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Abstract: Introduction: At present, studies on the role of iodine nutrition in thyroid function stratification, antibody titer, 

Th17/Treg cells and related factors in the pathogenesis of GD have not been carried out. Objective: The acritical aims to 

investigate the correlation between thyroid function and autoantibody titers of Graves' disease (GD) patients with different 

iodine nutritional status with Th17/Treg cells, their cytokines and transcription factors, and the role of related factors in the 

pathogenesis of GD. Method: The levels of serum thyroid hormone, autoantibodies and urine iodine in 100 GD patients and 60 

healthy subjects are detected by electrochemiluminescence instrument and iodine-catalyzed arsenic-cerium method, 

respectively. The ratio of Th17 cells to Treg cells and Th17/Treg ratio in peripheral blood mononuclear cells (PBMC) are 

detected by immunofluorescence-labeled monoclonal antibodies and flow cytometry. Real-time fluorescence quantitative PCR 

is used to detect the expression levels of retinoic acid-related orphan receptor (ROR-γt) and fork head/wing-shaped spiral 

transcription factor 3 (Foxp3) mRNA, and the serum IL-17 and TGF-β levels are detected by ELISA. Result: As a result, the 

proportion of Th17 cells, serum IL-17 and ROR-γt in PBMC of GD patients with different iodine nutritional status 

significantly increase, while the proportion of Treg cells, the expression of Foxp3mRNA and serum TGF-β significantly 

decrease. The ratio of Th17/Treg cells in GD patients is significantly positively correlated with the titers of TPOAb and TgAb, 

and the titers of TPOAb and TgAb antibodies are significantly correlated with Th17/Treg, IL-17 and ROR-γt. Conclusion: In 

conclusion, thyroid hormones, autoantibodies, Th17, Treg cell ratios and dysfunctions as well as corresponding cytokines and 

transcription factors in GD patients with different iodine nutritional status participate in the development of GD. 
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1. Introduction 

Graves' Disease (GD), which is a common clinical 

endocrine disease and one of autoimmune thyroid disease 

(AITD), has the highest incidence among all types of 

hyperthyroidism. It accounts for about 85% of the causes of 

hyperthyroidism [1]. The prevalence of GD in Western 

countries is about 0.5% to 2%, and the prevalence in our 

country is about 2% to 3% [2]. There are many factors in the 

pathogenesis of GD. Environmental, genetic, and 

autoimmune dysfunction can all lead to specific autoimmune 

reactions in the thyroid gland, producing thyroid peroxidase 

antibody (TPOAb) and thyroglobulin antibody (thyroglobulin 

antibody, TgAb) autoantibodies, diffuse goiter, 

hyperthyroidism [3]. The clinical symptoms or signs of GD 

mainly include diffuse symmetrical goiter and hyperfunction, 

exophthalmos, and hypermetabolic state, etc., which can 

occur at any age, but it is more common in women. The 

adverse effects of this disease on multiple systems are very 

prominent, which can lead to multiple organ damage, poor 

treatment effects, and serious sequelae. In recent years, the 

incidence has been increasing, which seriously affects the 

quality of life of patients [4]. Research have found that there 
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are many reasons leading to the increase in the incidence of 

GD, and iodine nutritional status may be one of the 

influencing factors. Excessive iodine intake increases the 

incidence of GD and the positive rate of thyroid 

autoantibodies, and as the disease worsens, the recurrence 

rate also increases [5].10-year changes before and after 

Universal Salt iodization (USI) indicate that the incidence of 

AITD increases with the increasing of iodine nutrition level. 

AITD is not only the main cause of abnormal thyroid 

function, it can also be combined with other AIDs to form 

multiple endocrine autoimmune syndromes, etc. It is also 

closely related to thyroid cancer and seriously endangers 

human health. A large number of epidemiological 

investigations have been carried out on the relationship 

between urinary iodine (UI), hyperthyroidism and GD, but 

the results of the research are not the same. Researches on 

AITD and Th1/Th2 subgroups have been extensively carried 

out in the past, but the traditional Th1/Th2 cell imbalance 

still cannot explain the pathogenesis of AITD well. Recent 

research has found that interleukin-17 (IL-17), transforming 

growth factor-β (transforming growth factor, TGF-β) and 

retinoic acid-related orphan receptors (ROR-γt), Forkhead 

boxp3 (Foxp3) are the main cytokines and specific 

transcription factors secreted by Th17 and Treg cells, 

respectively. They play an important role in 

immunosuppression and have become the current occurrence 

of immune-related diseases. The research direction of 

development and outcome mechanism. In recent years, 

researches on Th17/Treg cells and ROR-γt and Foxp3 in RA 

and other AIDs have been widely carried out abroad [6], but 

there are not many domestic researches, and the proportion of 

Th17 and (or) Treg cells at home and abroad has a role in the 

pathogenesis of GD. The results of the research in GD are 

also inconsistent. The combined detection of Th17, Treg cells 

and ROR-γt, Foxp3, especially the relationship with GD, is 

rarely reported. Taking GD as the research object, there are 

few researches on the relationship between iodine nutrition 

level and thyroid function and autoantibody levels, especially 

research on the role of iodine nutrition status in the 

stratification of thyroid function and antibody titers and 

Th17/Treg cells and related factors in the pathogenesis of GD 

has not yet been carried out. The author carried out this 

research to explore the relationship between GD thyroid 

function stratification and antibody titers with different 

iodine nutritional status and Th17/Treg cells and related 

factors, which provides scientific basis for the development 

of precise treatment, prevention and pathogenesis of GD. 

2. Materials and Methods 

2.1. Research Objects and Groups 

A total of 100 untreated inpatients with GD who are in the 

endocrinology department of Cangzhou Central Hospital and 

Cangzhou People’s Hospital from March 2019 to August 

2020 are selected as the experimental group, including 24 

males and 76 females, with an average age (45.4±15.1). A 

total of 60 healthy subjects with matching gender and age are 

selected as the control group (NC group), including 16 males 

and 44 females, with an average age of (44.8±16.9) years. 

There are no statistically significant differences in gender and 

age in each group. All patients meet the diagnostic criteria of 

GD in the "Guidelines for the Diagnosis and Treatment of 

Thyroid Diseases in China" formulated by the Endocrinology 

Branch of the Chinese Medical Association in 2008 [7], and 

none of them have received Graves’ disease related treatment. 

