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Cytotoxic T-lymphocyte-associated protein 4+49A/G
polymorphism in Down syndrome children with
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Thyroid dysfunction is the most common endocrine disorder in Down syndrome (DS) children. Cytotoxic T-lymphocyte-associated
antigen 4 (CTLA-4) is one of the immune regulatory genes that correlates with Hashimoto’s thyroiditis (HT). However, studies on CTLA-4
+49A/G in DS children with HT are still limited. We aimed to evaluate CTLA-4+49A/G gene polymorphism in DS children with HT. This
case-control study, conducted from February 2020 to February 2022 at Dr. Soetomo General Hospital, Surabaya, enrolled 40 DS
children with HT and 50 healthy children. The DNA sequencing was performed to identify the polymorphism (Sanger sequencing).
Thyroid peroxidase antibodies (TPOAb), thyroglobulin antibodies (TgAb), thyroid-stimulating hormone (TSH), and free thyroxine (FT4)
levels were analyzed by enzyme-linked immunosorbent assay (ELISA). The mean age of DS children with HT was 1.78 years. Males
predominated in the study population. Subjects with GG genotype were diagnosed earliest with hypothyroidism (8 months) compared
with other studies. The most common thyroid dysfunction was central hypothyroidism, with TgAb positivity present in all patients. The
AA genotype (odds ratio [OR] 0.265, 95% confidence interval [CI] 0.094–0.746; P= 0.012) and A allele (OR 0.472, 95% CI 0.309–0.721;
P= 0.0002) were significantly more frequent in the control group. The AG genotype (OR 2.65, 95% CI 0.094–0.746; P= 0.003) and G
allele (OR 2.116, 95% CI 1.386–3.23; P= 0.003) were more frequent in the DS with HT group. The age of the subjects in this study was
younger than in previous studies. The AG genotype and the G allele were more prevalent in the DS with HT group and may be a risk
factor in HT development in DS children. Furthermore, the AA genotype may act as a protective factor against HT in DS children.

Keywords: Down syndrome (DS), Hashimoto’s thyroiditis (HT), cytotoxic T-lymphocyte-associated protein 4+49A/G
(CTLA-4+49A/G).

Introduction
Down syndrome (DS) is themost common chromosomal abnor-
mality, occurring in 1 in over 800 births. It is mainly caused
by the nondisjunction of chromosome 21, whereas the other
cases are due to translocation or mosaicism [1–3]. According to
theWorld Health Organization (WHO) report in 2018, approxi-
mately3000−5000childrenarebornwithchromosomal abnor-
malities each year [4]. There is an increased prevalence of DS in
children from Indonesia, from 0.12% in 2010 to 0.21% in 2018,
based on data obtained from theMinistry of Health in 2018 [5].

DS is associated with many abnormalities, such as pul-
monary, gastrointestinal, cardiovascular, and endocrine prob-
lems, aswell as developmental delay. Thyroiddysfunction is the
most frequent endocrine disorder (4%–8%) in DS children [6].
Congenital hypothyroidism, subclinical hypothyroidism,
hyperthyroidism, and acquired hypothyroidism (autoimmune
and non-autoimmune) commonly occur in these children [7].

The prevalence of autoimmune thyroiditis increases in
childhood due to genetic and environmental causes. Genetic
factors are divided into two groups according to their func-
tions: thyroid-specific genes and immune regulatory genes [8].
Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) is one
of the immune regulatory genes that are correlated with HT.
Human CTLA-4 is among the most researched loci (2q33)
in terms of autoimmunity and its role in the development
of Graves’ disease (GD) and/or Hashimoto’s thyroiditis (HT).
CTLA-4 is an immunoregulatory molecule found on the sur-
face of activated T-cells that inhibits T-cell activation by inter-
acting with the B7 molecule [9]. CTLA-4 single nucleotide
polymorphism is correlated to the T-effector activity [10].
In particular, CTLA-4 adenine–guanine polymorphism exon
1 position 49 (a peptide with a Thr/Ala exchange) single
nucleotide polymorphism leads to the development of a faulty
receptor, which reduces the inhibitory effect of CTLA-4 on
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T-cell activation and the important candidate for autoim-
mune thyroid diseases [11, 12, 52]. Antiperoxidase antibodies
(TPOAb) and/or antithyroglobulin antibodies (TgAb) are the
thyroid-specific antibodies observed in HT. The association
between cytotoxic T-lymphocyte-associated protein 4 +49A/G
(CTLA-4+49A/G) andHT has frequently been studied, whereas
research on CTLA-4 +49A/G in DS children with HT is still
limited. This study aimed to evaluate the CTLA-4+49A/G in DS
children with HT.

