaedics of  
the Affiliated Sixth People’s Hospital of Shang- 
hai Jiao tong University. Among 120 KOA pati- 
ents, there are 65 male and 55 female (37~87 
years old) with the mean age of 58.05 ± 18.83. 
All the patients were diagnosed according to 
the American College of Rheumatology (ARHP, 
Revised Edition), 1995 [19]. All the subjects 
were not diagnosed with other disorders, such 
as rheumatism, rheumatoid arthritis, autoim-
mune joint disease, traumatic arthritis, and 
skeletal dysplasia. Radiographic films of lateral 
plain of both knees and axial view patella of all 
patients were taken. Based on radiographic 
examinations, KOA patients were divided into 
early (50 cases), middle (45 cases) and late (25 
cases) stages as it related to KOA disease pro-
gression in the patient group. In early stage 
patients, osteosclerosis or osteophyma was 
observed, but no joint space narrowing was 
detected. In middle stage patients, joint space 
were narrowed or disappeared, and in late 
stage patients, wearing and defection of weight-
bearing surface of the tibia was clearly detect-
ed. The 120 healthy volunteers were selected 
from the Medical Examination Center at the 
same hospital within the same study period. 
There were 70 male and 50 female of age 32  
to 86 in the control group, with the mean age  
of 56.21 ± 11.14 years. Blood urine test and 
radiographic examinations of the lateral plain 
of both knees were performed on healthy vol-
unteers, and no abnormality were detected, 
including joint inflammation, joint pain, swell-
ing, skin tenderness or limitation of movement. 
Cardiopulmonary diseases, diabetes, hyperten-
sion and other chronic diseases were also 
excluded. Informed consent was obtained from 
all the experimental subjects before the study 
was performed. 

Blood samples collection

A volume of 5 ml venous blood was collected 
into tubes containing EDTA as anticoagulant 
from all study subjects in the early morning. 
Within 30 minutes of collection, blood samples 
were centrifuged at 3000 rpm for 10 min. The 
supernatants, representing the serum, was 
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transferred into clean 1.5 ml Eppendorf (EP) 
tubes, which were labeled and stored at -70°C 
freezer until further use. These samples were 
used to measure serum OPG concentrations. 
The blood cells precipitated at the bottom were 
transferred into 1.5 ml EP tubes, labeled and 
stored at -70°C freezer as well. These samples 
were used for genomic DNA extraction.

SNP genotyping

Genomic DNA was extracted with TIANamp 
DNA extraction Kit (Qiagen Company, USA). The 
A260 and A280 of the isolated DNA were mea-
sured to obtain A260/A280 (optical density, 
OD) ratio, which was between 1.8 and 2.0 for 
all the samples, indicating DNA of high purity. 
The T950C region was amplified by PCR using 
5’-GTTCCTCAGCCCGGTGGCTTTT-3’ (sense) and 
5’-TGTGGTCCCCGGAAACCTCAGG-3’ (antisense) 
primers, and A163G was amplified using 5’- 
CCATCATCAAAGGGC TATTGG-3’ (sense) and 5’- 
CTG GAG ACA TAT AAC TTG AAC-3’ (antisense) 
primers. All primers were synthesized by San- 
gon Biotech (Shanghai, China). The polymerase 
chain reaction (PCR) reactions were carried out 
in a 25 μl reaction mixture containing 1 μl of 
genomic DNA template, 12.5 μl of 2 × Taq 
Master Mix, 1 μl of each primer, and 9.5 μl of 
ddH2O. The PCR amplifications cycles were per-
formed as follow: initial denaturation at 95°C 
for 5 min followed by 30 cycles of denaturation 

or samples were added per well. The blank well 
contained sample diluents. To each well, 50 μL 
of biotin labeled antibody was added and the 
plate was covered with sealer and incubated 
for 1 h at 37°C. Residual liquid of each well  
was discarded and the wells were washed with 
wash buffer. A volume of 80 μL of streptavidin-
HRP was added to the wells and incubated  
for 30 min at 37°C. Following similar washing 
steps, 50 μL of substrate A and B were added 
to each well and mix gently, incubating for 
10min at 37°C, avoiding exposure to light. The 
reaction was terminated by adding 50 μL of 
Stop Solution to each well. The results were 
read by immediately measuring the OD value  
of each well at 450 nm in a microplate reader. 
The standard curve was drawn by setting the 
concentration of standard as the vertical axis 
and the OD value as horizontal axis. The con-
centrations of each sample were determined 
using the standard curve.

