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ABSTRACT

Objective: Vitamin D receptor (VDR) mediated Vitamin D signaling is important for expression of insulin gene and glucose transporters, which help in 
glucose uptake by cells. Current evidence suggests that four common polymorphisms (FokI, BsmI, ApaI, TaqI) of VDR gene are associated with Type 2 
diabetes mellitus (T2DM) in different populations. However, there is a scarcity of data on VDR polymorphisms from Indian population.

Methods: In the current study, total genomic DNA was isolated from 100 well-characterized T2DM patients and 100 healthy controls. We investigated 
the prevalence of FokI and ApaI polymorphisms in VDR gene of these patients by polymerase chain reaction-restriction fragment length polymorphism-
based method. Taking help of our previous published data on TaqI and BsmI polymorphisms in same patients, the haplotype study was also conducted. 
Statistical analysis of data was performed using SPSS 21.0 software. Haplotype and linkage disequilibrium analysis was performed by Haploview software.

Results: Both the wild (TT) and mutant (CC) genotype of FokI polymorphism showed a significant difference between patients and controls (p<0.001 
and p<0.001, respectively). The frequency of mutant allele (C) was also significantly higher in T2DM patients than the controls (p<0.001). In case of 
ApaI, frequency of wild (GG) and mutant (CC) genotype was significantly different in patients and controls (p=0.017 and p=0.034). As per haplotype 
analysis, the CACT haplotype was predicted to be of significance in patients and consists of mutant alleles of three polymorphisms (FokI, BsmI, ApaI).

Conclusion: Our study supports the association of FokI and ApaI polymorphism in T2DM. The haplotype analysis also indicates that the combinations 
of mutant allele of different VDR polymorphisms are probably responsible for increased susceptibility of these individuals toward T2DM.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a complex, polygenic disease where 
individuals experience high blood glucose levels. It is a progressive 
disease, in which either the cells become resistant to insulin or steadily 
cells lose its ability of insulin production in the pancreatic β cells. 
Pathogenesis of T2DM involves various genetic and environmental 
factors. Out of various environmental factors, Vitamin D has allured 
extensive importance as a potent factor in prognosis and evasion of 
T2DM [1,2]. The major role of Vitamin D is calcium homeostasis which 
is an important for both insulin secretion from the pancreatic β cell and 
its action on target cell [3-5]. The intracellular signaling of Vitamin D 
requires its binding to Vitamin D receptor (VDR). VDR is present on the 
nuclear membrane to perform the majority of the biological actions [6]. 
VDR after binding with the Vitamin D acts as a transcription factor and 
controls the expression of many genes involved in glucose metabolism 
such as insulin and glucose transporters [7-9]. VDR is encoded by the 
VDR gene located on the chromosome 12 (12q12-q14). Several VDR 
polymorphisms have been reported in case of different populations 
suffering from different metabolic diseases [10-13]. In the recent years, 
these polymorphisms are also known to be associated with both the 
risk of occurrence of diabetes in the various diabetic populations [14]. 
Among all the known VDR polymorphisms, the most commonly 
found single nucleotide polymorphisms (SNPs) are rs7975232 (ApaI) 
G64978C, rs2228570 (FokI) T30920C, rs731236 (TaqI) T65058C, and 
rs1544410 (BsmI) G63980A are identified using ApaI, FokI, TaqI, and 
BsmI restriction enzymes, respectively. Among the four polymorphisms 
TaqI, FokI are exonic mutations reported in (exon 9) and (exon 2), 
respectively. On the other side, ApaI (intron 8) and BsmI (intron  8) 
are intronic polymorphisms. FokI is also known as start codon 
polymorphisms that alter size of VDR protein [15]. ApaI, BsmI are non 
coding changes but are known to affect the stability of VDR mRNA [16].