According to the results of thyroid hormone examination and 

whether there are corresponding clinical symptoms or signs, 

they are divided into GD-A group (clinical hyperthyroidism: 

with symptoms or signs of hyperthyroidism, while 

FT3>7.1pmol/L, FT4>22pmol/L, TSH <0.27mU/L) and 

GD-B group (subclinical hyperthyroidism: no symptoms or 

signs of hyperthyroidism, FT3 and FT4 are normal, TSH 

<0.27mU/L). Exclusion criteria: (1) Complicated with other 

autoimmune system diseases; (2) Acute and chronic 

infections, malignant tumors, pregnancy and allergic diseases; 

(3) Past history of diabetes, abnormal liver function and 

blood system diseases; (4) Those who have used 

glucocorticoid therapy in the past 30 days. The evaluation 

and analysis of iodine nutritional status adopt the standards 

issued by the World Health Organization (WHO), the United 

Nations Children's Fund (UNICEF) and the International 

Council for the Control of Iodine Deficiency Disorders 

(ICCIDD) in 2007. Median urinary iodine (MUI) <100µg/L 

is iodine deficiency, 100-199µg/L is the right amount of 

iodine, 200-299µg/L is iodine excess, ≥300µg/L is iodine 

excess [8]. This research is approved by the ethics committee, 

and the research subjects sign an informed consent form. 

2.2. Research Methods and Projects 

2.2.1. Specimen Collection and Processing 

(1) Specimen collection: All subjects are fasted for more 

than 12 hours, and collected 10-20ml of fasting mid-section 

urine in the morning, placed in a clean polyethylene plastic 

tube, stored in a refrigerator, and collected fasting venous 

blood at 8:00-10:00 5mL, after standing at room temperature 

for 1h, centrifuge at 3000r/min for 10min, take serum, 

determine thyroid hormone content and autoantibody level. 

Avoid eating kelp, seaweed and other high-iodine foods and 

iodine-containing medicines, and avoid increasing drinking 

water for the first 1 day. (2) Peripheral blood mononuclear 

cell (PBMC) separation: Separate PBMC by Ficoll density 

gradient centrifugation, adjust the density of PBMC to 

1×10
6
/L, and suspend it in the culture medium of RPMI640 

fetal bovine serum. Place the PBMC suspension in a 24-well 

culture plate, add 25µg/L of phorbol ester (Alexis, USA) and 

1mg/L of inomycin (Alexis, USA) to each well, incubate in a 

37°C incubator for 4 hours, collect the cells stand-by. 

2.2.2. Project Testing 

(1) Use Cobas E601 immunochemiluminescence instru

ment from Roche Co., Ltd. to determine serum thyroid 

stimulating hormone (TSH), total triiodothyronine (TT3),

 total thyroxine (TT4), free triiodothyronine (FT3), free t
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hyroxine (FT4), TPOAb, TGAb, the reagents are all orig

inal Roche reagents. Due to regional differences and the

 influence of equipment, reagents and other factors, the 

reference value ranges of each hospital are different. Th

e normal reference intervals for thyroid hormones and a

utoantibodies in this hospital are as follows: TSH 0.27~

4.2 mIU/L, FT3 2.8~7.1 pmol/L, FT4 12~22 pmol/L, T3 

1.3~3.10 nmol/L, T4 66~181 nmol/L), TPOAb 0~34IU/m

l, TgAb 0~115 IU/ml. (2) Urine iodine determination ad

opts the principle of iodine-catalyzed arsenic-cerium reac

tion, and the urinary iodine content is detected by arseni

c-cerium catalytic spectrophotometry (WS/T107-2006). Th

e kit is produced by Wuhan Zhongsheng Biochemical Te

chnology Co., Ltd., and the instrument is made by Hitac

hi, Japan Model 7600-110 automatic biochemical analyze

r. (3) Detection of the ratio of Th17 and Tregs cells: T

h17 cells are labeled with a human Th17 cell detection 

kit (FITC/CD3, PE/CD4, Alexa Fluor647/IL-17, Biolegen

d, USA), and a human Treg cell detection kit (FOXP3 

Alexa Fluor 488/CD4 PE-Cy5/CD25PE) to label Treg ce

lls, use FACSCali-bur flow cytometer (BD company in t

he United States), according to the instructions, add the 

corresponding fluorescent dye-labeled antibody into the fl

ow tube containing 100µL of blood sample Incubate at r

oom temperature for 15 minutes in the dark, add red bl

ood cell lysate, mix and incubate at 4°C for 10 minutes

 in the dark, add PBS solution and mix thoroughly and

 test on the machine. The test result is expressed as the

 percentage of positive cells and the fluorescence intensi

ty of the positive cells, and the analysis data is obtaine

d with CellQuest software.(4) Use real-time fluorescent 

quantitative PCR to detect the expression levels of ROR

-γt and Foxp3 mRNA: The total RNA of the sample is 

extracted by TRIzol method, and cDNA is synthesized a

ccording to the reverse transcription procedure. Use Rev

erse Transcriptase M-MLV for cDNA reverse transcriptio

n, ROR-γt upstream primer: 5'-AGTCCAGAACGAGGCA

AAGC-3', ROR-γt downstream primer: 5'-CTTGG-CAAA

CTCCACCACATA3'; Foxp3upstream primer 5'-ATTTTTA

GGATTTGAGGTTTTAATA-3', Foxp3 downstream primer:

 5'-CAAAAAACCCACTAAAAAACTATAC-3'. Real-time 

fluorescence quantitative PCR amplification is carried out

 using a fluorescence quantitative PCR instrument, accor

ding to the following procedure: 95°C, 30 seconds; 40 

PCR cycles (95°C, 5s, 60°C, 40s), and fluorescence is c

ollected. After finishing the amplification reaction, press 

95°C, 10s; 60°C, 60s; 95°C, 15s, the instrument will aut

omatically proceed-Ramp Rate is 0.05°C /s, slowly heati

ng from 60°C to 99°C, strictly follow the product manu

al for Real Time PCR samples are tested, each sample i

s tested with 3 replicate wells, and the data is analyzed

 by the 2-∆∆CT method.(5) Detect serum IL-17 and TG

F-β levels by ELISA: The kit is provided by Biosource,

 and the operation is strictly in accordance with the kit 

instructions. Record the OD450 reading, using the OD v

alue as the abscissa and the standard concentration as th

e ordinate. Make a standard curve, and finally record th

e levels of IL-17 and TGF-β. 