Statistical analysis

The data was analyzed with SPSS17.0 soft-
ware. χ2 test was used to compare the data  
and if the genotype distribution conformed to 
Hardy-Weinberg equilibrium. Results were ex- 
pressed as mean ± standard deviation (Mean ± 
SD). The t test was applied to compare patient 
group and control group. Logistic regression 
analysis was performed to calculate the odds 

Table 1. Comparison of baseline characteristics between the 
case and control groups

Case group Control group P
Age 58.05 ± 18.83 56.21 ± 11.14 0.358
Gender 0.603
    Male 65 (54.17) 70 (58.33)
    Female 55 (45.83) 50 (41.67)
BMI (kg/m2) 25.64 ± 3.41 24.52 ± 3.26 0.01
Course of disease (months) 74.88 ± 9.67 -
    Combined with hypertension 22 (18.33) -
    Combined with diabetes 12 (10.00) -
Family history 21 (17.50) -
X-ray staging -
    Initial stage 50 (41.67)
    Middle stage 45 (37.50)
    Late stage 25 (20.83)
Single knee 87 (72.50) -
Both knees 33 (27.50)
Note: BMI, body mass index.

at 94°C for 40 s, annealing at 
57°C for 40 s, and extension at 
72°C for 60 s. Final extension 
step was performed at 72°C for 
10 min. The PCR products were 
confirmed by 1.5% agarose gel 
electrophoresis. PCR products 
was digested with Ase I (A163G) 
and HinC II (T950C) at 37°C for 
4 h, and the digested product 
was separated on 2% agarose 
gels (45 min with the voltage  
of 300 V). Genotyping test and 
analysis were performed based 
on the DNA pattern observed  
by gel electrophoresis, and the 
results were recorded.

Measurement of OPG level in 
serum

To each microtiter plate well, 50 
μl volumes of standard, blank, 
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ratio (OR) of different genotypes and 95%  
confidence interval (CI) represented relative 
risk. A value of P < 0.05 was considered as  
statistically significant.

Results

Baseline characteristics

As shown in Table 1, no significant difference 
was found in comparison of gender and age 
between the case and control groups (both P > 
0.05). Significant difference was observed in 
comparison of BMI between the case (BMI: 
25.64 ± 3.41) and control (24.52 ± 3.26) 
groups (P = 0.010). The mean course of dis-
ease in the case group was 74.88 ± 9.67 
months with 22 cases of KOA combined with 
hypertension, 12 cases of diabetes mellitus, 
21 cases of family history, 87 cases of single 
knee, and 33 cases of both knees. 

PCR products after enzyme digestion

In agarose gel electrophoresis of the PCR-RFLP 
samples, the AA homozygote of A163G loci of 

OPG gene, containing the Ase I restriction  
site, showed two bands of 161 bp and 139 bp. 
When the Ase I restriction site was absent, in 
GG homozygote, a 300 bp band is observed  
as expected. The AG heterozygote showed 3 
bands of 161 bp, 139 bp, and 300 bp in size 
(Figure 1A). In T950C loci, the TT homozygote 
showed a band with 342 bp, and the CC homo-
zygote showed 2 bands of 177 and 225 bp, 
while the TC heterozygote showed 3 bands of 
342 bp, 225 bp and 117 bp (Figure 1B). All the 
observed bands were according to the expect-
ed sizes.

The frequencies of genotypes and alleles

Both in patient and control groups, the distribu-
tion frequencies of the genotypes and alleles of 
A163G and T950C were according to Hardy-
Weinberg equilibrium, indicating that the fre-
quency of each gene has reached genetic equi-
librium and the selected samples were repre-
sentative of the population. As shown in Table 
2, distribution frequencies of the three geno-
types (TT, TC and CC) in polymorphic site T950C 
were 58.3%, 34.2%, and 7.5%, respectively in 

Figure 1. Electropherogram of A163G and T950C genetic polymorphisms in the OPG gene after specific restriction 
enzyme digestion (A: Electropherogram of A163G genetic polymorphisms in the OPG gene; B: Electropherogram of 
T950C genetic polymorphisms in the OPG gene).
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KOA patients, and the frequencies of T and C 
alleles in this group were 75.4% and 24.6%, 
respectively. In the control group in polymor-
phic site T950C, the frequencies of the three 
genotypes (TT, TC and CC) were 42.5%, 33.3%, 
and 24.2%, and frequencies of T and C alleles 
were 59.2% and 40.8%, respectively. The CC 
genotype and the C allele were significantly 
higher in patient group than the control group 
and there was statistical significance in the dif-
ferences (all P < 0.05). The C allele carrying 
genotypes was associated with an increased 
risk of KOA, compared to the TT genotype (OR = 
1.89, 95% CI = 1.13-3.16). However, distribu-
tion frequencies of genotypes and alleles in 
A163G loci showed no statistical differences 
between the cases and controls (all P > 0.05).

OPG levels in serum among different geno-
types

As shown in Table 3, for any genotypes (TT, TC 
or CC) in T950C loci, serum levels of OPG in 
KOA patients were significantly higher than the 
controls (all P < 0.001). Moreover, patients car-
rying CC or TC genotype had relatively higher 
OPG levels than those with TT, and there were 
statistically significant differences (P < 0.001). 
In the control group, however, no difference in 
serum OPN levels was observed among the 
three genotypes (all P > 0.05). For any geno-
types (AA, AG or GG) in A163G loci, serum OPG 
levels in patients is significantly higher than 
that in the controls, with statistical significance 
(all P < 0.001), yet no significant differences 
were found within the three genotypes (all P > 
0.05).

