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ABSTRACT 

Type 1 diabetes mellitus is recognized as a T-cell-mediated autoimmune disease. Vitamin D is known to suppress T-cell activation by 
binding to the vitamin D receptor (VDR); and thus, VDR gene polymorphisms may be related to T-cell-mediated autoimmune 
diseases. We, therefore, investigated a VDR gene polymorphism in type 1 diabetes. We examined the VDR gene Bsm –I  
polymorphism in 55 type 1 diabetic patients and 55 controls, and the association between the VDR gene polymorphism and type 1 
diabetes. We found a significantly higher frequency of bb genotype in type 1 diabetics overall, compared with controls (P = 0.027). 
Moreover, there was a significant difference in bb genotype frequency between type 1 diabetic females and control females (P = 
0.011), whereas this difference was not observed between type 1 diabetics and controls within males group (P = 0.688). In 
conclusion, we found an association between a VDR gene polymorphism and type 1 diabetes in Syrian population. 
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INTRODUCTION 

ype 1 diabetes is considered to be T-helper 1 (Th1) 
type autoimmune disease1. Because this disease 
usually affects relatively younger ages, many 

patients suffer from diabetic complications that reduce 
their quality of life. Therefore, prevention of this disease 
is extremely important2. Both genetic and environmental 
factors are involved in causing type 1 diabetes3, and viral 
infection4,5, Gluten and other cereal-derived proteins6, 
cow’s milk7,8, BCG vaccination9 and vitamin D deficiency10 
are candidates for environmental factors. Among these 
environmental factors, vitamin D administration to an 
animal model of type 1 diabetes has been shown to 
prevent the disease11 , therefore an intervention trial of 
vitamin D administration to high risk subjects for type 1 
diabetes should be considered.  

This approach is attractive because the vitamin D 
receptor is expressed on CD4   T cells, which are a key 
immune cell in the development of type 1 diabetes. In 
addition, vitamin D compounds are known to suppress T-
cell activation by binding to the VDR12 and thus, VDR gene 
polymorphisms are likely to be related to T-cell mediated 
autoimmune disease. Vitamin D exerts its genomic action 
via the nuclear vitamin D receptor (VDR), The VDR 
belongs to the steroid receptor super-family of ligand-
activated transcription factors13, and is widely expressed 
in many cell types, including lymphocytes and 
macrophages 14, and the importance of vitamin D is 
further supported by the finding that pancreatic b-cells 
express VDR15.  The VDR gene is located on chromosome 
12q (12-12q14) and is highly polymorphic16.  

In humans, epidemiological studies indicated that dietary 
vitamin D supplementation during early childhood 
decreases the risk of type 1 diabetes 17, 18 and that 
maternal intake of vitamin D during pregnancy may have 

a protective effect on the appearance of islet 
autoantibodies in offspring 19,20. However, because the 
genetic background of subjects varies, we should focus on 
those with a genetically higher risk of type 1 diabetes that 
is related to vitamin D10.  

MATERIALS AND METHODS 

Patients and controls 

Fifty five unrelated Syrian patients already diagnosed with 
T1DM, age 7-58 years, who were attending diabetic 
clinics in Damascus and Dara'a were enrolled in the study. 
The male to female ratio of T1DM patients was 25/30. To 
characterize our diabetic population, we recorded date of 
birth, age at the onset of diabetes, the season of the 
onset, and body mass index (BMI).  

Age at the onset of diabetes was between 15 days and 26 
years in the diabetic group, with an average of 13.75 
years (SD=6.91), and patients with older age of the onset 
were excluded. The average BMI of all patients was 22.4 
kg/m2 (SD=3.2). Reference values for the prevalence of 
each genetic variant were obtained from 50 healthy 
subjects (24 males and 26 females) which don’t have any 
autoimmune disease and don’t have T1D family history 
with age 26-66 years (average=39.86, SD=11.66).   

