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Abstract 

Autoimmune thyroiditis disease (AITD) is a widespread autoimmune pathology. Notably, Genetics factors have a kye contribu-
tion to the clinico-pathogenesis of AITD. It's suggested that several immune-related genes have been implicated in genetic sus-
ceptibility to AIT.  Vitamin D receptor (VDR) and its system is involved in an orchestrated mechanism of inflammatory re-
sponse that leads to autoimmunity. In this review, we summarize together the VDR Fokl rs2228570 SNP in autoimmune thy-
roiditis. Based on the literature review, we have concluded that rs2228570 SNP may have susceptibility and predisposition to 
develop AITD. (TCM-GMJ December 2022; 7 (4):P10-P13)      
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  Introduction 
 
utoimmune thyroiditis (AIT) is a widespread autoim-
mune pathology. Notably, Genetics factors have a kye 
contribution to the clinico-pathogenesis of AITD. It's 
suggested that several immune-related genes have 
been implicated in genetic susceptibility to AIT.   

 Vitamin D receptor (VDR) and its system is involved in an or-
chestrated mechanism of inflammatory response that leads to 
autoimmunity. Among Autoimmune thyroid Diseases (AITDs), 
Hashimoto’s Thyroiditis (HT) also known as Autoimmune Thy-
roiditis (AIT) is the most common manifestation. The etiology 
of the AIT is complex and unknown, although the interaction 
between environmental factors and genetic predisposition plays 
an important role. Environmental factors such as drugs, iodine 
intake, irradiation, viral infections, and hormonal effects can 
directly affect thyrocytes and may have adverse immunomodula-
tory and toxic effects.  
Genetic factors predominate about 70-80% in the development 
of the disease, and as with many other autoimmune diseases; 
females are more affected. Vitamin D is now known to have 
pleiotropic effects. Several novel roles have been identified in 
the last years including Autoimmune diseases, COVID-19, De-
pression, Fibrosis etc. Vitamin D has been investigated in affect-
ing thyroid diseases incidence AITD as well. (1) 
Vitamin D receptor (VDR) polymorphism is extensively studied 
in its association with many autoimmune disorders such as Dia-