Materials andmethods
Study design
Forty DS children with HT who visited the Pediatric Endocrine
Clinic at Dr. SoetomoGeneral Hospital Surabaya from February
2020 to February 2022 and met the inclusion and exclusion
criteria were enrolled in this case-control study. As a control
group, 50 healthy children without a history of DS and/or HT
were included. The consecutive samplingwas used for selecting
the study participants. The inclusion criteria were as follows:
(a) DS children with HT (proven by the positivity of TPOAb
and/or TgAb) aged 1 month to 18 years treated as outpatients
at Dr. Soetomo General Hospital Surabaya; (b) DS confirmed
by a karyotyping test; and (c) the patients’ parents signed the
informed consent to study participation. DS children with HT
who required Pediatric Intensive Care Unit carewere excluded.

DNA extraction and genotyping
The CTLA-4 +49A/G (rs231775) was identified by DNA
sequencing using the primer forward for CTLA-4 +49A/G
(rs231775) 5’-GCTCAGCTGAACCTGGCT-3’, and primer reverse
5’-AAATCACTGCCCTTGACTGC-3’. DNA was extracted from
peripheral blood mononuclear cells by using the QIAmp mini
Kit as instruction (Qiagen©, Germany). In total, the reaction
volume of 10 µL (a primer set of CTLA-4 +49A/G, Go Tag DNA
polymerase [Promega, USA], 25 mM MgCl2, H2O, and 2 µL
template DNA) was amplified with the initial denaturation
at 92 °C for 3 min, then followed by 92 °C for 45 s, 58 °C for
1 min, 70 °C for 1 min (35 cycles) with the final extension
at 70 °C for 3 min in the PCR machine (Labycler Sensequest
Biomedizinische, Germany). The PCR product was evaluated
using agarose gel 2% that runs in the electrophoretic field
and resulted in a single band at 165 bp. The PCR product was
purified with ExoSAP-IT (USB, USA). PCR sequencing was
performed on 2 µL purified amplicons with a dye terminator
(BigDye™ Terminator v3.1, Applied Biosystems, USA) and
forward or reverse primer of CTLA-4 +49A/G (rs231775). The
PCR sequencing product was precipitated by ethanol solution,
thendissolved inH2Oandplaced into awell plate. Thefilledwell
platewasput into the sequencermachine (ABI/Hitachi 3500XL,
USA). This DNA sequencing was applied at the Institute of
Tropical Diseases, Universitas Airlangga, Surabaya, Indonesia.
The CTLA-4 +49A/G (rs231775) polymorphism was examined
by using FinchTV (Geospiza Inc, USA) and NCBI softwares.

Thyroid function and antibody markers
Thyroid functions (free thyroxine [FT4], thyroid-stimulating
hormone [TSH], TPOAb, and TgAb) were assessed using blood

tests. The thyroid antibodies of HT were examined at the Insti-
tute of the Tropical Disease University of Airlangga, Surabaya.
HT was postulated by the positivity of TPOAb and/or TgAb.
The TPOAb values were classified as follows using a Demeditec
kit (Demeditec Diagnostics GmbH, catalog number: DE7580):
negative (<50 IU/mL); borderline (50–75 IU/mL), which was
considered positive in this study; or positive (>75 IU/mL). The
TgAb values were classified as follows using a Demeditec kit
(Demeditec Diagnostics GmbH, catalog number: DE7590): neg-
ative (<100 IU/mL), borderline (100–150 IU/mL), which was
considered positive in this study; or positive (≥150 IU/mL).

