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SUMMARY Cytokines play a key role in the regulation of immune and inflammatory responses.  Therefore, cyto-
kine genes are potentially related to susceptibility to Graves’ disease (GD).  The aim of this study was to investigate 
the putative functional polymorphisms within tumor necrosis factor–alpha (TNF-α), tumor necrosis factor-beta (TNF-
β), interferon-gamma (IFN-γ), and interleukin-1 receptor antagonist (IL-1Ra) genes, in patients with GD (n = 137) 
compared to a healthy Thai control group (n = 137).  The results showed no statistically significant difference be-
tween the study groups for TNF-β (NcoI site in intron 1), IFN-γ (+874 in intron 1), and IL-1Ra (variable numbers of 
tandem repeats in intron 2) gene polymorphisms.  Only the –863A allele within the promoter region of the TNF-α 
gene, which may affect the affinity of the promoter nuclear factor (NF)-κb interaction, was found to be increased in 
GD patients compared to the controls (p = 0.009, OR =1.8, 95% CI =1.15 to 2.84).  The effect of the –863A allele of 
the TNF-α gene was similar to the autosomal dominance mode of inheritance (p = 0.01, OR = 2, 95% CI = 1.16 to 
3.44).  This polymorphism may be involved in the susceptibility to GD in part through its higher promoter activity of 
TNF-α production. 
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Graves’ disease (GD) is an organ-specific 

autoimmune disease of the thyroid gland character-
ized by hyperthyroidism, diffuse goitre, ophthalmo-
pathy and rarely dermopathy.1,2   The disease is me-
diated by autoantibodies that bind to the thyrotropin 
(TSH) receptor and stimulate thyroid hormone pro-
duction.  GD is a multifactorial disease that develops 
as a result of a complex interaction between genetic 
susceptibility genes and environmental factors.3   
Evidence for the role of the genes is shown by the 
incidence of the disease within families and twins.  
Concordance rates of GD in monozygotic twins, at 
around 30-40%, are much higher than in dizygotic 
twins which supports a genetic contribution to the 

disease.4  The lack of a clear pattern of inheritance 
suggests that multiple genes are involved in influenc-
ing the autoimmune events in GD.5  During the last 
decade, much effort has been put into the characteri-
zation of the genetic background of GD. Several 
candidate genes have been examined. These included 
the human leukocyte antigen (HLA) genes, cytotoxic 

T-lymphocyte antigen-4 (CTLA-4) gene, vitamin D 



208  NAKKUNTOD, ET AL. 

receptor, Ig heavy chain allotype, T cell receptor β-
chain and TSH receptor.6 However, each of these 
candidate genes is likely to contribute no more than 
5% to the overall genetic susceptibility.7   The under-
standing of the mechanisms underlying the develop-
ment of GD is crucial to the prevention and control 
of this disease in the future. Much interest has been 
focused on cytokine genes because cytokines partici-
pate in the induction and effector phases of the im-
mune and inflammatory response and are therefore 
likely to play a critical role in the development of 
autoimmune thyroid disease.8-12   However, these as-
sociations are still controversial and await confirma-
tion by other studies.   

 
The role of cytokines in the pathogenesis of 

GD has been extensively investigated.  In patients 
with GD, these molecules can be found in both the 
thyroid and in extrathyroidal sites with complications 
of the disease.13  Cytokines in the thyroid gland also 
have a role in regulating antigen presentation and 
lymphocyte trafficking by enhancing the expression 
of HLA class II and adhesion molecules on thyroid 
follicular cells.14  The production of cytokines varies 
among individuals and correlates with the polymor-
phism in the cytokine gene.  This study was designed 
to investigate the polymorphisms of various cytokine 
genes in patients with GD compared to a Thai con-
trol group by selecting markers that have been sug-
gested to affect the expression level of each cyto-
kine. 
 

