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Impact of vitamin D receptor gene polymorphisms in
pathogenesis of Type-1 diabetes mellitus
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Abstract: Background: Type 1 diabetes mellitus (TIDM) results from an immune-mediated destruction of insulin-
producing-cells in the pancreatic islets of Langerhans. There are clear differences in immunogenetic predisposition
to typel diabetes among countries. Studies have indicated that vitamin D supplementation in early childhood de-
creases the risk of TIDM. Vitamin D exerts its action via the nuclear vitamin D receptor (VDR), which shows an exten-
sive polymorphism. VDR gene polymorphisms have been associated with altered gene expression or gene function.
Four single nucleotide polymorphisms (SNPs) in the VDR gene produce variation in four recognition sites. These rec-
ognition sites variants include Fok |, Bsm |, Apa | and Taq |. Aim of the study: TO investigate the relationship between
VDR gene polymorphisms (at positions Tag | and Apa |) and the incidence of TIDM in Egyptian peoples. Subjects
and methods: This study included 74 patients with type 1 DM in addition to 28 healthy age and sex matched control
subjects. All of them were subjected to full history taking and clinical examination. Three ml of venous blood were
withdrawn from each patient at fasting and postprandial times and used for genomic DNA extraction, estimation
of Hb A1C, as well as, fasting and postprandial C-peptide and blood glucose levels. Results: Apa | recognition site
was found in low frequency in diabetic patients (14/74) 18.9% while, its frequency was high (16/28) 57.1% among
normal subjects. Tag | has two recognition sites. The first was found at nucleotide number 293 that was found in
a frequency of (2/28) 7.1% in normal non-diabetic individuals while it was detected in (14/74) 18.9% in diabetic
patients. The second Taq | recognition site was found at nucleotide number 494 without any differences between
diabetic and normal individuals. Conclusion: This study indicates that there is an association between VDR genetic
polymorphism and incidence of TIDM in Egyptian patients.
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Global incidence of diabetes mellitus has been
increased in recent decades; there are strong
differences between different geographical
areas and population groups [3]. 1, 25-Dihy-

Introduction

Type 1 diabetes mellitus (TIDM) is the most
common form of diabetes in childhood and it is

characterized by the destruction of pancreatic
beta cells resulting in the absence of insulin
secretion, thus requiring exogenous insulin for
survival [1]. The activation of autoreactive lym-
phocytes and the cytokine induced apoptosis
of pancreatic-cells play a major role in the etiol-
ogy of type 1 diabetes. There are clear differ-
ences in the immunogenetic predisposition to
type 1 diabetes between countries and the dis-
ease incidence seems to vary along with the
differences in the predisposition [2].

droxyvitamin D3 inhibits lymphocyte activation
and affects other elements of the immune sys-
tem, such as cytokine and immunoglobulin pro-
duction, as well as major histocompatibility co-
mplex (MHC) class Il and the cluster differentia-
tion 4 (CD-4) expression [4, 5].

Studies in humans have indicated that vitamin
D supplementation in early childhood decreas-
es the risk of TIDM and the intake of vitamin D
in pregnancy may prevent the appearance of
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islet autoantibodies in the offspring [6]. Mo-
reover, supplementing infants with vitamin D
was suggested to be safe and effective strate-
gy for reducing the risk of TIDM [7].

Vitamin D exerts its action via the nuclear vita-
min D receptor (VDR), which shows an exten-
sive polymorphism. The VDR belongs to the ste-
roid receptor super-family and is widely exp-
ressed in many cell types, including lymphocy-
tes, macrophages, and pancreatic cells [8].
VDR is located in the g13 region of chromo-
some 12 [9]. Polymorphisms within the VDR
gene have been associated with altered gene
expression or gene function [10].

The role of VDR polymorphisms in TIDM patho-
genesis has been unclear. Several studies have
suggested association between one or more of
these SNPs and TIDM [11-13], but others have
failed to confirm this finding [3]. Moreover, this
inconsistency was attributed to the environ-
mental factors that potentially interfere with
the VDR genotype [14]. The interactions of the
genetic background with the development of
TIDM are well documented in various popula-
tions as the incidence of childhood TIDM is
known to vary widely between and within coun-
tries [11-13].