The thyroid function test results were analyzed at the
Diagnostic Center of Soetomo General Hospital, Surabaya.
The catalogue number for FT4 ELISA kit (Biochem Canada)
was ‘CAN-FT4-4340’ and TSH Triiodothyronine was
‘CAN-TSH-4080’. The reference range values for pediatric care
by Sperling et al. (2020) [13]were used to determine the normal
range of TSH and FT4. Central hypothyroidism was defined
by the low TSH and FT4 levels, primary hypothyroidism by
the high TSH and low FT4 levels, subclinical hypothyroidism
by the elevated serum TSH levels with normal FT4 levels, and
euthyroidism by the normal FT4 and TSH levels [7].

Ethical statement
This study was approved by Dr. Soetomo General Hospi-
tal Ethics Committee (Ref. No. 1960/KEKP/IV/26020). The
authors’ institutional review board or comparable organization
approved the present research for human subjects, which fol-
lowed all relevant national rules, institutional procedures, and
the precepts of the Helsinki Declaration.

Statistical analysis
The SPSS 17 software was used to analyze all data. A descriptive
analysis was performed on the distribution of the character-
istics of participants and CTLA-4 +49A/G (rs231775) polymor-
phism. The comparison of genetic polymorphism and allele dis-
tribution between DS patients with HT and the control group,
thyroid dysfunction, TPO-Ab, and genetic polymorphism was
analyzed with a chi-square test. Age at diagnosis of hypothy-
roidism and duration of therapy with levothyroxine compared
with CTLA-4 +49A/G (rs231775) polymorphism were analyzed
with nonparametric Kruskal–Wallis H test. The regression test
was analyzed with the logistic regression test. The significant
result was defined as P< 0.05. The data are shown asmean and
percentage (%).Pvalue ofHardy–WeinbergEquilibrium (HWE)
was also calculated.

Results
Characteristics of the study participants
The characteristics of the study participants are presented in
Table 1. Forty DS children with HT and 50 healthy children
voluntarily participated in this study. DS group with HT con-
sisted predominantly of male participants, whereas the equal
proportion of male and female participants was in the con-
trol group. Forty-five percent (18/40) of the DS children with
HT had another congenital anomaly, such as congenital heart
disease. FT4 and TSH levels in DS children with HT were
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Table 1. Characteristics of the study participants

Characteristics DS with HT Control
(n= 40) (n= 50)

Age (years), mean± SD 1.78± 1.5 3.2± 2.27

Sex, n (%)
Male 26 (65) 26 (52)
Female 14 (35) 24 (48)

Thyroid function test, n (%)
Central hypothyroidism 31 (77.5) –
Primary hypothyroidism 7 (14.6) –
Subclinical hypothyroidism 2 (4.2) –

Value, n (%)
Positive for TgAb 40 (100) –
Positive for both TPOAb and TgAb 26 (65) –
Cumulative positive for autoimmune marker 40 (100) –

Value, mean± SD
FT4 (ng/mL) 0.8± 0.5 –
TSH (µU/mL) 1.2± 6.6 –

Data presented as mean ± standard deviation (SD) or n (%). DS:
Down syndrome; HT: Hashimoto’s thyroiditis; TPOAb: Thyroid peroxi-
dase antibodies; TgAb: Thyroglobulin antibodies; FT4: Free thyroxine;
TSH: Thyroid-stimulating hormone.

0.8 ± 0.5 ng/mL and 1.2 ± 6.6 µU/mL, respectively. All DS
children with HT showed TgAb positivity.

CTLA-4+ 49A/G (rs231775) gene polymorphisms in DS
children with HT
Three kinds of genotypes were noted in the study participants.
The details of CTLA-4+49A/G (rs231775) gene polymorphism in
DS patients with HT and controls are described in Table 3. The
AG genotype was the most common in DS children with HT. DS
participants with the AG genotype had a 1.688 times higher risk
of developing HT than those with other genotypes, although
the results did not show statistical significance (odds ratio [OR]
1.688, 95% confidence interval [CI] 0.730–3.905; P=0.221). The
AAgenotypewas themost common in the control group.TheAA
genotype had a protective effect on DS children with HT 0.265
times compared and showed statistical significance (OR 0.265,
95% CI 0.094–0.746; P = 0.012). The G allele had increased
risk for DS with HT (OR 2.116, 95% CI 1.386–3.23; P = 0.003).
Furthermore, the A allele had protective effect (OR 0.472, 95%
CI 0.309–0.721; P = 0.0002) (Table 2). Distribution consistent
to Hardy–Weinberg’s law at level of significance 0.05.

