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ABSTRACT
Objective: The aim of this study is to prove that there are Forkhead Box P3 (FOXP3) T-regulator promoter polymorphisms in Graves’ disease and to
analyze the association between FOXP3 T-regulator promoter polymorphisms with transforming growth factor (TGF)-β levels.

Methods: This study was an observational study with cross-sectional comparative study design. Consecutive sampling was conducted in patients
with Graves’ disease who came to the outpatient clinic and treated in Dr. M. Djamil Hospital, Padang. Blood sampling was performed on 30 Graves’
subjects and 30 control subjects based on inclusion and exclusion criteria. DNA isolation, primary construction, and polymorphism identification by
polymerase chain reaction method and blood sample examination by enzyme-linked immunosorbent assay techniques method for TGF-β examination
were performed in this study.
Results: The results of this study obtained the most age of patients with Graves’ disease is 30–40 years with the female gender. Graves’ patient
group was found to have 86.7% of single nucleotide polymorphisms (SNP) rs3761548 polymorphism, and 61.3% had SNP rs2232365 polymorphism
followed by 26.7% polymorphism of SNP rs3761547 and rs3761549, and no SNP rs2232364 polymorphism was found. In Graves’ group, the mean
value of TGF-β was 1030.01±277.64 ng/ml, significantly higher than the control group. Statistical analysis showed a significant relationship between
polymorphism of the FOXP3 promoter gene and TGF-β level with p<0.05.
Conclusion: This study proves that there are polymorphisms of the FOXP3 promoter gene in Graves’ patients, especially SNP rs3761548 and
rs2232365. The polymorphism of the FOXP3 promoter gene has a significant association with TGF-β levels.
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INTRODUCTION

Graves’ disease is still a problem in the medical world due to the
condition of hyperthyroidism which can have systemic effects on various
organs of the body [1]. The incidence of Graves’ disease worldwide is
estimated as much as 0.4% of cases per year and is more experienced
by women in the ratio of 5:1 [2,3]. In Indonesia, 0.4% of Indonesia’s
population aged 15 years or older has hyperthyroidism [4,5].
The pathogenesis of Graves’ disease involves various factors, including
failure of central and peripheral tolerance of the immune system,
infiltration by thyroid-directed T-cells, and activation of B cells that
secrete thyroid-stimulating hormone receptor antibodies [6,7].
Other genetic factors that still attract the attention of a number of
researchers are genetic factors associated with impaired central and
peripheral tolerance, namely, the involvement of T-regulator cells in the
pathogenesis of Graves’ disease [8-10]. T-regulator cells are a subset
of CD4 T cells that play an important role in autoimmune diseases,
whose development and growth are regulated by the transcription gene
Forkhead Box P3 (FOXP3) [11,12].

This excessive autoantibody stimulation is thought to be influenced by
the FOXP3 gene which is the main transcription factor that regulates
the development and function of T-regulator cells [8,13]. The FOXP3
gene, also known as scurfin, is a protein involved in the immune
response. The FOX protein from FOXP3 is a forkhead/winged-helix
family that plays a role in the transcription process of T-regulator
cells [14,15].
In carrying out its regulator function, T-reg cells secrete cytokines
transforming growth factor (TGF)-β which function to suppress the

excessive activity of T-helper cells. TGF-β is a pleiotropic cytokine that
plays a role in proliferation, differentiation, migration, and intracellular
survival. TGF-β cytokines produced by T-regulator cells can inhibit B cell
proliferation through TGF-β stimulation in interleukin (IL)-17 [16-18].
In Graves’ disease, the effects of these cytokines on Graves’ disease are
still not known with certainty [19].

Based on the background description above, this study was conducted
to prove the relationship between T-regulator gene polymorphisms and
Graves’ disease and their relationship with TGF-β cytokines produced
by T-regulator cells.
METHODS

This was a cross-sectional comparative study conducted in the internal
medicine department in Dr. M. Djamil Hospital and Biomedical
Laboratory Andalas University, Padang, West Sumatera, Indonesia.
This study involved 30 patients with Graves’ disease and 30 control
subjects who have signed the informed consent. Allergic, Hashimoto
thyroiditis, other autoimmune diseases, and corticosteroid consuming
patients were excluded from the study. All blood samples have taken
from these study participants for laboratory tests. All patients have
provided a signed consent. This research has received an ethical
approval from the Ethics Committee of the Medical Faculty of Andalas
University.
Examination methods
DNA isolation, primary construction, and polymorphism identification
by polymerase chain reaction method and blood sample examination
by enzyme-linked immunosorbent assay techniques method for TGF-β
examination were performed in this study.
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Statistical analysis
Univariate analysis was carried out to see the data distribution of each
variable and then presented in the form of a frequency table. The data
consisted of the characteristics of the FOXP3 gene polymorphism and
serum TGF-β cytokine levels. Bivariate analysis was then performed to
determine the relationship between the two groups by performing a
Chi-square test.
RESULTS

There are 30 patients and 30 control subjects in this study. There are
more females than men (76.7% vs. 23.3%). This difference was not
statistically significant (p>0.05). The mean age of patients with Graves
was slightly higher than the average age of healthy controls (40.23±9.98
vs. 39.6±9.76). This difference was not statistically significant (p>0.05).
The 31–40 years age group is the most common age group in both
Graves and control patients. The youngest to experience Graves’
disease is 21 years and the oldest is 59 years. Baseline characteristics
are shown in Table 1.
From 30 Graves’ disease subjects, we found 4 of 5 polymorphisms of
single nucleotide polymorphisms (SNP) FOXP3 promotor gene, which
are – 924A/G (rs2232365), – 3499A/G (rs3761547), – 3279C/A
(rs3761548), and – 2383C/T (rs3761549). Polymorphisms of SNP
rs3761548 dan rs2232365 are that the most SNP found in this study.