2.2.3 Statistical Methods 

Statistical methods Statistical analysis is carried out using 

SPSS 20.0 statistical software. Counting data is expressed as 

rate (%), and the comparison is made by χ
2
 test. Normal 

distribution measurement data is expressed as mean±standard 

deviation (x±s), using the t test, with P<0.05, which indicates 

that the difference is statistically significant. Non-normally 

distributed measurement data are described by median. 

Kruskal-Wallis H test is used for comparison among multiple 

groups, and Spearman is used for univariate correlation 

analysis. P<0.05 is considered as statistically significant. 

3. Results 

3.1. Comparison of Thyroid Hormone and Autoantibody 

Levels in GD Patients with Different Thyroid 

Functions 

100 cases of GD patients and GD-A, GD-B group thyroid 

hormone and autoantibody levels are compared. The results 

show that the serum TSH level of GD group, GD-A group, 

GD-B group is significantly lower than that of NC (all 

P<0.05). There is a statistically significant difference 

between GD-A and GD-B groups (P<0.05). With the 

hyperthyroidism of GD-B and GD-A, the TSH level 

gradually decreases (P<0.05). Serum FT3 and FT4 levels in 

GD, GD-A and GD-B groups are higher than NC, but the 

difference between GD-B and NC groups is not statistically 

significant (P>0.05). There is no significant difference in 

serum T3 and T4 levels among the GD, GD-A and GD-B 

groups and the NC group (P>0.05). Serum TPO-Ab and 

TG-Ab levels in GD, GD-A and GD-B groups are 

significantly higher than NC (P<0.01), and serum TPO-Ab 

and TG-Ab levels in GD-A are also higher than those in 

GD-B group. See Table 1. 

Table 1. Comparison of GD thyroid hormone and autoantibody levels with different thyroid functions. 

Groups Num TSH (mIU/L) FT3 (pmol/L) FT4 (pmol/L) T3 (nmol/L) T4 (nmol/L) TPOAb IU/ml TgAb IU/ml 

GD 100 0.12±0.03* 34.52±5.81* 52.51±10.9* 1.81±0.76 108.49±20.16 386.5±184.9▲ 247.13±70.2▲ 

GD-A 81 0.09±0.06* 42.17±6.82* 64.13±12.4* 1.91±0.69 110.32±18.75 408.9±173.2▲ 269.27±74.1▲ 

GD-B 19 0.15±0.04* 5.35±0.62 21.02±8.02 1.79±0.82 101.96±20.91 359.2±179.6▲ 229.30±67.9▲ 

NC 60 2.46±1.23 4.91±0.58 19.14±7.09 1.82±0.42 104.9±20.16 9.16±1.02 15.68±0.97 

Note: Compared with the control group, * means P<0.05, ▲ means P<0.01. 
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3.2. Comparison of Th17 and Treg Cells and Their Cytokines and Transcription Factors in GD Patients with Different 

Thyroid Functions 

Table 2. Comparison of Th17 and Treg cells and their cytokines and transcription factors in GD patients with different thyroid functions. 

Groups Num Th17cell% Tregcell% Th17/Treg IL-17 (pg/ml) TGF-β (pg/ml) ROR-γt Foxp3 

G D 100 3.54±0.61▲ 3.19±1.14* 1.76±0.51▲ 36.3±5.65* 14.09±4.71 5.94±1.61* 1.76±0.24 

GD-A 81 3.97±0.27▲ 2.16±1.13* 1.84±0.02▲ 37.3±4.94* 18.37±3.91 7.37±0.41* 2.18±0.51* 

GD-B 19 3.16±0.31▲ 3.09±1.04* 1.26±0.08▲ 28.9±3.12* 16.96±4.28 3.87±0.32* 1.39±0.64* 

NC 60 0.91±0.28 6.73±0.97 0.12±0.04 13.17±2.84 15.97±3.68 1.49±0.38 1.89±0.63 

Note: Compared with the control group, * is P<0.05, and ▲ is P<0.01. 

The results of research find that the ratio of IL-17 cells, 

Th17/Treg ratio, IL-17 and ROR-γt in GD patients are higher 

than those in the NC group, which is gradually decreasing 

from HT-A to HT-B. The difference among the three groups 

is statistically significant (P<0.05). The proportion of Treg 

cells is significantly lower than that of the control group, 

which is gradually increasing from HT-A to HT-B. The levels 

of TGF-β and Foxp3 are lower than those of the control 

group, which is gradually decreasing TGF-β from HT-A to 

HT-B. The difference has not statistically significant, while 

Foxp3 gradually increases from HT-A to HT-B, and the 

difference has statistically significant (P<0.05). 

3.3. Comparison of Th17 and Treg Cells and Their 

Cytokines and Transcription Factors in GD Patients 

with Different Urine Iodine Levels 

With the different iodine nutritional status of GD patients 

who have iodine deficiency, iodine adequate, iodine excess, 

and iodine excess, the changes of Th17 and Tregs cells and 

their cytokines and transcription factors are basically 

consistent with the overall trend of GD patients. Among them, 

Th17 cells, the Th17/Treg ratio and ROR-γt increase 

significantly, but the differences among the groups are not 

statistically significant. See Table 3. 

Table 3. Comparison of Th17 and Tregs cells and their cytokines and transcription factors in GD patients with different urine iodine levels. 

