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Abstract: 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 decreases the risk of
TIDM. Vitamin D exerts its action via the nuclear vitamin D receptor (VDR), which shows an extensive
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
recognition sites variants include Fok I, Bsm 1, Apa 1 and Taq 1. This study was conducted to investigate the
relationship between VDR gene polymorphisms and the incidence of TIDM in Saudi people living in Taif region.
Apa 1 recognition site was found in low frequency in diabetic patient (7/37)18.9% while, its frequency was high
(8/14) 57.1% among normal children. Taq I has two recognition sites. The first was found at nucleotide number 293
that was found in a frequency of (1/14) 7.1% in normal non-diabetic individuals while it was detected in (7/37)
18.9% in diabetic patients. The second Tag I recognition site was found at nucleotide number 494 without any
differences between diabetic and normal individuals. This study indicates that there is an association between VDR
genetic polymorphism and incidence of TIDM in Saudi people live in Taif region.
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Introduction cluster differentiation 4 ( CD-4) expression (Thomass

Type 1 diabetes mellitus (TIDM) is the most et, 1994; Paniet al., 2000). Studies in humans have
common form of diabetes in childhood and it is indicated that vitamin D supplementation in early
characterized by the destruction of pancreatic beta childhood decreases the risk of TIDM and the intake
cells resulting in the absence of insulin secretion thus of vitamin D in pregnancy may prevent the appearance
requiring exogenous insulin for survival (Sloka et al., of islet autoantibodies in the offspring (Fronczak et
2010) The activation of autoreactive lymphocytes and al., 2003). Moreover, supplementing infants with
the cytokine induced apoptosis of pancreatic-cells play vitamin D was suggested to be safe and effective
a major role in the etiology of type 1 diabetes. There strategy for reducing the risk of TIDM (Bener et al.,
are clear differences in the immunogenetic 2008). Vitamin D exerts its action via the nuclear
predisposition to type 1diabetes between countries and vitamin D receptor (VDR), which shows an extensive
the disease incidence seems to vary along with the polymorphism. The VDR belongs to the steroid
differences in the predisposition (Atkinson et al., receptor super-family and is widely expressed in many
1994). Global incidence of diabetes mellitus has been cell types, including lymphocytes, macrophages, and
increasing in recent decades; there are strong pancreatic -cells (Walters, 1992). VDR is located in
differences between different geographical areas and the q13 region of chromosome 12 (Bid ef al., 2005).
population groups (Turpeinen et al, 2003). 1,25- Polymorphisms within the VDR gene have been
Dihydroxyvitamin D3 [1, 25 ( O H ) 2D3] inhibits associated with altered gene expression or gene
lymphocyte activation and affects other elements of function (Van Etten, 2007). The role of VDR
the immune system, such as cytokine and polymorphisms in T1DM pathogenesis has been
immunoglobulin production, as well as major unclear. Several studies have suggested association
histocompatibility complex (MHC) class II and the between one or more of these SNPs and TIDM
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((McDermott et al., 1997;Pani et al., 2000; Ban ef al.,
2001;Mohammadnejad et al., 2012) but others have
failed to confirm this finding (Turpeinenet al., 2003).
Recently this inconsistency was attributed to the
environmental factors that potentially interfere with
the VDR genotype (Ponsonby et al, 2008). The
interactions of the genetic background with the
development of TIDM are well documented in various
populations as the incidence of childhood T1DM is
known to vary widely between and within countries.

It is known that type 1 diabetes is a multi-
factorial 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 factors, we examined the VDR polymorphisms
that interact with vitamin D.

This study was conducted to investigate the
relationship between VDR gene polymorphisms and
the incidence of TIDM in Saudi people living in Taif
region.

2. Material and Methods:
Ethical approval:

This study was approved by the ethical
committee of Faculty of Medicine, Taif University.

Patients:

This study included 37 patients with TIDM
included 24 males and 13 females with an age range of
3 to 15 years. Among the patients, 2 cases (5 %)
showed renal complications, fourteen healthy persons
(control group) were recruited for this study. Cases
were selected from the Children hospital in Taif city.
Full clinical examination:

Full case history, including the onset of disease,
insulin treatment, blood sugar level and complication
of the disease were recorded. Data about age, sex,
weight, height, liver, kidney, neurological & spleen,
eye examination were collected
Sampling:

Three 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 postprandial C-peptide, fasting and
postprandial blood glucose level was measured using
an immunofluorimetric assay with detection limit of
0.15 ng/ml.

