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Abstract Urolithiasis is a multifactorial disease, the on-
set and severity of which is influenced by both genetic
and environmental factors. This study represents an
investigation of the role of vitamin D receptor (VDR)
gene polymorphisms (4pal, Bsml, and Tagl) and com-
bined genotypes in urolithiasis in a Turkish population.
We studied 110 patients with urinary stones and 150
control subjects. The polymorphic regions were ampli-
fied using polymerase chain reaction, followed by
digestion with restriction enzymes Bsml, Apal, and
Taql, and analyzed electrophoretically. Genotype and
allele frequencies were calculated, and the association
with urolithiasis, family history, and recurrence of stone
was investigated. Our data provide no evidence for an
association between urolithiasis and VDR Apal, Bsml,
and Tagl genotypes. We also analyzed the effects of
VDR Apal, Bsml, and Tagql genotypes in combination;
the “GTT” VDR haplotype, constructed from three
adjacent restriction fragment length polymorphisms was
overrepresented among the urolithiasis patients. How-
ever, no significant differences between heterozygous
carriers (OR 1.302; 95% CI 0.527-3.215) and homozy-
gous carriers (OR 3.39; 95% CI 0.719-15.985) were
observed in our study population. A significant associ-
ation was found only between the Apal polymorphism
and family history (P=0.017; »*=5.657). Our data
indicate that the VDR Apal, Bsml, and Tagl polymor-
phisms do not confer a significant risk for urolithiasis.
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Introduction

Vitamin D plays an important role in skeletal muscle
metabolism, including calcium absorption and bone
loss, and has also been shown to play an important role
in other metabolic pathways, including those involved in
immune response and cancer [1].

Vitamin D receptor (VDR) gene (OMIM 601769) can
have profound effects on mineral metabolism and bone
mineral density [2-4]. The 3’ untranslated (UTR) region
of the VDR gene includes a cluster of linked polymor-
phisms: Bsml, Apal, and Tagql sites [4-6]. Tagl, Bsml,
and Apal polymorphisms of the VDR gene do not cause
any amino acid change in the protein [7].

The effect of vitamin D on target cells is mediated by
the interaction between its active metabolite, calcitriol,
and its cellular receptor, VDR [8]. In view of their po-
tential influence on the hormonal signal, VDR gene
polymorphisms have been recently studied in disorders
of calcium metabolism [7, 9, 10] and in urinary calcium
stone disease [11, 12]. There are few studies on the cor-
relation of VDR polymorphism with urolithiasis [13—
15]. Because the genetic effect may be different in dif-
ferent populations, the aim of this study was to inves-
tigate the relationship between urolithiasis, and the
Bsml, Apal, and Tagql polymorphisms of the VDR gene
in a Turkish population. Thus, we first analyzed the
relationship between urolithiasis and Bsml, Apal, and
Tagl polymorphisms, and then studied the combined
influence of polymorphisms in the VDR gene.
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Patients and methods

The study was designed as a case—control study. The
control subjects and patients attended the Urology
Clinic between February 2003 and September 2005. The
study group consisted of 110 unrelated Turkish patients
(67 men and 43 women; mean age 49.22+1.33, range
17-71) with urolithiasis, who had radioopaque stones on
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abdominal X-rays, and 150 healthy unrelated volunteers
as the control group (73 men and 77 women; mean age
48.15+1.62, range 30-68), who reside in the same geo-
graphic area as the patients and had no history of
familial stone. All subjects were of Turkish origin from
the Black Sea Coastal Region. The exclusion criteria for
patients and controls were the presence of chronic uri-
nary tract infection, renal failure, other metabolic dis-
eases, chronic diarrhea or gout, primary and secondary
hyperparathyroidism, cancer, and osteoporosis. A fam-
ily history of urolithiasis was sought from each patient.
Family history was considered positive if any of siblings,
parents, grandparents, or parental siblings had a history
of renal-stone disease. Forty-six patients (46%) reported
a family history of stones. Fifty-seven patients (52%)
had recurrent stones. Written and oral informed consent
was obtained from all subjects in accordance with the
Helsinki Declaration 1975 (revised 2000).

