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Fine mapping of thyroglobulin gene identifies two independent
risk loci for Graves’ disease in Chinese Han population

Miao Xuan', Shuang-Xia Zhao’, Chen-Yan Yan’, Jun Yang’, Ying Li', Li-Ge Songl, Huai-Dong Song?,
Xiu-Zhen Zhang'

'Department of Endocrinology, Tongji Hospital, Tongji University School of Medicine, Shanghai 200065, China; “The Core Laboratory in Medical
Center of Clinical Research, Department of Endocrinology, Shanghai Ninth People’s Hospital, Shanghai Jiaotong University (SJTU) School of
Medicine, Shanghai 200011, China; *Department of Clinical Skill Practice and Training Center, Tongji Hospital, Tongji University School of
Medicine, Shanghai, 200065, China

Contributions: (I) Conception and design: M Xuan, HD Song, XZ Zhang; (II) Administrative support: XZ Zhang (III) Provision of study materials
or patients: M Xuan, SX Zhao, CY Yan; (IV) Collection and assembly of data: M Xuan, SX Zhao, CY Yan, J Yang, Y Li; (V) Data analysis and
interpretation: M Xuan, LG Song; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Xiu-Zhen Zhang. Department of Endocrinology, Tongji Hospital, Tongji University School of Medicine, 389 Xin Cun Road,
Shanghai 200065, China. Email: 13621688858@163.com; Huai-Dong Song, MD, PhD. The Core Laboratory in Medical Center of Clinical
Research, Department of Endocrinology, Shanghai Ninth People’s Hospital, State Key Laboratory of Medical Genomics, Shanghai Jiaotong
University School of Medicine, Shanghai 200011, China. Email: huaidong_s1966@163.com.

Background: This study aimed to determine independent risk loci of Graves’ disease (GD) in the
thyroglobulin (T'G) region.

Methods: In this two-staged association study, a total of 9,757 patients with GD and 10,626 sex-matched
controls were recruited from Chinese Han population. Illumina Human660-Quad BeadChips in the
discovery stage and TagMan SNP Genotyping Assays in the replication stage were used for genotyping.
‘Trend test and logistic regression analysis were performed in this association study.

Results: In the discovery stage, rs2294025 and rs7005834 were the most highly associated susceptibility
loci with GD in TG. In the replication phase, 7 SNPs, including rs2294025 and rs7005834, were selected for
fine-mapping. Finally, we confirmed that rs2294025 and rs7005834 were the independent risk loci of GD
in the combined populations. At the same time, there was no significant difference between the risk allele
frequencies of rs2294025 and rs7005834 in different clinical phenotypes of GD.

Conclusions: The fine mapping study of thyroglobulin identified two independent SNPs (rs2294025 and
rs7005834) for GD susceptibility. However, no significant differences for rs2294025 and rs7005834 were
observed, between the different clinical phenotypes of GD, including gender, Graves’ ophthalmopathy (GO),
and serum levels of thyrotropin receptor antibody, thyroid peroxidase antibody, and thyroglobulin antibody.

These results provide a deeper understanding of the association mechanism of thyroglobulin and GD risk.
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Introduction small number of pretibial myxedema (1). The etiology

Graves’ disease (GD) is one of the most common types of of GD is incompletely understood and GD affects up to

organ-specific autoimmune thyroid disease (AITD). The 2% of a population in iodine-sufficient areas (2). GD is
main characteristics of GD are hyperthyroidism, various caused by interaction of multiple complex factors, such

degrees of diffuse goiter, ophthalmopathy, and with a as genetic, environmental and endogenous factors (1,3).
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Table 1 General information of patients

Disease status N Sex ratio (M/F) Age (years)
GWAS
GD 1,442 320/1,122 39+14
Control 1,468 349/1,119 45+9
Replication
GD 8,315 2,057/6,258 40+14
Control 9,158 1,841/7,317 46+12
Combined
GD 9,757 2,377/7,380 39+14
Control 10,626 2,190/8,436 45+12

There is no doubt that environmental factors contribute
to the development of GD in susceptible individuals, and
the genetic basis plays an important role in this process.
The importance of genetic factors can be seen from the
aggregation of GD in the family (4). It has been shown
that the consistency rate among monozygotic twins was
significantly higher than that among dizygotic twins for
Graves’ disease (5). These studies suggest that nearly 80%
of the risk of GD is genetic (2).

