
Involvement of functional polymorphisms in the TNFA gene in the
pathogenesis of autoimmune thyroid diseases and production of
anti-thyrotropin receptor antibody

N. Inoue,* M. Watanabe,* T. Nanba,*

M. Wada,* T. Akamizu† and
Y. Iwatani*
*Department of Biomedical Informatics, Division

of Health Sciences, Osaka University Graduate

School of Medicine, Osaka, Japan, and
†Translational Research Center, Kyoto University

Hospital, Kyoto University School of Medicine,

Kyoto, Japan

Summary

The severity of Hashimoto’s disease (HD) and intractability of Graves’ disease
(GD) varies among patients. Severity of HD is associated with the functional
+874A/T polymorphism for interferon-g, an inflammatory cytokine. To
clarify the association between functional polymorphisms in two other
inflammatory cytokine genes [tumour necrosis factor (TNF)-a and interleu-
kin (IL)-2] and the severity of autoimmune thyroid disease (AITD), we exam-
ined the TNF-a -1031T/C,TNF-a -857C/T and IL-2 -330T/G polymorphisms
in genomic DNA samples. We genotyped 41 patients with intractable GD, 34
patients with GD in remission, 41 patients with severe HD, 36 patients with
mild HD and 70 healthy controls. The frequency of carriers of TNF-a -1031C
(CT + CC), which correlates with higher TNF-a production, was significantly
higher in HD and GD patients than in controls, but was not associated with the
severity of HD. In GD patients, the levels of anti-thyrotropin receptor antibody
(TRAb) at onset of the disease was higher in patients with the TNF-a -857T
(CT + TT) genotype, which correlates with higher TNF-a production, than in
those with the -857CC genotype. We found no differences in the IL-2 -330T/G
polymorphism among groups of AITD patients. In conclusion, the functional
-1031T/C polymorphism of the TNFA gene is associated with the development
of AITD and the functional -857C/T polymorphism is associated with the
levels of TRAb in active GD patients.
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Introduction

Autoimmune thyroid disease (AITD), such as Hashimoto’s
disease (HD) and Graves’ disease (GD), are archetypes for
organ-specific autoimmune disease [1,2]. The severity of
HD and intractability of GD varies among patients. Some
patients develop hypothyroidism in early life, and some
maintain a euthyroid state in old age despite the passage of
time [3,4]. On the other hand, some patients with GD
achieve remission through medical treatment, while others
do not. However, the severity of HD and the intractability of
GD are difficult to predict at the first diagnosis. We have
reported previously that the T allele of the interferon (IFN)-g
+874A/T polymorphism, which enhances the production of
IFN-g, a typical inflammatory cytokine, was more frequent
in patients with severe HD [5]. This finding suggests that
hypothyroidism is more likely to develop in HD patients
with a genetically higher productivity of IFN-g because
IFN-g increases the activity of cytotoxic T lymphocytes,

which play an important role in thyroid destruction in
thyroid autoimmunity [6].

Tumour necrosis factor (TNF)-a is another inflammatory
cytokine that is produced by macrophage, monocytes, epi-
thelial cells and lymphocytes, and induces the production of
IFN-g and interleukin (IL)-6 [7,8]. The serum concentration
of TNF-a is elevated in patients with rheumatoid arthritis
(RA), and mRNA levels of TNF-a are significantly higher in
thyroid tissues obtained from HD patients than in tissue
obtained from controls [9]. This finding suggests the in-
volvement of TNF-a in autoimmune inflammatory diseases.
Some polymorphisms (–1031T/C, -863C/A, -857C/T,
-308G/A and -238G/A) in the TNFA gene promoter region
have been reported to be associated with various diseases,
such as RA and asthma [10–14]. The polymorphisms
-857C/T, -863C/A and -1031T/C are frequent in the Japa-
nese population, and -863C/A and -1031T/C are in signifi-
cant linkage disequilibrium with each other [15,16]. Most
Japanese have haplotypes consisting of either -1031T/-863C
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or -1031C/-863A [17]. The promoter sequence in individu-
als with the -1031C/-863A haplotype has a higher luciferase
activity than that in individuals with the -1031T/-863C hap-
lotype [15]. In the present study, we focused on the -1031T/C
polymorphism to distinguish the two haplotypes observed
commonly in the Japanese population. On the other hand,
the -857C/T polymorphism, which is not linked to the
-1031T/C polymorphism [15], has also been shown to be
associated with the prognosis of RA [18]. The -857T allele of
this polymorphism has significantly greater transcriptional
activity than does the -857C allele in response to lipopolysac-
charides [19].

