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Progress in Genetic Study on Graves' Disease
Pei-Lung Chen, and Tien-Chun Chang

Department of Internal Medicine, National Taiwan University Hospital

and College of Medicine,National Taiwan University

Graves' disease is the leading cause of hyperthyroidism. It also has higher
prevalence than other organ specific autoimmune diseases. Taking advantage of the
genome research and new biostatistical tools, there has been significant progress in
genetic study on Graves' disease during the latest 10 years. In this review article, we
started with the clinical presentation, laboratory finding, and pathophysiology of
Graves' disease. We then summarized the various animal models. Evidence of genetic
factors in the etiology of Graves' disease was also examined. The methods for the
study of multifactorial polygenic diseases were described. We ended up with the most
update advance in genetic study on Graves' disease. However, most of the studies
were restricted to the Caucasian populations. Further investigation on the
non-Caucasian populations is necessary, and might provide important insight to this
topic. (J Intern Med Taiwan 2001;12: 111-120 )

#1: Prevalence of Thyroid Autoantibodies’

Group TSHRAb(%) ‘ HtgAb(%) ‘ hTPOAb(%)




General population 0 5-20 8-27
Graves’ disease 80-95 50-70 50-80
Hashimoto's thyroiditis 10-20 89-90 90-100
Relatives of patients 0 40-50 40-50
Type | DM 0 40 40
Pregnant women 0 14 14

TSHRAD: TSH receptor antibody ; hTgAb: human thyroglobulin antibody :
hTPOADb: human thyroid peroxidase antibody

Phenotypic Characteristics of Intrathyroidal T Cells

CD4, CD29 Thyroid(%) PBMC(%)
CD2 47+11

CD4 18+4

CD8 25+6

CD4:CDS8 0.7+0.1 2.9+10
%CD4, CD29 85+3

%CD4, CD45RA 41+£5

CD29:CD45RA 2.6£1.0 8.2+2.0
Activated(DR) 1945

PBMC: peripheral blood monocuclear cells

Z 3 Characteristics of Intrathyroidal T-cell Clones’

Source (m)| CD4 CD8 MLR Thyroid Cytotoxic
PBMC 21| 100% 0 55% 0 ND
Graves’ disease 21 75% 25% 50% 33% 0
Hashimoto’s thyroiditis | 36 41% 58% 55% 11% 14%

MLR: mixed lymphocyte reactions; Thyroid: proliferation in response to crude thyroid antigen;
Cytotoxic: lysis of autologous thyroid cells; ND, not done;

PBMC, peripheral blood mononuclear cells

Z. 4 : Comparison of the Signs and Symptoms of Graves’ Disease

Induced by the Various Protocols 6,

TBII TBAB TSAB T4, T3, TSH |Thyroiditis |Eye signs

Peptides +) +) - Mixed () ND
Procaryotic +) +) () Euthyroid (+)focal Th2 |[ND
Eucaryotic +) +) - Mixed () ND
CDNA inbred +) +) () Euthyroid (+)focal Th2 |[ND
CDNA outbred ) +) +) T4 1 ,TSH| |(+)focal Th2 |(+)
Fibro + class II +) +) +) T4 1 ,TSH| |(-) -)

Transfer prot ) +) - Euthyroid (+)Th2 )
Transfer cDNA +) +) () Euthyroid (+)Th2 +)
Transfer class 1T +) +) ) T4 “) “)

TBII: TSH-binding inhibitory immunoglobulin; TBAB: thyroid blocking antibody; TSAB: thyroid stimulating antibody,



considered positive only when more than 1 animal developed persistent antibodies giving at least a doubling of the cAMP levels;

ND: not done; Fibro + class II: fibroblasts transfected with TSH receptor and MHC class II; Prot: transfer of T cells in vivo

primed with ECD-MBP; (+): present; (-): absent

#. 5 Prevalence and Coefficient of Familial Clustering (AR) of Graves’ Disease/Hyperthyroidism

%7

among the Probands’ First-Degree Relatives'’

Study Background |Mothers |Fathers |Sisters Brothers |Daughters |Sons
population

Bartels, 1941 0.4% 6/201 0/198 17/337 3/352 2/137 0/169
(3%) (5%) (0. 9%) (1.5%)
Ai=75 As=126 |As=2.1 Ap=37