Group Num Th17Cell% TregCell% Th17/Treg IL-17 (pg/ml) TGF-β ROR-γt Foxp3 

iodine deficiency 11 3.46±0.47 3.19±1.14 1.14±0.39 19.27±6.83 12.9±4.71 6.48±1.32 1.70±0.28 

iodine adequate 43 3.89±0.50 2.74±0.61 1.21±0.43 22.92±7.06 13.86±2.11 6.91±1.09 1.79±0.15 

iodine excess 31 4.17±0.41 2.68±0.34 1.58±0.52 24.08±7.15 14.09±2.08 7.32±1.15 1.66±0.23 

iodine over-dose 15 5.06±0.38 2.89±0.42 1.72±0.39 23.17±6.36 14.37±2.12 7.86±0.97 1.85±0.19 

 

3.4. Comparison of Th17 and Treg Cells and Their 

Cytokines and Transcription Factors in GD Patients 

with Different TPOAb and TgAb Levels 

The number of 100 GD patients with positive TPAAb and 

TGAb antibodies are 82 and 63, respectively, and the median 

antibody levels are 361.4IU/mL and 238.6IU/mL, 

respectively. Using this as a critical value, GD is divided into 

high TPOAb group, low TPOAb group, high TGAb group, 

low TGAb group. Comparison of Th17 and Treg cells and 

their cytokines and transcription factors in GD patients with 

different TPOAb and TGAb levels showed that Th17 cells, 

Th17/Treg, TGF-β and ROR-γt in high-level TPOAb and 

TgAb groups are higher than low-level TPOAb. And the 

trend of TgAb group, among which Th17 cells and 

Th17/Treg are more obvious, but the difference is not 

statistically significant. In addition, the levels of Treg cells 

and IL-17 in the high-level TPOAb group are higher than 

those in the low-level TPOAb group, the levels of Treg cells 

and IL-17 in the high-level TgAb group are lower than those 

in the low-level TgAb group, and the Foxp3 level in the 

high-TgAb group is higher than that in the low-level TgAb 

group., But the differences are not statistically significant. 

See Table 4. 

Table 4. Comparison of Th17 and Tregs cells and their cytokines and transcription factors in GD patients with different TPOAb and TGAb levels. 

Project Th17Cell% TregCell% Th17/Treg IL-17 (pg/ml) TGF-β ROR-γt Foxp3 

High TPOAb 3.91±0.59 2.98±1.02 1.36±0.59 23.1±6.14 15.39±3.98 6.53±1.49 1.53±0.26 

Low TPOAb 3.25±0.64 2.53±1.26 1.09±0.62 22.9±5.96 14.28±4.59 5.46±1.82 1.61±0.19 

High TGAb 4.12±0.71 2.87±1.32 1.27±0.71 21.3±6.08 16.31±5.36 6.37±1.57 1.86±0.31 

Low TGAb 3.84±0.49 3.42±1.51 0.98±0.58 23.8±5.93 14.62±5.07 5.28±1.76 1.69±0.24 

GD 3.54±0.61 3.19±1.14 1.16±0.51 21.3±5.65 14.09±4.71 5.94±1.61 1.76±0.24 

 

4. Discussion 

Iodine is an essential element for the body to synthesize 

thyroid hormones. Its intake is an important factor affecting 

the changes in thyroid morphology and function. It has a "U" 

curve relationship with the occurrence of thyroid diseases. 

That is, too much or too little iodine intake can lead to 

changes in the morphology and function of the thyroid gland, 

which have varying degrees of influence on the metabolism 

and function of almost all systems in the human body [9]. 

Iodine deficiency can increase the prevalence of nodular 

goiter, and excess iodine can increase the prevalence of 

hyperthyroidism, sporadic goiter and AITD [10]. At present, 
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the incidence of various thyroid diseases is on the rise. The 