Separation of peripheral blood polymorph nuclear

leukocytes (PMNs).
PMNs were separated using RPMI solutions and
Ficoll-PM  (Sigma-Aldrich) according to the

manufacturer’s instruction
DNA extraction and PCR.

1556

Genomic DNA was extracted from peripheral
blood polymorph nuclear (PMNs) cells using a
genomic DNA Isolation System (KomaBioteck. Inc.,
Seoul, Korea). DNA samples concentration and
quality were detected using spectrophotometer at
260/280nm. PCR was performed using Taq/Apa-for
(5" -CAG AGC ATG GAC AGG GAG CAA-3") and
Tag/Apa-rev (5" -G C A ACT CCT CAT GGC TGA
GGT CTC-3" ) primers that flank a 740-bp fragment
of Vit D intron 8/exon 9 as previously described (Pani
et al., 2000). The PCR conditions included an initial
denaturation for 5 min at 94°C, 35 cycles each of
which consisted of denaturation 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 Vit D by
direct sequencing:

PCR products were subjected to electrophoresis
in 1% agarose gel with ethidium bromide staining.
VDR specific bands were excised and purified with
the QIA quick gel extraction kit (KomaBioteck, Seoul,
Korea). Purified PCR products were sequenced
directly wusing specific primer pairs (Macrogen,
Korea). Different sequences of the VDR gene were
submitted to GenBank (accession numbers KF054040-
KF054055).

Multiple sequence analysis and phylogenetic tree:

Comparative analyses were performed using the
CLUSTAL W multiple sequence alignment program,
Mega 4.1 (Kumar et al, 2001). VDR sequences
obtained in the current study were used for the
alignments. The phylogenetic tree was constructed by
using the neighbor-joining method with Kimura two-
parameter distances by using the Mega 4.1. The
reliability of internal branches was assessed by 1000
bootstrap replications and the p-distance substitution
model.

Inclusion criteria in this study: a) age under 15
years, b) the diabetic patients were considered as
affected by TIDM according to American Diabetes
Association criteria (Report ADA, 2003).

Statistical analysis:

Data were analyzed using SPSS, version 11.5
statistical software. Comparisons of genotype
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.

3. Results and discussion:

Patients were studied at diagnosis and during the
course of treatment. The study included 24 males
(66%) and 13 females (34%), with an age range of 3 to
15 years, a mean of 8.7 #4.7 and median 8.5 years. In
37 patients, 2 cases (5%) showed renal complication, 1
case (2%) with eye complication, 6 cases (16%) with
uncontrolled TIDM. (VDR) is known to modulate cell
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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 developing different diseases
including calcium stones, prostate cancer, diabetes,
osteoporosis, and many others (Bid et al., 2005). The
active form of vitamin D, 1,25-Dihydroxyvitamin D,
performs its effects via the VDR. Single nucleotide
polymorphisms (SNPs) in the VDR gene have been
investigated, Apa I A>a (rs7975232), and Taq I T>t
(rs731236). The Apa 1 a allele corresponds to a T—G
transition and the 7aq I t allele results in a silent T—C
transition in intron 8 and exon 9 respectively
(Panierakiser al., 2009). The PCR amplicon used in
the reaction, 740 bp of the gene, flanked both the Apa
I and Tag 1 (designated as rs7975232 and rs731236
SNP, respectively) polymorphic sites. In the present
study, we have reported the distribution of VDR (Tag-
I and A4pa-I) genotypes in diabetic Saudi patients and
compared them with the genotypes in control. Apal
recognition site (GGGCC/C) was found at nucleotide
number 213 (Suppl 1) in (7/37)18.9% for aa in
diabetic patient while it was found among normal
children with high frequency; (8/14) 57.1%. The rest
of individuals showed GTGCCC motif (Suppl 1,
Table 1). Tgal recognition sites (T/CGA) at nucleotide
number 494 was found in amplicon from all tested
individuals however, a second site was found at
nucleotide number 293 that was presented only in
some individuals (Suppl. 1). We obtained allelic
frequencies of (81.1% vs 18.9%), (42.9% vs 57.1%),
for (A vs a) in diabetic patients and control individuals
respectively, while (81.1% vs 18.9%), (92.9% vs
7.7%) for (T vs t) alleles in diabetic patients and
control individuals respectively (Table 1). The Tagl
polymorphism results in a silent mutation in the VDR
gene (Nishimura ef al.,, 1994), which would therefore
not be expected to alter VDR function. The 4pa I site
is located within an intron of the VDR gene.
Alterations in intronic sequences may influence
protein expression (Mocharla et al, 1997). Four
common single SNPs in the VDR gene have been
studied intensively (Zmuda et al., 2000): Fokl T>C
(rs10735810), Bsml A>G (rs1544410), Apal G>T
(rs7975232), and Taql C>T (rs731236). These SNPs
have been screened for the association with various
human traits and diseases (Zmuda et al., 2000).
Several studies reported association of type 1 diabetes
with one of these SNPs (Bonakdaran, et al., 2012 and
Mohammadnejad et al., 2012), however, the reported
associations were inconsistent among different studies
(McDermott et al., 1997; Pani et al., 2000; Koeleman
et al., 2002; Guja et al., 2002; Fassbender ef al., 2002;
Turpeinen ef al., 2003). Here we report a study of
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association between SNPs in the VDR gene region
and type | diabetes and their Apa I and Tagl
haplotypes to be associated with type 1 diabetes in the
Saudi population. SNPs of A4pa 1 and Taql with
linkage disequilibrium were detected in the current
study.

