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ABSTRACT 
 
 Objective: VDR gene polymorphisms and their functional significance and potential effects on disease 
susceptibility have been investigated. The present study was aimed to identify the genetic polymorphism of 
Vitamin D receptor in osteoporotic patients. Methods: Peripheral blood samples were obtained from 25 
osteoporotic females and 25 healthy controls. All subjects were diagnosed by bone mineral density 
measurement.  DNA was extracted and polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) was performed to identify VDR genes (FOKI and BSMI) polymorphism. Results: The frequencies 
of BB, Bb and bb genotypes (BSMI polymorphism) in (Osteoporotic patients) were 52%, 32% and 16% , 
respectively.While their frequency in controls was 12%, 24% and 64%, respectively. The BB genotype was 
higher in patients than in controls (P = 0.0000) while the bb genotype was significantly higher in controls than 
in patients. Regarding the FOKI polymorphism the frequencies of FF, Ff and ff genotypes in (Osteoporotic 
patients) were 68%, 12% and 20%,  while their frequency in controls was 84%, 16% and 0%, respectively. 
Subjects carrying either B+ve or f+ve genotype were more risky to develop osteoporosis,( OR 9.33, 1.43) 
respectively. Conclusions: The BB genotype was higher in all patients than controls and the bb genotype is a 
protective genotype. The FF genotype was predominant among controls and ff genotype was associated with 
osteoporosis. Currently, however, the mechanisms by which VDR alleles regulate BMD remain poorly 
understood.  
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Introduction 
 
 Osteoporosis is a common skeletal disorder characterized by low bone mass and micro architectural 
deterioration of bone tissue with increased susceptibility to fracture (Recker, 2005). It is a major public health 
issue. The World Health Organization estimates that 200 million women and men suffer from osteoporosis 
worldwide (Uzzan et al., 2007). Osteoporosis has a complex etiology and is considered a multifactorial 
polygenic disease. Several conditions have been described as a cause of osteoporosis (Rakel et al., 2008 & 
Hadjidakis et al., 2006).  
 Vitamin D is a steroid hormone that maintains calcium homeostasis and modulates cellular proliferation and 
differentiation in a number of normal and malignant cells (Styrkarsdottir et al., 2008). 
 The action of vitamin D is mediated through binding to its nuclear receptor (VDR). The VDR gene, located 
on chromosome 12, is made up of 5.6 kb. In response to hormone binding, the VDR regulates the transcriptional 
activity of 1,25 (OH)2 D3-responsive genes by complexing with a vitamin D response element located in the 
promoter region of target genes. The vitamin D receptor (VDR) is a candidate locus for different disease such as 
prostate cancer, urolithiasis, inflammatory bowl disease, osteoporosis, etc. due to allelic variation which affects 
the activity of the receptor and subsequent downstream vitamin D mediated effects such as calcium absorption, 
excretion and modulation of cellular proliferation and differentiation. 
 Genetic factors may play a role in the development of osteoporosis (Kurt et al., 2012).  Different 
polymorphisms have been described in several genes. Although a large number of association studies have been 
performed, the individual contribution of these polymorphisms to the pathogenesis of osteoporosis remains to be 
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universally confirmed. Vitamin D receptor (VDR) gene polymorphisms have been strongly associated with bone 
mineral density (BMD) in some studies (Thakkinstian et al., 2004 & Durusu et al., 2010 & Seremac et al., 
2009). In the VDR gene, four common restriction fragment length polymorphisms (BsmI, TaqI, ApaI and FokI) 
have been associated with BMD. 
 Several polymorphisms have been identified in the VDR gene, and their functional significance and 
potential effects on disease susceptibility have been investigated (Zmuda et al., 2000).  In recent years, several 
polymorphisms, such as BsmI and FokI, have been described in the VDR genes that are able to alter the activity 
of VDR protein (Filus et al., 2008).  FokI polymorphism has been shown to have functional role in 
transcriptional activation of VDR gene (Whitfield et al., 2001).  
 The aim of this study was to identify the Genetic polymorphism of Vitamin D receptor in osteoporotic 
patients for possible genetic role.  
 
