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Abstract Our objective was to investigate the association
between the vitamin D receptor (VDR) allelic variants
(Bsm I and Fok I) and nephrolithiasis in northern India.
A total of 150 nephrolithiatic patients and 100 age and
sex matched controls were enrolled for study. A 10 ml
blood sample was obtained for biochemical analysis and
DNA isolation. In addition, 24 h urine samples were
obtained from each patient for the estimation of calcium
and creatinine. PCR was performed for the Bsm I and
Fok I VDR variants. The association between Bsm I and
Fok I VDR polymorphism and nephrolithiasis was
investigated after digestion with restriction enzymes
(3 U). The product was analysed on 3% agarose gel for
Bsm I and 15% polyacrylamide gel for Fok I allelic
variants. We did not observe any significant differences
in the prevalence of either the Bsm I or Fok I VDR
genotypes between stone formers and controls. The B
allele was found to be more prevalent in hypercalciuric
patients compared to controls and nephrolithiatic sub-
jects. The subjects with the bb genotype exhibited a
higher calcium excretion than the BB genotype. Patients
with the F allele were also found to excrete higher uri-
nary calcium. VDR genotypes may be associated with
increased calcium excretion in hypercalciuric nephro-
lithiatic subjects.
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Introduction

Epidemiological studies have suggested that genetic
predisposition along with environmental factors plays a
major role in the etiology of the kidney stones [1, 2].
Hypercalciuria is a common abnormality found in 40%
of the patients with nephrolithiasis [3]. Intestinal hyper-
absorption is predominantly seen in hypercalciuric sub-
jects and the only hormonal stimulus for the intestinal
absorption of calcium is via 1, 25 (OH)2 vitamin D3 and
its receptor. An increase in vitamin D receptor (VDR)
number has been observed in hypercalciuric patients [4]
and in hypercalciuric rats [5]. Scott and co-workers have
recently shown a suggestive linkage between the VDR
locus and idiopathic stone formation in a French Cana-
dian population [6]. Moreover, the absorption of calcium
is also associated with VDR genotype [7, 8]. Northern
India represents an endemic region for kidney stone
formation, with 33% of stone formers having hypercal-
ciuria. Since genotype and allele frequencies are known
to differ in different ethnic populations, we investigated
the association of the VDR gene allelic variants Bsm I
and Fok I in calcium stone formers.

Patients and methods

A total of 150 nephrolithiatic patients (105 males and 45 females,
mean age 39.38±1.102 years, range 18–65) attending or admitted to
the urology clinic of our institute were enrolled for study. The major
chemical constituents of the stones were calcium and oxalate. One
hundred age and sex matched controls (76 males and 24 females,
mean age 43.25±2.05 years) with no evidence of stone disease
based on clinical evaluation and the absence of radiopacity in the
KUB region on plain abdomen X-ray, and without any family
history of stone disease were included in the study. A 10 ml blood
sample was obtained from patients and controls for biochemical
investigation and DNA extraction. In addition, 24 h urine samples
were obtained for the estimation of calcium and creatinine. The
study was approved by the institute’s ethics committee. Calcium and
creatinine were measured spectrophotometrically in a semi-au-
toanalyzer using their respective kits: calcium was measured using
the Calcium ASX kit (Chema Diagnostica, Italy) and creatinine by
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the Creatinine Liquicolor kit (Human, Germany). Urinary 24 h
calcium levels exceeding 2SD from the mean 24 h urinary calcium
excretion (>252.48 mg/24 h) of the healthy control population
were termed hypercalciuria [9].

Genomic DNA was extracted from blood by the method of
Sambrook and Russell [10]. Two different restriction fragment
length polymorphisms with respect to restriction enzymes Bsm I
and Fok I were studied in the VDR gene.