The correlation between thyroid function diagnoses and CTLA-4
+49A/G (rs231775) gene polymorphism in DS children with HT
This study showed that AG was the most frequent genotype
found. All subjects having an AG genotype were commonly
diagnosed with central hypothyroidism (77.3%), followed by
primary (18.2%) and subclinical hypothyroidism (4.6%) even
though not significantly correlated (Table 3).

The correlation between TPOAb and CTLA-4+49A/G (rs231775)
gene polymorphism in DS children with HT
The AG genotype was themost common genotype, and subjects
with the AG genotype frequently had positive TPOAb. Also,

Table 2. CTLA-4+49A/G gene polymorphism in DS children with HT at
Dr. Soetomo General Hospital

Variables
DS with HT
(n= 40)

Control
(n= 50) P value OR (95% CI)

Genotypes, n (%) 0.031

AA 6 (15) 20 (40) 0.012* 0.265 (0.094–0.746)

AG 22 (55) 21 (42) 0.221 1.688 (0.730–3.905)

GG 12 (30) 9 (18) 0.185 1.952 (0.726–5.248)

Allele, n (%)

A 68 (42.5) 122 (61) 0.0002* 0.472 (0.309–0.721)

G 92 (57.5) 78 (39) 0.0003* 2.116 (1.386–3.23)

Data presented as n (%). Logistic regression test, *P < 0.05 considered
significant. DS: Down syndrome; HT: Hashimoto’s thyroiditis.; OR: Odds
ratio; CI: Confidence interval; CTLA-4: Cytotoxic T-lymphocyte-associated
protein 4.

Table 3. Correlation between thyroid dysfunction diagnoses and CTLA-4
+49 A/G in DS children with HT

Genotype
Central
hypothyroidism

Primary
hypothyroidism

Subclinical
hypothyroidism P value

AA, n (%) 4 (66.7) 2 (33.3) 0 (0) 0.667a

AG, n (%) 17 (77.3) 4 (18.2) 1 (4.6)

GG, n (%) 10 (83.2) 1 (8.4) 1 (8.4)

Data presented as n (%). aChi-square, P < 0.05 considered significant.
DS: Down syndrome; HT: Hashimoto’s thyroiditis; CTLA-4: Cytotoxic
T-lymphocyte-associated protein 4.

Table 4. The correlation between TPOAb and CTLA-4+ 49 A/G in DS
children with HT

Genotype TPOAb P value

Positive Negative

AA, n (%) 4 (66) 2 (34) 0.45a

AG, n (%) 16 (73) 6 (27)

GG, n (%) 6 (50) 6 (50)

Data presented as n (%). aChi-square test, P < 0.05 considered significant.
DS: Down syndrome; HT: Hashimoto’s thyroiditis; TPOAb: Thyroid peroxi-
dase antibodies; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4.

the positivity of TPOAb showed dominance in other genotypes,
even though TPOAb and CTLA-4+49A/Gwere not significantly
correlated (P=0.45). Otherwise, the correlation betweenTGAb
and CTLA-4+49A/G gene polymorphism could not be done due
to the constant result of TGAb positivity (Table 4).

Age at diagnosis of hypothyroidism and duration of therapy
with levothyroxine compared with CTLA-4+49A/G
polymorphism
There was no significant effect of age at diagnosis of hypothy-
roidism (P = 0.46), and duration of therapy with levothyrox-
ine (P = 0.25) compared with CTLA-4 +49A/G polymorphism
(Table 5). Children with the GG genotype were diagnosed with
hypothyroidism earlier than those with other genotypes.
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Table 5. Age at diagnosis of hypothyroidism and duration of therapy with levothyroxine compared with CTLA-4
+49A/G polymorphism

Genotype
Age at diagnosis of
hypothyroidism (months) P value

Duration of therapy with
levothyroxine (months) P value

AA, mean± SD 18± 19.8 0.46* 6.7± 14.4 0.25*

AG, mean± SD 11.4± 11.4 7.1± 14.8

GG, mean± SD 7.8± 7.7 17.3± 18.5

Data presented as months, mean ± standard deviation (SD). *Kruskall–Wallis H test, P < 0.05 considered significant.
CTLA-4: Cytotoxic T-lymphocyte-associated protein 4.

