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ABSTRACT

OBJECTIVE: Osteoporosis is a serious and common health issue of considerable complex-
ity among postmenopausal women. The osteoprotegerin gene (OPG) is considered to play an
important role in the pathogenesis of osteoporosis. The objective of this study was to detect
single nucleotide polymorphisms (SNPs) in the OPG gene and assess the association between
bone mineral density (BMD) and SNPs in postmenopausal women. METHODS: BMD was
measured at the lumbar spine (L.4), neck, and total hip by dual energy X-ray absorptiometry
(DEXA). The polymerase chain reaction-restriction fragment length polymorphism (PCR-
RFLP), created restriction site-PCR (CRS-PCR), and DNA sequencing methods were used to
identify the g.19163A> G and g.23298T > C polymorphisms and genotypes in 739 Chinese post-
menopausal women. RESULTS: Our data suggest that g.19163A > G was significantly associated
with adjusted spine BMD, neck hip BMD, and total hip BMD. Subjects with genotype AA had
significantly higher BMD value than those of genotypes AG and GG (P <0.05). We failed to
detect any statistically significant association between g.23298T>C and adjusted spine BMD
and neck hip BMD, while it almost reached a significant association with the adjusted total
hip BMD (P = 0.058). DISCUSSION: These findings indicate that the OPG gene is related to
BMD and osteoporosis in Chinese postmenopausal women.
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role in the pathogenesis of osteoporosis.®* To date,
several genes have been verified as being involved
in bone remodeling, bone mineral homeostasis, and
bone matrix composition, including osteoprotegerin
(OPG),"*#vitamin D receptor (VDR),*"*** estrogen
receptor (ESR),”! collagen type 1lal (COL1A1),** and
transforming growth factor bl (TGFBI).* Previous
studies indicated that the OPG gene is considered
to be one of the most important candidate genes
in the pathogenesis of osteoporosis.'** The single
nucleotide polymorphisms (SNPs) in the OPG gene
may contribute to genetic effects on osteoporosis and
BMD.#202223 The correlation analyses between the
OPG genetic variants and BMD have been analyzed
in osteoporosis, such as A163G, T245G, T950C and
G1181C.571519.222334-39 However, the association of
2.19163A>G and g.23298T>C SNPs of the OPG
gene with osteoporosis and BMD have not previously
been published. Therefore, the aim of this study was to
evaluate the association between these two SNPs and
osteoporosis and BMD in postmenopausal women.

MATERIALS AND METHODS

Subjects

A total of 739 postmenopausal women were en-
rolled in this study, including 367 primary postmeno-
pausal osteoporosis patients (aged 48-79 years) and
372 healthy controls (aged 47-79 years). All subjects
were genetically unrelated and of the Chinese Han
population. Subjects were excluded when suffering

from diseases or taking drugs that could affect bone
metabolism. The present study was approved by the
local ethics committee and all participants gave their
informed consent.

Bone mineral density measurement

The BMD of the lumbar spine (L), neck, and
total hip were evaluated through dual energy X-ray
absorptiometry (DEXA) (Lunar Expert 1313, Lunar
Corp., USA). The value of BMD was automatically
calculated from bone mineral content (g) and bone
area (cm?) and then expressed as g/cm.?

Genotyping of genetic variants

Genomic DNA was isolated from peripheral ve-
nous blood samples using the QlAamp DNA Blood
Mini Kit (QIAGEN GmbH, Germany), in accordance
with the supplier manual, and then stored at -20°C
until analyzed. Polymerase chain reaction (PCR)
primers were designed using Primer Premier 5.0
software (Premier Biosoft International, Palo Alto,
CA) based on the DNA sequences (GenBank ID:
NG_012202.1) and mRNA sequences (GenBank ID:
NM_002546.3) of the human OPG gene. Primer se-
quences, annealing temperature, region, and fragment
sizes are presented in Table 1. PCR amplifications
were carried out in a 20 uL reaction mixture contain-
ing 50 ng mixed DNA template, 10 pM each primer,
0.20 mM dNTPs, 2.5 mM MgCl; and 0.5 U Taqg DNA
polymerase (TaKaRa, Dalian, China). The protocol of
PCR was 95°C for 5 minutes followed by 32 cycles of
94°C for 30 seconds, annealing at the corresponding

Table 1. PCR, PCR-RFLP and CRS-PCR analysis used for genotyping SNPs in OPG gene

SNPs Primer sequences Annealing PCR Region Restriction Genotype (bp)
temperature amplification enzyme
°C) fragment (bp)
2.19163A>G 5-GCTGCACATTGACACGTACCAGC-3' 66.5 256 Exon2 Sacl AA:256
5'-CAGCAAAGTGGAAGACCGTGTGC-3' AG:256,183,73
GG:183,73
2.23298T>C 5-CTGGAGGCCTTGTGTTCAACTC-¥ 62.3 210 Exon3 Taql TT: 190,20
5'-CGTCATCTAAAGCACCCTGTCG-¥ TC:210,190,20
CC:210

Note: PCR: polymerase chain reaction, PCR-RFLP: PCR-restriction fragment length polymorphism, CRS-PCR: created restriction

site-PCR, SNPs: single nucleotide polymorphisms.

