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Autoimmune thyroid diseases (AITDs), including Hashi-
moto’ s thyroiditis (HT) and Graves’ disease (GD), are re-
lated to environmental and genetic factors. We analyzed
the association of cytotoxic T-lymphocyte-associated an-
tigen 4 (CTLA-4) gene two polymorphisms (+49 A/G, -318
C/T) with HT and GD development in Polish children, and
correlated both polymorphisms with the production of
thyroid autoantibodies (TPOAb and TgAb). The study in-
volved 49 AITD patients (age 10-19) with HT (n=25) or GD
(n=24) and 69 healthy controls. SNP genotyping was per-
formed using genomic DNA and TagMan® probes. The ob-
tained results indicated that CTLA-4 +49 GG genotype was
significantly more frequent in both HT and GD patients,
whereas the AA genotype was more common in controls.
CTLA-4-318 CT genotype was significantly more frequent
in AITD, and the CC genotype more often occurred in con-
trols. Significantly higher median TPOAb and TgAb val-
ues were associated with G allele in HT, and with T allele
in GD patients. Concluding, both studied polymorphisms
seem to be important genetic determinants of the risk of
HT and GD, and appear to be associated with a predis-
position to high levels of TAbs and clinical AITD. The ob-
tained results give more information on the distribution
of the CTLA-4 polymorphism in Polish AITD children, and
further support the proposal that the CTLA-4 gene plays
an important role in a TAb production.
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INTRODUCTION

Autoimmune thyroid diseases (AITDs), which include
hyperthyroid Graves’ disease (GD), and Hashimoto’s
(goitrous) thyroiditis (HT), are multifactorial diseas-
es with a vital genetic background. Among many im-
mune-related genes, which impair the self-tolerance to
thyroid autoantibodies (TAbs) and determine the risk
of AITD development, the role of cytotoxic T-lympho-
cyte-associated antigen 4 (CTL.A-4) is highlighted. Hu-
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man CTI.A-4 gene, located on 2q33, encodes the im-
munoregulatory molecule, a major negative regulator of
T-cell activity (Ban e al., 2003; Manzotti e/ al., 2002).

Several polymorphic regions in the CTI.4-4 gene have
been associated with various autoimmune disorders, in-
cluding GD and HT (Kristiansen e# a/., 2000; Ueda e/ al.,
2003; Petrone ef al., 2005). Among them, the most clear-
ly understood CTI.A-4 single nucleotide polymorphism
(SNP) associated with AITD in different populations is
A to G substitution at position 49 (+49 A/G) in exon 1
(Anjos et al., 2002; Ban e/ al., 2003; Pastuszak-Lewando-
ska et al, 2012). Very little is known about the signifi-
cance in AITD development of another CTT.4-4 SNP,
ie, C to T substitution in the promoter region at posi-
ton -318 (-318 C/T), despite several studies (Kristian-
sen ¢ al., 2000; Wang et al., 2002; Zaletel ez al., 2000).
Similarly, not much data is available on the association
between CTI.A-4 polymorphisms and the thyroid auto-
antibody (TAb) production (Park e/ aL, 2000; Zaletel et
al., 2006). The aim of our study was to evaluate the fre-
quency of the polymorphisms in exon 1 (+49 A/G) and
the promoter (-318 C/T) of the CTL.A4 gene, as well
as to assess their potential influence on the TAb produc-
tion in young Polish patients with HT and GD before
the treatment.