The VDR locus has been studied for the
association with the susceptibility to immune-
mediated diseases including T1D, but findings have
often been contradictory among different populations
worldwide (McDermott et al., 1997; Bianco et al.,
2004, Uitterlinden ef al. 2004; Guo et al., 2006; Ban et
al., 2007). These could be due to ethnic differences,
diverse genetic or environmental factors involved in
the pathogenesis of T1D. The VDR polymorphism
may reflect linkage disequilibrium and act as marker
for functional variants that affect expression levels of
VDR rather than being the disease-affecting locus.
Taql is a silent SNP in exon 9, however, Apa 1 is
located in the intron between exons 8-9 and does not
affect VDR protein structure (Obi-Tabot et al., 2000;
Uitterlinden et al., 2004). In addition to the allelic
variation in relation to Apal and Taql recognition
sites, deduced nucleotide alignment and phylogenetic
tree analysis revealed the presence of difference in
nucleotide sequences of the tested individuals (Fig.1,
Suppl 1). The observed nucleotide substitutions
possessed 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 VDR polymorphisms in diabetic
Saudi patients and normal persons in Taif were
substantially different from other populations. Thus
the data suggest an impact of ethnicity and provide a
basis for future epidemiological and clinical studies.
Conflicting results were found regarding the
correlation of Vitamin D receptor and Bsml, Fokl,
Apal, and Taql genotype. Some studies showed that
the distributions were not different between patients
with diabetes and control groups (GogasYavuz et al.,
2011).

The apparent discrepancies between this and
other studies could be a result of the effect of ethnic
differences related to the distribution of VDR
polymorphisms in these populations, as well as to
interactions with other genetic or environmental
factors involved in the pathogenesis of type 1 diabetes
mellitus (Mohammadnejad et al., 2012)

It seems that environmental factors that influence
levels of active vitamin D in humans are complex and
a significant difference exists between vitamin D
functions and VDR polymorphisms (Bonakdaran et
al., 2012).
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Interestingly, environmental factor(s) were was out of the scope of this study and still need to be

described to alter the risk associated with VDR SNPs elucidated
(Zittermann, 2003). This study has been carried out on On conclusion, the present study showed
TID patient and healthy control individuals living in variability in the VDR gene which was recorded on
Taif city that is characterized by high altitude situation the basis of SNPs of the basic core sequence. There
thus possessing different environmental factor in were differences in allele frequency and distribution of
comparison to other locations in Saudi Arabia. The genotypes of VDR (7ag-1 and Apa-1) in diabetic
interaction of this special environmental condition patient than control. The samples were taken from
with the genetic constituents may increase or decrease Taif city that is characterized by high altitude situation
the incidence of TID among Taif population in thus possessing different environmental factor in
comparison to other sea level region in KSA which comparison to other locations in Saudi Arabia.
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Figure (1). The clinical and laboratory data of the patients and the control (Fasting and postprandial blood glucose
(mmol/L), C-peptide (ng/ml) and HbAlc (%)

Table (1): VDR polymorphism

Site one For Taq I Site two For Taql Apal
Control 14 1/14 8/14
Diabetes 37 7/37 7/37
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Fig.(2): Phylogenetic tree of VDR sequences of the Saudi nationals generated by neighbour-joining analysis.
The robustness of individual nodes of the tree was assessed using a bootstrap of 1000 replications of bootstrap re-
sampling of the originally-aligned nucleotide sequences. Scale bar represents 0.002 nucleotide substitutions.
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Supplement 1: Deduced nucleotide sequence of different VDR from Saudi nationals. Dots mean homologous
nucleotides. The recognition sites of the restriction enzymes Apal and Taql are boxed.
D1 2Taq CAGAGCATGG ACAGGGAGCA AGGCCAGGCA GGGACAGGGC CAGGTGCGCC
CATGGAAGGA CCTAGGTCTG GATCCTAAAT GCACGGAGAA GTCACTGGAG GGCTTTGGGG

