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Abstract Graves’ disease (GD) was believed to be a
polygenic disease. Several chromosomal regions were
linked to GD, and the 5q31 chromosome regions con-
taining several interleukin genes cluster were worth
observing. In this study, 1L4, IL13, IRF1 and UGRPI1
genes were sequenced, and 5, 3, 7 and 7 polymorphisms
respectively were discovered. Then an extended associ-
ation study for the attracting polymorphisms was per-
formed with 146 sporadic Graves’ patients, 142
unrelated controls and the 54 multiplex Graves’ families.
However, the genotype and allele frequency distribution
of these polymorphisms had similar distribution between
the Graves’ patients and unrelated controls, and trans-
mission disequilibrium tests indicated that none of them
showed dominant transmission from heterozygous par-
ents to the affected offsprings. Comparison of the clini-
cal variables of the Graves’ patients indicated that the
onset ages of the patients carrying TT at IRF1 6477 T/G
locus were younger than those having variant allele (TG,
GGQG); the difference was of statistical significance
(P=0.005, Pc=0.020). Our association study revealed
that, 1L4, IL13, IRF1 and UGRPI1 genes in chromo-
somal 5q31 regions might not confer susceptibility to
Chinese GD. But those individuals who were TT
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homozygous at IRF1 6477 T/G locus seemed to be
attacked by GD much earlier than others.
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Introduction

Graves’ disease (GD) is an organ-specific autoimmune
thyroid disease, classically characterized by the presence
of thyroid specific reactive T lymphocytes and thyroid
specific autoantibodies and typical clinical manifesta-
tions (Ban and Tomer 2003; Weetman 2003). There has
been very strong evidence that genetic factors contribute
to the etiology of GD. Evidence for the role of genetic
factors was indicated in one study by an increased rel-
ative risk of more than 15 in siblings (Vyse and Todd
1996) compared with the general population (As), and in
another study by an increased concordance rate in
monozygotic, compared with dizygotic twin (Brix et al.
2001). The lack of a clear pattern of inheritance has
suggested that multiple genes were involved in influ-
encing the autoimmune events in GD (Burek et al. 1982;
Tomer and Davies 2003).

Genome-wide linkage studies provided a powerful
tool for disease-susceptible gene identification (Tomer
and Davies 2003). Our previous study mapped the
susceptible gene of GD in chromosomal 5q31 regions
using 54 Chinese Han multiple pedigrees (Jin et al.
2003). Meanwhile, Sakai and co-workers mapped sus-
ceptibility loci for Hashimoto thyroiditis (HT), another
autoimmune thyroid disease, to 8q23-q24, and for
AITD (autoimmune thyroid disease, i.e., GD and HT)
to 5q31-q33 by multipoint linkage analysis in a col-
lection of Japanese AITD affected sib-pairs (Sakai
et al. 2001). However, Tomer et al. (1997) did not
achieve the same mapping results in Caucasians. The
enrolled subjects of Jin and Sakai were East Asians,



with the similar genetic background, which made us
suppose that East Asians may share the same suscep-
tible gene(s) for GD.

Based on the differential cytokines secreted, helper T
cells were able to be subdivided into two subgroups,
namely T helper 1 (Thl) and T helper 2 (Th2) cells.
Cytokines produced by Th2 cells, such as interleukin 4
(IL4), interleukin 5 (ILS), interleukin (IL10) and inter-
leukin 13 (IL13), played a more important role in anti-
body production than Thl cytokines, i.e., interferon-y
(IFNYv), interleukin 2 (IL2), interleukin 12 (IL12) etc.
(Romagnani 1996). GD was believed to be a Th2-biased
autoimmunity in which autoantibodies against thyrotro-
pin receptor stimulate thyroid hormone production, and
Th1/Th2 cytokines disorder was frequently seen in
Graves’ individuals (Tomer and Davies 2003). In the
chromosomal 5q31 regions, the immune regulatory genes,
IL4,1L13 and interferon regulatory factor 1 (IRF1) genes,
which were believed to have an effect in the pathogenesis
of Th1/Th2 malfunction, and thyroid-specific
genes—Uteroglobin-Related Protein 1 (UGRP1 or
SCGB3A2) gene (Niimi et al. 2001)—were plausible
candidate genes for GD. The major aim of this study was
to investigate the susceptible gene(s) of GD in the chro-
mosomal 5q31 region by performing an association study
with random population and multiplex pedigrees, and to
study whether certain polymorphisms loci may influence
Graves’ patients’ clinical parameters or course of disease.

