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Abstract The autoimmune thyroid disease is a complex
disorder caused by a combination of genetic susceptibility and
environmental factors, which are believed to initiate the
autoimmune response to thyroid antigens. Identification of the
susceptibility genes has found that unique and diverse genetic
factors are in association with Graves’ disease and autoim-
mune thyroiditis. The thyroglobulin gene is an identified thy-
roid-specific gene associated to autoimmune thyroid disease
and, principally, with autoimmune thyroiditis. The aim of this
work was to test for evidence of allelic association between
autoimmune thyroiditis and thyroglobulin polymorphism
markers. We studied six polymorphisms distributed through-
out all the thyroglobulin gene: four microsatellites (Tgmsl,
Tgms2, TGrI29 and TGrI30), one insertion/deletion (Indel)
polymorphism (IndelTG-IVS18) and one exonic single
nucleotide polymorphism (SNP) (c.7589G>A) in 122 patients
with autoimmune thyroiditis compared with 100 non-related
normal subjects. No differences in allele and genotype
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distribution were observed between autoimmune thyroiditis
cases and controls for Tgmsl, Tgms2, TGrI30, IndelTG-
IVS18 and c.7589G>A. However, when we analyzed the
patients with the TGrI29 microsatellite we found a significant
association between the 199-bp allele and AT (33.7% vs.
24.5% in control group) (P = 0.0372). In addition, a higher
prevalence of the 201-bp allele has been observed in control
subjects (47.5% vs. 38.1% in patients group), although not
statistically significant (P = 0.0536). Our work shows the
association between the thyroglobulin gene and autoimmune
thyroiditis and reinforce that thyroglobulin is a thyroid-specific
susceptibility gene for this disease.

Keywords Thyroglobulin gene - Autoimmune thyroid
disease - Autoimmune thyroiditis - Genotype analysis -
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Abbreviations

AITD Autoimmune thyroid diseases
AT Autoimmune thyroiditis

GD Graves’ disease

TG Thyroglobulin

TPO Thyroid peroxidase

TSH-R  Thyroid-stimulating hormone receptor
HLA Human leukocyte antigen

CTLA4 Cytotoxic T lymphocyte-associated-4
SNP Single nucleotide polymorphism
Indel Insertion/deletion

SDS Sodium dodecyl sulphate
Introduction

The autoimmune thyroid disease (AITD) is a complex
disorder caused by an interaction between genetic
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susceptibility and environmental factors with a prevalence
up to 5% of the general population in Western countries,
being more frequent in women [1]. Several entities are
included under this denomination, being the more relevant
Graves’ disease (GD) and autoimmune thyroiditis (AT),
one of the most frequent human autoimmune disease [2].
GD and AT are characterized by loss of immunological
self-tolerance to thyroid antigens, such as thyroglobulin
(TG), thyroid peroxidase (TPO) and thyroid-stimulating
hormone receptor (TSH-R) [2]. AT is characterized by
lymphocytic infiltration of the thyroid gland with thyroid
cell death and subsequent hypothyroidism, whereas in GD
the production of stimulating autoantibodies against the
TSH-R is the direct cause of hyperthyroidism. About 10%
of general population and 25% of subjects above 60 years
old carry antithyroid antibodies [3].

It is assumed that AT is a disease caused by interactions
between exogenous factors (such as iodine intake among
other unknown factors) and susceptibility genes [4, 5].
Several lines of evidence strongly suggest a genetic pre-
disposition to AT, including familial clustering and a
highest concordance rate in monozygotic twins when
compared with dizygotic twins. Moreover, up to 30% of
subjects with AT refer that other family members also
suffer AIDT.

A whole-genome screening of 102 families revealed that
multiple genes may predispose to GD and AT and that
some may be common to both disorders [6, 7]. However, it
was also found loci that were unique to each disease,
implying that genetic factors contribute to the distinct GD
and AT phenotypes.

Identification of the susceptibility genes in AITD has
relied upon the investigation of candidate genes in popu-
lation-based association studies or linkage analysis in
families. Underpowered studies, genetic heterogeneity and
type of statistic are probably the causes of the controversial
results [8]. Basically, there have been identified genes
involved in the immune system and thyroid-specific genes.