Latest findings suggest that these allelic variations of VDR gene 
are associated with incidence, clinical symptoms, and severity or 
susceptibility of diabetic phenotype [17-20]. Furthermore, these 
polymorphisms are reported to be in strong linkage disequilibrium 
(LD) in different phenotypes including T2DM. Most of these studies 
have published the data from different parts of the world population, 
and very few data are available in context to the Indian population. 
To the best of our knowledge, till date, there is only one literature 
published, which suggests the association of only three VDR gene 
polymorphisms (FokI, BsmI, TaqI) with T2DM in Indian patients [21]. 
To study the association of all these four polymorphisms with T2DM in 
India, recently we cared for total 100 well characterized T2DM patients, 
and the same number of age matched healthy controls from New Delhi, 
India. As a preliminary analysis, firstly we studied TaqI and BsmI 
polymorphisms. As a result, we found that the frequency of TT and TC 
genotype of TaqI as well as GG and GA genotype of BsmI polymorphism 
was significantly different in patients and controls [22]. In the current 
study, the association of remaining two important polymorphisms such 
as FokI and ApaI is investigated. As per literature, BsmI, ApaI and TaqI 
polymorphisms are shown to be in strong LD [23]. Hence, by taking 
help from our published data [22], the relationship between these four 
polymorphisms (LD and haplotype analysis) was also studied further 
in our patients.

METHODS

Study population
A total of 100 well-characterized Type 2 diabetes (T2D) patients (as 
per ADA Guidelines (2012) were selected for the study. All the patients 
had higher fasting plasma glucose levels (≥126 mg/dl), postprandial 
glucose >200 mg/dl and hemoglobin A1c >6.5% and were between age 
of 35 and 55 years. Along with patients, a total of 100 respective age 
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matched controls were recruited from All Indian Institute of Medical 
Sciences (AIIMS), New  Delhi, India. The study was approved by the 
ethical committee AIIMS, New  Delhi and JIIT, Noida. All the subjects 
were nonsmokers and non alcoholic. After taking the informed consent, 
the clinical details and blood samples were collected from all the 
subjects selected for the study.

Genomic DNA extraction
Blood sample (2 ml) was collected in ethylenediaminetetraceatic acid 
coated BD vacutainer. From all the blood samples, total genomic DNA 
was isolated using the standard protocol of salting, out method [24] and 
stored at −20°C for further experiments.

Genotyping/polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP)
PCR-RFLP was used to analyze the ApaI and FokI polymorphism in T2DM 
patients and controls. PCR amplification was carried out using the Bio-
Rad thermal cycler, the reaction mix was prepared using 50 ng of DNA, 
10 pmol of each forward (F) and reverse (R) primers (Sigma-Aldrich), 
2 mM of deoxynucleotide triphosphates’s (Sigma-Aldrich), 0.5  U Taq 
polymerase (Sigma-Aldrich) and nuclease free water was used to make 
up the volume to 30 µl. PCR conditions were initial denaturation at 95°C 
for 5 minutes, denaturation at 95°C for 1 minute, annealing at 69°C 
(FokI) and 60°C (ApaI) for 1 minute, extension at 72°C for 5 minutes, 
and final extension at 72°C for 5 minutes. The PCR product obtained 
was 267 bp for FokI and 200 bp for ApaI; these PCR products were 
digested with 10 U of FokI (65°C/4 hrs, Thermo Scientific) and ApaI 
(37°C/4 hrs, Thermo Scientific) restriction enzyme. These digested 
products were then resolved in 3.5% agarose gel stained with ethidium 
bromide and analyzed (Table 1).

Statistical analysis
All the statistical analysis was performed using a commercially 
available software program (SPSS 21.0, SPSS Inc., Chicago, Illinois, 
USA). Clinical data were expressed as mean and standard deviation. 
To determine whether any significant differences in polymorphism 
frequencies occurred between the case and the control populations, the 
allele and genotype frequencies were compared, using the Chi-square 
(χ2) method. Fischer’s exact test was used to compare the genotype and 
allelic frequencies in all the groups. Associations between the T2DM 
phenotype and genotypes were assessed by calculating the p value 
and 95 confidence intervals. Haplotype and LD analysis was performed 
using Haploview 4.2. The p≤0.05 was considered to be statistically 
significant.