Subjects and methods
Subjects

We chose 48 (or 24) probands in the 54 Chinese Graves’
pedigrees previously used in genome-wide scan of Jin
et al. (2003). We first performed SNP discovery with
these 48 (or 24) probands and 48 (or 24) unrelated
controls. Then we further performed an extended asso-
ciation study with 146 sporadic Graves’ patients and 142
unrelated controls. The control subjects without per-
sonal history of autoimmune or allergic diseases were
clinically and bio-chemically euthyroid, and were nega-
tive for thyroid peroxidase antibodies. The diagnosis of
GD was based on documented clinical and biochemical
evidence of hyperthyroidism, diffused goiter and the
presence of at least one of the following: positive TSH
receptor antibody tests, diffusely-increased '*!I (iodine-
131) uptake in the thyroid gland, or presence of
exophthalmos. For this study, all other pedigree mem-
bers, whether thyroid autoantibody positive or negative,
were classified as unaffected. The goiter size of the thy-
roid was graded according to the following criteria:
grade 0, goiter absent; grade 1, goiter palpable but
invisible with the neck in a normal position; grade 2,
goiter visible with neck in a normal position; and grade
3, large goiter perceptible at a distance. For diagnostic
accuracy, all individuals classified as affected were
interviewed and examined by experienced clinicians.
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After informed consent, blood samples were collected
from all participants for DNA preparation as well as
biochemical measurements. The Ethical Committee of
the Chinese National Human Genome Center at
Shanghai approved this project for the involvement of
human subjects.

DNA extracting and PCR amplifying

Genomic DNA was isolated from peripheral white
blood cells using the DNA purification kit (Qiagen,
Germany) or standard phenol-chloroform protocol.
Based on the published sequence of 1L4, IL13, IRF1 and
UGRP1 genes, the primers overlapping all the exons,
exon—intron adjacent areas, 3’UTR segments and more
than 1,000 bp promoter regions were designed with the
help of primer software v3.0 (http://frodo.wi.mit.edu/
cgi-bin/primer3/primer3_www.cgi) (Rozen and Skalet-
sky 2000).

Polymerase chain reactions were performed in a final
volume of 15 pl, containing 20-30 ng genomic DNA,
0.05 pmol of each primer, 200 uM of dNTP, 10 mM
Tris-HCI (pH 8.3), 50 mM KCI, 1.5 mM MgCl, and
1.5 U Taq DNA polymerase (Qiagen, Germany). Each
PCR was performed with a 2-min hot-start procedure in
GeneAmp System 9700 (PE Applied Biosystems), and
amplification process was carried out using 35 cycles of
denaturation at 94°C for 40 s, with annealing at 62°C
for 40 s, for the first turn of cycles with 0.5°C decrease/
cycle, followed by the second turn of cycle 94°C for 40 s,
with annealing at 56°C for 40 s, and elongation at 72°C
for 40 s, followed by a final elongation at 72°C for
10 min.

The PCR products were subjected to electrophoresis in
a 1.5% agarose gel to verify the sizes. After standard
procedures of purification (Wizard PCR Preps DNA
Purification Resin, Cat# A7181, Promega) and extraction
with phenol chloroform and ethanol, all the PCR prod-
ucts were subjected to sequencing reactions in the 3730
DNA auto-sequencer (BigDye Terminator Ready Reac-
tion Kits, ABI prism 3730, PE Applied Biosystems). The
sequencing data were then analyzed with Phredphrap-
Polyphred-Consed software (Nickerson et al. 1997), by at
least two experienced technicians separately.

Statistical analysis

Alleles and genotypes frequencies of SNPs were compared
between Graves’ patients and healthy individuals, using
the chi-square test or the Fisher exact probability test
when appropriate. The Bonferroni method with a
correction factor equal to four was used to correct the P-
values in the comparisons of clinical and genetic param-
eters among patients stratified by the presence of the dif-
ferent alleles. Differences in distribution of age of disease
onset were analyzed by the Kruskal-Wallis test or the
Mann—Whitney test (a nonparametric test). The com-
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parison of the other clinical variables of Graves’ patients
carrying certain genotype was analyzed by chi-square test
or the Fisher exact probability test when appropriate. The
haploblock structures of IRF1 and UGRP1 genes were
constructed using the software Haploview (Barrett et al.
2005), which had the TDT analysis implanted. A P (Pc)
value <0.05 was considered significant.

Results
SNP discovery

When screening polymorphisms with small subjects, we
found 5, 3, 7 and 7 SNPs whose minor allele frequency
was more than 5% in the IL4, IL13, IRF1 and UGRPI
genes respectively. All of these polymorphisms were in
Hardy—Weinberg equilibrium (data not shown). Their
description, location and allele frequency were shown in
Table 1. In the IL4 gene, the —590 T/C and —34 T/C
polymorphisms were in complete linkage disequilibrium
(LD), and the latter three polymorphisms, i.e., 8187 G/
A, 8375 G/A and 8412 G/A, were in complete LD also.
In the IL13 gene, 2044 G/A and 2052 G/A polymor-
phisms were in complete LD. The SNPs’ LD relation-
ships in the IRF1 gene and the UGRP1 gene were also
shown below (Fig. 1).

Haploblock structure construction

Since there were seven SNPs in both the IRF1 and
UGRPI1 genes, we genotyped all these SNPs with the

second set of samples (146 sporadic patients and 142
unrelated controls, 54 multiplex Graves’ familes with
322 individuals) and then constructed the haploblock
structure for the two genes with the software Haploview.
As shown in Fig. 1, the latter five SNPs in IRF1 gene
formed a haploblock. In this haploblock, there were
three main haplotypes (Table 2), and 6421 G/A and
6477 T/G served the tagSNPs for these block structure.
Whilst in the UGRP1 gene the latter six SNPs formed a
haploblock, four main haplotypes were found in this
block structure, and —626 CA/G, —112 G/A, 271 T/-
could be considered as the tagSNPs. The distribution of
these haplotypes in random populations is shown in
Table 2, and no statistical significance was found.