It is known that type 1 diabetes is a multi-facto-
rial disease, with genetic and environmental
factors that could explain the incidence rates
that have been found in different ethnic groups
and countries. Taking into consideration the
environmental influence on development of
this disease and its relation with genetic fac-
tors, we examined the VDR polymorphisms that
interact with vitamin D.

This study was conducted to investigate the
relationship between VDR gene polymorphisms
(at positions Taq | and Apa |) and the incidence
of TIDM in Egyptian peoples.

Subjects and methods
Subjects

This study included 74 patients with TIDM
included 48 males and 26 females with an age
range of 3 to 26 years. All patients were consid-
ered as affected by TIDM according to American
Diabetes Association criteria [15]. Patients with
pancreatitis and other immune mediated dis-
eases were excluded. Twenty eight healthy per-
sons (control group) were involved in this study,
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with an age range of 5 to 29 years, the control
individuals with no history of diabetes or other
autoimmune diseases. Cases were selected
from the Pediatric and Internal Medicine
departments, Faculty of Medicine, Cairo
University, at the period from April, 2012 to
January 2014.

Ethical approval

This study was approved by the ethical commit-
tee of Faculty of Medicine, Cairo University.
Written informed consents were obtained from
all participants involved in our study.

Methods

All subjects involved in this study were subject-
ed to the following:

Full clinical examination

Full history taking and clinical examination,
including the onset of disease, insulin treat-
ment, blood sugar level and complication of the
disease were recorded. Data about age, sex,
weight, height, liver, spleen, kidney, neurologi-
cal and eye examination were collected.

Sampling

3 mL of venous blood were withdrawn from
each patient at fasting time and postprandial
by sterile heparinized tubes. These samples
were used for genomic DNA extraction, and
estimation of Hb A1C (was measured by high-
performance liquid chromatography (normal
range, 3.5-6.0%), as well as fasting and post-
prandial C-peptide, fasting and postprandial
blood glucose level were measured using an
immunofluorometric assay with detection limit
of 0.15 ng/ml.

Separation of peripheral blood polymorph
nuclear leukocytes (PMNSs)

PMNs were separated using RPMI solutions
and Ficoll-PM (Sigma-Aldrich) according to the
manufacturer’s instruction.

DNA extraction and polymerase chain reaction
(PCR)

Genomic DNA was extracted from peripheral
blood polymorph nuclear (PMNs) cells using a
genomic DNA Isolation System (Koma Bioteck.
Inc., Seoul, Korea). DNA samples concentration
and quality were detected spectrophotometri-
cally at 260/280 nm. PCR was performed using
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F. blood glucose PP.blood glucose  F. C-peptide PP. C-peptide

Figure 1. The clinical and laboratory data of the patients and the controls.
(Fasting and postprandial blood glucose (mmol/L), C-peptide (ng/ml) and

HbA1Lc (%)).

Table 1. Vitamin D Receptor polymorphism
Patients (74) Control (28) P-value
Apa | 14 (18.9%) 16 (57.1%) <0.05
Taq |l (1%'site) 74 (100%) 28 (100%) >0.05
Taq | (2™ site) 14 (18.9%) 2(7.1%) <0.05

Taqg/Apa-for (5’ -CAG AGC ATG GAC AGG GAG
CAA-3’) and Taqg/Apa-rev (5’ -GCA ACT CCT CAT
GGC TGA GGT CTC-3’) primers that flank a 740-
bp fragment of Vitamin D intron 8/exon 9 as
previously described [5]. The PCR conditions
were; an initial denaturation for 5 min at 94°C,
35 cycles each of which consisted of (denatur-
ation at 94°C for 1 min, annealing at 60°C for 1
min and extension at 72°C for 1 min), and final
extension for 7 min at 72°C.

Single nucleotide polymorphisms of the
vitamin D by direct sequencing

PCR products were subjected to electrophore-
sis in 1% agarose gel with ethidium bromide
staining. VDR specific bands were excised and
purified with the QIAquick gel extraction kit
(Koma Bioteck, Seoul, Korea). Purified PCR
products were sequenced directly using specif-
ic primer pairs (Macrogen, Korea). Different
sequences of the VDR gene were submitted to
GenBank (accession numbers KF054040-KFO-
54055).

