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Summary

Strong genetic contribution has been demonstrated to influence the develop-
of Haematology, University Medical Centre ment of autoimmune thyroid disease (AITD) as well as thyroid autoantibody
production. In order to assess the relation between CT60 cytotoxic T lympho-
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cyte antigen-4 (CTLA-4) gene polymorphism and thyroid autoantibody pro-
duction, we investigated 180 consecutive newly diagnosed patients with two
forms of AITD, 105 with Hashimoto’s thyroiditis (HT) and 75 with postpar-
tum thyroiditis (PPT). We evaluated thyroid function, measured antibodies
against thyroid peroxidase (TPO) and thyroglobulin (Tg), and determined
CT60 CTLA-4 gene polymorphism. In HT, TPO antibody median value was
significantly lower in the AA compared to the AG and GG genotypes (65, 122
and 319 U/ml, P < 0-005), while the Tg antibody median value was lower in
the AA compared to the AG genotype (91 and 189 U/ml, P < 0-02). In PPT, the
frequency of thyroid autoantibody-positive patients was higher among
G-allele-carrying genotypes (P < 0-04). Similar to HT, the TPO antibody
median value was lower in the AA compared to the AG and GG genotypes (12,
130 and 423 U/ml, P < 0-006). Hypothyroid PPT patients were more often
thyroid autoantibody-positive (P < 0-005) and the TPO antibody median
value was higher compared to hyperthyroid PPT patients (500 and 32 U/ml,
P <0-0001). The frequency of the G-allele was significantly higher among
hypothyroid patients (P < 0-05). Our data suggest that in both HT and PPT,
the CT60 CTLA-4 gene polymorphism contributes importantly to thyroid
autoantibody production. In PPT, the genotype also seems to influence
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Introduction

The presence of circulating autoantibodies against major
thyroid antigens is the hallmark of thyroid autoimmunity,
which comprises several different clinical forms, including
Hashimoto’s thyroiditis (HT) and postpartum thyroiditis
(PPT). In HT, the antibodies against thyroid peroxidase
or thyroglobulin (Tg) appear characteristically in the
patients’ sera, while tissue damage due to T cell-mediated
cytotoxicity usually contributes to gradual development
of hypothyroidism [1]. In PPT, where the re-establishment
of immune responsiveness after delivery leads to thyroid
dysfunction in the first year postpartum, two-thirds
of females present with positive thyroid peroxidase

antibodies, putting them at risk for developing a hypothy-
roid form of PPT and permanent hypothyroidism. Thyroid
peroxidase antibody-negative PPT patients are more likely
to experience only a phase of transient hyperthyroidism
and 1 year postpartum the euthyroid state is usually
restored [2].

Similar to autoimmune thyroid disease (AITD), strong
genetic susceptibility is required for the production of
thyroid autoantibodies [3]. According to an estimation based
on Danish twin pairs, the genetic background contributes
73% to the predisposition to thyroid autoantibody produc-
tion [4]. Moreover, an earlier performed whole genome
linkage study demonstrated the cytotoxic T lymphocyte
antigen-4 (CTLA-4) gene to be most probably the putative
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thyroid autoantibody susceptibility gene [5]. Also, our recent
investigation of patients with HT provided evidence that
both -318C/T promoter and 49A/G exon 1 CTLA-4 gene
single nucleotide polymorphisms (SNPs) were associated
with higher thyroid autoantibody concentrations, confirm-
ing its important role in thyroid autoantibody production
[6]. In the CTLA-4 gene additional polymorphisms were
described, among which the CT60 SNP in the 3’-
untranslated region was found to affect the efficiency of
splicing with reduced production of soluble CTLA-4 [7]. In
spite of being associated strongly with AITD [8], the influ-
ence of CT60 SNP on thyroid autoantibody production has
not been determined until now. Therefore, the objective of
the present study was to evaluate the association of CT60
CTLA-4 SNP with thyroid autoantibody production in
patients with two different forms of autoimmune thyroid
disease, HT and PPT.