A 

betes Mellitus 1, Systemic Lupus Erythematosus, Multiple Scle-
rosis, Rheumatoid Arthritis, and Tuberculosis. One such influ-
ence can be seen in Autoimmune Thyroiditis. However, the 
effect of VDR SNPs on susceptibility to autoimmunity differs 
depending on distinct populations and ethnicity.   
VDR gene role in AIT. Vitamin D receptor (VDR) is an intra-
nuclear receptor. VDR gene is located on chromosome 12q13.1 
which consists of 11 exons. (23) Genetic variants in regulatory 
parts of the VDR gene are studied under VDR polymorphism. 
Vitamin D suppresses the immune system from thyroid autoim-
munity by binding to the VDR, expressed in immune cells 
(including, monocytes, macrophages, dendritic cells, and T and 
B lymphocytes and etc). The binding of its receptor (VDR) and 
its ligand leads to an anti-inflammatory response to innate im-
munity contributing to the development of immunosuppressive 
and regulatory effects on the adaptive immune system. (2)  
There are about sixty identified VDR single nucleotide poly-
morphisms (SNPs), Fok I rs2228570, Apa I rs7975232, Taq I 
rs731236, and Bsm I rs1544410, which are linked with an in-
creased risk of AITD. It has been demonstrated that patients 
with lower serum vitamin D had disease manifestations of 
AITDs. (3)  Vitamin D as an immunomodulator is involved in 
the onset and progression of AITD. In patients with AITD, 
low levels of vitamin D were observed; additionally, levels of 
antithyroid antibodies and thyroid volume were related to vita-
min D deficiency influencing the duration of HT. (4) 
VDR belongs to the thyroid/steroid receptor family, an intra-
cellular nuclear receptor. A Vitamin D/VDR complex is 
formed after binding to its receptor, which initiates a chain of 
events. Following complex formation, it is translocated to the 
nucleus and forms a heterodimer with retinoid X receptor 
(RXR) and upon recognition it binds with transcription factor 
IIB (TFIIB) to Vitamin D response element (VDRE). This 
finally leads to transcription activation or suppression of Vita-
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min D response genes. VDR gene polymorphism contributes to 
altered activation and modified effects on immune cell interac-
tions. 
Autoimmune thyroiditis (AIT) is a widespread autoimmune pa-
thology. Notably, Genetics factors have a kye contribution to 
the clinico-pathogenesis of AITD. It's suggested that several 
immune-related genes have been implicated in genetic suscepti-
bility to AIT. 
VDR SNPs and AIT. SNPs such as VDR rs1544410 (BsmI), 
rs7975232(ApaI), and rs731236 (TaqI) polymorphisms have 
shown susceptibility to Hashimoto thyroiditis development. 
Research done on 145 Croatian HT patients and 145 age-, sex- 
and ethnically matched healthy euthyroid controls were geno-
typed for VDR polymorphism and further studied. The results 
demonstrated that the BsmI-TaqI bT haplotype was significantly 
frequent in individuals with diagnosed HT, whereas the BsmI-
TaqI BT haplotype was more often seen in healthy controls. 
Thus, demonstrating various protective and susceptible haplo-
types. (5) 
Distinct races and environments have shown variable GD sus-
ceptibility with VDR gene polymorphism. For instance, VDR 
rs7975232 polymorphism was associated with an increased risk 
of GD risk in Chinese populations (30.34% vs. 25.42% in con-
trols; P = 0.041). (6) Similarly, association in Apa I has been 
observed in Southwest Chinese Han population. A case control 
cohort study including a total of 650 Chinese GD patients and 
1209 controls were selected. When investigating the susceptibil-
ity, results indicated that AA genotype and A allele of VDR/Apa 
I were significantly associated; in contrast, other polymorphisms 
such as FokI, TaqI, and BsmI showed no substantial relations. 
As a result, it can be suggested that the development of GD is 
affected by VDR mRNA expression and levels of secreted cyto-
kines. (7) In an evaluation based on ethnicity from a meta-
analysis, it can be established that VDR rs1544410 polymor-
phism has shown an increased risk in the Asian population while 
the decreased risk of AITD in African and European popula-
tions. On the other hand, VDR rs731236 polymorphism in the 
Asian and African populations is susceptible to increased risk of 
AITD like Hashimoto’s thyroiditis and Graves, while no relation 
has been found in the European population. This concludes 
variation with ethnicity also varies with VDR polymorphism (8).  
FokI (rs2228570) SNPs and AIT. FokI (rs2228570) located on 
the start codon of the VDR gene. It is suggested that the 
Rs2228570 is a functional SNP. This section reviews the role of 
Fokl SNP in autoimmune Thyroiditis.In research on the Serbian 
population, 44 female patients with the diagnosis of Hashimoto 
thyroiditis and decreased or deficient levels of Vitamin D were 
selected, and 32 age-matched, sex-matched healthy controls 
from the same geographic were selected. A significant difference 
was noted when VDR-Fokl polymorphisms were compared 
between HT and control patients (p value <0.05). Increased risk 
of disease development can be seen when comparing patients 
with mutation to those without mutation (odds ratio: 4.472). (9) 
It has been established by Djurovic et al. that Fokl polymor-
phism significantly influences disease occurrence in the Serbian 
population and suggested that the female population with FF 
genotype may have a higher risk of HT occurrence. (9) 
In the Asian population, when frequencies of the CC genotype 
and C allele for the VDR rs2228570 polymorphism were com-
pared in the Japanese population, results showed higher poly-
morphisms in Hashimoto thyroiditis patients with low levels of 
serum Vitamin D levels than in control subjects (P values = 
0·0174 and 0·0458, respectively). (10) The CC genotype is impli-
cated in directly causing autoimmune thyroid destruction while 
C allele is involved in increased interleukin production of inter-

