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Abstract. It has been widely reported that the CT60 
single-nucleotide polymorphism (SNP), which is in the 
3'-untranslated region of the cytotoxic T lymphocyte associ-
ated 4 (CTLA4) gene, is strongly correlated with certain 
immune-mediated diseases. The present case-control study 
aimed to investigate the genetic association between the CT60 
SNP within the CTLA4 gene and Graves' disease (GD). A total 
of 288 patients with GD and 290 control subjects were recruited 
for the study. The CT60 SNP of the CTLA4 gene was detected 
by direct DNA sequencing. The results indicated that the 
frequencies of the GG genotype and G allele in the case group 
were evidently higher than that in the control group (P=4x10-6 
and P=2.9x10-5, respectively). Furthermore, the G/G genotype 
of the CT60 SNP was associated with an increased risk for 
GD (odds ratio=2.223). In conclusion, these results suggested 
that the CT60 SNP is associated with susceptibility to GD. 
The frequency of the disease-susceptible G allele of CT60 was 
significantly associated with an increased risk of GD develop-
ment.

Introduction

Graves' Disease (GD), also known as toxic diffuse goiter, 
can increase the level of thyroid hormone, is one of the 
organ‑specific autoimmune diseases and it accounts for 85% 
of all clinical hyperthyroidism (1,2). The disease often pres-
ents in patients aged from 20-40 years old, with a male to 

female ratio of ~1:8 and a significant familial tendency (3). 
The clinical performance of GD is not limited to the thyroid, 
but is a multi-system syndrome, including the high metabolic 
syndrome group, diffuse goiter, eye symptoms, lesions and 
thyroid extremity diseases (4-6). Immunologically, GD is 
characterized by increased circulating antibodies against 
thyroid-stimulating hormone receptor (TSHR), thyroglobulin 
(TG) and thyroid peroxidase (TPO). Although the precise 
pathogenesis involved in the process of GD is not completely 
understood, certain findings indicate that complex interac-
tions between environmental, genetic, endogenous and 
local factors are involved in its pathogenesis (7-9). A study 
on the genetic susceptibility genes of GD has become of 
interest (10-13).

Previous studies have demonstrated that a number of 
susceptibility genes are associated with the autoimmune thyroid 
diseases, including interleukin-21, TSHR, human leukocyte 
antigen class I and II, cluster of differentiation 40 (CD40) and 
cytotoxic T lymphocyte associated 4 (CTLA4) (10-15). Among 
them, CTLA4 as a key negative regulator of the T lymphocyte 
immune response has attracted an increasing focus on the 
susceptibility to autoimmune disease.

CTLA4, which is expressed by activate T cells, is a type of 
transmembrane protein. The CTLA4 gene is located on human 
chromosome 2q33 (16). The most significant function of the 
CTLA4 gene is negative regulation of the human immune 
response. Several polymorphic sites in the CTLA4 gene are 
associated with thyroid diseases, such as -318C/T promoter 
and 49A/G exon 1, -224(AT)n dinucleotide repeat sequence 
single-nucleotide polymorphism (SNP), -1722C/T, -1661A/G, 
CT60 (rs3087243), CT61 (rs51157131), J031 (rsl1571302) 
and J027-1 (rsl1571297) (16-22). Several studies also show 
that the SNPs at the 3' untranslated region (UTR) are more 
associated with GD (23-25). CT60 is located in the 3'-UTR 
of the CTLA4 gene. Increasing attention has previously been 
paid to the CT60 SNP of CTLA4 in patients with GD (26-28). 
However, the correlation between CT60 A/G and the develop-
ment of GD varied among patients from different geographic 
populations (29). Thus, there are limited reports regarding an 
association between the CT60 SNP and GD in the Han popu-
lation of Southern China.
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The aim of the present report was to use a case-control 
study to establish a database of CT60 polymorphisms in the 
Han population from Southern China and to evaluate CT60 
polymorphisms as an indicator of GD susceptibility. The 
results indicated that the CT60 SNP of the CTLA4 gene was 
associated with susceptibility to GD in the Han population of 
Southern China. In addition, the G allele of the CT60 SNP was 
strongly associated with GD patients.