CCAGGCAGTG [120]

HD3 e et e et et eeterete reeueates Seeteiene estetete ceberestes shesteres eeerenes [120]
HDA ADA et et et ettt ettt etetete teetetes Seebetene eseetets sterentes eebetene tereatenes [120]
HDS ADA oot ettt et ettt ettt —etetete teeteates seetetene eteetenes Seebetes seebetene tereatenen [120]

HDT et et et et et ettt etee steteteae eaaetete eteatebes stebets eeteaeate teseatenes [120]
HDO ADA et et et ettt ettt ettt ttetetes stebetene ebeetees seetetes eebetene tereatenen [120]

HDTA ADA oot et et ettt et et eetee et tetetetes saebeetene ebeetee eteteneen seebensens [120]
HD23 ADA et et et et et et eetee et tetetetes saebestene ebeetee eeerenten seerensens [120]
#D28 ... Gt et et et e ettt ettt hetebene eattete Stetetes eeseetene ereesenn [120]
HD29 et et et e et ettt ceertete teteseates saetetene ereetees seterentns eebeneens [120]
HD30 2TAQ  cocereres ceeieiee ceteies crteeetet cteteteae fertetee cteteates tetetene eteseat seeseates aeseetene enebenes [120]
2 O AN o U SUTRUU [120]
HCO s ettt s ettt cteieats ettt eieabeae Saeebebeas eetetabe tebestees Shesterens eebeneene [120]

2 O N o v: T I T [ TSP [120]
#HCO Apa et e et e Gl et et s e et et et e [120]
HCI0 et s e e G et e e e et s e [120]
HCI3 APA et ceeeeieit ettt ettt seeteteae et ettt tateteates tetetene eteteat tetesttes eebeesens eeeesenes [120]
GGGCCC(Apal)

#D1_2Taq GTATCACCGG TCAGCAGTCA TAGAGGGGTG GCCTAGGGGG TGCTGCCGTT
GAGTGTCTGT GTGGGTGGGG GGTGGTGGGA TTGAGCAGTG AGGTGCCCAG CTGAGAGCTC
CTGTGCCTTC [240]

BD3 e e e G eeeeeeee eeeeeeeoen oeeeeseeen eeeeeeeee oeeeeeeees eeeeeeeee oeeeeeees oo [240]
BDA AP e e e Corroroes eeveeees eeeeeeeeen eeeesesees eeeeesssen eeeeeeenee e [ I [240]
BD5 AP e e e Correooes eeeeeees eeeeeeeen eeeeseseen oeeeeseeen eeeeeeeeee [ [240]

BDT oo oo eeeeeeee eeeeeeaten eeeeeeeees eeeeeeeee eeeeeeeee eeeeeeeee eeeeeseee eeeeeeees eeeeeees 2o [240]
BDO ADA  eoooeee eeeeeeeee eeeeeeeeen eeeeeeeee eeeeeeees eeeeees seeeeees seoeeees seeeeeeee oo [ [240]
BDUA ADA  coovvooes ceeeeeeees seeeeseeen eeeeeesees eeeeeeses eeeeeeees eeeeeees 2oeeeeees seeeaees oo [ [240]

BD23 ADA  eoovvvoes eeeeeee eeeeeseeen eeeeeesees seeeeeeees eeeeeeees eeeeees +eeeeees sereeeees oo G Ao v, G [240]

BD28 oo e eeeeeeees eeeeeee eeeeeeee eeeeeeee eeeeeeseen eeeeeeseee eeeeeesen eeeeeeees (< [240]
BD29 s e e, v eeeeeeee eeeeseeees oeeeeeseee oeeeeeseee eeeeeeeees ereeeeeee eeeeeees oo [240]
BCL APE oo oo oo Corrores eeeeeee eeeeeeeoes oeeeeesees oeeeesseen eeeeeeenen e [ [240]

BOO oo ceeeeeeeee eeeeeeees eeeeeees eeoeeeee seeeeeee seesseee seeeseeeen eeeeesseen eeeeeseeee eeeereses oo [240]

BCT ADPA 2 TAG  orrerers weoeesees weoeevees weveenies sesseenes seesssenes seeesssees seeesssens seeseereee e < I [240]
BCO ADPE  ooooeeees ceeeeeees weeeeeeees sevesoeees seesoeees seeeeeees eeeesse seeeeeis eeeeee e [ [240]