Multiple sequence analysis and phylogenetic
tree

Comparative analyses were performed using
the CLUSTAL W multiple sequence alignment
program, Mega 4.1 [16]. VDR sequences
obtained in the current study were used for the
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alignments. The phylogenetic
tree was constructed by using
the neighbor-joining method
with  Kimura two-parameter

T distances by using the Mega
4.1. The reliability of internal
branches was assessed by
1000 bootstrap replications
and the p-distance substitu-
tion model.

H Control
W TIDM

HbAle Statistical analysis

Data were analyzed using
SPSS, version 11.5 statistical
software. Comparisons of gen-
otype frequencies between
groups were performed using the t-test. The
chi-squared test was used for analysis of the
difference between the 2 groups. P-value <
0.05 was considered significant. The associa-
tion between VDR variants and TIDM was
assessed using logistic regression method by
an additive model in PLINK. Omnibus and hap-
lotype association test was also performed by
PLINK. Linkage disequilibrium (LD) between
two loci was performed by Haploview program.
Genotypes, alleles and haplotypes in cases
and healthy controls were compared by two-
tailed Fisher’s exact test. Odds ratios (OR) and
95% confidence intervals (Cl) were calculated
for each allele, genotype and haplotype. Hardy-
Weinberg equilibriums were tested to compare
the observed and expected genotype and allele
frequencies.

Results

Patients were studied at diagnosis and during
the course of treatment. The study included 48
males (64.9%) and 26 females (35.1%), with an
age range of 3 to 26 years, a mean + SD of
(12.7 £ 4.7) and median 10.5 years. Of the 74
patients, only 4 cases (5.4%) showed renal
complication, 2 cases (2.7%) with eye complica-
tion and 12 cases (16.2%) with uncontrolled
TIDM (Figure 1).

Apal recognition site (GGGCC/C) was found at
nucleotide number 213 in (14/74) 18.9% for aa
in diabetic patient while it was found among
normal subjects with high frequency; (16/28)
57.1%. The rest of individuals showed GTGCCC
motif (Table 1). Taq | recognition sites (T/CGA)
at nucleotide number 494 was found in ampli-
con from all tested individuals, however, a sec-
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gated. The Apa | a allele corre-
sponds to a T—G transition and
the Taq | t allele results in a
silent T—C transition in intron 8
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D23 Apa and exon 9 respectively [17].
The PCR amplicon used in the
reaction, 740 bp of the gene,
flanked both the Apa | and Taq |
(designated as rs7975232 and
rs731236 SNP, respectively)
polymorphic sites [5].

The Taq | polymorphism results
in a silent mutation in the VDR
gene [18], which would there-
fore not be expected to alter
VDR function. The Apa | site is
located within an intron of the
VDR gene. Alterations in intron-
ic sequences may influence
protein expression [19]. Four
common single SNPs in the
VDR gene have been studied
intensively [20]: Fokl T > C (rs-
10735810), Bsml A > G (rs-

DS Apa

Figure 2. Phylogenetic tree of VDR sequences of the Egyptian nationals gen-  1544410), Apal G > T (rs-
erated by neighbour-joining analysis. The robustness of individual nodes of 7975232) and Taql C > T (rs-
the tree was assessed using a bootstrap of 1000 replications of bootstrap  731236). These SNPs have

re-sampling of the originally-aligned nucleotide sequences. Scale bar repre-

sents 0.002 nucleotide substitutions.

ond site was found at nucleotide number 293
that was presented only in some individuals.
We obtained allelic frequencies of (81.1% vs.
18.9%), (42.9% vs. 57.1%), for (A vs. a) in dia-
betic patients and control individuals respec-
tively, while (81.1% vs. 18.9%), (92.9% vs. 7.1%)
for (T vs. t) alleles in diabetic patients and con-
trol individuals respectively (Figure 2).

