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Purpose: The interaction of Vitamin D and its receptor plays a crucial role in immune
modulation. Therefore, the relationship between the pathogenesis of type 1 diabetes and the
genetic variants of Vitamin D receptor, which is involved in the activity of Vitamin D, was
studied extensively in different populations. The association of Vitamin D receptor gene
polymorphisms with predisposition to type 1 diabetes revealed controversial and inconclu-
sive results. The aim of this study was to examine the association of four Vitamin D receptor
polymorphisms with type 1 diabetes in Jordanian patients.

Patients and Methods: Analysis of the single nucleotide polymorphisms Fokl
(rs2228570), Apal (rs7975232), Taql (rs731236) and Bsml (rs1544410) in 100 Jordanian
volunteers (50 control and 50 Type 1 diabetes patients) was performed using the highly
specific New Generation Sequencing technology.

Results: The distribution of allele, genotype as well as haplotype frequencies exhibited no
significant (P > 0.05) differences between type 1 diabetes patients and controls. Furthermore,
no differences (P > 0.05) in the frequency of the genotypes of the Vitamin D receptor genetic
variants were found in relation to the age of disease onset.

Conclusion: These findings suggest these four single nucleotide polymorphisms of the
Vitamin D receptor gene seem not to be associated with type 1 diabetes predisposition in
Jordanian patients. Further wide genome studies are recommended to detect other genetic
variant associations with type 1 diabetes among Jordanians.

Keywords: jordan, diabetes, single nucleotide polymorphism, vitamin D receptor, genetic
predisposition

Introduction

Type 1 diabetes (T1D) is considered one of the worldwide prevalent autoimmune
diseases, which is characterized by the destruction of insulin-producing beta cells of the
pancreas.' The prevalence of diabetes is rising globally as more than 1.1 million young
people under the age of 20 live with T1D to date.? According to the estimations of the
International Diabetes Federation (IDF), 149,400 individuals under the age of 19 years
had T1D in the Middle East and North African Region (MENA) in 201 9.2 Jordan is one of
the MENA countries but unfortunately there are no accurate numbers describing the
incidence and prevalence of T1D among Jordanians due to the lack of T1D epidemiologic
studies in Jordan. T1D is a multifactorial chronic disease in which the interaction of
genetic, environmental, and epigenetic factors plays a crucial role. Environmental factors,
nutrition, viral infections, and lifestyle habits could explain, at least in part, the increase in
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T1D prevalence worldwide, specifically in individuals with
genetic predisposition to the disease.*> Several genes are
linked to the development of T1D such as Human Leukocyte
Antigen (HLA) genes, which are considered the strongest
genetic risk factors for T1D.® However, among the non-HLA
risk genes reported so far, the Vitamin D Receptor (VDR) gene
was investigated extensively as a candidate risk gene for T1D.”
The VDR is located on chromosome 12 and is comprised of
eight protein-encoding exons (exons 2-9) and six untranslated
exons (exons la-1f).%° VDR is a nuclear steroid receptor
which binds to vitamin D and regulates the transcription of
several genes related to inflammation and immunomodulation.
VDR regulates the expression of target genes by specifically
binding to their promoter region.'” VD acts in the immune
system by suppressing the production of some cytokines such
as tumor necrosis factor (TNF), interleukin (IL)-2, IL-12, and
interferon. On the other hand, VD is also able to activate the
expression of other cytokines such as IL-4 and transforming
growth factor-1 which in turn leads to the activation of regula-
tory T-cells and the downregulation of T-helper 1 cells."' VD
was also shown to play a role in adaptive immunity by reducing
the expression of Major Histocompatibility Complex (MHC) -
class II molecules on antigen-presenting cells thus regulating
T-cell-mediated immune responses.> VDR has been found in
more than thirty distinct tissues such as macrophages, dendritic
cells as well as pancreatic cells.'’ The activity of this receptor
can be modulated by the presence of Single Nucleotide
Polymorphisms (SNPs) in the ¥DR.'? Thus, these SNPs are
suggested to play a crucial role in the activity of vitamin D that
may affect the risk of TID development.® The most reported
SNPs of the VDR are: Fokl (1s2228570), Apal (1s7975232),
Tagl (rs731236) and Bsml (rs1544410)."* The importance of
these polymorphic genetic variants has been investigated in
association with T1D in several populations. Several studies
showed an association between some of these SNPs and an

