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Abstract

Thyroid stimulating hormone receptor (TSHR) is thought to be a significant candidate for genetic susceptibility to Graves' disease (GD). The
aim of the present study was to determine whether A>G dimorphism at position 15678 of intronl (rs179247) in the TSHR gene contributes to
the severity and clinical manifestations of Graves' disease. We performed genetic and hormonal studies on 60 Graves' patients and 60
apparently healthy controls. We determined the subjects' genotypes for the rs179247 A>G polymorphism of the TSHR gene using TagMan
genotyping kit by RT-PCR. The concentrations of T3, T4, TSH and anti-TSHR in serum were determined. Comparisons of studied variables
between genotypes was performed using statistical analysis system (SAS).

The frequency of AG genotype was significantly (p<0.05) higher in patients with Graves' disease compared with apparently healthy controls.
The GG genotype frequency was significantly (p<0.01) higher in patients with Graves' disease than in apparently healthy subjects. Generally,
all serum parameters were unaffected by the studied SNP of TSHR in both Graves' disease patients and apparently healthy subjects. The levels
of serum T3 and T, hormones, in addition to serum anti-TSHR were significantly (p<0.01) higher in Graves' disease patients than in apparently
healthy subjects. Serum TSH levels were significantly lower in GD patients than in apparently healthy subjects.

The 9.15678 A>G (rs179247 SNP) of TSHR gene is related to the development of Graves' disease in Iragi patients and more studies are
necessary to clarify the role of the TSHR gene in influencing Graves' disease susceptibility.
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INTRODUCTION

Graves' disease (GD) is one of the most common organ-
specific endocrine diseases, and also a multifactorial disease with
genetic susceptibilities and environmental factors. It affects up to
approximately 1% of the general population (1). Many previous
studies have identified several gene loci that are associated with
the risk to develop Graves' disease which include cytotoxic T
lymphocyte-associated  antigen-4  (CTLA-4) gene  (2),
thyroglobulin (TG) gene (3), protein tyrosine phosphatase (PTPN)
gene (4), vitamin D receptor (VDR) gene (5), interleukin-1 gene
(6) and thyroid stimulating hormone receptor (TSHR) gene (7).
TSHR gene is a significant candidate, and failure of tolerance to
TSHR is central to the pathogenesis of GD.

Intronic polymorphisms has been entertained because of that
intronic DNA may be responsible for regulatory small RNAs as
well as providing and influencing different start sites for TSHR
MRNA generation (8). Thyroid cell expresses a variety of TSHR
MRNA splice variants (9), indicating that SNPs or small RNAs in
this intronic DNA may be important in the generation of different
receptor forms and their control. A study from Singapore
demonstrated an association of a TSHR intron 1 SNP with GD
(10). Brand et al. (11) found that the SNP rs179247 of TSHR gene
showing a strongest association with Graves' disease. Then, the
association of TSHR gene SNP rs179247 with the development of
Graves' disease was proved in Polish (12), Spanish (13), Chinese
(14), Brazilian (15) and Japanese (16) populations. Nevertheless,
many studies have investigated the association between TSHR
gene polymorphism and the risk of GD, but yielded conflicting
results.

To further examine its potential role in influencing the risk of
GD, we performed a study on intronl of TSHR gene (rs179247)
to investigate its effects on the incidence of Graves' disease in a
sample of Iraqgi patients.

MATERIAL AND METHODS

This study was conducted in the institute of genetic
engineering and biotechnology for higher studies- university of
Baghdad during a period from February to May 2017. The study
included 60 patients with Graves' disease. The diagnosis of GD
was based on standard clinical criteria including increased serum
levels of free T, and T; and decreased or undetectable TSH
concentrations in addition to the increased anti-TSHR levels. We
included a control group of very carefully screened 60 healthy

individuals recruited from blood donors from our region. None of
the control subjects had any history of personal or familiar
autoimmune diseases nor presented any abnormality at thyroid
palpation. Blood samples were collected from severe Graves'
disease patients and apparently healthy subjects in the
Endocrinology Centre of Al-Kindi hospital, Baghdad to obtain
blood for DNA extraction and serum for hormonal assays.
Genomic DNA was extracted from the whole blood which
collected in EDTA-containing tubes by using DNA purification
kit (WizPrep™ DNA Extraction Kit). The purity and
concentrations of DNA samples were estimated by using
Nanodrop (2000C apparatus, Thermo Scientific, USA).