BOLO oo ceeeeeeeee oeeeeeeeee eeeeeeeee eeeesees seeseeeees sesseeeees seeessees seessesees eeeeeseeen seeeeseene eeeeeeeees [240]
BOI3 ADA  oooooeoee cooeeeeeee weeeeeeees seveossees sevoseees sesseesees sesessses seseeees sereseees o [ I [240]

TCGA(Taql)
#D1 2Taq TTCTCTATCC CCGTGCCCAC AGATCGTCCT GGGGTGCAGG ACGCCGCGCT GATCGAGGCC
ATCCAGGACC GCCTGTCCAA CACACTGCAG ACGTACATCC GCTGCCGCCA CCCGCCCCCG [360]

L 5 Toees eeeeeeeees eeeeeeees seveenees eesseon seseseenen eeeeseones [360]
T Y N 8 T [360]
L DTN R ¢ SO 0 S [360]
L A Toees eeeeeeeees weeeeeees seveeeees eeeseen sessseenen eeeessenes [360]
BDO APA oo oo eeeeeeeeen eeeeeeeen e o T eeeeees weeeeeees eeveeeees seveeeees sessesees seesses [360]
BD1A ADA  eoovves oo eeeeeeeeen eeeeeeeeen eeeeeerene e Teees eeeeeeees weeeeeees eeeeerees eeeeeenes eeessse eeseseenes [360]
Dy N Teeeee eeeeeeees weeeeeees eeeseeees seeeeees eeessee eeseseenes [360]
BD28 oo e s Ceoveeeeee e o o S < I [360]
L 5 S oo eeeeeeees weeeeeees seveeeees seseonees seseeenes seeeenenes [360]
L) N T 8 SR [360]
BCO oo oo e oo e e T [360]
BOT ADPA 2 TAG  erreeees weoeeeeess weoeeeess seseeeees wesssess sessseenn seessssens seesessses seeesesses soeeeeeses oeeeeeees errresees [360]
BCO APE  oovoeeees ceeeeeees eeveeeees eeveeeees seeseee o o W [360]
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L) [ R Teeees weeeeeees weeeeeees seveenees eeseesees seesssenen eeeseeeens [360]
e I R o SR < T [360]

#D1_2Taq GGCAGCCACC TGCTCTATGC CAAGATGATC CAGAAGCTAG CCGACCTGCG CAGCCTCAAT
GAGGAGCACT CCAAGCAGTA CCGCTGCCTC TCCTTCCAGC CTGAGTGCAG CATGAAGCTA [480]

HD3 e et et et et ettt etes saeteteae eatetete eteateses Stebens eeteaeate eseaeenes [480]
HDA ADA oot ettt et ettt ettt etetete teetetes seebetene ebeetenes stetetes seebetene tereatenes [480]
HDS ADA oot ettt et ettt ettt —etetete teeteates seetetene eteetenes Seebetes seebetene tereatenen [480]

HDT et et et ettt et ettt etee saeteteae eatetete eteatetes Stebens eeteaeane eeaeenes [480]
HDO ADPA it s et s et et seterees eeeeannee o ) O [480]
HDTA ADA et et et ettt et et et tetetates saebeetene ebeetee etebeaeen seerensens [480]
HD23 ADA et et et et et et eatee et tetetetes Saebestene ebeetee steteneen sreresens [480]

HD28 et et et e et ettt cebeetete teteseates saetetene eeetete seterentns eebeseens [480]

HD29 s et et e et ettt ceeetet teteseates saetetene eaeetete seterentns eebeneens [480]
HCL AP it et ettt ettt e et ceetetes sheetesees saetestene eetere saeeteres eebeneens [480]

HCO s ettt et ettt ettt eeebeie ebesteie Seeberens estestabe tebestees Sheseerens seereneens [480]

2 O N o v: T I T [ TP [480]

HCO AP it et et ettt e et ceetete sheeteaees sartestene eseeenes sateterens eebeneens [480]

HCLO ot eeets cettee sttt ettt eetertetes seeteetee estetente tetererees seebestene ferestenes seeeieneas [480]
HCI3 APA oot ceeeeieit ettt ettt et et ettt tateteaten tetabeae eteseat tetestbes stebessens eeesenes [480]

TCGA(Taql)

#D1_2Taq ACGCCCCTTG TGCTCGAAGT GTTTGGCAAT GAGATCTCCT GACTAGGACA GCCTGTGGCG
GTGCCTGGGT GGGGCTGCTC CTCCAGGGCC ACGTGCCAGG CCCGGGGCTG GCGGCTACTC [600]