Subjects and Methods: 
 
 The current study was conducted on 50 subjects. They were classified into 2 groups: (25) osteoporotic 
patients and (25) healthy subjects served as control. Patients   were   chosen from   the   outpatient clinic of 
Internal medicine, Faculty of Medicine, Cairo University. 
 The study protocol was approved by the ethical committee of the National Research Center and written 
informed consent was also obtained from all of the participants. We excluded cases with metabolic bone 
disease, or those taking any medication known to affect bone metabolism such as vitamin D, alcohol or steroids 
and postmenopausal females being treated with hormone therapy bisphosphonates or calcitonin. All patients and 
controls of the study were subjected to full history taking, clinical examination and bone mineral density 
measurement by DEXA. Vitamin D receptor (FOKI and BSMI) polymorphism was done by PCR–RFLP 
technique. 
 
2.1. DEXA measurement: 
 
 Assessment of bone mass by DEXA was done for all groups of the study. A cutoff value of -1 for the T 
score was taken to differentiate between females with normal bone mineral density and those with reduced 
BMD and the females were divided into: normal BMD group: included females with T score more than-1. 
Reduced BMD group: included cases with T score less than-2.5. 
 
2.2. Laboratory investigations: 
 
 Two micro liter of blood were taken from the patients and controls and collected in EDTA evacuated tubes. 
The buffy coat was isolated for genomic DNA preparation. All samples were stored at - 20°C until 
measurement. 
 For identification of VDR gene polymorphisms (FOKI and BSMI) genomic DNA was extracted from buffy 
coat using salting out technique with reagents supplied by Fermentas international Inc. (Canada 830 Hurrington 
Court, Burlington Ontario L7N 3N4). The FOKI polymorphism in exon 2 and BSMI polymorphism in intron 8 
were determined following a protocol developed by other investigators (Khatkhatay, 2004). 
 (A) DNA amplification and PCR analysis of FOKI polymorphism: the PCR primers used were as follows: 
Forward: 5'-AGCTGG CCC TGG CAC TGA CTA TGC TCT-3'. Reverse: 5'-ATG GAA ACA CCT TGC TTC 
TTC TCC CTC-3'. These primers were designed by metabion (metabion-inter-national AG, lena-christ-str. 44, 
82152 martinsried, Germany). 
 After denaturing the DNA for 5 min at 94°C, the reaction mixture was subjected to 35 cycles of 
denaturation for 30 s at 94° C, 30 s annealing at 61°C and 1 min extension at 72 °C using Hybaid thermal cycler 
from Promega Corporation (Pro-mega Corporation 2800 Woods Hollow Road Madison, W 153711-5399 USA). 
Detection of the amplified band (265 bp) using 1.5% agarose gel containing ethidium bromide by per-forming 
E/P on the gel electrophoresis apparatus supplied by pharmacia EPS 500/400 (Amersham pharmacia Biotech 
Inc., 800 Centennial Avenue, P.O. Box, 1327 Piscataway, NJ 08855, USA) and visualized by UV 
transillumination. 
 The 265 bp PCR product was digested with 8 U FOKI (BSeGI) restriction endonuclease overnight at 37° C. 
This enzyme was also supplied by Fermentas international Inc. The digested products were separated on 4% 
agarose gel with ethidium bro-mide staining and ultraviolet transillumination. The FF genotype (homozygote of 
common allele) lacked a FOKI restriction site and showed only one band of 265 bp. The ff genotype 
(homozygote of infrequent allele) generated two bands of 196 and 69 bp. The heterozygote displayed three 
fragments of 265, 196 and 69 bp, designated as Ff. 
 B) DNA amplification and PCR analysis of VDR polymorphism BSMI: Forward 7: 5'-CAA CC AA GA 
CTA CAA GTA CCG CGT CAG TGA-3' Reverse: 5'-AAC CAG CGC GAA GAG GTC AAG GG-3'. 
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Fig. 1: Gel electrophoresis (4%) of PCR–RFLP technique of amplified FOKI genotype revealed heterozygous 

pattern Ff in lanes 3 and 7. 

