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Abstract This study aims to investigate the association of
human leukocyte antigen (HLA) class II genes and cytotox-
ic T lymphocyte-associated antigen-4 (CTLA-4) with auto-
immune thyroid diseases in the Lebanese population. A total
of 128 patients with autoimmune thyroid disease (55 with
Graves’ disease (GD) and 73 with Hashimoto’s thyroiditis
(HT)) were typed for HLA DQA1 (0301 and 0501) and
DQB1 (0201, 0302, and 0303) and for 49A/G CTLA-4
using PCR-based sequence-specific priming methods. A
total of 186 matched controls were typed for the same alleles
and compared to the diseased population. Results showed no
significant differences in HLA DQB1*0201 or DQB1*0301
allelic frequencies or CTLA-4 polymorphisms between
patients and controls. For GD, there was a weak association
with HLA DQB1*0302 [34.6% (19 of 55) vs. 21.5% (40 of
186), P00.048, odds ratio (OR)01.926, confidence interval

(CI)00.999–3.715] and HLADQB1*0302-DQA1*0501 hap-
lotype [56.36% (31 of 55) vs. 40.8% (76 of 186), P00.042,
OR01.870, CI01.018–3.433]. For HT, the frequencies of
DQB1*0302-DQA1*0501 haplotype [28.8% (21of 73) vs.
14.5% (27 of 186), P00.008, OR02.378, CI01.241–4.558]
and DQB1*0302-DQA1*0301 haplotype [60.2% (44 of 73)
vs. 38.7% (72 of 186), P00.002, OR02.402, CI01.381–
4.180] were significantly higher in patients. On the other
hand, weak association was found between HT and
DQA1*0301 allele [32.9% (24 of 73) vs. 20.9% (39 of 186),
P00.044, OR01.846, CI01.011–3.373]. Findings show that
DQB1*0302-DQA1*0501 and DQB1*0302-DQA1*0301
haplotypes may play a role in the pathogenesis of HT in the
Lebanese population. For the 49A/G CTLA-4 polymorphism,
no significant difference was found between patients and
controls.
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Introduction

Autoimmune thyroid diseases (AITD) are the most prevalent
autoimmune disorders. They affect up to 5% of the entire
population (Szyper-Kravitz et al. 2005; Wang and Crapo
1997). AITD, including Graves’ disease (GD), atrophic myx-
edema, and Hashimoto’s thyroiditis (HT), encompass a num-
ber of conditions that have in common cellular and humoral
immune that targets the thyroid gland. They are complex
diseases in which susceptibility genes and environmental
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triggers act together to initiate autoimmune response against
the thyroid gland (Weetman 1996). Although environmental
agents are important for AITD to develop, studies have shown
that almost 80% of its occurrence is due to genetic factors
(Brix et al. 2001). Thus, models for the pathogenesis of AITD
suggest that each subject has inherited tendency to autoimmu-
nity and that environmental and hormonal factors lead to the
development of the disease (Vaidya et al. 2002).

At least seven genes have been found to be associated
with AITD, but their extent of association has been variable
(Jacobson et al. 2008; Tomer 2010). Among these suscepti-
bility genes, those which appear to be of a major importance
are represented mainly by human leukocyte antigen (HLA)
and the cytotoxic T lymphocyte-associated antigen-4
(CTLA-4) (Jacobson et al. 2008; Vaidya et al. 2002). The
HLA system plays the biggest role in autoimmune disorders
(Wiebolt et al. 2010). Disease association studies show that
the nature and location of HLA polymorphisms are of major
importance (Erlich et al. 1993). The CTLA-4 gene has been
one of the most studied genes in relation to autoimmunity
(Kavvoura et al. 2007). It is an important co-stimulatory
molecule that participates in the interaction between T cells
and antigen-presenting cells. CTLA-4 gene which sup-
presses T cell activation has raised the possibility that muta-
tions altering CTLA-4 expression and/or function results in
an exaggerated T cell activation and lead to the development
of autoimmunity (Reiser and Stadecker 1996). An associa-
tion between a common polymorphism at nucleotide 49
(A/G) resulting in the substitution of an alanine for a thre-
onine at codon 17 in the signal peptide of the CTLA-4 and
AITDs has been reported across populations of different eth-
nic backgrounds such as Caucasians (Yanagawa et al. 1995),
Japanese (Akamizu et al. 2000; Yanagawa et al. 1997), and
Koreans (Park et al. 2000).