TG, located on chromosome 8q24, is a 660-kDa
glycoprotein that supports the production of thyroid
hormones (6,7), accounting for 75-80% of total thyroid
protein (8). T'G can infiltrate the blood circulation, expose
to the immune system, and is the main autoantigen of
AITD. In addition, the best model for human autoimmune
thyroiditis is to immunize mice with TG (9), since TG may
be the earliest cause of the disease (10). TG may be one of
the AI'TD susceptible genes, and its linkage studies showed
that there was a significant linkage peak on chromosome
8q in the TG gene region (11). However, the number of
studies on the correlation between TG and GD alone
was less and the conclusion have been less consistent. In
North American Caucasians, it has been reported that
a polymorphism in exon 12 (rs853326G/A) resulted in
a Val (G allele) to Met (A allele) substitution and the A
allele frequency of GD patients was higher than control
group (12). The haploid allele combination analysis of
TG polymorphic loci, EI0SNP24-E10SNP158-E12SNP-
E33SNP, was performed between the hyperthyroidism group
and the healthy group. The disease-linked haplotypes G-T-
A-C, G-T-G-C and T-C-G-C was significantly different
(P<0.05) (13). In case control studies, several SNPs in
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exons 10, 12, and 33 were significantly associated with
AITD (14) or with GD relapse (15). In a Japanese
population, rs2958692 in TG was associated with the
evolution of GD, the refractory of GD (16). It is confirmed
that in Italians, rs2069561 in TG was associated with
GD (17). But in China, there was no differences between
the frequencies of allele and genotype of TG between GD
patients and controls (18). Case-control research showed
that in Tunisia, the Tgms2 (T'G microsatellite 2) or SNPs
of TG were not associated with GD (19).

The previous genome-wide association study (GWAS)
provided reliable evidence for the association between
TG gene polymorphism and GD in Chinese Han ethnic
groups (20). In this study, a fine mapping study was further
carried out, based on GWAS data to determine the possible
independent susceptibility SNP(s) of TG region in patients
with GD. The association between the susceptibility alleles
and genotypes of TG and the different phenotypes in
patients with GD was also studied.

Methods
Subject

In this study, 9,757 GD patients and 10,626 controls of sex-
matched were recruited (7able I). The project was approved
by the local ethics committee. All unrelated Chinese Han
participants were recruited from various hospitals in China
and signed informed consent forms.

The diagnosis of GD was according to the issues as
followed: (I) the symptoms, signs and the laboratory
evidence of hyperthyroidism, (I) diffuse goiter, while (IIT)
at least one of the following situations: tested thyrotropin
receptor antibody (TRAD) positivity, "''I intake increased
or exophthalmos (20,21). Diagnosis of hyperthyroidism
ophthalmopathy and goiter in accordance with the
Guidelines of the American Thyroid Association. The most
majority of GD patients were treated with antithyroid drugs
(ATD) or radioactive iodine ("’'T) for more than 1 year.
Other causes of hyperthyroidism will be excluded.

All the control subjects were over 35 years old and
matched with the cases by area and gender. Individuals
with GD or family history of GD and other autoimmune
diseases had been excluded. Given that GD and other
AITD is common in young women, the age over 35 years
old could reduce the number of later developments of GD
in the control group.