Extended association study

The association of the IL4 —590 T/C, 1L13 -1112 C/T
polymorphisms with several autoimmune diseases has
been extensively analyzed in many studies, but no defi-
nite conclusion has yet been formed; in the meantime,
6421 G/A and 6477 T/G polymorphisms served the
tagSNPs in the haploblock for IRF1 genes , and the
UGRPI gene was a quite novel gene which was identi-
fied by Niimi in 2001. Considering the above evidence,
we performed an extended association study covering
these attracting SNPs, i.e., IL4 —590 T/C (rs2243250),
IL13 —1112 C/T (rs1800925), IRF1 6421 G/A
(rs2070728), IRF1 6477 T/G (rs2070729) and all the
seven polymorphisms of UGRP1 genes. As shown in
Table 3, IL4 —590 T/C, IL13 —1112 C/T, IRF1 6421 G/
A, IRF1 6477 T/G did not demonstrate any statistically-

Table 1 The discovery of primary polymorphisms in the IL4, IL13, IRF1 and UGRPI genes

Genes SNPs dbSNP Location Allele Sample size Major allele in
Cases (%) Controls (%)
1L4 —590 T/C 1rs2243250 Promoter T/C 48:48 79 (80.04) 76 (79.17)
-34T/C 1rs2070874 Promoter T/C 48:48 79 (80.04) 76 (79.17)
8187 G/A 1rs2243288 Intron 3 G/A 24:24 37 (80.43) 41 (85.42)
8375 G/A 1rs2243289 Intron 3 G/A 24:24 37 (80.43) 41 (85.42)
8412 G/A 1$2243290 Intron 3 G/A 24:24 37 (80.43) 41 (85.42)
IL13 —1112C/T rs1800925 Promoter C/T 24:24 41 (85.42) 41 (85.42)
2044 G/A 1rs20541 Exon 3 G/A 24:24 39 (81.25) 38 (79.17)
2052 G/A rs$1295685 3’UTR G/A 24:24 39 (81.25) 38 (79.17)
IRF1 2486 G/A Intron 1 G/A 24:24 34 (73.91) 35 (72.92)
2553 GT/- Intron 1 GT/- 24:24 39 (81.25) 40 (90.91)
6421 G/A 1rs2070728 Intron 8 G/A 48:48 72 (75.00) 78 (81.25)
6429 A/G Intron 8 A/G 48:48 72 (75.00) 78 (81.25)
6477 T/G rs2070729 Intron 8 T/G 48:48 64 (66.67) 60 (62.50)
6598 C/T rs2070730 Intron 8 C/T 48:48 72 (75.00) 78 (81.25)
6600 A/G 1rs2070731 Intron 8 A/G 48:48 72 (75.00) 78 (81.25)
UGRPI1 —718 G/A rs$6882292 Promoter G/A 54:54 104 (96.30) 100 (92.59)
—-626 CA/G Promoter CA/G 54:54 98 (90.74) 102 (94.44)
—112 G/A rs1368408 Promoter G/A 54:54 90 (83.33) 88 (81.48)
222 C/A 1rs2278376 Intron 1 C/A 54:54 99 (91.67) 95 (87.96)
271 T/- 1rs3217372 Intron 2 T/- 54:54 100 (92.59) 98 (90.74)
3211 C/T 1rs3910207 Intron 2 C/T 54:54 99 (91.67) 99 (91.67)
3357 G/A Exon 3 G/A 54:54 98 (90.74) 102 (94.44)

Values in parentheses are percentages of the groups
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Fig. 1 Haploblock structure of the polymorphisms found in IRF1
and UGRP1 genes. The extent of LD (i) between SNPs is shown
by the color of the box, where black boxes indicate * =1, white
ones showed r* =0, and shades of grey mean 0< r* <I. a
Haploblock structure for the IRF1 genes; the seven polymorphisms
were marked as SNP I-VII in order, and SNP III (6421 G/A) and
SNP V (6477 T/G) were identified as the tagSNPs. b Haploblock
structure for the UGRPI1 genes; the seven polymorphisms were
marked as SNP I-VII in order, and SNP II (—626 CA/G), SNP 111
(=112 G/A) and SNP V (271 T/-) were identified as the tagSNPs

significant difference between the Graves’ patients
(sporadic Graves’ patients and probands of Graves’
pedigrees) and unrelated controls.

Transmission disequilibrium tests

We also performed the TDT analysis for the SNPs in
IRF1 and UGRPI1 genes. We genotyped all the 322
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Table 2 Haplotypes identified in the IRF1 and UGRPI genes

Genes Haplotypes Frequency Case, control ratios P-value

IRF1 GATCA 0.427 0.417, 0.438 0.770
GAGCA 0.354 0.333, 0.375 0.546
AGTTG 0.219 0.250, 0.188 0.295

UGRPl AGCTCG 0.821 0.826, 0.817 0.748
AAAGTG 0.087 0.080, 0.092 0.565
TACTCA  0.067 0.080, 0.059 0.277
AAATTG 0.016 0.014, 0.018 0.670

P-values were calculated with chi-square test, comparing patients
with GD and healthy control subjects

members of the 54 multiplex Graves’ families. However,
transmission disequilibrium test analysis demonstrated
that none of these SNPs in the IRF1 and UGRP1 genes
showed dominant transmission to the affected offspring
from heterozygous parents, and all the P-values were
greater than 0.05 (Table 4).