The primary susceptibility genes have been associated to
the human leukocyte antigen (HLA) class II region on
chromosome 6p21 (DR3 region) by diverse studies with
different ethnic groups [9-14]. Another gene exten-
sively studied is the cytotoxic T lymphocyte-associated-4
(CTLA4) region on chromosome 2q33. The CTLA4 mol-
ecule has been shown to provide a negative signal to the T
cell, thus limiting immune responses [15] and it has been
associated with diabetes [16], sclerosis multiple [17],
rheumatoid arthritis [18] and AITD [19]. Case—control
studies from several ethnic groups have shown an associ-
ation between this gene and GD or AT [20-23]. However,
none of the immune-regulator genes produced replicable
association and consequently proved to be a major sus-
ceptibility gene for AITD.
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Antibodies against TPO and TG are common markers
for AITD and these specific genes are great candidates for
association to AITD, mainly to AT. Previous studies have
examined in Caucasians TPO [24, 25] and TSH-R [26, 27]
genes, but they did not find linkage. TG is the major protein
product synthesized in the thyroid gland, it is expressed
specifically in this gland and there is solid evidence that it
plays an important role in the pathogenesis of AT: anti-
thyroglobulin antibodies are detected in almost all patients
with AT [28], immunization with TG or TG fragments can
induce experimental autoimmune thyroiditis in susceptible
mice [29] and some sequence changes could enhance
degradation in endosomes, playing a key role in the
development of autoimmunity [30].

Two whole genome screens have shown strong evidence
for linkage of AITD with chromosome 8q24 region, which
contains the TG gene [31, 32]. There are several poly-
morphisms distributed throughout the TG gene. Some of
them have been associated with AITD [32-39] and
experimental autoimmune thyroiditis in different strains of
mice [35].

The aim of this work was to test for evidence of allelic
association between patients with AT and TG polymor-
phic markers. We have described previously two micro-
satellites (TGrI29 and TGrI30) [40], one insertion/deletion
(Indel) polymorphism (IndelTG-IVS18) [41] and one
exonic single nucleotide polymorphism (SNP) (c.7589
G>A) [42] of the TG gene, which are analyzed in this
work. We also have studied microsatellites Tgmsl and
Tgms2 previously reported by Tomer et al. [32]. Our
genotype data showed significant increase in the incidence
of 199-bp allele of the TGrI29 microsatellite in AT
patients.

Materials and methods

One hundred and twenty-two unrelated Caucasian patients
(mean age 53 £ 16 years) controlled at the Endocrinology
Department of the University Hospital of Salamanca,
diagnosed as suffering autoimmune thyroiditis based on
clinical and laboratory findings were studied. All patients
had clinical or subclinical hypothyroidism, requiring thy-
roid hormone replacement therapy, and showed very high
levels of autoantibodies against TPO and TG.

A control group of 100 healthy subjects (mean age
45 £+ 12) from the same area without family history of
autoimmune diseases and with normal levels of antiTPO
and antiTG antibodies and with similar food habits was
selected.

Serum TSH was determined by immunoradiometric
assay (CISbio Int., France). Sera free T4 and Tz were
determined by immunoradiometric analysis (DPC, USA)
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and antiTPO and antiTG levels were measured by radio-
immunoassay (Medipan, Germany). Levels of anti-TPO
were considered to be normal below 50 U/ml and of
antiTG below 100 U/ml. All patients showed levels of
antiTPO and of antiTG antibodies above 1500 and 500 U/ml,
respectively.

Written informed consent was obtained from the
individuals involved in this study and the research pro-
ject was approved by the Ethical Committee of the
Hospital.

Genomic DNA isolation

Genomic DNA was isolated from white blood cells by the
sodium dodecyl sulphate (SDS)-proteinase K method.

Microsatellite genotyping

The Tgmsl, Tgms2, TGrI29 and TGrI30 microsatellites,
localized in introns 10, 27, 29 and 30 of the human TG
gene, respectively, were typed as reported elsewhere [32,
40, 43]. PCR products were resolved by electrophoresis in
6% polyacrylamide denaturing gels.

IndelTG-IVS18 polymorphism genotyping

The large Indel polymorphism of 1464 bp (IndelTG-
IVS18) localized in intron 18 of the human TG gene was
analyzed by multiplex PCR, using the primers and PCR
conditions described previously [41, 43]. The amplified
fragments were analyzed in a 2% agarose gel. The ampli-
fication generates two fragments of 374-bp and 541-bp,
indicating the exclusion or inclusion of the indel poly-
morphic region, respectively.