Materials and methods

Patients

A total of 180 Caucasian patients from Slovenia were
recruited consecutively, including 105 patients with HT and
75 patients with PPT. All patients were newly diagnosed and
had been evaluated prior to initiation of treatment. Among
HT patients, 96 females and nine males, aged between 17 and
83 (mean 51-1 £ 16-8) years, were investigated. The inclusion
criteria were subclinical or clinical and biochemical hypothy-
roidism, the presence of thyroid peroxidase antibodies and/or
thyroglobulin antibodies and characteristic hypoechoic
thyroid ultrasound (US) pattern. In females with PPT, aged
between 21 and 42 (mean, 30-4 * 4.7) years, thyroid dysfunc-
tion occurred in the first year postpartum. Hyperthyroidism
was diagnosed in patients with suppressed thyroid stimulat-
ing hormone (TSH) and normal or elevated free thyroid
hormones; the mean time from the delivery to diagnosis
was 5-5 = 2:2 months. Hypothyroidism was confirmed in
patients with elevated TSH and normal or decreased free
thyroid hormones; the mean time from the delivery to diag-
nosis was 7-1 = 2:6 months. The patients presented with
normal or hypoechoic US pattern, most of them were positive
for thyroid peroxidase antibodies or thyroglobulin antibod-
ies. Patients with positive TSH receptor stimulating antibod-
ies, which are distinctive of Graves’ disease, were excluded
from the study. In all patients, the data on family history of
AITD and cigarette smoking were obtained.

TSH was measured by commercially available chemilumi-
nescentimmunoassay kit (TSH-3; Siemens Medical Solutions
Diagnostics, Tarrytown, NY, USA; reference range, 0-35—
5-5 mU/1). Thyroid peroxidase antibodies and thyroglobulin
antibodies were determined using commercially available
enzyme-linked immunosorbent assay kit (ETI-AB-TPOK
and ETI-AB-HTGK; Dia Sorin, Saluggia, Vercelli, Italy; posi-
tive value, above 15 U/ml and above 100 U/ml, respectively).

The study was approved by the local ethical committee, while
the subjects signed a written informed consent form.

Genotyping

DNA was prepared from 2 ml of whole blood using the
commercially available DNA Isolation kit (FlexiGene DNA
kit; Qiagen, Hilden, Germany) following the manufacturer’s
instructions. Each patient was genotyped for CT60 CTLA-4
polymorphism.

CTLA-4 CT60 polymorphism analysis

CT60 polymorphism was detected using technology Tagman
Assay By Design (Applied Biosystems, Carlsbad, CA, USA). A
200 base pairs-long sequence containing A6230G (CT60)
polymorphism was amplified in real-time polymerase chain
reaction (RT-PCR) using specific primers, forward 5’-CC
ATCCTCTTTCCTTTTGATTTCTT-3" and reverse 5-GTT
AAACAGCATGCCAATTGATTT-3’, and the Tagman MGB
probes, Fam-AACCCATGTTATATCC and Vic-ACCCAC
GTTATATCC for the recognition of A and G allele, respec-
tively. The reaction was performed in a final volume of 25 ul
containing 200 ng of genomic DNA, 0-9 uM of each primer,
0-25 UM of each probe and TagMan universal PCR master
mix (Thermo Fisher Scientific, Abgene, Epsom, UK). After
incubation at 95°C for 10 min, 40 cycles of 15 s at 95°C and
1 min at 60°C, individual genotypes were established using
ABI Prism 7000 Sequence Detection System (Applied Biosys-
tems, Carlsbad, CA, USA) and sps version 1-1 software.

Statistical analysis

We compared various parameters in HT and PPT patients
carrying different CT60 CTLA-4 genotypes, and in PPT
patients with different thyroid function. Hardy—Weinberg
equilibrium (HWE) for genotype distribution was calculated
using the % test. The clinical characteristics and median
values of thyroid peroxidase antibodies and thyroglobulin
antibodies were analysed using the non-parametric Kruskal—
Wallis analysis of variance (anova) test. We used the y* test
to compare the distribution of patients being either positive
or negative for thyroid autoantibodies. Multiple logistic
regression analysis was applied in order to analyse the inde-
pendent effect of genetic and non-genetic factors on the
development of thyroid autoantibodies, and on thyroid
function in PPT patients. Statistical analysis was performed
using STATISTICA software (StatSoft, Tulsa, OK, USA).
P-values of <0-05 were considered significant.