Materials and methods

GD patients. For the case-control study, a total of 288 unre-
lated individuals with GD (66 males and 222 females) 
from Southern China were recruited from the Department 
of Endocrinology at Sun Yat-Sen Memorial Hospital 
(Guangzhou, China). The age (mean ± standard deviation) of 
the GD patients was 37.7±14.2 years (range, 19-80 years). The 
GD patients were diagnosed from the clinical symptoms and 
biochemical criteria of thyrotoxicosis, including suppressed 
serum TSH levels, elevated free thyroxine (fT4) and/or free 
triiodothyronine (fT3) levels, as well as the presence of TSHR 
antibodies or antibodies against TG or TPO. All the patients 
had no evident co-morbidities and provided informed consent.

Data from the patients were compared with those obtained 
from 290 control subjects without a family history of thyroid 
diseases or other autoimmune diseases from the Health Care 
Center at Sun Yat-Sen Memorial Hospital. All the healthy 
controls were age- and gender-matched with the GD patients 
and also provided informed consent. The experimental 
protocol was approved by the Ethics Committee of Sun 
Yat-Sen Memorial Hospital.

Thyroid function tests. Serum concentrations of fT3, 
fT4, TSH, anti-TG and anti-TPO were detected with the 
chemiluminescence immunoassay by the ADVIA Centaur 
Automated Chemiluminescent Immunoassay Analyzer 
(Siemens Healthcare, Erlangen, Germany); the normal ranges 
were 0.82-1.79 ng/ml, 4.5-12.5 µg/dl and 0.40-4.00 µIU/ml, 
respectively.

CTLA4 3'-UTR CT60 genotyping. Genomic DNA was 
isolated from whole blood with the Whole Blood Genomic 
DNA Extraction kit (Omega Bio-Tek, Inc., Norcross, GA, 
USA) according to the manufacturer's instructions. The CT60 
SNP was determined by direct DNA sequencing (BigDye 
DNA Sequencing kit; Applied Biosystems Inc., Norwalk, 
CT, USA) following polymerase chain reaction (PCR). 
PCR was performed using the following primers: Forward, 
5'-ATAATGCTTCATGAGTCAGCTT-3' and reverse, 5'-GAG 
GTGAAGAACCTGTGTTAAA-3'. Amplification of target 
DNA was performed on the DNA template in a total volume 
of 50 µl comprising 5.0 µl of 10X PCR buffer, 4.0 µl of deoxy-
ribonucleotide mixture, 0.25 µl of Ex Taq polymerase, 3.0 µl 
of DNA template (50 ng/µl), 35.75 µl of PCR-Grade water 
and 1.0 µl of each 20 µmol/l primer. PCR conditions were as 
follows: An initial denaturation at 94˚C for 4 min; 35 cycles of 
94˚C for 45 sec, 58˚C for 45 sec and 72˚C for 45 sec; and a final 
extension for 4 min at 72˚C.

Following amplification, the PCR products were identi-
fied by electrophoresis (Power Pac 200; Bio‑Rad, Hercules, 

CA, USA) (Fig. 1) and submitted for DNA sequencing. The 
sequences are shown in Fig. 2.

Statistical analysis. The Hardy-Weinberg equilibrium test for 
the genotyping results in the control group was carried out by 
Excel (Microsoft Office Excel, Microsoft Corp., Redmond, 
WA, USA). All the statistical analyses were performed with 
the SPSS 20.0 software (IBM Corp., Armonk, NY, USA). A 
χ2 test or the Fisher's exact test was performed to compare the 
frequencies of genotypes and alleles between the groups. The 
disease susceptibility of specific genotypes and alleles were 
estimated with the calculated odds ratio (OR) and 95% confi-
dence interval (CI). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Hardy-Weinberg equilibrium test. A Hardy-Weinberg equi-
librium of the CT60 (rs3087243) genotype distribution was 
carried out in the control group. As was listed in Table I, χ2 test 
revealed that the CT60 (rs3087243) loci was in the balance 
of Hardy-Weinberg (χ2 test=4.216, P=0.122). The CT60 SNP 
loci can be used as a genetic marker to study the association 
between the CTLA4 gene and GD.