high incidence of thyroid diseases in the world is closely 

related to excess iodine nutrition. The relationship between 

high iodine and thyroid disease is the closest, and the high 

incidence of thyroid disease in my country is related to the 

excess iodine in the population or the increase in the number 

of individuals with excess iodine [11]. The MUI 

concentration of patients with thyroid disease is generally 

higher than that of the control. As the UI level increases, the 

incidence of thyroid disease increases, and the incidence is 

highest when the UI concentration reaches 300µg/L and 

above [12]. The UI level of patients with thyroid disease 

(306.9±116.2µg/L) is significantly higher than that of the 

control group (195.7±101.1µg/L, P<0.01), which indicates 

that iodine excess is positively correlated with thyroid 

disease [13]. The mean values of MUI and UI from high to 

low are in the hyperthyroidism group (268.0 and 

272.1±18.8µg /L), normal function group (199.7 and 

203.7±16.2 µg/L) and hypofunction group (177.6 and 

185.6±19.3µg/L) [14]. The higher the UI level, the higher the 

thyroid function. The MUI of patients with thyroid disease 

(324.56µg/L) is significantly higher than that of the control 

group (167.98µg/L). Different types of thyroid diseases have 

the highest proportion of hyperthyroid UI overdose, while 

patients with iodine deficiency have the highest proportion of 

hyperthyroidism. The difference has statistically significant 

(P <0.05) [15]. Epidemiological survey data shows that after 

the implementation of universal salt iodization (USI), the 

incidence of hyperthyroidism has increased, and it mainly 

occurs in iodine-deficient areas [16]. Excessive iodine intake 

leads to excessive synthesis of thyroid hormones, which 

leads to the occurrence of hyperthyroidism [17]. Therefore, 

increased iodine intake is an independent risk factor for 

hyperthyroidism. GD has the highest incidence among all 

types of hyperthyroidism. Its clinical symptoms or signs 

mainly include diffuse symmetrical goiter, hyperfunction and 

hypermetabolic state, etc. It can occur at any age, but it is 

more common in women. In recent years, the incidence of 

GD has been on the rise, and there are many reasons for the 

increase in the incidence of GD, among which iodine 

nutrition status may be one of the influencing factors. In 

some countries with high iodine intake, such as Japan and the 

United States, the incidence of GD is significantly higher 

than that of iodine-adequate and iodine-deficient countries. A 

multi-center study in Austria finds that the incidence of GD 

and subclinical GD after the implementation of USI in 

iodine-deficient areas increases [18]. The prevalence of GD 

in the United States is 1%-2%. The logistic regression 

analysis of the Graves’ disease epidemiological survey of 

100,000 people in Daqing area shows that the increase in 

iodine intake is closely related to the occurrence of GD and is 

an independent risk factor [19]. In 2010, a survey on the 

prevalence of thyroid disease among 15 008 residents aged 

15 and over in 10 cities in my country shows that the 

prevalence rates of hyperthyroidism, subclinical 

hyperthyroidism and Graves’ disease are 0.89%, 0.72% and 

0.61%, respectively [20]. A survey of 56 members of 

GD-prone families in 10 cities and counties in Liaoning 

Province find that the causes of thyroid dysfunction in 

first-degree relatives of GD-prone families are all AITD, and 

the autoantibody positive rate is 68.6%. When UI≥500µg/L, 

the incidence of GD is significantly higher than that of 

groups with UI level<500µg/L, and the differences are 

statistically significant (P<0.05), while, the difference 

between groups with UI below 500µg/L is not statistically 

significant [21], which suggests that the increase in UI is a 

risk factor for the increased incidence of GD. The positive 

rates of TgAb, TPOAb and antibody titers in the high-iodine 

GD group are higher than those in the low-iodine GD group, 

and the difference is statistically significant (P<0.05) [5], 

which suggests that iodine excess significantly increase the 

autoantibody level of AITD patients. The prevalence rate of 

GD among residents in coastal areas of Shandong is 1.38%, 

which is regionally distributed. The closer you are to the sea, 

the more iodine-containing foods you consume. The higher 

the UI level, the higher the prevalence rate of GD. The 

prevalence of GD with UI levels above 300 µg/L increases 

with the UI level [22]. The MUI (302.95µg/L, 354.4µg/L) of 

GD (n=78) and HT (n=31) patients is higher than that of the 

control group (257µg/L), and the difference has statistically 

significant (P<0.0001) [23], and the UI level of HT patients 

is higher than that of GD patients, but the difference has not 

statistically significant (P=0.2078). It shows that the high 

iodine nutritional status in patients with AITD may be one of 

the reasons that lead to lipid peroxidation damage in the body 

and induce the development of AITD. The above research 

results indicate that the increasing in iodine intake is closely 

related to the occurrence of GD and the production of thyroid 

autoantibodies, and is a risk factor for the increase in the 

incidence of GD. 

The results of research on urine iodine, thyroid hormone 

and autoantibody levels of GD patients are also different. The 

MUI of GD patients in the coastal area of western 

Guangdong is above 300µg/L. The median of the two 

autoantibodies are higher than the other groups, and the 

difference among the four groups of different UI levels has 

statistically significant (P<0.05), while there has no 

statistically significant difference among FT3, FT4, and TSH 

groups [24]. A research on the clinical characteristics of 210 

GD patients find that the higher the TPOAb titer, the more 

obvious the degree of goiter [25]. Goiter of GD patients is 

related to age and high titers of TPOAb and TRAb. FT3, FT4, 

TPOAb and TRAb in the goiter group are higher than those 

in the no goiter group (P<0.05). Thyroid eye signs are related 

to high titers of TgAb and TRAb [26]. The untreated group is 

the highest, followed by the uncontrolled group, and the 

difference has statistically significant. After 131 I treatment 

for 3 months, the level of IL-17 is the lowest, which is 

slightly higher than the control group, but the difference has 

not statistically significant. The level of serum IL-17 in GD 

patients changes positively with the concentration of FT3, 

FT4, and TRAb, while it changes negatively with TSH [27]. 

The Th17 cell ratio and serum IL-17 and TGF-β1 levels of 

patients in GD and remission groups are significantly higher 
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than those in the control group, and are positively correlated 

with FT3, FT4, and TRAb, but negatively correlated with 

TSH [28]. GD patients (n=20) FT3, FT4 are significantly 

higher than the NC group, while TSH is significantly lower 

than the NC group (P<0.05), and the GD eye disease (GO) 

group FT3, FT4 and TPOAb, TgAbare significantly higher 

than the GD group (P <0.05). The TPOAb and TgAb in the 

GD group are also significantly higher than those in the NC 

group, and the difference between the three groups has 

statistically significant (P<0.05) [29]. GD patients (n=65) 

FT3, FT4, TPOAb, and TgAb all increase significantly, while 

TSH decrease [30]. The titers of TgAb and TPOAb in HT 

patients (n=36) are significantly higher than those in GD 

patients (n=48), and GD patients are higher than those in the 

control group, and the difference has statistically significant 

(P<0.01). The TPOAb titer of GD patients is significantly 

lower than that of HT patients, but the difference in TgAb 

titer between the two groups has not statistically significant. 

The FT3 and FT4 of GD patients are higher than the control 

group, and TSH is lower than the control group. TSH in HT 

patients is significantly higher than that in the control group, 

while FT3 and FT4 are not statistically different from the 

control group [30]. The titers of TgAb and TPOAb in GD, 

HT, and hypothyroidism groups are significantly higher than 

those in the control group, and the GD group is higher than 

the HT group, while there has no statistically significant 

difference between TSH in HT patients and the control group 

[31]. Serum TgAb and TPOAb titers of HT and GD patients 

are significantly higher than those of the control group, and 

the HT group is higher than the GD group, the difference has 

statistically significant [32]. There are also reports that the 

titers of TPOAb and TgAb in HT and GD patients are higher 

than those in the control group, but there is no statistically 

significant difference between the two groups [33]. Spearman 

correlation analysis shows that MUI in patients with 

hyperthyroidism is positively correlated with TSH and 

negatively correlated with FT3. MUI in patients with 

subthyroidismis negatively correlated with FT4, and MUI in 

patients with hypothyroidism is positively correlated with 

TPOAb titers, which suggests that there are differences in UI 

levels in patients with different types of thyroid diseases. UI 

is related to thyroid hormone levels and related antibodies [7]. 

The above research results confirm that the titers of TgAb 

and TPOAb in HT and GD patients are significantly higher 

than those in the control group, but there are differences in 

antibodies between the two groups and the results of FT3, 

FT4 and TSH are not the same, which may be related to the 

composition ratio and severity of the disease, Staging and 

gender differences. 

The results of this research are basically consistent with 

most of the above-mentioned studies. As the level of UI 

increases, TSH, TPOAb, and TgAb in GD patients increase, 

while FT3, FT4, TT3, and TT4 decrease. The effect of high 

iodine intake on TSH of GD patients is significantly better 

than that of FT3 and FT4, but has no effect on T3 and T4. 

Therefore, thyroid function indicators (FT3, FT4, TSH), 

especially TSH changes, combined with GD patients' TgAb 

titers are significantly higher than HT patients, and HT 

patients TPOAb titers are significantly higher than GD 

patients. And the higher the UI level, the higher the 

autoantibody titer. Combined detection is helpful for the 

diagnosis and differential diagnosis of GD and HT, and has 

certain value for the efficacy and prognosis judgment. The 

results of this research also show that the composition ratio 

of GD patients with different UI levels is from high to low, in 

order of iodine adequate, iodine excess, iodine beyond, and 

iodine deficiency. The sum of iodine excess and iodine 

beyond is consistent with the proportion of the iodine 

adequate group, which is significantly higher than that of the 

iodine deficiency group, and the MUI of the GD-A group is 

significantly higher than that of the GD-B group, which 

indicates that high iodine can easily induce the occurrence of 

GD. The results of most studies are basically the same. 