Results

The level of thyroid autoantibodies in HT patients
regarding CT60 genotypes

With genotyping of 105 HT patients we established the AA
genotype in 22 (20-9%) patients, the AG genotype in 47
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Table 1. Characteristics of patients with Hashimoto’s thyroiditis and the presence of thyroglobulin antibodies and thyroid peroxidase antibodies in

relation to the CT60 cytotoxic T lymphocyte antigen-4 (CTLA-4) genotype.

Characteristics AA (n=22) AG (n=47) GG (n=36) P-value
Sex (male/female) 0/22 5/42 4/32

Age, mean = s.d. (years) 545 * 165 51-0 = 17-0 492 £ 16-8 0-448
Family history of AITD (yes/no) 9/13 19/28 16/20 0-930
Cigarette smoking (yes/no) 5/17 12/35 10/26 0-913
TSH, mean * s.d. (mU/l) 10-1 £ 79 22-1 £ 281 242 + 37-1 0-255
Thyroid peroxidase antibody-positive 21 (95:5%) 42 (89-4%) 35 (97-2%) 0-328
Thyroid peroxidase antibody-negative 1 (45%) 5 (10-6%) 1 (2-8%)

Thyroglobulin antibody-positive 10 (45-5%) 36 (76:6%) 14 (38:9%) <0-05
Thyroglobulin antibody-negative 12 (54:5%) 11 (23-4%) 22 (61-1%)

Kruskal-Wallis analysis of variance test for clinical characteristics analysis, ) test for comparison of the distribution of patients being positive or

negative for thyroid peroxidase antibodies or thyroglobulin antibodies. AITD, autoimmune thyroid disease; s.d., standard deviation.

patients (44-8%) and the GG genotype in 36 patients
(34:3%), indicating that the distribution was in HWE (y?
0-823, P=0-364). The groups of patients carrying different
genotypes did not differ significantly with regard to their
age, TSH concentration, family history of AITD, smoking
status or the proportion of thyroid peroxidase antibody
positivity, while the proportion of thyroglobulin antibody-
positive patients was significantly higher in AG genotype
(Table 1). However, compared to the AA genotype, groups
with the AG and GG genotypes presented with significantly
higher median values of thyroid peroxidase antibodies
(median, 65, 122 and 319 U/ml, respectively; P < 0-005)
(Fig. 1a). Comparing the median values of thyroglobulin
antibodies, we found a significantly lower concentration in
the group with the AA genotype compared to the AG geno-
type (median, 91 and 189, respectively; P < 0-02), while the
thyroglobulin antibody median value in the GG genotype
was not significantly higher (median, 79-5 U/ml) (Fig. 1b).
Using multiple regression analysis, we evaluated indepen-
dent effects of genetic and non-genetic factors on the devel-
opment of thyroid autoantibodies. The reference categories
for the analysis were CT60 CTLA-4 genotype, age, family
history of AITD and cigarette smoking. In the case of thyroid

peroxidase antibodies, we confirmed a significant contribu-
tion of CT60 CTLA-4 genotype (P < 0-007) and younger age
(P <0-05), while family history and cigarette smoking did
not prove to have any effect. In thyroglobulin antibodies, no
contribution of either genotype or non-genetic factors was
confirmed.

The level of thyroid autoantibodies in PPT patients
regarding CT60 genotypes

The genotyping in the group of 75 PPT patients revealed the
AA genotype in 17 (22-7%) patients, the AG genotype in 36
(48%) and the GG genotype in 22 (29-3%) patients, showing
no deviation from HWE (y? 0-096, P = 0-757). As presented in
Table 2, the patients with different genotypes did not differ in
age, number of pregnancies, family history of AITD and
smoking status. However, females with the G-allele carrying
genotypes presented significantly more often with positive
values of thyroid peroxidase antibodies (P < 0-04), while the
proportion of thyroglobulin antibody-positive patients did
not differ significantly between the three genotypes. Similarly,
more patients with the G-allele carrying genotypes had at
least one type of thyroid autoantibody elevated compared to

Table 2. Characteristics of patients with postpartum thyroiditis and the presence of thyroglobulin antibodies and thyroid peroxidase antibodies in

relation to the CT60 cytotoxic T lymphocyte antigen-4 (CTLA-4) genotype.

