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A B S T R A C T

Background: Autoimmune thyroid diseases (AITD) are common, with important epide-
miological data, including family and twin studies, supporting a strong genetic back-
ground on the etiology of AITD.
Objectives: The aim of this study was to assess the relationship between two polymor-
phisms of Thyroid Peroxidase gene (TPO) and serum level of Anti-TPO titer in an Ira-
nian population.
Patients and Methods: A sample of 184 participants from the Tehran Lipid and Glucose 
Study was selected as the case (No.=112) and control (No.=72) groups. Inclusion criteria 
for cases were Anti-TPO and Anti-Tg>100U/L with a history of hypothyroidism. Anti-TPO 
level in subjects was measured by the ELISA kit. Genomic DNA was extracted using Salt-
ing-out/Proteinase K method. Polymorphism detection of Exon 8 and 12 was done us-
ing the PCR-RFLP method. The PCR products were incubated with restriction enzymes 
SacII and BsrI, respectively.
Results: The C allele frequency of C2145/T polymorphism Exon 12 (rs732608) was ob-
served in 71.2% of patients and 28.8% of normal individuals. This allele was significant-
ly associated with increased levels of anti-TPO [(TT, 140±330 pmol/L; vs. CC, 436±380 
pmol/L; P < 0.001), (OR: 9.2)]. The G1193/C was not polymorphic and no association be-
tween this SNP and the level of serum anti-TPO was found in this study.
Conclusions: We found that the C allele polymorphism in C2145/T exon 12 is associated 
with the high level of serum anti-TPO and that carriers of this allele are predisposed to 
disease 9.2 times more than those, who have no C allele. The selected polymorphism of 
exon 8 has no effect on increased levels of anti-TPO.
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Background

Over the last 20 years, different loci, such as MHC, CT-
LA-4, PTPN22, and TSHR genes have been linked to auto-

immune thyroid disease (AITD). Moreover, several single 
nucleotide polymorphisms (SNPs) have been identified 
in AITD (1). Thyroid peroxidase (TPO) is the major thyroid 
autoantigen recognized by serum autoantibodies in pa-
tients with Graves’ disease or Hashimoto’s thyroiditis 
(2-4). This enzyme catalyses the oxidation of iodine to an 
iodinating species that forms iodotyrosines in a thyro-
globulin (Tg) molecule and subsequently iodotyronines, 
which ultimately result in thyroid hormone synthesis 
such as T3 and T4 (5-10). In AITD, the immune system 
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G polymorphism, G1201/T, Exon 8 A polymorphism, A2257/C, 12 Exon

Genotype/Allele Male [No. (%)] Female [No. (%)] Genotype/Allele Male [No. (%)] Female [No. (%)]

GG 73 (100) 111 (100) TT 45 (62) 73 (66)

GC 0 0 CT 23 (31) 28 (25)

CC 0 0 CC 5 (6) 10 (9)

G 1 1 T 0.774 0.783

C 0 0 C 0.226 0.216

Table 1. Genotype and allele frequencies of G1193/C and C2145/Tt polymorphisms in male and female participants (Total: 73 Male, 111 Female)

Genotypes
p-value

TT (118) CT (51) CC (15)

Age (year) 43 ± 13 44 ± 14 43 ± 14 0.86

Weight (kg) 72 ± 12 74 ± 12 70 ± 8 0.53

Anti- TPO (U/L) 140 ± 330 500 ± 824 436 ± 380 p < 0.001

Anti-Tg (U/L) 270 ± 941 250 ± 370 450 ± 516 0.68

Log anti- TPO 2.96 ± 1.9 4.7 ± 2 5.8 ± 0.7 p < 0.001

Log anti-Tg 3.3 ± 2.2 4.5 ± 1.7 5.5 ± 1.1 p < 0.001

Table 2. Clinical variables, anthropometric measurements, and serum laboratory values in three different genotypes of C2145/T polymorphism

 (Data are presented as Mean ± SD)

produces specific antib-odies against thyroid tissue and 
causes tissue destruction and hypothyroidism, and thus 
diminishes the production of thyroid hormones (11). The 
humoral response in Hashimoto's thyroiditis is manifest 
by heterog-eneous IgG class autoantibodies to TPO, of 
which and around 180 human TPO antibodies have been 
identified (12, 13). Several studies have shown that Anti-
TPO level is increased in Hashimoto’s disease. Anti-TPO 
antibodies indicate an autoimmune reaction in which 
immune cells target the TPO proteins and thyroid gland, 
leading to thyroid diseases such as Hashimoto's thyroidi-
tis, Grave's disease or postpartum thyroiditis (14).