Underlined nucleotides mark nucleotide mismatches enabling the use of the selected restriction enzymes for discriminating sequence

variations.
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temperature (shown in Table 1) for 30 seconds, and
72°C for 30 seconds, with a final extension at 72°C
for 10 minutes. The PCR amplified products were
separated on a 2.5% agarose gel including ethidium
bromide. The g.19163A>G variant was genotyped by
the PCR-restriction fragment length polymorphism
(PCR-RFLP) method. The g.23298T>C variant was
detected by the created restriction site-PCR (CRS-
PCR) method with one of the primers containing
a nucleotide mismatch, which enables the use of
restriction enzymes for discriminating sequence vari-
ations.** Aliquots of 5 uLL PCR amplified products
were digested with 2 U selected restriction enzymes
(MBI Fermentas, St. Leon-Rot, Germany) at 37°C for
10 h following the manufacturer’s instructions (Table
1), and then were separated by electrophoresis for 1
h at 100 V in a 1.5% agarose gel. Random samples
(10% of the total samples) were analyzed by DNA
sequencing methods with an ABI 3730 sequencer
(Bioasia Biotechnology Co., Ltd. Shanghai, China)
to verify the genotype results of allelic variation,
which were based on the electrophoretic pattern of
the restriction enzyme-treated PCR products.

Statistical analyses

Allele and genotype frequencies were calculated
in the studied subjects. The chi-squared test (x*) was
used to assess the Hardy-Weinberg equilibrium of
the genotypes of different genetic mutations. The
BMD values were adjusted by age, height, and weight
through stepwise multiple regression and logistic
regression analyses. The one-way analysis of variance
(ANOVA) and least-significant difference (LSD) post
hoc test were utilized to compare the quantitative

data. All statistical analyses were performed with
the Statistical Package for Social Sciences software
(SPSS, Windows version release 15.0; SPSS Inc.;
Chicago, IL, USA). All data were presented as the
mean * SD (standard deviation of the mean). A P
value of <(.05 was considered statistically significant.

RESULTS

SNPs genotyping

In the present study, two novel genetic variants
(g.19163A>G and g.23298T>C) were detected by
PCR-RFLP, CRS-PCR, and DNA sequencing meth-
ods, including A—G mutation (resulting in phenyl-
alanine (Phe) to leucine (Leu) amino acid replace-
ment, p.Phel17Leu) at position 19163 and T—C
mutation (not resulting in amino acid replacement,
p-Arginine (Arg)161Arg) at position 23298 of the
human OPG gene, respectively in exon2 and exon3
(reference sequences, GenBank IDs: NG_012202.1,
NM_002546.3 and NP_002537.3). The PCR ampli-
fied products of g.19163A > G was digested with Sacl
restriction enzyme and divided into three genotypes:
AA (256 bp), AG (256, 183 and 73 bp) and GG (183
and 73 bp) (Table 1). The PCR amplified products
of £.23298T>C was digested with the Tagl restriction
enzyme and divided into three genotypes: TT (190
and 20 bp), TC (210, 190 and 20 bp), and CC (210
bp) (Table 1).

Genotype and allele frequencies

The result of the y* test for g.19163A>G and
2.23298T>C variants in the studied populations
indicated that these genetic variants were in the

Table 2. Genotypic and allelic frequencies of g.19163A>G and g.23298T>C polymorphisms in the studied subjects

Groups 2.19163A>G 2.23298T>C

Genotype frequencies (%) Allele frequencies (%) Genotype frequencies (%) Allele frequencies (%)

AA AG GG A T TC CC T C
Case group 121 166 80 408 326 191 141 35 523 211
(n=367) (3297) (45.23) (21.80) (55.59)  (44.41) (52.04) (38.42) (9.54) (71.25)  (28.75)
Control group 161 159 52 481 263 201 151 20 553 191
(n=372) (43.28) (42.74) (13.98) (64.65)  (35.35) (54.03) (40.59)  (5.38) (7433)  (25.67)
Total 282 325 132 889 589 392 292 55 1076 402
(n=739) (38.16)  (43.98) (17.86) (60.15)  (39.85) (53.05) (39.51) (7.44) (72.80)  (27.20)

P =0.003 P < 0.001* P =0.098 P =10.184

Note: “P-value was evaluated by y” test.
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Hardy-Weinberg equilibrium (P >0.05). Table 2
presents the genotype and allele frequencies of the
2.19163A>G and g.23298T>C variants. As for the
2.19163A>G variant, the allele frequencies of the
cases (A: 55.59% and G: 44.41%) were significantly
different from those of the controls (A: 64.65% and
G:35.35%, P < 0.001, ¢ test, Table 2). Additionally,
the genotype frequencies in cases were not similar to
those of controls, the differences being statistically
significant (P = 0.003, * test, Table 2). As for the
£.23298T> C variant, the allele and genotype frequen-
cies of cases (for allele, T: 71.25% and C: 28.75%; for
genotype, TT:52.04%, TC: 38.42%, and CC: 9.54%)
showed differences from those of the controls (for
allele, T: 74.33% and C: 25.67%; for genotype, TT:
54.03%, TC: 40.59%, and CC: 5.38%), the differences,
however, not being statistically significant (for allele,
P = 0.184; for genotype, P = 0.098, y* test, Table 2).