¢.7589G>A single nucleotide polymorphism (SNP)
genotyping

Tagql endonuclease was used to screen for the presence of
the ¢.7589G>A SNP in exon 44 (p.R2511Q). The primers
and PCR conditions were described previously [42, 43].
Non TG-specific sequences (10 nucleotides long) have
been incorporated at the 5’ end of the forward and reverse
primers. The samples were cleaved with Tagl restriction
endonuclease, according to the specifications of the man-
ufacturer (Fermentas Inc, Hanover, MD, USA) and ana-
lyzed by electrophoresis in 12% polyacrylamide gel. The
201-bp amplified products (181-bp correspond to TG
sequences) contains two Tagl sites (positions 7587 poly-
morphic and 7667 not polymorphic). Tagl restriction
showed three fragments (27, 80, and 94-bp) in the G
homozygous form and two fragments (94 and 107-bp) in
the homozygous A form.

Statistical analysis

The statistical difference of the genotypes distribution was
analyzed by Chi-square test for trend. Case—control asso-
ciation of an allele in particular were performed using
Fisher’s exact; P < 0.05 was considered significant (Graph
Pad Instat software). Test for Hardy—Weinberg equilibrium
was done with GDA software [44].

Results

We have performed an association study to AT with sev-
eral polymorphisms throughout the TG gene. All the
polymorphisms were tested for Hardy—Weinberg equilib-
rium in cases and control groups. No difference with the
expected result was found, indicating that they were on
Hardy—Weinberg equilibrium.

With respect to Tgmsl1, we found four alleles ranging
from 303-bp to 309-bp. The 305-bp/307-bp was the most
frequent genotype in both populations (Table 1).

Results of Tgms2 microsatellite showed a distribution
from 320-bp to 350-bp, being the most frequent alleles the
326-bp and 338-bp in AT and control subjects (Table 2).
No differences in allele or genotype frequencies were
observed between AT and control for this locus.

Four individual alleles (from 197-bp to 203-bp) were
observed in AT and controls for TGrI29 microsatellite
(Table 3). We identified a statistically significant differ-
ence in the incidence of the 199-bp allele, being more
prevalent in AT patients (33.7%) compared with control
subjects (24.5%). This marker was significantly associated
with AT (P = 0.0372) (Table 3). We observed also an

Table 1 Allele and genotype frequencies of the Tgms1 system

AT Frequency Control Frequency
Alleles®
303 3 0.012 0 0.000
305 109 0.447 92 0.460
307 130 0.533 106 0.530
309 2 0.008 2 0.010
Genotypesb
303-305 2 0.016 0 0.000
303-307 0.007 0 0.000
305-305 26 0.213 20 0.200
305-307 55 0.452 52 0.520
305-309 0 0.000 1 0.010
307-307 36 0.296 26 0.260
307-309 2 0.016 1 0.010

a }52 2.54, P > 0.05 (not significant); AT n = 244; control n = 200
b XZ 4.67, P > 0.05 (not significant); AT n = 122; control n = 100
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Table 2 Allele and genotype frequencies of the Tgms2 system