Polymorphisms affecting the clinical variables for the
Graves’ patients

We further compared the clinical variables for the
Graves’ patients carrying different genotypes at IL4
—590 T/C, IL13 —1112 C/T, IRF1 6421 G/A, IRF1 6477
T/G, UGRP1 -626 CA/G, UGRP1 —112 G/A and
UGRP1 271 T/-loci. As shown in Table 5, the onset age
for those Graves’ patients who were TT genotype at
IRF1 6477 T/G locus was 37.73 £11.69 years, while the
onset ages for the other patients were 42.16 = 13.75 (TG)
and 43.24+15.20 (GG) years respectively, which
reached statistical difference (P=0.005, Pc=0.020). In
addition, pairwise comparison using the Mann—Whitney
U-test gave the following P-values; P=0.014 (“TG” vs
“TT”), P=0.002 (“GG” vs “TT”), and P=0.273
(“GG” vs “TQG”) respectively. Meanwhile, the other loci
seemed to show no statistical influence on the patients’
clinical variables, such as age of onset, gender, goiter
before treatment and ophthalmopathy.

Discussion

GD is an organ-specific autoimmune disorder character-
ized by diffuse goiter and thyroid hormone oversecretion
as a result of TSH receptor antibody stimulation. Al-
though the etiology of GD remains unclear, it is believed
to be caused by a complex interaction between genetic and
environmental factors (Tomer and Davies 2003).

Recent genome-wide researches in Chinese multiplex
families and Japanese affected sib-pairs have mapped the
susceptible gene(s) for GD in chromosomal 5q31 regions
(Sakai et al. 2001; Jin et al. 2003), but this chromosomal
regions were not linked with GD in Caucasian popula-
tions (Tomer et al. 1997). This might suggest that these
loci were specific to East Asian populations. This chro-
mosomal region encoded a cluster of cytokine genes,
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Table 3 Extended association study on the certain attracting polymorphisms

Polymorphisms Genotype frequency P-value Allele frequency P-value
1L4 —590 T/C TT TC CcC T C

Graves’ patients 129 (68.99) 51 (27.27) 7 (3.74) 0.196 309 (82.62) 65 (17.38) 0.583
Controls 83 (63.36) 46 (35.11) 2 (1.53) 212 (80.92) 50 (19.08)

IL13 —1112 C/T CC CT TT C T

Graves’ patients 117 (70.48) 43 (25.90) 6 (3.62) 0.939 273 (83.23) 55 (16.77) 0.671
Controls 89 (72.36) 30 (24.39) 4 (3.25) 208 (84.55) 38 (15.45)

IRF1 6421 G/A GG GA AA G A

Graves’ patients 98 (51.04) 77 (40.10) 17 (8.86) 0.188 273 (71.09) 111 (28.91) 0.094
Controls 52 (59.09) 33 (37.50) 3(3.41) 137 (77.84) 39 (22.16)

IRF1 6477 T/G TT TG GG T G

Graves’ patients 96 (50.00) 75 (39.06) 21 (10.94) 0.552 267 (69.53) 117 (30.47) 0.262
Controls 39 (44.32) 36 (40.91) 13 (14.77) 114 (64.77) 62 (35.23)

UGRPI 718 G/A GG GA AA G A

Graves’ patients 175 (92.59) 14 (7.41) 0 (0) 0.160 364 (96.30) 14 (3.70) 0.066
Controls 179 (87.75) 23 (11.27) 2 (0.98) 381 (93.38) 27 (6.62)

UGRP1 —-626 CA/G CA/CA CA/G GG CA G

Graves’ patients 155 (83.33) 29 (15.59) 2 (1.08) 0.455 339 (91.13) 33 (9.87) 0.216
Controls 199 (87.28) 28 (12.28) 1 (0.04) 426 (93.42) 30 (6.58)

UGRPI1 -112 G/A GG GA AA G A

Graves’ patients 133 (67.51) 60 (30.46) 4 (2.03) 0.583 326 (82.74) 68 (17.26) 0.886
Controls 153 (68.30) 63 (28.13) 8 (3.57) 369 (82.37) 79 (17.63)

UGRPI1 222 C/A CcC CA AA C A

Graves’ patients 163 (82.32) 35 (17.68) 0 (0) 0.052 361 (91.16) 35 (8.84) 0.079
Controls 172 (77.48) 44 (19.82) 6 (2.70) 388 (87.39) 56 (12.61)

UGRPI1 271 T/- TT T/- —/— T -

Graves’ patients 168 (84.85) 30 (15.15) 0 (0) 0.407 366 (92.42) 30 (7.58) 0.270
Controls 179 (81.00) 41 (18.55) 1 (0.45) 399 (90.27) 43 (9.73)