Genomic DNA was isolated from the blood samples
by a “salting out” method [16].

Three polymorphisms, dbSNP Bsml (rs1544410),
Apal (rs11168271), and Tagql (rs731236) in VDR were
identified from the National Center for Biotechnology
Information LocusLink database (www.ncbi.nih.gov/
LocusLink). The genotypes for three restriction frag-
ment length polymorphisms of the VDR were deter-
mined by polymerase chain reaction (PCR; Techne
Gradient, Cambridge, UK) and enzymatic digestion of
the products with Bsml, Apal, and Tagl restriction en-
Zymes.

The primer sequences (Iontec, Bursa, Turkey) were:
intron 8, Bsml polymorphic site 5-CAA CCA AGA
CTA CAA GTA CCG CGT CAT GA-3’ forward and
5-AAC CAG CGG GAA GAG GTC AAG G G-¥
reverse; intron 8 and exon 9, Apal and Tagl polymor-
phic sites: 5-CAG AGC ATG GAC AGG GAG CAA-
3’ forward, 5-CAC TTC GAG CAC AAG GGG CGT
TAG C-3’ reverse.

An 825-bp fragment encompassing the Bsml poly-
morphic site was amplified. PCR reaction was per-
formed in 25 pl; 1x PCR buffer containing 20 pmol of
each primer, 2.5 mM MgCl,, 200 mM of each dNTP
(MBI, Fermentas, Lithuania), 50 ng DNA, and 1.25 U
Taq polymerase (MBI). Following initial denaturation
at 94°C for 5 min, amplification was performed by
35 cycles of denaturation at 94°C for 30 s, annealing at
57°C for 30 s, and extension at 72°C for 30 s. Final
extension was allowed to proceed at 72°C for 5 min [7].
Eight microliters of the PCR products were digested
with 10 U of Bsml (MBI) at 37°C.

Amoplification of the 490-bp fragment encompassing
Apal and Tagl polymorphic sites was performed in
25 ul; 1x PCR buffer containing 20 pmol of each primer,
2.5 mM MgCl,, 200 mM of each dNTP, 50 ng DNA,
and 1.25 U Taq polymerase. Following initial denatur-
ation at 94°C for 5 min, amplification was performed by
35 cycles of denaturation at 94°C for 30 s, annealing at
64°C for 30s, and extension at 72°C for 30 s. The

reaction was terminated by extension at 72°C for 5 min.
Eight microliters of the PCR products were digested
with 10 U of Apal (MBI) at 22°C and 10 U of Tagl
(MBI) at 65°C [17].

All of the digested products were resolved on 2%
agarose gel and analyzed in a video gel documentation
system (Vilbert Lourmat, Cedex, France) after staining
with ethidium bromide.

We then carried out haplotype analysis as the SNPs
are frequently inherited together. Apal, Bsml, and Tagl
SNPs were assessed in relation to each other by a direct
molecular haplotyping PCR procedure [18, 19]. For the
comparison of carriage rate of VDR genotypes, we made
reference, homozygote, and heterozygote groups for
VDR alleles. Among the triple combinations, genotypes
AAGAGG (0.77%), GGGTTT (0.77%), GGGTTC
(0.77%), AAGGTC (1.9%), and GATTTT (0.77%)
accounted each for less than 2% of the study popula-
tion. Thus, we excluded the 11 patients containing one
of these genotypes from this haplotype analysis. Because
there was an overrepresentation of family history in
urolithiasis patients with the “GTT” (formerly baT)
haplotype, we grouped patients according to the carrier
status for this VDR haplotype as homozygous carriers
(GGTTTT) and heterozygous carriers (including
GAGTTC and GAGGTC genotypes) of the risk hap-
lotype and compared with patients not carrying the
haplotype (including GGGTTT, AAGGCC, and
GGGGTT genotypes).

