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Genomic typing of VDR alleles

The VDR gene, located on chromosome 12, is madeIntroduction
up of 5.6 kb (Figure 1). Most of the gene comprises
non-coding regions where frequent modificationsOn the basis of studies performed in families and
and/or deletions of the base sequence are found and,twins, genetic influence can account for up to 80% of
although this does not modify the resulting aminothe variance in bone mineral density [1,2]. The final
acids of the receptor structure, we know it can changebone mass is a result of all the mechanisms involved
the transcription of the coding region or the stabilityin bone metabolism. In consequence, environmental
of the mRNA.factors would have less effect on bone, and this would

The changes in the sequence of bases in the codingdepend on genetic conditioning. Taking into account
region are less frequent, and they are usually locatedthe effect of a great number of systemic and local
in intronic portions (‘mute sequences’). On the otherhormones on the regulation of bone metabolism, it is
hand, the substitution of bases in the exon fragmenthighly possible to have a polygenic influence. In many
does not always alter the resulting amino acid becausestudies, the influence of the genes encoding the vitamin
we can obtain a synonym codon for the same aminoD receptor (VDR) [3], the oestrogen receptor [4], the
acid. There is only one modification described, in thesynthesis of transforming growth factor (TGF)-b1 [5]
second exon, which modifies the initial codon (ATG)or the synthesis of collagen type I

a−1 [6 ] has been
and whose presence adds three extra amino acids toshown.
the vitamin D receptor structure. Although there areThe VDR gene has been most widely studied among
four sites at which base substitutions have beenall these. The publication of the study of Morrison
described, there is only one which can impose structuralet al. [3] aroused great interest in the subject. Using
changes on the amino acid sequence. Those mutationsthe BsmI restriction enzyme in a wide population of
are related to changes in the non-coding region (knownadult twins, they found variations of ±1 SD for the
as the ‘linkage imbalance’ phenomenon) and can bemean values of bone mass among the three possible
used as their indirect markers.genotypes. In their population-based study, they also

The resulting new base sequences are recognized byfound that the most favourable genotype passes the
restriction enzymes which split the DNA at the sitefracture threshold (−2 SD from the peak bone mass)
where the mutation is located. If the restriction site is10 years later than the less favourable genotype.
present, we obtain a fragment of DNA containing theAlthough the molecular mechanism of action is not
new sequence and type the allele using the lower caseentirely clear, we know that the effect of vitamin D on
initial letter of the restriction enzyme used. Whenthe tissues is influenced by the type of metabolite as
fragmentation does not occur, the allele is typed usingwell as by its levels, by the receptors’ density
the upper case initial letter of the enzyme. So, taking(up-regulated by substratum levels) and probably also
into account the chromosomic duplicity, we have twoby qualitative aspects of the receptor. The receptor’s
alleles and three different genotypes for each variation.
Thus, a large number of polymorphisms can be
obtained if we combine different restriction enzymesCorrespondence and offprint requests to: Carlos Gómez Alonso,
(Table 1).Unidad de Investigación Metabolismo Oseo y Mineral, C/Julián

Claverı́a s/n, E-33006 Oviedo, Spain. In practice, the alleles are typed by using primers
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Fig. 1. Scheme of the VDR morphology. Restriction sites with the electrophoretic bands of the different alleles are shown.

Table 1. Alleles and genotypes corresponding to each of the restric- fractures and also effects on the different therapeutic
tion enzymes used. Although there is a great association among responses [17–18].
Bsml, Taql, and Apa 1 enzymes (69–90%) we can find genotypes
combining all of them (BBttaaFF, BbTTAaFf, etc.)

VDR polymorphisms and bone densityRestriction enzyme Alleles Genotypes

The influence of VDR polymorphisms on bone mineralBsm 1 B BB
b Bb density (BMD) and its changes has been widely

bb studied, and has led to divergent results. The differences
Taq 1 T TT in BMD among the three genotypes obtained initiallyt Tt

with the BsmI enzyme would condition a genotypett
Apa 1 A AA associated with high values of BMD (bb) and a

a Aa genotype with low values of BMD and faster velocity
aa of bone loss (BB) [3]. Later studies, using the same