Characteristics AA (n=17) AG (n=36) GG (n=22) P-value
Age, mean = s.d. (years) 30-3 £ 52 31-1 = 48 29:-0 £33 0-238
Number of pregnancies, mean =+ s.d. 1-94 + 0-97 1-86 * 1-07 177 * 0:75 0-998
Family history of AITD (yes/no) 7/13 15/21 9/10 0-981
Cigarette smoking (yes/no) 6/11 6/30 3/19 0-485
Thyroid peroxidase antibody-positive 8 (47-1%) 28 (77-8%) 18 (81:8%) <0-04
Thyroid peroxidase antibody-negative 9 (52:9%) 8 (22:2%) 4 (182%)

Thyroglobulin antibody-positive 7 (41:2%) 26 (72:2%) 15 (68-2%) 0-079
Thyroglobulin antibody-negative 10 (58:8%) 10 (27-8%) 7 (31-8%)

Thyroid peroxidase antibody and thyroglobulin antibody-positive 3 (17:7%) 22 (61:1%) 13 (59:1%) <0-04
Thyroid peroxidase antibody or thyroglobulin antibody-positive 9 (52:9%) 10 (27-8%) 7 (31:8%)

Thyroid peroxidase antibody and thyroglobulin antibody-negative 5 (29-4%) 4 (11-1%) 2 (91%)

Kruskal-Wallis analysis of variance test for clinical characteristics analysis, % test for comparison of the distribution of patients being positive or

negative for thyroid peroxidase antibodies or thyroglobulin antibodies. AITD, autoimmune thyroid disease; s.d., standard deviation.
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Fig. 1. The relation of CT60 cytotoxic T lymphocyte antigen-4
(CTLA-4) polymorphism with the concentration of thyroid
peroxidase antibodies (TPOAD) (a) and thyroglobulin antibodies
(TGADb) (b) in patients with newly diagnosed Hashimoto’s thyroiditis.
Data are median values and quartiles. *P < 0-002 compared with the
AA genotype and P < 0-04 compared with the AG genotype,

**P < 0-02 compared with the AA genotype (Kruskal-Wallis analysis
of variance test).

the AA genotype (P <0-04) (Table2). Furthermore, the
median value of thyroid peroxidase antibodies was signifi-
cantly lower in the AA genotype compared to the AG and GG
genotypes (median, 12, 130 and 423 U/ml, respectively,
P <0-006) (Fig. 2a). In contrast to thyroid peroxidase anti-
bodies, the median values of thyroglobulin antibodies did not
differ significantly between the three genotypes (Fig. 2b).
For the evaluation of thyroid autoantibody development
with multiple regression analysis, the reference categories
were CT60 CTLA-4 genotype, age, number of pregnancies,
family history of AITD and cigarette smoking. For thyroid

peroxidase antibodies, we established a significant contribu-
tion of CT60 CTLA-4 genotype (P < 0-04), while the effect of
other factors was not confirmed. In thyroglobulin antibod-
ies, no significant contribution of genetic or non-genetic
factors was found.

Thyroid function in PPT patients with different
CT60 genotypes

In PPT patients, 41 (54:7%) were hyperthyroid at presenta-
tion, while hypothyroidism was established in 34 (45-3%)
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Fig. 2. The relation of CT60 cytotoxic T lymphocyte antigen-4
(CTLA-4) polymorphism with the concentration of thyroid
peroxidase antibodies (TPOAD) (a) and thyroglobulin antibodies
(TGAD) (b) in patients with newly diagnosed postpartum thyroiditis.
Data are median values and quartiles. *P < 0-005 compared with the
AA genotype (Kruskal-Wallis analysis of variance test).
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Table 3. Thyroid antibodies and CT60 cytotoxic T lymphocyte antigen-4 (CTLA-4) polymorphism in hyperthyroid or hypothyroid patients with newly

diagnosed postpartum thyroiditis.