UGRPI1 3211 C/T CcC CT TT C T

Graves’ patients 161 (82.99) 33 (17.01) 0 (0) 0.133 355 (91.49) 33 (8.51) 0.141
Controls 180 (78.60) 45 (19.65) 4 (1.75) 405 (88.43) 53 (11.57)

UGRPI 3357 G/A GG GA AA G A

Graves’ patients 154 (85.56) 24 (13.33) 2 (1.11) 0.727 332 (92.22) 28 (7.78) 0.552
Controls 189 (87.10) 27 (12.44) 1 (0.46) 405 (93.32) 29 (7.68)

Values in parentheses are percentages of the groups. P-values were calculated with the chi-square test or the Fisher exact probability test,

comparing patients with GD and healthy control subjects

Table 4 Transmission disequilibrium tests for IL4 —590 T/C, IL13
—1112 C/T polymorphisms and all the SNPs in the IRF1 and
UGRP1 genes for multiplex Graves’ families

Genes Polymorphism  Over-transmitted T:U P-value
allele

IL 4 —590 T/C C 21:12  0.117

IL13 —1112C/T C 13:10  0.532

IRF1 2486 G/A G 4:3 0.706
2553 GT/- GT 13:8 0.275
6421 G/A G 25:19  0.366
6249 A/G G 20:19  0.873
6477 T/G T 33:27 0439
6598 C/T C 23:18 0435
6600 A/G G 20:16  0.505

UGRPl 718 G/A G 8:6 0.593
—626 CA/G CA 7:4 0.366
—112 G/A G 25:18  0.286
222 C/A C 17:14  0.590
271 T/- T 18:13  0.369
3211 C/T C 13:8 0.275
3357 G/A G 4:3 0.706

T transmitted alleles, U untransmitted alleles

including IL4, IRF1 and IL13, and these cytokine genes
were believed to participate in maintaining the Th1/Th2
equilibrium (Ban and Tomer 2003; Weetman 2003).

1L4 is mainly produced by Th2 cells, and could cause
proliferation of IgE- and IgG-secreting B cells. It also
stimulates the expression of HLA class II antigens via
STATG6 (signal transducer and activator of transcrip-
tion-6) (Kelso 1998) and opposes the Thl cell inflam-
matory response. Indeed, IL4 hes been considered the
pivotal cytokine polarizing the immune response toward
a Th2 cell response, and although the initial trigger for
IL4 production remains unknown, genetic variations are
likely to play a role (Romagnani 1996). The —590 T/C
polymorphism in its promotor region appears to be
functional, with increased transcriptional activity
attributed to the variant allele (Rosenwasser et al. 1995).
Association of this polymorphism (Rosenwasser et al.
1995; Walley and Cookson 1996; Noguchi et al. 1998)
with atopy has provided evidence that IL4 is an
important mediator of allergic disease. Recently, the
association of IL4 —590 T/C polymorphism with GD in
Caucasians has been regarded as controversial (Hunt
et al. 2000; Heward et al. 2001), and requires confir-
mation in other populations.

IL13 is an important immunoregulatory protein
produced primarily by activated Th2 cells (Chomarat
and Banchereau 1998) and is involved in B cell matu-
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1L4 —590 T/C
GD patients TT TC CC P-value
Age (years) £SD 39.64+12.79 41.10+13.74 40.43+14.22 0.789
Sex (F/M) 96/33 40/11 4/3 0.466
Goiter before treatment
Grade 1 52/129 19/51 4/7 0.736
Grade 2 55/129 22/51 3/7
Grade 3 22/129 10/51 0/7
Ophthalmopathy (+) 69/129 28/51 1/7 0.118
IL13 —1112 C/T
GD patients CC CT TT P-value
Age (years)£SD 37.62+11.60 41.14+15.29 46.17+7.88 0.081
Sex (F/M) 92/25 28/15 4/2 0.173
Goiter before treatment
Grade 1 46/115 19/43 5/6 0.321
Grade 2 49/115 18/43 1/6
Grade 3 20/115 6/43 0/6
Ophthalmopathy (+) 66/115 24/43 2/6 0.511
IRF1 6421 G/A
GD patients GG GA AA P-value
Age (years)£SD 40.60 £13.07 39.96+13.33 37.41+12.33 0.513
Sex (F/M) 71/27 58/19 14/3 0.672
Goiter before treatment
Grade 1 34/98 35/77 8/17 0.628
Grade 2 46/98 30/77 717
Grade 3 18/98 12/77 2/17
Ophthalmopathy (+) 52/98 42/77 717 0.602
IRF1 6477 T/G
GD patients TT TG GG P-value
Age (years)£SD 37.73+11.69 42.16£13.75 43.244+15.20 0.005™
Sex (F/M) 77/19 50/25 16/5 0.129
Goiter before treatment
Grade 1 40/96 31/75 6/21 0.806
Grade 2 41/96 32/75 10/21
Grade 3 15/96 12/75 5/21
Ophthalmopathy (+) 51/96 38/75 12/21 0.862
UGRP1 -626 CA/G
GD patients CA/CA CA/G G/G P-value
Age (years)£+SD 40.07+13.32 42.794+12.49 33.50+9.19 0.163
Sex (F/M) 111/44 22/7 2/0 0.611
Goiter before treatment
Grade 1 62/155 8/29 2/2 0.309
Grade 2 67/155 15/29 0/2
Grade 3 26/155 6/29 0/2
Ophthalmopathy (+) 82/155 17/29 0/2 0.299

ration. It up-regulates CD23 and major histocompati-
bility complex class II expression (Briere et al. 1993) and
promotes IgE isotype switching in human B cells
(Punnonen et al. 1993). IL13 also downregulates mac-
rophage activity, thereby inhibiting the production of
proinflammatory cytokines and chemokines such as