Table 3 Allele and genotype frequencies of the TGrI29 system

AT Frequency Control Frequency AT Frequency Control Frequency
Alleles® Alleles®
320 5 0.020 3 0.015 197 64 0.262 54 0.270
322 1 0.004 0.010 199° 82 0.337 49 0.245
324 5 0.020 0.005 201° 93 0.381 95 0.475
326 66 0.270 52 0.260 203 5 0.020 2 0.010
328 14 0.057 4 0.020 Genotypes®
330 4 0.016 4 0.020 197-197 6 0.049 6 0.060
332 4 0.016 0.005 197-199 19 0.156 14 0.140
336 0 0.000 1 0.005 197-201 32 0.262 28 0.280
338 74 0.303 68 0.340 197-203 1 0.008 0.000
340 13 0.053 14 0.070 199-199 16 0.131 0.070
342 18 0.075 18 0.090 199-201 28 0.230 20 0.200
344 2 0.008 3 0.015 199-203 3 0.025 1 0.010
346 18 0.075 22 0.110 201-201 16 0.131 23 0.230
348 18 0.075 6 0.030 201-203 1 0.008 1 0.010
350 2 0.008 1 0.005 * 426.17, P > 0.05 (not significant); AT n = 244; control n = 200
Genotypesb ® AT vs. control P = 0.0372 (significant)
320-326 1 0.008 2 0.020 ¢ AT vs. control P = 0.0536 (not significant)
324-338 3 0.025 0 0.000 427,02, P> 0.05 (not significant); AT n = 122; control 7 = 100
326-326 10 0.082 6 0.060
326-328 2 0.016 0 0.000 increase in the frequency of the 201-bp allele in the control
326-330 2 0.016 0 0.000 population (47.5% vs. 38.1% in AT group), but the dif-
326-332 1 0.008 0 0.000 ference was not statistically significant (P = 0.0536).
326-338 17 0.139 17 0.170 The products of the TGrI30 microsatellite were in a size
326-340 5 0.041 5 0.050 ranging between 502-bp and 542-bp (Table 4). No differ-
326-342 3 0.025 3 0.030 ences in allele or genotype frequencies were observed
326-346 3 0.025 7 0.070 between AT and control for this marker. The most frequent
326-348 8 0.066 4 0.040 allele was the 538-bp with a prevalence of 68.5% in AT
328-328 1 0.008 0 0.000 patients and 70% in the normal group. Besides, the 538-bp/
328-338 6 0.049 1 0.010 538-bp genotype was the most frequent (Table 4).
328-340 0 0.000 1 0.010 The results of the IndelTG-IVS18 polymorphism
308-348 3 0.025 1 0.010 (Table 5) and the ¢.7589G>A SNP (Table 6) have revealed
330-338 1 0.008 3 0.030 a homogenous distribution in the AT patients. We also
332-338 5 0016 1 0.010 noted this in the control group, being the frequencies of the
338-338 1 0.090 12 0.120 different alleles around 50% for both populations. No
338340 ) 0016 3 0.030 association with either of the polymorphisms has been
338342 4 0.034 9 0.090 found in the studied population.
338-346 11 0.090 7 0.070
338-348 4 0.034 0 0.000 . .
340-346 1 0.008 1 0.010 Discussion
3424 2 0016 0 0.000 It is well known that Tg gene is linked to AT. Human TG is
342-344 1 0.008 2 0.020 . . . .o
42346 ) 0.016 ) 0.010 also one of the main antlgens in AITD .and. it is very
common the presence of antiTg antibodies in this disorder.
342-348 2 0.016 1 0.010 . .. .
Linkage studies in different genome screens have shown
346-346 0 0.000 2 0.020 . . .. .
strong evidence that the Tg gene region is linked with
Others 14 0.115 11 0.110

a }52 16.54, P > 0.05 (not significant); AT n = 244; control n = 200
b )52 30.71, P > 0.05 (not significant); AT n = 122; control n = 100
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AITD [31, 32].
Moreover, association studies of SNPs showed a sig-
nificant association of the SNP cluster exons 10—12 and the
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Table 4 Allele and genotype frequencies of the TgrI30 system

Table 6 Allele and genotype frequencies of the ¢.7589G>A system

AT Frequency Control Frequency AT Frequency Control Frequency
Alleles® Alleles®
502 28 0.115 30 0.150 A 114 0.467 99 0.495
506 23 0.094 15 0.075 G 130 0.533 101 0.505
510 4 0.016 1 0.005 Genotypes®
522 1 0.004 0 0.000 A-A 25 0.205 22 0.220
530 2 0.008 2 0.010 A-G 64 0.525 55 0.550
534 13 0.053 11 0.055 G-G 33 0.270 23 0.230
538 167 0.685 140 0.700 @ 420,57, P > 0.05 (not significant); AT n = 244; control n = 200
542 6 0.025 ! 0.005 ® 2048, P> 0.05 (not significant); AT n = 122; control 7 = 100
Genotypes”

502-502 2 0.016 3 0.030
502-506 0 0.000 0.010 of exons 10, 12 and 33 with AITD in the United Kingdom
502-534 0.008 ) 0.020 population and similar results have been reported by Bel-
502-538 ) 0.180 1 0.210 guith-Maalej et al. in a Tunisian population [38]. The SNP
500-542 I 0.008 0 0.000 cluster exons 10-12 were also associated to susceptibility
506-506 1 0.008 0 0.000 to thyroiditis in mice [35]. Our results do not showed
506-510 | 0.008 0 0.000 significant differences to the 7589 G>A SNP between case
506-534 | 0.008 2 0.020 and control subjects. We did not observe any difference in
506-538 18 0.149 12 0.120 allele and genotype frequency using IndelTG-IVS18 mar-
506542 ] 0.008 0 0.000 ker. This result is similar to that reported by Ban et al. [35].
$10.538 3 0.025 | 0'010 Tomer et al. [32], Collins et al. [33], and Ban et al.
529538 | O. 008 0 0' 000 [34] have reported previously a significant association
$30.534 | 0.008 0 0'000 between Tgms2 and AITD in United States of America,
530.538 | 0.008 ) 0'020 United Kingdom and Japanese populations, respectively.
34534 0 0'000 | 0'010 Thus, a microsatellite inside the TG gene linked and

B ’ ' associated with AITD support the idea of TG in the eti-
534-538 10 0.082 5 0.050

ology of AITD.