 
Fig. 2: Gel electrophoresis (4%) of  PCR–RFLP Technique of amplified BSMI genotype with heterozygous 

pattern Bb in lanes 2, 3 and 7 while, lane 1 shows homozygous bb mutation and in lanes 4, 5 and 6 the 
3rd possibility of VDR polymorphism BB homozygous for absence of mutation. 

 
 The thermal cycler was then programmed for the following conditions: 94°C for 5 min for denaturation 
followed by 35 cycles at 94°C for 1 min, 64°C for 1 min, and 72°C for 90 s and a terminal extension at 72°C for 
10 min. After amplification the PCR product 850 bp was digested with restriction endonuclease BSMI enzyme 
after incubation at 37°C overnight and electrophoresed in a 1.5% agarose gel containing ethidium bromide and 
then visualized by UV transilluminator. Subjects homozygote for the BSMI restriction site are designated bb 
and show two fragments at 650 and 200 bp while homozygous for the absence of the site are designated BB and 
give one band at 850 bp and the heterozygote type gives three bands (see Figs. 1 and 2 ). 
 
2.3. Statistical methods: 
 
 Data were collected, revised, verified and then edited on P.C. Statistical Package for social science (SPSS) 
program version 9.0 was used for analysis of data. Data was summarized as mean, SD. Non parametric test 
(Mann–WhitneyU ) was used for analysis of two quantitative data and Chi square for qualitative data. One way 
ANOVA was done for analysis of more than two variables followed by post hoc test for detection of 
significance. Allele frequencies, genotype frequencies and carriage rates of the alleles in all the groups were 
compared by using Fishers exact test. The Hardy-Weinberg equilibrium at individual loci was assessed by χ2 
statistics using SPSS software (version 15.0), and clinical association was calculated by paired t test. All P 
values were two sided, and differences were considered statistically significant for P < 0.05. Odds ratio (OR) at 
95% confidence interval (CI) was determined to describe the strength of association by logistic regression 
model.  
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3. Results: 
 
 Background characteristics of our participants are illustrated in Table 1. Distribution of the different 
genotypes and alleles is shown in Table 2. We found that BSMI polymorphism differed significantly between 
patients and controls. The frequencies of BB, Bb and bb genotypes in osteoporotic patients were 52%, 32% and 
16% respectively. While, in controls their frequency was 12%, 24% and 64%, respectively. The BB genotype 
was higher significantly in patients than in controls (P = 0.0000) while the bb genotype was significantly higher 
in controls than in patients (0.0001). Regarding the FOKI polymorphism the frequencies of FF, Ff and ff 
genotypes in osteoporotic patients were 68%, 12% and 20, respectively. While their frequency in controls was 
84%, 16% and 0%, respectively. High statistical difference was found in the B and b and F and f allele 
frequency between groups as in case of BSMI, P-value =0.000 in osteoporotic patients and control, while in case 
of FOKI, P-value = 0.054 in osteoporotic patients and control. 
 When Osteoporotic patients were subdivided according to their genotypes, we found highly significant 
decrease in BMD femoral and lumbar in B+ve genotype and highly significant decrease in T score lumbar and 
BMD femoral in f+ve genotype, Table 3. The B+ve genotype of BSMI and f+ve genotype of FOKI 
polymorphism were found more risky in postmenopausal osteoporosis (P = 0.002, 0.005, respectively), (OR 
9.33, 1.43, respectively), Table 4. 
 There was highly significant difference between patients and controls as regards combined genotypes 
FFBB, FFbb, FfBb, ffBB. No statistical difference in the frequency of other genotypes, table 5. 
 
Table 1: Comparison between data of all groups included in the study: 

P- value Controls 
Mean±SD N=25 

Osteoporotic patients 
Mean±SD N=25 

Variables 

˃0.05 51.1±10.07 53.6±8.5 Age (years) 
˂0.01** 60.8±5.7 65.6±10.4 Weight  (kg) 
˃0.05 155.3±6.3 157.6±7.8 Height (cm) 

˂0.01** 26.4±2.3 25.2±4.2 BMI (kg/m²) 
˂0.01** -0.31±0.5 -2.7±0.3 T score femoral 
˂0.01** -0.33±0.2 -2.7±0.3 T score lumbar 
˂0.01** 0.86±0.02 0.61±0.04 BMD femoral(g/cm2) 
˂0.01** 0.88±0.02 0.7±0.06 BMD lumbar (g/cm2) 

BMI, body mass index. *p-value is significant if < 0.05. ** Highly significant if < 0.01 
 
Table  2: Distribution of different genotypes of BSMI  and FOKI polymorphism & alleles frequency in all groups. 