IL1a, IL1B, IL6, IL8 and TNFa. Thus, IL13 might be a
potential candidate gene contributing to the develop-
ment of GD or influencing its clinical course. Currently,
the —1112 C/T polymorphism in its 5’-flanking region
has been identified as having a biological function, and
has been shown to regulate gene transcription (van der
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Table 5 (Continued)

UGRP1 —112 G/A

GD patients GG GA AA P-value
Age (years) = SD 40.79+13.33 39.35+12.46 32.25+7.37 0.082
Sex (F/M) 94/39 48/12 3/1 0.396
Goiter before treatment
Grade 1 53/133 22/60 3/4 0.371
Grade 2 57/133 30/60 0/4
Grade 3 23/133 8/60 1/4
Ophthalmopathy (+) 73/133 30/60 1/4 0.436
UGRPI 271 T/~
GD patients TT T/- —/— P-value
Age (years) £SD 40.73+13.10 35.79+11.74 - 0.050"
Sex (F/M) 121/47 25/5 0/0 0.261
Goiter before treatment
Grade 1 65/168 14/30 0/0 0.271
Grade 2 72/168 14/30 0/0
Grade 3 31/168 2/30 0/0
Ophthalmopathy (+) 93/168 11/30 0/0 0.074

"Difference between the three groups, with Kruskal-Wallis test, P=

0.005, Pc=0.020

“*Difference between the three groups, with Kruskal-Wallis test, P=0.050, Pc=0.200
4 P=0.014 “TG” vs “TT” genotype; P=0.002 “GG” vs “TT” genotype; P=0.273 “GG” vs “TG” genotype (Mann-Whitney test)

Pouw Kraan et al. 1999; Howard et al. 2001). In addi-
tion, the association of —1112 C/T polymorphism with
GD and other atopy diseases has been widely studied
(Bednarczuk et al. 2003; Hummelshoj et al. 2003; Hi-
romatsu et al. 2005), but the results need support from
further studies.

IRF1 is a member of the IRF family of transcription
factors that is involved in the regulation of genes that
control cell growth, differentiation and death. In addi-
tion, IRF1 is involved in several steps of the immune
response that may be pertinent to GD, including the
polarization of the cytokine response in CD4™ T cells.
The transcriptional activator (IRF1) plays a crucial role
in the activation of IFNy, a kind of Thl cytokine,
induced gene expression. In subjects with atopic disease,
the reduction of IFNy secretion has been reported (Jujo
et al. 1992; Tang et al. 1993). In addition, IRF1 has been
found to affect Th1/Th2 cytokine balance in IRF1
knockout experiments. Deficiency of the IRF1 gene in
mice leads to strongly impaired Thl responses and
enhanced Th2 responses, with an increase in the antigen-
specific IgE response (Lohoff et al. 1997). Hence it is
possible that the IRF1 gene polymorphism might alter
Th1/Th2 cytokine production and contribute to an
inherited predisposition to GD in Chinese.

In 2001, Niimi et al. identified the UGPR1 gene as the
downstream gene of TTF1 (thyroid transcription factor
1) through suppressive substractive hybridization, and
its expression product was mainly observed in the lung
and thyroid (Niimi et al. 2001). The past several years
have witnessed an increasing interest in association
studies of the UGRPI1 gene with asthma, another
autoimmune disease whose susceptible loci has also been

mapped in the 5931 chromosomal region (Niimi et al.
2002; Heinzmann et al. 2003; Jian et al. 2003).

These positional and biological data have supported
the theory that the immune regulatory genes and thyroid
specific genes might be the plausible candidate genes
contributing to the development of GD or influencing its
clinical severity and course. However, the association
studies were controversial, and have seldom been able to
be repeated in different populations. In this study, we
sequenced all the coding area and more than 1,000 bp
promoter regions of the IL4, IL13, IRF1 and UGRPI1
genes with certain probands of multiplex GD families
and unrelated controls. In IL4 and IL13 genes, we chose
IL4 —590 T/C and IL13 —1112 C/T, which has been
shown to be associated with GD in other studies, for
further analysis. Meanwhile, for IFR1 and UGRPI
genes we constructed the LD block, and IRF1 6421 G/
A, IRF1 6477 T/G, UGRP1 —626 CA/G, UGRPI —112
G/A and UGRP1 271 T/- polymorphisms can be con-
sidered as the tagSNPs for IRF1 and UGRPI1 genes.
Then we carried out an extended associated study for
these attracting SNPs. However, these polymorphisms
did not show any differential genotypic or allelic distri-
bution between the Graves’ patients and unrelated
controls. Moreover, they did not exhibit any dominant
transmission from heterozygous parents to the affected
offsprings. We further compared clinical variables for
the Graves’ patients carrying different genotype at these
above loci, and found that the onset age for those
Graves’ patients who were TT genotype at IRF1 6477 T/
G locus was 37.73+11.69 years, whilst the onset ages
for the other patients were 42.16+13.75 (TG) and
43.24 +15.20 (GQ) years respectively, which represented



a statistically-significant difference (P=0.005,
Pc=0.020). In addition, pairwise comparison using the
Mann—Whitney U-test gave the following P-values;
P=0.014 (“TG” vs “TT”), P=0.002 (“GG” vs “TT”),
and P=0.273 (“GG” vs “TG”) respectively.

