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ABSTRACT. We investigated the effect of bone morphogenetic 
protein 2 and 4 (BMP-2 and -4) gene polymorphisms on bone 
density in postmenopausal Turkish women with osteoporosis. The 
frequency of single-nucleotide polymorphisms (SNPs) of BMP-
2 and -4 genes was analyzed in 101 osteoporotic-postmenopausal 
women and 52 postmenopausal women with positive bone mineral 
density scores. We evaluated the frequency of the thymine→cytosine 
nucleotide variation at position 538 for BMP-4 and the transposition 
of adenine→thymine at codon 190 for BMP-2, with PCR. The 
proportions of genotypes observed for the BMP-2 SNP in the 
osteoporotic group were AA (47.5%), AT (39.6%), TT (12.9%), and 
in the non-osteoporotic group they were AA (48.1%), AT (40.4%), TT 
(11.5%). The corresponding frequencies for the BMP-4 SNP in the 
osteoporotic group were TT (30.7%), TC (45.5%), CC (23.8%), and 
in the non-osteoporotic group they were TT (26.9%), TC (40.4%), 
CC (32.7%). There were no significant differences in the frequencies 
of these genotypes between the patient and control groups. We 
conclude that genetic variations in BMP-2 and -4 do not substantially 
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contribute to lumbar spine bone mineral density in postmenopausal 
Turkish women.
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INTRODUCTION

Osteoporosis is a common disease that affects millions of people throughout the world. 
The disease is characterized by a reduction of bone mass resulting from a negative balance be-
tween bone destruction and bone formation (Baylink et al., 1999). Twin and sibling studies have 
revealed that the proportion of variance of bone mineral density (BMD) accounted for by genetic 
factors is around 50-90% (Flicker et al., 1995; Young et al., 1995). These studies have suggested 
that the variation in BMD among individuals is largely caused by genetic factors. Advances in 
knowledge about the genetic basis of osteoporosis are important because they offer the prospect of 
developing genetic markers for the assessment of fracture risk and the opportunity to identify new 
targets to design new drugs for the prevention and treatment of osteoporosis (Medici et al., 2006).

Bone morphogenic proteins (BMP) are members of the TGF-β superfamily, a large 
family of growth factors. The BMP subfamily comprises more than 10 proteins, and newer 
ones are still being discovered. BMP-2 and -4 have 80% amino acid sequence homology of 
molecules. BMP-2 and -4 are osteoinductive and regulate osteoblast differentiation (Wang et 
al., 1990). Follow-up studies demonstrated that genetic variations within BMP-2 were signifi-
cantly associated with various osteoporotic phenotypes in Icelandic and Danish populations, 
and thus BMP-2 was reported as a major risk factor for osteoporosis and osteoporotic fractures 
(Styrkarsdottir et al., 2003). In this study, we investigated whether single-nucleotide polymor-
phisms (SNPs) in BMP-2 and -4 contribute to lumbar spine BMD in our sample of postmeno-
pausal Turkish osteoporotic and non-osteoporotic women.

MATERIAL AND METHODS

Subjects

We analyzed the frequency of SNPs of BMP-2 and -4 genes on 101 osteoporotic-
menopausal women (T score on BMD measurement < -2.5 SD) and 52 menopausal women 
with high BMD scores (T score > +1.0 SD) who were selected from our menopause out-
patient clinic between November 2008 and May 2009. Demographic and lifestyle factors 
including menopausal period, smoking history, average daily alcohol consumption, and 
dietary calcium intake were ascertained by lifestyle and food frequency questionnaires 
(Ireland et al., 1994) completed at baseline. Weight and height were measured at base-
line and body mass index (BMI) was calculated. A detailed medical history of subjects 
was obtained through administration of health questionnaires. Those who had conditions 
known to affect BMD were excluded from the study. All interviews were conducted by 
trained interviewers. Informed consent was obtained from all subjects at the time of blood 
sampling. The study was approved by the Institutional Review Board of Firat University 
School of Medicine, Elazig.
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BMD measurement

Areal BMD (g/cm2) at the lumbar spine L2-L4 was measured by dual-energy X-
ray absorptiometry (DXA) using Lunar PIXI Instrumentation (Madison, WI, USA). Den-
sitometers were calibrated daily. The coefficient of variation for the BMDs of the lumbar 
spine was 0.52%.