MATERIAL AND METHODS

Patients. Blood samples (5 ml, EDTA-collected) were
obtained before initiation of a therapy from 49 patients
with diagnosed AITD (GD and HT), and from 69 unre-
lated healthy individuals. In the HT group there were 20
female and 5 male patients, aged 11-19; the GD group
comprised 19 female and 5 male patients, aged 10-17;
the control group consisted of 53 girls and 16 boys,

He-mail: dorota.pastuszak-lewandoska@umed.lodz.pl
Abbreviations: Ab, autoantibody; AITD, autoimmune thyroid dis-
ease; CTLA4, cytotoxic T-lymphocyte-associated antigen 4; ER,
endoplasmic reticulum; FNAB, fine needle aspiration biopsy; T4,
free thyroxine; fT3, free triiodothyronine; GD, Graves' disease; GO,
Graves’ ophthalmopathy; HT, Hashimoto’s thyroiditis; OR, odds
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aged 10-19. The blood samples were received from the
Department of Pediatrics, Endocrinology, Diabetology
with Cardiology Division, Medical University of Bialys-
tok, and the Department of Pediatrics and Endocrinol-
ogy of the Medical University of Warsaw. Patients were
diagnosed on the basis of clinical symptoms and signs,
and the biochemical analysis was performed using ECL
assays (Boehringer Mannheim, Germany): Elecsys An-
ti-Tg test (human antigens and human monoclonal an-
tibodies against thyroglobulin, TgAb), Elecsys Anti-TPO
test (recombinant antigens and human polyclonal anti-
bodies against thyroid peroxidase, TPOAb). The upper
normal limit for TgAb was set at 34.0 IU/ml, and 12.0
IU/mL for the TPOAD. Results higher than these cut-
off values were considered as positive.

In each patient, the levels of TSH-Receptor antibody
(TRAD), TSH, free thyroxine (fT'4) and free triiodothy-
ronine (fI3) were assessed. Ultrasonography of the thy-
roid gland was performed and in case of the presence of
a nodule, FNAB was performed, otherwise biopsy was
not carried out.

The diagnosis of GD was based on the presence of
clinical and biochemical hyperthyroidism with diffuse
goitet, decreased TSH value (<0.27 ulU/ml), increased
levels of free thyroid hormones, and hypoechogeneity
with the presence of increased vascular flow and/or the
presence of TRAbs. Hashimoto’s thyroiditis was rec-
ognized when elevated levels of TPOAb and/or TgAb
were observed (>12.0 IU/mlL and >34.0 IU/ml, respec-
tively), and hypoechogeneity of the thyroid gland was de-
scribed in ultrasound examination. This group involved
patients with clinical or subclinical hypothyroidism as as-
sessed when elevated serum TSH level (>5.0 pIU/ml),
and low or normal fI3 and fT4 levels were observed.
All patients were clinically evaluated before an imple-
mentation of the treatment (methimazole in GD and
L-thyroxin in HT). The inclusion criteria for the control
group were as follows: negativity for thyroid autoanti-
bodies and euthyreosis (50 healthy children). For subse-
quent 19 controls, who showed symptoms of the nodu-
lar goiter, additionally routine FNAB was performed to
eliminate subjects with chronic inflammation.

The Ethics Committee approved the study protocol,
and also informed consents were obtained from all par-
ticipants and/or their parents.

Genotyping. Total genomic DNA was isolated from
blood samples using QIAamp DNA Mini Kit (Qiagen,
Germany), according to the manufacturer’s protocol.
SNP genotyping was performed using TagMan® probes
(1s231775 and rs5742909) in 7900HT Fast Real-Time
PCR System using TagMan 5’ allelic discrimination as-
say (Applied Biosystems, USA). Each sample was run
in duplicate for each genotype analysis. The end-point
readings were analyzed according to the manufacturer’s
instructions using SDS Software v. 2.4.

Statistical analysis. For statistical analysis, STATA
version 10 (State College, TX) was used. Compliance
with Hardy—Weinberg equilibrium (HWE) was assessed
using the Chi-square test (y2) and Fisher’s test. Link-
age disequilibrium (LD) in the two studied polymorphic
sites was evaluated using Fishet’s exact test. The risk of
AITD, associated with 15231775 and 155742909 geno-
types, was determined by unconditional logistic regres-
sion calculating odds ratios (ORs) and 95% confidence
intervals (Cls). The Kruskal-Wallis test was used to ana-
lyze median TAb values in patients with different geno-
types. P values <0.05 were considered as significant.