RESULTS

General characteristics of study population
In case of T2D patients, 45% of the population was women. The mean 
age for T2D patients and the controls were (46.8±11.33 years vs. 
39.34±11.12 years), respectively. Fasting glucose level of T2D patients 
was 158.25±48.85 mg/dl, whereas postprandial plasma glucose level 
was 235.57±86.0 mg/dl.

Distribution of FokI and ApaI polymorphisms in VDR gene
After PCR amplification of different fragments of VDR gene, the RFLP 
study was performed using FokI and ApaI restriction enzymes. Based 

on the PCR/RFLP results (Figs. 1 and 2), the analysis was conducted 
further. For FokI polymorphism, genotype frequencies were TT (3%), 
TC (36%), CC (61%) in patients and TT (29%), TC (39%), and CC (32%) 
in controls (Table 2). Thus, mutant genotype (CC) was most prevalent 
in patients whereas the heterozygous genotype (TC) was common in 
control. As a result of statistical analysis, the frequency of wild (TT) 
and mutant (CC) genotype of FokI polymorphism showed a significant 
difference between patients and controls (χ2=16.903, 25.149, 
p<0.001and p<0.001, respectively). The frequency of mutant allele (C) 
was also significantly higher in patients than the controls (χ2=19.531, 
p<0.001*) (Table 3). Whereas the frequency of heterozygous profile 
(TC) was almost similar among these two groups (χ2=0.343, p=0.558) 
(Table 2).

RFLP analysis of ApaI polymorphisms revealed that in case of patients, 
frequency of wild (GG), heterozygous (GC), mutant (CC) genotypes 
were 2%, 40%, 58%, respectively. In case of controls, distribution of 
genotypes was GG (10%), GC (46%), and CC (44%) (Table 2). Although 
the mutant genotype was widespread in both the groups, its frequency 
was relatively higher in patients. The frequency of wild type genotype 
was low in both groups. In case of ApaI polymorphisms, statistical 
results showed that frequency of wild (GG) and mutant (CC) genotype 
was significantly different in patients and controls (p=0.017 and 

Table 1: Primer sequences and fragment lengths details obtained after digestion of PCR products with ApaI and FokI restriction enzymes

SNP Position/db SNP Base 
change

Primer sequence Annealing Amplicon 
length (bp)

Genotype/RFLP 
products (bp)

ApaI Intron 8/rs7975232 G/C F‑5’‑CGGTCAGCAGTCATAGAGG ‑3’
R‑5’‑CAGTGTGTTGGACAGGCG ‑3’ [25]

60°C 200 GG/110, 90
GC/200, 110, 90
CC/200

FokI Exon 2/rs2228570 T/C F‑5’‑AGCTGGCCCTGGCACTGACTCTGCTCT ‑3’
R‑5’‑ATGGAAACACCTTGCTTCTTCTCCCTC ‑3’ [26]

68°C 267 TT/197, 70
TC/267, 70, 197
CC/267

SNP: Single nucleotide polymorphisms, PCR: Polymerase chain reaction, RFLP: Restriction fragment length polymorphism

Fig. 1: (a) FokI polymerase chain reaction product at 267 bp. 
(b) Ethidium bromide FokI digested products electrophoresed 

on 3.5% agarose gel. Lane M: Molecular weight marker (100 bp), 
Lane 1: Heterozygous genotype (267 bp, 197 bp, 70 bp), Lane 2: 

Mutant genotype (267 bp), Lane 3: Wild genotype (197 bp, 70 bp)

a b

Fig. 2: (a) ApaI polymerase chain reaction product at 200 bp. 
(b) Ethidium bromide ApaI digested products electrophoresed 

on 3.5% agarose gel. Lane M: Molecular weight marker (100 bp), 
Lane 1: Heterozygous genotype (200 bp, 110 bp, 90 bp), Lane 2: 

Wild genotype (110 bp, 90 bp), Lane 3: Mutant genotype (200 bp)

a b
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p=0.034). However, the heterozygous genotype was almost equally 
distributed in both the groups. The number of the mutant allele (C) 
was higher in patients group as compared to the control group, but the 
difference was not statistically significant (χ2=3.04, p=0.082) (Table 3).

