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Abstract
Background: Some genetic factors are involved in the etiology of Hashimoto thyroiditis and Graves’ disease as autoimmune thyroid diseases (AITDs). Effects of vitamin D receptor gene polymorphisms in AITDs development have already been investigated in
some previous studies. However, no study has been done on the association between VDR FokI and ApaI polymorphisms and AITDs
in an Iranian population. In this study, the possible effects of FokI and ApaI polymorphisms on AITDs were investigated in the population of northwest of Iran.
Methods: A total of 121 AITDs adult patients and 117 healthy controls matched by age and sex in the same population were included in this study. FokI and ApaI polymorphisms were genotyped by polymerase chain reaction- restriction fragment length polymorphism (PCR-RFLP). Chi-square test and odds ratio (OR) with 95% CI were used to analyze the data.
Results: FokI and ApaI genotypes frequencies were not significantly different between the 2 groups (p= 0.06, p= 0.73, respectively).
However, FokI "CC" and "CT" genotypes were related to AITDs risk (p= 0.03; OR= 3.75; 95% CI, 1.16-12.17 and p= 0.04; OR= 3.41;
95% CI, 1.03-11.28, respectively).
Conclusion: These data suggest that FokI polymorphisms are involved in AITDs susceptibility in the population of northwest of
Iran.
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Introduction
Autoimmune thyroid diseases (AITD) are common autoimmune disorders that result from T-cell mediated autoimmunity (1). Graves’ disease (GD) and Hashimoto thyroiditis (HT) are 2 major categories of AITDs (2). AITDs
have multifactorial etiology, and some environmental and
genetic factors are involved in the pathogenesis of these
disorders. Moreover, women are more susceptible to such
diseases. Lymphocytes diffused infiltration, subsequent
thyroid tissue atrophy, and hypothyroidism are characteristics of HT. Anti-thyroid peroxidase (TPO) and antithyroglobulin are 2 major auto-antibodies in HT. Hyperthyroidism of GD is caused by auto-antibody production
against thyroid-stimulating hormone (TSH) receptor (3).
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It has been recently shown that patients with AITD had
lower levels of 25-hydroxy vitamin D than healthy individuals (4). Vitamin D acts by binding the active form of
vitamin D (1,25dihydroxyvitamin D) to its nuclear receptor (vitamin D receptor). Vitamin D receptor (VDR) is
expressed in monocytes, macrophages, dendritic cells, and
T and B lymphocytes. Vitamin D can prevent the immune
system from stimulation of thyroid gland autoimmunity by
binding to its receptor in mentioned immune cells (5).
VDR polymorphisms are defined as genetic variants in
regulatory parts of the gene (6). The VDR gene is mapped
on chromosome 12q13.11; and the BsmI (rs1544410),
ApaI (rs7975232), and TaqI (rs731236) polymorphisms
↑What is “already known” in this topic:
Vitamin D receptor (VDR) gene polymorphisms are related to
the susceptibility of autoimmune thyroid diseases (AITDs) in
different populations.
→What this article adds:
In the northwest of Iran population, VDR FokI polymorphisms
affect AITDs risk. VDR ApaI polymorphisms do not have any
association with AITDs.
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The association of VDR polymorphisms with AITDs
Table 1. Primers sequences and PCR thermic conditions
Primer sequnces
FokI rs2228570
F: 5'–AGCTGGCCCTGGCACTGACTCTGCTCT-3'
R: 5'-ATGGAAACACCTTGCTTCTTCTCCCTC-3'
ApaI rs7975232
F:5'–CAGAGCATGGACAGGGAGCAAG-3'
R: 5'-GCAACTCCTCATGGCTGAGGTCTCA-3'

are located in Intron 8, Intron 8, and Exon 9, respectively.
The FokI (rs2228570) and the EcoRV (rs4516035) polymorphisms are located in the start codon and the promoter
region of the VDR gene, respectively (7).
Two different length proteins can exist corresponding
to the 2 FokI polymorphism, and the shorter form of the
VDR protein (F allele) is more active than the long form (f
allele) (8). Differences in protein size corresponding to
FokI polymorphism may lead to changes in vitamin D
status with feedback mechanisms. Furthermore, FokI polymorphism can alter transcription capacity of some immune-related proteins, for instance, NF-kB, and so they
may be correlated with a different immune response and
autoimmunity. ApaI polymorphisms may also alter
25(OH)D serum levels and affect vitamin D function (9,
10). Thus, FokI and ApaI polymorphisms may be associated with some autoimmune diseases, such as vitiligo,
multiple-sclerosis, inflammatory bowel disease, and
AITDs (11-14).
There are some studies about the association of FokI
and ApaI polymorphisms and AITD, but the results have
been inconsistent (15). Furthermore, in different populations, the same polymorphisms may have different effects
on the susceptibility to autoimmune diseases (16). No
study has been conducted in Iran on the relationship between FokI and ApaI polymorphisms and AITD. Thus,
this study aimed at evaluating FokI and ApaI gene polymorphisms in AITDs patients and healthy controls as potential genetic risk factors for AITDs in the population of
northwest of Iran.

