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Abstract

Background: Graves’ disease (GD) is an autoimmune disorder specific to the thyroid, characterized by a complex
etiology influenced by both genetic and environmental factors. The CTLA-4 gene, known for its involvement in
immune regulation, has been scrutinized regarding its potential contribution to GD susceptibility, particularly
concerning the rs3087243 polymorphism. We conducted a meta-analysis to explore the association between
this genetic variation and the likelihood of GD development. Methods: We thoroughly searched the PubMed,
Medline, and EMBASE databases, as well as the reference lists of pertinent articles published up to 2024. Studies
examining the association between GD and the CTLA-4 CT60 polymorphism were selected for inclusion. Data
extraction and statistical analyses were conducted using Review Manager 5.4 software, which assessed multiple
genetic models and the publication bias. Results: Six studies encompassing 1904 controls and 926 GD cases met
the inclusion criteria. Our meta-analysis uncovered a substantial correlation between the CTLA-4 (rs3087243)
polymorphism and GD across multiple genetic models (allele, homozygous, dominant, and recessive), suggesting
the potential role of this genetic variant in predisposing individuals to GD. An examination of publication bias
revealed symmetrical funnel plots. Conclusion: Our meta-analysis provides evidence for a significant association
between GD and the CTLA-4 (rs3087243) polymorphism, highlighting its potential contribution to GD susceptibi-
lity. Additional investigation utilizing larger sample sizes and diverse populations is essential to corroborate these
findings and clarify the exact mechanisms governing the association between the CTLA-4 gene and GD.
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Introduction

Autoimmune diseases (ADs) encompass more than 100
conditions distinguished by the disrupted regulation of inflam-
matory mechanisms targeting one or more autoantigens [1].
Autoimmune thyroid disease (AITD) is the most prevalent
form of organ-specific AD [2]. AITDs, which impact over 5%
of the population, are the most common autoimmune dis-
eases. These include Graves’ disease (GD) and Hashimoto’s
thyroiditis (HT). Additionally, abnormal thyroid function varies
across populations, from 1-2% in males to 7-9% in females [3].
The development of autoantibodies and inflammation result
in hypothyroidism. On the other hand, GD is distinguished by
the generation of antibodies against the thyroid-stimulating
hormone receptor (TSHR), which leads to overstimulation
and excessive release of thyroid hormone by thyrocytes. Thy-
roid-specific genes are the genetic components implicated in
etiopathogenesis [4].

GD impacts approximately 0.5% of the global population,
yet its occurrence has not been explicitly documented within
the Indian population [5]. While environmental factors (e.g.
infection, stress) play a significant role in triggering GD in sus-
ceptible individuals, research involving twins has indicated
that genetic factors are the primary influencers, responsible
for approximately 80% of the predisposition to GD [6]. Addi-
tionally, both linkage and association studies have identified
the involvement of genes related to thyroid function and genes
responsible for immune regulation in GD pathogenesis [7].
The immune-regulatory genes associated with GD develop-
ment are also linked to other autoimmune disorders. These
genes include CTLA-4, HLA-DR, PTPN22, CD40, thyroglobulin,
and the TSH receptor [8]. A co-stimulatory molecule that pro-
motes peripheral self-tolerance and inhibits T-cell activation
is encoded by the CTLA-4 gene, which is found on chromo-
some 2q33. Autoimmune disorders have been associated
with modifications in CTLA-4, including the functional poly-
morphism CT60 (rs30807243). The G allele of CT60 is associ-
ated with the reduced expression of soluble CTLA-4 (sCTLA-4)
compared to the A allele [9]. When CTLA-4 is dysregulated
or genetically altered, it affects the T cell’s capacity to inhibit
immunological activation, which can result in autoimmunity,
including GD [10]. The aim of this study was to evaluate the
correlation between the +6230 G/A (rs3087243) single nucle-
otide polymorphisms (SNPs) and GD using the meta-analysis
methodology.

Material and methods

A comprehensive literature search was conducted to
identify relevant studies for inclusion in the meta-analysis.
To minimize bias and ensure the thoroughness of the re-

view, both authors independently screened articles based on
pre-established inclusion and exclusion criteria. Any discrep-
ancies between reviewers were resolved through discussion.
Data from the selected studies were extracted in duplicate,
with any inconsistencies addressed in the same manner, fur-
ther ensuring the accuracy and reliability of the results.

Literature search

We searched the literature published up to 2024 using
PubMed, Medline and EMBASE. The search terms “Graves’
disease”, “GD”, and “cytotoxic T lymphocyte-associated anti-
gen 4”, “CTLA-4”, combined with “polymorphism” were used.
All research investigating the relationship between GD and
the CTLA-4 (rs3087243) polymorphism was carefully chosen
and thoroughly examined. In the interim, additional articles
were identified by reviewing the references of the studies.