All DNA samples were genotyped for rs179247 SNP of TSHR
gene by Real-Time PCR TagMan® SNP Genotyping Assays
(C_26928532_10), using a 7500 Real-Time PCR System (Applied
Biosystems, CA, USA) and analyzed through the allelic
discrimination endpoint analysis mode of the Sequence Detection
Software Package (SDS).

Serum T3, T4 and TSH hormones concentrations were
determined using VIDAS kits (bioMereux, France). Anti-TSHR
levels were determined using ELISA kit.

The statistical analysis was conducted using the SAS statistical
software (17). Chi square (X?) test was used to examine
homogeneity between cases and controls. The odds ratio provided
the measurement of association strength. ANOVA was used to
evaluate the effect of rs179247 genotypes and clinical risk factors
including age, sex, smoking status, treatment and duration of
disease.

RESULTS AND DISCUSSION

The distribution of genotypes alleles frequency at rs179247
SNP of TSHR gene presented in table 1.

As related with AA genotype, the frequency was in patients
with Graves' disease significantly (p<0.01) lower than in
apparently healthy controls (43.33 versus 71.67%, respectively; X
2=9.903; OR=1.327). The frequency of AG genotype was
significantly (p<0.05) higher in patients with Graves' disease
compared with apparently healthy controls (30 versus 20%,
respectively; X >=4.372; OR=0.763). The GG genotype frequency
was significantly (p<0.01) higher in patients with Graves' disease
than in apparently healthy subjects (26.67 versus 8.33%,
respectively; X 2=6.794; OR=1.008). The frequency of the
combined AG+GG genotypes was, also, significantly (p<0.01)
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higher in patients with Graves' disease than in apparently healthy
subjects (56.67 versus 28.33%, respectively; X 2=9.145;
OR=1.563).

The frequencies of A and G alleles were 0.82 and 0.18 in
apparently healthy subjects and 0.58 and 0.42 in patients with
Graves' disease, respectively.

The results in the present study, as related with rs179247 SNP
of TSHR, found a G allele-related risk with Graves' disease in
Iraqi patients. These results are in agreement with previous studies
on populations of Caucasian (11), Polish (12), Spanish (13),
Chinese (14), Japanese (18), Brazilian (15) and Italian (19).

Brand et al. (11) interrogated a panel of 98 SNPs spanning an
800 kb region of the TSHR gene in a cohort of 768 GD subjects
and 768 controls. The SNP rs179247 showing the strongest
association with Graves' disease. They proposed that the TSHR
intron 1 GD-associated SNPs regulate mRNA spicing, resulting in
increased levels of variants encoding a more autoantigenic TSHR
A-subunit. They measured the levels of full length TSHR mRNA
and of two TSHR truncated transcripts named ST4 and ST5 in
thyroid tissues and showed that the disease-risk alleles of 2 intron
1 SNPs (rs179247 and rs12101255) associate with increased ST4
and ST5 and with decreased full length TSHR levels. Also, they
suggested that the truncated ST4 and ST5 variants could be
translated into TSHR extracellular A-subunit, the main target of
TSHR autoantibodies. Ploski et al. (12) found an association of
SNP rs179247 with orbitopathy as its relationship with the
development of Graves' disease was proved in the Polish
population. In their study on Spanish population, Colobran et al.
(13) found that individuals carrying the disease-protective
genotype (AA) at the rs179247 site have higher levels of thymic
TSHR mRNA than those with the disease-associated genotypes.
They showed that individuals homozygous or heterozygous for
the GD-associated allele at the rs179247 SNP have significantly
lower TSHR mRNA expression levels in the thymus than
individuals homozygous for the protective allele (AA). Liu et al.