Table 2. Genotype and allele frequency distribution of A163G and T950C genetic polymorphisms in 
the OPG gene between the case group and the control group

Control group Case group χ2 P OR (95% CI)
T950C TT 70 (58.3%) 51 (42.5%) 1

TC 41 (34.2%) 40 (33.3%) 1.34 (0.76-2.34)
CC 9 (7.5%) 29 (24.2%) 14.370 < 0.001 4.42 (1.93-10.15)

TC+CC 50 (41.7%) (57.5%) 1.89 (1.13-3.16)
T 181 (75.4%) 142 (59.2%) 1
C 59 (24.6%) 98 (40.8%) 14.40 < 0.001 2.12 (1.43-3.13)

A163G AA 68 (56.7%) 69 (57.5%) 1
AG 33 (27.5%) 32 (26.7%) 1.05 (0.58-1.89)
GG 19 (15.8%) 19 (15.8%) 0.002 0.968 1.02 (0.49-2.08)

AG+GG 52 (43.3%) 51 (42.5%) 0.020 0.967 0.97 (0.58-1.61)
A 169 (70.4%) 170 (70.8%) 1
G 71 (29.6%) 70 (29.2%) 0.010 0.920 1.02 (0.69-1.51)

Note: OR, odd ratio; CI, confidence interval.

Table 3. Comparison of serum OPG levels in the 
genetic polymorphisms of T950C (TT, TC and CC 
genotypes) and A163G (AA, AG and GG geno-
types) in OPG gene

Control group 
(ng/ml)

Case group 
(ng/ml) P

TT 118.74 ± 2.11 121.25 ± 2.12 < 0.001
T950C TC 119.56 ± 2.25 124.96 ± 2.23# < 0.001

CC 119.6 ± 2.03 125.35 ± 2.34# < 0.001
A163G AA 119.16 ± 2.13 122.16 ± 2.31 < 0.001

AG 119.21 ± 2.26 122.51 ± 2.16 < 0.001
GG 120.10 ± 2.32 123.14 ± 2.52 < 0.001

Note: #, compared with the wild homozygous genotypes, P < 
0.05.

Table 4. Association of the genetic polymor-
phisms of T950C (TT, TC and CC genotypes) 
and A163G (AA, AG and GG genotypes) in 
OPG gene with the radiographic stage (early, 
middle, and late stages)

Radiographic stage
Early  

(n = 50)
Middle  

(n = 45)
Late  

(n = 25)
TT 40 (80.0%) 8 (17.8%) 3 (12.0%)

T950C TC 5 (10.0%) 32 (71.1%) 3 (12.0%)
CC 5 (10.0%) 5 (11.1%) 19 (76.0%)
χ2 20.070 19.000 25.140
P < 0.001 < 0.001 < 0.001

A163G AA 35 (70.0%) 24 (53.3%) 10 (40.0%)
AG 10 (20.0%) 15 (33.3%) 7 (28.0%)
GG 5 (10.0%) 6 (13.3%) 8 (32.0%)
χ2 2.390 0.746 4.081
P 0.303 0.689 0.130
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Associations of OPG gene polymorphisms with 
the radiographic stage

Based on the radiographic stage, 120 KOA 
patients were divided into early stage (50 
patients), middle stage (45 patients) and late 
stage (25 patients). As shown in Table 4, for the 
T950C polymorphism, TT genotype was most 
frequent in the 50 early stage patients (80.0%) 
compared to TT or CC genotype (80.0% vs. 
10.0% vs. 10.0%, both P < 0.001). The TC geno-
type was most frequent in the 45 middle stage 
patients (70.0%) compared to TT or CC geno-
type (70.0% vs. 20.0% vs. 10.0%, P < 0.001), 
while in the 25 late stage patients, CC geno- 
type was most frequent (76.0%) and was high- 
er than TT or TC (76.0% vs. 12.0% vs. 12.0%, P 
< 0.001). However, for the polymorphic site 
A163G, there were no obvious correlation bet- 
ween frequencies of genotypes in A163G and 
the stages of KOA based on radiographic exam-
inations (all P > 0.05).

Logistic regression analysis

Patients with KOA or not was regarded as 
dependent variable, and age, gender, BMI, 
serum OPG levels, T950C, and A163G were 
enrolled in regression model. The result showed 
that no correlation was found between the sus-
ceptibility of KOA and gender, age, A163G (P > 
0.05), while, BMI (OR = 1.744, 95 CI% = 1.630-
2.879, P < 0.001), T950C (OR = 6.616, 95 CI% 
= 2.476-17.682, P < 0.001) and serum OPG  
levels (OR = 2.860, 95 CI% = 2.152-3.802, P < 
0.001) were independent risk factors for KOA 
(Table 5).