MATERIALS AND METHODS 
 

Subjects  
 

One hundred and thirty-seven Thai patients 
with GD (female:male ratio = 121:16; mean age ± 
SD = 38.6 ± 12.6 years) were recruited for the study 
after obtaining their informed consent.  One hundred 
and thirty-seven healthy controls (female:male ratio 
= 100:37; mean age ± SD = 23 ± 12.3 years) were 
recruited from Thai volunteers from the same geo-
graphic area. The healthy individuals and patients 
were unrelated.  Patients were followed up in an out-
patient clinic at the Department of Endocrinology, 
Faculty of Medicine, King Chulalongkorn Memorial 
Hospital, Bangkok, Thailand. The diagnosis of 
Graves’ disease was based on clinical features, dif-
fuse enlargement of thyroid gland and the elevation 

of free thyroxine or triiodothyronine levels for more 
than 3 months with either positive thyroid autoanti-
bodies (thyroid binding inhibitory immunoglobulins 
or thyroid peroxidase), thyroid eye disease or a dif-
fuse increase in uptake on radionuclide scanning.  
The study was reviewed and approved by the Ethics 
Committee of the Faculty of Medicine, Chulalong-
korn University.  
 
Genotyping methodology 

 
DNA was isolated from buffy coat collected 

with ethylenediaminetetraacetic acid (EDTA) as an-
ticoagulant, using a salting out method.15  The vari-
able numbers of tandem repeats (VNTR) within the 
interleukin-1 receptor antagonist (IL-1Ra) gene were 
amplified with specific primers described by Arna-
lich and colleagues.16  Polymorphism at –863 in the 
promoter region of the tumor necrosis factor–alpha 
(TNF-α) gene,17 and the NcoI polymorphism in in-
tron 1 of the tumor necrosis factor-beta (TNF-β) 
gene were identified using the polymerase chain re-
action- restriction fragment length polymorphism 
(PCR-RFLP) method.18 Polymorphisms at +874 
within intron 1 of the interferon-gamma (IFN-γ) gene 
were identified using the PCR-sequence specific 
primer (SSP) method described by Pravica and col-
leagues.19  Additionally, selected PCR products were 
analyzed by DNA sequencing to confirm the PCR-
SSP and PCR-RFLP results.   
 
Statistical analysis 
 

Allele and genotype frequencies were de-
termined by direct counting and then divided by the 
number of chromosomes to produce an allele fre-
quency, or by the number of subjects to produce the 
genotype frequency. The goodness of fit to the 
Hardy-Weinberg equilibrium, calculating the ex-
pected frequencies of each genotype and comparing 
them with the observed values, was performed using 
a chi-square test.  Allele and genotype frequencies 
were compared between groups using the Chi-square 
(χ2) test or Fisher’s exact probability test, where ap-
propriate.  A p value of < 0.05 was considered sig-
nificant.  Odds ratios (OR) with a 95% confidence 
interval (CI) were calculated using the statistical pro-
gram Epi Info version 6 (http://www.CDC.gov/epi-
info/Epi6/ei6.htm).   
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RESULTS 
 

Genotype and allele frequencies for the 
TNF-α (-863), TNF-β (NcoI polymorphism in intron 
1), IFN-γ (+874) and IL-1Ra (VNTR in intron 2) 
gene in healthy controls and GD patients were shown 
in Table 1.  All control genotype frequencies were in 
Hardy-Weinberg equilibrium. The –863A allele of 
TNF-α gene was found to be significantly increased 
in GD patients as compared with healthy controls 
(GD = 24% and control = 15%; p = 0.009, OR = 1.8, 
95% CI = 1.15 to 2.84).  The effect of –863A allele 
of TNF-α gene was compatible with the autosomal 
dominance mode of inheritance (Table 2).  The pres-
ence of one A allele (AA or AC) conferred the sig-
nificant OR of 2 (p = 0.01, 95% CI = 1.16 to 3.44).  
There was no statistically significant difference be-
tween the study groups for the other cytokine gene 
polymorphisms.  
 

DISCUSSION 
 
This study was designed to analyze the po-

tential association between cytokine gene polymor-
phisms and GD in Thai population. Out of 4 cytokine 
genes (TNF-α, TNF-β, IFN-γ, and IL-1Ra) analyzed 
in this study, only the –863 polymorphism in the 
TNF-α gene promoter was proved to be a marker for 