Discussion
To the best of our knowledge, this is thefirst study that explored
the CTLA-4 +49A/G polymorphism in DS children with HT,
as the studies on the association between CTLA-4 and HT are
limited. We showed that the CTLA-4 +49A/G gene polymor-
phism in DS children with HT was dominated by the AG geno-
type (55%), although not significantly differed from the control
group (P= 0.221). Similar studies involving adult patients with
HTbutwithout DS in Poland and Slovakia (Caucasians), Turkey
(Mixed), Japan and India (Asians) revealed that the most com-
mongenotype found in thesepatientswasAG[15–22].However,
studies conducted in Thailand and Lebanon revealed that the
most commongenotypewasAA[23, 24].Meanwhile, Biceket al.
reported that GG is the most common genotype found in GD
patients from Slovenia [25].

The AG genotype and the G allele had 1.688- and 2.116-fold
higher risks, respectively, of developing DS with HT compared
with other genotypes, similar to the results of some European
and Asian studies [20, 22, 26, 27]. CTLA-4 +49A/G increased
the risk of HT among non-DS adults, particularly those with
the AG genotype and G allele. The G49 allele was associated
with HT, as confirmed by the higher thyroid autoantibody con-
centrations, including TgAb and TPOAb [28, 29]. According to
previous studies, the G allele is associated with reduced control
of T-cell proliferation, thereby contributing to the pathophys-
iology of autoimmune hypothyroidism, GD, and other autoim-
mune diseases [11].

Regarding chromosome 2q33, a susceptibility locus for
thyroid autoantibody production was discovered around the
marker D2S155, which is linked to the CTLA4 and CD28
genes [28]. Further research revealed that a significant gene for
thyroid autoantibody production on chromosome 2q33 is most
likely the CTLA4 gene rather than the CD28 gene [28].

Yung et al. reported that the G allele predominates in the
Asian population compared to other ethnicities, whereas the
A allele is commonly found in whites; moreover, the indi-
viduals with the AG genotype were reported to be more sus-
ceptible to developing HT [27, 30]. However, the patients in
most case-control studies were ethnically matched, and both
whites and Asians were found to have a link to the disease. As
a result, ethnic and regional heterogeneities may only play a
minor role in explaining discrepancies among the association
studies [26]. Conflicting studies found no linkage between the
CTLA-4 gene and HT in Japan, Tunisia, and another Chinese
pedigree [26, 31–33].

The AA genotype was significantly more prevalent in the
control group in our study. The AA genotype as well as the A
allele were significant protective factors against HT develop-
ment. These results are consistent with those of European and
Asian population-based studies [20, 26, 27].

The rate of GG genotypes in this study was not different
between the DS patients with HT and controls. This result is
contrary to Pastuszak et al.’s study involving GD patients from
Poland and Patel et al.’s study involving non-DS patients from
India; they reported that the GG genotype increased the risk for
HT development in these patient groups [20, 22].

Congenital alteration in thyroid gland regulation among DS
children is directly related to the trisomy of chromosome 21.
The present study showed that central hypothyroidism was
the most common diagnosis among DS children. This finding
is different from those of other studies. Subclinical hypothy-
roidism was the most common thyroid dysfunction in DS chil-
dren with HT, which is commonly asymptomatic and may not
require treatment. However, subclinical hypothyroidism can
progress to primary hypothyroidism associated with autoim-
mune factors [34–47]. TgAb positivitywasmore prevalent com-
pared to TPOAb positivity, as observed in our study. A similar
study by Gentile et al. demonstrated that TgAb was also more
prevalent in HT patients [48]. Contrarily, Bjoro et al.’s study
showed that TPOAb positivity was more frequently observed
among HT patients, and it usually appears before thyroid dys-
function occurs, as compared to TgAb [48]. Thyroid autoimmu-
nity affects DS children from an early age, but another study
reported that thyroid autoantibodies start to appear at 5–8years
of age [34], indicating that autoimmune regression increases
with age. Genetics has become a factor in autoimmune disor-
ders, although the underlying reasons remain unknown [8].

