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Polymorphisms at the ligand binding site of
the vitamin D receptor gene and osteomalacia
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Abstract. Vitamin D receptor (VDR) gene polymorphisms have been suggested as possible determinants of bone mineral density
(BMD) and calcium metabolism. In this study, our aim was to determine whether there is an association between VDR gene
polymorphism and osteomalacia or not. We determined Apal and Tagl polymorphisms in the vitamin D receptor gene in 24
patients with osteomalacia and 25 age-matched healthy controls. Serum calcium, phosphorus, ALP, PTH, 250HD levels were
also examined. We used PCR and RFLP methods to test for an association between osteomalacia and polymorphisms within,
intron 8 and exon 9 of the VDR gene. When the control and patients were compared for their Apal and Taql genotypes there was
no relationship between VDR gene allelic polymorphisms and osteomalacia. Whereas a nearly significant difference for A allele
was found in the allellic distribution of the patients (» = 0.08). Also no association between biochemical data and VDR gene

polymorphisms was observed.
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1. Introduction

1.25-dihydroxyvitamin D3 (1.25 (OH), D3) is in-
volved in biological actions such as calcium home-
ostasis, bone mineralization, cell proliferation and cell
differentiation [16,17,23]. Vitamin D deficiency usu-
ally occurs in the lack of dietary intake, abnormal
metabolism of vitamin D or inadequate synthesis of
vitamin D in the skin. In addition, it may result from
intestinal malabsorption, chronic renal disease or very
rarely, from liver failure. Such kind of insufficiency of
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vitamin D causes mineralization defect of bone matrix
rather than frank osteoporosis [21,26,28,31]. Without
vitamin D, children develop rickets and adults exacer-
bate their osteoporosis and develop osteomalacia [18].

The genomic actions of vitamin D3 are mediated
through its nuclear receptor, the vitamin D receptor
(VDR), which is a member of the nuclear hormone re-
ceptor superfamily [16]. Genetic factors are consid-
ered to be major determinants of bone mineral mass.
Common polymorphisms in the 3" —and 5* — end re-
gion of the VDR gene have been suggested as possible
determinants of bone mineral mass and, hence, of the
risk of osteoporosis. These polymorphisms are identi-
fied by the restriction enzymes Bsml (BB, Bb, bb) or
alternatively Tagl (TT, Tt, tt) and Apal (AA, Aa, aa) [5,
26].

At least 22 unique loss of function mutations in
the VDR gene have been reported. Single nucleotide
changes producing amino acid substitutions in the
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DNA-and ligand-binding domains are predominate mu-
tations. These mutations cause hereditary vitamin D re-
sistant rickets, a rare autosomal recessive disease result-
ing from target organ resistance to 1.25(0OH) D3 [9].

Osteomalacia is frequently seen in Turkey [2,4,24,
27]. The effects of genetic factors in pathogenesis of
osteomalacia are not clear. Some individuals are more
prone to have features of osteomalacia although they
are living in the same habitat and having the same
dietary. The only study about this subject could not be
able to show any association between VDR gene Bsml
polymorphism and osteomalacia [4]. We think that
further investigation on the other polymorphisms of the
VDR gene is required to determine the effect of these
polymorphisms on osteomalacia. In the present study,
the effect of VDR gene Apal and Taql polymorphisms
on osteomalacia was investigated.

2. Subjectsand methods

2.1. Subjects

Twenty-four patients (21 female, 3 male; age: 45.16
+ 13.99 years.) who met the clinical (muscle weak-
ness of the lower extremities, walking difficulties, bone
pain worsening by activity), biochemical (low or low-
normal serum calcium and phosphorus, low serum 25
hydroxyvitamin D [OHD], increased alkaline phos-
phatase and PTH levels), and/or radiological (pseud-
ofractures) criteria of osteomalacia were included in
this study. Patients are clinically diagnosed at Istanbul
University, Faculty of Medicine, Department of En-
docrinology and Metabolism, Bone Diseases Unit. Pa-
tients with osteomalacia due to causes other than vita-
min D depletion such as hypophosphatemia and renal
osteodistrophy were excluded from the study. Twenty-
five age matched healthy controls (22 female, 3 male;
age: 41.08 + 13.35 years.) had no history of diseases
affecting bone metobolism. None of the subjects in
the two groups were taking medicine affecting bone
metabolism. Patients and healthy controls were not
classified according to their calcium intake, which was
determined to be above 800 mg per day, assessed by
asking about 3-day calcium intake [6]. The study was
approved by the Ethics Commitee of Research Fund of
Istanbul University. Informed consents were obtained
from all subjects.