14719 while other studies
D 182023

increased risk of T1D development,
showed no association between these SNPs and T1
Therefore, the VDR polymorphisms that predispose to the
development of T1D are still controversial. In view of these
inconsistent results in different populations, further studies are
needed to clarify the relation between VDR genetic variants
and T1D development. Accordingly, the aim of this study was
to investigate the association of VDR polymorphisms with
T1D in Jordanian patients. Identifying the VDR genetic var-
iants of T1D Jordanian patients may help in future in under-
standing the role of VDR polymorphisms in the pathogenesis
of TID.

Materials and Methods

Sample Recruitment

One hundred unrelated volunteers took part in this study;
fifty healthy controls as well as fifty individuals which were
diagnosed with T1D were recruited at the endocrinology
department of King Abdullah University Hospital. All TID
patients were diagnosed according to the criteria of
American Diabetes Associations (ADA) guidelines for
Type 1 diabetes, such as testing the islets autoantibodies.
T1D patients are undergoing insulin treatment, and
a personalized medical nutrition therapy is also provided,
exercises are also recommended. Being a Jordanian was set
as an inclusion criterion for all study participants, as parti-
cipants who were not of Jordanian origin were excluded
from this study. Volunteers of the control group with first-
degree relatives which have T1D were excluded from this
study. An exclusion criterion for the T1D group was that
T1D patients with other chronic diseases such as cardiovas-
cular diseases, liver disease, and autoimmune diseases other
than T1D were not included in this study. The mean age and
male/female ratio of control participants were 24.7 years and
1.63, respectively. Whereas the mean age and male/female
ratio of diabetes patients were 20 years and 0.47, respec-
tively. However, the mean age of T1D onset was 10.3 years.
The clinical parameters of the volunteers are listed in
Table 1. Blood samples were collected from participants
after signing a consent form (IRB was obtained from the
ethical committee of King Abdullah University Hospital;
approval number 46/117/2018). This study complied with
the Declaration of Helsinki.**

DNA Extraction and VDR Genotyping

Extraction of DNA was performed using the Wizard®
Genomic DNA purification kit (Promega, USA). VDR

Table | Clinical Parameters of the Volunteers

Parameters Controls TID Patients
(n=50) (n=50)

Age (years) (mean * SD) 247+ 6.4 20+ 94

Male n (%) 31 (62%) 16 (32%)

Female n (%) 19 (38%) 34 (68%)

Age of disease onset (years) - 10.3+ 7.8

(mean * SD)

Duration of diabetes (years) - 9.7 £7.1

(mean * SD)

Abbreviations: SD, standard deviation; n, number; %, percentage.
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Table 2 Primers Used for Amplifying Specific VDR Regions of
Interest. Primer Name, Sequence, Size of PCR Fragment

Size
(bp)
AAGTCTCCAGGGTCAGGCAG 91

Primer Name Primer Sequence (5'-3')

rs2228570_forward

rs2228570_reverse | CTGACTCTGGCTCTGACCGT
rs731236-forward GGCAGCGGATGTACGTCT 92
rs731236-reverse GCCCACAGATCGTCCTGG
rs1544410_forward | AGGAATGTTGAGCCCAGTTCA 128
rs1544410_reverse | GAGTGTGCAGGCGATTCGTA
rs7975232_forward | GGGATAGAGAAGAAGGCACAGG | 124

rs7975232_reverse | CGGTCAGCAGTCATAGAGGG

Abbreviation: bp, base pairs.

genotyping was performed using amplicon sequencing
with the Miseq Illumina platform. In this method, oligo-
nucleotides are designed to amplify the VDR regions of the
SNPs Fokl, (rs2228570), Apal (1s7975232), Taql
(rs731236) and Bsmli (rs1544410) (Table 2), followed by
next-generation sequencing (NGS) performed by
Genochem World SL. (Spain). Quality of PCR products
was assessed by capillary electrophoresis in the QIAxcel
Advanced System (Qiagen). The MiSeq Reagent Kit v2
(300-cycle) on Miseq (Illumina platform) was used for
sequencing. The four SNPs analyzed in our study were
named according to the restriction endonucleases which
were used originally for their identification using the
Restriction Fragment Length Polymorphism (RFLP)
method.”> The Fokl T>C genetic variant (rs2228570) is
located in exon 2, the Bsml/ A>G genetic variant

