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Abstract— Graves’ disease (GD) is a complex genetic autoimmune thyroid diseases (AITD). TSHR is considered as

candidate gene in GD. IL1IRN gene shown to be related to the pathogenesis of a number of autoimmune discases.

These finding prompted us to investigate the association of TSHR and IL1RN genes polymorphism with the risk and
the prognosis of GD in Tunisia. A total of 249 healthy controls and 68 GD patients were genotyped for TSHR D727E
and ILIRN"NT® polymorphism. No significant difference was found for D727E polymorphism between GD patients
and healthy controls. For ILIRN"™™ we found an association between GD and ILIRN A1A2 genotype. TSHR poly-
morphism was associated with GD susceptibility in patients older than 40 years. We found for the first time an associ-

ation of ILIRN"N™® polymorphism with the production of anti-thyroglobulin and anti-thyroid peroxidase antibody at

the onset of disease. These preliminary results suggest that TSHR polymorphism may be a risk factor for late onset of

GD, and that ILIRN'N™® polymorphism may be associated with GD susceptibility and may represent prognostic factor

for predicting the severity of GD.
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INTRODUCTION

Graves’ diseases (GD) is an autoimmune thyroid dis-
eases (AITD) characterized by lymphocytic infiltrates
reactive against thyroid antigens including thyroglo-
bulin (Tg), thyroid peroxidase (TPO) and thyroid-
stimulating hormone receptor (TSHR). The production
of thyroid-specific auto-antibodies leads to hyperthy-
roidism in people with Graves’ disease (GD) or to thy-
roid gland damage and hypothyroidism in people
with Hashimoto’s thyroiditis (HT).

Multiple genes, including both immune regulatory
genes and thyroid-specific genes have been reported
to contribute to AITD susceptibility (Invernizzi et al.,
2009; Smith et al., 2012).

TSHR is a thyroid specific gene, located on chromo-
some 14q31, close to the main locus of susceptibility to
Graves’ disease (Tomer et al., 1998; Tomer et al., 1997).
TSHR gene is considered a candidate gene in GD since
the TSHR protein is a major auto-antigen in this dis-
ease (Menconi, 2008).

Several polymorphisms were detected in the TSHR
gene. The D727E (rs1991517) dimorphism results in an
amino acid substitution of aspartate (D) to glutamate
(E) at codon 727 in the intracellular domain of TSHR
molecule (Tonacchera and Pinchera, 2000). Functional
analysis of this polymorphism reveled an association
with a significantly higher cyclic adenosine 3’,5" mo-
nophosphate (cAMP) response to thyroid-stimulating
hormone stimulation in vitro than the wild-type re-
ceptor. cAMP molecules regulate the secretion of thy-
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roid hormones and the thyrocytes growth (Gabriel et
al., 1999).

Intrathyroidal inflammatory cells and thyroid follicu-
lar cells produce a variety of cytokines including the
interleukin-1 alpha (IL1c), IL1 beta (IL1f) and a spe-
cific receptor antagonist (IL1Ra) (Ajjan et al., 1998).
IL1Ra inhibits IL1 induced inflammation action by
blocking the binding of IL1 to IL1 receptor (Dinarello,
1997).

The IL1RN gene, coding for IL1Ra protein, is localized
on the chromosome 2. The polymorphism (rs2234663)
in intron 2 of IL1RN gene is caused by 86 bp variable
Number of Tandem Repeats (VNTR) (Tarlow et al.,
1993). This region contains binding sites for transcrip-
tional factors that regulate IL1Ra production
(Vamvakopoulos et al., 2002a). Depending to the
number of 86 bp repeats there are six alleles. The most
common alleles have been termed allele 1 (Al, four
repeats) and allele 2 (A2, two repeats) (Steinkasserer et
al., 1991; Tarlow et al., 1993; Vamvakopoulos et al.,
2002b). Allele 2 has been shown to be associated with
increased production of IL1Ra in vitro (Danis et al.,
1995) and in healthy individuals (Hurme and Santtila,
1998) and it is shown to be related to the pathogenesis
of a number of autoimmune diseases (Blakemore et
al.,, 1995; Fang et al., 1999).

These findings prompted us to investigate the poten-
tial association of the functional polymorphisms of
TSHR and IL1RN genes with the increased risk and
the prognosis of GD in Tunisia.

SUBJECTS AND METHODS

Patients and controls

This study was conducted on 249 healthy controls and
68 patients with Graves' disease. Controls and patients
were selected from the same population living in the
middle coast of Tunisia.