Genotype distributions of the general population. The 
population frequencies of genotype and allele of the CT60 
SNP in GD patients and controls are listed in Table II. The 
frequencies of genotype in the cases (AA, 2.4; AG, 27.4; and 
GG, 70.1%) were significantly different from those in the 
controls (AA, 3.8; AG, 44.8; and GG, 51.4%) (χ2 test=21.330, 
P=2.3x10-5). As is shown in Table II, there was an evidently 
higher frequency of the GG genotype in the cases compared 

Table I. Hardy-Weinberg equilibrium of the genotyping results 
in the controls.

 Observed Expected  
Genotype frequency frequency χ2 test P-value

GG 149 157.9 4.216 0.122
AG 130 112.2  
AA   11 19.9  

Figure 1. Agarose gel electrophoresis of polymerase chain reaction products 
of the CT60 single-nucleotide polymorphism.
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to the controls (P=4.0x10-6; OR, 2.223; 95% CI, 1.579‑3.128). 
Inversely, the frequencies of the AG genotype were signifi-
cantly lower in the GD group in contrast to the control group 
(P=1.3x10-5; OR, 0.465; 95% CI, 0.329‑0.658). Table II also 
showed that the frequency of the G allele in the GD group 

was significantly higher than that in the control group 
(83.9 vs. 73.8%; χ2 test=17.515, P=2.9x10-5).

Genotype distributions for different gender. All the 578 individ-
uals were divided into two groups according to gender to study 

Table II. Genotype and allele frequencies of CT60 in GD patients and controls.

Genotype/allele GD, n (%) Controls, n (%) χ2 test P‑value OR 95% CI

Genotype      
  GG 202 (70.1) 149 (51.4) 21.322a 4.0x10-6 2.223 1.579-3.128
  AG 79 (27.4) 130 (44.8) 18.945b 1.3x10-5 0.465 0.329-0.658
  AA 7 (2.4) 11 (3.8) 0.889c 0.346 0.632 0.241-1.653
Allele      
  G 483 (83.9) 428 (73.8) 17.515 2.9x10-5 1.844 1.382-2.462
  A 93 (16.1) 152 (26.2)    

aComparison of the frequency of the GG genotype with that of the AG and AA genotype in cases versus controls; bcomparison of the frequency 
of the AG genotype with that of the GG and AA genotype in cases versus controls; ccomparison of the frequency of the AA genotype with that 
of the GG and AG genotype in cases versus controls. GD, Graves' disease; OR, odds ratio; CI, confidence interval.

Figure 2. Sequencing results of the CT60 single-nucleotide polymorphism in patients of the Han population of Southern China. Sequencing results of genotype 
(A) GG, (B) AG and (C) AA.

  A

  B

  C
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the association of the polymorphisms of the CT60 SNP with 
GD. As is shown in Table III, following subdivision by gender, 
the frequency distributions of genotype and allele of males 
and females were similar to those of the general population. 
Compared to the controls, the frequencies of the GG genotype 
and the G allele were markedly higher and the frequencies of the 
AG genotype were evidently lower in the cases. The genotype 
and allele distributions of the CT60 SNP were also compared 
between the male and female patients (Table IV). Conversely, 
no significant differences were found in genotype and allele 
frequencies between male and female patients.

Genotype distributions of the GD patients. A total of 288 GD 
patients were grouped according to the family history, ophthal-
mopathy and relapse history. As is shown in Table V, there 

was no significant difference in GD patients with and without 
family history, ophthalmopathy and relapse history.