The statistical analysis was performed using a com-
mercially available software program (SPSS 12.0, SPSS
Inc., Chicago, IL, USA). Associations between the dis-
ease and genotypes were assessed by calculating odds
ratios (OR) and 95% confidence intervals (CI). VDR
genotype distribution in urolithiasis was compared with
that in controls using the y* test (two-sided) according to
Hardy—Weinberg equilibrium. The expected values were
compared with those observed in the controls and cases
by the »* test contingency tables. The likelihood ratio
test statistic was used to test for genotype distribution in
urolithiasis patients with and without family histories.
ORs and 95% CIs were calculated by multivariate lo-
gistic regression analysis to estimate the relative risk of
family history by genotype. A probability of less than
0.05 was required for statistical significance.

Results

Genotype and allele frequencies for Apal, Bsml, and
Taql

According to the single nucleotide polymorphisms
(SNP) database VDR BB, Bb, and bb genotypes are
referred to as AA, AG, and GG; VDR AA, Aa, and aa
genotypes are referred to as GG, GT, and TT, and VDR
TT, Tt, and tt genotypes are referred to as TT, TC, and
CC, respectively.



Bsml, Apal, and Tagl polymorphisms of VDR were
investigated by PCR/RFLP. After digestion with Bsml,
the three possible genotypes were defined by the three
distinct banding patterns: AA (825 bp), GA (175, 650,
and 825 bp), and GG (175 and 650 bp) (Fig. 1).

The primer pair used to analyze Apal and Tagl
polymorphisms produces 490-bp fragment, which was
cut into 210 bp and 280-bp fragments with Apal diges-
tion or into 200 bp and 290-bp fragments by Tagl
digestion. After digestion with Apal, the three possible
genotypes were defined by the three distinct banding
patterns: GG (490 bp), GT (490, 280, and 210 bp), and
TT (200 and 290 bp). After digestion with Tagl, the
three possible genotypes were defined by the three dis-
tinct banding patterns: TT (490 bp), TC (490, 290, and
200 bp), and CC (200 and 290 bp) (Figs. 2, 3).

The genotype frequencies and distribution of alleles
are given in Table 1. The genotype frequencies of the
three VDR polymorphisms in the control group were in
Hardy—Weinberg equilibrium. Allele effects were calcu-
lated using AA (formerly BB), GG (formerly AA), and
TT as reference groups. No significant differences were
observed between genotype frequencies of the controls
and the patients for Apal (P=0.742; y*=0.595), Bsml
(P=0.297; y*=2.429), and Tagl (P=0.248; y*’=1.34)
polymorphisms of VDR gene.

We also investigated the associations between VDR
genotypes and family histories and the recurrence of
stones. There was no association between the Bsml
(P=0.247; y*=2.794) and Tagl (P=0.425; *=0.570)
genotypes and family histories for urolithiasis, although
there was a higher prevalence of the TT (formerly aa)
genotype amongst patients reporting positive family
history (GG vs TT; OR 5.57; 95% CI 1.104-31.51,
P=0.017; y*=5.657). No significant differences were
observed between recurrence of stone and Bsml
(P=0.307; y*=4.810), Apal (P=0.817; y*=1.553), and
Tagl (P=0.665; %> =2.385) genotypes of VDR gene.

Haplotype and combined genotype frequencies
As the three SNPs that we studied showed strong link-
age disequilibrium (LD) [7], we also investigated the

effects of combined genotypes on urolithiasis. The dis-
tribution of combined genotype frequencies showed
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Fig. 1 PCR products after digestion with Bsml

Fig. 3 PCR products after digestion with Tagl

statistically non-significant differences (P =0.463) be-
tween urolithiasis and control groups (Table 2). Al-
though the patients homozygous for the risk haplotype
had risk for urolithiasis that was close to statistical sig-
nificance (OR 3.39; 95% CI 0.719-15.989) compared
with the risk of the patients not carrying the haplotype,
heterozygous carriers had a risk of 1.302 (0.502-3.215)
(Table 3). There was no association between the haplo-
type and family history (P=0.725, »*=0.725) and dis-
ease recurrence (P=28.288, y>=0.874).