The mean age of participants in this study was 1.78 years.
Patients with GG genotype were diagnosed with hypothy-
roidism earliest compared with those with other genotypes
andwere younger comparedwith other studies, although there
was no significant correlation. Studies by Aversa et al. stated
that DS children develop thyroid dysfunction at 6.5 years, i.e.,
at a younger age than non-DS children, who develop thyroid
dysfunction at 11 years old [49]. Similar to Sanyal and Bhat-
tacharjee, the median age of DS children with hypothyroidism
is younger than that non-DS children [50].

In our study population, the proportion of boys was greater
than that of girls, which was similar to the findings of
Musdalipa et al. and Kawanto et al. [46, 50]. However, Guaraldi
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et al. pointed out that there is no difference in the rate of HT
between sexes [51].

In the present study, another congenital anomaly besides
thyroid dysfunction, i.e., congenital heart disease, was present
in 18 (45%) children with DS. A previous study showed that
cardiovascular diseases are observed in 58% of DS children [51].

Themajor limitation of our study is that it was performed in
only one health center andwith limited sample size.We suggest
performing the multicenter study on this topic.

Conclusion
Central hypothyroidism is the most common thyroid dysfunc-
tion observed among DS children with HT. AG genotype and G
allele of CTLA-4 +49A/G gene polymorphism were frequently
found in the patients’ group; these may be risk factors for
the susceptibility to HT among DS children. Moreover, the AA
genotype may play as a protective factor against HT in DS
children.
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Skrzypczak R. Brzeziańska E. CTLA-4 gene polymorphism and their
influence on predisposition to autoimmune thyroid diseases (Graves’
disease and Hashimoto’s thyroiditis). Arch Med Sci 2012;8(3):415–21.
https://doi.org/10.5114/aoms.2012.28593.

[21] Tomoyose T, Komiya I, Takara M, Yabiku K, Kinjo Y, Shimajiri Y,
et al. Cytotoxic T-lymphocyte antigen-4 gene polymorphisms and
human T-cell lymphotrophic virus-1 infection: their associations
with Hashimoto’s thyroiditis in Japanese patients. Thyroid 2002
Aug;12(8):673–7. https://doi.org/10.1089/105072502760258640.

[22] Patel H, Mansuri MS, SinghM, Begum R, Shastri M, Misra A. Associa-
tion of cytotoxic T-lymphocyte antigen 4 (CTLA4) and thyroglobulin
(TG) genetic variants with autoimmune hypothyroidism. PLoS One
2016;11(3):1–16. https://doi.org/10.1371/journal.pone.0149441.

[23] Kimkong I, Nakkuntod J, Sae-Ngow S, Snabboon T, Avihingsanon
Y, Hirankarn N. Association between CTLA-4 polymorphisms and
the susceptibility to systemic lupus erythematosus and Graves’ dis-
ease in Thai population. Asian Pac J Allergy Immunol 2011:29(3):
229–35.

[24] Farra C, Awwad J, Fadlallah A, Sebaly G, Hage G, Souaid M, et al.
Genetics of autoimmune thyroid disease in the Lebanese population.
J CommunityGenet 2012;3(4):259–64. https://doi.org/10.1007/s12687-
012-0085-1.

[25] Bicek A, Zaletel K, Gaberscek S, Pirnat E, Khrin B, Stopar TG et al.
49A/G and CT60 polymorphisms of the cytotoxic T-lymphocyte-
associated antigen 4 gene associated with autoimmune thyroid dis-
ease. Human Immunol 2009;70(10):820–4. https://doi.org/10.1016/j.
humimm.2009.06.016.