PCR conditions
95° 5 min, 35X(93°C 45 s,66°C30 s, 72°C 45 s), 72° 10 min
95° 5 min, 35X(93°C 45 s,66°C30 s, 72°C 45 s), 72° 10 min

Addison's disease, primary biliary cirrhosis, autoimmune
hepatitis, multiple sclerosis, primary hyperparathyroidism,
osteoporosis, cancers, and other autoimmune diseases
were excluded from the study due to the relationship between these diseases and VDR gene polymorphism (19).
All participants signed an informed consent.
Genotyping: Genomic DNA was extracted from EDTA
whole blood by Cinnagen DNPTM kit (Cinnagen, Iran).
ApaI (rs7975232) Intron 8 (A/C) and FokI (rs2228570)
Exon 2 (C/T) polymorphisms in VDR gene were amplified with polymerase chain reactions (PCR). For these
reactions, 12.5 uL of Master Mix 2X (including 3Mm/mL
MgCl2, 0.08 units/uL Taq DNA polymerase and 0.4
mM/mL of each dNTPs) (Cinnagen, Iran), 0.5 uL of forward primer, 0.5 uL of reverse primer, 1 uL of extracted
genomic DNA, and 10.5 uL of sterile deionized water
were used. PCR thermic conditions and forward and reverse primer sequences are displayed in Table 1. PCR
products obtained were 265 bp and 740 bp for FokI and
ApaI on 2.5% agarose gel, respectively.
After the production of PCR products, FokI and ApaI
restriction enzymes (Thermo Fisher Scientific, USA) and
enzyme buffer were used for digestion of PCR products
(RFLP or Restriction fragment length polymorphism).
FokI PCR product was digested for 2 hours in 55°C, ApaI
PCR product was digested for 2 hours in 37°C, and electrophoresis of digestion products on 2.5% agarose gel was
used to determine FokI and ApaI polymorphisms. For
FokI site, 265 bp and 169+96 bp represented alleles C and
T, respectively (Fig. 1). For ApaI, 740 bp and 530+210 bp
represented alleles A and C, respectively (Fig. 2).

Methods
Participants
A total of 121 adult patients (19 males, 102 females; 16
with GD, 105 with HT) aged 18 and 65 years (mean:
38.7±11.8 years), who referred to the endocrinology clinic
of Urmia Imam Khomeini Teaching hospital, were selected to participate in this case-control study. HT diagnosis
criteria included diffuse goiter, appearance on thyroid
sonogram, positive serum antibodies against thyroid antigens, low serum free-T4, and high serum TSH levels; and
GD diagnosis criteria included diffuse goiter, ophthalmopathy, hyperthyroidism clinical symptoms (for instance,
heat intolerance, weight loss, weakness, and fatigue), high
serum free-T4, low serum TSH levels, and elevated radioactive iodine uptake (17, 18). All diagnoses criteria in
these patients were approved by an endocrinologist.
For control group, we carefully selected 117 adults (24
males and 93 females) aged 18 and 65 years (mean:
39.5±10.5 years), with no personal and family history of
HT and GD. The 2 groups were matched by age and sex
and were selected from the same population.
In this case-control study, those with Type 1 diabetes,
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Statistical analysis
Data were analyzed using SPSS 24 software (SPSS,
Chicago, IL). Chi-square test was used to compare the

Fig. 1. Analyzing FokI genotypes (C/T) via PCR-RFLP in 4 samples
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3.38; 95% CI, 1.04-11), while ApaI genotypes and alleles
were not associated with risk of AITDs (p> 0.05) (Table
2).

Discussion

Fig. 2. Analyzing ApaI genotypes (A/C) via PCR-RFLP in 4 samples

differences of genotypes and alleles between AITDs and
control groups. To evaluate the association between FokI
and ApaI polymorphisms and AITDs risk, odds ratios
(ORs) with 95% confidence interval (CI) were calculated
using main effects model by multinomial logistic regression for genotypes. Age and sex were entered as covariates in the model. Univariate logistic regression with Enter
method was used to calculate ORs in Alleles. In all tests,
probability value less than 0.05 was considered statistically significant.