leukin 12 (IL-12), resulting in cytotoxic T cell and Th 1 cell-
mediated thyroid destruction explaining the pathogenesis. This 
data suggests that in patients with HT, immune regulation by 
VDR is thus suppressed. 
Similar VDR-Fokl genotype distribution was noted between 
Chinese and Japanese populations. Lin et al. demonstrated that 
in the Chinese population, 36.7% CC genotypes were present in 
HT patients compared to controls (23.3%), and a comparable 
significant difference in VDR SNP genotypes was also noted (P 
value: 0.0458). (11)  
These data are consistent with the study of Zarrin et al. in north-
west Iran. (12) 121 adult patients suffering from autoimmune 
Thyroiditis and Graves disease (GD) and 117 healthy controls 
age and sex matched in the same population were compared. 
The results demonstrated that patients with Fokl CC and CT 
genotype showed an increased risk of AITDs and precisely, gen-
otype CC showed increased disease risk occurrence of Hashimo-
to thyroiditis (p= 0.04; OR= 3.38). (12) 
Yazici et al. also observed that 111 patients were compared with 
159 healthy controls in studying their VDR genes such as Fokl, 
Bsml, and Apal by polymerase chain reaction (PCR) -based re-
striction analysis method. Results demonstrated an increased risk 
of Hashimoto thyroiditis incident was seen in patients carrying 
FF FokI genotype and TT TaqI genotype; on the contrary heter-
ogeneous genotypes BbAaTtFf offered protection for HT in the 
population. Implying that VDR rs731236 and rs2228570 poly-
morphisms were significantly linked with susceptibility risk in 
the Turkish population. (13) These findings were also consistent 
in the Egyptian population. A Study done by Hanna et al.,2021 
included 112 HT and 48 hypothyroid patients as control. Results 
were consistently confirmed FokI polymorphism in HT patients 
(11.4%) compared to controls with zero occurrences. Further-
more, among the general Egyptian population there was a low 
frequency of FF genotype in non-HT and hypothyroid (control 
patients), about 2.6% and 6%, respectively. This proves the as-
sociation between VDR FokI occurrence and autoimmunity in 
the population (14). 
The presence of dominant or recessive genes affects risk assess-
ment. The presence of homozygous genotype (FF) was higher in 
patients of Hashimoto’s Thyroiditis (p value= 0.0002 and OR= 
2.22) while heterozygous genotype (Ff) (OR=0.63; p=0.029) and 
homozygous recessive genotype (ff) (OR=0.40; p=0.017) were 
lower; signifying that patients carrying dominant genotype show 
two times higher risk of Hashimoto’s Thyroiditis while heterozy-
gous and recessive genotype were protective in disease incidence 
in Iraqi population (15). This result agrees with studies of Yazici 
et al., which also observed that heterozygous genotypes showed 
a decreased risk of development of AITDs in the Turkish popu-
lation. (13) A meta-analysis by Wang et al. also demonstrates 
that the dominant F allele of the VDR- Fokl gene has a higher 
risk of HT (OR=1.44, p=0.010) when compared with the com-
bined Ff and ff genotype. (3) 
Recent studies show an association between low serum levels of 
Vitamin D and autoimmune thyroid pathologies such as HT. 
One such example is a study done in a west-Ukrainian popula-
tion consisting of 153 patients of various thyroid pathologies. 
Results showed that patients suffering with hypothyroidism and 
carrying AA genotype had significantly low levels of Vitamin D 
by 18.8% irrespective of their initial cause (postoperative or au-
toimmune) compared to AIT patients without hypothyroidism 
suggesting that low levels of vitamin D intensify thyroid insuffi-
ciency. Different pathologies also showed differences in vitamin 
D levels. Significant decrease in Vitamin D levels about 1.89 and 
2.05 times, were seen in patients suffering from postoperative 
hypothyroidism and AIT-induced hypothyroidism respectively 
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when compared to control group. (16)  
In the Taiwanese Chinese population, increased frequency of 
CC genotype and C allele of VDR FokI polymorphism were 
studied in GD patients. Thus, drawing conclusions that VDR 
Fokl T/C polymorphism could probably be used as a genetic 
biomarker for predicting Graves disease progression and inci-
dence. (17)  
The Different population shows variation in susceptibility to 
disease progression. Zhou et al., 2009 demonstrated that FokI 