RESULTS

CTLA-4 +49A/G polymorphism

Statistical analysis confirmed the presence of the sig-
nificant differences between the studied groups (AITD
vs. control), concerning the distribution of CTI.A-4 +49
A/G alleles. The frequency and OR value for G allele
was 0.7 in AITD u»s. 0.4 in the control group, OR =
3.60, CI 95% 2.10-6.19, P = 0.003 and for A allele was
0.3 in AITD »s. 0.6 in the control group, OR = 0.28,
CI 95% 0.16-0.48, P = 0.003. Although without statis-
tical significance, GG genotype was more frequent in
AITD group (0.50 in AITD »s. 0.20 in control group,
OR = 4.65, CI 95% 2.06-10.48, P = 0.06), whereas AA

Table 1. CTLA-4 +49 A/G allelic and genotypic distributions in HT and GD patients in comparison with the control group.

+49 AA genotype +49 AG genotype  +49 GG genotype  +49 A allele +49 G allele
HT (total n = 25)
n/frequency 3/0.10 8/0.30 14/0.60 14/0.30 36/0.70
Control group (total n = 69)
n/frequency 29/0.40 27/0.40 13/0.20 85/0.62 53/0.38
0.19 0.73 1.20 0.24 412
OR (CI'95%) (0.05-0.69) (0.28-1.96) (0.37-3.91) (0.12-0.49) (2.045-8.36)
P value 0.04 0.67 0.01 0.16 0.16
GD (total n = 24)
n/frequency 3/0.10 9/0.21 12/0.79 15/0.11 33/0.89
Control group (total n = 69)
n/frequency 29/0.40 27/0.40 13/0.20 85/0.62 53/0.38
OR 0.20 0.93 4.31 0.28 3.53
(C1 95%) (0.05-0.72) (0.36-2.43) (1.58-11.74) (0.14-0.57) (1.75-7.12)
P value 0.05 0.92 0.03 0.04 0.04
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genotype frequency was increased in control group (0.10
AITD 5. 0.40 control group, OR = 0.22, CI 95% 0.09—
0.54, P = 0.08).

Following the statistical tendency, the allelic and geno-
typic distributions of +49 A/G SNP were analyzed in
HT and GD patients and compared with controls. The
results are summatized in Table 1. In the HT group,
the frequency of the G allele was higher compared to
the control group, although not significantly (P> 0.05).
The AA genotype was seen significantly more frequently
(P<0.05) in controls. In the GD group, statistically sig-
nificant results were observed for G allele distribution
(P<0.05). Moreover, the GG genotype was significantly
more frequent in this group of patients (P<0.05). The
presence of the A allele was significantly more common
in controls (P<0.05).

CTLA-4-318 C/T polymorphism

Statistical analysis confirmed the presence of signifi-
cant differences between the studied groups concerning
the distribution of the CTL.A4-4 -318 C/T genotypes and
alleles. The CT genotype was significantly more frequent
in the AITD group (0.40 in AITD »s. 0.20 in controls,
OR = 297, CI 95% 1.29-6.85, P = 0.04) and the CC
genotype was significantly more frequent in the control
group (0.20 in AITD »s. 0.70 in controls, OR = 0.26, CI
95% 0.12-0.55, P = 0.01). The frequency and OR value
for the T allele was 0.4 in AITD »s. 0.2 in the control
group, OR = 2.92, CI 95% 1.64-5.21, P = 0.02 and for
the C allele: 0.6 in AITD #s. 0.8 in the control group,
OR = 0.34, CI 95% 0.19-0.61, P = 0.02.

Following the statistical tendency, the allelic and geno-
typic distributions of CTL.A4 -318 C/T SNP wete ana-
lyzed in HT and GD patients in comparison with con-
trols. It was found that T allele frequency was higher in
the HT group while C allele frequency was higher in the
control group, although without statistical significance
(P>0.05). CC genotype frequency was insignificantly in-
creased in controls (P>0.05). For GD patients, T alleles
and CT genotype were more common, although the re-
sults were also not statistically significant (P>0.05). CC
genotype frequency was insignificantly increased in con-
trols (P>0.05). The results are summarized in Table 2.