The IL-2 is another inflammatory cytokine and is
produced by activated T cells. G/G homozygosity of the
-330T/G polymorphism in the IL2 gene has been reported to
result in a threefold increase in IL-2 production compared
with the T/T or T/G genotypes [20]. The IL-2 -330T/G
polymorphism is also associated with various autoimmune
diseases such as multiple sclerosis [21].

Because we supposed that the development and severity of
AITD is affected by these inflammatory cytokines, as well as
by IFN-g [5], we genotyped these polymorphisms in the
TNFA and IL2 genes of HD and GD patients to clarify the
association of these polymorphisms with the prognosis of
HD and GD.

Materials and methods

Subjects

We obtained genomic DNA from 41 patients with HD who
developed moderate to severe hypothyroidism before 50
years of age, and were treated daily with at least 1·5 mg
thyroxine (T4) per kg body weight (severe HD) and from 36
untreated, euthyroid patients with HD who were more than
50 years of age (mild HD). All patients with HD were posi-
tive for anti-thyroid peroxidase antibody (TPOAb) or anti-
thyroglobulin antibody (TgAb) and all patients with mild
HD had palpable diffuse goitre. We also examined 41 euthy-
roid patients with GD who had been treated with methima-
zole or propylthiouracil for at least 5 years and were still
positive for thyrotropin receptor antibody (TRAb) (intrac-
table GD), 34 patients with GD in remission who had main-
tained a euthyroid state and had been negative for TRAb for
more than 2 years without medication (GD in remission)
and 70 healthy volunteers (control subjects) who were
euthyroid and negative for thyroid autoantibodies. GD
was diagnosed in most patients based on the presence of
hyperthyroidism and serum TRAb, and in about 10% of
hyperthyroid patients negative for TRAb based on the pres-
ence of thyroid-stimulating antibody or high radioactive
iodine uptake by the thyroid gland. We excluded GD patients
treated by thyroidectomy or radioiodine. Some GD patients
were referred to our clinic after the initiation of treatment in
other clinics, and hence serum TRAb could not be measured

at the onset in our laboratory. All patients and control sub-
jects were Japanese and unrelated to one another. All patients
were followed-up closely for more than 5 years as out-
patients at our thyroid clinic. Patients with AITD had no
other autoimmune diseases such as coeliac disease, perni-
cious anaemia or vitiligo. Genomic DNA was isolated from
ethylenediamine tetraacetic acid-treated peripheral blood
mononuclear cells using a commercially available kit (Dr.
GenTLE™; Takara Bio Inc., Shiga, Japan). Written informed
consent was obtained from all patients and controls, and the
study protocol was approved by the Ethics Committee of
Osaka University.

Genotyping of -1031T/C and -857C/T polymorphisms
in the TNFA gene

We used TaqMan SNP genotyping assays (Applied Biosys-
tems, Tokyo, Japan) to genotype the -1031T/C and -857 C/T
polymorphisms of the TNFA gene according to the manu-
facturer’s instructions. Patients with the TNF-a -857C/T
polymorphism were categorized into CC (lower production)
and CT + TT (higher production) groups according to their
production levels of TNF-a. Patients with the TNF-a
-1031T/C polymorphism were categorized into TT (lower
production) and CT + CC (higher production) groups using
the same criterion.

Genotyping of -330T/G polymorphism in the IL2 gene

The target sequence of the IL2 gene was amplified using
polymerase chain reaction (PCR). The forward primer was
5′-CTT GCT CTT GTT CAC ACA A-3′ and the reverse
primer was 5′-AAT GGA TGT AGG TGA AAT CCC-3′. The
protocol for PCR was as follows: 96°C for 60 sec, 30 cycles of
denaturing at 96°C for 30 sec, annealing at 55°C for 30 sec,
extension at 72°C for 60 sec and a single final extension at
72°C for 4 min. The genotype was determined by direct
sequencing (Applied Biosystems). We categorized the
patients into GG (higher production) and TG + TT (lower
production) groups according to the production levels of
IL-2.