538-538 54 0.443 49 0.490 We h b d .. f cul
S38.500 A 0,033 | 0010 e have observed no association for any particular

a Xz 6.37, P > 0.05 (not significant); AT n = 244; control n = 200
® 42 13.08, P > 0.05 (not significant); AT n = 122; control n = 100

Table 5 Allele and genotype frequencies of the IndelTG-IVS18

system
AT Frequency Control Frequency

Alleles”

541 129 0.529 118 0.590

374 115 0.471 82 0.410
Genotypesb

541-541 34 0.279 36 0.360

541-374 61 0.500 46 0.460

374-374 27 0.221 18 0.180

a XZ 0.21, P > 0.05 (not significant); AT n = 244; control n = 200
> 42 1.80, P > 0.05 (not significant); AT n = 122; control n = 100

exon 33 SNP with AITD [35-39]. The exon 33 SNP
showed evidence for interaction with HLA-DR3 in
conferring susceptibility to Graves’ disease. In contrast,
Collins et al. [45] did not found association of the variants

allele neither Tgms1 nor Tgms2. Ban et al. [34] found a
significant association between the 330-bp/352-bp geno-
type and AITD in Japanese population, whereas Tomer
et al. [32] found that the 336-bp allele was present in 30%
of the patients versus the 23% of the matched Caucasian
controls. Because of the low frequency of this allele in the
studied population (we only found 1/444), we were unable
to perform meaningful replication analysis. Similar results
were described by Collins et al. [33] analyzing the alleles
with a reported frequency lower than 10%. When we per-
formed this analysis in our series, we did not find any
association with AT. The discrepancies could be explained
because Tomer et al. [32] and Collins et al. [33] studied
more than 80% of GD patients within AITD, whereas we
have included exclusively patients with AT. Several reports
showed evidence for genetic heterogeneity and gene
interactions for Graves and Hashimoto diseases [7, 23].
The analysis of Tgms1 do not differ from Ban et al. [34],
who did not found differences in allele frequencies for this
locus when comparing all AITD patients to controls in
Japanese population. Tomer et al. [32] found an equivalent
data in Caucasian population. He described five alleles, two
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with low frequency, whereas we obtained four alleles being
the more represented: 305-bp and 307-bp.

Our analysis of TGrI30 microsatellite shows fragments
ranging between 502-bp and 542-bp, as described by
Rivolta et al. [40]. In spite of the variability of this
microsatellite, the common allele was the 538-bp with a
prevalence of 68.5% in AT patients and 70% in the normal
group. The allelic and the genotypic frequencies were in
agreement with previous reports [40]. No association was
found for this locus and AITD. However, our analysis of
TGrI29, a complex microsatellite with a repeat region
containing a mixture of dinucleotide tandem repeats (TC)n
and (TG)n, showed an association with AITD. The fre-
quency of the different alleles in the normal group was
distributed in a similar way as described previously [40].
We obtained a statistically significant increase in the
frequency of the 199-bp allele in the AT population,
indicating a significant association with this disease.
Nevertheless, we cannot discard that this single significant
difference may be due to Type 1 error. Further analysis in
larger series is necessary to confirm our results. The
development of AT is a multi-step process and the patho-
genesis is not well known. There are sufficient epidemio-
logical data to support an important genetic contribution to
the development of AITD combined with environmental
effects. Unlike the other putative AITD immune regulators
susceptibility genes, such as HLA and CTLA4, there is
strong evidence to support the TG gene as a thyroid-spe-
cific AITD susceptibility gene. Identification of additional
AITD susceptibility genes would help to understand
molecular mechanism by which they induce thyroid
autoimmunity.

In conclusion, our results suggest that TG is a suscep-
tibility gene for AT and confirm previous reports that
associated polymorphisms within the TG gene and this
autoimmune disease.

Acknowledgements M. Caputo is a research fellow of the Uni-
versity of Buenos Aires. C. M. Rivolta and H. M. Targovnik are
established investigators of the CONICET and have been visiting
professors in the Department of Medicine, University of Salamanca,
Spain. This work was supported by grants in Spain from Fondo de
Investigaciones Sanitarias (P1020309 to JMMG), Junta de Castilla y
Ledn (Biomedicina, 92/A/06 to IMMG), MCYT (PM99-0070 to RG-
S) and Fundacion MM (FMM 2005 to RG-S) and in Argentine from
Universidad de Buenos Aires (B 057/2004 to HMT), CONICET
(5360/2005 to CMR and HMT) and ANPCyT-FONCyT (05-21081/
PICT 2004 to HMT). The authors are grateful to Nieves Mateos and
Pilar Rodriguez for their excellent technical assistance.