Clinical experience suggests that thyroid disease is also
common in the Lebanese population, but no studies have
described the prevalence of thyroid dysfunction in the gen-
eral population and the association of HLA class II genes
and CTLA-4 polymorphism with AITD patients. In this
study, we analyzed 186 healthy Lebanese subjects and 128
AITD patients to evaluate the association of the HLA gen-
otypes of DQA1 (0301 and 0501), DQB1 (0201, 0302, and
0303), as well as 49A/G CTLA-4 polymorphism with
AITD.

Materials and methods

Sample design

Taking into consideration that Lebanon is a small country
with a small population, a total of 1,156 Lebanese adult
subjects aging more than 18 years were recruited from

different regions, ethnicities, and religious communities pro-
portionally to their distribution in the country. In every
region, one village or district was chosen to make a ran-
domly selected sample using population and electoral reg-
ister. A total of 219 subjects (18.9%) were not available or
refused to participate in the study. On the other hand, 162
subjects (14%) reported history of goiter, thyroid diseases,
or use of thyroid medication and were excluded from the
study. Information about the remaining 775 subjects (67%)
(617 females, 158 males) was collected on age, sex, and
family history of AITD. Examination of the neck for goiter
was also conducted. Serum was frozen for analysis of thy-
roid antibodies and thyroid-stimulating hormone (TSH).
Subjects diagnosed with goiter or who were positive for
antimicrosomal and/or antithyroglobulin antibodies or with
abnormal TSH value were excluded. A total of 186 subjects
(132 females, 54 males) with normal findings were
randomly chosen. DNA was extracted from the obtained
blood samples and typed for HLA DQA1 (0301 and 0501)
and DQB1 (0201, 0302, and 0303) and for 49A/G CTLA-4
polymorphism.

On the other hand, 128 Lebanese patients with AITD (55
with GD and 73 with HT), aged between 13 and 68 years
(mean age of 42 years), were recruited from the University
Hospital of Hotel-Dieu de France in Beirut, between March
2005 and November 2005. Similar to controls, patients were
from different regions and religious backgrounds. GD was
diagnosed on the basis of clinical and laboratory evidence of
thyrotoxicosis, palpable diffuse goiter, and absence of other
causes of thyrotoxicosis such as multinodular goiter. Thyro-
toxicosis was identified according to TSH blood levels
(TSH <0.1 mIU/l) (De Groot 2005). In addition, most
patients had one or more of the following: exophthalmos,
positive anti-TSH receptors antibodies, and diffuse isotope
distribution on radionuclide scanning. HT was defined by
thyroid peroxidase antibody (TPO Ab) >200 UI/ml
(Slatosky et al. 2000). HLA DQA1 (0301 and 0501),
DQB1 (0201, 0302 and 0303), and 49A/G CTLA-4 poly-
morphism analyses were performed in all patients and com-
pared to controls.

Analysis of the HLA-DR haplotypes was not performed
in this study, since the allocated budget was not sufficient.
The study received ethical approval from local ethics com-
mittee, and written informed consent was obtained from
every participant.

Laboratory methods

TSH was measured with a chemiluminescence immunomet-
ric assay (DPC, Immulite, Los Angeles, CA, USA). The
normal reference range for the test was 0.4–4 μIU/ml, but
we chose 0.1 mIU/l for the lower normal value instead of the
laboratory reference range because values between 0.1 and
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0.39 mIU/l are generally considered clinically insignificant
using this sensitive TSH assay (Hollowell et al. 2002). So,
hyperthyroidism (clinically significant and subclinical) was
defined for TSH <0.1 mIU/l, and hypothyroidism (clinically
significant and subclinical) was defined for TSH >4 mIU/l.

TPO Ab, antithyroid antibodies, and Tg antibodies were all
measured using a chemiluminescence immunometric assay
(DPC, Immulite, Los Angeles, CA, USA). Each test was
considered positive if TPO Ab >30 UI/ml, antithyroid anti-
bodies >9 IU/ml, or Tg antibodies >40 mIU/l. The size of the
thyroid gland was determined by inspection and palpation
using the WHO 1960 and 1994 palpation criteria (Perez et al.
1960; WHO/UNICEF/ICCIDD 1994).

PCR amplification and analysis

HLA class II genotyping was carried out by PCR am-
plification with sequence-specific primers followed by
restriction fragment length polymorphism (RFLP) and
according to analyses reported in the literature (Olerup
et al. 1993). 49A/G CTLA-4 polymorphism was ana-
lyzed by PCR-RFLP as previously described (Kinjo et al.
2002).