The advantage of this population is the extremely low risk 
of development of T1DM. However, each subject filled 
out a detailed questionnaire concerning health risk 
factors before blood donation and none of them 
indicated the presence of T1DM in first-degree relatives. 
At the beginning of sample collection the informed 
consent of patients or parents of diabetic children was 
obtained for the use of blood samples for diagnostic and 
scientific purposes. 
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DNA isolation 

Blood was collected in EDTA–K3 tubes and stored at -20 
C˚ until DNA extraction. DNA was purified by using 
QIAamp Blood minikit (Qiagen, Germany) 

Genotyping 

Referring to the VDR gene sequence, PCR amplification of 
the region containing the polymorphism was performed 
using the forward primer in exon 7 (5'- 
CAACCAAGACTACAAGTACCGCGTCAGTGA-3') and the 
reverse primer in intron 8 (5'-
AACCAGCGGGAAGAGGTCAAGGG-3'). 

 The PCR conditions used in this study were as follows: 95 
°C for 5 min, followed by 30 cycles using the following 
temperature profile: 95 °C for 1 min, 56°C for 1 min, and 
72 °C for 1 min, and final elongation for 10 min.  The PCR 
products were 825-bp long (B allele) and were digested 
with BsmI at 65 °C for 1 h, and then subjected to 
electrophoresis in 2% agarose gel stained with ethidium 
bromide. The lengths of the restriction fragments were 
649 and 176 bp (b allele). Genotype was determined from 
the lengths of fragments, i.e. BB, Bb, and bb10. 

 
Figure 1: Ethidium bromide-stained 2% agarose gel 
showing  825-bp PCR products of the VDR gene, first lane 
is for marker, lanes A and B represents patients samples, 
lanes C and D are for control samples, and lane E is 
negative control. 

 
Figure 2: Detection of Bsm I polymorphism by PCR-RFLP. 
The upper bands represent allele B, the lower bands allele 
b. Lanes B, C,D,F,H and I Bb heterozygotes; lanes D and G 
BB homozygotes; and lanes A and E  bb homozygote. Lane 
J is negative control. Samples A-D are diabetic and lanes 
E-I are control. 

Statistical analysis 

Hardy–Weinberg equilibrium was calculated to evaluate 
the relationship between gene frequencies and genotype 
frequencies. Comparisons of genotype frequency 
between groups were performed using chi-squared test 
and IBM SPSS statistics 20 software was used for the 
statistical calculations.  

RESULTS AND DISCUSSION 

Results 

Higher frequency of bb genotype in type 1 diabetics 

The Bsm I polymorphisms in the VDR gene was 
investigated by PCR-RFLP analysis in type 1 diabetes  
patients. We also genotyped 50 healthy individuals as the 
control group. The frequencies of the alleles and the 
genotypes were in Hardy-Weinberg equilibrium among 
the patients and the controls. 45.5% of the patients were 
heterozygous for the Bsm I polymorphism, 12.7% were 
homozygous BB and 41.8 were homozygous bb. 

The respective frequencies in the control group were 
52%, 28% and 20%. These frequencies are significantly 
different from those in the diabetic patients (χ2=7.253, P 
= 0.027, df = 2). The allelic and genotypic frequencies in 
the patients and controls for the Bsm I polymorphism are 
shown in Table 1. 

Table 1: Genotype frequencies of VDR BsmI gene 
polymorphism 

 Patients N (%) Controls N (%) 

BB 7   (12.7) 14 (28.0) 

Bb 25 (45.5) 26 (52.0) 

bb 23 (41.8) 10 (20.0) 

B allele 39 (35.5) 54 (54.0) 

b allele 71 (64.5) 46 (46.0) 

Higher frequency of bb genotype in type 1 diabetes 
females 

The number of females having the bb genotype was 
higher in T1DM than in controls (12/3), the females 
having Bb genotype were equal in the two groups (15), 
and the number of females having BB genotype was 
lower in T1D than in controls (3/10). This difference is 
significant between female patients and controls 
(χ2=9.111, P = 0.011, df = 2). 

This difference was not exist when comparing genotypes 
within the males group. There were 11/7 
(patient/control) carrying bb genotype, 10/11 carrying the 
Bb genotype, and the BB genotype was equal in both 
groups (4), (χ2=0.748, P = 0.688, df = 2).  

Discussion 

The VDR is a member of the steroid hormone receptor 
superfamily21, and regulates gene transcription through 
interaction with hormone response elements in the 
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promoter region of target genes22. In the immune system, 
for example, vitamin D promotes monocyte 
differentiation and inhibits lymphocyte proliferation and 
secretion of cytokines, such as interleukin 2 (IL2), 
interferon-g, and IL1223. 