Hyperthyroid Hypothyroid

form (n=41) form (n=34) P-value
Thyroid peroxidase antibodies, median (Q25-Q75) (U/ml) 32 (5-129) 500 (375-500) <0-0001
Thyroglobulin antibodies, median (Q25-Q75) (U/ml) 108 (58-283) 201-5 (103-497) 0-055
Thyroid peroxidase antibody and thyroglobulin antibody-positive 13 (31-7%) 25 (73:5%) <0-005
Thyroid peroxidase antibody or thyroglobulin antibody-positive 19 (46:3%) 7 (20:6%)
Thyroid peroxidase antibody and thyroglobulin antibody-negative 9 (22:0%) 2 (5:9%)
AA genotype 12 (29:3%) 5 (147%) 0-086
AG genotype 21 (51:2%) 15 (44-1%)
GG genotype 8 (19:5%) 14 (41-2%)

A allele
G allele

45 (54-9%)
37 (45-1%)

25 (36-8%) <0-05
43 (632%)

Kruskal-Wallis analysis of variance test for thyroid peroxidase antibody and thyroglobulin antibody median analysis, % test for comparison of the

distribution of patients being positive or negative for thyroid peroxidase antibodies or thyroglobulin antibodies and for comparison of genotype and

allele distribution.

patients. As presented in Table 3, the median value of thyroid
peroxidase antibodies was significantly higher in the
hypothyroid form of disease (P < 0-0001). Similarly, the
median value of thyroglobulin antibodies was higher,
although the difference was statistically insignificant.
Accordingly, hypothyroid patients presented with elevated
thyroid autoantibody concentrations far more frequently
compared to the hyperthyroid form of PPT (P < 0-005).
Further comparison of thyroid function in patients with
different genotypes showed that the frequency of the G-allele
was significantly higher among hypothyroid patients
(P <0-05). Interestingly, among 25 hypothyroid patients
with both elevated thyroid peroxidase antibody and thyro-
globulin antibody concentrations, 14 presented with the AG
genotype and 11 with the GG genotype, while no AA geno-
type was found in this group.

Evaluating the independent effect of different genetic and
non-genetic factors on thyroid function with multiple
regression analysis, we established a strong contribution of
thyroid peroxidase antibodies (P < 0-0002) and an insignifi-
cant contribution of thyroglobulin antibodies, CT60 geno-
type, age, family history and smoking. After elimination of
the thyroid autoantibody effect, the contribution of the
CT60 genotype reached the level of significance (P < 0-05).

Discussion

This study of patients with two different forms of thyroid
autoimmune disease, HT and PPT, demonstrates a strong
contribution of CT60 CTLA-4 SNP to thyroid autoantibody
production. The significant increase of thyroid peroxidase
antibody concentration and slight increase of thyroglobulin
antibody concentration found in patients carrying the poly-
morphous CT60 CTLA-4 allele is consistent with our previ-
ous report on HT patients, where exon 1 and promoter
CTLA-4 polymorphisms were studied [6]. Exon 1 SNP has
also been shown to influence higher thyroid autoantibody

production in Graves’ disease [9]. Nevertheless, no data are
available in the literature on association of CT60 SNP with
thyroid autoantibody production.

Similarly, the data on genetic susceptibility in PPT are
scarce in spite of the relatively high prevalence of 8% in the
postpartum period [10]. A few earlier reports suggested an
association with human leucocyte antigen (HLA) status,
which was not confirmed afterwards [11]. The first report
referring to the CTLA-4 gene in PPT was published a decade
ago, describing no association between PPT and microsatel-
lite CTLA-4 polymorphism [12]. The second report was our
recent case—control study, where we were not able to dem-
onstrate a link between CT60 CTLA-4 SNP and PPT [13].
However, the strong influence of thyroid peroxidase anti-
bodies on development, thyroid function and prognosis of
PPT was reported, as patients with higher thyroid peroxidase
antibodies in the postpartum period developed PPT more
often, presented with hypothyroidism more often and devel-
oped permanent hypothyroidism more often [2,11,14,15].
The current study also showed that thyroid peroxidase
antibody concentrations were significantly higher in the
hypothyroid form of PPT and the frequency of patients posi-
tive for thyroid autoantibodies was also significantly higher
among hypothyroid patients. Nevertheless, the present data
have, for the first time, provided evidence that thyroid
autoantibody production in PPT patients is influenced
strongly by the CTLA-4 gene. This association between poly-
morphous CT60 allele and higher thyroid autoantibody
levels might also be reflected indirectly in the association
between the polymorphous CT60 allele and the hypothyroid
form of PPT, where patients present with higher thyroid
autoantibody levels. Concordantly, in our study only G-allele
carrying genotypes were found among hypothyroid PPT
patients positive for both thyroid peroxidase antibodies and
thyroglobulin antibodies.