Thyroid function and autoantibodies

The serum concentration of free T4 (FT4) was measured
using a commercial radio immunoassay kit (Eiken Chemi-
cal Co., Ltd., Tokyo, Japan). The normal range of serum FT4

is 1·0–1·6 ng/dl (12·9–20·6 pmol/l). The serum concentra-
tion of FT3 was measured using a radioimmunoassay
kit (Japan Kodak Diagnostic Co., Ltd., Tokyo, Japan). The
normal range of serum FT3 is 2·4–4·6 pg/ml (3·8–7·2 pmol/
l). The serum thyrotropin (TSH) concentration was also
measured using a radioimmunoassay kit (Daiichi Radioiso-
tope Laboratories Ltd, Tokyo, Japan). The normal range of
serum TSH is 0·6–5·4 mU/ml. Anti-TgAb and TPOAb were
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measured using a particle agglutination kit (Fujirebio Inc.,
Tokyo, Japan). A reciprocal titre of >1 : 100 was considered
positive. Serum TRAb was measured using a radioreceptor
assay using a commercial kit (Cosmic Corporation, Tokyo,
Japan) and the results were expressed as percentage inhibi-
tion of binding of labelled TSH. The normal value is less
than 10%.

Statistical analysis

We used the c2 test and Fisher’s exact test to evaluate the
significance of differences in the frequencies of genotypes
and alleles between groups. Student’s t-test was used to
analyse differences in goitre size. The Mann–Whitney U-test
was used to analyse the differences in serum titres of TPOAb
and TgAb. Data were analysed using JMP7 software (SAS
Institute, Inc., Tokyo, Japan). Probability values of less than
0·05 were considered significant.

Results

The IL-2 -330T/G polymorphism

We found no differences in the frequencies of genotypes and
alleles of the IL-2 -330T/G polymorphism between normal
subjects and the patients in the HD or GD groups. These
frequencies did not differ between patients with severe HD
and those with mild HD or between patients with intractable
GD and those with GD in remission (Table 1).

The TNF-a -857C/T polymorphism

We found no differences in the frequencies of genotypes
and alleles of the TNF-a -857C/T polymorphism between
normal subjects and the patients in the GD or HD groups.
These frequencies did not differ between patients with severe
HD and those with mild HD, or between patients with
intractable GD and those with GD in remission (Table 1).

The TNF-a -1031T/C polymorphism

The frequency of carriers of the C allele (CT + CC) of the
TNF-a -1031T/C polymorphism was significantly higher in
all HD patients than in controls. This frequency was also
significantly higher in all GD patients than in controls.
However, there was no significant difference in genotype and
allele frequencies between the two HD and two GD groups
(Table 1).

Combined analysis between TNF-a and IL-2
polymorphisms

We examined the inner correlation between the polymor-
phisms of TNF-a and IL-2, and found that the frequency of
the C allele (CT + CC) of the TNF -1031T/C polymorphism Ta
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was significantly higher in HD patients than in controls
among subjects with the T allele (TG + TT) of the IL-2
-330T/G polymorphism. There were no significant correla-
tions between the other polymorphism combinations
(P = 0·0018).

Clinical characteristics and genotype frequencies

We measured TRAb levels at the onset of the disease in 32
GD patients (20 patients with intractable GD and 12 patients
with GD in remission). The proportion of GD patients
whose TRAb level at the onset of disease was >37% was
significantly higher in TNF-a -857T carriers (CT + TT)
(85·7%) than in patients with the CC genotype (44·4%)
(P = 0·0276) (Fig. 1).

We found no association between IL-2 -330T/G and
TNF-a -1031T/C polymorphisms and TRAb levels. More-
over, we found no association between any of the polymor-
phisms and TPOAb titre, TgAb titre or goitre size.

Discussion

Because the destruction of thyroid follicles by autoimmune
inflammation is the cause of HD, and TNF-a, IL-2 and
IFN-g are known to promote inflammation, we expected
that functional polymorphisms in the TNFA and IL2 genes
might be associated with the severity of HD. Some studies
have examined the association between AITD and the gene
polymorphisms of TNF-a; however, the association with
-308A/G polymorphisms was examined more frequently,
and the results differ between studies [22–24]. Furthermore,
the frequency of the A allele in the -308A/G polymorphism

is less than 2% in the Japanese [15]. In this study, therefore,
we examined the association of the functional TNF-a
-1031T/C and -857C/T polymorphisms with both the sus-
ceptibility and the severity of AITD.