Clear effects of 1,25(OH)2D3 and its analogues on the 
different major players in the pathogenesis of type 
1diabetes mellitus have been described. A modest 
stimulation of insulin synthesis and insulin secretion by 
1,25(OH)2D3 is observed in vivo as well as in vitro. 
Moreover, a direct β-cell protection by 1,25(OH)2D3 and 
its analogues against metabolic and inflammatory stress 
has been demonstrated. On the other hand, major effects 
on the immune system, involved in the pathogenesis of 
type 1 diabetes have been described in vitro as well as in 
vivo, and prevention of type 1 diabetes and its recurrence 
after islet transplantation can be achieved by 
1,25(OH)2D3 and its analogues (alone or in combination 
with other immune modulators) 12,24. 

Table 2: Genotype frequencies of VDR BsmI gene 
polymorphism according to sex 

Sex 
Polymorphism 

Total 
Bb Bb Bb 

Female 
Patient 
Control 

12 
3 

15 
15 

3 
10 

30 
28 

Total 15 30 13 58 

Male 
Patient 
Control 

11 
7 

10 
11 

4 
4 

25 
22 

Total 18 21 8 47 

Environmental factor(s), specific to some groups of type 
1diabetic patients, may alter the risk associated with 
particular SNPs in the VDR gene25. For instance, VDR 
functions together with 1α,25-dihydroxyvitamin D3, the 
level of which is dependent on various environmental 
factors. These factors include vitamin D intake in the diet 
or as a supplement and its synthesis from precursors in 
skin under ultraviolet light exposure26. Such 
environmental factors may modulate risk associated with 
the sequence variation in the VDR gene, e.g., certain 
variants may only be functionally important among a 
subpopulation of subjects with vitamin D insufficiency. 
While it is difficult to design a study to evaluate such 
potential interaction directly, it may manifest itself as 
regional or temporal heterogeneity in association 
between patients, who would have developed type 1 
diabetes in different environments27. 

It has been shown that uncut alleles of the VDRB 
polymorphism increase receptor function and upregulate 
vitamin D-induced protein expression28, over more strong 
LD was observed between the BsmI RFLP and the polyA 
variable number of tandem repeat (VNTR) in the 3'UTR. 
This latter polymorphism follows a bimodal distribution 
and that subjects can be classified as having alleles with 
short or long polyA stretches. Ingles et al. reported strong 
linkage between the ‘‘b’’ allele and a long polyA stretch 

and the ‘‘B’’allele and a short polyA stretch. There seems 
to be a trend for the haplotypes linked to short polyA 
VNTR alleles in the 3'UTR to display somewhat better 
responses than the haplotypes linked to long polyA VNTR 
alleles. It is tempting to speculate that perhaps this is due 
to a slightly better mRNA stability and half-life. This would 
theoretically result in higher numbers of VDR being 
present in the target cell and thus giving this target cell a 
better response to vitamin D 23.  

Other publications also report association between 
gender and the consequences of VDR gene 
polymorphisms in T1D20, in another study VDR 
polymorphisms were associated with sex-dependent 
growth 30. However, the significance of this finding is hard 
to appreciate since the disease generally affects males 
and females equally20, raising the question as to whether 
this finding is related to a specific feature of the selected 
population rather than a true association with the 
disease. Confirmation of the association with other 
genetic approaches, for example using family studies, 
would provide more convincing evidence. 

REFERENCES 

1. Motohashi Y, Yamada S, Yanagawa T, Maruyama T, Suzuki 
R, Niino M, Fukazawa T, Kasuga A, Hirose H, Matsubarak K, 
Shimada A and Saruta T, Vitamin D Receptor Gene 
Polymorphism Affects Onset Pattern of Type 1 Diabetes, J 
Clin Endocrinol Metab, 88(7), 2003, 3137–3140. 

2. Morran MP, Omenn GS and Pietropaolo M, Immunology 
and Genetics of Type 1 Diabetes, MOUNT SINAI JOURNAL 
OF MEDICINE, 75, 2008, p 314–327.  