Clinical data were determined from medical records
of patients enrolled in the Department of Endocrinol-
ogy, University Hospital FattoumaBourguibaMonastir.
The average age of patients withGrave's disease (56
women and 12 men) had an average age of 46 + 12
years. Controls individuals (21 men and 228 women)
having a mean age of 46 + 12 years were healthy blood
donors with no autoimmune disease.
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Graves’ disease is diagnosed by standard criteria (clin-
ical examination, thyroid function tests, thyroglobin
and thyroid peroxidase antibody titres, scintigra-

phy...).

Written informed consent was obtained from all pa-
tients and control and the study protocol was ap-
proved by the ethics committee of university hospital
FattoumaBourguiba, Monastir.

Genotyping of thyroid-stimulating hormone recep-
tor D727E polymorphism

Genomic DNA was obtained from peripheral blood
leukocytes by the salting out technique (Olerup and
Zetterquist, 1992). The D727E polymorphism was ana-
lyzed using specific primers 5-
AACGCCAGGCTCAGGCATAC-3’ and 5-
AAGTTCCCCTACCATTGTGA-3 as previously de-
scribed (Muhlberg et al., 2000). PCR was performed
according to the following program: an initial denatu-
ration at 94°C for 5 minutes followed by 35 cycles each
consisting of denaturation for 45 seconds at 94°C, a
primer annealing at 58°C for 1 minute, an extension at
72 °C for 1 minute. After 35 cycles, the PCR is termi-
nated by a final elongation for 5 minutes at 72°C. The
PCR cocktail contained 50 ng of genomic DNA, 0.6
umol of each primer, 10X PCR buffer, 2 mM MgCly,
200 mM of each dATP, dGTP, dTTP, dCTP, and 1 unit
of AmpliTaq DNA polymerase. The verification of the
amplification and the specificity of thereaction is car-
ried out by electrophoresis on an agarose 2% gel.

The PCR product (10pl) was incubated overnight at
37°C in the presence of 10ul of a reaction mixture con-
taining 0.15ul of enzyme NlallI (5 units/pl), 2 pl diges-
tion buffer (10X) and a sufficient amountof distilled
water to 10ul. The revelation of the product of diges-
tionis performed onan agarose 3% gel.

Genotyping of interleukin-1 receptor antagonist
VNTR polymorphism

The IL1RN intron 2 polymorphism was analyzed us-
ing oligonucleotide primers
5'-CTCAGCAACACTCCTAT-3' and 5'-
TCCTGGTCTGCAGGTAA-3' as previously described
(Settin et al., 2007). Amplification conditions consist of
an initial denaturation at 96°C for 1 min, followed by
35 cycles of amplification, each cycle consisting of 1
min at 94°C, 1 min at 58°C and 1 min at 70°C, and final
extension at 70°C for 5 min. The reaction mix (25pl)
contained 50 ng of DNA, 0.6 pumol of each primer, 10X
PCR buffer, 2 mM MgCl, 200 mM of each dATP,
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dGTP, dTTP, dCTP, and 1 unit of AmpliTaq DNA po-
lymerase. Resulting PCR products of 410 bp (A1, four
repeats), 240 bp (A2, two repeats), 325 bp (A3, three
repeats), 500 bp (A4, five repeats) and 595 bp (A5, six
repeats) were run on 2% agarose gel using molecular
ladder of 50 bp to estimate the size of the PCR frag-
ments.

Thyroid function and autoantibodies

The sera were obtained from each GD patients at the
onset of the disease. The measurements of serum thy-
roid stimulating hormone (TSH), Tetraiodothyroxine
(T4), anti-thyroglobuline (anti-tg) and anti-thyroid
peroxidase (anti-TPO) were performed by the clinical
chemistrylaboratory of university hospital Fattouma-
Bourguiba, using commercial reagent kits following
the manufacturer’s instruction.

The normal range of serum TSH is 0.15-5 mIU/I and of
T4 is 8.6-25 pmol/l. For anti-tg and anti-TPO a reci-
procal titer of > 1:100 was considered positive.