References

1. B. Vaidya, P. Kendall-Taylor, S. Pearce, The genetics of auto-
immune thyroid disease. J. Clin. Endocrinol. Metab. 87, 5385-
5397 (2002)

M,
3« Humana Press

10.

11.

14.

15.

16.

17.

18.

19.

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

. E. Pearce, A. Farwell, L. Braverman, Thyroiditis. N. Engl. J.
Med. 348, 2646-2655 (2003)

. Y. Ban, Y. Tomer, Susceptibility genes in thyroid autoimmunity.
Clin. Dev. Immunol. 12, 47-58 (2005)

. Y. Li, D. Teng, Z. Shan, X. Teng, H. Guan, X. Yu, C. Fan,
W. Chong, F. Yang, H. Dai, X. Gu, Y. Yu, J. Mao, D. Zhao, J. Li,
Y. Chen, R. Yang, C. Li, W. Teng, Antithyroperoxidase and
antithyroglobulin antibodies in a five-year follow-up of popula-
tions with different iodine intakes. J. Clin. Endocrinol. Metab. 93,
1751-1757 (2008)

. Y. Tomer, Genetic dissection of familial autoimmune thyroid
diseases using whole genome screening. Autoimmun. Rev. 1,
198-204 (2002)

. Y. Tomer, Y. Ban, E. Concepcion, G. Barbesino, R. Villanueva,
D. Greenberg, T. Davies, Common and unique susceptibility loci
in Graves and Hashimoto diseases: results of whole-genome
screening in a data set of 102 multiplex families. Am. J. Hum.
Genet. 73, 736-747 (2003)

. J. Taylor, S. Gough, P. Hunt, T. Brix, K. Chatterjee, J. Connell, J.
Franklyn, L. Hegedus, B. Robinson, W. Wiersinga, J. Wass, D.
Zabaneh, 1. Mackay, A. Weetman, A genome-wide screen in
1119 relative pairs with autoimmune thyroid disease. J. Clin.
Endocrinol. Metab. 91, 646-653 (2006)

. A. Kawa, S. Nakamura, M. Nakazawa, S. Sakaguchi, T. Kawa-

bata, Y. Maeda, T. Kanehisa, HLA-BW35 and B5 in Japanese

patients with Graves’ disease. Acta Endocrinol. (Copenh) 86,

754-757 (1977)

D. Cavan, M. Penny, K. Jacobs, M. Kelly, D. Jenkins, C. Mijovic,

C. Chow, C. Cockram, B.R. Hawkins, A. Barnett, The HLA

association with Graves’ disease is sex-specific in Hong Kong

Chinese subjects. Clin. Endocrinol. 40, 63-66 (1994)

Z. Wu, H. Stephens, J. Sachs, P. Biro, S. Cutbrush, M. Magzoub,

C. Becker, G. Schwartz, G. Bottazzo, Molecular analysis of

HLA-DQ and -DP genes in caucasoid patients with Hashimoto’s

thyroiditis. Tissue Antigens 43, 116-119 (1994)

. Y. Ban, T. Davies, D. Greenberg, E. Concepcion, Y. Tomer, The
influence of human leucocyte antigen (HLA) genes on autoim-
mune thyroid disease (AITD): results of studies in HLA-DR3
positive AITD families. Clin. Endocrinol. 57, 81-88 (2002)

. N. Tandon, L. Zhang, A. Weetman, HLA associations with

Hashimoto’s thyroiditis. Clin. Endocrinol. 34, 383-386 (1991)

Q. Chen, D. Nadell, X. Zhang, A. Kukreja, Y. Huang, J. Wise, F.

Svec, R. Richards, K. Friday, A. Vargas, R. Gomez, S. Chalew,

M. Lan, Y. Tomer, N. Maclaren, The human leukocyte antigen

HLA DRB3*020/DQA1*0501 haplotype is associated with

Graves’ disease in African Americans. J. Clin. Endocrinol.

Metab. 85, 1545-1549 (2000)

C. Chambers, J. Allison, Co-stimulation in T cell responses. Curr.

Opin. Immunol. 9, 396-404 (1997)

I. Fajardy, A. Vambergue, C. Stuckens, J. Weill, P. Danze,

P. Fontaine, CTLA-4 49 A/G dimorphism, type 1 diabetes sus-

ceptibility: a French case-control study and segregation analysis.