In a twin study in the UK, the concordance rates for 
Tg antibodies were 59% and 23% in MZ and DZ twins, re-
spectively. The concordance rates for TPO-autoantibodies 
were also 47% and 29% in MZ and DZ twins, respectively 
(15). These data suggest that Hashimoto’s thyroiditis has 
a substantial inherited susceptibility, and seems to be a 
polygenic disease with a complex mode of inheritance. 
Immunomodulatory genes are expected to play an impor-
tant role in predisposing and modulating the pathogen-
esis of Hashimoto's thyroiditis (16). Many patients with 
defects in mechanisms involved in the thyroid hormone 
biosynthesis have a mutation in the TPO gene (4, 5).

Objectives

This study hypothesizes that immune dysfunction is 
not the only major factor in autoimmune thyroid disor-
ders and that that most likely TPO molecule alterations 
contr-ibute to affect the immune responses, indicating 
that thyroid tissue, should also be involved in this dis-
order. Based on this hypothesis, two common polymor-

phisms G1193/C in exon 8 and C2145/T in exon 12 of TPO 
gene, were selected for investigation.

Patients and Methods

The Tehran Lipid and Glucose Study (TLGS) was designed 
to determine the risk factors for major non-communica-
ble disorders, including atherosclerosis and to promote 
healthy lifestyles in district 13 of Tehran, Iran. In this cross 
sectional study, 184 TLGS participants were selected as the 
control (No. = 72) and case (No. = 112) groups. Inclusion 
criteria for cases were anti-TPO and anti-Tg > 100U/L with 
a history of hypothyroidism, while those with anti-TPO 
and anti-Tg < 100U/L and without hypothyroidism were 
included in the control group (17). Written informed 
consent was obtained from each subject. Two polymor-
phisms of the TPO gene, G1193/C in exon 8 (rs2175977) and 
C2145/T in exon 12 (rs732608) were investigated in these 
two groups. 

The amounts of anti-TPO and anti-Tg antibodies were 
measured by the ELISA method (Labodia Company, Gene-
va, Switzerland). For analysis of the TPO polymorphism, 
buffy coats were separated from non coagulated blood 
samples and stored at -70°C until processing when ge-
nomic DNA was extracted by the standard Salting out/
Proteinase K method (18). The polymerase chain reaction 
(PCR) was used to amplify a 698 bp fragment in exon 8 of 
the TPO gene using the oligonucleotide primers F: 5'- GTC 
TGC CCT TCT ACC GCT CTT C -3' and R: 5'- CAC GAT GAC CCT 
CCA CAC G TC -3' and a 177 bp fragment in the exon 12 of 
TPO gene using the oligonucleotide primers F: 5'- CTG TCT 
CGG GTC ATC TGT G -3' and R: 5'- GTA ACG TGG TGT GAG 
AGG AGA C -3'. Each amplification was performed using 
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Results

The results of genotype and allele frequency determi-
nation of G1193/C polymorphism in both genders are 
shown in Table 1. The allele frequency for G allele was 
100%, whereas the C allele was not observed in this popu-
lation. Digestion with SacII and BsrI restriction enzymes 
revealed the polymorphic sites, which were produced by 
a single nucleotide substitution in positions of G1193/C 
exon 8 and C2145/T exon 12 of TPO gene, respectively (Fig-
ures 1 and 2, Table 1).

The association between three different genotypes 
of C2145/T polymorphism, clinical variables, anthropo-
metric measurements, and serum laboratory values are 
given in Table 2. Due to population dispersion and wide 
ranges of anti-TPO and anti-Tg, the logarithm of these val-
ues was used in the calculations. Significant differences 
were found among anti-TPO levels and three genotypes, 
namely TT, CT, and CC (p < 0.001), but there was no signif-
icant correlation between mean age and weight in these 
three genotypes. The C and T allele associations between 
C2145/T polymorphism and anti-TPO levels in this study 
population is given in Table 3.

In the TPO + group, the frequencies of the T and CA al-
leles were 21.2% and 71.2%, respectively. On the other hand, 
in the TPO- group, 78.8% and 28.8% of individuals carried 
the T and C alleles, respectively, with a significant corre-
lations found in both groups (p < 0.001). The effect of C 
allele on autoimmune hypothyroidism was evaluated by 
odds ratio (OR = 9.2). A significant correlation was also 
seen between increased amounts of anti-Tg and C alleles. 
The association between C and T alleles of C2145/T poly-
morphism and anti-Tg levels is given in Table 4, which 
demonstrates that individuals with C allele have signifi-
cantly higher levels of anti-Tg (p < 0.001) than T allele car-
riers.