Fok 1 F FF
restriction enzyme, have led to concordant but modestf Ff
results [12], discordant results [10,11] and also oppos-Ft
ite results, due to interaction with the age of the
subjects in the study, i.e. positive in pre-menopausal
patients and negative in elderly patients [13].and polymerase chain reaction (PCR) cycles that amp-

lify the DNA fragment with the restriction site recog- Preliminary studies in our own population were also
non-homogeneous [19]. We studied a population-basednized by the enzyme. The amplification product is

incubated with the restriction enzyme and the digestion random sample of 326 people of both sexes (50% of
each sex) and older than 54 years old (67±8) (EPOSproducts are resolved by electrophoresis, giving rise to

different fragments according to their size. For study). We measured BMD in the lumbar spine and
in the femoral neck on two occasions with a 4-yearexample, if we use the BsmI enzyme, we obtain a single

band of 188 bp in subjects in which both genes have interval using a DXA densitometer. We also performed
radiological studies of the thoracic and lumbar spine.no changes and are not attacked by the enzyme (geno-

type BB). On the other hand, if one of the genes has These results were analysed with the VDR genotype,
using the BsmI restriction enzyme.its sequence altered, this will give us two bands of 77

and 111 bp and another band of 188 bp from the We did not find differences in the basal BMD, in
the rate of BMD changes or in the prevalence of spinalnormal gene (genotype Bb). Finally, if both genes are

altered, we obtain only two bands of 77 and 111 bp fractures in the male population. On the other hand,
in women, we obtained higher values in the lumbar(genotype bb).

Once we have typed the different VDR alleles, we BMD in those patients with genotype bb compared
with genotypes Bb and BB (P<0.05); similar but non-can study their influence on bone metabolism. So, we

can consider the effects on hormone regulation [7,8], significant results were observed in the femoral neck
BMD (P=0.07) (Figure 2). Significant differences werebiochemical markers of bone turnover [7,9–11], bone

mass and bone mineral density changes with time only found in the evolution of BMD in the femoral
neck, where women with genotype bb showed a positive[3,10–16 ], effects on the incidence and prevalence of
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Fig. 2. Bone mineral density values and the percentage of annual changes in lumbar spine and femoral neck of women depending on the
presence or absence of the B allele in the genotype. Mean values±standard error are shown.

ratio for BMD changes, while women with BB or Bb VDR polymorphisms is related to other aspects of
bone metabolism, such as calcium absorption [20].genotypes had a negative BMD ratio (Figure 2). These

results were in agreement with the genotype prevalence Among all the possible confounding factors, we have
to consider the age of the subjects and the accuracy ofin subjects with or without vertebral fractures. The bb

genotype was also less represented among women with the method used to evaluate the variable we are
studying. Thus, in women, it would be better tovertebral fractures (27%) compared with women with-

out vertebral fractures (42%). The other two genotypes evaluate the effect of VDR polymorphisms on bone
mass in periods other than early post-menopause in(BB and Bb) have prevalences of 73 and 58% in

subjects with or without fractures respectively, and order to avoid the effect of changes which, at that age,
would have a much greater effect than genetic factors.they were at the limit of significance (P=0.07). Similar

bone mass results have been reported in a study In older people, the high prevalence of degenerative
arthritis and vascular calcifications in the lumbar spineperformed in post-menopausal Mexican–American

women using the FolkI restriction enzyme [14], show- make it difficult adequately to interpret changes in
bone mass. In these circunstances, the evaluation ofing differences in bone mass in the lumbar spine and

differences in the rate of BMD changes in the fem- the hip will have advantages.
Despite all the discordances discussed, a review oforal neck.

The disparity of the results obtained on the influence 17 published studies using a meta-analytic approach
shows significant differences (of the order of −1.7 toof VDR polymorphisms on BMD could be due to

different circumstances, but not all of them can be −2.5%) in bone mass values of the hip, lumbar spine
and radius between homozygous genotypes BB andexplained by the methodology (Table 2). There are

studies where there are no differences in bone density bb, figures which are lower than the initial estima-
tions [22].associated with VDR polymorphisms but the effect of

Table 2. Factors affecting the heterogenety of the results on the
VDR polymorphisms and PTH regulationinfluence of VDR gene polymorphisms in variables related to bone

metabolism

The possible influence of the different VDR poly-
Size of the sample morphisms on the regulation of the calcium–para-
Population bias thyroid hormone (PTH)–vitamin D axis is particularly

Inclusion criteria important in patients with severe chronic renal failure,Exclusion criteria
where other factors related to renal osteodystrophyRandomization