Discussion

CTLA4 (CD152), as an important immune-regulatory 
molecule expressed on activated T cells, is able to inhibit a 
T-cell response while triggered by costimulatory molecules. 
The CTLA4 gene is located on human chromosome 2q33 
and is composed of four exons. It spans ~8.44 kb of genomic 
DNA and encodes 233 amino acids (30). CTLA4 belongs to 
the immunoglobulin gene superfamily and is associated with 
immune tolerance. CTLA4 expresses on the activated CD4+ 
and CD8+ T cells. It has sequence homology with costimula-
tory molecules, including CD28, but has an opposing role (31). 
The main function of the costimulatory molecule CD28 
is to stimulate and activate T cells, however, CTLA4 is a 
negative regulator of T cell response. CTLA4 produces inhibi-
tory signals combining with the relevant molecules in the 
B7 family, which has an important role in the termination of 
T-cell activation. The abnormal expression of CTLA4 induces 
the activation of T cells, breaks down the immune tolerance 
and results in autoimmune diseases.

The association of CTLA4 gene polymorphisms with 
the autoimmune diseases, including type 1 diabetes (19,24), 
GD (20-22,32), abdominal disease (33), systemic lupus 
erythematous disease (34), rheumatoid arthritis (35), autoim-
mune pancreatitis (36) and Addison's disease (37), have been 
investigated. The CTLA4 gene has multiple SNP loci and 
repeat sequences. In recent years, increasing attention has 
been paid to the 3'-UTR of the CTLA4 gene. The 3'-UTR 
is a complex region containing multiple binding sites for 
microRNA. Therefore, the presence of SNP or base mutation 

Table III. Genotype and allele frequencies of CT60 in male and female GD patients and controls.

Genotype and allele GD, n (%) Controls, n (%) χ2 test P‑value OR 95% CI

Male
  Genotype      
    GG   51 (77.3)   49 (52.7) 9.998 1.6x10-3 3.053 1.508-6.179
    AG   14 (21.2)   42 (45.2) 9.705 1.8x10-3 0.327 0.160-0.670
    AA   1 (1.5)   2 (2.1) 0.084 0.772 0.700 0.062-7.884
  Allele      
    G 116 (87.9) 140 (75.3) 7.822 5.2x10-3 2.382 1.282-4.427
    A   16 (12.1)   46 (24.7)    

Female
  Genotype      
    GG 151 (68.0) 100 (50.8) 12.941 3.2x10-4 2.063 1.387-3.068
    AG   65 (29.3)   88 (44.7) 10.665 1.1x10-3 0.513 0.343-0.767
    AA   6 (2.7)   9 (4.5) 1.053 0.305 0.580 0.203-1.660
  Allele      
    G 367 (82.7) 288 (73.1) 11.180 8.3x10-4 1.754 1.259-2.444
    A   77 (17.3) 106 (26.9)    

GD, Graves' disease; OR, odds ratio; CI, confidence interval.

Table IV. Genotype and allele frequencies of CT60 in male and 
female GD patients.

Genotypes Males, Females,  
and alleles n (%) n (%) χ2 test P-value

Genotype    
  GG 51 (77.3) 151 (68.0) 2.123 0.346
  AG 14 (21.2) 65 (29.3)  
  AA 1 (1.5) 6 (2.7)  
Allele    
  G 116 (87.9) 367 (82.7) 1.681 0.195
  A 16 (12.1) 77 (17.3)  

GD, Graves' disease.
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in the 3'‑UTR would change the signaling pathway, influence 
the protein expression and result in diseases.

The CT60 SNP, which has been demonstrated to be 
most significantly correlated with GD and Hashimoto's 
thyroiditis (HT) in the Caucasian population (25), is at the 
3'-UTR of the CTLA4 gene. The correlation between the 
CT60 SNP and the autoimmune diseases, which has been 
confirmed, varied among patients from different ethnicities 
or regions. Torres et al (34) reported that CT60 (rs3087243) 
in the CTLA4 gene was associated with systemic lupus 
erythematosus in the Spanish population. Ban et al (38) 
suggested that the CT60 SNP in the CTLA4 gene 3'-UTR 
may have a role in the autoimmune thyroid disease in the 
Japanese population. Weng et al (28) also found that the 
G/G genotype and G allele in CT60 were associated with 
the onset of GD in the Taiwanese population. However, the 
study of Pastuszak-Lewandoska et al (39) demonstrated 
that CT60 A/G has no association with HT or GD patients 
in the Polish population. In the present study, the distribu-
tions of the CT60 polymorphisms were also analyzed in GD 
patients and healthy controls. The GG genotype frequencies 
of the CT60 SNP in GD patients and healthy controls were 
70.2 and 51.4%, respectively (P=4.0x10-6). It is clear that the 
GD group had a significantly higher GG genotype compared 
with the control group. Conversely, the AG genotype frequen-
cies were evidently lower in the cases compared with the 
controls (27.4 vs. 44.8%; P=1.3x10-5). Furthermore, the study 
demonstrated that the GG genotype was more prevalent in 
male and female GD patients and fewer male and female 
patients had the AG genotype, compared with the control 
subjects. The data provided suggest that the GG genotype of 
CT60 may be associated with the onset of GD in the Han 
population of Southern China.