Discussion

Our study provides preliminary evidence that 
OPG T950C polymorphism may be associated 

that several disorders of mineral metabolism, 
including OA, involve alteration in the RANK/
RANKL/OPG system that disrupt osteoclast  
formation and differentiation, and stimulating 
osteoblast activities, suggesting that OPG is a 
crucial player involved in the balance between 
bone resorption and bone formation [20, 21]. 
Specifically, RANK expressed in osteoclasts  
is a mediator of bone remodeling and bone 
metabolism, and its interaction with RANKL 
promotes the formation and activation of  
osteoclasts, leading to bone loss. OPG binds to 
RANKL and, by competitively inhibiting RANKL 
interactions with its receptor RANK, OPG sup-
presses bone resorption and attenuate osteo-
clastogenesis [9]. Consistent with this, a T950C 
(rs3102735) mutant in the OPG locus was 
implicated in BMD and bone turnover related 
with bone loss, resulting in increased risk of 
KOA [22, 23]. On the other hand, similar to our 
observations, other studies also concluded 
that A163G polymorphism located in the OPG 
promoter region is not associated with OA risk 
[15, 24].

We also show that the frequency of T950C CC 
genotype was highest in KOA patients with 
advanced stages, based on radiographic ex- 
aminations, compared to other KOA patients, 
which emphasizes the contribution of the CC 
genotype in the risk of KOA. Multiple studies 
have suggested that OPG genetic polymor-
phism may have a negative effect on bone 
resorption and thus may serve as potential 
regulator of BMD, causing further deterioration 
of the disease in patients with KOA [25, 26]. 
BMD is a standard measurement in OA using 
radiographic absorptiometry, and accounts for 
over 70% bone strength functions that are 
associated with the conditions of bone struc-
tural deterioration and bone mass. Interesting- 

Table 5. Logistic regression analysis

B S.E. Wald df Sig. Exp(B)
95% C.I. for EXP(B)
Lower Upper

Gender -.383 .384 .993 1 0.319 .682 .321 1.448
Age .019 .013 2.086 1 0.149 1.019 .993 1.046
BMI -.296 .085 12.136 1 < 0.001 1.744 1.630 2.879
T950C 1.890 .502 14.193 1 < 0.001 6.616 2.476 17.682
A163G .311 .381 .668 1 0.414 1.365 .647 2.880
OPG 1.051 .145 52.348 1 < 0.001 2.860 2.152 3.802
Note: BMI, body mass index; B, partial regression coefficient; S.E., standard error; 
df, degree of freedom; Sig., significance; Exp(B) [exponent function (partial regres-
sion coefficient)]; 95% CI, 95% confidence interval.

with the incidence of KOA, and 
the frequencies of C allele and 
C carrier of OPG T950C poly-
morphism were higher in KOA 
patients compared to healthy 
controls, but the OPG A163G 
polymorphism may not have an 
effect on the incidence of KOA, 
suggesting that specific poly-
morphisms in OPG gene may 
serve as indicators of the risk 
of developing KOA. Previous 
studies based on pathophysio-
logic analyses have revealed 
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ly, radiographic measurements in this study 
directly observed the correlations with BMD 
and bone strength of the genetic variants in 
OPG gene, contributing to a more serious dete-
rioration in patients with KOA [27, 28]. A previ-
ous study showed that although the T950C 
polymorphism is not differentially distributed 
among OA patients, patients with CC genotype 
showed decreased BMD compared with TT  
genotype due to enhanced OPG [14]. The CC 
genotype of T950C variant was identified and 
the polymorphism was found to alter OPG func-
tion, and was associated with up-regulated 
serum level of OPG, suggesting that OPG ex- 
pression levels are important for maintaining 
bone health in KOA patients with advanced 
stage [29].

Importantly, patients with advanced disease 
were linked to the CC genotype and higher level 
of serum OPG, suggesting that C allele may be 
a major risk factor for development of KOA, 
influenced by increased serum OPG levels. 
Several studies have indicated that OPG genet-
ic polymorphism was closely associated with 
the susceptibility to KOA [30, 31]. In this study, 
OPG was measured in serum using ELISA, and 
all genotypes (TT, TC or CC) in T950C, showed 
significantly higher OPG levels in serum in KOA 
patients compared to controls. The potential 
association between serum OPG levels and 
bone mineral density, osteoporotic fractures or 
biochemical bone turnover markers have been 
investigated [32, 33], and the mechanisms 
involve OPG activity on RANKL to inhibit the 
production and survival of osteoclasts [22]. 
Based on our results and previous supporting 
studies, we postulated that KOA patients at 
early stage may have slightly elevated serum 
OPG, compared to controls, owning to the TT 
genotype in T950C, that may impair bone 
metabolism and bone health, but in patients 
with advanced-stage KOA a significantly higher 
level of OPG in serum inhibits bone resorption 
and bone mass. In support of this, Straface 
Giuseppe found that CC variant of T950C gene 
polymorphism was closely correlated with cir-
culating OPG serum levels, and CC variant gen-
otype may stimulate the production of OPG 
from osteoblasts for in an attempt to regain 
balance of the disrupted bone metabolism, and 
thus the C allele may predict the higher OPG 
serum level and KOA progression [34]. In the 
present study, the A163G polymorphism in 

OPG gene showed no significant relationship 
with serum OPG concentrations or radiographic 
stages.