BD3 oo e eeeeeeee eeeeee e eeeeeeeee eeeeeeeee eeeeeeeee eeeeeeeee ereeeeees eeeeeeees eeeeeees 2o [600]
BDA ADA  eooovvooee eeeeeeeeee eeeeeeeeee eeeeeeeee eeeeeees eeeeees eeeees seseieees seseeeee seeseeee sesseree serereenne [600]
4D5 Apa .. G oo eeeeeeeeen eeeeeeeeee eeeeeesee eeeeeseee eeeeeeees eeeeeeees eeeeeees 2eeeeeees sereeeee seeee [600]

BDT e oo eeeeeeee eeeeeeetn eeeeeeseee eeeeesees eeeeeeeee eeeeeeeee eeeeereee eeeeeeees eeeeeees 2o [600]
BDO ADA  eooovveees eeeeeeeeee eeeeeeeeae eeeeeeees eeeeeees eeeeees reeees sesereees seseeeee seeseeee serseree sereseenne [600]
BDUA ADA  eoovvveees eeeeeeeeen eeeeeesees oeeeessees oeeseeeses ereeeeees sereeeees seeeeeees seeteeees seseeees seeseeee sersree [600]

BDUS  ooccooooes oo eeeeeeees eeeeeeee eeeeseeren eeeeeseee eeeeeeeee eeeeeeeeee eeeeeeees ereeeeees eeeeeees 2o [600]
BD23 ADA  eoovvvees eeeeeeeeen eeeeeeeeen eeeeeeeees eeeeeeees eeeeeeees ereeeees seeeeees seeeeees soeseeeee seeseeee sersree [600]

BD28 oo oo eeeeeeees eeeeeeee eeeeeeeeen eeeeeseee eeeeeesee eeeeeeeees eeeeeeeee oeeeeeeee eeeeeees 2o [600]

BD29 oot e oo eeeeeeee eeeeeeeeen eeeeee et eeeeeeeee eeeeeeeeee oeeeeeeee eeeeeeees eeeeeees 2o [600]
BT ADPE  ooooeeeee woeoeeees weoeeeees eeveeseees seeesesees seesseses seeesssees seeessenen seeeesseen seeeeeeeen seeeeeeeee ereeeeees [600]

BOO oo ceoeeeeeee eeeeeeees eeeeeeee eeoeeeee oo eeee eeesseeee seeeseeaen seeeesseen eeeeesseee eeeereeee eeeeeeees [600]

BOT ADPA 2 TAG  orreeees weoeeeees weoereess seveeeees wesssses sessseenn seeesssens soeeessses seeeeseses soeeeeeses oreeeeees ermresres [600]
BCO ADPA  ooooeeees weeeeeees weeeeeees weeeeeiees seeeseeee seessess seeesseeen eeeessanen eeeeessaen eeeeeeseen eeeeeeeee ereeeeees [600]

BOTO  ooeeeeeeee ceeeeeeeee oeeeeeeeee eeeeeees —oeeesees seeseeeees seseeeeees seesesees seessesees eeeeeseeen seeeeseene eeeeeeeees [600]

BOI3 ADA  ooooeeeee eeeeeees weeeseees seeeessees seseesess sesseeees seesssss seessse seesssanen seeeesseon eeeeesseen seeeeerees [600]

#D1_2Taq AGCAGCCCTC CTCACCCCGT CTGGGGTTCA GCCCCTCCTC TGCCACCTCC CCTATCCACC
CAGCCCATTC TCTCTCCTGT CCAACCTAAC CCCTTTCCTG CGGGCTTTTC CCCGGTCCCT [720]

HD3 et s et et et ettt etes seetetene eatetete eteetenes Seebens eeteaeane teeaeenes [720]
HDA ADPA et et et et e et etebeees seebetene ereerene e Gt et e [720]
HDS ADPA oot ettt et ettt ettt —etetete teetetes seebetene ebeetenes stebetes seebetene tereatenen [720]
HDT et et et ettt ettt ettt etes saeteteae eatetete eteatetes stetets eeteteate teeaeenes [720]
HDO ADA et ettt e ettt ettt —etetete teetetes seetetene ebeatens stebetes seebetene tereaeenen [720]
HDTA ADA oot oot et et et e et tetetetes seebeetene ebeetee etebeneen seebensens [720]
HDLS et et et e e ettt ceberete teteneates saeeetene eaeetets seterestne eebeneens [720]
HD23 ADA et et et et et et eetee et tetetetes saebeetene ereetee sateteneen seeresens [720]
HD28 et et et et et eten ettt cebertebe seeeates saetetene eeetets seterentns eebeeens [720]
HD29 et et et e et ettt cebertete teteseates saetetene eeetete seterestne eebeseens [720]
HCL AP oot et ettt ettt e et ceetetes sheeteaens sertestene esetene sateteres eebeneens [720]
HCO s et et ettt ettt eeatteae ebenteae Stebebens estentebe tebestees shesterens eeseneens [720]