Statistical analysis

Allele and genotype distribution between groups were
evaluated using Chi-square test or Fischer exact test.
The difference in frequencies between the case and
control groups was analysed for statistical significance
at 95% confidence interval using X2 test and Yates’ cor-
rection. The allele’s frequency of TSHR and IL1RN
gene were in Hardy-Weinberg equilibrium. Odds ra-
tios (OR) at 95% confidence intervals were calculated.
Each clinical feature is compared with TSHR or ILIRN
genotype counts in the GD patients using the follow-
ing segregations: age of patients (< 40 years old vs > 40
years old), sex (women vs men), thyroglobulin anti-
body and thyroid peroxidase antibody (positive vs
negative). Mean and standard deviation were calcu-
lated for T4 and TSH profile for GD patients. ANOVA
test was performed to find out whether there was sig-
nificant difference in hormone profile between the
TSHR or ILIRN genotype in GD patients. All statistic-
al analyses were performed using the SPSS 18 pro-
gram. A p-value of < 0.05 was considered statistically
significant.

RESULTS
The TSHR D727E polymorphism
Genotype and allele frequencies for the TSHR (D727E)
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gene in healthy controls and GD patients are shown in
Table 1. There was no significant difference in codon
727 polymorphism frequencies between patients with
GD and healthy control group either with additive or
dominant models (Table 1).

Table 1. Distribution of TSHR codon 727 genotypes and
alleles in patients withGD (n=68) and healthy control sub-
jects (n=249)

Control GD

n (%) n (%) p-value
Genotype
CcC 218 (87.55) 57 (83.8)
CG 29 (11.65) 9(13.2) ns
GG 2(0.8) 2(3) ns
CG+GGa 31 (12.45) 11 (16.2) ns
CC+CGb 247 (99.2) 66 (97) ns
Allele
C 465 (93.37) 123 (90.44)
G 33 (6.63) 13 (9.56) ns

GD = Graves’ disease, ns: no significant. *Dominant model (CG+GG vs
CC). bRecessive model (CC+CG vs GG)

The ILIRNVNTRpolymorphism

Five alleles were observed in GD and control subjects.
Two alleles, 1 and 2 were the most frequent. The most
widespread genotypes are A1A1 and A1A2 (Table 2).
The A1A2 genotype was more common in patients
with GD than in controls (26.5% vs 13.7%) and
showed significant association (OR =2.2; CI=1.1-4.3; p
=0.01). No significant difference was observed in allel-
ic distribution between controls and GD patients (Ta-
ble 2).

Clinical characteristics and TSHR D727E polymor-
phism

Genotypes and alleles frequency of D727E polymor-
phism according to clinical parameters of all patients
are found in Table 3. We found no association between
D727E polymorphism and the gender of the patients
with GD. No association was found with the presence
or absence of thyroglobulin antibodyand thyroid pe-
roxidase antibody. The statistically significant associa-
tion was detected only with age at time of first diag-
nosis. The genotypes with the mutated G allele
(CG+GG) and the G allele are more frequent in GD
patients older than 40 years with p = 0.05 and p = 0.03
respectively (Table 3).
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Table 2. Distribution of ILIRNVNTR genotypes and alleles
in patients with GD (n = 68) and healthy control subjects

(n =249)
Control GD
n(%) n(%) p-value
Genotype
AlA1 180 (72.3) 43 (63.2) ns
A1A2 34 (13.7) 18 (26.5) 0.01
OR=22
CI[1.1-4.3]
A1A3 6(2.4) 4(5.9) ns
Al1A4 15 (6) 1(1.5) ns
A1A5 1(0.4) 0 ns
A2A2 8(3.2) 2(2.9) ns
A2A3 1(0.4) 0 ns
A2A4 1(0.4) 0 ns
A3A3 3(1.2) 0 ns
Allele
Al 416 (83.6) 109 (80.1) ns
A2 52 (10.4) 22 (16.2) ns
A3 13 (2.6) 4(3) ns
A4 16 (3.2) 1(0.7) ns
A5 1(0.2) 0 ns

GD = Graves’ disease, ns: no significant

In Table 4, serum TSH and T4 levels of GD patients
were compared according to TSHR genotypes. We did
not demonstrate a significant difference in TSH and T4
levels in GD patients between TSHR genotypes (Table
4).

Clinical characteristics andIL-IRNVN™R  polymor-
phism

Genotypes and alleles frequency of ILIRNVNTR poly-
morphism according to clinical parameters are found
in table 5 for GD patients. No association between
ILIRNVYNTR polymorphism and gender or age of GD
patients at the time of first diagnosis was found.