 BB genotype Bb genotype bb genotype Allele (%) 
B 

Allele (%) 
b 

Osteoporotic patients 
(n=25) N (%) 

13 (52%) 8 (32%) 4 (16%) 34 (68%) 16 (32%) 

Controls 
(n=25) N (%) 

3 (12%) 6 (24%) 16 (64%) 12 (24%) 38 (76%) 

 FF genotype Ff genotype Ff 
genotype 

Allele (%) 
F 

Allele (%) 
f 

Osteoporotic patients 
(n=25) N (%) 

17 (68%) 3 (12%) 5 (20%) 37 (74%) 13 (26%) 

Controls 
(n=25) N (%) 

21 (84%) 4 (16%) 0 (0%) 42 (84%) 8 (16%) 

 
Table 3: Comparison between different FOKI & BSMI genotypes  of osteoporotic patients Group (A). 

Variables FF 
(N=25) 

mean±SD 

Ff +ff 
(N=25) 

mean±SD 

P- value BB+Bb 
(N=21) 

mean±SD 

bb 
(N=4) mean±SD 

p- value 

T score 
femoral 

-1.6±1.1 -2.1±1.01 0.2 -2.4±1.2 -1.7±0.7 0.09 

T score 
lumbar 

-1.9±0.07 -2.8±0.09 0.001** -2.6±0.08 -1.8±0.05 0.04* 

BMD 
femoral 

0.76±0.1 0.61±0.08 0.000** 0.63±0.02 0.77±0.1 0.000** 

BMD lumbar 0.74±0.1 0.66±0.05 0.07 0.52±0.04 0.75±0.1 0.001** 
 
Table 4: Risk estimate of VDR genes in osteoporotic patients. 

 Group A Controls p- value Odds ratio 95% Confidence Interval 
BB+Bb genotype 21(84%) 9(36%) 0.002* 9.33 Reference 

bb genotype 4(16%) 16(64%) 7.028 16.411 
Ff+ff genotype 8(32%) 21(84%) 0.005* 1.43 Reference 

FF genotype 17(68%) 4(16%) 1.25 1.95 
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Table 5: Combined genotypes of BSMI and FOKI polymorphism of osteoporotic patients and controls. 
Variables osteoporotic patients N = 25 Control 

N = 25 
P-value 

FFBB 5(20%) 0 (0%) 0.04* 
FFBb 8(32%) 5 (20%) 0.08 
FFbb 4(16%) 16(64%) 0.003* 
FfBB 3(12%) 3(12%) 0.07 
FfBb 0(0%) 1(4%) 0.01* 
Ffbb 0(0%) 0(0%) 0.3 
ffBB 5(20%) 0(0%) 0.02* 
ffBb 0(0%) 0(0%) 0.7 