Evidence of a maternal effect. Eur. J. Immunogenet. 29, 251-257

(2002)

O. Kantarci, D. Hebrink, S. Achenbach, E. Atkinson, A.

Waliszewska, G. Buckle, C. McMurray, M. Andrade, D. Hafler,

B. Weinshenker, CTLA4 is associated with susceptibility to

multiple sclerosis. J. Neuroimmunol. 134, 133-141 (2003)

C. Seidl, H. Donner, B. Fischer, K. Usadel, E. Seifried, J. Kalt-

wasser, K. Badenhoop, CTLA4 codon 17 dimorphism in patients

with rheumatoid arthritis. Tissue Antigens 51, 62—66 (1998)

B. Vaidya, H. Imrie, P. Perros, E. Young, W. Kelly, D. Carr,

D. Large, A. Toft, M. McCarthy, P. Kendall-Taylor, S. Pearce,



Endocr (2010) 37:389-395

395

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

The cytotoxic T lymphocyte antigen-4 is a major Graves’ disease
locus. Hum. Mol. Genet. 8, 1195-1199 (1999)

K. Kotsa, P. Watson, A. Weetman, A CTLA-4 gene polymor-
phism is associated with both Graves disease and autoimmune
hypothyroidism. Clin. Endocrinol. 46, 551-554 (1997)

Y. Tomer, Unraveling the genetic susceptibility to autoimmune
thyroid diseases: CTLA-4 takes the stage. Thyroid 11, 167-169
(2001)

Y. Park, H. Chung, D. Park, W. Kim, S. Kim, J. Koh, B. Cho,
Polymorphism in the promoter and exon 1 of the cytotoxic T
lymphocyte antigen-4 gene associated with autoimmune thyroid
disease in Koreans. Thyroid 10, 453—459 (2000)

Y. Tomer, G. Barbesino, D. Greenberg, E. Concepcion, T.
Davies, Mapping the major susceptibility loci for familial
Graves’ and Hashimoto’s diseases: evidence for genetic hetero-
geneity and gene interactions. J. Clin. Endocrinol. Metab. 84,
4656-4664 (1999)

M. Pirro, V. De Filippis, A. Di Cerbo, A. Scillitani, A. Liuzzi, V.
Tassi, Thyroperoxidase microsatellite polymorphism in thyroid
diseases. Thyroid 5, 461-464 (1995)

Y. Tomer, G. Barbesino, M. Keddache, D. Greenberg, T. Davies,
Mapping of a major susceptibility locus for Graves’ disease
(GD-1) to chromosome 14q31. J. Clin. Endocrinol. Metab. 82,
1645-1648 (1997)

N. De Roux, D. Shields, M. Misrahi, S. Ratanachaiyavong, A.
McGregor, E. Milgrom, Analysis of the thyrotropin receptor as a
candidate gene in familial Graves’ disease. J. Clin. Endocrinol.
Metab. 81, 3483-3486 (1996)

Y. Ban, D. Greenberg, E. Concepcion, Y. Tomer, A germline
single nucleotide polymorphism at the intracellular domain of the
human thyrotropin receptor does not have a major effect on the
development of Graves’ disease. Thyroid 12, 1079-1083 (2002)
1. Roitt, P. Campbell, D. Doniach, The nature of the thyroid auto-
antibodies present in patients with Hashimoto’s thyroiditis
(lymphadenoid goitre). Biochem. J. 69, 248-256 (1958)

B. Texier, C. Bedin, H. Tang, L. Camoin, C. Laurent-Winter, J.
Charreire, Characterization and sequencing of a 40-amino-acid
peptide from human thyroglobulin inducing experimental auto-
immune thyroiditis. J. Immunol. 148, 3405-3411 (1992)

K. Saegusa, N. Ishimaru, K. Yanagi, K. Mishima, R. Arakaki, T.
Suda, 1. Saito, Y. Hayashi, Prevention and induction of autoim-
mune exocrinopathy is dependent on pathogenic autoantigen
cleavage in murine Sjogren’s syndrome. J. Immunol. 169, 1050-
1057 (2002)

K. Sakai, S. Shirasawa, N. Ishikawa, K. Ito, H. Tamai, K. Kuma,
T. Akamizu, M. Tamimura, K. Furugaki, K. Yamamoto,
T. Sasazuki, Identification of susceptibility loci for autoimmune
thyroid disease to 5931-q33 and Hashimoto’s thyroiditis to
8q23-q24 by multipoint affected sib-pair linkage analysis in
Japanese. Hum. Mol. Genet. 10, 1379-1386 (2001)