Table 3 VDR Allele Frequencies of TID Patients and Controls

(rs1544410) and the Apal T>G genetic variant
(rs7975232) are located in intron 8, and the Tagl T>C
genetic variant (rs731236) in Exon 9.26

Linkage Disequilibrium and Haplotype

Distribution

Linkage disequilibrium (LD) and haplotype analysis, of
VDR genetic variants, for control volunteers and T1D
patients was performed using the Haploview (v. 4.2) soft-
ware. Measurement of LD between the VDR variants was
done by D' and correlation coefficient (r%).

Statistical Analysis

The Statistical Package for Social Sciences (SPSS) soft-
ware was used to conduct the Statistical analysis (IBM
analytics, USA). Comparison of allele, genotype, and hap-
lotype frequencies between T1D patients and control
volunteers was performed using the Chi-square (y°) test.
Deviation from Hardy-Weinberg equation, including com-
parison between the observed and expected number of
VDR genotypes, was tested using y*. Evaluating the asso-
ciation between VDR genetic variants and the sex as well
as age of disease onset of volunteers was done using Chi-
square (1°) test. Binary logistic regression analysis was
used to calculate the odds ratios (ORs) and 95% confi-
dence intervals (Cls) to investigate the possible association
VDR SNPs with T1D. When the p-value was less than
0.05, the results were considered significant.

Results

Our findings show allele (Table 3), genotype (Table 4)
and haplotype (Table 5) frequencies of the VDR SNPs.
All genotype frequencies of the VDR were in Hardy—

VDR Variant Allele N (Frequency) P value® Odd Ratio (95% CI)
Controls TID
rs2228570 T 28 (0.28) 31 (0.31) 0.73 I.11 (0.62-1.98)
Cc 72 (0.72) 69 (0.69) 0.85 0.95 (0.62—-1.47)
rs731236 T 62 (0.62) 58 (0.58) 0.77 0.94 (0.59-1.47)
C 38 (0.38) 42 (0.42) 0.70 I.11 (0.66—1.86)
rs1544410 G 61 (0.61) 58 (0.58) 0.83 0.95 (0.60—1.50)
A 39 (0.39) 42 (0.42) 0.78 1.08 (0.64-1.81)
rs7975232 G 39 (0.39) 31 (0.31) 0.42 0.79 (0.46-1.37)
T 61 (0.61) 69 (0.69) 0.58 1.16 (0.73-1.76)
Notes: “Statistical analysis (chi-square test; significance when the P value < 0.05).
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 https: 4081

Dove:


