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Abstract—Background: Graves’ disease (GD) is an autoimmune 
thyroid disease. Imbalance of Th1/Th2 cells and T-regulatory 
(Treg)/Th17 cells was thought to play pivotal role in the pathogenesis 
of GD. Treg FoxP3 produced TGF- to maintain regulatory function, 
and Th17 cells produced IL-17 as cytokines that were thought in 
mediating several autoimmune diseases. The aim of this study is to 
assess the role of IL-17 and TGF- in the pathogenesis of GD and to 
investigate its correlation with Thyroid Stimulating Hormone 
Receptor Antibody (TRAb) and Treg FoxP3 expression. Method: 30 
GD patients and 27 age and sex-matched controls were enrolled in 
this study. Diagnosis of GD was based on clinical and biochemical of 
GD. Serum IL-17, TGF-, TRAb, and FoxP3 were measured by 
enzyme-linked immunosorbent assay (ELISA). Data were analyzed 
by using SPSS 21.0 (SPSS Inc.). Spearman rank correlation test was 
used for assessment of correlation. The statistical significance was 
accepted as P<0.05. Result: There was no significant correlation 
between IL-17 and TGF- serum with expression of FoxP3 level in 
GD, but there was significant correlation between TGF- and TRAb 
serum level (P<0.05). Serum levels of IL-17 and TGF- were found 
to be elevated in patient group compared to control, where mean 
values of IL-17 were 14.432.15 pg/mL and TGF- were 10.443.19 
pg/mL in patients group; and in control group, level of IL-17 were 
7.11.45 pg/mL and TGF- were 4.951.35 pg/mL. Conclusion: 
Serum Il-17 and TGF- were elevated in GD patients that reflect the 
role of inflammatory and regulatory cytokines activation in 
pathogenesis of GD. There was significant correlation between TGF-
 and TRAb, revealing that Treg cytokines may play a role in 
pathogenesis of GD. 
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I. INTRODUCTION 

D is an autoimmune thyroid disease, which affects 1.2% 
of western populations (0.5% clinical and 0.7% 

subclinical) and 0.4% of Indonesian populations [1]. In GD, 
T-helper cells balance shift may play a key role in 
pathogenesis of the disease [2]. Evidences indicated that 
destruction of the balance of Th1/Th2 cells and Treg/Th17 
cells could alter the expressions of pro- and anti-inflammatory 
cytokines resulting in thyroid lymphocytic infiltration and B 
cell activation, with antibody production against thyroid 
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antibody [3]. This condition may lead to overproduction of 
TRAb, secretion of thyroid hormone, thus resulting 
hyperthyroidism and goiter. However, the exact etiology of 
this disease is not well understood, with the consequence that 
treatment of GD has not changed over the past 50 years [4]. 

In a mouse model of GD, Treg cells appear to be crucial in 
the pathogenesis of GD. The previous studies report an 
apoptosis induced decrease in the proportion of Treg cells in 
patients with autoimmune thyroid (AITD). Forkhead box P3 
(FoxP3) is a major regulatory factor for Treg cells, and 
expression of FoxP3 is crucial for Treg development and 
function in regulating immune system. TGF- is a cytokine 
that is induced by Treg cells to inhibit the actions of T and B 
cells, which act as a regulatory cytokine that may suppress 
autoimmune diseases [5], [6].  

IL-17 is a pro-inflammatory cytokine produced by Th17. 
Before the discovery of the Th17, as a distinct CD4+ effector 
population, it was considered that Th1, Th2, and B cells were 
the main mediators of pathology in autoimmunity, including 
GD. The discovery of Th17 cell as a T cell subset led to a re-
kindling of interest in this cytokine in the context of 
autoimmunity [7]. The aim of this study is to assess the role of 
pro-inflammatory cytokine, IL17 and regulatory cytokines, 
TGF- in the pathogenesis of GD and to investigate the 
correlation of these cytokines with expression of Treg FoxP3 
and TRAb of GD. 

II. METHODS 

A. Subjects 

30 GD patients were recruited from Endocrinology and 
Diabetes Mellitus Outpatient Department of M. Djamil 
Hospital in Padang, Indonesia based on clinical and 
biochemical diagnosis of GD. Patients with history of anti-
thyroid drugs medicaments and history of other autoimmune 
disease were excluded from the study. Age, gender, thyroid 
function status such as FT4 (free thyroxin), and thyroid 
stimulating hormone (TSH) were measured and noted as 
baseline characteristics of this study. 