 
4. Discussion: 
 
 Osteoporosis is an important health problem. It is a multifactorial disease caused by hormonal and genetic 
factors. One of the suggested candidate gene involved in the pathogenesis is polymorphism of vitamin D 
receptor (VDR). The gene encoding the VDR is located on chromosome 12q and has several allelic variants 
including BSMI, FOKI (Harris et al., 1997). 
 On studying BSMI polymorphism in case of  osteoporotic patients we found that the homozygous pattern 
B+ve genotype was the commonest among Osteoporotic patients and least among controls. In accordance with 
this was the study of Thakkinstian et al. who reported that the BB genotype was significantly higher among 
osteoporotic patients (P < 0.05) (Lisker et al., 2003). These findings were also supported by others who reported 
that percentage of BB genotype was 42.5% in osteoporotic postmenopausal Indian females and it was 19.7% in 
healthy females and the difference was significant (Khatkhatay, 2004). The author also reported that the 
percentage of the bb variant was higher in healthy females than osteoporotic  Indian females (40.8% versus 
18.8%, respectively) (Khatkhatay, 2004). 
 The frequency of B allele in the present study was significantly higher in osteoporotic patients than 
controls. The b allele was higher in controls than patients. In the present study in FOKI gene polymorphism 
there was significant difference in the frequency of f+ve genotype between osteoporotic patients (20%) and 
control (0%). This is in accordance with others who reported a significantly higher incidence of mutation in 
osteoporotic Indian females (32.6%) compared to controls (18.3%) (Lisker et al., 2003).  On studying the FOKI 
allele frequency, our results agreed with Harris et al. who reported that F variant was found in >80% of healthy 
African-American population and it has a significantly lower incidence of osteoporosis (Eccleshall et al., 1999). 
 Our osteoporotic patients were further subdivided into three groups according to the genotypes for each 
polymorphism. The BMD was significantly higher in bb genotype in comparison to the B+ve genotype. 
Khatkhatay also reported that the bb variant had higher BMD at both hip and lumbar regions than the BB variant 
(Khatkhatay, 2004).Similarly, the BMD was higher in FF genotype, although the difference did not reach 
statistical significance in BMD lumbar (P =0.07). Lisker et al. reported that postmenopausal Mexican women 
with the FOKI ff genotype had a significant BMD loss compared to women with FF, Ff genotypes [18]. Other 
investigators also reported that the ff genotype experienced greater hip bone loss when compared to women with 
either Ff or FF genotypes (Khatkhatay, 2004 & Eccleshall et al., 1999). 
 A meta-analysis of VDR gene polymorphism effects on BMD in Caucasians concluded that the B allele was 
related to lower BMD at the spine in postmenopausal females and that it acts in relation to BMD such that 
genotypes BB and Bb had equivalently low BMD and the genotype bb had the highest BMD (Lisker et al., 
2003).  On studying combined genotypes of BSMI and FOKI of VDR polymorphism. It was found that the 
combined genotype FF BB was highly frequent among osteoporotic patients (20%) while it was 0% among 
controls, and the difference was statistically significant (P =0.04). This was expected as FF is the commonest 
and BB is associated with decrease in BMD as reported by different authors (Eccleshall et al., 1999). 
 It was reported that FF was the commonest genotype and that bb was associated with normal BMD. Our 
results agreed with this as we found that the combination of FF bb was only 16% in patients and was the 
commonest type in our healthy subjects as it accounted for 64%, and the difference was statistically significant 
(P = 0.03) (Khatkhatay, 2004 & Eccleshall et al., 1999). 
 On assessing the risk of developing osteoporosis (in the studied cases carrying bb genotype versus the other 
two groups BB and Bb the odds ratio were significant and cases carrying F+ve genotype versus the cases having 
the site of restriction Ff, ff (P = 0.002 and 0.005, OR 9.33, 1.43, respectively and 95% CI 7.28 and 1.25, 
respectively).This was similar to other investigators, who found a 2.4-fold greater risk (95% CI 1.1, 5.2) of hip 
fracture associated with the BB compared with the Bb or bb genotypes in a nested case–control study of 
Caucasian-American women aged 43–69 yrs. Other investigators found that the ff genotype was over 
represented among postmenopausal women with vertebral osteoporosis fractures compared to the FF genotype 
equivalent to an odds ratio of 2.6 (95% CI 1.4–4.9) (Eccleshall et al., 1999). 
 One limitation of this study was the limited number of our participants. The study included only 50 cases 
which limit the validity of the results obtained but keeping in mind that these participants were recruited 
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randomly from out   patient clinic of Internal medicine, Faculty of Medicine, Cairo university, and considering 
the high cost for such laboratory examination and analysis and finally comparing this number to other studies, 
we may assume that our results are valid and can be relied upon. 
 In conclusion, VDR gene (BSMI and FOKI) polymorphism plays an important role in osteoporosis in 
Egyptians. The BB genotype was higher in patients than controls and the bb genotype is a protective genotype. 
The FF genotype was predominant among post menopausal females and ff genotype was associated with 
osteoporosis. Currently, however, the mechanisms by which VDR alleles regulate BMD remain poorly 
understood.  
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