In Table 2, it can be seen that the mean TGF-β level in the Graves’ disease
patient group is higher than the control group that is 1030.01±277.64
ng/ml compared to 889.72±37.86 ng/ml. Statistically, significant
differences were obtained between the two groups (p<0.05).

In Table 3, it can be seen that the mean TGF-β level in Graves’ disease
patients who experienced SNP polymorphism rs2232365 was higher
than Graves’ disease patients who did not experience polymorphism
(1082.61±290.22 ng/ml vs. 939.16±239.9 ng/ml). Statistical tests showed
an association between FOXP3 SNP gene polymorphism rs2232365 with
TGF-β cytokine levels in patients with Graves’ disease with p<0.05.
Table 1: Baseline characteristics

Variable
Sex
Male
Female
Age, mean±SD
21–30 yo
31–40 yo
41–50 yo
51–60 yo

Graves’ disease

Control

n (30)

%

n (30)

%

7
23
40.23±9.98
5
11
8
6

23.3
76.7

7
23
39.6±9.76
7
9
8
6

23.3
76.7

16.7
36.7
26.7
20

p

1.00

0.805

23.3
30
26.7
20

Table 2: TGF-β levels in Graves’ disease and control group
Group

N

Mean (ng/ml)

SD

P

Graves’ disease
Control

30
30

1030.01
889.72

277.64
37.86

p=0.000

TGF: Transforming growth factor

Table 3: Association between polymorphisms of FOXP3
promotor gene with TGF-β levels in Graves’ disease patients

Polymorphisms
of FOXP3

Total

rs2232365

Present (n=19)
Absent (n=11)

TGF-β

p

Mean

SD

1082.61
939.16

290.22
239.9

TGF: Transforming growth factor, FOXP3: Forkhead Box P3

0.023
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DISCUSSION
Characteristics of gender and age did not differ significantly between
Graves’ disease patient group and control group. In this study, the
age range between 31 and 40 years group and the female group is
the most age and sex group who experience Graves’ disease. This is
consistent with the American Thyroid Association data which explain
that although Graves’ disease can occur in all ages, it is more common
in women than men in the 7–8:1 ratio. Like most other autoimmune
diseases, female sex is the group that most often experiences
autoimmune disease. It is thought that the role of the hormone
estrogen in stimulating antibody and autoantibody production
through B cells. Estrogen also increases IL-4, IL-10, and TGF-β levels
and expression of CD80 and FOXP3, which further increases cytotoxic
T-lymphocyte-associated Protein-4 (CTLA-4) activity and T-reg cell
population [20-22].
In this study, no difference was found between SNP FOXP3 gene
promoter polymorphisms in Graves’ disease patients with controls
(p>0.05) for each SNP. This is consistent with the study of Owen et al. in
the United Kingdom population which shows that there is no correlation
between the polymorphism of the FOXP3 gene and healthy control,
while different results are shown by Lei and Yang. 2015 research
examining the Graves population in the Han Chinese population which
shows that there is a difference between SNP polymorphism rs3761548
with healthy controls [12,23].

This is caused by the many factors that influence the incidence of
Graves’ disease, both other genetic and environmental factors. A study
by Eliana et al. showed that there is a polymorphism of the base CTLA4
gene 49 codons 17 exons 1 in Graves’ disease patients by comparing
between relapse and non-relapse Graves’ disease patients (p=0.016).
CTLA4 is one of the markers on the surface of T-regulator cells which
also play a role in immune homeostasis along with the FOXP3 gene
in intracellular T-regulators. Recent research also showed that
environmental factors can also interact with certain genes that cause
susceptibility to Graves’ disease through epigenetic modulation, such
as histone modifications. The study of Yan et al. found that histone
levels of H4 acetylation decreased in patients with Graves’ disease,
while levels of histone deacetylase (HDAC)-1 and HDAC 2 were very
high which showed that there was a change or modification of histones
in patients with Graves’ disease. However, studies on the role of
histone modification in Graves’ disease itself have not been done much,
especially regarding the histone-modifying gene Sirtuin1 which is
thought to influence the occurrence of histone modification in patients
with Graves’ disease [24,25].
The results of this study prove the presence of FOXP3 gene promoter
polymorphisms in Graves’ disease. The mean TGF-β level in Graves’
disease patients who experienced SNP polymorphism rs2232365 was
higher than those who did not. Statistically, there was a significant
relationship between FOXP3 gene polymorphisms and the mean TGF-β
levels in patients with Graves’ disease with p<0.05.

The Hassannia et al. study showed a significant relationship between
the polymorphism of the FOXP3 rs3761548 gene and peripheral TGF-β
cytokine expression [26-28]. Elvira’s research showed that there is
an increase in FOXP3 T-regulator levels in patients with Graves. This
increase in T-regulator is followed by an increase in the secretion of
cytokines produced by T-regulator cells which include TGF-β and IL-10.
This study also showed an increase in TGF-β levels in Graves’ disease
compared with healthy controls [27-32].
CONCLUSION

This study proves that there are polymorphisms of the FOXP3 promoter
gene in Graves’ patients, especially SNP rs3761548 and rs2232365. The
mean TGF-β levels were higher in the Graves’ disease group compared
to control. The polymorphism of the FOXP3 promoter gene has a
significant association with TGF-β levels.
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