Th17/Treg cells are new types of immune cells discovered 

in recent years. They have independent differentiation and 

regulation mechanisms and inhibit each other. Both of them 

and their cytokines play an important role in the pathogenesis 

of AITD [34]. Most research believe that the pathogenesis of 

AITD is the result of the combined effects of environment, 

genetics, and immune imbalance, among which immune 

factors are recognized as the main cause of disease. 

Th17/Treg is a pair of Th cell subsets with pro-inflammatory 

and anti-inflammatory effects. The former mediates 

inflammatory response by secreting Th17 cytokines, while 

the latter exerts immunosuppressive effects through direct 

contact and secretion of cytokines. Foxp3 regulates the 

activation process of effector T cells at the transcriptional 

level. Previous research has found that there is a certain 

correlation between AITD and Th17/Treg cell imbalance, 

cytokines and thyroid autoantibodies, but the results of the 

studies are not the same. The proportion of Treg cells in the 

thyroid tissue and PBMC of AITD patients is significantly 

higher than that in the control group, and there are functional 

defects. Their immunosuppressive ability significantly 

reduces, and the body's immune response cannot be 

effectively down-regulated to prevent the occurrence of 

AITD [35]. The thyroid tissue of GD patients and the control 

group almost does not express IL-17, and the expression of 

IL-17mRNA in PBMC is low, while IL-17 is strongly 

positive in HT patients, and the level of IL-17mRNA is 

elevated [36]. Serum IL-17 levels in GD and HT patients are 

significantly higher than those in the control group, with HT 

being more pronounced, which indicates that Th17 cells in 

GD patients have a lower ability to produce IL-17 factor than 

HT. AITD patients (n=49) Th17 cells and IL-17, IL-6, TGF-β 

are higher than the control group, especially HT patients 

Th17 cells and IL-17 increase more significantly. The 

proportion of Th17 cells is positively correlated with IL-17 

levels, but has no correlation with IL-6 [37]. Zhang et al. 

reports that the proportion of Th17 cells in GD patients 

significantly increases, while Treg cells significantly reduce, 

which indicates that Th17 and Treg cells play an important 

role in the pathogenesis of GD [38]. Li et al. find that Th17 

cells in PBMC of GD patients and serum IL-17 levels of 
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refractory GD patients significantly increase, while 

CD4
+
FoxP3

+
T (Treg) and its transcription factor FoxP3 

mRNA content significantly decrease, and IL-17 levels in 

remission patients have no significant changes comparing 

with the control group. The proportion of Treg cells in GD 

patients is lower than that in the control group, and Foxp3 

expresses at a low level on the surface of Treg cells [39]. The 

proportion of Th17 cells in GD patients (n=50) is higher than 

that in the control group, while CD4
+
CD25

+
FoxP3

+
T cells 

and Treg cells are significantly lower than that in the control 

group [40]. The proportion of Th17 cells and serum IL-17 

levels in GD patients (n=40) PBMC are higher than those in 

the control group, while the proportion of CD4
+
CD25

+
Tregs 

cells and serum TGF-β levels are lower than those in the 

control group (P<0.05) [41]. The CD4
+
CD25

+
Treg in the 

PBMC of GO patients is significantly lower than that of the 

GD group, and the GD group is significantly lower than that 

of the NC group. The difference among the three groups has 

statistically significant (P<0.05) [42]. There is no significant 

correlation between Th17/CD4
+
T cells in PBMC of GD 

patients and thyroid autoantibodies. The levels of Th17 cells 

and IL-17 in PBMC of HT and GD patients and TGF-β1 

levels in HT patients are significantly higher than those in the 

control group (P<0.05). TGF-β1 levels in HT patients are 

significantly higher than those in the control and GD groups, 

while the level of TGF-β1 in GD patients is not significantly 

different from that in the control group [43], which suggests 

that Th17 cells and their cytokines IL-17 and TGF-β1 may be 

involved in the pathogenesis of AITD, and TGF-β1 may play 

a greater role in the pathogenesis of HT, but has a smaller 

role in the pathogenesis of GD. The number of CD4
+
T cells 

and the proportion of CD4
+
CD25

+
Tregs in CD4

+
T cells in the 

PBMC of GD (n=40) and HT patients are not significantly 

different from those of the control group (P<0.05), while the 

expression level of TGF-β1 and Foxp3mRNA significantly 

decrease [44]. The ratio of CD4
+
CD25

+
Foxp3

+
Treg 

cells/CD4
+
T cells in PBMC of AITD patients is significantly 

lower than that of GD and HT patients with normal thyroid 

function. The number of CD4
+
CD25

+
Treg cells in AITD 

patients decrease, especially Foxp3
+
CD4

+
CD25

+
Treg cells 

are more obviously, and the activated CD4
+
T cells increase 

[45]. The proportion of CD4
+
CD25

+
Treg in the PBMC of 50 

HT and GD patients in CD4
+
T cells and the expression level 

of Foxp3 mRNA are significantly lower than those of the 

control group (all P<0.05), while the serum TGFβ1 level is 

significantly higher than that of the control group (all P<0.05) 

[46]. CD4
+
IL17

+
/CD4

+
CD25

+
CD127

-
and CD4

+
IL17

+
 in 

PBMC of GD patients/CD4
+
CD25

+
CD127

-
. 

FoxP3
+
T cells are significantly lower than the control 

group, and show a positive change with the change of TRAb 

[26]. The expression levels of FoxP3, IL-10 mRNA and their 

protein in GD patients significantly increase. After IL-21 

stimulation, the above indicators significantly reduce, and 

there is no significant difference compared with the control 

group after treatment recovery [47]. Th17 cell ratio, 

Th17/Treg ratio, and ROR-γt and IL-17 gene expression 

levels significantly increase in GD patients, while Treg and 

Breg ratios and Foxp3 gene expression levels significantly 

decrease, but IL-10 gene expression levels do not change 

significantly [48]. CD4
+
Foxp3

+
cells, CD4

+
CD25

+
CD127 

(low) Foxp3
+
T cell frequency and CD4

+
CD25

+
CD127 (low) 

Foxp3
+
/CD4

+
CD25 (high) in GD patients. The proportion of 

CD127 (low) T cells is significantly lower than that of 

patients with nodular goiter [49]. The expression levels of 

FoxP3 and IL-10 mRNA and IL-10 protein in the PBMC of 

GD patients are significantly higher than those of the 

remission group and the control group, while the expression 

levels of IL-17, ROR-γt, IL-22 mRNA and IL-22 protein 

between the GD remission group and the control group are 

not statistically different [50]. Most of the above research 

results show that the proportion of Treg cells and TGF-β 

levels in GD patients reduce, but there are also reports that 

the proportion of Treg cells is not statistically different from 

the control group [51] and higher than the control group [34]. 