https://www.dovepress.com
https://www.dovepress.com

Khdair et al

Dove

Table 4 The VDR Genotype Among TID Patients and Controls

VDR Genetic Genotyping Genotype N (Frequency) P value® Odd Ratio
Variant Model Controls TID (95% CI)
rs2228570 Co-dominant TT 4 (0.08) 5(0.10) 0.75 1.25 (0.32-4.93)
TC 20 (0.40) 21 (0.42) 0.90 1.05 (0.51-2.17)
CcC 26 (0.52) 24 (0.48) 0.82 0.92 (0.47-1.82)
Dominant TT 4 (0.08) 5 (0.10) 0.75 1.25 (0.32-4.93)
TC + CC 46 (0.92) 45 (0.90) 0.94 0.98 (0.55-1.72)
Recessive TT + TC 24 (0.48) 26 (0.52) 0.82 1.08 (0.55-2.14)
CcC 26 (0.52) 24 (0.48) 0.82 0.92 (0.47-1.82)
rs731236 Co-dominant TT 18 (0.36) 15 (0.30) 0.65 0.83 (0.38-1.84)
TC 26 (0.52) 28 (0.56) 0.83 1.07 (0.56-2.09)
CcC 6 (0.12) 7 (0.14) 0.79 1.16 (0.37-3.72)
Dominant TT 18 (0.36) 15 (0.30) 0.65 0.83 (0.38-1.84)
TC + CC 32 (0.64) 35 (0.70) 0.78 1.09 (0.59-2.03)
Recessive TT +TC 44 (0.88) 43 (0.86) 0.94 0.97 (0.55-1.74)
CcC 6 (0.12) 7 (0.14) 0.79 1.16 (0.37-3.72)
rs1544410 Co-dominant GG 18 (0.36) 14 (0.28) 0.54 0.78 (0.35-1.73)
GA 25 (0.50) 30 (0.60) 0.58 1.20 (0.62-2.32)
AA 7 (0.14) 6 (0.12) 0.79 0.85 (0.27-2.73)
Dominant GG 18 (0.36) 14 (0.28) 0.54 0.78 (0.35-1.73)
GA + AA 32 (0.64) 36 (0.72) 0.71 1.12 (0.61-2.08)
Recessive GG + GA 43 (0.86) 44 (0.88) 0.94 1.02 (0.58-1.82)
AA 7 (0.14) 6 (0.12) 0.79 0.85 (0.27-2.73)
rs7975232 Co-dominant GG 8 (0.16) 3 (0.06) 0.16 0.38 (0.10-1.50)
GT 23 (0.46) 25 (0.50) 0.8l 1.09 (0.55-2.16)
TT 19 (0.38) 22 (0.44) 0.69 1.16 (0.56-2.40)
Dominant TT 8 (0.16) 3 (0.06) 0.16 0.38 (0.10-1.50)
GT + GG 42 (0.84) 47 (0.94) 0.70 1.12 (0.63-1.98)
Recessive TT + GT 31 (0.62) 28 (0.56) 0.76 0.90 (0.47-1.72)
GG 19 (0.38) 22 (0.44) 0.69 1.16 (0.56-2.40)

Notes: “Statistical analysis (chi-square test; significance when the P value < 0.05).

Weinberg equilibrium as shown in Supplementary the co-dominant, dominant and recessive genotyping

Table 1. Our results showed that there is no statistical —models showed no statistical difference among all stu-

difference in allele and genotype frequencies between died groups (Table 4). Comparison of VDR haplotype

T1D patients and controls (Tables 3 and 4). In addition, frequencies also showed no significant (P > 0.05)
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Table 5 The VDR Haplotype Among Type | Diabetic Patients
and Controls

VDR Haplotype N (Frequency) P value®
rs2228570/rs731236/ Controls | TID
rs1544410/rs7975232

CITIGIG 15 (0.30) | 8 (0.16) | 0.06
CICINT 14 (0.28) 15(0.30) | 0.33
CITIGIT 6 (0.12) 9(0.18) | 023
TITIGIG 5 (0.10) 8 (0.16) | 0.22
TICIANIT 4 (0.08) 5(0.10) | 0.43
TITIGIT 3 (0.06) 3 (0.06) | 0.48
T/CIGIT 1 (0.02) 0 0.11
CITIAIT 1 (0.02) | (0.02) | 036
TITIAIT 1 (0.02) 0 0.24
CICIGIT 0 | (0.02) | 0.16

Notes: *Statistical analysis (chi-square test; significance when the P value < 0.05).

differences between TID and control volunteers
(Table 5). The VDR haplotype Fokl (C)/ Tagl (T)/ Bsmi
(G)/ Apal (G) was slightly higher among the control in
comparison to T1D group. This difference, however, was
not statistically significant (P=0.06) (Table 5). In addi-
tion, although there is an obvious difference in the ratio
of male/female among T1D patients and controls, our
findings showed no proof of a genotypic association (P >
0.05) of all four SNPs of the VDR with T1D in relation
to sex (Table 6). Furthermore, the age of disease onset
did not influence (P > 0.05) the susceptibility to T1D in
Jordanian patients (Table 7). Regarding the LD of VDR
variants (Figure 1), this study revealed that Apal is in
a complete LD (D’=1) with Bsml and Tagl in both
control and TI1D volunteers. The Tagql variant was in
a strong LD among both control (D’= 0.86) and T1D
(D’=0.91) volunteers. However, no difference in LD of
VDR variants between the tested groups was found.