In summary, based on our results, OPG T950C 
polymorphism is associated with the increased 
incidence and more aggressive radiographic 
stage of KOA, and the C allele and C carrier  
may be the risk factor for the development  
of KOA, along with detecting increased OPG 
serum level. However, there was no correlation 
between OPG A163G genetic polymorphism 
and KOA.

Acknowledgements

We would like to acknowledge the reviewers for 
their helpful comments on this paper.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Xiucheng Chu, De- 
partment of Articular Surgery, Dongying People’s 
Hospital, No. 317 Nanyi Road, Dongying Distirct, 
Dongying 257000, P. R. China. Tel: +86-0546-
8901166; E-mail: chuxiucheng0727@163.com

References

[1] Yin YW, Sun QQ, Hu AM, Wang Q, Liu HL. 
Association of rs9340799 polymorphism in  
estrogen receptor alpha gene with the risk of 
osteoarthritis: evidence based on 8,792 sub-
jects. Mol Genet Genomics 2015; 290: 513-
520.

[2] Xing D, Ma XL, Ma JX, Xu WG, Wang J, Yang Y, 
Chen Y, Ma BY, Zhu SW. Association between 
aspartic acid repeat polymorphism of the 
asporin gene and susceptibility to knee osteo-
arthritis: a genetic meta-analysis. Osteoarthritis 
Cartilage 2013; 21: 1700-1706.

[3] Hernandez-Molina G, Reichenbach S, Zhang  
B, Lavalley M, Felson DT. Effect of therapeutic 
exercise for hip osteoarthritis pain: results of  
a meta-analysis. Arthritis Rheum 2008; 59: 
1221-1228.

[4] Vos T, Flaxman AD, Naghavi M, Lozano R, 
Michaud C, Ezzati M, Shibuya K, Salomon JA, 
Abdalla S, Aboyans V, Abraham J, Ackerman  
I, Aggarwal R, Ahn SY, Ali MK, Alvarado M, 
Anderson HR, Anderson LM, Andrews KG, 
Atkinson C, Baddour LM, Bahalim AN, Barker-
Collo S, Barrero LH, Bartels DH, Basanez MG, 
Baxter A, Bell ML, Benjamin EJ, Bennett D, 
Bernabe E, Bhalla K, Bhandari B, Bikbov B, Bin 
Abdulhak A, Birbeck G, Black JA, Blencowe H, 