SNP genotyping

DNA for genetic analysis was extracted from peripheral venous blood by standard 
methods.

BMP-4 primers used for the polymerase chain reaction (PCR): BMP-4 F: 5'-CCTA
ACTGTGCCTAG-3' and BMP-4 R: 5'-CATAACCTCATAAATGTTTATACGG-3' (Mangino
et al., 1999).

The PCR amplification conditions were as follows: initial denaturation at 96°C for 3 
min followed by 35 cycles of 96°C for 30 s, followed by 56°C for 1 min, and a final exten-
sion at 72°C for 1 min. Following amplification, 220 bp with PCR product size, 20 μL of 
the product was digested with HphI restriction endonuclease (ABgene) at 37°C. Digested 
restriction fragments were separated on 2% (w/v) agarose (Sigma) gels. A BMP-4 poly-
morphism site was localized at nucleotide position 538 (T→C), resulting in an amino acid 
change (V147A). After restriction digestion of the PCR products with HphI, 110- and 87-bp 
band patterns were obtained.

In the BMP-2 gene, a AGA→AGT transversion in exon 3, converting arginine to ser-
ine was detected at codon 190. For BMP-2 polymorphism detection the amplification refrac-
tory mutation system (ARMS) was performed.

BMP-2 primers used for the PCR: forward inner primer (A allele) BMP-2 FI: 
5'-CCAACTCGAAATTCCCCGTGACCTGA-3'. Reverse inner primer (T allele) BMP-2 FR: 
5'-TTCTGATTCACCAACCTGGTGTCCAAATGA-3'. Forward outer primer (5'-3') BMP-2 
OF: 5'-AGAAACGAGTGGGAAAACAACCCGGAGA-3'.

Reverse outer primer (5'-3') BMP-2 OR: 5'-GACACCTTGTTTCTCCTCCAAGTGG
GCC-3'.

After PCR, for A allele 174 bp and T allele 234 bp and following the application of 
two outer primers, a 352-bp product was produced.

PCR was run at 95°C for 4 min followed by 30 cycles at 95°C for 30 s, 60°C for 
30 s, and 72°C for 30 s. A 15-μL PCR product was electrophoresed on a 3% (w/v) agarose 
(Sigma) gel (Table 1). BMP-2 SNPs with previously reported variant allele frequencies 
of >10% were selected from the NCBI-SNP [http:// www.ncbi.nlm.nih.gov/SNP] database 
(Choi et al., 2006).

Table 1. Polymorphisms detected by PCR analysis of BMP-2 and BMP-4 genes.

Gene Chromosome Exon Codon Polymorphism Amino acid Method

BMP-4 14q22-23 5 147 T→C Valine→Alanine RFLP (HphI)
BMP-2 20p12 3 190 A→T Arginine→Serine ARMS

RFLP = restriction fragment length polymorphism; ARMS = amplification refractory mutation system.
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Statistical analysis

Statistical analyses were performed using SPSS for Windows, version 11.5 (SPSS 
Inc., Chicago, USA). Stepwise regression analysis was employed on lumbar spine BMD us-
ing BMI, age, smoking, alcohol intake, and treatment (placebo or calcium) to identify signifi-
cant covariates with BMD. A P value of 0.10 or less was required for retention of a covariate 
in the regression model. Hardy-Weinberg equilibrium was tested for each genotyped SNP 
using χ2 statistics. To test the effect of each genotyped SNP on lumbar spine BMD, analysis 
of variance (ANOVA) was performed for groups separately. The independent variable in  
ANOVA was genotyped, which took on three levels corresponding to the three genotypes 
observed for each SNP (1,1; 1,2; 2,2). The proportion of BMD accounted for by each SNP 
was estimated by the traditional ANOVA R2 value. P values of <0.05 were considered to be 
significant for all the analyses.