The levels of TSH, free triiodothyronine (F13) and
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thyroxine (FT4) were tested by chemiluminescence
immunoassay. In our laboratory, quantitative ELISA (RSR
Limited, Cardiff, UK) was used to test the levels of thyroid
globulin antibody (T'GAD), thyroid peroxidase antibody
(TPOAD) and thyrotropin receptor antibody (TRAD).
The level of TGAb >65 w/mL, TPOAb >10 u/L, TRAb
>1.5 u/L were defined positive, respectively.

Genotyping, imputation and quality control in the
discovery stage

In the discovery stage, genotyping was performed utilizing
the Illumina Human660-Quad BeadChips (21). Also, the
robust quality control was carried out for the SNPs in the
discovery stages (21). Finally, the SNPs with the Hardy
Weinberg equilibrium (HWE) P>10, missing call rate
<0.05, or a minor allele frequency (MAF) >0.01, would be
kept in the association study (20,21).

As for the genotyped SNPs in the discovery stage
after the robust quality control, imputation analysis
was performed using the IMPUTE 2 software and the
1000 Genomes Project (June 2011) as the reference (22).
After the imputation, the robust quality control was
performed for the imputed SNPs, and the SNPs with the
HWE P<10°, missing call rate >0.05, or a MAF <0.01,
were excluded in the study. Finally, the association study
was carried out for the imputed SNPs using ProbABEL.

Sample size and power calculations

QUANTO software (version 1.2.4) was used to calculate
the sample size. According to our previous GWAS data,
the significance level of genome-wide for each mutation
with allele frequencies ranged from 0.01 to 0.5 and with
the power at least 80%. Therefore, a minimum of 3,493
(rs7005834) and a maximum of 8,186 (rs2703004) sample
pairs would be needed in this study. Therefore, a total of
~9,000 sample pairs were included in the study.

TagSNPs selection and genotyping

In discovery stage, Haploview 4.1 software and a pairwise-
tagging approach were used to select the tagSNPs (23).
TagMan SNP Genotyping Assays were used to genotype
the selected seven SNPs (rs2703004, rs4301434, rs2294025,
rs4736437, rs10956695, rs7005834 and rs4330674) in the
replication stage.
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Statistical analysis

In the discovery stage and replication stage, we analyzed the
SNPs by the Cochran Armitage trend test in PLINK (24). In
the combined stage, Cochran Mantel Haenszel stratification
analysis was utilized to check the associations. In order
to detect the independent risk SNP(s), forward stepwise
logistic regression analysis was carried out in the discovery
stage and the combined stages using R program. Also, the
conditional logistic regression analysis was performed using
PLINK packages. The interactions between SNPs of TG in
the different clinical phenotypes of GD, including gender,
Graves’ ophthalmopathy (GO), thyroid goiter, the level of
TRAb, TGAb, TPOAb was also analyzed using the y’ test
in the SPSS PASW Statistics 18 package.

Results

Association analysis with GD in the discovery stages

In the discovery stage, we re-examined our previous GWAS
data. A ~340 kb LD block located in chromosome 8q24.22
was chosen in the Chinese population GWAS data. This
block contained the strongest T'G association and was
separated by two recombination hotspots (recombination
rate >50 cM/Mb) (Figure 14). And then genotyping and
imputation analysis in the region which encompassed TG/
SLA/WISP1 was carried out. Eight hundred and eight
genotyped and imputed SNPs were found in the region
included TG/SLA/WISP1. After robust quality control,
there were 209 SNPs with P<0.05, 98 SNPs with P<0.01,
34 SNPs with P<0.001 and one SNP with a significant
P level 0f<0.0001 (rs10100792, P=3.58x107"; OR, 0.74;
95% CI, 0.64-0.85) (Figure 14). We found a cluster of
SNPs highly correlated with rs2294025 between the two
recombination peaks (R’>0.6) (Figure 1B). Also, 7 tagSNPs
were selected for further replication (Figure 1C).