Bsm I genotyping was carried out according to Ruggiero et al.
[11]. The reaction mixture contained genomic DNA, 1·PCR buffer,
1.5 mM MgCl2, 200 mM dNTPs, 20 pmol of each primer and
2.5 units of Taq polymerase in a total volume of 25 ll for each
polymorphism.AmplifiedDNAwas analysed on 2%agarose gel and
a single band corresponding to 850 bp was obtained. The PCR
products (10 ll) were digested with the restriction enzyme Bsm I
(3 U) for 16 h at 37�C. Digested PCR products was analysed on 3%
agarose gel. Three different patterns of bands corresponding to three
different genotypes were observed for Bsm I: (1) a single 850 bp band
for amplified DNAwithout restriction (BB genotype), (2) two bands
at 640 bp and 190 bp, excisable with enzyme (bb genotype), and (3)
heterozygous genotype (Bb) showing three bands at 640 bp, 190 bp
and 850 bp (Fig. 1).

Fok I genotyping was carried out according to Chen et al. [12].
PCR was carried out in 25 ll reaction mixture containing genomic
DNA, 1·PCR buffer, 1.5 mM MgCl2, 200 mM dNTPs, 20 pmol of
eachprimer and2.5 units ofTaqpolymerase for eachpolymorphism.
Amplified DNA products were analysed on 2% agarose gel and a
single band of 265 bp was obtained. The PCR products (10 ll) were
subjected to digestion with restriction enzyme Fok I (3 U) for 16 h at
56�C. Digested PCR products were separated on 15% polyacryl-
amide gel. Three different patterns of bands corresponding to three
different genotypes were observed for Fok I: (1) a single 265 bp band
for amplified DNAwithout restriction (FF genotype), (2) two bands
at 169 bp and 96 bp, excisable with enzyme, (ff genotype), and (3)
heterozygotes (Ff) showing three bands at 265 bp, 169 bp and 96 bp
(Fig. 2).

Results were expressed as mean±SE The v2-test was performed
to assess the significance of differences in the frequencies of the VDR
genotype between nephrolithiatic patients and controls. All statisti-
cal analyses were performed using SPSS (SPSS, Chicago III., USA).

Results

Genotype and allele frequencies for Bsm I

The percent prevalence of the VDR-Bsm I genotypes and
allele frequencies in renal stone formers and control sub-

jects are shown in Fig. 3. In the control group, 26/100
subjects were homozygous bb, 28/100 were heterozygous
Bb and 46/100 were BB homozygotes. In nephrolithiatic
subjects, 62/150 (41.3%) had the heterozygous Bb geno-
type and 48/150 (32%) were BB homozygotes and 40/150
were bb (26.7%). No significant difference in bb genotype
frequency was observed between nephrolithiatic subjects
and the controls. There was also no significant difference
in allele frequencies between the controls and nephro-
lithiatic subjects (Table 1). In 47 hypercalciuric nephro-
lithiatic subjects, the prevalence of the bb genotype was
higher compared to controls (P<0.05). The prevalence of
the heterozygous genotype Bb was 18/47 (38.3%) in hy-
percalciuric subjects and 28% in control subjects (Fig. 3).
The b allele was more prevalent in hypercalciuric subjects
compared to control subjects (Table 1).

Genotype and allele frequencies for Fok I

The prevalence of genotype and allele frequencies for
Fok I in kidney stone patients and controls are shown in
Fig. 4. No significant difference in percent genotype
prevalence was observed between patients and controls.
The percent allele frequencies for F and f alleles were
also not statistically different between the two groups. In
nephrolithiatic and hypercalciuric nephrolithiatic sub-
jects, the heterozygous (Ff) genotype was more prevalent
(P<0.05) than the FF or ff genotypes. In hypercalciuric
nephrolithiatic subjects, the percent frequency of the
homozygous (ff) genotype was found to be less (P<0.05)
than the controls and nephrolithiatic subjects (Fig. 4).
The percent frequency of the F allele was found to be
higher in hypercalciuric nephrolithiatic subjects as
compared to the f allele (Table 2).

Urinary calcium and VDR genotypes

Table 3 shows the correlation between serum calcium
and 24 h urinary calcium excretion in nephrolithiatic

Fig. 1 Fig. 2
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subjects and hypercalciuric nephrolithiatic subjects with
different genotypes of the Bsm I site. Serum calcium levels
were comparable in all genotypes in both nephrolithiatic
and hypercalciuric nephrolithiatic subjects. However,
there was a significantly higher 24 h urinary calcium
excretion (P=0.001) in the nephrolithiatic subjects with
the bb homozygous genotype (262.61±24.28 mg/24 h)
compared to the Bb (165.76±17.26 mg/24 h) and
homozygous BB (205.68±14.29 mg/24 h) genotypes. In

hypercalciuric nephrolithiatic subjects, the 24 h urinary
calcium excretion was also significantly higher in the bb
genotype (P<0.05) compared to the Bb and BB geno-
types.