L O N o v: I I T [ USSR [720]
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HCO ADA o et ettt eeeees seerteees seeteete hesteete testeente saeeeeste eeseesses essesees sessessees [720]
HCLO s et ettt cretees cettete e ettt ntes et et steste st cebesteee esteaeeae eeeetns sesieben [720]
HCLI3 APA it et ettt ettt et et cetetete —eebentens seetentes ctestent tebeeeens esenien [720]
#D1 2Taq TGAGACCTCA GCCATGAGGA GTTGC [745]
#D3 e e [745]
#D4 Apa et s e [745]
#DS Apa et e e [745]
HDT et e e [745]
#D9 Apa et e e [745]
#D14 Apa et e s [745]
#DI15 e e e [745]
#D21 e e e [745]
#D23 Apa et s e [745]
#D28 e e e [745]
#D29 e e e [745]
#C1 Apa e e e [745]
HCO et e e [745]
#C7 Apa 2 Taq .ccoeeee veveveen e [745]
#CO9 Apa e e e [745]
#HC10 et e e [745]
#C13 Apa e e e [745]
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	Full clinical examination:
	Full case history, including the onset of disease, insulin treatment, blood sugar level and complication of the disease were recorded. Data about age, sex, weight, height, liver, kidney, neurological & spleen, eye examination were collected
	Single nucleotide polymorphisms of the Vit D by direct sequencing:
	PCR products were subjected to electrophoresis in 1% agarose gel with ethidium bromide staining. VDR specific bands were excised and purified with the QIA quick gel extraction kit (KomaBioteck, Seoul, Korea). Purified PCR products were sequenced directly using specific primer pairs (Macrogen, Korea). Different sequences of the VDR gene were submitted to GenBank (accession numbers KF054040-KF054055).
	Multiple sequence analysis and phylogenetic tree:
	Comparative analyses were performed using the CLUSTAL W multiple sequence alignment program, Mega 4.1 (Kumar et al., 2001). VDR sequences obtained in the current study were used for the alignments. The phylogenetic tree was constructed by using the neighbor-joining method with Kimura two-parameter distances by using the Mega 4.1. The reliability of internal branches was assessed by 1000 bootstrap replications and the p-distance substitution model.
	3. Results and discussion:
	Patients were studied at diagnosis and during the course of treatment. The study included 24 males (66%) and 13 females (34%), with an age range of 3 to 15 years, a mean of 8.7 ±4.7 and median 8.5 years. In 37 patients, 2 cases (5%) showed renal complication, 1 case (2%) with eye complication, 6 cases (16%) with uncontrolled TIDM. (VDR) 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 developing different diseases including calcium stones, prostate cancer, diabetes, osteoporosis, and many others (Bid et al., 2005). The active form of vitamin D, 1,25-Dihydroxyvitamin D, performs its effects via the VDR. Single nucleotide polymorphisms (SNPs) in the VDR gene have been investigated, Apa I A>a (rs7975232), and Taq I T>t (rs731236). The Apa I a allele corresponds to a T→G transition and the Taq I t allele results in a silent T→C transition in intron 8 and exon 9 respectively (Panierakiset al., 2009). The PCR amplicon used in the reaction, 740 bp of the gene, flanked both the Apa I and Taq I (designated as rs7975232 and rs731236 SNP, respectively) polymorphic sites. In the present study, we have reported the distribution of VDR (Taq-I and Apa-I) genotypes in diabetic Saudi patients and compared them with the genotypes in control. ApaI recognition site (GGGCC/C) was found at nucleotide number 213 (Suppl 1) in (7/37)18.9% for aa in diabetic patient while it was found among normal children with high frequency; (8/14) 57.1%. The rest of individuals showed GTGCCC motif (Suppl 1, Table 1). TqaI recognition sites (T/CGA) at nucleotide number 494 was found in amplicon from all tested individuals however, a second site was found at nucleotide number 293 that was presented only in some individuals (Suppl. 1). We obtained allelic frequencies of (81.1% vs 18.9%), (42.9% vs 57.1%), for (A vs a) in diabetic patients and control individuals respectively, while (81.1% vs 18.9%), (92.9% vs 7.7%) for (T vs t) alleles in diabetic patients and control individuals respectively (Table 1). The TaqI polymorphism results in a silent mutation in the VDR gene (Nishimura et al., 1994), which would therefore not be expected to alter VDR function. The Apa I site is located within an intron of the VDR gene. Alterations in intronic sequences may influence protein expression (Mocharla et al., 1997). Four common single SNPs in the VDR gene have been studied intensively (Zmuda et al., 2000): FokI T>C (rs10735810), BsmI A>G (rs1544410), ApaI G>T (rs7975232), and TaqI C>T (rs731236). These SNPs have been