In order to discern the independent susceptibility
loci associated with GD in the TG/SLA/WISP1 region,
98 SNPs with P<0.01 were analyzed using forward stepwise
regression and two-locus logistic regression analysis.
The forward regression analysis showed that two SNPs
(152294025, P=0.003; OR, 1.27; 95% CI, 1.11-1.44, and
rs7005834, P=0.001; OR, 1.33; 95% CI, 1.15-1.54) were
independent risk loci for GD in the GWAS cohorts.
Moreover, each of the majority of SNPs, excluding
10 SNPs, were improved by rs2294025 according to the
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Figure 1 Results of association analysis for SNPs in 8q24.22 in the discovery stage. (A) In the discovery stage the regional plots of
susceptibility loci associated with Graves’ disease (GD) in 8q24.22. The -logl0 P values of each SNP at 8q24.22 are plotted against
chromosomal position. The top SNP at 8q24.22 is rs2294025 shown as a big purple diamond. The color of each SNP spot reflects its
t’ value with 152294025 and decreasing values of r’ demonstrates with various colors from red, orange, green to sky-blue and blue. One
thousand genomes from Asian samples were used to compute genetic recombination rates. Physical positions are based on GRCh37; (B)
Haploview analysis results of 85 SNPs of Block 1 and 13 SNPs of Block 2, two highly linked independent susceptible blocks. The number
in each small square represents the interlocking unbalance 1’ value seen in two SNPS. The big red represents the complete interlocking
r’=1. The higher the interlocking degree is, the closer the color is to the big red and the completely non-interlocking color is white; (C) in
the replication stage, Haploview analysis of the 7 TagSNPs. The number in each small square case represents the Linkage disequilibrium r*
value between the two SNPs, and red represents the complete Linkage disequilibrium r’=1. The higher the Linkage disequilibrium is, the
closer the color is to black, while the completely non-Linkage disequilibrium value is white.
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Figure 2 Logistic regression results of 98 SNPs with P<0.01 at 8q24.22 in the discovery stage. (A,B) Two-locus conditional logistic
regression for rs2294025 (A) or rs7005834 (B) with the other 97 SNPs with P<0.01. Conditioning on rs2294025 (A) or rs7005834 (B), the P
values of each of the other 97 SNPs are shown in blue triangles. And conditioning on each of the other 97 SNPs, the P values of rs2294025
or rs7005834 are shown in red circles; (C) after conditioning on rs2294025 and rs7005834 at the same time, the P values of other SNPs
in the GD susceptibility locus on 8q24.22 are shown in blue triangle. None of the other 96 SNPs on 8q24.22 improved the model with
rs2294025 and rs7005834 at the level of P<0.01. The P levels of trend analysis for each of 98 SNPs are shown in red square and the top SNP
rs2294025 is shown in red diamond. Estimated recombination rates (based on the eastern Asian samples from the HapMap project) plotted

in cyan reflect the local linkage disequilibrium structure around the associated SNPs.

two-locus regression analysis and used the criteria of
P<0.001 (Figure 24). Interestingly, in two-locus conditional
logistic regression models, rs7005834 improved all of the
10 SNPs (Figure 2B). Furthermore, the majority of other
96 SNPs were not associated with GD after conditioning on
either rs2294025 or rs7005834, respectively (Figure 2A4,B).
However, after conditioning on both SNPs (rs2294025 and
rs7005834), no other SNPs in this region were found to be
independently associated with GD at a cut-off of P<0.01
(Figure 2C). Notably, rs2294025 and rs7005834 were not
in the same LD block (r°=0) (Figure 1C). The above results
revealed that in the Chinese Han population, rs2294025 and
rs7005834 in the TG region were probably independent
susceptibility loci to GD.

Association analysis in the veplication and combined stages

In the replication stage, 8,315 Chinese Han patients
with GD and 9,158 sex-matched controls were included.
Seven TagSNPs were selected for genotyping. Six of seven
TagSNPs could met the significant level of P<0.05 in the
replication cohort, and the best association SNP was located
at rs2294025 (replication stage, P=3.59x107, OR, 1.15; 95%
Cl, 1.09-1.21, Table 2).