Discussion

Urolithiasis is a complex disease involving multifactorial
causes. Different genes may influence different aspects of
the disease pathology. The VDR plays a role in regu-
lating calcium homeostasis by affecting bone resorption
and increasing calcium absorption. The mechanism of
stone formation via the VDR is not resolved yet. Allelic
differences in the 3" UTR region may alter the regulation
of messenger RNA stability and/or translation and thus
affect vitamin D activity, hence predisposing to stone
disease [14]. Polymorphic variations in VDR gene are
associated with stone disease in some but not all studies
[13-15, 20-22]. Besides the Apal, Bsml, and Tagql poly-
morphisms, other allelic variation in the VDR gene,
such as Fokl may [22-24] or may not [21, 25] also be
associated with calcium oxalate stone disease. Relan
et al. [25] stated that there might be an association be-
tween F allele and higher calcium excretion in nephro-
lithiatic subjects. Mossetti et al. [26] reported a genetic
association between Bsml and Tagl polymorphisms and
idiopathic hypocitraturia in calcium-oxalate recurrent
stone formers. These findings may reflect genetic asso-
ciation between urolithiaisis and VDR polymorphisms.

In the present study, we investigated the association
of Apal, Bsml, and Taql polymorphisms of the VDR
gene in urolithiasis patients and controls in a Turkish
population. In our study, we did not observe a signifi-
cant difference between the frequencies of Apal, Bsml,
and Tagl alleles in the patient and control groups. The
findings of this study indicate that the VDR gene Apal
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Table 1 Genotypic and allelic frequencies of vitamin D receptor
gene Bsml, Apal, and Taql polymorphisms

VDR Urolithiasis group Controls P (¢)
allele (n=110) n (%) (n=150)

genotypes n (%)

Apal

GG 40 (36.4) 59 (39.3) 0.742 (0.59)
GT 58 (52.7) 72 (48.0)

TT 12 (10.9) 19 (12.7)

G 0.63 0.63

T 0.37 0.37

Bsml

AA 15 (13.6) 19 (12.7) 0.297 (2.43)
GA 64 (58.2) 75 (50.0)

GG 31 (28.2) 56 (37.3)

A 0.43 0.38

G 0.57 0.62

Taql

TT 37 (33.6) 61 (40.7) 0.248 (1.34)
TC 63 (57.3) 73 (48.7)

CcC 10 (09.1) 16 (10.6)

T 0.62 0.65

C 0.38 0.35

alleles were not associated with urolithiasis (GG vs
GT+TT; OR 1.13; 95% CI 0.66-1.95; P=0.62;
%¥*>=0.2). Although a report supports an association
between the Apal polymorphism and calcium nephro-
lithiasis in another Turkish population [15], our results
are more in line with a report suggesting the lack of
association in a Japanese population [14]. On the other

Table 2 Genotype frequencies of vitamin D receptor gene in uro-
lithiasis patients and healthy controls

VDR genotype Healthy controls

(m=150) n (%)

Urolithiasis patients

(m=110) n (%)

GGTTTT (bbaaTT) 10 (9.1) 18 (12.0)
AAGGCC (BBAAt) 10 (9.1) 16 (10.7)
GGGGTT (bbAATT) 6 (5.4) 14 (9.3)

GAGTTC (BbAaTt) 44 (40.0) 44 (29.3)
GGGTTT (bbAaTT) 13 (11.8) 21 (14.0)
GAGGTC (BbAATt) 16 (14.6) 24 (16.0)
Others 11 (10.0) 13 (08.7)

P=0.463, y°=8.637

Table 3 Number of urolithiasis patients with family history
according to ratios for vitamin D receptor haplotype 1 genotype

Genotype No. of urolithiasis OR (95% CI) P (/)
patients with family age adjusted
history/total n (%)

Reference? 12/29 (41.4) (reference) 0.22 (4.29)

1.0
Heterozygotes 29/60 (48.3) 1.30 (0.527-3.215)
Homozygotes 7/10 (70.0) 3.39 (0.719-15.985)

“Reference includes VDR genotypes GGGTTT (bbAaTT),
AAGGCC (BBAAtt), and GGGGTT (bbAATT); heterozygotes
include GAGGTC (BbAATt) ve GAGTTC (BbAaTt); homozyg-
otes include GGTTTT (bbaaTT)

hand, we observed a significant positive association of
the TT genotype for Apal amongst patients reporting
positive family history (P=0.017). This data is consis-
tent with the findings of Ozkaya et al. [15].