The results of this research show that the proportion of IL-17 

cells, Th17/Treg ratio, IL-17 and ROR-γt in GD patients are 

all higher than those in the NC group, and gradually decrease 

from HT-A to HT-B. The differences among the three groups 

have statistically significant (P<0.05). The ratio of Th17 cells 

and Th17/Treg increase most significantly. The ratio of Treg 

cells is significantly lower than that of the control group, and 

gradually increased from HT-A to HT-B. The levels of TGF-β 

and Foxp3 are lower than those of the control group. -A to 

HT-B gradually decrease, and the difference has not 

statistically significant, while Foxp3 is gradually increased 

from HT-A to HT-B, and the difference has statistically 

significant (P<0.05). 

GD is one of the most common organ-specific AITDs and 

the most common clinical type of hyperthyroidism. Its 

etiology involves many factors such as environment and 

genetics. Its pathogenesis has not yet been fully elucidated 

[52] and has always been a focus of research in this field. 

Research have found that the onset of GD is related to urine 

iodine, thyroid function and autoantibody titers. The results 

of this research show that TPOAb and TgAb titers in GD 

patients increase with the progression of the disease and the 

increase in UI levels, and the urinary iodine level is 

positively correlated with TPOAb and TgAb titers, which is 

consistent with the view that thyroid autoantibodies can 

aggravate immune damage [53], which indicates that high 

iodine may be the main environmental factor that induces the 

occurrence and development of GD. Excessive iodine intake 

can not only promote the occurrence of thyroid autoimmune 

reactions, but also further accelerate the occurrence of 

abnormal thyroid function in patients with abnormal thyroid 

autoimmunity. It may be related to the fact that high iodine 

can aggravate iodine's organic barriers, reduce thyroid 

hormone synthesis, and promote AIT in people with 

autoimmune background; Excessive iodine leads to thyroid 

tissue damage, which can accelerate the exposure of thyroid 

antigens, activate autoimmune responses, and induce the 

occurrence and development of GD [54]. The results of this 

research also show that the ratio of Th17/Treg cells in GD 

patients is significantly positively correlated with the titers of 
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TPOAb and TgAb, and the antibody titers of TPOAb and 

TgAbare significantly correlated with Th17/Treg, IL-17 and 

ROR-γt. Th17/Treg cell imbalance may play a role in the 

production of thyroid autoantibodies and the abnormal T cell 

immune response mediated by them, thereby participating in 

the immune damage of thyroid tissue itself. However, the 

interaction and mechanism of different iodine nutritional 

status, thyroid function, autoantibodies and Th17/Treg cells 

and their factors in the pathogenesis of GD remain to be 

studied in depth. 

Previous research has found that organ-specific AID is 

mainly related to Th1 cells. With the deepening of research 

on T cell subgroups, the understanding of autoimmunity has 

changed significantly [55]. Recent research has found that 

Th17 and Treg cells play an important role in the 

pathogenesis of AITD [56]. Th17 and Treg cells are CD4
+
 T 

cell subgroups with opposite effects. The former mainly 

mediates inflammation through secretion of high levels of 

IL-17 and other cytokines, and the latter mainly through 

direct cell contact and secretion of inhibitory cytokines 

(TGF). -β, IL-10, etc.) play an immunosuppressive function, 

and both and their cytokines play an important role in the 

pathogenesis of AID [57]. Researches in recent years have 

confirmed that Th17, Treg cells and their related factors are 

related to the occurrence of multiple AIDs. Foxp3 can be 

specifically expressed in CD4
+
CD25

+
Foxp3

+
Treg. Foxp3

+
 

plays a prominent role in CD4
+
CD25

+
 in regulating the 

development and functional expression of T cells. 

CD4
+
CD25

+
Foxp3

+
Treg cells can also be used in a variety of 

ways. Immune suppression is an important mechanism for 

the stability of the immune system itself [58]. Foxp3
+
Treg of 

CD4
+
CD25

+
 in GD patients significantly decreased, while 

the proportion of CD4
+
CD25

+
T cells does not change 

significantly. It is suggested that the lack of 

immunosuppressive Foxp3
+
Treg be closely related to the 

pathogenesis of GD. The detection of Foxp3 expression level 

may be more meaningful than the change in the proportion of 

CD4
+
CD25

+
 cells. There is no significant change in the 

number of Tregs in GD patients, but the expression of Foxp3 

decreases. Therefore, it is believed that the onset of GD is 

mainly caused by Treg functional defects [59]. Regardless of 

whether the proportion of Treg cells in GD patients is normal 

or not, their immunosuppressive ability significantly 

decreases, indicating that abnormal Treg cell function is 

closely related to the pathogenesis of GD. The proportion of 

CD4
+
CD25

+
Foxp3

+
Treg in CD4

+
CD25

+
T cells and CD4

+
T 

cells in GD patients is lower than that in the control group, 

which indicates that the reduction of CD4
+
CD25

+
Foxp3

+
Treg 

cells may play an important role in the occurrence of GD. In 

vitro experiments show that CD4
+
CD25

+
Foxp3

+
Treg cells 

can significantly inhibit the proliferation of effector T cells, 

and affect the autoimmune system in many ways, and have 

an impact on the process of GD multiple autoimmune 

pathology. The results of this research show that the Th17 

cell ratio, Th17/Treg ratio, serum IL-17 and ROR-γt in 

PBMC of GD patients significantly increase, while the Treg 

cell ratio, Th17/Treg ratio and Foxp3 mRNA expression level 

significantly decrease. The increase in Th17 cell ratio and the 

decrease in Treg cell ratio in the PBMC of patients with 

hyperfunction are more obvious than those in patients with 

normal thyroid function and subclinical hyperthyroidism, 

which manifests as progressive changes in different stages of 

the disease, which indicates that abnormal thyroid function 

may affect the function of Th17/Treg cells, Th17/Treg cell 

imbalance runs through different stages of GD, consistent 

with the results of Xue Haibo and Pyzik [60, 61] in HT 

changes, but the degree of change is not as obvious as HT. It 

is confirmed that different thyroid function itself may have a 

certain impact on Th17 and Treg cells in PBMC, and the 

imbalance between the two may play an important role in the 

pathogenesis of GD [62]. It is speculated that the changes in 

the proportion of Th17 and Treg cells in GD patients at 

different stages may be caused by changes in thyroid function. 