[26] Chistiakov DA, Turakulov RI. CTLA-4 and its role in autoimmune thy-
roid disease. J Mol Endocrinol 2003;31:21–36. https://doi.org/10.1677/
jme.0.0310021.

[27] Kavvoura FK, Akamizu T, Awata T, Ban Y, Chistiakov DA, Frydecka
I, et al. Cytotoxic T-lymphocyte associated antigen 4 gene polymor-
phisms and autoimmune thyroid disease: a meta-analysis. J Clin

Faizi et al.

CTLA-4+49A/G gene polymorphism in DS children with HT 638 www.biomolbiomed.com

http://www.biomolbiomed.com
https://doi.org/10.1016/j.ejim.2015.05.003
https://doi.org/10.1016/j.ejim.2015.05.003
https://doi.org/10.1007/s00431-010-1253-0
https://doi.org/10.1007/s00431-010-1253-0
https://gateway.euro.who.int/en/indicators/hfa_603-7120-births-with-downs-syndrome-per-100-000-live-births
https://gateway.euro.who.int/en/indicators/hfa_603-7120-births-with-downs-syndrome-per-100-000-live-births
https://doi.org/10.1542/peds.2011-1605
https://doi.org/10.1542/peds.2011-1605
https://doi.org/10.1159/000457952
https://doi.org/10.1586/17446651.2015.1063995
https://doi.org/10.4049/jimmunol.162.10.5813
https://doi.org/10.4049/jimmunol.162.10.5813
https://doi.org/10.1002/1521-4141(2002010)32:10<2888::AID-IMMU2888protect
$elax >$3.0.CO;2-F
https://doi.org/10.1002/1521-4141(2002010)32:10<2888::AID-IMMU2888protect
$elax >$3.0.CO;2-F
https://doi.org/10.4049/jimmunol.165.11.6606
https://doi.org/10.4049/jimmunol.165.11.6606
https://doi.org/10.1007/s00251-002-0429-9
https://doi.org/10.1542/peds.2015-1652
https://doi.org/10.1542/peds.2015-1652
https://doi.org/10.1111/j.1744-313X.2009.00831.x
https://doi.org/10.1111/j.1744-313X.2009.00831.x
https://doi.org/10.1186/s12881-018-0665-y
https://doi.org/10.1186/s12881-018-0665-y
https://doi.org/10.1007/s12291-010-0093-z
https://doi.org/10.1007/s12291-010-0093-z
https://doi.org/10.5114/aoms.2012.28593
https://doi.org/10.1089/105072502760258640
https://doi.org/10.1371/journal.pone.0149441
https://doi.org/10.1007/s12687-012-0085-1
https://doi.org/10.1007/s12687-012-0085-1
https://doi.org/10.1016/j.humimm.2009.06.016
https://doi.org/10.1016/j.humimm.2009.06.016
https://doi.org/10.1677/jme.0.0310021
https://doi.org/10.1677/jme.0.0310021
http://www.biomolbiomed.com


Endocrinol Metab 2007;92:3162–70. https://doi.org/10.1210/jc.2007-
0147.

[28] Tomer Y, Greenberg DA, Barbesino G, Concepcion E, Davies TF.
CTLA-4 and not CD28 is a susceptibility gene for thyroid autoantibody
production. J Clin Endocrinol Metab 2001;86(4):1687–93. https://doi.
org/10.1210/jc.86.4.1687.

[29] Zaletel K, Krhin B, Gaberscek S, Pirnat E, Hojker S. The influence of
the exon 1 polymorphism of the cytotoxic T lymphocyte antigen 4 gene
on thyroid antibody production in patients with newly diagnosed
Graves’ disease. Thyroid 2002;12:373–6. https://doi.org/10.1210/jcem.
86.4.7372.

[30] Yung E, Cheng PS, Fok TF, Wong GWK. CTLA-4 gene A–G polymor-
phism and childhoodGraves’ disease. Clin Endocrinol 2002;56(5):649–
53. https://doi.org/10.1046/j.1365-2265.2002.01234.x.

[31] Akamizu T, Sale MM, Rich SS, Hiratani H, Noh JY, Kanamoto N, et al.
Association of autoimmune thyroid disease with microsatellite mark-
ers for the thyrotropin receptor gene and CTLA-4 in Japanese patients.
Thyroid 2000;10(10):851–8. https://doi.org/10.1089/thy.2000.10.851.