Haplotype analysis
After completing the genetic study of ApaI and FokI polymorphisms 
in the VDR gene of these subjects, the earlier published data of TaqI 
and BsmI polymorphisms of these subjects (Supplementary Table 1) 
were pooled together, and haplotype analysis was performed for all 
four polymorphisms. As a result, total 11 common haplotypes were 
present in patients and controls, though with different frequencies 
(Table 4). The most prevalent haplotype in both the groups was CGCT 
which was present in 19% of the T2DM patients and 12% control 
individuals (Fig. 3). There was no significant difference in the frequency 
of all 11 haplotypes except CACT. The frequency of this haplotype was 
significantly higher in patients (p=0.0267) as compared to the control 
group. Apart from those 11 common haplotypes, some haplotypes 
though with the low frequency were exclusively present in either of the 
group. For example, TGGT and TAGT were present only in the controls. 
However, TACC and CAGC were present in few patients.

LD plot in T2DM patients revealed a moderate LD between ApaI 
and TaqI (r2=0.42) as well as between FokI and BsmI (r2<0.60) 
polymorphisms. While very weak LD (r2<0.3) was observed between 
these four polymorphisms in the control group (Fig. 4).

DISCUSSION

VDR gene is known to express in different types of cells like pancreatic 
β cells, adipocytes and the SNP’s in the VDR gene is known to affect the 
function of VDR protein in these cells. The SNP’s in the VDR gene is also 
known to be associated with several diseases such as neurological diseases, 
different types of cancer, and diabetes in different populations [10-14]. 
Role of VDR polymorphisms in diabetes may be justified by making 
the argument that due to allelic differences in the VDR gene; the VDR 
mediated signaling of Vitamin D may get affected. It may further lead 
to low expression of insulin gene and compromised action of insulin on 
target cells, leading to diabetes [23,27,28]. Although, different VDR gene 
polymorphisms have been screened for their association with diverse 
T2DM patients hailing from different ethnic background.  However, 
their association status is still conflicting worldwide [14,19,21,29-34]. 
These differences could be due to the diverse ethnicity, genetic and 
environmental factors leading to the T2DM.

Fig. 3: Vitamin D receptor polymorphisms (FokI, BsmI, ApaI, TaqI) 
haplotypes and estimated prevalence (%) in Type 2 diabetes 

mellitus patients and healthy subjects

Table 2: Distribution of ApaI and FokI polymorphism in T2DM 
patients and respective control

Genotype N=100 (%) χ2 p value

Patients Controls
ApaI

GG (wild) 2 (2) 10 (10) 5.674 0.017*
GC (heterozygous 
mutant)

40 (40) 46 (46) 0.734 0.391

CC (mutant) 58 (58) 44 (44) 4.504 0.034*
FokI

TT (wild) 3 (3) 29 (29) 25.149 <0.001*
TC (heterozygous 
mutant)

36 (36) 39 (39) 0.343 0.558

CC (mutant) 61 (61) 32 (32) 16.903 <0.001*
Statistical evaluation was made using the Chi‑square test, *p<0.05. 
T2DM: Type 2 diabetes mellitus

Table 3: Comparison of allelic frequencies of ApaI and FokI in 
T2DM patients and control

Allele Patients (%) Controls (%) χ2 p value
ApaI

G 44 (22) 66 (33) 3.034 0.082
C 156 (78) 134 (67)