The G allele of CT60 SNP was also revealed to increase 
the susceptibility to GD. The frequency of the G allele of 
the control group in the Han population of Southern China 
was 73.8%, which was higher compared to the Caucasian (25) 

(53.2%), Swedish (40) (61.3%), Dutch (41) (53.3%) and Italian 
populations (26) (48%) but similar to the Taiwanese (28) 
(75.7%) and Japanese populations (38) (72.6%). This may be 
attributed to the differences of ethnicity, region or sample size. 
In addition, the frequency of the G allele was associated with 
GD (83.9 vs. 73.8%, P=0.035) in the Southern Chinese Han 
population, which was consistent with the research of other 
ethnic groups (26,28,39,40). These studies, including the 
present report of the association between G allele and GD, 
may have increasingly demonstrated our hypothesis that CT60 
of CTLA4 appears to be susceptible to GD in the Han popula-
tion of Southern China.

Additionally, in order to discuss the associations between 
clinical manifestations with GD, 288 GD patients were 
subdivided according to the family history, ophthalmopathy 
and relapse history. However, there was no significant differ-
ence identified between GD patients with and without family 
history, ophthalmopathy and relapse history. Therefore, the 
CT60 gene polymorphism of CTLA4 may not be associated 
with the progress of GD. However, more detailed investiga-
tions are required to support this hypothesis.

In conclusion, the present findings demonstrated that the 
CT60 SNP of the CTLA4 gene was significantly associated 
with GD in the Chinese Han population from Southern China. 
The G allele of CT60 indicated a positive role in the suscepti-
bility to GD.

Acknowledgements

The authors would like to thank all the patients who 
consented to take part in the present study, as well as the 
doctors and nurses for recruitment. The study was supported 
by Guangdong Medical Science and Technology Research 
Foundation (grant no. A2010166), Guangdong Province 
Science and Technology Project (grant no. 2011B031800162) 
and the Key Project of Guangzhou Science and Technology 
Project (grant no. 2011J4100114).

Table V. Correlation analyses between the genotypes and alleles of CT60 and clinical features of GD.

 Family history, n (%) Ophthalmopathy, n (%) Relapse history, n (%)
 ---------------------------------------------------------------- ------------------------------------------------------------ ------------------------------------------------------------
Characteristics (+) (-) (+) (-) (+) (-)

Genotype
  GG   59 (69.4) 143 (70.4) 14 (70.0) 184 (68.6) 21 (75.0) 177 (68.1)
  AG   25 (29.4)   54 (26.6)   5 (25.0)   75 (28.0)   6 (21.4)   74 (28.4)
  AA   1 (1.2)   6 (3.0) 1 (5.0)   9 (3.4) 1 (3.6)   9 (3.5)
    χ2 test  0.962  0.209  0.627 
    P-value  0.618  0.901  0.731 

Allele
  G 143 (84.1) 340 (83.7) 33 (82.5) 443 (82.6) 48 (85.7) 428 (82.3)
  A   27 (15.9)   66 (16.3)   7 (17.5)   93 (17.4)   8 (14.3)   92 (17.7)
    χ2 test  0.012  0.037  0.206 
    P-value  0.911  0.847  0.650 

GD, Graves' disease.
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