The proportion of A1A1 genotype and Al allele de-
creased significantly in presence of anti-tg antibody
(30.7% and 57.7%) than in absence of this antibody
(81.25% and 90.6%). A1A1 genotype and Al allele fre-
quencies were different in the presence or absence of
anti-tg antibody; p = 0.009; OR = 0.1; CI = 0.01-0.5 for
A1A1 genotype and p = 0.005; OR = 0.14; CI = 0.03-0.5
for Al allele (Table 5).
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Table 3. Distribution of TSHR codon 727 genotypes and
alleles in patients with GD according to clinical parame-

ters
GD
CC CG+GG C G

n (%) n (%) | Y n (%) n (%) P
Age
<40 16(100)  0(0) 32(100) 0(0)
>40 41(78.8) 11(21.2) 0.05 91(87.5) 13(12.5) 0.03
Gender
F 48(85.7) 8(14.3) 102(91.1) 10 (8.9)
M 9(75) 3(25) ns 21(87.5) 3(125) ns
Anti-
Tg
+ 12(92.3) 1(7.7) 25(96.2) 1(3.8)
- 14(87.5) 2(12.5) ns 29 (90.6) 3(94) ns
Anti-
TPO
+ 12(92.3) 1(7.7) 25(96.2) 1(3.8)

- 15(882) 2(11.8) ns 31(912) 3(88) ns

GD = Graves’ disease, Anti-tg: anti-thyroglobulin, Anti-TPO: anti-thyroid
peroxydase, F: Female, M: Male, ns: no significant

Table 4. Hormone levels among the TSHR genotype in GD

patients
GD (n=68)
CC CG+GG? p-value
meanSD mean+SD
TSH 0.093 +0.35 0.11+£0.29 ns
T4 41.84 + 36.62 46.64 +27.04 ns

The range of normal values for TSH is 0.15-5 mIU/l and for T4 is8.6-25
pmol/l.TSH: Thyroid stimulating hormone, T4: Tetraiodothyroxine, GD:
Graves’ disease, ns: no significant. “Dominant model (CG+GG vs CC).
SD: standard deviation

In contrast, increased A1A2 genotype and A2 allele
frequency were observed with the presence of anti-tg
antibody (54% and 42.3%) compared with the absence
of this antibody (6.25% and 3.15%). A1A2 genotype
and A2 allele frequencies were different in the pres-
ence or absence of anti-tg antibody, with (p = 0.009; OR
=17.5; CI = 1.7-174.4) for the A1A2 genotype and (p <
0.001; OR = 22.7; CI = 2.6-192.8) for A2 allele (Table 5).
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Table 5. Distribution of ILIRNVNTR genotypes and alleles in patients with Graves’ disease according to clinical parameters

Gender Age Anti-Tg Anti-TPO
F M <40 >40 - + . +
Geno- n(%)  n(%) P n(%) n(%) p n(%) n(%) p n(%) n(%) p
type
AlAl 37(66) 6(50) ns  10(62.5) 33(63.5) ns  13(81.25)  4(30.7) 0.009 11(68.75) 5(38.5) ns
OR=0.1
CI[0.01-0.5]
A1A2  14(25) 4(33) ns  5(31.25) 13 (25) ns  1(6.25) 7(54) 0.009 3(18.75) 6 (46.1) ns
OR=175

CI[1.7-174.4]

A1A3 2(3.6) 2(17) ns 0 4(7.7) ns 2(12.5) 0 ns 2(12.5) 0 ns
AlAd  1(L8) 0 ns  1(6.25) 0 ns 0 0 - 0 0 -
A2A2  2(3.6) 0 ns 0 2(3.8) ns 0 2 (15.3) ns 0 2 (15.4) ns
Allele
Al 91(81. 18(75) ns 26(8125)  83(79.8) ns  29(90.6)  15(57.7) 0.005 27 (84.4)  16(61.5) ns
3) OR=0.14
CI[0.03-0.5]
A2 18 4(17) ns  5(15.6) 17(164) ns  1(3.15)  11(42.3) <0.001 3(9.4) 10(38.5) 0.01
(16) OR=227 OR=6.4
CI [2.6-192.8] CI[1.4-25.1]
A3 2(1.8) 2(8) ns 0 4(3.8) ns 2(6.25) 0 ns 2(6.2) 0 ns
Ad 1(0.9) 0 ns 1(3.15) 0 ns 0 0 - 0 0 -

Anti-tg: anti-thyroglobulin, Anti-TPO: anti-thyroid peroxydase, F: Female, M: Male, ns: no significant

DISCUSSION

This study investigated the association of functional
polymorphism in the TSHR and IL1RN genes with the
development and the prognosis of Graves’ disease
(GD).

No significant difference was found for TSHR D727E
polymorphism between GD patients and healthy con-
trols.