mailto:chuxiucheng0727@163.com


OPG SNPs with KOA incidence and radiographic stage

5151 Int J Clin Exp Med 2016;9(2):5144-5153

Blore JD, Blyth F, Bolliger I, Bonaventure A, 
Boufous S, Bourne R, Boussinesq M, Braith- 
waite T, Brayne C, Bridgett L, Brooker S, Brooks 
P, Brugha TS, Bryan-Hancock C, Bucello C, 
Buchbinder R, Buckle G, Budke CM, Burch M, 
Burney P, Burstein R, Calabria B, Campbell B, 
Canter CE, Carabin H, Carapetis J, Carmona L, 
Cella C, Charlson F, Chen H, Cheng AT, Chou D, 
Chugh SS, Coffeng LE, Colan SD, Colquhoun S, 
Colson KE, Condon J, Connor MD, Cooper LT, 
Corriere M, Cortinovis M, de Vaccaro KC, 
Couser W, Cowie BC, Criqui MH, Cross M, 
Dabhadkar KC, Dahiya M, Dahodwala N, 
Damsere-Derry J, Danaei G, Davis A, De Leo  
D, Degenhardt L, Dellavalle R, Delossantos  
A, Denenberg J, Derrett S, Des Jarlais DC, 
Dharmaratne SD, Dherani M, Diaz-Torne C, 
Dolk H, Dorsey ER, Driscoll T, Duber H, Ebel B, 
Edmond K, Elbaz A, Ali SE, Erskine H, Erwin PJ, 
Espindola P, Ewoigbokhan SE, Farzadfar F, 
Feigin V, Felson DT, Ferrari A, Ferri CP, Fevre 
EM, Finucane MM, Flaxman S, Flood L, Fore- 
man K, Forouzanfar MH, Fowkes FG, Franklin 
R, Fransen M, Freeman MK, Gabbe BJ, Gabriel 
SE, Gakidou E, Ganatra HA, Garcia B, Gaspari 
F, Gillum RF, Gmel G, Gosselin R, Grainger R, 
Groeger J, Guillemin F, Gunnell D, Gupta R, 
Haagsma J, Hagan H, Halasa YA, Hall W, Haring 
D, Haro JM, Harrison JE, Havmoeller R, Hay  
RJ, Higashi H, Hill C, Hoen B, Hoffman H, Hotez 
PJ, Hoy D, Huang JJ, Ibeanusi SE, Jacobsen  
KH, James SL, Jarvis D, Jasrasaria R, Jayara- 
man S, Johns N, Jonas JB, Karthikeyan G, 
Kassebaum N, Kawakami N, Keren A, Khoo JP, 
King CH, Knowlton LM, Kobusingye O, Koran- 
teng A, Krishnamurthi R, Lalloo R, Laslett LL, 
Lathlean T, Leasher JL, Lee YY, Leigh J, Lim SS, 
Limb E, Lin JK, Lipnick M, Lipshultz SE, Liu W, 
Loane M, Ohno SL, Lyons R, Ma J, Mabweijano 
J, MacIntyre MF, Malekzadeh R, Mallinger L, 
Manivannan S, Marcenes W, March L, Margolis 
DJ, Marks GB, Marks R, Matsumori A, Matzo- 
poulos R, Mayosi BM, McAnulty JH, McDermott 
MM, McGill N, McGrath J, Medina-Mora ME, 
Meltzer M, Mensah GA, Merriman TR, Meyer 
AC, Miglioli V, Miller M, Miller TR, Mitchell PB, 
Mocumbi AO, Moffitt TE, Mokdad AA, Monasta 
L, Montico M, Moradi-Lakeh M, Moran A, 
Morawska L, Mori R, Murdoch ME, Mwaniki 
MK, Naidoo K, Nair MN, Naldi L, Narayan KM, 
Nelson PK, Nelson RG, Nevitt MC, Newton CR, 
Nolte S, Norman P, Norman R, O’Donnell M, 
O’Hanlon S, Olives C, Omer SB, Ortblad K, 
Osborne R, Ozgediz D, Page A, Pahari B, 
Pandian JD, Rivero AP, Patten SB, Pearce N, 
Padilla RP, Perez-Ruiz F, Perico N, Pesudovs  
K, Phillips D, Phillips MR, Pierce K, Pion S, 
Polanczyk GV, Polinder S, Pope CA 3rd, Popova 
S, Porrini E, Pourmalek F, Prince M, Pullan RL, 

Ramaiah KD, Ranganathan D, Razavi H, Regan 
M, Rehm JT, Rein DB, Remuzzi G, Richardson 
K, Rivara FP, Roberts T, Robinson C, De Leon 
FR, Ronfani L, Room R, Rosenfeld LC, Rushton 
L, Sacco RL, Saha S, Sampson U, Sanchez-
Riera L, Sanman E, Schwebel DC, Scott JG, 
Segui-Gomez M, Shahraz S, Shepard DS, Shin 
H, Shivakoti R, Singh D, Singh GM, Singh JA, 
Singleton J, Sleet DA, Sliwa K, Smith E, Smith 
JL, Stapelberg NJ, Steer A, Steiner T, Stolk WA, 
Stovner LJ, Sudfeld C, Syed S, Tamburlini G, 
Tavakkoli M, Taylor HR, Taylor JA, Taylor WJ, 
Thomas B, Thomson WM, Thurston GD, Tleyjeh 
IM, Tonelli M, Towbin JA, Truelsen T, Tsilimbaris 
MK, Ubeda C, Undurraga EA, van der Werf  
MJ, van Os J, Vavilala MS, Venketasubramanian 
N, Wang M, Wang W, Watt K, Weatherall DJ, 
Weinstock MA, Weintraub R, Weisskopf MG, 
Weissman MM, White RA, Whiteford H, Wiers- 
ma ST, Wilkinson JD, Williams HC, Williams SR, 
Witt E, Wolfe F, Woolf AD, Wulf S, Yeh PH, Zaidi 
AK, Zheng ZJ, Zonies D, Lopez AD, Murray CJ, 
AlMazroa MA, Memish ZA. Years lived with dis-
ability (YLDs) for 1160 sequelae of 289 dis-
eases and injuries 1990-2010: a systematic 
analysis for the Global Burden of Disease 
Study 2010. Lancet 2012; 380: 2163-2196.

[5] Oiestad BE, Holm I, Aune AK, Gunderson R, 
Myklebust G, Engebretsen L, Fosdahl MA, 
Risberg MA. Knee function and prevalence of 
knee osteoarthritis after anterior cruciate liga-
ment reconstruction: a prospective study with 
10 to 15 years of follow-up. Am J Sports Med 
2010; 38: 2201-2210.

[6] Litwic A, Edwards MH, Dennison EM, Cooper C. 
Epidemiology and burden of osteoarthritis. Br 
Med Bull 2013; 105: 185-199.

