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role in the pathogenesis of osteoporosis.8-13 To date, 
several genes have been verified as being involved 
in bone remodeling, bone mineral homeostasis, and 
bone matrix composition, including osteoprotegerin 
(OPG),14-23 vitamin D receptor (VDR),21,24-28 estrogen 
receptor (ESR),29-31 collagen type 1a1 (COL1A1),32 and 
transforming growth factor b1 (TGFB1).33 Previous 
studies indicated that the OPG gene is considered 
to be one of the most important candidate genes 
in the pathogenesis of osteoporosis.14-23 The single 
nucleotide polymorphisms (SNPs) in the OPG gene 
may contribute to genetic effects on osteoporosis and 
BMD.14-20,22,23 The correlation analyses between the 
OPG genetic variants and BMD have been analyzed 
in osteoporosis, such as A163G, T245G, T950C and 
G1181C.6,7,15,19,22,23,34-39 However, the association of 
g.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 (L2-4), 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 (cm2) and then expressed as g/cm.2

Genotyping of genetic variants

Genomic DNA was isolated from peripheral ve-
nous blood samples using the QIAamp 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 μL reaction mixture contain-
ing 50 ng mixed DNA template, 10 pM each primer, 
0.20 mM dNTPs, 2.5 mM MgCl2 and 0.5 U Taq 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 
temperature 

(°C)

PCR 
amplification 
fragment (bp)

Region Restriction 
enzyme

Genotype (bp)

g.19163A>G 5′-GCTGCACATTGACACGTACCAGC-3′ 66.5 256 Exon2 SacI AA:256

5′-CAGCAAAGTGGAAGACCGTGTGC-3′ AG:256,183,73

GG:183,73

g.23298T>C 5′-CTGGAGGCCTTGTGTTCAACTC-3’ 62.3 210 Exon3 TaqI TT: 190,20

5′-CGTCATCTAAAGCACCCTGTCG-3’ 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.