3. Gillespie KM, Type 1 diabetes: pathogenesis and 
prevention, CMAJ , 175(2), 2006, 165-170. 

4. Honeyman MC, Coulson BS, Stone NL, Gellert SA, 
Goldwater PN, Steele ChE, Couper JJ, Tait BD, Colman PG 
and Harrison LC, Association Between Rotavirus Infection 
and Pancreatic Islet Autoimmunity in Children at Risk of 
Developing Type 1 Diabetes, DIABETES, 49, 2000, 1319-
1324. 

5. Serreze DV, Ottendorfer EW, Ellis TM, Gauntt ChJ and 
Atkinson MA, Acceleration of Type 1 Diabetes by a 
Coxsackievirus Infection Requires a Preexisting Critical 
Mass of Autoreactive T-Cells in Pancreatic Islets, DIABETES, 
49, 2000, 708-711.  

6. Knip M, Veijola R, Virtanen SM, Hyöty H, Vaarala O and 
Åkerblom HK, Environmental Triggers and Determinants of 
Type 1Diabetes, DIABETES, 54 (SUPPLEMENT 2), 2005, 
S125-S136. 

7. Vaarala O, Knip M, Paronen J, Hämäläinen AM, Muona P, 
Väätäinen M, Ilonen J, Simell O, and Åkerblom HK, Cow’s 
Milk Formula Feeding Induces Primary Immunization to 
Insulin in Infants at Genetic Risk for Type 1 Diabetes, 
DIABETES, 48, 1999, 1389-1394. 

8. Virtanen SM, Läärä E, Hyppönen E, Reijonen H, Räsänen L, 
Aro A, Knip M, Ilonen J, Åkerblom HK and the Childhood 
Diabetes in Finland Study Group, Cow’s Milk Consumption, 
HLA-DQB1 Genotype, andType 1 diabetes, DIABETES, 49, 
2000, 912-917.  



Int. J. Pharm. Sci. Rev. Res., 21(2), Jul – Aug 2013; nᵒ 46, 254-257                                                                       ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

257 

9. Huppmann M, Baumgarten AD, Ziegler AG and  Bonifacio E, 
Neonatal Bacille Calmette-GuerinVaccination and Type 1 
Diabetes, DIABETES CARE, 28(5), 2005, 1204-1206. 

10. Shimada A, Kanazawa Y, Motohashi Y, Yamada S, 
Maruyama T, Ikegami H, Awata T, Kawasaki E, Kobayashi T, 
Nakanishi K, Kawabata Y, Kurihara S, Uga M and Tanaka Sh, 
Evidence for association between vitamin D receptor BsmI 
polymorphism and type 1 diabetes in Japanese, Journal of 
Autoimmunity, 30, 2008, 207-211. 

11. Mathieu C, Gysemans C and Bouillon R, Vitamin D and 
Diabetes in “VITAMIN D”2nd edition, Feldman, Pike, and 
Glorieux, Pub Elsevier, 2005, 1763-1777. 

12. Mathieu Ch and Gysemans C, Vitamin D and diabetes, 
Avances en Diabetologia, 22(3), 2006, 187-193. 

13. Sutton AL and Macdonald PN, Vitamin D: More Than a 
“Bone-a-Fide” Hormone, Molecular Endocrinology, 17(5), 
2003, 777–791 

14. Van Etten E and Mathieu Ch, Immunoregulation by 1,25-
dihydroxyvitamin D3: basic concepts, J. Ster. Biochem. Mol. 
Biol, 97, 2005, 93–101. 

15. Valdivielso JM and Fernandez E, Vitamin D Receptor 
Polymorphisms and Diseases, Clinica. Chimica. Acta., 371, 
2006, 1–12. 

16. Zemunik T, krabić VS, Boraska V, DiklićD, Terzić IM, Čapkun 
V, Peruzović M, and Terzic J, FokI Polymorphism, Vitamin D 
Receptor, and Interleukin-1 Receptor Haplotypes Are 
Associated with Type 1 Diabetes in the Dalmatian 
Population, Journal of Molecular Diagnostics, 7(5), 2005, 
600-604. 

17. The EURODIAB Substudy 2 Study Group. Vitamin D 
supplement in early childhood and risk for Type I (insulin-
dependent) diabetes mellitus, Diabetologia , 42, 1999, 51-
54. 