The present results of an association between the CTLA-4
gene and thyroid autoantibody concentrations support pre-
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vious findings provided by different genetic and epidemio-
logical studies. With a whole genome linkage study the
CTLA-4 gene has been recognized as a major thyroid
autoantibody susceptibility gene [5], which has been con-
firmed subsequently in an expanded data set [16,17]. The
studies on twin pairs indicated a higher prevalence of thyroid
autoantibodies in healthy twin siblings [18] and provided
the estimation that a 73% likelihood of being thyroid
autoantibody-positive might be attributed to genetic suscep-
tibility [4]. Furthermore, in monozygotic twins the concor-
dance rates of thyroid autoantibodies were higher than in
dizygotic twins [19]. Also, according to several family
studies, positive thyroid autoantibodies appeared more fre-
quently in the first-degree relatives of AITD patients
[20-22]. Although our data confirm a strong association
between genotype and thyroid autoantibody production,
limitations of the study based on the sample size should be
considered. A larger sample size would decrease the risk of
false negative or false positive results, especially in the evalu-
ation of variables with minor effects.

In spite of the strong influence of CT60 SNP on thyroid
autoantibody production, the results of our recent study did
not confirm the association of CT60 with HT or PPT, as the
frequency of the G allele was 56:3% or 57% compared to
51-7% in the control population [13]. Similarly, the associa-
tion with HT has not been established in the Japanese popu-
lation [23,24]. However, an earlier study of a large group of
Caucasian HT patients indicated CT60 as the HT suscepti-
bility gene [7], and a similar finding has been reported
recently in a small group of Slovak children [25]. Further-
more, a large meta-analysis, based on six published and
unpublished studies of a total of 839 HT cases, indicated a
significant association of CT60 SNP with HT [8]. As sug-
gested by Ueda et al., the underlying mechanism by which
CT60 triggers thyroid autoimmunity might be the reduced
efficiency of splicing leading to a decrease of soluble CTLA-4
product and impaired CTLA-4 function [7]. This observa-
tion has not been supported by subsequent studies [26,27].
Another mechanism might be the linkage disequilibrium of
CT60 with one or more nearby-lying polymorphisms, which
alter CTLA-4 expression and function at the level of tran-
scription, translation, mRNA stability or splicing [28].
Among them, promoter (-318C/T) and exon 1 (+49A/G)
polymorphisms have been the most frequently shown to
reduce the CTLA-4 efficiency [28-33].

As in our previous investigations [6,9], the current study
demonstrates clearly higher thyroid peroxidase antibody
concentrations associated with the polymorphous CTLA-4
gene. Heterozygotic individuals carrying the AG genotype
also present with significantly higher thyroid peroxidase
antibody levels compared to the protective AA genotype, and
this observation is consistent with the previous suggestion of
a dominant pattern of thyroid autoantibody inheritance
[34]. In comparison to thyroid peroxidase antibodies, the
association of genotype with thyroglobulin antibodies is less

obvious. We have no feasible explanation for the difference
between thyroid peroxidase antibodies and thyroglobulin
antibodies. Perhaps in some patients the interference of thy-
roglobulin antibodies with elevated serum Tg might be
involved, or perhaps it is a case of variable immunogenicity
of Tg due to variable iodine intake influencing thyroglobulin
antibody production [35].

In conclusion, our results provide convincing evidence
that the CT60 CTLA-4 gene SNP or nearby-lying polymor-
phism influences increased thyroid autoantibody produc-
tion in patients with HT and PPT. Therefore, they strongly
support the assumption that CTLA-4 essentially contributes
to thyroid autoantibody diathesis. In PPT, CT60 SNP also
seems to influence the thyroid function, as patients carrying
the polymorphous CT60 CTLA-4 allele present with higher
thyroid peroxidase antibodies and are more prone to develop
the hypothyroid form of the disease. Further studies are
needed to estimate the association of CTLA-4 gene polymor-
phisms with the clinical presentation of different AITD
forms.
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