B. Serum 

Venous blood samples (5-10 ml) were taken in vacutainer 
tubes under sterile conditions from patients and control 
between 09:00–11:00 am. Serum was obtained from freshly 
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drawn, rapidly centrifuged samples. Serum was quickly frozen 
at -20 °C and stored until the end of process. 

C. Cytokines, Thyroid Antibody, FoxP3 Detections 

Serum of IL-17 and TGF- were measured by ELISA. 
These assays detected only human cytokines, and the 
minimum detectable concentrations in our laboratory were 4.6 
pg/mL for IL-17 and 80 pg/mL. Thyroid antibody of GD 
(TRAb) and FoxP3 were measured by ELISA technique with 
normal range <1 nmol/L and 3-20 pg/mL, respectively. 

D. Statistical Analysis 

All data were analyzed by using the statistical package for 
social science (SPSS) 21.0 for Windows program on the 
computer. All data were given as mean ± standard deviation 
(SD). Serum cytokines levels were analyzed by using the 
normality test. Spearman rank correlation test was used for the 
assessment of correlation. The statistical significance was 
accepted as P<0.05. 

III. RESULTS 

A total of 30 patients (20 females, 10 males), of mean age 
40.614.8 (range: 19-74) years, and 27 age and sex-matched 
healthy controls were enrolled in this study as described in 
baseline characteristic (Table I). The diagnosis of GD was 
confirmed by measurement of serum levels of free T4 (FT4), 
TSH, and TRAb. Circulating TSH levels were significantly 
lower, while FT4 levels were significantly higher in patients 
with GD. In addition, the titers of TRAb were significantly 
increased in patients with GD.  
 

TABLE I 
 BASELINE CHARACTERISTIC OF GD PATIENTS (N=30) 

Characteristic Mean P value Normal Range

Age (years old) 40.614.8 P>0.05 - 

Gender (M/F) 20/10 P>0.05 - 

FT4 (nmol/L) 74.2861.1 P<0.05 9-20  

TSH (IU/mL) 0.10.65 P<0.05 0.25-5 

TRAb (pg/mL) 5.633.72 P<0.05 < 1 

FoxP3 (pg/mL) 23.5115.7 P<0.05 0.3 – 20 

 
The mean and standard deviation of the serum levels of IL-

17 and TGF- of both groups and statistical results are 
presented in Fig. 1. All the mean values of cytokines levels of 
patients were significantly higher than those of controls. The 
serum cytokines profiles were evaluated in both GD patients 
and control individuals. Statistical analysis of these cytokines 
revealed that IL-17 and TGF- levels were elevated in GD 
patients compared to controls. The mean values of IL-17 and 
TGF- were 14.432.15 pg/mL and 10.443.19 pg/mL in 
patient group and 7.11.45 pg/mL and 4.951.35 pg/mL in 
control group, respectively. 

In another part of the study, the correlation between the 
cytokines and FoxP3 and thyroid antibody (TRAb) was 
analyzed (Fig. 2). It was found that there is no relationship 
between serum cytokine levels and FoxP3, but there is 
significant correlation between TGF- with TRAb (r = 0.81, 
P<0.05) (Fig. 2 (b)) in these research samples. Moreover, there 

is significant association which was observed between FoxP3 
and thyroid antibody, TRAb in GD patients (r = 0.03, 
P<0.001) (Fig. 3). 

 

 
Fig. 1 Result of IL-17 and TGF- serum levels of control and study 

group (Control group = blue bar; Patient group = orange bar) 

IV. DISCUSSION 

GD is a kind of autoimmune receptor disease mediated by 
autoantibodies against thyrotropin receptor (TRAb). The 
etiology of GD is not well understood and it appears that 
different causative factors implicate in the pathogenesis 
disease [8].  

Among these factors, autoimmunity has a high possibility 
of causing GD. Thyroid dysfunction in GD has an impact 
correlation with autoimmunity. The T-helper cells balance 
shift may be existed in patients with GD. Several studies 
showed that the imbalance of Th1/Th2 cells have a key role in 
pathogenesis of GD, but after discovery of other T cell 
subsets, such as regulatory T cell and Th17, research about 
whether those subsets also have a role to the pathogenesis was 
developing [3], [8]. 