Y. Tomer, D. Greenberg, E. Concepcion, Y. Ban, T. Davies,
Thyroglobulin is a thyroid specific gene for the familial auto-
immune thyroid diseases. J. Clin. Endocrinol. Metab. 87, 404—
407 (2001)

J. Collins, J. Heward, J. Carr-Smith, J. Daykin, J. Franklyn, S.
Gough, Association of a rare thyroglobulin gene microsatellite

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

variant with autoimmune thyroid disease. J. Clin. Endocrinol.
Metab. 88, 5039-5042 (2003)

Y. Ban, T. Tozaki, M. Taniyama, M. Tomita, Association of a
thyroglobulin gene polymorphism with Hashimoto’s thyroiditis
in the Japanese population. Clin. Endocrinol. 61, 263-268 (2004)
Y. Ban, D. Greenberg, E. Concepcion, L. Skrabanek,
R. Villanueva, Y. Tomer, Amino acid substitutions in the thy-
roglobulin gene are associated with susceptibility to human and
murine autoimmune thyroid disease. Proc. Natl. Acad. Sci. USA
100, 15119-15124 (2003)

J. Hsiao, M. Hsieh, K. Tien, S. Hsu, S. Shin, S. Lin, Association
between a C/T polymorphism in exon 33 of the thyroglobulin
gene is associated with relapse of Graves’ hyperthyroidism after
antithyroid withdrawal in Taiwanese. J. Clin. Endocrinol. Metab.
92, 3197-3201 (2007)

J. Hsiao, M. Hsieh, C. Hsiao, H. Weng, D. Ke, Association of
CD40 and thyroglobulin genes with later-onset Graves’ disease in
Taiwanese patients. Eur. J. Endocrinol. 159, 617-621 (2008)

S. Belguith-Maalej, H. Hadj Kacem, A. Rebai, M. Mnif, M. Abid,
H. Ayadi, Thyroglobulin polymorphisms in Tunisian patients
with autoimmune thyroid diseases (AITD). Immunobiology 213,
577-583 (2008)

M. Maierhaba, J. Zhang, Z. Yu, Y. Wang, W. Xiao, Y. Quan, B.
Dong, Association of the thyroglobulin gene polymorphism with
autoimmune thyroid disease in Chinese population. Endocrine 33,
294-299 (2008)

C. Rivolta, C. Moya, F. Mendive, H. Targovnik, Genotyping and
characterization of two polymorphic microsatellite markers
located within introns 29 and 30 of the human thyroglobulin
gene. Thyroid 12, 773-779 (2002)

C. Moya, V. Varela, C. Rivolta, F. Mendive, H. Targovnik,
Identification and characterization of a novel large insertion/
deletion polymorphism of 1464 base pair in the human thyro-
globulin gene. Thyroid 13, 319-323 (2003)

F. Mendive, L. Rossetti, G. Vassart, H. Targovnik, Identification
of a new thyroglobulin variant: a guanine-to-arginine transition
resulting in the substitution of arginine 2510 by glutamine.
Thyroid 7, 587-591 (1997)

V. Gutnisky, C. Moya, C. Rivolta, S. Domené, V. Varela, J.
Toniolo, G. Medeiros-Neto, H. Targovnik, Two distinct com-
pound heterozygous constellation (R277X/IVS34-1G>C and
R277X/R1511X) in the thyroglobulin (TG) gene in affected
individuals of a Brazilian kindred with congenital goiter and
defective TG synthesis. J. Clin. Endocrinol. Metab. 89, 646657
(2004)

P. Lewis, D. Zaykin, Genetic data analysis: computer program for
the analysis of allelic data. Version 1.0 (d16c). Free program
distributed by the authors over the internet from http://lewis.eeb.
uconn.edu/lewishome/software.html (2001)

J. Collins, J. Heward, J. Howson, H. Foxall, J. Carr-Smith, J.
Franklyn, S. Gough, Common allelic variants of exons 10, 12,
and 33 of the thyroglobulin gene are not associated with auto-
immune thyroid disease in the United Kingdom. J. Clin. Endo-
crinol. Metab. 89, 6336-6339 (2004)

Mo,

2.« Humana Press


http://lewis.eeb.uconn.edu/lewishome/software.html
http://lewis.eeb.uconn.edu/lewishome/software.html

	Analysis of thyroglobulin gene polymorphisms in patients  with autoimmune thyroiditis
	Abstract
	Introduction
	Materials and methods
	Genomic DNA isolation
	Microsatellite genotyping
	IndelTG-IVS18 polymorphism genotyping
	c.7589G greaterthan A single nucleotide polymorphism (SNP) genotyping
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