(14) found on TSHR gene that the allele G of rs179247 was
associated with opthalmopathy in Chinese patients with Graves'
disease. The association of the TSHR intron 1 SNPs with GD was
validated by the study of Bufalo et al. (15) on Brazilian
population. Recently, three meta-analysis studies intended to
refine the effects of rs179247 SNP on Graves' disease
susceptibility concluded that there is a significant association
between this SNP in TSHR intron 1 and Graves' disease (16; 20;
21). The meta-analysis of Qian et al. (16) revealed a significant
association between TSHR rs179247A/G polymorphism with GD
in five different populations (Chinese, Japanese, Polish, British
and Brazil). Xiong et al. (21) showed that the carriers of rs179247
AA had a 34% less risk of developing GD than the controls.
Allele G of rs179247 was more frequent in GD patients (42% in
GD patients versus 18% in healthy subjects in the present study).
Allele A of rs179247 was more common in healthy people (82%
in healthy subjects versus 58% in GD patients in the present
study). The risk allele of TSHR SNP rs179247 was associated
with a reduced ratio of full length TSHR:ST4 and full length
TSHR:ST5. The increase of ST4 and ST5 resulted in a higher
production of the soluble “A” subunit of TSHR in the periphery.
This led to the production of thyroid auto-antibodies, which are
the cause of GD.

Serum levels of T3, T4, TSH and anti-TSHR in Graves' disease
patients are presented in table 2. All parameters that shown in
table 1 were affected by age. Serum levels of T3 and T, hormones
in patients with Graves' disease were significantly (p<0.01)
decreased with advance in age. Serum T3 and T, levels in GD
patients at less than 40 years old were equal to two fold compared
with those at more than 40 years' old. In contrast, serum TSH
hormone levels in patients with GD were significantly (p<0.01)
increased with advance in age. Serum anti-TSHR levels in GD
patients were significantly (p<0.01) decreased with advance in
age.

Table 1. The frequency of genotypes and alleles at rs179247 SNP in intron 1 of TSHR gene in Iragi patients with Graves' disease and controls.

Frequency, n (%) 5
Genotypes Control* GD? 7 OR
AA 43 (71.67%) 26 (43.33%) 9.903 ** 1.327
AG 12 (20 %) 18 (30 %) 4372 * 0.763
GG 5(8.33 %) 16 (26.67%) 6.794 ** 1.008
AG+GG 17 (28.33%) 34 (56.67%) 9.145 ** 1.563
Alleles
A 0.82 0.58 - -
G 0.18 0.42 - -

1 apparently healthy subjects. 2 Patients with Graves' disease. * Odd ratios.

*and ** means significant at 0.05 and 0.01 levels, respectively.

Table 2. Effect of some parameters on serum levels of T;, T4, TSH and anti-TSHR in Iraqgi patients with Graves' disease. (Means + SE)

Parameters Ts T, TSH Anti-TSHR
<40 8.03+0.58 a 250.7+19.6a 0.29+ 0.16 ¢ 183+ 15a
Age (year) 40-50 3.88+0.63b 135.2+13.1b 0.71£0.20 b 81+14b
>50 354+0.95h 1429+ 37.0b 1.48+0.45a 77+25Db
P Value ** ** * **
Male 426+ 1.13 155.82 + 34.9 0.73+0.23 95+25
Sex Female 5.78+0.51 189.52 + 14.6 0.67£0.17 128+ 1.3
P value NS NS NS NS
yes 4.45 + 0.89 155.12 £ 26.5 0.58 +£0.18 9.82+1.9
Smoking no 5.85 + 0.55 192.84 +15.7 0.72+0.18 1294+ 1.4
P value NS NS NS *
yes 1.70 + 0.05 86.99 + 2.7 1.42+0.25 3.40+0.3
Treatment no 8.56 + 0.29 261.15+ 13.6 0.07 £0.01 19.23+0.9
P Value *%x *%x *% *%x
<6 6.66 £0.57 a 214.35+184a 0.29+0.10 b 1476 +1.4a
Duration of 6-12 4.62+0.77 a 158.92+20.6 b 0.80£0.22b 10.46+19a
disease (month) >12 164+011b 87.25+49c 299+092a 182+0.1b
P Value *%x *%x *% *%x

*and ** means significant at 0.05 and 0.01 levels, respectively.
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Table 3. Serum T3, T4, TSH and anti-TSHR concentrations as affected by the genotype of rs179247 SNP in intron 1 of TSHR gene in Iraqi patients with
Graves' disease and controls.