susceptibility to GD in Thai population.  This poly-
morphism has been associated with predispose to the 
development of ophthalmopathy in Japanese patients 
with GD.20 Previous studies also reported an associa-
tion of susceptibility to GD with other polymorphic 
markers within TNF-α gene in Tunisia (-308A), Pol-
ish (–308A) and UK Caucasians (-238A).9,21,22 Seve-
ral polymorphisms in the promoter region of the 
TNF-α gene have been proposed to be important for 
TNF-α gene expression and protein production.  
However, the results are still controversial and vary 
from one study to the other.  Functional studies of 
the TNF polymorphism at position -863 (C/A) has 
been extensively investigated.  The transcriptional 
activity by luciferase assay of the –863A polymor-
phism in response to ConA was two times greater 
than that of the –863C allele. Moreover, TNF-α pro-
duction by peripheral blood mononuclear cells in 
response to ConA from donors possessing these       
–863A allele were about 1.8 times greater than the 
levels from donors with the –863C allele.23 In 2000, 
Udalova and co-workers demonstrated a clear effect 
of this nucleotide change on the relative binding af-
finities of different forms of the NF-κB complex.  It 
was shown that the p50-p50 homodimeric form of 
this complex had significantly decreased affinity to 
its DNA binding site for -863A. As the p50-p50 
homodimer acts as a transcriptional repressor on 

 
Table 1  Genotype and allele frequencies for polymorphic markers within TNF-α, TNF-β, IFN-γ and IL-1Ra 

gene in healthy controls and GD patients 
 

Gene (position) Genotype  Healthy    
controls        

n = 137 (%) 

GD patients     
n = 137 (%) 

Allele  Healthy 
controls       

n = 274 (%) 

GD patients    
n = 274 (%) 

TNF- α (-863) A/A 5 (3.7)   9 (6.6) A 41 (15) 66 (24)a

 A/C 31 (22.6)   48 (35) C 233 (85)  208 (76) 
 C/C 101 (73.7)   80 (58.4)    

TNF-β  (intron 1) 1/1 (G/G) 27 (19.7) 29 (21.2) 1 (G) 123 (44.9)     131 (47.8) 

 1/2 (G/A) 69 (50.4)       73 (53.3) 2 (A) 151 (55.1)     143 (52.2) 
 2/2 (A/A) 41 (29.9)       35 (25.5)    

IFN-γ  (+874) A/A 83 (60.6)       72 (52.5) A 212 (77.4) 200 (73) 
 A/T 46 (33.6)  56 (40.9) T 62 (22.6) 74 (27) 

 T/T 8 (5.8)         9 (6.6)    
IL-1Ra (intron 2) 1/1 105 (76.6)     108 (78.8) 1 240 (87.6) 241 (88) 

 1/2 29 (21.2)       25 (18.3) 2 33 (12)        31 (11.3) 
 1/4 1 (0.7)    1 (0.7)    
 2/2 2 (1.5)         3 (2.2)       

ap = 0.009, OR = 1.8, 95% CI = 1.15 to 2.84 
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binding to its regulatory site in the promoter region 
of the TNF gene.  Decreased binding is thought to 
result in an inadequate down-regulation of TNF gene 
expression, and thus increased TNF-α production.24  
These results suggest that the –863A allele may be 
involved in susceptibility to GD in part through their 
higher promoter activity of TNF-α production.  In-
deed, the presence of TNF-α has been reported in 
thyroid tissues from patients with GD using reverse 
transcriptase PCR technology and immunohisto-
chemistry.25-27 TNF-α is also secreted by thyroid 
epithelial cells, fibroblasts and lymphocytes within 
the thyroid.14, 26 TNF-α can induce the expression of 
adhesion molecules, regulatory molecules and HLA 
class II molecules on thyroid epithelial cells, allow-
ing these cells to present antigens to activated T 
cells.28 This presentation of antigen might exacerbate 
the autoimmune processes involved in the patho-
genesis of GD or other autoimmune thyroid dis-
eases.29 However, further studies are necessary to 
clarify the exact mechanism of how this TNF-α gene 
polymorphism results in increased susceptibility to 
GD.          

 
Although the above explanation supports a 

pathophysiological mechanism for the association of 
this TNF-α variant with GD, it is also possible that 
this association is not due to the TNF-α gene, but to 
another gene in linkage disequilibrium.  The human 
TNF-α gene is located right within the class III re-
gion of the major histocompatibility complex (MHC) 
on the short arm of chromosome 6.20  Other genes 
crucial for the immune response and immunoregula-
tory including MHC, complement components (C2, 
C4, factor B), lymphotoxin (LTα and β), heat shock 

proteins (HSP), transporters associated with antigen 
processing (TAP) are all in close proximity.  