In contrast with our expectation, we found no significant
association between these polymorphisms with the severity of
HD in the present study. On the other hand, in our previous
study, the +874T allele of the IFNG gene polymorphism,
which correlates with high IFN-g production, the +869T allele
of the TGFB gene polymorphism, which correlates with low
transforming growth factor-b production and the -590CC
genotype of the IL4 gene polymorphism, which correlates
with low IL-4 production, were associated with severe
destruction of the thyroid gland in HD [5,25,26]. This sug-
gests that genetic differences in the production of various
cytokines affect the severity of HD, but the production of
TNF-a and IL-2 did not. IFN-g, TNF-a and IL-2 are inflam-
matory cytokines and promote tissue inflammation.
However, we found that the genetic difference in IFN-g pro-
ductivity was related to the severity of HD but not with the
development of AITD in our previous study, and for the first
time in this study, the genetic difference in TNF-a productiv-
ity was associated strongly with the development of AITD but
not with the severity of HD. The genetic difference in IL-2
productivity was not associated with the development of
AITD or with the severity of HD. The reason why such
differences existed between similar inflammatory cytokines
remains to be elucidated, but the results suggest that TNF-a
plays an important role in the development of AITD, that
IFN-g affects the severity of HD and that IL-2 may not be
critical for the development of AITD and the severity of HD.

The TNF-a -857C/T polymorphism has been reported to
be associated with the susceptibility of GD in the Japanese
population [27]. However, no significant difference in the
frequency of this polymorphism between patients with GD
and controls was observed in the present study (P = 0·51).
This may have been a result of the smaller numbers of GD
patients and controls in our study than those in previous
studies [27], but even if this were the case the association
would probably not be as strong. On the other hand, in our
study the frequency of C carriers (CC + CT) of the -1031T/C
polymorphism in TNF-a promoter gene, which correlates
with high TNF-a production, was higher in all GD and HD
patients than in controls. Although the -1031T/C polymor-
phism in the TNF-a promoter gene has been examined only
in GD patients and clarified to be associated with the devel-
opment of GD [28], we examined the association of this
polymorphism not only with the development of AITD (GD
and HD) but also with the prognosis of AITD, i.e. with the
severity of HD and the intractability of GD. We found for the
first time a strong association of this polymorphism with
the development of HD. Therefore, this polymorphism may
be associated strongly with the pathogenesis of AITD. More-
over, this polymorphism has also been reported to be linked
with thyroid-associated ophthalmopathy and Behçet’s
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Fig. 1. Serum levels of anti-thyrotropin receptor antibody (TRAb) at

the onset of the disease in Graves’ disease patients with different

tumour necrosis factor (TNF)-a -857C/T genotypes.
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disease [27,29] and the -863C/A polymorphism, which is in
very strong linkage disequilibrium with -1031T/C [15,16]
and is associated with systemic lupus erythematosus, RA and
Guillain–Barré syndrome [30–32]. Therefore, the -1031T/C
polymorphism has been linked with the development of not
only AITD, but also with many other autoimmune diseases.

Interestingly, we found that significantly more GD
patients with the -857T allele than GD patients with the
-857CC genotype had high TRAb levels at the onset of
disease. This suggests that the -857T allele of the TNFA gene,
which is associated with greater TNF-a production, may be
associated with a higher production of TRAb in active GD.
Most TRAb is believed to be of the immunoglobulin 1
(IgG1) subclass [33], and it has been reported that TNF-a
promotes IgG1 production and that IFN-g suppresses it [34].
Therefore, production of the IgG1 subclass of TRAb may be
relatively high in GD patients carrying the -857T allele, who
have a greater ability to produce TNF-a, than in GD patients
with the -857CC genotype. In support of this idea, individu-
als who have a greater genetic ability to produce TNF-a are
also susceptible to asthma, in which antibodies play an
important role in the pathogenesis, as well as in GD [10].
Patients with severe and intractable asthma had significantly
higher serum IgG1 levels than did patients with mild asthma
[35]. Furthermore, we have reported previously that the
number of B cells, especially CD5+ B cells, increases in
patients with active GD [36] and it has been reported that
TNF-a contributes to the induction of B lymphocyte prolif-
eration, especially CD5+ B cells, in cattle [37].

In conclusion, functional polymorphisms in the TNFA
gene are associated with the development of AITD and with
TRAb levels in patients with active GD.
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