Thyroid autoantibody levels

For each AITD patient, TPOAb and TgAb levels
were assessed and correlated with CTT.4-4 genotypes.
The median values of TPOAD in patients with Hashi-
moto’s thyroiditis carrying the G allele (AG and GG
genotypes) were much higher when compared to AA
patients, approaching statistical significance (P<0.05).
When comparing individual genotypes, a statistically sig-
nificant difference was also seen between AG and AA
patients (P<0.05). The TgAb median value was signifi-
cantly higher in GG than in AG patients (P<0.05). In
the case of the CTI.A-4 promoter polymorphism, pa-
tients carrying T allele exhibited insignificantly higher
median TPOAD values than CC patients. A statistically
significant difference was observed between TT and CT
groups, with significantly higher TPOADb median value
in TT patients (P<0.05). TgAb median values did not
differ significantly between various -318 polymorphisms.
The results obtained for patients with Hashimoto thy-
roiditis are summarized in Table 3.

In patients with Graves’ disease and CTI.A-4 promot-
er polymorphism, TPOADb median values were higher in
patients carrying the T allele: patients with the CT geno-
type demonstrated significantly higher median values
than those with the CC genotype (P<0.05). The TgAb
median value was significantly higher in patients carry-
ing the T allele (in both CT and TT genotypes) as com-
pared with patients carrying the CC genotype (P<0.05).
In the case of CTI.A-4 exon 1 polymorphism, significant
differences for both TPOADb and TgAb median values
were observed between AG and AA patients (P<0.05).
Furthermore, patients carrying the G allele (in both
AG and GG genotypes) presented significantly higher
TgAb median values than patients with the AA genotype
(P<0.05). The results obtained for patients with Graves’
disease are summarized in Table 4.

Linkage disequilibrium analysis

No linkage disequilibrium (LD) was found between
the two studied polymorphic sites (P>0.05, Fishet’s ex-
act test).

Table 2. CTLA-4-318 C/T allelic and genotypic distributions in HT and GD patients in comparison with the control group.

-318 CC genotype  -318 CT genotype  -318 TT genotype  -318 C allele -318 T allele
HT (total n = 25)
n/frequency 11/0.40 9/0.40 5/0.20 31/0.60 19/0.40
Control group (total n = 69)
n/frequency 50/0.70 12/0.20 7/0.10 112/0.80 26/0.20
0.30 2.68 2.21 0.38 2.64
OR (C1195%) (0.12-0.77) (0.97-7.46) (0.63-7.76) (0.19-0.77) (1.29-5.39)
P value 0.22 0.14 0.28 0.31 0.31
GD (total n = 24)
n/frequency 9/0.40 10/0.40 5/0.20 28/0.60 20/0.40
Control group (total n = 69)
n/frequency 50/0.70 12/0.20 7/0.10 112/0.80 26/0.20
OR 0.23 3.39 233 0.33 3.08
(Cl 95%) (0.09-0.61) (1.22-9.44) (0.66-8.20) (0.16-0.67) (1.51-6.29)
P value 0.12 0.07 0.25 0.22 0.22
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Table 3. Patients with Hashimoto’s thyroiditis characteristics including TPOAb and TgAb positivity and median values in relation to

CTLA-4 genotypes.

+49 A/G SNP -318 C/T SNP
Patient characteristics
AA AG GG CcC cT T

Sex (M/F) 1/2 1/7 3/11 3/8 1/8 1/4
Age mean =S.D. 12+38 14+638 13+6.6 14+58 12+ 45 15+3.2
TPOADb positive
[>12.0 IU/ml] 2 6 13 1 6 4
n=21

3052 473
TPOAb median 150 288 429 6004

4200
TgAb positive
[> 34.0 IU/ml] 2 7 9 6 7 5
n=18
TgAb median 341 368 472c 295 356 445

aP <0.004 compared with AA genotype; PP <0.04 compared with AA genotype; <P<0.03 compared with AG genotype; 9P <0.01 compared with CT

genotype (Chi-square test).