D727E Polymorphism of TSHR gene has not been as-
sociated with Graves' disease. The mutated allele G (or
727E) does not seem to be related to the risk of devel-
oping Graves' disease. This result is in agreement with
several other studies with different populations such
as Caucasian U.S. population (Ban et al., 2002; Gabriel
et al., 1999), the German population (Muhlberg et al.,
2000) and the Asian population (Ho et al., 2003). How-
ever, one study, conducted with the Russian popula-
tion has shown a very strong combination (p = 7.5 x
10¢) of this polymorphism with Graves' disease
(Chistiakov, 2002).

For ILIRNYNTR polymorphism, we found an associa-

tion between GD and IL1RN A1A2 genotype. People
with heterozygous A1A2 genotype are 2.2 times more
likely to have had GD than people carrying the other
genotypes. Our results suggest that the ILIRN poly-
morphism can be a risk factor for GD if the number of
repeat is lower than four (two and three repeats). We
can hypothesize that the ILIRNYNR effect depends on
the number of repeat. Since Tarlow et al. have shown
that the repeat region contains three potential protein-
binding sites and so the variable copy number may
have functional significance (Tarlow et al, 1993).
Therefore, the functional effects of this polymorphism
on IL1Ra production remain to be evaluated in GD
Tunisian patients.

Our data does not show an association between GD
and the A2 allele of the IL1 receptor antagonist gene.
We don't support the A2 allele as a genetic susceptibil-
ity marker for GD. These finding are in agreement
with previous studies conducted on the Tunisian pop-
ulation (Kammoun-Krichen et al, 2007), Russian
(Chistiakov, 2000), United states (Cuddihy and Bahn,
1996) and in the Belgium population (Muhlberg et al.,
1998). However, only data of Blakemore et al. have
proved the predisposing role of allele 2 in the devel-
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opment of GD (Blakemore et al., 1995).

The analysis of our results according to age and gend-
er of patient showed that only TSHR polymorphism
was associated with Graves’ disease susceptibility in
patients older than 40 years. Indeed, the presence of
the mutated G allele of D727E polymorphism could be
a risk factor for late onset of GD in the Tunisian popu-
lation. However, neither TSHR, nor ILIRN gene po-
lymorphisms affect the etiology of GD between men
and women. On the other hand, we investigated the
association of the D727E and ILIRNVNTR polymor-
phism with the severity and the prognosis of GD. We
have failed to show a relationship between the D727E
polymorphism and the presence of circulation anti-tg
and anti-TPO antibody in GD, suggesting that the
humoral relations in the thyroid may be independent
of TSHR polymorphism.

We did not observe a variation in TSH and T4 levels in
GD patients which can be due to the small sample
numbers of patients. Also, in agreement with Blake-
more et al.we were unable to find any significant asso-
ciation between ILIRNVNTR polymorphism and change
in the serum concentrations of TSH and T4 in AITD
patients (Blakemore et al., 1995).

The most striking findings in this study may be the
association of ILIRNVNTR polymorphism with the pro-
duction of anti-tg and anti-TPO antibody at the onset
of disease. The A1A2 genotype and the A2 allele
seemed to be a risk factor for Tg and TPO autoantibo-
dy expression in GD patients. However, the A1A1 ge-
notype and A1 allele seemed to be protected only from
the production of Tg antibodies at the onset of GD.
These findings suggest that the A2 allele of ILIRN
gene may be associated with a severity of GD.

This finding is consistent with the majority of studies
which supported the notion that the A2 allele may
represent a marker of disease severity rather than one
of disease susceptibility (Bioque et al., 1996;
Blakemore et al., 1994; Tarlow, 1997).

CONCLUSIONS

In conclusion, this study examined the prevalence of
TSHR and IL1RN genotype polymorphism and their

Biomed Res Ther 2015, 2(12): 418-425

association with GD and with clinical parameters.
These preliminary results suggest that TSHR poly-
morphism may be a risk factor for late onset of GD.
Nevertheless, the ILIRNYNTR polymorphism may be
associated with the development of GD. We found for
the first time an association of ILIRNVNR polymor-
phism with the production of anti-thyroglobulin and
anti-thyroid peroxidase antibody at the onset of dis-
ease. The A2 allele of ILIRNVNTR represents a prognos-
tic variable for predicting the severity of GD.

Additional studies, particularly with a functional
analysis of D727E and IL1RNVNTR polymorphism are
necessary to clarify the precise role of these polymor-
phisms on the GD in the Tunisian population.
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