screened for the association with various human traits and diseases (Zmuda et al., 2000). Several studies reported association of type 1 diabetes with one of these SNPs (Bonakdaran, et al., 2012 and Mohammadnejad et al., 2012), however, the reported associations were inconsistent among different studies (McDermott et al., 1997; Pani et al., 2000; Koeleman et al., 2002; Guja et al., 2002; Fassbender et al., 2002; Turpeinen et al., 2003). Here we report a study of association between SNPs in the VDR gene region and type 1 diabetes and their Apa I and TaqI haplotypes to be associated with type 1 diabetes in the Saudi population. SNPs of Apa I and TaqI with linkage disequilibrium were detected in the current study.
	The VDR locus has been studied for the association with the susceptibility to immune-mediated diseases including T1D, but findings have often been contradictory among different populations worldwide (McDermott et al., 1997; Bianco et al., 2004; Uitterlinden et al. 2004; Guo et al., 2006; Ban et al., 2007). These could be due to ethnic differences, diverse genetic or environmental factors involved in the pathogenesis of T1D. The VDR polymorphism may reflect linkage disequilibrium and act as marker for functional variants that affect expression levels of VDR rather than being the disease-affecting locus. TaqI is a silent SNP in exon 9, however, Apa I is located in the intron between exons 8–9 and does not affect VDR protein structure (Obi-Tabot et al., 2000; Uitterlinden et al., 2004). In addition to the allelic variation in relation to ApaI and TaqI recognition sites, deduced nucleotide alignment and phylogenetic tree analysis revealed the presence of difference in nucleotide sequences of the tested individuals (Fig.1, Suppl 1). The observed nucleotide substitutions possessed 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 VDR polymorphisms in diabetic Saudi patients and normal persons in Taif were substantially different from other populations. Thus the data suggest an impact of ethnicity and provide a basis for future epidemiological and clinical studies. Conflicting results were found regarding the correlation of Vitamin D receptor and Bsm1, Fok1, Apa1, and Taq1 genotype. Some studies showed that the distributions were not different between patients with diabetes and control groups (GogasYavuz et al., 2011).
	The apparent discrepancies between this and other studies could be a result of the effect of ethnic differences related to the distribution of VDR polymorphisms in these populations, as well as to interactions with other genetic or environmental factors involved in the pathogenesis of type 1 diabetes mellitus (Mohammadnejad et al., 2012)
	It seems that environmental factors that influence levels of active vitamin D in humans are complex and a significant difference exists between vitamin D functions and VDR polymorphisms (Bonakdaran et al., 2012).
	Interestingly, environmental factor(s) were described to alter the risk associated with VDR SNPs (Zittermann, 2003). This study has been carried out on TID patient and healthy control individuals living in Taif city that is characterized by high altitude situation thus possessing different environmental factor in comparison to other locations in Saudi Arabia. The interaction of this special environmental condition with the genetic constituents may increase or decrease the incidence of TID among Taif population in comparison to other sea level region in KSA which was out of the scope of this study and still need to be elucidated
	On conclusion, the present study showed variability in the VDR gene which was recorded on the basis of SNPs of the basic core sequence. There were differences in allele frequency and distribution of genotypes of VDR (Taq-I and Apa-I) in diabetic patient than control. The samples were taken from Taif city that is characterized by high altitude situation thus possessing different environmental factor in comparison to other locations in Saudi Arabia.
	Figure (1). The clinical and laboratory data of the patients and the control (Fasting and postprandial blood glucose (mmol/L), C-peptide (ng/ml) and HbA1c (%)
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	7/37
	7/37
	Fig.(2): Phylogenetic tree of VDR sequences of the Saudi nationals generated by neighbour-joining analysis. The robustness of individual nodes of the tree was assessed using a bootstrap of 1000 replications of bootstrap re-sampling of the originally-aligned nucleotide sequences. Scale bar represents 0.002 nucleotide substitutions.
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