FokI
T 42 (21) 103 (51.5) 19.531 <0.001*
C 158 (79) 97 (48.5)

Statistical evaluation was made using the Chi‑square test, *p<0.05. 
T2DM: Type 2 diabetes mellitus

Table 4: Frequencies of haplotypes representing the four SNP 
loci (FokI, BsmI, ApaI, TaqI), in the respective order, among the 

T2DM patients and controls

S.No. Haplotype Frequency 
in patient

Frequency 
in control

χ2 p value 

1 CACC 0.143 0.128 0.044 0.8339
2 CGCT 0.19 0.127 1.34 0.2408
3 TACT 0.041 0.126 3.32 0.0681
4 TGCT 0.077 0.116 0.549 0.4585
5 TAGC 0.027 0.066 1.172 0.279
6 CGGC 0.016 0.019 0 1
7 CAGT 0.065 0.11 1.029 0.31
8 CACT 0.169 0.064 4.91 0.0267
9 CGCC 0.095 0.039 1.316 0.2513
10 CGGT 0.088 0.025 2.623 0.1047
11 TGCC 0.014 0.07 3.255 0.0712
T2DM: Type 2 diabetes mellitus, SNP: Single nucleotide polymorphisms

Fig. 4: Linkage disequilibrium plot showing the relationship 
between four Vitamin D receptor polymorphisms (FokI, 

BsmI, ApaI, TaqI as single nucleotide polymorphisms 1, 2, 
3 and 4 respectively) in case of (a) controls and (b) Type 2 

diabetes mellitus patients. Numbers in the boxes represents 
correlation coefficients value of linkage disequilibrium (r2) 

multiplied by 100

a b
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Our current study is also an effort to further understand the association 
of VDR polymorphisms with T2DM. Out of all the four common VDR 
polymorphisms, FokI polymorphism located in the 5’end near the 
promoter region of the VDR gene, it is proposed to attenuate the Vitamin 
D function as well as its binding efficiency to the VDR [35] and further 
affects the insulin action leading to the diabetic phenotype [30]. In our 
study, T2DM patients are found to be significantly associated with the 
FokI polymorphisms (p<0.001). The mutant allele frequency (C) of 
FokI polymorphisms was also high in the T2DM patients as compared 
to the control (p<0.001). Similar to our study, FokI polymorphism was 
also found to be associated with T2DM risk in the studies conducted by 
Wang et al. and Li et al. [14,36]. According to the meta-analysis done 
by Li et al. in 2012 observed that the subjects carrying mutant allele or 
heterozygous genotype of FokI polymorphism had 1.51-fold increased 
risk of developing T2DM [37]. On the other hand in Caucasians and 
some Indian T2DM patients, FokI polymorphism was found to be 
associated with the T2DM in the study conducted by Malecki et al. and 
Bid et al., respectively [18,21].

Like FokI, in case of ApaI polymorphism also, our results demonstrated 
that the genotype differences were significant in the diabetic and 
control groups (p=0.022). Our observations were in support with the 
study conducted in Caribbean T2DM patients who had hypovitaminosis 
D and showed their association ApaI polymorphism [38]. Howard et al. 
in 1995 also showed that ApaI may affect the circulatory Vitamin D 
levels [39]. The mutant genotype of ApaI polymorphism was associated 
with the lower insulin secretion in the Bangladeshi population in a 
research study conducted by Hitman et al. [30]. A correlation was also 
observed between Apa I polymorphism and fasting plasma glucose of 
the healthy adults. As ApaI site is located in an intronic region of the 
VDR gene and studies have also proposed that alterations in these 
sequences may influence expression of the VDR protein [40].