The first aim of the study is to assess cytokine of regulatory 
T cell, TGF- in pathogenesis GD. In the present study, we 
found increasing of serum TGF- levels in GD patients 
compared to control (P<0.05). TGF- were known to be 
implicated in the induction/maintenance of tolerance and 
prevention of autoimmunity. TGF- is also a potent regulator 
of Teff differentiation, and generally inhibits Th cell 
functions. TGF-, through induction of Treg FoxP3 cells, 
block Th1 cell differentiation by reducing IL-12 receptor 2 
(IL-12R2) and T-bet expression, and Th2 cells by inhibiting 
the expression of GATA-3. In this study, we also found 
increasing of serum FoxP3 levels that expressed Treg level in 
ELISA method. Increased number of Treg in thyroid as well in 
peripheral blood has been reported indicating that Tregs may 
be deficient in their downregulatory effects in GD. No 
correlations found between the levels of FoxP3 serum levels 
and TGF- serum levels in peripheral blood of GD patient [9]-
[11].  
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Fig. 2 Correlation of TGF- and IL-17 with thyroid antibody (TRAb) and Treg cell using FOXP3 marker 

 

 
Fig. 3 Correlation between thyroid antibody (TRAb) and Treg cell in 

GD patients 
 
Second, we are trying to assess whether there is correlation 

between IL-17 and FoxP3 serum levels. As mentioned before, 

IL-17 is a pro-inflammatory cytokine that produced by Th17, 
a new subset of CD4+ T cell that together with Th1, Th2 play 
essential role in immune system, especially in autoimmune 
disease [12]. In our research, there is no correlation between 
IL-17 and FoxP3, but we found the increased level of IL-17 
serum in GD patients. The increased serum of IL-17 was also 
found in [12] and [13] that investigated IL-17 serum in 
patients with GD and it was dependent on disease activity and 
severity. However, Zheng et al. reported increased expression 
of IL-17 mRNA also in euthyroid patients with GD and it was 
upregulated after stimulation of IL-23 [14]. Shi et al. 
suggested that Th17 plays a central role in autoimmune 
thyroid disease, especially in Hashimoto’s thyroiditis rather 
than GD [15]. 

Third, we investigate correlation between these cytokines 
with thyroid antibody of GD, TRAb. On this research, we only 
found significant correlation between TGF- and TRAb, but 
there is no correlation with IL-17. From this result, we can 
conclude that the role of regulatory cytokine, as described in 
TGF- that is produced by Treg, has a key role in immune 
pathogenesis of GD. As seen in Fig. 3, the higher levels of 

a 
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autoantibody thyroid are produced in GD. TGF- is an 
essential cytokine for Treg development and function. Tregs 
have a central role in prevention of GD development, and a 
major mechanism applied to delay GD onset by Treg is TGF- 
secretion. Functional defect related to signaling pathways 
leading to TGF- production in these cells or other TGF- 
sources in GD may be the reason for the dysfunction of the 
cytokine [16], [17]. Furthermore, we found the significant 
correlation between TRAb serum level and FoxP3 serum 
level, that is consistent with correlation of TGF- cytokine 
with autoantibody as described previously. These research 
works strengthen the possibility role of Treg in GD, 
specifically in immune regulatory function, whereas GD is an 
autoimmune disease stimulated by autoantibodies of TSHR, 
that is induced by B cell overproduction because of 
imbalanced of Th1/Th2, which is normally regulated by Treg. 
For the further research, it is also important to investigate the 
role of Th17 in the other T cell subset, such as Th1, Th2, and 
Treg, to recognize more about role of T cell subsets in GD 
pathogenesis. 

V. CONCLUSION 

Serum IL-17 and TGF- which were elevated in GD 
patients reflect the role of pro-inflammatory and regulatory 
cytokine activation in pathogenesis of GD. There is no 
correlation between pro-inflammatory or regulatory cytokine, 
IL17 and TGF-, respectively, with regulatory FOXP3 T cell 
in GD patients. Otherwise, we found the significant 
correlation between TGF- with TRAb, which described that 
there is a role of regulatory T cell in pathogenesis of GD. 
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