 
The other cytokine gene polymorphisms 

evaluated in this study did not reveal any significant 
associations with GD, demonstrating that the VNTR 
in intron 2 of IL-1Ra gene, SNP at +874 within in-
tron 1 of the IFN-γ gene and NcoI restriction site 
polymorphisms in intron 1 of the TNF-β gene are not 
a marker for genetic susceptibility of GD in Thai 
population.  However, since only one position within 
the gene was analyzed in this study, other polymor-
phic markers in these cytokine genes might play a 
role in the genetic susceptibility of GD in Thai popu-
lation.  Thus, further study by scanning more poly-
morphic markers or haplotype analysis is required.   
 

ACKNOWLEDGEMENTS 
 

This study was supported by Government 
Research Budget 2004, Ministry of University Af-
fairs (MUA)-CU Thesis Grant 2002, the Molecular 
Biology Research Fund, Faculty of Medicine, and 
Lupus Research Unit, Chulalongkorn University.  
The authors wish to thank all the patients and mem-
bers of the Department of Endocrinology, King Chu-
lalongkorn Memorial Hospital, for their cooperation, 
and Ms. Ratchada Intrawattana, Laboratory of Im-
munology, for her skillful assistance. 

 
REFERENCES 
 
1.   Kita-Furuyama M, Nagayama Y, Pichurin P, McLachlan SM, 

Rapoport B, Eguchi K. Dendritic cells infected with adenovi-
rus expressing the thyrotrophin receptor induce Graves' hy-
perthyroidism in BALB/c mice. Clin Exp Immunol 2003; 
131: 234-40. 

Table 2    Risk of GD associated with TNF-α (-863C/A) genotype according to different 
models of inheritance 

 

 Healthy controls              
n = 137 

GD patients                  
n = 137 

A dominance, C wild type   
C/C 101 (73.7%) 80 (58.4%) 
A/A or A/C 36 (26.3%) 57 (41.6%)a

A recessive, C wild type   
C/C or A/C 132 (96.4%) 128 (93.4%) 
A/A 5 (3.6%) 9 (6.6%)b

ap = 0.01, OR = 2, 95% CI = 1.16 to 3.44        
 bp = 0.41        

 210



GENE POLY-MORPHISMS IN GRAVES’ DISEASE   211 

2.  Ginsberg J. Diagnosis and management of Graves' disease. 
CMAJ 2003; 168: 575-85. 

3.   Davies TF. Graves' disease: pathogenesis. In: Utiger RD, ed.  
Werner and Ingbar's the Thyroid: a fundamental and clinical 
text. Philadelphia, Lippincott Williams & Wilkens, 2000; pp. 
518-30. 

4.   Brix TH, Kyvik KO, Christensen K, Hegedus L. Evidence 
for a major role of heredity in Graves' disease: a population-
based study of two Danish twin cohorts. J Clin Endocrinol 
Metab 2001; 86: 930-4. 

5.   Farid NR. Understanding the genetics of autoimmune thyroid 
disease--still an illusive goal! J Clin Endocrinol Metab 1992; 
74: 495A-B. 

6.   Tomer Y, Davies TF. Searching for the autoimmune thyroid 
disease susceptibility genes: from gene mapping to gene 
function. Endocr Rev 2003; 24: 694-717. 

7.   Davies TF. Autoimmune thyroid disease genes come in 
many styles and colors. J Clin Endocrinol Metab 1998; 83: 
3391-3. 

8.   Hunt PJ, Marshall SE, Weetman AP, Bell JI, Wass JA, 
Welsh KI. Cytokine gene polymorphisms in autoimmune 
thyroid disease. J Clin Endocrinol Metab 2000; 85: 1984-8. 

9.   Simmonds MJ, Heward JM, Howson JM, et al. A systematic 
approach to the assessment of known TNF-alpha polymor-
phisms in Graves' disease. Genes Immun 2004; 5: 267-73. 

10. Kula D, Jurecka-Tuleja B, Gubala E, Krawczyk A, Szpak S, 
Jarzab M. Association of polymorphism of LTalpha and 
TNF genes with Graves' disease. Folia Histochem Cytobiol 
2001; 39 Suppl 2: 77-8. 

11. Siegmund T, Usadel KH, Donner H, Braun J, Walfish PG, 
Badenhoop K. Interferon-gamma gene microsatellite poly-
morphisms in patients with Graves' disease. Thyroid 1998; 8: 
1013-7. 

12. Blakemore AI, Watson PF, Weetman AP, Duff GW. Asso-
ciation of Graves' disease with an allele of the interleukin-1 
receptor antagonist gene. J Clin Endocrinol Metab 1995; 80: 
111-5. 