As per our earlier study, the same T2DM patients had significantly a 
lower number of wild type genotype (TT) 36% of TaqI polymorphism 
as compared to (TT) 50% in the controls [22]. As the TT genotype is 
known to be associated with high copy number of VDR mRNA [27,30] 
and hence low occurrence of wild type genotype in these patients 
indicate that they might have low VDR protein levels and may have 
compromised glucose metabolism too. In case of BsmI polymorphisms, 
the frequency of heterozygous GA genotype was also significantly 
different among patients and controls (p=0.001).

As per haplotype analysis of all these four polymorphisms (FokI, BsmI, 
ApaI and TaqI) in our study, the frequency of CACT haplotype was 
significantly elevated in T2DM patients (p=0.0267). This haplotype 
consisted of three mutant alleles of (FokI, BsmI, ApaI) polymorphisms 
and one wild type allele of TaqI polymorphism, which suggested the 
contribution of mutant alleles toward increasing the susceptibility to 
the T2DM phenotype. FokI polymorphism is known to affect the function 
and binding of Vitamin D to VDR protein and decreases the action 
and functioning of the insulin leading to the diabetic phenotype [41]. 

The meta-analysis studies also indicated the mutant allele of FokI 
polymorphism as a risk factor for T2DM [37,42]. The mutant allele 
of FokI polymorphism was further found to be associated with the 
diabetes retinopathy in Han Chinese population [43]. According to the 
meta-analysis by Yu et al., the mutant allele and mutant homozygous 
(AA) of the BsmI polymorphism was also significantly associated with 
the T2DM [41]. The TACC, CAGC haplotypes were found to be present 
in patients only. In these two haplotypes, 3 out of 4 alleles were mutant 
(BsmI, ApaI, TaqI and FokI, BsmI, TaqI, respectively). These mutant 
alleles may be thought to be a factor, increasing the susceptibility of 
these individuals toward T2DM. In the similar lines of our observation, 
the VDR haplotype consisted of mutant allele BsmI, ApaI, TaqI has been 
shown to be associated with decreased VDR protein levels [44,45]. 
Studies in the humans have also suggested that VDR allelic variations 
alter the pancreatic β cells function [3]. In Bangladeshi populations BsmI, 
ApaI, TaqI SNP’s were significantly associated with the insulin secretion 
and considered at risk to develop T2DM [30]. The mutated genotypes 
of BsmI, ApaI, TaqI were associated with decreased insulin levels as 
compared to the subjects carrying wild genotypes, and intermediate 
insulin levels were observed in the heterozygous profile [27]. These 
polymorphisms (BsmI, ApaI, TaqI) in 3’ untranslated region of VDR gene 
is associated with the variable gene transcriptions and mRNA stability, 
leading to altered VDR activity. In Bangladeshi Asians, the frequent 
haplotypes of BsmI, ApaI, TaqI polymorphisms were associated with 
variation in the VDR gene transcription, stability of the mRNA and 
protein levels in the subjects [27]. The study further observed that in 
the peripheral blood cells, these genotypes significantly determines the 
VDR mRNA and protein levels [27,28,46]. Two rare haplotypes TGGT 
and TAGT were limited to the control group only. Both these haplotypes 
consist of at least three wild type alleles of FokI, BsmI, ApaI, TaqI and 
thus may be proposed to be associated with the lower the risk of T2DM 
in these individuals.

CONCLUSION

As per our current study, FokI and ApaI VDR polymorphisms are 
associated with T2DM patients, though with different frequency. The 
frequency of mutant allele of FokI is was significantly very high in 
these patients, indicating it possible role in causing diabetes. Further, 
the frequency of wild type genotype of both the polymorphisms was 
significantly low in patients. It may suggest that due to the absence 
of wild type allele these individuals are susceptible toward T2DM. 
Haplotype analysis also indicates the pathogenic significance of the 
four common VDR polymorphisms and their associating with diabetes. 
The combination of mutation alleles of FokI, BsmI, ApaI polymorphisms 
seems to be crucial in case of our patients. However, a large number 
of patients should be studied to strengthen the study and confirm the 
association of these polymorphisms in diabetic patients.
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