2.2. Biochemical analysis

Fasting blood samples were collected in the same
season (fall) for the measurement of calcium (Ca),
phosphorus (P), alkaline phosphatase (ALP), parathy-
roid hormone (PTH) and 25-hydroxyvitamin D
(250HD). Serum Ca, P and ALP were measured by
Roche Diagnostics (Mannheim, Germany) Modular
System. Serum intact PTH was measured with DSL-
8000 Active Intact PTH IRMA kit from Diagnostic
Systems Laboratories, Inc (Webster, Texas, USA), with
intra-and interassay coefficients of variations of 2.8 and
3.6%, respectively. Serum 250HD was measured by
Diasorin 250HD RIA kit (Stillwater, Minnesota, USA)
with intra-and interassay coefficients of variations of
10.4 and 9.4%, respectively.

2.3. Genotype assignment

DNA was extracted from 10 ml of K3EDTA
(Ethylenediaminetetraacetic acid) treated peripheral
blood by the salting out method. A 740 base pair frag-
ment which includes intron 8 and exon 9 of the vitamin
D receptor gene in chromosome 12 was amplified by
the polymerase chain reaction (PCR) with forward (5’-
CAGAGCATGGACAGGGAGCAAG-3’) and reverse
(5’-GCAACTCCTCATGGCTGAGGTCTCA-3’) [12]
primers to detect Apa | and Taq | sites. PCR prod-
ucts were generated in a 25 ul reaction volume contain-
ing 100 ng of genomic DNA, 1x PCR buffer, 1.8 mM
MgCls, 200 M of dNTP, 10 pmol/ul of each primer
and 0.5U of Tag DNA polymerase. PCR was performed
as follows: incubation for 5 min. at 94°C, 10 cycles of
incubation for 20 s at 94°C, 40 s at 64°C, and 1 min.
at 72°C, 25 cycles of incubation for 20 s at 94°C, 40 s
at 62°C, and 1 min. at 72°C, followed by an extension
step of 6 min. at 72°C. To determine the presence of
Apa | and Taq | restriction sites, we performed Restric-
tion Fragment Length Polymorphism (RFLP). Fivepul
PCR products were digested with 2 .1 of DNase, RNase
free water and 2U of Apa | enzyme at 37°C and 2U
of Tag | enzyme at 66°C, separately. Digestion prod-
ucts were analyzed in 1.5% agarose gel stained with
ethidium bromide (Applichem, Darmstadt, Germany).
DNA fragments were visualized by ultraviolet illumi-
nation and fragment size estimated by comparison to
50 bp ladder run on the same gel. The presence of
Apal restriction site causes spliting of the PCR product
into two bands, 529 bp and 211 bp, respectively, des-
ignated as a. If Apal restriction site is not present in
the corresponding sequence remained a 740 bp single
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Fig. 1. RFLP results of Apal enzyme. Lane 1, Gene RulerTM 50 bp
DNA Ladder. Lane 2, AA genotype (740 bp, homozygous). Lane 3,
Aa genotype (740 bp, 529 bp and 211 bp, heterozygous). Lane 4, aa
genotype (529 bp and 211 bp, homozygous) (bp=base pairs).

Fig. 2. RFLP results of Tagl enzyme. Lane 1, Gene RulerTM
50 bp DNA Ladder. Lane 2, TT genotype (493 bp and 247 bp,
homozygous). Lane 3, Tt genotype (493 bp, 291 bp, 247 bp and
202 bp, heterozygous). Lane 4, tt genotype (291 bp, 247 bp and
202 bp, homozygous).

band, designated as A (Fig. 1). The presence of Taql
restriction site causes spliting of the PCR product into
three bands, 291 bp, 247 bp and 202 bp respectively,
designated as ¢. If RFLP-associated Taql restriction
site is not found in the corresponding sequence were
split into two bands, 493 bp and 247 bp respectively,
designated as 7" (Fig. 2).