The correlation between serum calcium and 24 h
urinary calcium excretion in nephrolithiatic subjects and
hypercalciuric nephrolithiatic subjects with different
genotypes for the Fok I site is shown in Table 4.
Nephrolithiatic subjects with homozygous (FF) or het-
erozygous (Ff) genotypes showed significantly higher
(P<0.05) calcium excretion compared to the ff geno-
type. In the hypercalciuric nephrolithiatic group, het-
erozygotes (Ff) were found to excrete more calcium than
the ff genotype. Serum calcium was significantly higher
(P<0.05) in hypercalciuric nephrolithiatic subjects with
the ff genotype compared to the FF or Ff genotypes.

Discussion

Hypercalciuria is an important metabolic condition seen
in patients with renal urinary stones. The genesis of
hypercalciuria appears to have a varied etiology such as
intestinal hyperabsorption, renal leak or resorptive hy-
percalciuria due to hyperparathyroidism. Hypercalciuria
is also known to be familial, and genetic factors along
with environmental factors have been proposed to

Table 1 Allele frequency of the VDR gene for BsmI restriction site
in controls, nephrolithiatic subjects and hypercalciuric nephrolith-
iatic subjects

Alleles

B b

Controls (n=100) 60% 40%
Nephrolithiatic subjects
(n=150)

52.7% 47.3%

Hypercalciuric nephrolithiatic
subjects (n=47)

38.3% 61.7%

Fig. 4

Fig. 3

Table 2 Allele frequency of the VDR gene for FokI restriction site
in controls, nephrolithiatic subjects and hypercalciuric nephrolith-
iatic subjects

Alleles

F f

Controls (n=100) 55.4% 44.5%
Nephrolithiatic subjects (n=150) 40.9% 59.1%
Hypercalciuric nephrolithiatic
subjects (n=47)

59.6% 40.4%
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contribute significantly to its pathogenesis. A linkage
has been detected between the vitamin D receptor
(VDR) locus and calcium urolithiasis [6]. Common
allelic variations in VDR, detected by restriction frag-
ment length polymorphism using Bsm I, Taq I, Apa I
and Fok I restriction enzymes may or may not be
associated with hypercalciuric stone disease [13, 14, 15,
16, 17]. Vitamin D receptor (VDR) gene polymorphism
has also been proposed to be associated with calcium
absorption and bone resorption [18]. A genetic associa-
tion between VDR polymorphisms and idiopathic hy-
pocitraturia, which is also a risk factor for calcium
oxalate nephrolithiasis, has recently been reported in
calcium stone forming patients [19]. These findings
suggest that allelic variations of the VDR gene may
partially represent the genetic component of urolithiasis.
In the present study, we investigated the association of
two polymorphisms of the VDR gene in renal stone
patients and controls. We did not observe any significant
difference in either Bsm I or Fok I genotype prevalence
between stone formers and controls, indicating that
VDR genotypes may not be associated with nephro-
lithiasis. However, when the VDR Bsm I allele fre-

quencies were analysed in hypercalciuric patients, the b
allele was found to be more prevalent in these patients
compared to controls or nephrolithiatic subjects, sug-
gesting that this allele may be associated with hyper-
calciuria in these patients. However, since the number of
patients with hypercalciuria was relatively small (n=47),
we did not observe the percent b allele frequency to be
significant. Several other studies have also not found any
significant distribution in VDR allele frequencies in re-
nal stone formers compared to the general population
[11, 16, 20]. However, it is noteworthy that we found a
marked difference in the VDR genotype distribution in
our population compared to Caucasians.