Statistical analysis

Data analysis was performed with SPSS software 13.0
(copyright SPSS, Inc., 1989–2004). Yates' chi-square test
was used when necessary. In reference to previously
reported data on HLA class II association with AITD, the
results in this study were considered significant (with
expected frequency of more than 5) with uncorrected P
value <0.05. Odds ratio with 95% confidence intervals were
calculated as well.

The mean and standard error of the mean for TSH were
calculated from logarithmic transformed values. Kolmo-
gorov–Smirnov test was used to assess normality. The me-
dian 2.5 and 97.5 percentiles were calculated to generate
possible reference limits for TSH from the reference
population.

Results

Our reference population included 186 people (132 females,
54 males) aged between 18 and 65 years old (mean age 44.5±
12.9 years). We also studied 128 patients with AITD aged
between 13 and 68 years old: 73 patients with HT (68 females,
5 males, mean age 44.6±13.4 years) and 55 patients with GD
(41 females, 14 males, mean age 40.6±11.4 years). Twenty-
six patients had one or more autoimmune diseases associated
with their thyroid disease, type 1 diabetes being the most
frequent.

Graves’ disease and Hashimoto’s thyroiditis

Allelic distribution of HLA DQA1 and DQB1 genes

The frequencies of DQA1 and DQB1 alleles were compared
between the 55 GD patients, 73 HT patients, and 186 controls
(Table 1 in the “Appendix”). There were no significant differ-
ences for the frequency of DQA1 alleles between GD patients
and controls. Aweak association was found between GD and
HLADQB1*0302 allele [34.6% (19 of 55) vs. 21.5% (40 of
186), P00.048, odds ratio (OR)01.926, confidence interval
(CI)00.999–3.715]. Although the frequency of DQA1*0301
was significantly higher in HT patients than in controls, the
lower range of the confidence interval is barely greater than 1
which reflects weak association [32.9% (24 of 73) vs. 20.9%
(39 of 186), P00.044, OR01.846, CI01.011–3.373]. For the
DQB1 alleles, there were no significant differences between
HT patients and controls (P>0.05).

Haplotypes of DQA1*0501 and DQB1

The allelic frequencies in GD patients, HT patients, and controls
were also analyzed for the haplotypes of DQB1-DQA1*0501.
Weak associationwas found betweenGDpatients and the allelic
frequency of the haplotype DQB1*302-DQA1*0501 [GD
patients 56.36% (31of 55) vs. 40.8% (76 of 186), P00.042,
OR01.870, CI01.018–3.433]. On the other hand, this haplo-
type was significantly higher in HT patients than in the controls
having more than twice the odds of disease occurrence [28.8%
(21of 73) vs. 14.5% (27 of 186), P00.008, OR02.378, CI0
1.241–4.558]. Also, the allelic frequency of the haplotype
DQB1*302-DQA1*0301 was significantly higher in HT
patients than in controls [60.2% (44 of 73) vs. 38.7% (72 of
186), P00.002, OR02.402, CI01.381–4.180].

Polymorphism of CTLA-4

The prevalence of 49A/G CTLA-4 polymorphism was com-
pared between each patient group and control group. No
difference was found in the distribution of the A or G alleles,
nor did the AA, AG, or GG genotypes differ between
patients and controls (Table 2 in the “Appendix”).

Discussion

AITD are complex diseases in which susceptibility genes,
mainly HLA genes, have been identified to initiate the auto-
immune response against the thyroid gland in complex with
environmental triggers (Kavvoura et al. 2007). There are at
least two hypotheses concerning the existence of an associa-
tion between an allele and a disease: (1) the allele itself is the
genetic variant causing an increased risk for the disease and
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(2) the allele itself is not causing the disease but rather a gene
in linkage disequilibrium with it. In our study, we focused on
analyzing the association of HLA DQA1 and DQB with
AITD in the Lebanese population. To our knowledge, this is
the first report to test the association between HLA alleles and
AITD in our population. For GD, we observed weak associ-
ation with HLA DQB1*0302. In agreement with other stud-
ies, no association was found between HLA DQB1*0201 and
HLA DQB1*0303 and GD (Zamani et al. 2000; Chen et al.
2000) (Table 1 in the “Appendix”). Also, weak association
was found between GD and DQB1*0302-DQA1*0501 hap-
lotype, where the confidence interval was barely greater than
one (P00.042, OR01.870, CI01.018–3.433). Studies sug-
gest that susceptibility to GD associated with inheritance of
a specific HLA class II gene is mainly due to the influence of
HLA molecule–thyroid-stimulating hormone receptor peptide
complex on the T cell. Several studies have reported the
association of GD with DQA1*05 where it was considered a
susceptibility marker for GD. Indeed DQA1*05 has been
associated with GD in Latvians and Brazilians (Marga et al.
2001; Maciel et al. 2001). However, it was not found to be
associated with GD in the Greek population (Philippou et al.
2001) or in African-American patients (Yanagawa and De
Groot 1996; Ofosu et al. 1996). In our study, no association
was found between DQA1*05 and GD patients (Table 1 in the
“Appendix”). Taken together, these data suggest that neither
one of the studied alleles is susceptible to GD in the Lebanese
patients. As suggested by Chen et al. (2000), the discordance
of the results among different studies may be due to the
complex interaction of HLA molecules with environmental
factors, to initiate the pathogenic process of the disease.