Table 4. Patients with Graves’ disease characteristics including TPOAb and TgAb positivity and median values in relation to CTLA-4

genotypes.
-318 C/T SNP +49 A/G SNP

Patient characteristics

cT T AA AG GG
Sex (M/F) 3/6 1/9 1/4 0/3 2/7 3/9
'igseDmea” 14+ 42 13+63 11 +3.1 11+28 13455 15+ 22
TPOAb positive
[>12.0 IU/ml] 9 8 4 3 9 9
n=21

2202 440
TPOADb median 182 566 850¢ 219

7380
TgAb positive
[> 34.0 IU/ml] 8 6 3 1 7 9
n=18

6004 998

TgAb median 182 997 220 369 22

aP<0.01 compared with CC genotype; PP <.03 compared with CC genotype; P <0.002 compared with AA genotype; 9P<0.04 compared with AA

genotype; P <0.02 compared with AA genotype (Chi-square test).

DISCUSSION

The suppressive role of the CTT.A-4 implies that ge-
netic changes affecting gene expression and/or function
could lead to the development of autoimmunity, increas-
ing T-cell activation. The CTI.A-4 gene is highly poly-
morphic and several studies have been performed to
find out SNP functional effects.

The best known CITL.44 polymorphism, +49 A/G
SNP, which substitutes Thr for Ala in the signal peptide,
leads to misprocessing of CTLA-4 in the ER, resulting
in less efficient glycosylation and diminished surface ex-
pression of the CTLA-4 protein (Anjos e/ al., 2002). The
presence of G allele has been associated with reduced
control of T-cell proliferation (Kouki ez a/., 2000; Ban e#
al., 2003). Regarding the other studied SNP, in gene pro-
moter, the relationship between T allele and higher pro-
moter activity has been found, although there are some
controversies (Ligers ez al., 2001; Wang ez al., 2002; An-
jos et al, 2004). On the molecular level, -318 C/T SNP

may influence CTLA-4 levels by changing the binding of
a transcription factor LEF-1 (lymphoid enhancing fac-
tor 1) (Chistiakov e al., 2000).

Regarding the clinical implication of the CTL.A-4
polymotphisms, +49 A/G SNP is a particulatly strong
candidate for susceptibility to T-cell mediated autoim-
mune thyroid diseases (Vieland ez @/, 2008). Our anal-
ysis confirms the existence of a significant association
between the CTI.A4 +49 GG genotype, as well as the
presence of G allele, and AITD risk, i.e., both Graves’
disease and Hashimoto’s thyroiditis. This association has
also been confirmed in a number of other papers (Kouki
et al., 2002; Bicek ez al., 2009; Yang et al., 2012) and our
own previous study (Pastuszak-Lewandoska ez 4/, 2012),
although focused on an adult AITD patients. However,
there are studies indicating the association between the
G allele and the childhood onset of the disease (Yung ef
al., 2002; Chong et al., 2008). The discrepancies with the
results of some studies, suggesting a lack of association
between +49 A/G SNP and HT pathogenesis (Patk e#
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al., 2000; Petrone ez al., 2001), could be explained by dif-
ferent genetic background, including geographical differ-
ences in allele frequencies, or differences in phenotype
classification. It should be stressed, however, that the
studies focusing on CTI.A-4 polymorphism in HT are
few in number and, in this regard, our preliminary study
and the obtained results seem to be valuable, and worth
continuing.