18. Hypponen E, Läärä E, Reunanen A, Järvelin MR and 
Virtanen SM, Intake of vitamin D and risk of type 1 
diabetes: a birth-cohort study, Lancet , 358, 2001, 1500-
1503. 

19. Balazs G, Vasarhelyi B, Krikovszky D, Madacsy L, Tordai A, 
Tulassay T and Szabo A, Gender-specific association of 
vitamin D receptor polymorphism combinations with type 1 
diabetes mellitus, European Journal of Endocrinology, 147, 
2002, 803–808. 

20. Stene LC, Ulriksen J, Magnus P and Joner G, Use of cod liver 
oil during pregnancy associated with lower risk of type 1 
diabetes in the off spring, Diabetologia, 43, 2000, 1093–
1098. 

21. Jurutka PW, Remus LS, Whitfield GK, Thompson PD, Hsieh 
JC, Zitzer H, Tavakkoli P, Galligan MA, Dang HTL, Haussler 
CA and Haussler MR, The Polymorphic N Terminus in 

Human Vitamin D Receptor Isoforms Influences 
Transcriptional Activity by Modulating Interaction with 
Transcription Factor IIB, Mol. Endocrinol., 14, 2000, 401-
420. 

22. Seuter S, Heikkinen S and Carlberg C, Chromatin acetylation 
at transcription start sites and vitamin D receptor binding 
regions relates to effects of 1α,25-dihydroxyvitamin D3 and 
deacetylase inhibitors on gene expression, Nucleic Acids 
Research, 41(1), 2013, 110-124. 

23. White JH, Vitamin D Signaling, Infectious Diseases, and 
Regulation of Innate Immunity, INFECTION AND 
IMMUNITY, 76(9), 2008, 3837–3843.  

24. Uitterlinden AG, Fang Y, van Meurs JBJ, Pols HAP, van 
Leeuwen J, Genetics and biology of vitamin D receptor 
polymorphisms, Gene, 338, 2004, 143–156. 

25. Ogunkolade BW, Boucher BJ., Prah JM, Bustin SA, Burrin 
JM, Noonan K, North BV, Mannan N, McDermott MF, 
DeLuca HF and Hitman GA, Vitamin D Receptor (VDR) 
mRNA and VDR Protein Levels in Relation to Vitamin D 
Status, Insulin Secretory Capacity, and VDR Genotype in 
Bangladeshi Asians, Diabetes , 51, 2002, 2294–2312 

26. Fang WL, Gao LB, Liang WB, Xue H, Bai P, Lv ML, Wang YY, 
Zhou B and Zhang L, Association Analysis of  Vitamin D 
Receptor Gene Polymorphisms in Chinese Population with 
Ashma, Iran J Allergy Asthma, Immunol, 15, 2009, 1856-
18562. 

27. Guessous I, Dudler V, Glatz N, Theler JM, Zoller O, Paccaud 
F, Burnier M and Bochud m, on behalf  of  the Swiss Survey 
on Salt Group, Vitamin D levels and associated factors: a 
population-based study in Switzerland, Swiss Med Wkly, 
142, 2012, w13719. 

28. Nejentsev S, Cooper JD, Godfrey L, Howson JMM, Rance H, 
Nutland S, Walker NM, Guja C,  Ionescu-Tirgovişte C, 
Savage DA, Undlien  DE, Rønningen KS,  Tuomilehto-Wolf E,  
Tuomilehto J,   Gillespie KM, Ring SM,  Strachan DP,  
Widmer B, Dunger D  and Todd JA, analysis of the Vitamin 
D Receptor Gene Sequence Variants in Type 1 Diabetes, 
DIABETES, 53, 2004, 2709-2712. 

29. Turpeinen H, Hermann R, Vaara S, Laine AP, Simell O, Knip 
M, Veijola R and Ilonen J, Vitamin D receptor 
polymorphisms: no association with type 1diabetes in the 
Finnish population, European Journal of Endocrinology, 
149, 2003, 591–596. 

30. Suarez F, Zeghoud F, Rossignol C, Walrant O and 
Garabedian M, Association between vitamin D receptor 
gene polymorphism and sex-dependent growth during the 
first two years of life, Journal of Clinical Endocrinology and 
Metabolism, 82, 1997, 2966–2970. 

 

 

Source of Support: Nil, Conflict of Interest: None. 

  