We observed a higher prevalence of the Ff genotype
in the nephrolithiatic group and the F allele to be more
prevalent in hypercalciuric nephrolithiatic subjects,
which is in accordance with the hypothesis that the VDR
Fok I polymorphism may result in two variants of VDR
proteins [21]. The ff and Ff forms of the VDR gene are
associated with a decreased VDR efficiency [22]; in
contrast, the FF genotype may increase the ability of
intestinal VDR to absorb calcium, ultimately leading to
hypercalciuria without bone loss. In a recent study,
however, Vezzoli and co-workers did not observe any
association between idiopathic hypercalciuria and kid-
ney stones with the Fok I VDR genotype; however, they
did find that the FF genotype was associated with low
plasma phosphate concentrations in hypercalciuric stone
forming patients [15].

The diversity in allele frequencies of VDR again
underlies the extreme racial and ethnic genotype vari-
ability in the pattern of prevalence of the VDR alleles.
Even though the mechanism of hypercalciuria does not
seem linked to an unique VDR genotype, the association
of urinary calcium with different VDR alleles observed
in the present study, suggests a functional variation in
VDR gene expression linked to VDR genotypes, as
proposed for other conditions [23].

A relationship between VDR gene polymorphism and
calcium metabolism has been shown by Gennari et al.
[24], who found that intestinal calcium absorption was
significantly lower in the BB genotype than the bb
genotype in the presence of similar circulating levels of
vitamin D in various genotypes. Ruggiero et al. [11]
reported that patients with the bb genotype exhibited a
higher calcium excretion than those with the BB geno-
type. However, Vezzoli et al. [15] did not observe any
association between the Fok I genotype with idiopathic
hypercalciuria and kidney stones. Our study suggests
that there might be an association between the F allele
and higher calcium excretion in nephrolithiatic subjects.
These findings are in accordance with those reported
earlier, confirming a possible association of hypercalci-
uria with the homozygous bb genotype. We found that
both nephrolithiatic and hypercalciuric nephrolithiatic
subjects with the bb genotype showed higher 24 h
urinary calcium excretion than the homozygous BB
patients. Our results, thus, support the hypothesis that
intestinal calcium absorption and urinary calcium

Table 3 Correlation of serum calcium and 24 h urinary calcium
excretion with different genotypes for BsmI in nephrolithiatic
subjects and hypercalciuric nephrolithiatic subjects. Values are
mean±SE. * P<0.05 as compared to BB genotype; ** P<0.05 as
compared to Bb genotype

Nephrolithiatic subjects

Genotypes Serum calcium (mg/dl) Urinary calcium
excretion (mg/24 h)

Hypercalciuric nephrolithiatic subjects
BB 9.13±0.139 165.76±17.26
Bb 9.32±0.157 205.68±14.29*
bb 9.11±0.144 262.61±24.286*,**
BB 9.36±0.384 366.64±46.58
Bb 9.813±0.213 340.66±23.83
bb 9.45±0.144 387.34±24.26*,**

Table 4 Correlation of serum calcium and 24 h urinary calcium
excretion with different genotypes for FokI in nephrolithiatic sub-
jects and hypercalciuric nephrolithiatic subjects. Values are
mean±SE. *P<0.05 as compared to ff genotype; **P<0.05 as
compared to FF or Ff genotype

Nephrolithiatic subjects

Genotypes Serum calcium (mg/dl) Urinary calcium
excretion (mg/24 h)

Hypercalciuric nephrolithiatic subjects
FF 9.6±0.19 263.478±26.53*
Ff 9.05±0.126 231.33±17.48*
ff 9.2 ±0.1466 149.82±10.43
FF 9.8±0.20 350.28±24.05*
Ff 9.28±0.19 391.173±26.53*
ff 10.29±0.45** 291.04±17.06
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excretion may be associated with an altered function of
the VDR gene for the Bsm I and Fok I genotypes.

Besides the Fok I and Bsm I polymorphisms, other
allelic variations in the VDR gene, such as Taq I and Apa
I, are also associated with renal stone disease [14, 25]. It
has been proposed that the VDR genotype may provide a
tool to screen individuals who are at a risk of calcium
nephrolithiasis [17]. Thus, studies such as ours provide
useful information for understanding the pathogenesis of
urinary calculi. However, further studies, with a larger
sample size and different VDRgene variants are needed in
different ethnic populations to confirm the influence of the
VDR polymorphism in renal stone disease.
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