Martin and Fisher, 1945| 1/90 0/90 8/79 6/81 o
(1.1%) (10.1%)  |(7.4%)

Howel-Evans et al. 1.1% 6/57 0/39 6/101 1/76 o

1967 (10.5%) (5.9%) (1.3%)
Au=96 As=54 |As=12

Stenszky et al. 1985 0.65% 19/445 9/483 23/435 0/357 7/132 0/128
(4.3%) (1.9%) (5.3%) (5.3%)
Ai=66 Ar=29 |As=81 Ap=382

#. 6 : Twin Studies in Graves’ Disease/Hyperthyroidism10

Pairwise Probandwise
Condordance |condordance
Study MZ pairs DZ pairs rate (%) rate (%)
Number |Concordant [Number |Concordant MZ |DZ MZ |DZ
Bartels, 1941 13 10 14 2 77 14
Harvald, 1956 21 16 16 4 76 25 86 40
Verschuer, 1958 49 23 64 2 47 3 64 6
Brix et al. 1998 18 4 33 0 22 0 36 0

Population-based, Case-control Study Associations between the HLA

Region on Chromosome 6p21 and Graves’ Disease (since 1990)'°

Study Size of Data set (n) HLA Association Relative Risk
Mangklabruks et al, 1991 130 DR3 34
DQB1*0201 33
Badenhoop et al, 1992 374 DR3 2.3
Badenhoop et al, 1995 542 DQA1*0501 2.5
Yanagawa et al, 1993 169 DR3 2.5
DQA1*0501 3.7
Cuddihy and Bahn, 1996 134 DR3 3.5
Barlow et al, 1996 177 DR3 2.7
DQA1*0501 3.8
Heward et al, 1998 592 DRB1*0304 2.7
DQB1*0301/4 1.9
DQA1*0501 3.2




Graves’ Disease Susceptibility Loci Identified in Family Data Sets'*?'

Locus Study Type of Data Set/ | Marker/Allele Test Statistic
Analysis
HLA (6p21) Heward et al, 1998 TDT DR3 haplotype x2 =11.95
Vaidya et al, 1999 ASP-NPL D6S273-TNFa LOD score=1.95
CTLA-4 (2q33) Heward et al, 1999 TDT A-G(exon 1) 2 =57
Vaidya et al, 1999 ASP-NPL D2S117 LOD score=3.4
GD-1 (14q31) Tomer et al, 1997-8 Ped-PL D14S81-S1054 LOD score=2.5
GD-2 (20q11.2) Tomer et al, 1998 Ped-PL D20S195-S107 LOD score=3.5
GD-3 (Xq21.33-22) |Barbesino et al, 1998  |Ped-PL DXS8020 LOD score=2.5
IDDM67? (18q21) Vaidya et al, 2000 ASP-NPL D18S487 LOD score=3.46

HLA: human leukocyte antigen; CTLA-4: cytotoxic T-lymphocyte-associated-4; TNF: tumor necrosis factor; GD:
Graves’ disease; TDT: transmission disequilibrium test; ASP: affected sib-pairs; Ped: multigenerational family

pedigree; NPL: nonparametric linkage analysis; PL: parametric linkage

analysis; LOD: logarithm of odds

#. 9 ! Two-point and multipoint LOD scores at the six loci that were

found to be linked with AITD*

Locus Marker Chromosomal |2-point LOD |Multipoint |Penetrance/inheritance NPL
name location LOD

AITD-1  |D6S257 6p 22 2.9 0.3/ Recessive 23
GD-1 D14S81 14931 2.1 2.5 0.3/ Recessive 1.9
GD-2 D20S195 |20ql1.2 3.2 3.5 0.3/ Recessive 2.4
GD-3 DXS8020 [Xq21 1.9 2.5 0.4/ Recessive 1.8
HT-1 D13S173  |13q32 1.8 2.1 0.3/ Recessive 1.0
HT-2 D12S351 |12q22 1.7 -0.8 0.8/ Recessive 0

AITD: autoimmune thyroid disease; GD:

Graves’ disease;

HT: Hashimoto’s thyroiditis