Concerning CTL.A-4 promoter polymorphism, there is
no consensus on its role in AITD development. Some
populations show an association between this SNP and
Graves’ disease (Park ez 4/, 2000), while others do not
(Kouki et al, 2002; Vaidya et al, 2003; Zhang et al.,
2000). Similatly, in HT development, the results are op-
posite (Braun ez al. 1998; Park ez al., 2000). In our study,
a statistically significant association was found between
-318 CT genotype, as well as the presence of T allele,
and AITD. This confirms some of the previously men-
tioned reports and shows — with regard to the small
study group — trends in Polish AITD children. Consid-
ering the HT and GD groups separately, we observed a
higher frequency of CT genotype in the GD group and
T allele in both groups of patients. However, in some
populations (Canadian, German, Slovene) an excess of
CC genotype in GD or HT patients was found (Braun
et al., 1998; Zaletel e/ al., 2006). In our study, the C al-
lele and CC genotype seems to have a protective effect.
The discrepancies are probably due to the genetic het-
erogeneity of AITD. Another factor may be the relative-
ly small number of patients in our study, and the age
of the patients. However, although the analysis of AITD
children is valuable, as it can be expected that genetic
factors have a stronger influence than environmental fac-
tors on the pathogenesis of autoimmune thyroid disease
in this age group, such studies are rare. There are reports
regarding Asian and South American child populations,
but almost no studies have been performed on Euro-
pean children with AITD (Yung ez al, 2002; Chong et
al., 2008; Namo Cury et al., 2008; Yesilkaya e/ al., 2008;
Kucharska ez al., 2009). With one exception (Namo Cury
et al., 2008), most of them revealed an association be-
tween CTI.A-4 exon 1 polymorphism and susceptibili-
ty to childhood GD and HT. The only study regarding
-318 polymorphism in children with HT (Yesilkaya e al.,
2008) did not find significantly higher SNP frequency in
patients than in controls. The trend demonstrated in our
study requires confirmation in a larger number of young
patients before they can acquire statistical significance.

One of the hallmarks of the AITD is the production
of high levels of thyroid autoantibodies (T'Abs), i.c., au-
toantibodies against thyroglobulin (TgAb), and thyroid
peroxidase (TPOAD), and it has been suggested that this
tendency has a genetic basis. Our results indicate the in-
fluence of G-allele bearing genotypes of the +49 A/G
SNP in GD and HT patients on TAb production: a
higher G allele frequency is associated with higher thy-
roid autoantibody levels. It is in agreement with the re-
sults obtained by others (Tomer et al, 2001; Zaletel et
al., 2002; Zaletel et al., 2006). Regarding -318 C/T SNP,
the genotype distribution in our AITD group highlighted
the role of the T allele, and it was found to be linked
with TPOAb production in patients with Hashimo-
to’s thyroiditis. The opposite results, indicating the role
of CC genotype, were reported in one study (Zaletel e
al., 2006). In patients with Graves’ disease, we found
the association between T allele and significantly higher
levels of TPOAb and TgAb. It should be stressed that
our study is one of very few such analyses of a CTI.A-
4 promoter polymorphism in GD. In general, there is a

paucity of studies focusing on the relationship between a
CTI. A4 gene and thyroid autoantibody production, and
especially in children with AITD.

The present study demonstrates the association of
both SNPs with a predisposition to high levels of T'Abs
and clinical AITD, ie. both GD and HT. The contrti-
bution of +49 A/G SNP seems to be in stronger re-
lationship with AITD risk, in that a statistically signifi-
cant association was found between a CTL.A-4 exon 1
polymorphism and the development of HT and GD.
The obtained results, although preliminary and involving
a relatively small group of patients, give more informa-
tion on a CTT.A-4 polymorphism distribution in Polish
AITD patients, and add further support that the CTI.A-
4 gene plays an important role in a TAb production. In
particular, our study group comprising the children and
adolescents, represents a valuable group in the genet-
ic analysis. However, further studies are needed to as-
sess the causative role of the described polymorphisms,
or other SNPs remaining in linkage disequilibrium with
them. In some studies, an LD wvalue between 60 C/T
SNP and +49 A/G SNP is suggested (Zaletel et al,
2006; Kavvoura e/ al. 2007). In our study, no linkage
disequilibrium was found between the studied CTI.A-4
exon 1 and promoter SNP genotypes.

In conclusion, the results of our preliminary study are
encouraging, and it would be worth developing this line
of inquiry in the nearest future, involving larger groups
of young AITD patients.
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