Whether it is directly related to the immune response needs 

further investigation. 

Th17/Treg cells participate in the autoimmune damage of 

thyroid tissue through the abnormal immune response of T 

cells mediated by TGF-β and other regulatory factors [63]. 

Treg cells mainly exert their biological effects by secreting 

TGF-β and IL-10 [64]. TGF-β, as the main cytokine secreted 

by Treg cells, has different effects on the development of 

human Th17 and Treg cells. The development of Treg cells 

and the expression of the key transcription factor Foxp3 

depend on the existence of TGF-β, while the development of 

Th17 cells does not depend on TGF-β [65]. Researches in 

TGF-β1 deficient mouse models have confirmed that TGF-β1 

plays an important role in maintaining peripheral 

CD4
+
CD25

+
Treg expression Foxp3 and exerting 

immunosuppressive effects. High concentrations of TGF-β1 

can up-regulate the expression of Foxp3, induce the 

conversion of human CD4
+
CD25

-
Treg into CD4

+
CD25

+
Treg, 

and express Foxp3, which exerts a function similar to the 

naturally developed Treg cells in the thymus. The results of 

this research show that the proportion of Th17 cells, serum 

IL-17 and ROR-γt in PBMC of GD patients significantly 

increase, while the proportion of Treg cells and Foxp3 

mRNA expression levels significantly decrease, and serum 

TGF-β decreased. It shows that the reduction of Treg cells 

reduces the immunosuppressive ability of effector T cells, 

causing the body to appear immune disorders, leading to the 

disappearance of immune tolerance and the destruction of 

immune homeostasis, the activation of immune function, the 

activation of autoantibodies, and the induction of AID. Foxp3 

can inhibit the transcription of IL-17A mRNA by directly 

binding to ROR-γt, thereby affecting the function of Th17 

cells. At the same time, the low level of Foxp3 attenuates the 

inhibition of ROR-γt expression, cannot effectively promote 

the development of Treg cells, does not respond to TGF-β, 

prompts Th17 cells to escape the immunosuppressive effect 

of Treg cells, and many other mechanisms jointly participate 

in Th17/Treg of GD patients The imbalance of cell 

subpopulations may play an important role in the 

pathogenesis of GD. 

The above research results show that the thyroid function, 
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autoantibody titers, Th17/Tregs cells and their cytokines IL-17 

and TGF-β, transcription factors ROR-γt and Foxp3 mRNA 

under different iodine nutrition conditions have corresponding 

changes in GD. The balance of Th17/Treg cells can maintain 

the body in a steady state of immune tolerance. In the case of 

inflammation or autoimmune diseases, Th17 cell 

differentiation is enhanced and Treg cell differentiation is 

inhibited, which destroys the Th17/Treg cell balance or leads 

to the body’s Damage [65]. Th17 cell ratio, IL-17 level 

increase and Treg cell ratio decrease, especially 

CD4
+
CD25

+
FoxP3

+
Treg cell decrease or Treg cell dysfunction, 

may play a synergistic role in the pathogenesis of GD, and 

jointly participate in the pathogenesis of GD, but the change is 

not as obvious as in HT. It shows that the ratio of Th17/Treg 

cells and its factors cooperate in the immune response of the 

body, leading to changes in thyroid function and the 

occurrence of GD, but its mechanism of action is still unclear. 

5. Conclusion 

The results of this research show that the titers of TPOAb 

and TgAb in GD patients are significantly higher than those 

in the control group, which increase with the progression of 

the disease and the increase in UI levels. The effect of 

high-level antibodies on thyroid hormones is significantly 

better than that of low-level antibodies, and the level of urine 

iodineis positively correlated with TPOAb and TgAb titers, 

that is, the higher the urine iodine level, the more obvious the 

changes in thyroid hormones, and the higher the level of 

autoantibodies. Serum TSH levels in the high TPOAb group 

and high TgAb group are lower than those in the low TPOAb 

group, low TgAb group, and control group, respectively. The 

levels of FT3 and FT4 are higher than those in the low 

TPOAb group and low TgAb group, but the low TgAb FT3 is 

compared with the control group and the high TPOAb. There 

is no statistically significant difference in T3 and T4 levels 

between the high TgAb group, the low TPOAb group and the 

low TgAb group. This is consistent with the view that thyroid 

autoantibodies can aggravate immune damage, which 

indicates that high iodine may be the main environmental 

factor that induces the development of GD. The proportion of 

Th17 cells, serum IL-17 and ROR-γt in GD patients' PBMC 

significantly increase, while the proportion of Treg cells and 

Foxp3 mRNA expression significantly decrease, and serum 

TGF-βdecrease. The ratio of Th17/Treg cells in GD patients 

is significantly positively correlated with the titers of TPOAb 

and TgAb, and the titers of TPOAb and TgAb antibodies 

have a greater correlation with Th17/Treg, IL-17 and ROR-γt. 

It shows that Th17/Treg cell immune imbalance and the 

changes of its factors may play a role in the production of 

thyroid autoantibodies and the abnormal T cell immune 

response mediated by them, thereby participating in the 

immune damage of thyroid tissue itself. It is suggested that 

abnormalities of urine iodine level, thyroid function, TPOAb, 

TgAb and Th17/Treg cells and related factors are involved in 

the development of GD. Carrying out multi-center and 

large-sample prospective researches to explore the interaction 

and mechanism of different iodine nutritional status, thyroid 

function stratification, autoantibodies and Th17/Treg cells 

and their factors in the pathogenesis of GD, which will open 

up new ways for precise prevention and treatment of GD. 
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