Discussion

Recent advances in molecular profiling using sequencing
are considered an efficient tool for developing targeted
therapy for autoimmune diseases as well as a strategic
tool for early diagnosis and prevention.?’

VDR polymorphisms have been analyzed for their
association with autoimmune diseases in different
populations.”® 3! However, association of VDR genetic
variants with T1D were inconsistent in various ethnic
groups. We conducted this study on Jordanian TI1D
patients to clarify the role of the well-characterized VDR
genetic variants in genetic susceptibility to T1D, as no

such studies were done so far in Jordan. Genotyping was
done using NGS, which is known to be a highly accurate
sequencing technique.”® Our results show no statistical
differences among all the four well-known SNPs of the
VDR: Fokl T>C (rs2228570), Bsml A>G (rs1544410),
Apal T>G (1s7975232), and Taql T>C (rs731236) among
T1D patients and controls. However, our findings are in
line with other studies which also showed no association
between the different SNPs of the VDR and T1D in dif-
ferent populations such as the Portuguese,33 Chile,*
Finnish,>' British,

Norwegian and US population.>> On the other hand, popu-

Iranian,'® Turkish,”® Romanian,**
lations from the MENA region such as Saudi Arabia
showed a difference in the frequency of one of the VDR
SNPs, namely the frequency of Bsm/ in T1D patients
compared to controls.*® In addition, the Kuwaiti popula-
tion detected significant differences in the frequency of
two SNPs of the VDR, namely Fokl and Tagl.’
Furthermore, associations of most or all of the four SNPs
with T1D were reported in some populations such as the
Pakistani,'® Greek and Japanese populations.'>' In addi-
tion, although our results revealed no difference in LD of
VDR variants between the two groups analyzed, our results
showed that Apal is in a complete LD (D’=1) with Bsm/
and 7agql in both control and T1D volunteers, which is in
line with previous studies which showed that Apal, Bsml,
and Taql polymorphisms are in strong LD at the 3’end of
the VDR.>7®

Although associations of VDR polymorphisms with
T1D were extensively studied in different populations,
the role of these SNPs in T1D development is still unclear.
These conflicting findings from various populations might
be explained by ethnic differences and geographic varia-
tions among different populations which could affect the
frequencies of VDR polymorphisms.?>>**° In addition,
genetic susceptibility alone is not enough to induce T1D
as the interaction of different other factors plays an essen-
tial role such as environmental factors, nutrition, viral
infections, and lifestyle habits.*>

Concerning the power of statistical analysis, we must
acknowledge that the sample size (n=50 for control group
and n=50 for T1D group), with a total of 100 used is
limited. However, the obviously robust effect of our results
regarding the allele, genotype and haplotype frequencies
give confidence in the main conclusion presented here.
The results of our study provide an additional insight for
a controversial issue, namely the association of VDR
polymorphisms with predisposition to T1D. However, the
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Table 6 The Association of Patients’ VDR Genotype with TID in Relation with Sex