Our association study revealed that, the plausible
candidate genes IL4, IL13, IRF1 and UGRP1 gene in
chromosomal 5q31 regions might not confer suscepti-
bility to GD. However, those individuals who were TT
homozygous at IRF1 6477 T/G locus seemed to be
attacked by GD much earlier than others who carry the
TG or GG allele.

References

Ban Y, Tomer Y (2003) The contribution of immune regulatory
and thyroid specific genes to the etiology of Graves’ and
Hashimoto’s diseases. Autoimmunity 36:367-379

Barrett JC, Fry B, Maller J, Daly MJ (2005) Haploview: analysis
and visualization of LD and haplotype maps. Bioinformatics
21(2):263-265

Bednarczuk T, Placha G, Jazdzewski K, Kurylowicz A, Kloza M,
Makowska U, Hiromatsu Y, Nauman J (2003) Interleukin-13
gene polymorphisms in patients with Graves’ disease. Clin
Endocrinol (Oxford) 59:519-525

Briere F, Bridon JM, Servet C, Rousset F, Zurawski G, Banche-
reau J (1993) IL-10 and IL-13 as B cell growth and differenti-
ation factors. Nouv Rev Fr Hematol 35:233-235

Brix TH, Kyvik KO, Christensen K, Hegedus L (2001) Evidence
for a major role of heredity in Graves’ disease: a population-
based study of two Danish twin cohorts. J Clin Endocrinol
Metab 86:930-934

Burek CL, Hoffman WH, Rose NR (1982) The presence of thyroid
autoantibodies in children and adolescents with autoimmune
thyroid disease and in their siblings and parents. Clin Immunol
Immunopathol 25:395-404

Chomarat P, Banchereau J (1998) Interleukin-4 and interleukin-13:
their similarities and discrepancies. Int Rev Immunol 17:1-52

Heinzmann A, Dietrich H, Deichmann KA (2003) Association of
uteroglobulin-related protein 1 with bronchial asthma. Int Arch
Allergy Immunol 131:291-295

Heward JM, Nithiyananthan R, Allahabadia A, Gibson S,
Franklyn JA, Gough SC (2001) No association of an interleu-
kin 4 gene promoter polymorphism with Graves’ disease in the
United Kingdom. J Clin Endocrinol Metab 86:3861-3863

Hiromatsu Y, Fukutani T, Ichimura M, Mukai T, Kaku H,
Nakayama H, Miyake I, Shoji S, Koda Y, Bednarczuk T (2005)
Interleukin-13 gene polymorphisms confer the susceptibility of
Japanese populations to Graves’ disease. J Clin Endocrinol
Metab 90:296-301

Howard TD, Whittaker PA, Zaiman AL, Koppelman GH, Xu J,
Hanley MT, Meyers DA, Postma DS, Bleecker E (2001)
Identification and association of polymorphisms in the inter-
leukin-13 gene with asthma and atopy in a Dutch population.
Am J Respir Cell Mol Biol 25:377-384

Hummelshoj T, Bodtger U, Datta P, Malling HJ, Oturai A,
Poulsen LK, Ryder LP, Sorensen PS, Svejgaard E, Svejgaard A
(2003) Association between an interleukin-13 promoter poly-
morphism and atopy. Eur J Immunogenet 30:355-359

Hunt PJ, Marshall SE, Weetman AP, Bell JI, Wass JA, Welsh KI
(2000) Cytokine gene polymorphisms in autoimmune thyroid
disease. J Clin Endocrinol Metab 85:1984-1988

Jian Z, Nakayama J, Noguchi E, Shibasaki M, Arinami T (2003)
No evidence for association between the —112G/A polymor-
phism of UGRP1 and childhood atopic asthma. Clin Exp
Allergy 33:902-904

581

JinY, Teng W, Ben S, Xiong X, Zhang J, Xu S, Shugart YY, Jin L,
Chen J, Huang W (2003) Genome-wide scan of Graves’ disease:
evidence for linkage on chromosome 5q31 in Chinese Han
pedigrees. J Clin Endocrinol Metab 88:1798-1803

Jujo K, Renz H, Abe J, Gelfand EW, Leung DY (1992) Decreased
interferon y and increased interleukin-4 production in atopic
dermatitis promotes IgE synthesis. J Allergy Clin Immunol
90:323-331

Kelso A (1998) Cytokines: principles and prospects. Immunol Cell
Biol 76:300-317

Lohoff M, Ferrick D, Mittrucker HW, Duncan GS, Bischot S,
Rollinghoff M, Mak TW (1997) Interferon regulatory factor-1
is required for a T helper 1 immune response in vivo. Immunity
6:681-689