Association between OPG genetic variants and
bone mineral density

Age, height, weight, body mass index (BMI),
spine BMD, neck hip BMD, and total hip BMD in
each genotype group were presented as the mean *
SD (Table 3). The results of this study suggest that
2.19163A>G SNP is significantly associated with
adjusted spine BMD, neck hip BMD, and total hip
BMD. Subjects with genotype AA had significantly

higher BMD value than those of genotypes AG and
GG (P <0.05, Table 3). However, we failed to detect
any significant association between g.23298T>C SNP
and adjusted spine BMD, neck hip BMD, and total
hip BMD in the present study (P >0.05, Table 3).

DISCUSSION

The OPG gene is an important candidate gene in
the pathogenesis of osteoporosis.'** Several studies
have reported the association between genetic variants
and osteoporosis and BMD.67131922233439 However,
the results from these observations still remain poorly
understood. In this study, we firstly detected the as-
sociation of g.19163A>G and g.23298T>C SNPs
of the OPG gene with osteoporosis and BMD. Our
data indicated that g.19163A>G was significantly
associated with osteoporosis and BMD. Allele-A
could be a risk factor for osteoporosis in Chinese
postmenopausal women. As for g.23298T>C, we
failed to detect any statistically significant association
between this variant and adjusted spine BMD, neck
hip BMD, and total hip BMD (P >0.05). It seems
that the allele-C might have potential effects on
osteoporosis and BMD. These findings suggest that
the OPG gene is related to osteoporosis and BMD in
Chinese postmenopausal women. Previously published
studies have demonstrated the association between

Table 3. Characteristics of g.19163A>G and g.23298T> C polymorphisms in the total group of subjects

SNPs 2.19163A>G 2.23298T>C

Genotype AA AG GG *P TT TC CcC *Pp
Number (%) 282(38.16)  325(43.98)  132(17.86) - 392 (53.05)  292(39.51) 55 (7.44)

Age (years) 61.6=6.9 62374 62.8+72  0.543a 61.5+6.8 62.6=7.7 62.8+7.2  0.443°
Height (cm) 160+7.1 162+6.5 163+6.8  0.432a 159 7.1 161£6.6 163£6.9 0333
Weight (kg) 60.4+7.4 62.5+6.2 62.8+58  0.351a 61.3+7.6 63.2+6.7 63.5+6.7  0.431°
BMI 23.1+3.33 232345 236+329 01180 232336  23.3+341 23.8+336 0256
Adjusted spine 0.926+0.113  0.852+0.122 0.835+0.121 0.026b  0.864*0.126 0.832+0.135 0.829+0.121 0.125
BMD (g/cm?)°

Adjusted Neck hip  0.740+0.118  0.688+0.123  0.679+0.137 0.029b  0.719+0.108 0.695+0.111 0.689+0.125 0.321°
BMD (g/cm?)*°

Adjusted Total hip  0.859+0.110  0.810+0.105 0.806+0.125 0.042b  0.841+0.217 0.831+0.128 0.828+0.122 0.052°
BMD (g/cm?)°

Note: SNPs mean single-nucleotide polymorphisms; BMI means body mass index; BMD means bone mineral density; Data are shown
asmean = SD. *P-values were evaluated by one-way analysis of variance (ANOVA) test; "P-values were evaluated by one-way analysis
of variance (ANOVA) and least-significant difference (LSD) post hoc test; ‘BMD values were adjusted by age, height and weight
through stepwise multiple regression and logistic regression analyses).
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SNPs (e.g., A163G, T245G, T950C and G1181C) os-
teoporosis and BMD in different ethnicities, which is
consistent with our findings, and that genetic variants
in the OPG gene may contribute to genetic effects on
osteoporosis and BMD.671519222334-3 Byrther studies
in larger populations to investigate the association of
g.19163A>G, g.23298T>C, or other genetic variants,
with osteoporosis and BMD are necessary to verify
these results and to further elucidate the pathogenesis
and molecular mechanism of osteoporosis.

In conclusion, our data suggest that the OPG
2.19163A>G variant could be associated with os-
teoporosis and BMD. The results of this study could
form the basis for further analysis of the implication
of OPG genetic variants in osteoporosis risk factors.
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