VDR Genetic Genotype N (Frequency) P value® Odd Ratio (95%
Variant Sex Controls TID <
rs2228570 TT M 3 (0.09) 0 0.40 0.27 (0.01-5.6)
F 1 (0.05) 5(0.14) 0.36 2.71 (0.30-25.70)
TC M 12 (0.39) 4 (0.25) 0.50 0.65 (0.18-2.32)
F 8 (0.42) 17 (0.5) 0.74 1.18 (0.43-3.26)
cc M 16 (0.52) 12 (0.75) 0.45 1.45 (0.55-3.80)
F 10 (0.53) 12 (0.35) 0.44 0.67 (0.24-1.84)
rs731236 TT M 11 (0.35) 6 (0.37) 0.93 1.05 (0.33-3.38)
F 7 (0.36) 9 (0.26) 0.57 0.72 (0.23-2.24)
TC M 16 (0.52) 9 (0.56) 0.87 1.09 (0.39-3.00)
F 10 (0.53) 19 (0.56) 0.90 1.06 (0.41-2.74)
cc M 4(0.12) 1 (0.06) 0.53 0.48 (0.05-4.70)
F 2 (0.11) 6 (0.17) 0.55 1.67 (0.31-9.13)
rs1544410 GG M 12 (0.39) 6 (0.38) 0.96 0.96 (0.31-3.06)
F 6 (0.32) 8 (0.24) 0.63 0.75 (0.22-2.47)
GA M 14 (0.45) 9 (0.56) 0.68 1.25 (0.44-3.50)
F 11 (0.58) 21 (0.62) 0.69 1.06 (0.42-2.68)
AA M 5(0.16) 1 (0.06) 041 0.39 (0.04-3.60)
F 2 (0.11) 5 (0.15) 0.71 1.40 (0.25-7.91)
rs7975232 GG M 5(0.16) 2 (0.13) 0.77 0.77 (0.13-4.45)
F 3(0.16) 1 (0.03) 0.16 0.18 (0.02 1.92)
GT M 14 (0.45) 8 (0.50) 0.85 1.11 (0.38-3.18)
F 9 (0.47) 17 (0.50) 091 1.05 (0.39-2.82)
TT M 12 (0.39) 6 (0.38) 0.96 0.97 (0.31-3.06)
F 7 (0.37) 16 (0.47) 0.65 1.27 (0.45-3.65)

Notes: “Statistical analysis (chi-square test; significance when the P value < 0.05).

Table 7 The Association of VDR Genotype with the Age of TID Onset

Fokl (rs2228570) P* | Taql (rs731236) P* | Bsml (rs1544410) P* | Apal (rs7975232) P
TT | Tc | cc TT | TCc | cc GG |[GA | Aa GG |GT | TT
Ageof TID | 0-2 2 3 4 038 | I 6 2 044 | I 7 I 049 | 0 5 4 0.85
onset 022) | (0.33) | (0.44) ©.11) | (067) | (022) ©.11) | 078 | (©.11) (0.56) | (0.44)
2-10 I 9 9 5 10 4 4 I 4 I 8 10
0.05) | (047) | (0.47) 026) | (0.53) | (0.21) ©021) | (058 | (021 0.05) | (042) | (0.53)
10-18 2 6 9 6 10 | 6 10 I 2 8 7
©.11) | (035 | (053) 035) | (0.59) | (0.06) 035) | (0.59) | (0.06) ©.11) | (047) | (041
>18 0 3 2 3 2 0 3 2 0 0 4 I
(060) | (0.40) (0.60) | (0.40) (0.60) | (0.40) (0.80) | (0.20)

Notes: Age (years); Results are listed as number (frequency); *Statistical analysis (chi-square test; significance when the P value < 0.05).
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Fokl
Taql
Bsml
Apal

Fokl
Taql
Bsml
Apal

Figure | The LD of VDR genetic variants among Controls (A) and TID (B) Jordanian volunteers. The red square indicates that there is a strong, while the white one
indicates the weak LD between the 2 VDR genetic variants. The number inside the squares refers to D’ value. Apal is in a complete LD (D’=I) with Bsml and Taql in both
control and TID volunteers. The Taql variant was in a strong LD among both control (D’= 0.86) and TID (D’=0.91) volunteers.

implication of VDR genetic variants with T1D is still
questionable in a lot of populations, so more research in
the future with larger sample sizes and larger genetic scale
trials are needed.

Conclusions

In conclusion, our findings revealed that VDR genetic var-
iants have no impact on the predisposition to TID among
Jordanian patients. Further genomic studies are recom-
mended to detect other genetic polymorphism associations
with T1D among Jordanians. This type of study highlights
the necessity of global genome screening to increase the
number of case-control studies worldwide thereby enriching
immunotherapy for precision medicine by increasing data
about different genetic variants and their association to auto-
immune diseases. Moreover, previous studies showed that
there is a link between glycemic control of diabetic patients
and other genetic variants.*' Therefore, future wide genome
studies are recommended to find out novel SNPs associated
with glycemic control in diabetic patients, which could
increase our understanding of the pathogenesis of diabetes
and help in providing personalized therapy for patients.
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