In the combined population we integrated the
genotyping results from the discovery and replication stage
and confirmed the 7 SNPs were associated with GD. Only
rs2294025 and rs4736437 reached the significance level
of GWAS (combined P<5x107™). Rs2294025 (combined
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P=1.52x10", OR, 1.16; 95% CI, 1.11-1.22, Table 2) and
rs4736437 were the best association signal with GD
(combined P=3.53x10"; OR, 1.15; 95% CI, 1.10-1.21,
Tuble 2).

Association of two independent SNPs on 8q24.22 with
different pbenotypes of GD

In order to further investigate the association between the
two independent risk loci (rs2294025 and rs7005834) of TG
and different phenotypes of GD, the genotype-phenotype
association analysis was also performed in GD. Firstly,
compared to the male or female control population, the two
independent SNPs were associated with the patients who
was male GD or female GD (rs2294025: OR, 1.15; 95%
CI, 1.04-1.28; male GD vs. male control, P=7.5x107; OR,
1.16; 95% CI, 1.10-1.23; female GD uvs. female control,
P=2.77x107; rs7005834: OR, 1.23; 95% CI, 1.10-1.39;
male GD wvs. male control, P=6x107* OR, 1.14; 95% CI,
1.07-1.22; female GD vs. female control, P=6.38x107;
Table 3). While the allele frequencies of two SNPs
(rs2294025 and rs7005834) did not show notable differences
between the male and female patients with GD (rs2294025:
OR, 1.05; 95% CI, 0.96-1.14; female GD vs. male GD,
P=0.2929; rs7005834: OR, 0.91; 95% CI, 0.82—1.00; female
GD vs. male GD, P=0.0619, Table 3).

As for the three-specific antibody of thyroid, it is
interesting to study whether the phenotypic heterogeneity
of the two susceptibility SNPs existed between GD
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Table 3 Association of two independent SNPs on 8q24.22 in different phenotypes

rs2294025 rs7005834
SNP RAF (%) P OR (95% CI) RAF (%) P OR (95% CI)
Female GD vs. female Control 22/20 2.77E” 1.16 (1.10-1.23) 15/16 6.38E° 1.14 (1.07-1.22)
Male GD vs. male Control 21/19 0.0075 1.15 (1.04-1.28) 13/16 0.0006 1.23 (1.1-1.39)
Female GD vs. male GD 22/21 0.2929 1.05 (0.96-1.14) 15/13 0.0619 0.91 (0.82-1.00)
pTRAb+ vs. pTRAb— 23/23 0.9568 1.00 (0.88-1.15) 15/14 0.3823 0.93 (0.80-1.09)
GO vs. nonGO 22/21 0.6475 1.03 (0.92-1.14) 14/15 0.3627 1.06 (0.94-1.20)
TGAb+ vs. TGAb- 26/22 0.1145 1.22 (0.95-1.55) 16/14 0.2372 0.84 (0.63-1.12)
TPOAb+ vs. TPOAb- 23/23 0.6829 0.96 (0.80-1.16) 14/15 0.4787 1.08 (0.87-1.34)

SNP, single nucleotide polymorphism; RAF, risk allele frequency; OR, odds ratio; Cl, confidence interval; GD, Graves’ disease; pTRAb+,

persistent TRAb positivity; GO, Graves’ ophthalmopathy.

patients with different antibody level. In this study, after
ATD treatment for more than 1 year, all GD patients
were classified as TRAb-positive and TRAb-negative
subtypes, TGAb-positive and TGAb-negative subtypes,
TPOAb-positive and TPOAb-negative subtypes according
to the level of TRAb, TGAb and TPOAb. The allele
frequencies of the SNPs (rs2294025 and rs7005834) showed
no significant differences between each two subtypes
according to the level of three specific antibody of thyroid
(heterogeneity test P>0.05; Table 3).