Discussion

In this study the effect of two common polymorphisms 
of TPO gene i.e. G1193/T in exon 8 and C2145/T in exon 12 

100 ng of total genomic DNA in a final volume of 25 µL 
containing 40 pmol of each oligonucleotide, 0.2 mmol 
L-1 of each dNTP, 1.5 mmol L-1 MgCl2, 10 mmol L-1 Tris (pH 
8.4) and 0.25 units of Taq polymerase (Fermentase Co. 
Canada). Hybridization was carried out in a DNA thermal 
cycler (Corbett co. Australia) in which DNA templates 
were denatured at 95°C for 5 minutes, amplification, 
consisting of 35 cycles at 95°C for 45 seconds, 60°C for 1 
minute and 72°C for 1 minute, with a final extension at 
72°C for 5 minutes. The PCR products were subjected to 
restriction enzyme analysis by digestion at 37°C for 2 
hours with 10 U/µL of SacI restriction endonuclease in 
each 10 µL of PCR sample in the buffer recommended by 
the manufacturer of the endonuclease (Roche Co. City, 
Germany). The fragments were separated by electropho-
resis on a 12% acrylamid gel,which after electrophoresis, 
was treated with 1µg/dl ethidium bromide solution for 
10 minutes, and DNA fragments were visualized by gel 
documentation (Optigo Co. City, Holland). 

Statistical analysis was performed by the SPSS pro-
gram. For quantitative variables Mean ± SD was used 
and qualitative variables were expressed as percentage. 
In addition, to compare the findings, two-tailed ANOVA 
followed by the post-hoc Tukey multiple tests were used. 
Significance level was set at p < 0.001.

Allele Anti-TPO (+) Anti-TPO (-)

T (118) 25 (21.2%) a 93 (78.8%)

C (66) 47 (71.2%) a 19 (28.8)

Table 3. Serum anti-TPO in C2145/T polymorphism

a P < 0.001

Allele Anti-Tg (+) (100pm/L) Anti-Tg (-) (100pm/L) p-value

T (118) 33 (28.0%) 85 (72.0%) p < 0.001

C (66) 38 (57.6%) 28 (42.4%) p < 0.001

Table 4. The association between the C and T alleles of the C2145/T poly-
morphism and serum anti-Tg levels

84
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Figure 1. PCR-RFLP pattern produced by Sac II restriction enzyme on 12% poly-
acrylamide gel (Exon 8)

Figure 2. PCR-RFLP pattern produced by BsrIrestriction enzyme on 12% poly-
acrylamide gel (Exon 12)
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and their correlation with anti-TPO serum levels were 
investigated and the results showed that G1193/T was not 
polymorphic and no association of this SNP with serum 
anti-TPO level of was found, whereas the presence of C 
allele in the C2145/T polymorphism was found to have a 
correlation with increased levels of serum anti-TPO, and 
it was also significantly associated with anti-Tg serum lev-
els. Hashimoto's disease, a thyroid autoimmune disease 
in which the thyroid gland is gradually destroyed by a va-
riety of cells and antibody mediated immune processes, 
is a common cause of hypothyroidism. Specific anti-TPO 
production by the immune system results in thyroid tis-
sue destruction, as a result of which, the amount of the 
thyroid peroxidase enzyme is reduced, thereby also de-
creasing or causing cessation of thyroid hormone pro-
duction. Since in AITD the process of TPO enzyme pro-
duction is defective, for the first time this hypothesis is 
being proposed that mutation in the TPO gene may con-
tribute to the occurrence of these diseases (19-21). Auto-
immune hypothyroidism can lead to numerous compli-
cations such as metabolic disorders, mental retardation 
in children, obesity, nervous system disorders, insomnia 
(sleeplessness), and infertility, all problems that obvious-
ly strongly affect the patient’s quality of life and society 
(22, 23). Infertility treatment programs for women im-
pose enormous financial burdens and waste of time on 
both the individual and society, indicating the criticality 
of the early diagnosis of this complication; after puberty, 
its diagnosis is possible through antibody measurement, 
facilitating possibly disease progression; however early 
diagnosis is not possible with low antibody levels before 
puberty (24). Germline polymorphisms in this disease 
can be detected at birth using genetic tests, thereby sav-
ing much time and cost. To conclude, the results of this 
study reflect one of the genetic causes of the Hashimoto’s 
disease in an Iranian population, findings which may be 
used to facilitate identification of genetic susceptibility 
and timely diagnosis.
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