2.4. Satistics

Statistical analysis were performed by UNISTAT
5.0® software. To compare ALP and PTH levels the

nonparametric Mann Whitney U-Wilcoxon Rank Sum
W test was used. Also to determine the distribution
of Ca, P, 250HD levels and age in groups, t- Test was
used. The distribution of biochemical parameters and
VDR genotypes by groups were determined by analysis
of variance (two-way ANOVA).

3. Results

3.1. Biochemical parameters

Patients and healthy controls were age matched
(45.16 + 13.99 yrs.; 41.08 + 13.35 years, respec-
tively p = 0.306). Serum calcium (8.57 4 0.99 mg/dI
vs. 9.29 + 0.53 mg/dl p = 0.004; reference range:
8.5-10.5 mg/dL), phosphorus (3.05 4+ 0.71 mg/dl vs.
3.69 £+ 0.45 mg/dl p = 0.001; reference range: 2.7—
4.5mg/dL) and 250HD (6.90 + 5.04 ng/ml vs. 16.30
12.15 p = 0.0005; reference range: 15-56 ng/ml) lev-
els were lower and serum ALP (329.15 + 311.97 IU/L
vs. 65.33 £ 15.53 IU/L p = 0.0004; reference range:
90-260 U/L) and PTH (225.41 + 170.31 pg/ml vs.
40.54 + 22.36 pg/dl p =< 0.001; reference range: 15—
65 pg/ml) were higher in the patient group than those
in the control group (Table 1). These findings were
statistically significant.

3.2. VDRalleles

After genetic analysis of the VDR gene, we found
50% genotype AA, 45.8% genotype Aa, 4.2% genotype
aa and 33.3% genotype TT, 62.5% genotype Tt, 4.2%
genotype tt for patients and 28% genotype AA, 56%
genotype Aa, 16% genotype aa and 36% genotype TT,
52% genotype Tt, 12% genotype tt for healthy controls.
When the control and patients were compared for their
Apa | and Taq | genotypes, we observed that the geno-
type distribution did not differ (p = 0.18; p = 0.55
respectively) whereas when the allellic distributions of
the patients and controls compared for the Apal poly-
morphism a nearly significant difference was found for
the A allele as it was slightly increased in the patients
(p = 0.08) (Table 2). Additionally no association be-
tween biochemical data and VDR gene polymorphisms
was observed (Tables 3 and 4).



194 D.G. Ak et al. / VDR gene polymor phisms in osteomalacia

Table 1
Comparison of biochemical findings with vitamin D receptor (VDR) genotypes in osteoma-
lacia and control groups

Parameters Patients Controls 2 way ANOVA
a b o
aAge (years) 45.16 + 13.99 41.08 + 13.35 NS — -
aCa (mg/dl) 8.57 £0.99 9.29 £ 0.53 0.004* NS NS
ap (mg/dl) 3.05+0.71 3.69 £0.45 0.001* NS NS
PALP (U/l) 329.15 + 311.97  65.33 £+ 15.53 0.0004* NS NS

2250HD (ng/ml) 6.90 +5.04 16.30 £ 12.15 0.0005* NS NS
PPTH (pg/ml) 22541 +£170.31 40.54 +£22.36  <0.001* NS NS

aMann-Whitney U; Pt-test; *p < 0.05; NS, not significant; 2 way ANOVA, two way
analysis of variance; ALP, alkaline phosphatase, 250HD, 25 hydroxyvitamin D; PTH,
parathyroid hormone a, comparison of the two groups; b, Significance of P value of Apal
genotype effect; ¢, Significance of P value of Tagl genotype effect.

; : Table 2
4. Discusson Allellic distributions of VDR gene Apal polymorphism
. . . Allele A Allel
It is suggested that VDR gene and the allelic varia- e cea
tions of the 3’ end region of this gene have an impor- Controls 28(0.56) 22(0.44)
9 9 p Patients 35(0.73) 13(0.27)

tant role to determine the relation between vitamin D
metabolism and the effects of genetic factors in bone
formation [5,20,26].