Results
To test genotypes frequencies, Hardy-Weinberg equilibrium (HWE) test was performed and results showed that
both FokI and ApaI polymorphisms were in HWE in both
case and control groups (p> 0.05). According to our analysis, FokI "CC" and ApaI "AC genotypes were higher in
patients with AITDs, but the differences were not statistically significant. However, when we considered FokI
"TT" as the reference genotype adjusted for age and sex
effects (adjusted OR= 1; CI 95%), we found that FokI
"CC" and "CT" genotypes were related to higher risk of
AITDs (p= 0.03; adjusted OR= 3.75; 95% CI, 1.16-12.16,
and p= 0.04; adjusted OR= 3.41; 95% CI, 1.03-11.28,
respectively). Also, FokI "CC" genotype was associated
with higher risk of Hashimoto (p= 0.04; adjusted OR=

Some genetic factors including vitamin D receptor gene
polymorphisms are involved in etiology of AITDs (20).
Hashimoto thyroiditis and Graves’ disease are 2 main
manifestations of AITDs and occur by autoantibodies production against thyroid gland (21). A previously conducted study suggested that VDR polymorphisms may affect
vitamin D metabolism, and thereby are involved in AITDs
etiology (22).
VDR is the target nuclear receptor of vitamin D and has
an important role in vitamin D function (23). VDR gene
on Chromosome 12 has some single nucleotide polymorphisms (SNP), for instance, FokI and ApaI and both mentioned polymorphisms are involved in vitamin D status
(9).
This study was the first investigation of the VDR FokI
and ApaI possible effects on genetic susceptibility to
AITDs in Iranian Azeri population. Our results revealed
that FokI "CC" and "CT" genotypes have a significant
effect on susceptibility to AITDs. Moreover, FokI "CC"
genotype was considered as a risk factor for Hashimoto
thyroiditis.
In a previous study on Chinese population in Taiwan,
FokI genotypes and alleles differences between Hashimoto and control groups were statistically significant, but in
other studies conducted by Inoue et al. and Meng et al. on
Japanese and Chinese populations, respectively, it was
demonstrated that FokI genotypes and alleles distribution
among patients with AITDs and control groups were not
statistically different (22, 24, 25). Our results are not consistent with those of a previous study reported by Djurovic
et al., which demonstrated that individuals with FokI
"CC" genotype have higher risk of Hashimoto disease
(26).
In our study, ApaI genotypes and alleles did not have
any association with AITDs. With the same results, a meta-analyze study performed by Feng et al. showed that
ApaI polymorphisms were not related to AITDs pathogenesis (15). However, Inoue et al. revealed that Japanese

Table 2. Genotype and allelic frequencies of FokI and ApaI polymorphisms among patients and controls
Adjusted OR* (95% CI)
AITDs patients
Control subjects
p†
(n=121)
(n=117)
SNP FokI
CC
70 (57.9)
60 (51.3)
3.75 (1.16-12.16)
CT
47 (38.8)
44 (37.6)
0.06
3.41 (1.03-11.28)
TT
4 (3.3)
13 (11.1)
1.00 (reference)
Allele FokI
C
187 (77.3)
164 (70.9)
0.08
1.46 (0.96-2.21)
T
55 (22.7)
70 (29.1)
1.00 (reference)
SNP ApaI
AA
39 (32.2)
42(35.9)
1.00 (reference)
AC
57 (47.1)
49 (41.9)
0.73
1.2 (0.66-2.15)
CC
25 (20.7)
26 (22.2)
1.04 (0.52-2.1)
Allele ApaI
135 (55.8)
130 (55.6)
1
1.00 (reference)
A
C
107 (44.2)
104 (44.4)
1.00 (0.69-1.42)

p
0.03
0.04
0.07

0.55
0.91
0.95

CI: confidence interval; OR: odds ratio; SNP: single-nucleotide polymorphism
†Two-sided χ2 analysis
*Adjusted for age and sex

http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2018(5 Feb); 32.4
.

3

Downloaded from mjiri.iums.ac.ir at 17:12 IRDT on Sunday July 22nd 2018

[ DOI: 10.14196/mjiri.32.4 ]

The association of VDR polymorphisms with AITDs
patients with AITDs had higher proportion of "C" allele
compared to the control group (22).
Our results are helpful for broad understanding of underlying causes of AITDs. More investigations of VDR
polymorphisms are needed to understand the effects of
genetic factors in AITDs, especially in Iranian population.
A study of interaction between FokI and ApaI polymorphisms with Vitamin D status is necessary to realize the
complex effects of genetic and environmental factors related to AITDs etiology and describe the possible molecular mechanisms of VDR polymorphisms involvement in
AITDs pathogenesis. The limitation of our study was low
number of Graves’s patients and low quality of registration system. Thus, more studies with large sample sizes,
especially on Graves’ disease, should be conducted on
Iranian population in the future.

Conclusion
We found that VDR FokI and ApaI genotypes and alleles frequencies did not differ among AITDs and healthy
groups. However, FokI "CC" and "CT" genotypes were
associated with higher risk of AITDs.
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