Inclusion and exclusion criteria

All studies that were published in English were taken
into account for this meta-analysis and had to fulfill the sub-
sequent inclusion requirements: case-control studies, geno-
type distribution or allelic frequency data were available for
comparison, sufficient data were available to calculate an OR
along with a 95% Cl. The following were among the exclusion
criteria: studies with overlapping data, studies where family
members were examined (linkage considerations were the
basis for the analysis) and studies where the control popula-
tion’s genotype distribution was outside the Hardy-Weinberg
equilibrium (HWE). A PRISMA flowchart illustrating the inclu-
sion and exclusion of studies is provided in Figure 1.

Data extraction

The data collected from each study include information
such as the title, the primary author, the year of publication,
the place of origin, the study design and research methods,
the genotyping strategy used and the specific goals of the
study. We did not address or account for potential discrepan-
cies or conflicting results among the articles included in the
analysis.

Quality assessment

The Newcastle-Ottawa Scale (NOS) was employed to as-
sess the quality of case-control studies [11]. Using this tool
we evaluated each study’s comparability, outcomes, and
methodological integrity, including sampling techniques, re-
sponse rates, and representativeness. Studies scoring 7 out
of 10 were considered suitable, a threshold determined after
reviewing relevant literature-based meta-analyses.



Statistical analysis

We used the Review Manager 5.4 software (The Cochrane
Collaboration, London, UK) for data analysis, with the statisti-
cal significance set at p < 0.05 for all genetic variants. Essential
tools and procedures were utilized to conduct comprehen-
sive genetic association meta-analyses, assess the clinical
relevance of genetic variations, ensure significance testing
in large-scale genetic studies, and maintain statistical power.
The heterogeneity assumption from previous research was
evaluated using the Chi-square-based Q statistic test and the
12 metric value. Significant data were identified with a p-value
of less than 0.1. The preceding research used the random ef-
fect model to assess the odds ratio, accompanied by a 95% Cl.
An analysis of the HWE was conducted using the Chi-square
test [12]. A forest plot, incorporating 95% confidence inter-
vals and the overall odds ratio, was generated to evaluate
the strength of the association between gene polymorphism
and autoimmune thyroid disease. Publication bias in the me-
ta-analysis was assessed through a funnel plot.

Power analysis

Using the GPower 3.1 tool (The G*Power Team, Hein-
rich-Heine-Universitat Disseldorf, Germany), we computed

{ Identification of studies through databases and registers
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the statistical power under a 95% confidence interval with an
o error probability set at 0.05 [13]. For each selected gene,
the power of the case and control study sample sizes was
combined and analyzed separately.

CTLA-4 gene interaction network analy-
sis

To better understand the role of CTLA-4 and its potential
functional partners in GD, we used the Search Tool for the Re-
trieval of Interacting Genes/Proteins (STRING) online server
(STRING Consortium, http://string-db.org/) to build a net-
work of CTLA-4 gene interactions [14].

Of the 671 studies on the correlation between the col-
lected data and GD, 6 specifically investigated the relationship
with the CTLA-4 (rs3087243) polymorphism and contained
data from 926 GD cases and 1904 controls. These articles
were then examined to see which ones fulfilled the inclu-
sion criteria for our study and had valuable data. Detailed
information regarding each study we included is outlined in
Table 1, along with the characteristics of the cases and controls

regarding the correlation between GD
and the CTLA-4 polymorphism. These

} 6 articles included patients from di-

verse ethnic groups [9, 15-19].

Publication bias and the
analysis of quantitative
data

We conducted 6 investigations to
assess the relationship between AITD,
particularly GD, and the CTLA-4 gene

Articles found in literature search
(n=671)
{ Articles screened (n = 212) ] — (

Articles removed

(n =147) (rs3087243) polymorphism. Our re-

!

search revealed a strong correlation
between GD risk and CTLA-4 polymor-

[ Articles evaluated for eligibility (n = 65) ] —

Full-text articles
excluded due to
insufficient data (n =59)

phism in various genetic models. The
allele model (A vs. G) exhibits an 12 of

}

[ Studies selected for quantitative analysis (1 = 6]]

}

[ Studies selected for qualitative analysis (n = 6)]

65%, an OR of 1.96, a 95% Cl of 1.53-
-2.50, and a p-value < 0.00001. In the
homozygous model (AA vs. GG), the 12
is 56%, presenting an OR of 4.48, with
a 95% Cl of 2.57-7.82 and a p-value of
0.0001. The dominant model (AA+AG
vs. GG) showcases an OR of 2.83,
a 95% Cl of 1.82-4.40, and a p-value
of 0.0001. Meanwhile, the recessive

Figure 1. Study selection of the CTLA-4 gene polymorphism and Graves’ disease

model (AA vs. AG+GG) displays an
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12 of 68%, an OR of 2.29, a 95% Cl of 1.57-3.34, and a p-value
of less than 0.0001 under the random effects model. Fixed
effects were preferred when the 12 was 39% in the heterozy-
gote model (AG vs. GG), yielding an OR of 0.58, with a 95% ClI
of 0.48-0.70 and a p-value of less than 0.0001 (Figure 2). We
employed a funnel plot (Figure 3) and Egger’s regression test
in our investigation to assess publication bias. The funnel plot
suggests that the dataset may contain small-study effects or
publication bias. The majority of research indicates a positive
correlation between GD and CTLA-4 polymorphisms. We used
the 3DSNP tool to provide additional information on the re-
lationship between chromosomes and SNPs [20]. As a result,
we created Circos plots, which offer an intricate and precise
representation of the whole genomic dataset displayed in
Figure 4. The genomic landscape of the CTLA-4 gene area on
chromosome 2q33 is highlighted by this Circos plot (Figure 4),
which displays important SNPs (like rs3087243), gene-gene
closeness (like CD28, ICOS), and potential linkage disequilib-
rium or functional connections. With internal arcs indicating
strong genetic interactions that may affect CTLA-4 expression
and function, important to autoimmune disorders like GD dis-
ease, the clustered red SNPs indicate locations of high poly-
morphism.