In 1994 Morrison et al. suggested, in their study over
healthy Caucasian twins, that there is a close associa-
tion between VDR gene polymorphisms and BMD by
over 75% [30] although many studies in several pop-
ulations have failed to detect a significant association
between bone mass and VDR gene alleles [1,7,15,22,
29]. It was suggested that, there is a relationship be-
tween BB, tt, AA polymorphisms of VDR gene and the
low BMD. It was found that twins with genotype bbT-
Taa have 15% higher BMD than the twins with BbttAA
genotype [22].

There were controversial results reported on the ef-
fects of VDR genotypes on BMD. The studies which
aim to explain this contradiction show that the relation-
ship between BMD and VDR gene polymorphisms oc-
curs in case of low calcium intake [11,20]. When pre-
menopausal women with dietary high and low calcium
intake were compared, it was found that the amount of
calcium taken effects the BMD in individuals with Bb
and BB genotypes, but does not effect individuals with
bb genotypes [26]. In addition to this, parallel findings
were obtained with the pre-adolescence girls with bb
genotypes. Accordingly, there was a significant corre-
lation between dietary calcium levels and BMD gain in
Bb and probably BB but not in bb. It is suggested that
calcium absorbtion decreases in low calcium intake due
to of a possible functional error in vitamin D receptors
of individuals with BB genotype [11]. Apa | and Taq
I polymorphisms are also located in the ligand binding
domain of VDR gene as Bsml polymorphism.

p = 0.08. First numbers are the number of patients and controls.
The numbers in paranthesis are frequency.

The allelic variation of these polymorphic sites might
cause a change in the affinity of VDR to its ligand [14,
20]. It was mentioned that calcium absorption is higher
in bbTT genotype which is reported to be related with
high BMD than in BBtt genotype and lower in BbttAA
genotype which is related to low BMD than in bbTTaa
and BbTtAa genotypes [13]. Calcium absorbtion in pre
and postmenopausal women with the BAt haplotypes
was found to be 11% and 37% lower, respectively when
compared to that of women with the baT haplotype
indicating that the effect of VDR gene variation on
calcium absorption may also be modified by age or
hormonal status [8,13]. However, a recent study reports
that the Bat haplotype is associated with high bone
density in normal subjects [10].

It is known that the vitamin D resistance is a con-
sequence of mutations in VDR gene [17]. Although it
is not clear, whether genetic factors have a role in the
pathogenesis of osteomalacia or not, Kahraman et al.
suggested that some VDR genotypes are more prone
to osteomalacia [4]. VDR polymorphisms might have
an effect on the osteomalacia, caused by the lack of
vitamin D, as they effect the Cat2 absorbtion. It is
suggested that the Ca™2 absorbtion might be decreased
by some polymorphisms in VDR gene, in low Ca*?
intake [11]. Since the major role of vitamin D and its
receptor is to regulate the amount of Ca*2 binding pro-
teins and the expression of Ca™2 channels in cells it is
possible that VDR polymorphisms effect the Ca*2 ab-
sorbtion in low vitamin D intake, due to the alterations
in the affinity of VDR to its ligand vitamin D [3,25].
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Table 3
Apal genotypes and biochemical findings in osteomalacia patients and controls*
Parameters VDR Genotypes/Patients VDR Genotypes/Controls 2 way
AA Aa AA Aa ANOVA P value
Age (years) 41.83 £+ 14.76 49.00 £ 13.45 38,57 £11.41 4169 +11.81 0.948
Ca (mg/dI) 8.55 + 0.66 8.56 + 1.33 9.27 +0.64 9.34 + 0.47 0.594
P (mg/dl) 3.15+0.70 2.94 +0.77 3.74 +0.33 3.66 & 0.55 0.508
ALP (U) 276.27 +234.11  436.63 £ 396.53 61.83 +7.88 61.84 + 9.13 0.202
250HD (ng/ml) 8.45 + 6.59 5.44 + 2.24 13.41 +£10.28 16.36 +9.47 0.16
PTH (pg/ml) 252.63 +199.47  218.64 £+ 138.39 37.46 +£26.44 3594 + 16.36 0.913
*“aa” genotype (n < 5) could not be analyzed with two way ANOVA.
Table 4
Taql genotypes and biochemical findings in osteomalacia patients and controls
Parameters VDR Genotypes/Patients VDR Genotypes/Controls 2 way
TT Tt TT Tt ANOVA P value