Meanwhile, GD patients were divided into GO (class
3-6) patients and non-GO (class 0-1) patients by the degree
of GO. However, there was no heterogeneity for the allele
frequencies of the SNPs (rs2294025 and rs7005834) exited
between GO patients and non-GO patients.

Discussion

In 9,757 GD patients and 10,726 gender matching controls,
a fine-mapping association analysis was performed for
7 SNPs in TG. In Chinese Han population, rs2294025 and
rs7005834 were the two independent GD susceptibility
loci. It further provides theoretical basis for the influence of
ethnic and geographical variation on genetic susceptibility
of GD. However, SNPs rs7005834 and rs2294025 were not
associated with the different phenotypes of GD, including
gender, GO, and different thyroid autoantibody level, which
may provide valuable reference information for clinical
prevention and treatment of GD.

During the past three decades, several immunomodulatory
and thyroid specific genes as GD susceptibility genes have
been identified and confirmed by linkage and association

© Annals of Translational Medicine. All rights reserved.

analysis, such as human leukocyte antigen D related (HLA-
DR), cluster of differentiation 40 (CD40), cytotoxic T
lymphocyte-associated antigen 4 (CTLA-4), thyroid-
stimulating hormone receptor (I'SHR) and so on (25).

The polymorphism of TG has been studied in different
races, and several studies have ascertained that T'G is the
susceptibility gene of patients with GD, but the correlation
between the susceptibility loci in the TG region and GD is
still controversial. Hsiao ez /. found that the TT genotype
of exon 33 SNP and the GG genotype of exon 12 SNP were
correlated with GD in Taiwan population (P<0.001) (26). In
Japanese Ban found that in intron 41 of the TG, rs2256366
and rs2687836 , were the strongest SNPs associations with
GD (P=0.002 and P=0.0077) (27). In Chinese in TG the
genotype CC of rs2069550 had been confirmed a higher
risk of GD (28). At the same time, in Italian, Lombardi
A confirmed that TG (rs 2069561) was associated with
GD (17). However, the Tunisian family data and case-
control studies have not detected the relationship between
four SNPs located respectively at exon 10 (Ser715Ala),
exon 12 (Met1009Val), exon 21 (Ala1483Ala) and exon
33 (Arg1980Trp) and GD (19).

In the Japanese population Ban conducted a correlation
study and found that the microsatellite D8S284, D8S272
in the chromosome 8q24 and the microsatellite Tgmsland
Tgms2 in intron 10 and intron 27, the exon 33 SNP of the
allele frequency and genotype in GD cases and controls
are no different (29). In Chinese, the allele and genotype
frequencies in four common TG SNPs (T/G genotype of
exon 10 SNP24 and T/C genotype of exon 10 SNP158, A/
G genotype of exon 12 SNP and C/T genotype of exon
33 SNP) were found no differences between GD patients

Ann Transl Med 2019;7(18):434 | http://dx.doi.org/10.21037/atm.2019.08.115
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and control subjects (30).

Therefore, GD genetic susceptibility may involve
different race/geographic populations genetic TG
polymorphisms. Traditional research strategy is candidate
gene strategy and microsatellite marker method to consider
the possibility of disease susceptibility genes. Candidate
gene strategy mainly aims at the area of the encoded
amino acid variation, thereby the quantity of susceptible
sites identified is very limited which cannot fully reflect
the relationship between genes and disease (31). Linkage
analysis of microsatellite markers tends to locate a very large
range of susceptible segments. Thus, it is hard to confirm
disease susceptibility genes in the genome (32). Therefore,
a limited number of SNPs were analyzed in a small sample
population. and it may be impossible for confirmation due
to the differences in the pathogenic susceptibility loci or
disease-causing susceptibility genes between different study
populations (33).