The frequencies of the Tagl genotypes were not sig-
nificantly different in patient and control groups (TT vs
TC+CC; OR 1.35; 95% CI 0.78-2.33; P=0.248;
x> =1.34). Two studies [14, 15], reporting no difference
in the distribution of Tagl genotypes between the study
and control groups, indicated that Tagl genotypes were
associated with more aggressive stone disease [14],
family history, and recurrence of the disease [15].

We also found no statistically significant difference in
the allelic and genotypic frequencies of Bsml in the pa-
tient and control groups (AA vs GA+GG; OR 0.92;
95% CI 0.42-2.02; P=0.819; ¥*=0.05). Several studies
have also not found any significant association between
Bsml VDR polymorphism and stone formation [15, 25,
27]. Gennari et al. reported that intestinal calcium
absorption was significantly lower in the AA genotype
than in the GG genotype in the presence of similar levels
of vitamin D [28]. Ruggiero et al. reported that the GG
genotype shows a higher calcium excretion than the AA
genotype [29]. It is possible that the opposing effects of
AA and GG genotypes on calcium metabolism may
cancel out each other in heterozygous individuals.

Studies on the VDR gene polymorphisms associated
with osteoporosis, osteomalacia, breast cancer, and
hypercalcemia have been reported in a Turkish popu-
lation [30-33]. Kaya et al. investigated the association
between VDR gene polymorphism and psoriasis in a
Turkish population [34]. The genotypes and their fre-
quencies in our control group for Apal, Bsml, and Tagl
were similar to the frequencies in the control group of
the above-mentioned study, confirming the accuracy of
our results (G: 69%, A: 41%, and T: 67%) [34]. The
frequencies of Bsml, Apal, and Tagl alleles may vary
among different populations. We found the frequencies
of G, A, and T alleles at 63, 38, and 65%, respectively.
The frequencies of G and A alleles in the present study
were in between the frequencies of Caucasian (44% for
G allele, 74% for A allele) and Asian (42% for A allele,
7% for G allele) populations. The T allele of the Tagl
polymorphism has a higher frequency compared to
those of Caucasians and Asians (43 and 8%, respec-
tively) [35].

The conflicting results may stem from the complexity
of urolithiasis etiology, genetic heterogeneity of disease,
ethnicity, differences in population characteristics,
including interaction with environmental factors, selec-
tion of control group, sample size, and gene—gene and
gene—environment interactions. The VDR polymor-
phisms we have investigated are probably non-func-
tional and are unlikely to be directly involved with stone
disease. However, they could be in LD with one or more
functional polymorphisms yet to be identified elsewhere
in the VDR gene.

Strong LD at 3’ end of the gene has been observed for
the Bsml, Apal, and Tagql. LD measures a co-occurrence



of alleles of adjacent polymorphisms with each other
[36]. This means that one polymorphism can predict the
other adjacent “linked” one or display statistical
dependence because very little recombination has oc-
curred between them. In this study, the distribution of
combined genotype frequencies showed statistically non-
significant differences (P=0.463) between the urolithia-
sis and control groups (Table 2). Although heterozygous
carriers had a risk of 1.302 (0.502-3.215) as compared
with the frequency of patients with reference genotype,
the frequency of homozygous [GGTTTT (bbaaTT)]
patients was close to the statistical significance level for
urolithiasis (OR 3.39; 95% CI 0.719-15.989), compared
with patients not carrying the haplotype.

Susceptible genes for stone disease are being sought
by serial association studies that screen DNA poly-
morphisms in genes including the VDR gene, p21 gene,
and calcitonin receptor gene [19, 37, 38]. There is evi-
dence that multiple genes contribute to disease suscep-
tibility, each of which may confer a small increase in risk
[39]. Further understanding of the biological mechanism
underlying these genetic differences and their relation-
ship with environmental factors will help define the role
of the VDR gene and urolithiasis.

In conclusion, we found no specific causal role of the
Apal, Bsml, and Taql VDR gene polymorphism in
urolithiasis.
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