Age (years) 47.13 £+ 13.56 44.33 + 15.04 39.67 £ 15.07 41.58 + 13.58 0.978
Ca (mg/dl) 8.26 + 1.19 8.79 + 0.86 9.47 + 0.47 9.12 + 0.43 0.248
P (mg/dl) 2.69 £+ 0.67 3.17 + 0.65 3.66 + 0.43 3.75 + 0.50 0.875
ALP (U/1) 431.63 +401.73  260.83 £ 229.53 65.86 + 8.69 64.59 4 19.86 0.429
250HD (ng/ml) 5.73 + 2.05 7.78 £ 6.32 14.16 £ 15.02 18.10 £9.35 0.792
PTH (pg/ml) 211.22 +162.85 230.66 + 188.29 42.27 +26.02  43.19 4+ 21.13 0.519

* “tt” genotype (n < 5) could not be analyzed with two way ANOVA.

In our study, the frequency of Apa 1 polymorphism
was 50% for AA; 45.8% for Aa; 4.2% for aa in pa-
tients and 28% for AA; 56% for Aa; 16% for aa in the
healthy controls. The patients with AA genotype were
50% of the total patient number and when compared
to the control group it had a higher ratio, however, this
difference is not considered as statistically significant
whereas allellic distribution of A allele was found to
be slightly increased in the patients and became sta-
tistically nearly significant. The frequency of Taq 1
polymorphisms were 33% for TT; 62.5% for Tt; 4.2%
for tt in the patients, whereas 36% for TT; 52% for Tt;
12% for tt in the healthy controls. There was no sta-
tistically significant difference between the genotype
distribution of patient and control groups. Kahraman et
al. have studied the relationship between osteomalacia
and VDR gene Bsm 1 polymorphism and could not be
able to determine an association [4]. The association
between osteomalacia and VDR gene polymorphisms
arise from the relative discussion of BMD and calcium
absorbtion results of the other studies. These studies
suggested that the AALtt genotype was related to low
BMD and low calcium absorbtion [8,13,22]. Similarly,
it can be suggested that in addition to vitamin D de-
ficiency, also AAtt genotypes which may cause low
affinity of VDR to vitamin D may affect the defective
calcification of bone in osteomalacia.

In our study, the combined genotypes were consid-
ered and it was found that the ratio of AATt genotypes
in the patient and control groups were 50% and 12%,

respectively. Although these findings were not statis-
tically significant, the results seem to be parallel with
the other studies in terms of AA genotype which is
suggested to be related with low BMD and low cal-
cium absorbtion. On the other hand, according to our
results, it is not consistent with those studies since tt
genotype has been observed in 4.2% of the patients and
12% of the healthy controls. In our study, when the
biochemichal analyses and the VDR genotypes of the
patients were compared, the patients with Aa genotype
had higher ALP and lower 250HD values than patients
with AA genotype, even not statistically significant.
Likewise, the controls and the patients with TT geno-
type had higher ALP and lower 250HD values when
compared with the controls and patients with Tt geno-
type. According to this, individuals with AaTT geno-
type seemed more prone to osteomalacia. However,
only 29.2% of osteomalacia group had this genotype.
In this respect, a significant relation has not been found.
Similarly, in a study carried out with postmenopausal
Caucasian women it is reported that no relationship was
observed between VDR genotypes and ALP, 250HD,
1.25 (OH); D3 and PTH levels [13].

Consequently, in our study a probable but not con-
vincing relationship has been found between the VDR
gene polymorphisms and osteomalacia. This situation
might have arised because of the insufficient number of
samples. Although there is no significant differences
between the distribution of the genotypes of the patients
and the controls in our study, the higher ratio of the
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TtAA and only AA genotypes of the patients and the
finding that nearly significant difference of the A allele
in the patients suggest that it should be investigated
further by increasing the number of subjects.
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