Power analysis

We conducted a power analysis to determine the signif-
icance level for each selected SNP. Our results indicated that
the sample sizes from the selected literature were sufficient to
meet this stringent significance level, ensuring the robustness

Table 1. Characteristics of studies included in the meta-analysis

and reliability of our findings. This comprehensive approach
confirms that our meta-analysis can detect significant associ-
ations for the SNPs under investigation, as shown in Figure 5.

Gene-gene network and interactions

Our STRING online server analysis indicated that CTLA-4
interacts with several genes. The 10 most significant genes
from the network of gene-gene interactions are shown in Fig-
ure 6. According to these results, CTLA-4 exhibits high-confi-
dence functional connections with other important immune
regulators, such as PD-1, PD-L1, CD28, ICOS, and galectin-9
(LGALS9). Because of these connections, CTLA-4 is positioned
as a key participant inimmune homeostasis maintenance, and
as a crucial target in the modulation of autoimmune diseases.

This meta-analysis, which comprised 1904 controls and
926 GD patients, investigated the relationship between the
CTLA-4 (rs3087243) polymorphism and GD. Egger’s test results
offered statistical support for the symmetry of the funnel plot.
According to the overall findings, all genetic models showed
astrong (p < 0.01) association between variant genotypes and
GD risk. Although GD has severe clinical significance, its path-
omechanism is still unclear. However, stress and infection play
a significant role in the susceptibility of specific individuals
to GD. SNPs help to analyze genetic changes and the likeli-
hood of developing certain diseases. GD is a thyroid-specific
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Figure 2. Forest plot showing the association between the CTLA-4 gene polymorphism and Graves’ disease in all 5 models
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Figure 5. Power analysis result of the CTLA-4 gene

autoimmune disease mediated by anti-
bodies [21]. The CTLA-4 protein is suscepti-
ble to autoimmunity and can send an inhib-
itory signal to T-cells [22]. Si et al. identified
the CTLA-4 protein as the gatekeeper of
conjugation timing; decreased conjugation
may offer protection against extended du-
rations of time that cytotoxic T-cells spend
close to autoantigen-defined targets [22].
That finding has received much attention
because of its significant contribution to
autoimmunity [22]. Our meta-analysis
showed a strong (p < 0.01) correlation be-
tween the CTLA-4 polymorphism and GD.
In addition, we report that there may be
a relationship between the risk of GD and
the CTLA-4 (rs3087243) polymorphism.
In conclusion, our meta-analysis demon-
strates a strong correlation between in-
creased susceptibility to GD illness and the
CTLA-4 (rs3087243) polymorphism, specif-
ically the G allele. These findings empha-
size the genetic role of CTLA-4 in GD and
the necessity for further investigation into
its functional significance and potential as
a therapeutic target or biomarker.

While our study provides valuable in-
sights, it has several limitations that need
to be considered. First, our sample size
was relatively small, which may limit the
generalizability of the findings and reduce
the statistical power, particularly in sub-
group analyses. Additionally, the potential
for population stratification could have in-
fluenced the results, as genetic variations
may differ across populations. Although
the funnel plots appeared symmetrical
(suggesting no significant publication bias),
we acknowledge that this visual inspec-
tion method has limitations and a more
formal test for publication bias could pro-
vide further clarity. Furthermore, due to
the small number of studies included, we
were unable to perform a meta-regression
or a more in-depth exploration of certain
sources of heterogeneity. Given these lim-
itations, further research with larger sam-
ple sizes and more diverse populations is
needed to confirm and expand upon the
observed associations between the CTLA-4
gene and GD.
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Figure 6. Human CTLA-4 interaction network with other genes obtained from the STRING server

warranted to elucidate the precise relationship between the
Our meta-analysis investigated the relationship between CTLA-4 gene and GD susceptibility.
GD risk and the CTLA-4 (rs3087243) polymorphism, involving
1904 controls and 926 GD patients across six studies. In sever-
al genetic models, our research revealed a strong correlation Conflict of interest
between the CTLA-4 polymorphism and GD, indicating that

this genetic variation may play a role in predisposing people None.

to GD. The CTLA-4 gene, critical in regulating T-cell activity,

has garnered attention for its involvement in autoimmune

diseases, including GD. Despite the strengths of our analysis _
(e.g. comprehensive literature search and robust statistical

methods), it has limitations, including the small sample siz- None.
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