Precision of the measurement of the control variable make this interaction more complex.
Binding imbalance In population-based samples, differences in the basal
Allelic heterogenety values of PTH with respect to the VDR polymorphisms
Pathogenic interferences

have not been described [7,14,19]. However, in theVariability of environmental factors
study of Howard et al. [7], basal calcitriol values were
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significantly greater in women with the BB genotype D treatment, such as the group of patients who have
the combination of the more favourable alleles [17,18].than in those with the bb genotype (125±19 vs

86±30 pmol/l; P<0.003), with similar PTH (2.4±1.0 The selection of subjects with special risk of bone
loss who could benefit from prophylactic interventionvs 2.7±0.7 pmol/l ). Furthermore, the administration

of 0.5 mg/day of calcitriol for 7 days induced a greater is another important area of interest. A good example
would be patients who have undergone renal trans-PTH suppression in the bb genotype (38±7%) com-

pared with the BB genotype (11±15%; P<0.01). This plantation who have limitations on their quality of life
due to different bone problems including bone frac-finding suggests that the bb genotype may have more

sensitivity or more capacity to influence PTH tures. The findings of Torres et al. have special impor-
tance in this respect. In a population of 34 non-diabeticregulation.

Although we did not find any differences in the patients who had undergone renal trasplantation, they
measured bone density using quantitative computer-values of PTH, 25-hydroxyvitamin D or calcitriol in

our population [19], we did observe some interesting ized tomography (QCT), and showed that bb genotype
patients had a moderate loss of trabecular bone (basalrelationships in the multiple regression analysis. We

analysed our data considering PTH as a variable factor Z-score 0.25±1.39; final Z-score −0.37±1.16;
P<0.05), whereas Bb and BB genotype patients haddependent on others factors implicated in its regula-

tion, such as serum calcium, phosphorus, creatinine, a more significant trabecular bone loss (basal Z-score
0.26±2.04; final Z-score −1.10±1.20; P<0.05). Thevitamin D metabolites and age. In the bb group, we

observed that PTH was only influenced by 25-OH differences between the groups were significant after
the first year of transplantation, but they had not beenvitamin D (b=−0.55; r=−0.29; P<0.05), whereas

in the Bb and BB genotype groups, PTH was signific- evident immediately following transplantation [16 ].
Knowledge of VDR polymorphisms could also con-antly and independently predicted by 25-OH vitamin

D (b=−0.77), age (b=+0.34) and serum creatinine dition the setting up of other prophylactic interventions
such as long-term corticosteroid therapy. It seems that(b=+22.7) (r=−0.40; P<0.05). These results suggest

that the bb genotype is more sensitive to the vitamin the BMD in women with the Bb or BB genotype may
be affected more by corticosteroids than in womenD substratum, and this fact may explain the influence

of other factors, such as age and the renal function, in with the bb genotype (Z-score −1.39 for Bb and
−2.19 for BB genotypes with respect to a Z-score ofthe regulation of PTH secretion.

However, there are also controversial results in this −0.84 for bb; P<0.05) [23].
To summarize, there is a great deal of evidencearea. In the study performed by Fernández et al. [8]

on patients with chronic renal failure undergoing showing the influence of the different VDR polymorph-
isms on the regulation of bone metabolism. The poly-chronic haemodialysis, the results were different.

Patients with the bb genotype had a lower risk of genic nature of this phenomenon and the great variety
of other factors involved [24,25,26 ] represent a chal-developing hypoparathyroidism (odd∞s ratio=0.3;

0.11–0.82; P<0.01) than the general population on lenge for future research in this field.
dialysis. Conversely, the BB genotype was overrepres-
ented in the low PTH group (32.3%) compared with Acknowledgements. We thank Dr A. Torres and the technicians of
patients with the bb genotype (12.5%; P<0.05). These his lab (from the Hospital Universitario of Canary Islands) for the

measurement of VDR polymorphisms in the EPOS study and Drresults suggest that the B allele appears to be more
Coto (Biochemical Department of the Hospital Central de Asturias)sensitive to changes able to influence the down-
for the measurement of calcium-related hormones in our studies.regulation of PTH. These results, contrary to those in The EPOS study was supported by a grant from FIS 94/1901-E and
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the findings obtained in patients with primary hyper-
parathyroidism where b alleles and bb genotypes were
more frequent [21]. References
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