[32] Maalej A, Bougacha N, Rebai A, Bellassouad M, Ayadi-Makni F,
Abid M, et al. Lack of linkage and association between autoimmune
thyroid diseases and the CTLA-4 gene in a large Tunisian family.
Human Immunol 2001;62(11):1245–50. https://doi.org/10.1016/S0198-
8859(01)00316-0.

[33] Villanueva R, Tomer Y, Greenberg DA, Mao C, Concepcion ES, Tucci
S, et al. Autoimmune thyroid disease susceptibility loci in a large
Chinese family. Clin Endocrinol 2002;56(1):45–51. https://doi.org/10.
1046/j0300-0664.2001.01429.x.

[34] Karlsson B, Gustafsson J, Hedov G, Ivarsson S-A, Annerén G. Thyroid
dysfunction in Down’s syndrome: relation to age and thyroid autoim-
munity. ArchDis Childhood 1998;79(3):242–5. https://doi.org/10.1136/
adc.79.3.242.

[35] Popova G, Paterson WF, Brown A, Donaldson MDC. Hashimoto’s thy-
roiditis in Down’s syndrome: clinical presentation and evolution. Hor-
mone Res 2008;70(5):278–84. https://doi.org/10.1159/000157874.

[36] AlAaraj N, Soliman AT, Itani M, Khalil A, De Sanctis V. Prevalence
of thyroid dysfunctions in infants and children with Down Syndrome
(DS) and the effect of thyroxine treatment on linear growth andweight
gain in treated subjects versus DS subjects with normal thyroid func-
tion: a controlled study. Acta Biomed 2019;90(8-S):36–42. https://doi.
org/10.23750/abm.v90i8-S.8503.

[37] Zelazowska-Rutkowska B, Jakubiuk-Tomaszuk,Cylwik B. Thyroid
function in children with Down syndrome in the polish population: a
case-control study.Arch IranMed2020;23(6):386–90.https://doi.org/
10.34172/aim.2020.31.

[38] Gentile F, Conte M, Formisano S. Thyroglobulin as an autoanti-
gen: What can we learn about immunopathogenicity from the cor-
relation of antigenic properties with protein structure? Immunology
2004;112(1):13–25. https://doi.org/10.1111/j.1365-2567.2004.01861.x.

[39] Awata T, Kurihara S, Iitaka M, Takei S-I, Inoue I, Ishil C, et al.
Association of CTLA-4 gene A-G polymorphism (IDDM12 locus) with
acute-onset and insulin-depleted IDDMaswell as autoimmune thyroid
disease (Graves’ disease and Hashimoto’s thyroiditis) in the Japanese

population. Am Diabetes Assoc 1998;47(1):128–9. https://doi.org/10.
2337/diab.47.1.128.

[40] Zimmermann MB, Moretti D, Chaouki N, Torresani T. Introduc-
tion of iodized salt to severely iodine-deficient children does not
provoke thyroid autoimmunity: a one year prospective trial in
northernMorocco. Thyroid 2003;13:199–203. https://doi.org/10.1089/
105072503321319512.

[41] Hashemipour M, Amini M, Aminorroaya A, Dastjerdi MA, Rezvanian
H, Kachoei A, et al. High prevalence of goiter in an iodine replete
area: do thyroid auto-antibodies play a role? Asia Pac J Clin Nutr
2007;16:403–10.

[42] Zois C, Stavrou I, Kalogera C, Svarna E, Dimoliatis I, Seferiadis K,
et al. High prevalence of autoimmune thyroiditis in schoolchildren
after elimination of iodinedeficiency inNorthwesternGreece. Thyroid
2003;13:485–9. https://doi.org/10.1089/105072503322021151.

[43] VasheghaniM, Jalali R, DabbaghmaneshMD, Sadeghalvad AS, Omrani
GR. Thyroid autoimmunity role in the evolution of endemic goiter in
rural area, Fars, Iran. Arch IranMed 2011;14:164–6.
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