[7] Reid CR, Bush PM, Cummings NH, McMullin 
DL, Durrani SK. A review of occupational knee 
disorders. J Occup Rehabil 2010; 20: 489-
501.

[8] Valdes AM, Spector TD. Genetic epidemiology 
of hip and knee osteoarthritis. Nat Rev Rheu- 
matol 2011; 7: 23-32.

[9] Pobeha P, Petrasova D, Tkacova R, Joppa P. 
Circulatory osteoprotegerin is related to osteo-
porosis of the hip in patients with COPD. Respir 
Med 2014; 108: 621-627.

[10] Mogelvang R, Pedersen SH, Flyvbjerg A, Bjerre 
M, Iversen AZ, Galatius S, Frystyk J, Jensen JS. 
Comparison of osteoprotegerin to traditional 
atherosclerotic risk factors and high-sensitivity 
C-reactive protein for diagnosis of atheroscle-
rosis. Am J Cardiol 2012; 109: 515-520.

[11] Frederiksen L, Glintborg D, Hojlund K, Hou- 
gaard DM, Brixen K, Rasmussen LM, Andersen 
M. Osteoprotegerin levels decrease during tes-
tosterone therapy in aging men and are associ-
ated with changed distribution of regional fat. 
Horm Metab Res 2013; 45: 308-313.



OPG SNPs with KOA incidence and radiographic stage

5152 Int J Clin Exp Med 2016;9(2):5144-5153

[12] Kuhn MC, Willenberg HS, Schott M, Papewalis 
C, Stumpf U, Flohe S, Scherbaum WA, Schinner 
S. Adipocyte-secreted factors increase osteo-
blast proliferation and the OPG/RANKL ratio  
to influence osteoclast formation. Mol Cell 
Endocrinol 2012; 349: 180-188.

[13] West SL, Lok CE, Jamal SA. Osteoprotegerin 
and fractures in men and women with chronic 
kidney disease. J Bone Miner Metab 2014; 32: 
428-433.

[14] Langdahl BL, Carstens M, Stenkjaer L, Eriksen 
EF. Polymorphisms in the osteoprotegerin gene 
are associated with osteoporotic fractures. J 
Bone Miner Res 2002; 17: 1245-1255.

[15] Garcia-Unzueta MT, Riancho JA, Zarrabeitia 
MT, Sanudo C, Berja A, Valero C, Pesquera C, 
Paule B, Gonzalez-Macias J, Amado JA. Associ- 
ation of the 163A/G and 1181G/C osteoprote-
gerin polymorphism with bone mineral density. 
Horm Metab Res 2008; 40: 219-224.

[16] Kim JG, Kim JH, Kim JY, Ku SY, Jee BC, Suh  
CS, Kim SH, Choi YM. Association between os-
teoprotegerin (OPG), receptor activator of nu-
clear factor-kappaB (RANK), and RANK ligand 
(RANKL) gene polymorphisms and circulating 
OPG, soluble RANKL levels, and bone mineral 
density in Korean postmenopausal women. 
Menopause 2007; 14: 913-918.

[17] Eun IS, Park WW, Suh KT, Kim JI, Lee JS. 
Association between osteoprotegerin gene 
polymorphism and bone mineral density in pa-
tients with adolescent idiopathic scoliosis. Eur 
Spine J 2009; 18: 1936-1940.

[18] M PN. World Medical Association publishes 
the Revised Declaration of Helsinki. Natl Med J 
India 2014; 27: 56.

[19] 2014 ACR/ARHP Annual Meeting Abstract 
Supplement. Arthritis Rheumatol 2014; 66 
Suppl 10: S1-S1402.

[20] Zupan J, Mencej-Bedrac S, Jurkovic-Mlakar S, 
Prezelj J, Marc J. Gene-gene interactions in 
RANK/RANKL/OPG system influence bone 
mineral density in postmenopausal women. J 
Steroid Biochem Mol Biol 2010; 118: 102-
106.

[21] Vega D, Maalouf NM, Sakhaee K. CLINICAL 
Review #: the role of receptor activator of  
nuclear factor-kappaB (RANK)/RANK ligand/
osteoprotegerin: clinical implications. J Clin 
Endocrinol Metab 2007; 92: 4514-4521.

[22] Roshandel D, Holliday KL, Pye SR, Ward KA, 
Boonen S, Vanderschueren D, Borghs H, Huh- 
taniemi IT, Adams JE, Bartfai G, Casanueva FF, 
Finn JD, Forti G, Giwercman A, Han TS, Kula  
K, Lean ME, Pendleton N, Punab M, Silman  
AJ, Wu FC, Thomson W, ONeill TW; EMAS Study 
Group. Influence of polymorphisms in the 
RANKL/RANK/OPG signaling pathway on volu-
metric bone mineral density and bone geome-

try at the forearm in men. Calcif Tissue Int 
2011; 89: 446-455.