In this study, we used a two-stage correlation study and
enrolled a total of 9,757 GD patients and 10,626 control
subjects in the Chinese Han population. We found that
the SNPs rs2294025 and rs7005834 in TG were probably
independent susceptibility loci to patients with GD for
the first time. Our findings further highlight the effects of
ethnic and geographic variations on genetic susceptibility
to GD. The patients with GD lose immune tolerance to
thyroid antigens such as TG, TPO, and TSHR genes (30).
Particularly, TG is one of the most important candidate
genes for GD. Serum TG level was positively correlated
with the presence and severity of ophthalmopathy in GD
patients. Tomoyo Mizuma found SNPs in the TG were
associated with the serum levels of TG, TGADb, and TG
mRNA expression (16). Haplotype analysis of these four
SNPs (T/G genotype of exon 10 SNP24 and T/C genotype
of exon 10 SNP158, A/G genotype of exon 12 SNP and C/
T genotype of exon 33 SNP) showed that the haplotype
G-C-A-C was significantly associated with the level of
serum TGAD in AITD patients (P=0.028, OR=3.34) (18).
Unfortunately, in this study we found that there were no
significant differences for the allele frequencies of the SNPs
(rs2294025 and rs7005834) between the GD patients with
different phenotypes, including gender, GO, persistently
positivity of TRAb, TGAb or TPOAD level. It may be
that our samples were not large enough to show statistical
differences. Maybe TGAb and TPOAD were the marker
antibodies of AI'TD, but not necessarily the key pathogenic
antibodies of GD, so there was no correlation between
susceptibility sites and phenotypes.

© Annals of Translational Medicine. All rights reserved.
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We found that frequency of rs7005834 was higher in
female GD patients than male GD patients. However, while
the difference was not significant (P=0.0619). GD is one
of the most common types of AI'TD with a dimorphism of
gender, indicating a higher morbidity in females then males.
Regulatory immune response of estrogen and androgen may
play an important role (34). Testosterone prevented genesis
of AI'TD in obese chickens (35,36). Injection of testosterone
could lead the disappearance of invasive monocytes in thyroid
of rats with AI'TD and recovery of thyroid structures (37).
Krysiak er al. found that exogenous testosterone could
inhibit thyroid autoimmunity (38). Chailurkit LO found
that E2 was the determinant of positive TRAD, and elevated
circulating E2 was related with thyroid autoimmunity in
males (39). Chen et 4l. found that elevated E2/T ratio was
related with increased AI'TD risk in males through an
observational study (40). All these studies indicated that
estrogen was a risk factor of AITD, and testosterone was
a protective factor. Besides, Pyun ez al. found that TG was
involved in regulation of estradiol (41). In 2017, Ferndndez
et al. found that gene polymorphism of T'G was related with
sexual precocity, and the puberty age with haploid GAT
decreased significantly in Guzerat bulls (42). Together with
our results, gene polymorphism of T'G might play a role in
the dimorphism of gender in GD patients.

There are four main limitations in this study. First, the
clinical data of GD patients that we collected were not
complete enough. Second, the sample size was not large
enough to conclude that TG gene polymorphism was
significantly correlated with clinical indicators. Third, we
did not perform the follow-up study for the patients with
GD recruited in our study. Fourth, we have not conducted
further functional studies on these two independent risk loci.

In conclusion, our study indicated that SNPs rs2294025
and rs7005834 in TG were probably independent
susceptibility loci to GD in the Chinese Han population.
The influence of ethnic and geographical variation on
genetic susceptibility of GD is further emphasized,
which provides theoretical basis for understanding the
pathogenesis of GD. However, there were no significant
differences for the allele frequencies of rs2294025 and
rs7005834, between the different clinical phenotypes of
GD, including gender, GO, the serum level of TRAD,
TGAD, or TPOAD. The frequency of rs7005834 gene in
Female GD patients tends to be higher than that in male
GD patients, suggesting that TG gene polymorphism
may play a certain role in gender atypia of GD, and more
research data are needed to demonstrate.
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