Discussion

Vitamin D receptor is known to modulate cell
proliferation and differentiation, and calcium
absorption from the gut. The action of VDR is
regulated by vitamin D, parathyroid hormone,
growth factors and protein kinase A. Defects in
the VDR gene could modulate the metabolism
of calcium thus increasing the risk of develop-
ing different diseases including calcium stones,
prostate cancer, diabetes, osteoporosis, and
many others [9]. The active form of vitamin D,
1, 25-Dihydroxyvitamin D, performs its effects
via the VDR. Single nucleotide polymorphisms
(SNPs), Apa | A > a (rs7975232),and Taq I T > t
(rs731236), in the VDR gene have been investi-
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been screened for the associa-
tion with various human traits
and diseases [20]. Several
studies reported association of type 1 diabetes
with one of these SNPs [13, 21], however, the
reported associations were inconsistent among
different studies [3, 5, 11, 22-24].

In the present study, we have investigated the
distribution of VDR (Tag-lI and Apa-l) genotypes
in Egyptian patients with type 1 diabetes melli-
tus and compared them with healthy controls.
Here we reported a study of association
between SNPs in the VDR gene region and type
1 diabetes and their Apa | and Taql haplotypes
to be associated with type 1 diabetes in the
Egyptian population. SNPs of Apa | and Taq |
with linkage disequilibrium were detected in
the current study.

The VDR locus has been studied for the asso-
ciation with the susceptibility to immune-medi-
ated diseases including TIDM, but findings have
often been contradictory among different popu-
lations worldwide [25-28]. These could be due
to ethnic differences, diverse genetic or envi-
ronmental factors involved in the pathogenesis
of TIDM. The VDR polymorphism may reflect
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linkage disequilibrium and act as marker for
functional variants that affect expression levels
of VDR rather than being the disease-affecting
locus. Taq | is a silent SNP in exon 9, however,
Apa lis located in the intron between exons 8-9
and does not affect VDR protein structure [25,
29].

In addition to the allelic variation in relation to
Apal and Taql recognition sites, deduced nucle-
otide alignment and phylogenic tree analysis
revealed the presence of difference in nucleo-
tide sequences of the tested individuals (Figure
2). The observed nucleotide substitutions pos-
sessed no uniform distribution among different
diabetic and control individuals however, the
impact of these substitutions on the gene
structure and functions are unknown and need
further investigation. Our results suggested
that the frequency and distribution of the poly-
morphisms in type 1 diabetic Egyptian patients
and normal person were substantially different
from other populations. Thus the data suggests
an impact of ethnicity and provides a basis for
future epidemiological and clinical studies.

Conflicting results were found regarding the
correlation of Vitamin D receptor and Bsml
Fok1, Apal, and Taql genotypes, some studies
showed that the distributions were not different
between patients with diabetes and control
groups [30].

The apparent discrepancies between this study
and others could be a result of the effect of eth-
nic differences related to the distribution of
VDR polymorphisms in these populations, as
well as the interactions with other genetic or
environmental factors involved in the patho-
genesis of type 1 diabetes mellitus [13].

It seems that environmental factors that influ-
ence levels of active vitamin D in humans are
complex and a significant difference exists
between vitamin D functions and VDR polymor-
phisms [21]. Interestingly, environmental fa-
ctor(s) were described to alter the risk associ-
ated with VDR SNPs [31].

This study has been carried out on Egyptian
TIDM patient and healthy control individuals
possessing different environmental factors in
comparison to other locations in other coun-
tries. The interaction of these special environ-
mental conditions with the genetic constituents
may increase or decrease the incidence of TID
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among Egyptian population in comparison to
other countries.

On conclusion, the present study showed vari-
ability in the VDR gene on the basis of SNPs of
the basic core sequence. There were differenc-
es in allele frequency and distribution of geno-
types of VDR (Tag-l and Apa-l) in Egyptian dia-
betic patients than controls, as they represent
different environmental factors in comparison
to other countries. We recommend further
studies with larger sample size in different pop-
ulation. In addition, future studies on the cor-
relation between environmental factors and
TIDM and to extend the analysis to gene SNPs
in vitamin D metabolism genes on which there
is consensus that they are associated with
TIDM.

Address correspondence to: Dr. Mahmoud M Kamel,
Department of Clinical Pathology, National Cancer
Institute, Cairo University, Egypt. E-mail: mm.kamel@
yahoo.com
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