(OR 1.68 (95% CI: 1.28-2.20, P = 0.0002), ApaI and Bsml poly-
morphism showed an increased risk of development of GD in 
the Asian population while on contradictory TaqI, FokI, ApaI 
and Bsml polymorphism showed no correlation in disease devel-
opment in the Caucasian population. (18) Ramos-Lopez et al., 
2005 report such association wherein three populations have 
differentially distributed VDR polymorphism. 789 Graves pa-
tients and 823 healthy controls were analyzed for VDR polymor-
phism. German and polish populations but not the Serbian pop-
ulation demonstrated an increased association between polymor-
phism and Graves disease incidence. Variant f (p= 0.0024) of 
VDR FokI polymorphism was found to be associated in the 
German population while variant F (p= 0.0049) in the Polish 
population. (19) Concluding that different populations with the 
same VDR polymorphism show variation in disease occurrence. 
VDR gene SNPs are associated with numerous disease predispo-
sition. Studies have shown predisposition to Pancreatic and co-
lon cancers. (24-26) Fokl polymorphism is also associated with 
an increased risk of cancer susceptibility as well. Multiple studies 
have shown increased risk for ovarian, prostate and skin cancer 
with Fokl polymorphism. In addition, Fokl T/T genotype was 
suggested to be associated with increased risk of head and neck 
squamous cell carcinoma (20). To understand the relationship of 
Fokl VDR gene polymorphism and clinical significance of Papil-
lary Thyroid Cancer (PTC) development, a case-controlled study 
was conducted in the Turkish population consisting of 165 pa-
tients with PTC and 172 controls. The Frequency of VDR Fokl 
polymorphism increased in patients suffering from PTC as com-
pared to controls. Significant differences were linked to different 
allele distributions in susceptibility to PTC. The following results 
were observed, patients with FokI CT/TT or TT genotype com-
pared to CC genotype had an increased risk of T3 and T4 PTC 
(TT vs CC: OR = 2.71, 95% CI = 1.13–6.53, p = 0.003) and 
extra thyroid invasions development. Moreover, they were more 
expected to develop Stage III and IV PTC and multifocal tu-
mors (TT vs CC: OR = 5.20, 95% CI = 1.93–11.94; p = 0.001) 
compared to CC genotype. It was observed that patients having 
tumor size more than or equal to 10mm compared to <10mm 
carried TT genotype. In conclusion, patients with VDR gene 
FokI were not only associated with an increased risk of PTC but 
also adverse pathologic and prognostic factors and hence can be 
used as poor biomarkers in PTC patients (21). It is important to 
understand that Hashimoto’s thyroiditis and PTC are relatively 
common diseases with interlinked etiologies and progression 
into one another. 
Efficacy of VDR against therapy which is used to decrease via-
ble thyroid cancer cell count, has been found to vary on FF or ff 
genotype of Fokl VDR polymorphism. FF FokI variant is asso-
ciated with greatest resistance while ff Fokl variant has been 
associated with a good response to therapy with a decrease in 
viable cell count. This observation can be interpreted as that FF 
FokI polymorphism is associated with aggressive cancer pro-
gression. (22)  
However, some populations failed to be consistent with this 
association. For example, in a study performed in patients of 
Caucasian polish origins, 223 adult patients suffering from AIT 

were studied and compared to 130 unrelated controls of the 
same origin. The study failed to find a strong association in 
rs2228570 FokI polymorphism affecting the risk of disease oc-
currence between AIT and controls at least in the population 
mentioned above. (1) Similarly, Meng et al. failed to demonstrate 
such an association among the Chinese population. (6) Such 
contradictory outcomes were also observed by Feng et al., 2013, 
which suggested that TaqI and BsmI polymorphism are associat-
ed with AITD susceptibility rather than FokI and ApaI poly-
morphism. (16) The inconsistency in results shows the associa-
tion is influenced due to distinct ethnicities, different geograph-
ical regions, and lifestyle causes such as diet, and sunlight expo-
sure. 
Conclusion 
rs2228570 Polymorphism is associated with autoimmune thyroid 
susceptibility. Thus, based on the existing references, VDR FokI 
rs2228570 has shown a strong correlation in AITD progression 
and susceptibility.    
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