Parameters Rs179247 genotypes Control* Patients’ p value

AA 1.57 +0.06 5.23+0.79 *x
Serum T AG 1.74£0.11 6.60 + 0.75 el
GG 1.50 +£0.05 4.62 +0.85 *x

p- value NS -
AA 95.63 +16.6 179.80 + 23.2 *x
Serum T, AG 90.51+ 2.4 203.89 + 20.4 *x
GG 84.40+4.2 163.87 +25.6 il

p- value NS -

AA 2.60 +0.18 0.80 £ 0.22 *

AG 2.58 +0.33 0.33+£0.19 *
Serum TSH GG 3.80 £ 0.38 0.89 £ 0.33 =
p- value NS -
AA 0.39£0.03 11.79 £1.85 *x
. AG 0.36 + 0.06 13.83+1.76 il
Serum anti-TSHR GG 0.39 £0.07 10.60 + 2.44 =

p- value NS -

! apparently healthy subjects.  Patients with Graves' disease. *
*and ** means significant at 0.05 and 0.01 levels, respectively.

The present work examines the effect of age on the levels T,,
T, and TSH (Table 2) which show a decreased level of T; and T,
when compared the levels at less than 40 years old with the age of
more than 40 years old.

This pattern of effect is also in agreement with the findings of
Muslim and Khalil (22). Similar trends of changes in T,levels
were also found by Muslim and Khalil (22). The effect of age on
TSH level was observed to increase with age. This pattern of
result is disagreeing with the results obtained in the previous study
(23), while some workers showed a higher TSH level with an
increase in age (24). Some other researchers also assayed thyroid
hormones and TSH and found no changes in TSH level with age
(25). This difference may be due to the fact that the subjects in
that study were not screened for any kind of illness that may affect
the thyroid function tests. All parameters that shown in table 2
were unaffected by sex and smoking status except serum anti-
TSHR levels which increased in nonsmokers GD patients.
Franklyn et al., (23) and Muslim and Khalil (22) concluded that
level of T, was higher in females than males. They further
concluded that T; and TSH levels are not influenced by gender.

All parameters that shown in table 2 that measured for GD
patients were responded to treatment. In response to treatment
both T3 and T, levels were significantly (p<0.01) decreased while
serum TSH levels were significantly (p<0.01) increased. Serum
anti-TSHR levels were significantly (p<0.01) decreased in
response to treatment. Roger et al. (2017) found that TSH receptor
antibodies decreased to a greater degree in patients receiving
combination therapy. Serum T; and T, concentrations in GD
patients were significantly (p<0.01) decreased with increase the
duration of GD disease. In contrast, Serum TSH concentrations in
GD patients were significantly (p<0.01) increased with increase
the duration of GD disease. Serum anti-TSHR concentrations in
GD patients were significantly (p<0.01) decreased with increase
the duration of GD disease.

Serum T3, T4, TSH and anti-TSHR concentrations as affected
by the genotype of rs179247 SNP of TSHR gene in Iragi patients
with Graves' disease and controls are presented in table 3.

Serum T3, T4and anti-TSHR concentrations were unaffected by
the studied SNPs of TSHR in both Graves' disease patients and
apparently healthy subjects. However, the levels of serum T, T,
and anti-TSHR were significantly (p<0.01) higher in Graves'
disease patients than in apparently healthy subjects.

In apparently healthy controls, there were a significant increase
in serum TSH levels in GG carriers of SNP rs179247 in TSHR
compared with AA and AG genotypes. Serum TSH levels were

significantly lower in GD patients than in apparently healthy
subjects.

The key feature in untreated GD is the significant increase in
the serum triiodothyronine (T3) level, which is caused by the
elevated activity of intrathyroidal type 1 deiodinase (26). TSH
binding to its receptor leads to coupling Gs and stimulates cCAMP
production through activation of adenylyl cyclase (27). At higher
concentrations of TSH, the TSHR couples Ga/11, resulting in
activation of phospholipase C, and stimulates the inositol
phosphate (IP) pathway (27). The increase in cAMP leads to
phosphorylation of protein kinase A and to activation of
transcription factors, such as CREB, resulting in the increase of
iodide uptake, thyroid peroxidase, and thyroglobulin synthesis
(27). In addition, stimulation of Gg/11 and the phospholipase C-
dependent inositol phosphate /diacylglycerol pathway at the
higher doses of TSH activates hydrogen peroxide generation and
iodination.

Autoantibodies against the thyroid-stimulating hormone (TSH)
receptor (TSH receptor antibodies, TSHRAbs) are directly
involved in the pathogenesis of Graves 'disease. The TSHRAbs
compete with TSH for TSH receptor (TSHR) binding and mimic
the TSH action, resulting in hyperthyroidism.
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