[23] Roshandel D, Holliday KL, Pye SR, Boonen S, 
Borghs H, Vanderschueren D, Huhtaniemi IT, 
Adams JE, Ward KA, Bartfai G, Casanueva F, 
Finn JD, Forti G, Giwercman A, Han TS, Kula K, 
Lean ME, Pendleton N, Punab M, Silman AJ, 
Wu FC, Thomson W, O’Neill TW; EMAS Study 
Group. Genetic variation in the RANKL/RANK/
OPG signaling pathway is associated with bone 
turnover and bone mineral density in men. J 
Bone Miner Res 2010; 25: 1830-1838.

[24] Brambila-Tapia AJ, Duran-Gonzalez J, Sando- 
val-Ramirez L, Mena JP, Salazar-Paramo M, 
Gamez-Nava JI, Gonzalez-Lopez L, Lazalde-
Medina BB, Davalos NO, Peralta-Leal V, Vaz- 
quez del Mercado M, Beltran-Miranda CP, 
Davalos IP. MTHFR C677T, MTHFR A1298C, 
and OPG A163G polymorphisms in Mexican 
patients with rheumatoid arthritis and osteo-
porosis. Dis Markers 2012; 32: 109-114.

[25] Styrkarsdottir U, Halldorsson BV, Gretarsdottir 
S, Gudbjartsson DF, Walters GB, Ingvarsson T, 
Jonsdottir T, Saemundsdottir J, Center JR, 
Nguyen TV, Bagger Y, Gulcher JR, Eisman JA, 
Christiansen C, Sigurdsson G, Kong A, Thors- 
teinsdottir U, Stefansson K. Multiple genetic 
loci for bone mineral density and fractures. N 
Engl J Med 2008; 358: 2355-2365.

[26] Lee YH, Woo JH, Choi SJ, Ji JD, Song GG. 
Associations between osteoprotegerin poly-
morphisms and bone mineral density: a meta-
analysis. Mol Biol Rep 2010; 37: 227-234.

[27] Li WF, Hou SX, Yu B, Li MM, Ferec C, Chen JM. 
Genetics of osteoporosis: accelerating pace in 
gene identification and validation. Hum Genet 
2010; 127: 249-285.

[28] Tu P, Duan P, Zhang RS, Xu DB, Wang Y, Wu HP, 
Liu YH, Si L. Polymorphisms in genes in the 
RANKL/RANK/OPG pathway are associated 
with bone mineral density at different skeletal 
sites in post-menopausal women. Osteoporos 
Int 2015; 26: 179-185.

[29] Biscetti F, Porreca CF, Bertucci F, Straface G, 
Santoliquido A, Tondi P, Angelini F, Pitocco D, 
Santoro L, Gasbarrini A, Landolfi R, Flex A. 
TNFRSF11B gene polymorphisms increased 
risk of peripheral arterial occlusive disease 
and critical limb ischemia in patients with type 
2 diabetes. Acta Diabetol 2014; 51: 1025-
1032.

[30] Vidal C, Formosa R, Xuereb-Anastasi A. 
Functional polymorphisms within the TNFRSF- 
11B (osteoprotegerin) gene increase the risk 
for low bone mineral density. J Mol Endocrinol 
2011; 47: 327-333.

[31] Wang C, Zhang Z, Zhang H, He JW, Gu JM, Hu 
WW, Hu YQ, Li M, Liu YJ, Fu WZ, Yue H, Ke YH, 
Zhang ZL. Susceptibility genes for osteoporotic 



OPG SNPs with KOA incidence and radiographic stage

5153 Int J Clin Exp Med 2016;9(2):5144-5153

fracture in postmenopausal Chinese women. J 
Bone Miner Res 2012; 27: 2582-2591.

[32] Valdes AM, Spector TD. The clinical relevance 
of genetic susceptibility to osteoarthritis. Best 
Pract Res Clin Rheumatol 2010; 24: 3-14.

[33] Moreno-Rubio J, Herrero-Beaumont G, Tardio 
L, Alvarez-Soria MA, Largo R. Nonsteroidal an-
tiinflammatory drugs and prostaglandin E(2) 
modulate the synthesis of osteoprotegerin and 
RANKL in the cartilage of patients with severe 
knee osteoarthritis. Arthritis Rheum 2010; 62: 
478-488.

[34] Straface G, Biscetti F, Pitocco D, Bertoletti G, 
Misuraca M, Vincenzoni C, Snider F, Arena V, 
Stigliano E, Angelini F, Iuliano L, Boccia S,  
de Waure C, Giacchi F, Ghirlanda G, Flex A. 
Assessment of the genetic effects of polymor-
phisms in the osteoprotegerin gene, TNFRSF- 
11B, on serum osteoprotegerin levels and  
carotid plaque vulnerability. Stroke 2011; 42: 
3022-3028.