We also studied the distribution of HLA DQAl and DQB
alleles in patients with HT to analyze the HLA-linked genetic
factors for HT in the Lebanese population. In contrast to the
results of the study done by Wan et al. (1995) on 71 Japanese
patients with HT, our findings revealed weak association be-
tween HTand HLA DQA1*0301. Our results also revealed no
relation between HT and DQB1*303 or DQB1*0201 (Table 1
in the “Appendix”). These findings are almost similar to the
study done by Hunt et al. (2001) on 77 UK patients that
showed only a weak relation between HT and DQB1*303.
Data on HLA haplotypes and their association with HT have
been less definitive than those on GD (Vaidya et al. 2002). In
addition, there are no consistency between the different studies
reported on HLA association with HT, such as HLA-DQw7 in
English Caucasians (Tandon et al. 1991), HLA-DRB1*0405 in
Greek population (Kokaraki et al. 2009), HLA-DRw53 in
Japanese (Honda et al. 1989), and HLA-DR9 in Chinese
(Hawkins et al. 1987). In our study, when the frequencies of
HLA DQB1-DQA1 were compared between patients and con-
trols, positive association was found with the haplotypes
DQB1*0302-DQA1*0501 (P00.008, OR02.378, CI0
1.241–4.558) and DQB1*0302-DQA1*0301 (P00.002,

OR02.402, CI01.381–4.180). Although the mentioned hap-
lotypes where found to be significantly associated with HT,
neither one of the alleles were directly related to the disease.
This agrees with what was previously mentioned by Petrone
et al. (2001) that the HLA-linked factor is more complex than a
one-locus model and that the combination of alleles could lead
to increasing the risk of disease incidence.

CTLA-4 polymorphisms have been widely examined for
their associations with AITD. In this study, we analyzed the
49A/G CTLA-4 polymorphism in a sample of Lebanese
patients as well. Our findings reveal no association between
CTLA-4 and the discussed AITDs. Also, no difference was
found in the distribution of the A and G alleles, nor did the AA,
AG, or GG genotypes differ between patients and controls
(Table 2 in the “Appendix”). Our findings in this respect are
similar to that reported on studies done on small samples of
Tunisian and Japanese populations (Maalej et al. 2001; Sakai
et al. 2001). In the available literature, studies on the polymor-
phism of CTLA4 exon1 A49G have shown conflicting results.
Indeed, some studies disagree with our findings and suggest
significant associations with GD and HT for both 49A/G and
CT60G/A (Chistiakov and Turakulov 2003; Kavvoura et al.
2007; Furugaki et al. 2004) while others suggest that CTLA4
leads to the production of thyroid autoantibodies but it does not
contribute to AITD (Tomer et al. 2001).

Few years back, an association between 49A/G CTLA-4
polymorphism and a small group of Lebanese patients with
GD was reported. The authors investigated the polymorphism
in 34 patients and in 38 healthy controls and concluded that
the G allele was associated with the disease (Nakkash-
Chmaisse et al. 2004). As compared to our study, the sample
size was much smaller. Moreover, the 95% confidence inter-
val for the odds ratio for the association between the G allele
frequency and GD had a lower limit of 1.0, which indicates a
weak association.

In conclusion, our results suggest that the haplotypes
DQB1*0302-DQA1*0501 and DQB1*0302-DQA1*0301
may play a role in the pathogenesis of HT in the Lebanese
population. On the other hand, weak association was found
between HLA DQB1*0302, DQA1*0501, and DQA1*0301
alleles and AITD whereas no significant difference was found
between patients and controls regarding the 49A/G CTLA-4
polymorphism.

AITDs are the most common autoimmune disorders in
which studies are slowly progressing toward the identification
of their susceptibility genes. This hopefully will help us fully
understand the underlying mechanism which in turn will light
the way for some new therapeutic interventions.
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