RESULTS

The mean ages of osteoporotic and non-osteoporotic groups were 57.8 ± 6.7 and 53.5 
± 5.4 years, respectively. The mean menopausal period of the osteoporotic group was 10.2 ± 
7.5 years and the non-osteoporotic group was 5.3 ± 4.5 years. The mean BMI of the groups 
were 27.0 ± 4.5 and 31.3 ± 4.7 kg/m2, respectively. Lumbar BMD of the osteoporotic group 
was 0.811 ± 0.086 g/cm2 and the non-osteoporotic group was 1.362 ± 0.277 g/cm2. None of 
the covariates approached statistical significance (P < 0.10) in the regression model fitting for 
BMD. The distribution of SNPs and base percentages can be seen in Table 2. The proportions 
of genotypes observed for the BMP-2 SNP in the osteoporotic group were AA (47.5%), AT 
(39.6%), TT (12.9%), and in the non-osteoporotic group they were AA (48.1%), AT (40.4%), 
TT (11.5%); the corresponding frequencies for the BMP-4 SNP in the osteoporotic group 
were TT (30.7%), TC (45.5%), CC (23.8%), and in the non-osteoporotic group they were 
TT (26.9%), TC (40.4%), CC (32.7%). For BMP-2 in the osteoporotic and non-osteoporotic 
groups adenine and thymine were observed with 67.3, 32.7, 68.2, and 31.8%, respectively. 
For BMP-4 the percentages in the osteoporotic and non-osteoporotic groups for thymine and 
cytosine were 53.4, 46.6, 47.1, and 52.9%, respectively. There were no significant differences 
between groups in BMP-2 and -4 SNP proportions. But the C allele was observed with a high 
prevelance in the non-osteoporotic group. None of the SNPs demonstrated a significant asso-
ciation with lumbar spine BMD in either osteoporotic or non-osteoporotic women.

Table 2. BMP-2 and -4 SNPs and base percentages.

A = adenine; T = thymine; C = cytosine.

Allele BMP-2 T score < -2.5 SD T score > +1.0 SD Allele BMP-4 T score < -2.5 SD T score > +1.0 SD

AA   48 (47.5%)   25 (48.1%) TT   31 (30.7%)   14 (26.9%)
AT   40 (39.6%)   21 (40.4%) TC   46 (45.5%)   21 (40.4%)
TT   13 (12.9%)     6 (11.5%) CC   24 (23.8%)   17 (32.7%)
Total 101 (100%)   52 (100%) Total 101 (100%)   52 (100%)
Base T score < -2.5 SD T score > +1.0 SD Base T score < -2.5 SD T score > +1.0 SD
Adenine 136 (67.3%)    71 (68.2%) Thymine 108 (53.4%)   49 (47.1%)
Thymine 66 (32.7)    33 (31.8%) Cytosine   94 (46.6%)   55 (52.9%)
Total 202 (100%) 104 (100%) Total 202 (100%) 104 (100%)
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DISCUSSION

In the present study, we tested whether polymorphisms in BMP-2 and -4 influence lum-
bar spine BMD in postmenopausal osteoporotic and postmenopausal Turkish women with high 
bone mineral density. None of the SNPs, which we tested, reached statistical significance in our 
sample. These findings indicate that in our population genetic variations in BMP-2 and -4 are un-
likely to influence BMD in the lumbar spine. The lack of genetic associations with BMP-2 SNP 
genotypes in our population contrast with the results found in the Icelandic and Danish popula-
tions (Styrkarsdottir et al., 2003) but correlate with Ichikawa et al. (2006). A polymorphism in 
the BMP-4 gene, affecting the amino acid sequence, studied by Ramesh et al. (2005), showed 
association with hip bone density, but in our study we did not observe any association between 
the BMP-4 SNP and lumbar spine BMD. BMD phenotypes are determined by the complex 
interaction between genes and environment, and we cannot rule out the possibility that genetic 
variations in BMP-2 and -4 may in fact contribute to BMD variation in other populations.