Nakao F, Ihara K, Kusuhara K, Sasaki Y, Kinukawa N, Taka-
bayashi A, Nishima S, Hara T (2001) Association of IFN-y and
IFN regulatory factor 1 polymorphisms with childhood atopic
asthma. J Allergy Clin Immunol 107:499-504

Nickerson DA, Tobe VO, Taylor SL (1997) PolyPhred: automating
the detection and genotyping of single nucleotide substitutions
using fluorescence-based resequencing. Nucleic Acids Res
25:2745-2751

Niimi T, Keck-Waggoner CL, Popescu NC, Zhou Y, Levitt RC,
Kimura S (2001) UGRPI1, a uteroglobin/Clara cell secretory
protein-related protein, is a novel lung-enriched downstream
target gene for the T/EBP/NKX2.1 homeodomain transcription
factor. Mol Endocrinol 15:2021-2036

Niimi T, Munakata M, Keck-Waggoner CL, Popescu NC, Levitt
RC, Hisada M, Kimura S (2002) A polymorphism in the human
UGRPI1 gene promoter that regulates transcription is associ-
ated with an increased risk of asthma. Am J Hum Genet
70:718-725

Noguchi E, Shibasaki M, Arinami T, Takeda K, Yokouchi Y,
Kawashima T, Yanagi H, Matsui A, Hamaguchi H (1998)
Association of asthma and the interleukin-4 promotor gene in
Japanese. Clin Exp Allergy 28:449-453

van der Pouw Kraan TC, van Veen A, Boeije LC, van Tuyl SA,
de Groot ER, Stapel SO, Bakker A, Verweij CL, Aarden LA,
van der Zee JS (1999) An IL-13 promoter polymorphism
associated with increased risk of allergic asthma. Genes Im-
mun 1:61-65

Punnonen J, Aversa G, Cocks BG, McKenzie AN, Menon S,
Zurawski G, de Waal Malefyt R, de Vries JE (1993) Interleukin
13 induces interleukin 4-independent IgG4 and IgE synthesis
and CD23 expression by human B cells. Proc Natl Acad Sci
USA 90:3730-3734

Romagnani S (1996) Thl and Th2 in human diseases. Clin
Immunol Immunopathol 80:225-235

Rosenwasser LJ, Klemm DJ, Dresback JK, Inamura H, Mascali JJ,
Klinnert M, Borish L (1995) Promotor polymorphisms in the
chromosome 5 gene cluster in asthma and atopy. Clin Exp
Allergy 25(Suppl 2):74-78

Rozen S, Skaletsky H (2000) Primer3 on the WWW for general
users and for biologist programmers. Methods Mol Biol
132:365-386

Sakai K, Shirasawa S, Ishikawa N, Ito K, Tamai H, Kuma K,
Akamizu T, Tanimura M, Furugaki K, Yamamoto K, Sasazuki
T (2001) Identification of susceptibility loci for autoimmune
thyroid disease to 5q31-q33 and Hashimoto’s thyroiditis to
8923-q24 by multipoint affected sib-pair linkage analysis in
Japanese. Hum Mol Genet 10:1379-1386

Seegers D, Borm ME, van Belzen MJ, Mulder CJ, Bailing J,
Crusius JB, Meijer JW, Wijmenga C, Pena AS, Bouma G (2003)
IL12B and IRF1 gene polymorphisms and susceptibility to
celiac disease. Eur J Immunogenet 30:421-425

Tang M, Kemp A, Varigos G (1993) IL-4 and interferon-y pro-
duction in children with atopic disease. Clin Exp Immunol
92:120-124

Tomer Y, Davies TF (2003) Searching for the autoimmune thyroid
disease susceptibility genes: from gene mapping to gene func-
tion. Endocr Rev 24:694-717



582

Tomer Y, Barbesino G, Keddache M, Greenberg DA, Davies TF
(1997) Mapping of a major susceptibility locus for Graves’
disease (GD-1) to chromosome 14q31. J Clin Endocrinol Metab
82:1645-1648

Vandenbroeck K, Hardt C, Louage J, Fiten P, Jackel S, Ronsse I,
Epplen JT, Grimaldi LM, Olsson T, Marrosu MG, Billiqu A,
Opdenakker G (2000) Lack of association between the inter-
feron regulatory factor-1 (IRF1) locus at 5q31.1 and multiple
sclerosis in Germany, northern Italy, Sardinia and Sweden.
Genes Immun 1:290-292

Vyse TJ, Todd JA (1996) Genetic analysis of autoimmune disease.
Cell 85:311-318

Walley AJ, Cookson WOCM (1996) Investigation of an interleu-
kin-4 promoter polymorphism for associations with asthma and
atopy. J Med Genet 33:689-692

Weetman AP (2003) Autoimmune thyroid disease: propagation
and progression. Eur J Endocrinol 148:1-9



	Sec1
	Sec2
	Sec3
	Sec4
	Sec5
	Sec6
	Sec7
	Sec8
	Sec9
	Tab1
	Sec10
	Sec11
	Sec12
	Tab2
	Fig1
	Tab3
	Tab4
	Tab5
	Tab5
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	CR32
	CR33
	CR34
	CR35
	CR36
	CR37