13. Ajjan RA, Weetman AP. Cytokines in thyroid autoimmunity. 
Autoimmunity 2003; 36: 351-9. 

14. Ajjan RA, Watson PF, Weetman AP. Cytokines and thyroid 
function. Adv Neuroimmunol 1996; 6: 359-86. 

15. Miller SA, Dykes DD, Polesky HF. A simple salting out pro-
cedure for extracting DNA from human nucleated cells. Nu-
cleic Acids Res 1988; 16: 1215. 

16. Arnalich F, Lopez-Maderuelo D, Codoceo R, et al. Inter-
leukin-1 receptor antagonist gene polymorphism and mortal-
ity in patients with severe sepsis. Clin Exp Immunol 2002; 
127: 331-6. 

17. Skoog T, van't Hooft FM, Kallin B, et al. A common func-
tional polymorphism (C-->A substitution at position -863) in 

the promoter region of the tumour necrosis factor-alpha 
(TNF-alpha) gene associated with reduced circulating levels 
of TNF-alpha. Hum Mol Genet 1999; 8: 1443-9. 

18. Yamaguchi E, Itoh A, Hizawa N, Kawakami Y. The gene 
polymorphism of tumor necrosis factor-beta, but not that of 
tumor necrosis factor-alpha, is associated with the prognosis 
of sarcoidosis. Chest 2001; 119: 753-61. 

19. Pravica V, Perrey C, Stevens A, Lee JH, Hutchinson IV. A 
single nucleotide polymorphism in the first intron of the hu-
man IFN-gamma gene: absolute correlation with a polymor-
phic CA microsatellite marker of high IFN-gamma produc-
tion. Hum Immunol 2000; 61: 863-6. 

20. Kamizono S, Hiromatsu Y, Seki N, et al. A polymorphism of 
the 5' flanking region of tumour necrosis factor alpha gene is 
associated with thyroid-associated ophthalmopathy in Japa-
nese. Clin Endocrinol (Oxf) 2000; 52: 759-64. 

21. Bougacha-Elleuch N, Rebai A, Mnif M, et al. Analysis of 
MHC genes in a Tunisian isolate with autoimmune thyroid 
diseases: implication of TNF -308 gene polymorphism. J 
Autoimmun 2004; 23: 75-80. 

22. Bednarczuk T, Hiromatsu Y, Seki N, et al. Association of 
tumor necrosis factor and human leukocyte antigen DRB1 
alleles with Graves' ophthalmopathy. Hum Immunol 2004; 
65: 632-9. 

23. Higuchi T, Seki N, Kamizono S, et al. Polymorphism of the 
5'-flanking region of the human tumor necrosis factor 
(TNF)-alpha gene in Japanese. Tissue Antigens 1998; 51: 
605-12. 

24. Udalova IA, Richardson A, Denys A, et al. Functional con-
sequences of a polymorphism affecting NF-kappaB p50-p50 
binding to the TNF promoter region. Mol Cell Biol 2000; 20: 
9113-9. 

25. Heufelder AE, Bahn RS. Detection and localization of cyto-
kine immunoreactivity in retro-ocular connective tissue in 
Graves' ophthalmopathy. Eur J Clin Invest 1993; 23: 10-7. 

26. Aust G, Heuer M, Laue S, et al. Expression of tumour necro-
sis factor-alpha (TNF-alpha) mRNA and protein in patho-
logical thyroid tissue and carcinoma cell lines. Clin Exp Im-
munol 1996; 105: 148-54. 

27. Hiromatsu Y, Sato M, Inoue Y, et al. Localization and clini-
cal significance of thyrotropin receptor mRNA expression in 
orbital fat and eye muscle tissues from patients with thyroid-
associated ophthalmopathy. Thyroid 1996; 6: 553-62. 

28. Buscema M, Todd I, Deuss U, et al. Influence of tumor ne-
crosis factor-alpha on the modulation by interferon-gamma 
of HLA class II molecules in human thyroid cells and its ef-
fect on interferon-gamma binding. J Clin Endocrinol Metab 
1989; 69: 433-9. 

29. Weetman AP. Graves' disease. N Engl J Med 2000; 343: 
1236-48.

 
 
 

 

 

 211


	Subjects  
	 
	Statistical analysis 
	ACKNOWLEDGEMENTS 