Insulin-like growth factor-I (IGF-I) is thought to play an important role in skeletal 
growth and development through its mitogenic and anabolic effects on epiphyseal growth 
plate chondrocytes. The BMPs have been shown to promote endochondral osteogenesis, and 
some members of the BMP family, including BMP-2 and BMP-9, have anabolic effects on 
chondrocyte metabolism. BMPs may modulate the action of IGF-I via the type 1 IGF recep-
tor and/or IGF binding proteins (Takahashi et al., 2007). 2-N, 6-O-sulfated chitosan (26SCS) 
is a more potent enhancer of BMP-2 bioactivity and induces osteoblastic differentiation in 
vitro and in vivo by promoting the BMP-2 signaling pathway, suggesting that 26SCS could be 
used as the synergistic factor of BMP-2 for bone regeneration (Zhou et al., 2009). It has been 
shown that the fibrillin-microfibril network is essential in the extracellular control of BMP 
signaling (Sengle et al., 2008). Secreted phosphoprotein-24 (SPP24) increases the rate and 
magnitude of BMP-2-mediated ectopic bone formation by regulating the local bioavailability 
of BMP cytokines and its gene contains at least 2 SNPs. SPP24 has an important role in the 
genetic regulation of bone mass, particularly during periods of BMP-mediated endochondral 
bone growth, development and fracture healing (Brochmann et al., 2009).

Twenty BMD loci that reached genome-wide significance were 1p31.3 (GPR177), 
2p21 (SPTBN1), 3p22 (CTNNB1), 4q21.1 (MEPE), 5q14 (MEF2C), 7p14 (STARD3NL), 
7q21.3 (FLJ42280), 11p11.2 (LRP4, ARHGAP1, F2), 11p14.1 (DCDC5), 11p15 (SOX6), 
16q24 (FOXL1), 17q21 (HDAC5), 17q12 (CRHR1), 1p36 (ZBTB40), 6q25 (ESR1), 8q24 
(TNFRSF11B), 11q13.4 (LRP5), 12q13 (SP7), 13q14 (TNFSF11), and 18q21 (TNFRSF11A) 
(Rivadeneira et al., 2009). We learned from large-scale collaborative genome-wide meta-anal-
ysis that 9 of 150 candidate genes were associated with regulation of BMD, 4 of which also 
significantly affected risk for fracture. However, most candidate genes had no consistent asso-
ciation with BMD (Richards et al., 2008, 2009). Association studies based on candidate gene 
polymorphisms and subsequent meta-analyses, and the more recent genome-wide association 
studies have clearly identified a handful of genes associated with BMD and/or fragility frac-
tures. Among them are genes coding for the LDL-receptor related protein 5 (LRP5), estrogen 
receptor alpha (ESR1) and osteoprotegerin (OPG; TNFRSf11b). However, the percentage of 
osteoporosis risk explained by any of these polymorphisms is small, indicating that most ge-
netic risk factors remain to be discovered and/or that interaction with environmental factors 
needs further consideration (Ferrari, 2008). In this study, we examined only older postmeno-
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pausal women and it is possible that small effects of these SNPs might reduce bone formation 
by changing the balance of bone turnover to bone loss and this effect would be discernible 
after many years. Identifying genes that modulate bone mass, strength or bone loss could ulti-
mately provide the basis for a new therapeutic strategy to treat patients with bone loss. These 
are preliminary data and further studies are needed in other populations of similar and differ-
ent ethnicity, age and gender to explain the effect on bone mass.
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