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Abstract

Objective: This meta-analysis aimed to determine the associations between the rs3761547,
rs3761548, and rs3761549 single-nucleotide polymorphisms (SNPs) of the forkhead box P3
(FOXP3) gene and susceptibility to Graves’ disease (GD).

Methods: Case—control studies with information on the associations between the rs3761547,
rs3761548, and rs3761549 FOXP3 SNPs and GD published before 01 May 2020 were identified in
the PubMed, Embase, Web of Science, and China National Knowledge Infrastructure databases.
Data from the studies were analyzed using RevMan version 5.3.

Results: Seven independent case—control studies including 4051 GD patients and 4569 controls
were included in the meta-analysis. The overall pooled analysis indicated that FOXP3/rs3761548
and FOXP3/rs3761549 polymorphisms were significantly associated with GD susceptibility
(rs3761548: A vs. C, odds ratio [OR]=1.32, 95% confidence interval [CI] |.05-1.67;
rs3761549: TT vs. CC, OR=1.98, 95%Cl 1.49-2.65; (TT+TC) vs. CC, OR=1.44, 95%Cl
I.11-1.88). In contrast, the FOXP3/rs3761547 polymorphism was not associated with GD sus-
ceptibility. Subgroup analysis according to ethnicity showed that rs3761548 was associated with
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GD in Asians but not in Caucasians, whereas rs3761549 was associated in both Asians and

Caucasians.

Conclusion: This meta-analysis demonstrated that FOXP3/rs3761548 and FOXP3/rs3761549
SNPs were significantly associated with susceptibility to GD, at least in Asian populations.
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Introduction

Graves’ disease (GD), also known as toxic
diffuse goiter, is a common autoimmune
thyroid disease (AITD) and the most
common cause of hyperthyroidism,
accounting for more than 80% of cases.'
GD is more common in women (male-
to-female ratio of 1:8) and usually occurs
between the ages of 20 and 40 years.” The
prevalence of GD in China is about 1.1% to
1.4%.* GD is typically characterized by the
unique association of thyrotoxicosis, goiter,
ophthalmopathy, and the presence of circu-
lating thyrotropin receptor antibody; how-
ever, the exact etiology of GD remains
unclear. Numerous recent studies have
investigated the roles of epigenetic, environ-
mental, and immunological factors in the
pathogenesis of GD, and have suggested
that interactions among all these factors
play a significant role in the pathogenesis
of GD.*

Regulatory T cells (Tregs) play a pivotal
role in suppression of the immune response
and the development of immune tolerance.
Tregs are important factors in the patho-
genesis of multiple human autoimmune dis-
eases, such as multiple sclerosis, systemic
lupus erythematosus, rheumatoid arthritis,
and type 1 diabetes.”® In addition, some
studies have described a correlation
between Tregs and GD.>’ Compared with
healthy controls, GD patients show
decreased levels of Tregs, thus emphasizing

their significant role in the pathogenesis
of GD.?

Forkhead box P3 (FOXP3) is an impor-
tant regulatory factor for the differentiation
of T cells into natural Tregs and is a key
molecule controlling Treg development and
function.” ' The locus of FOXP3 on
human chromosome Xpll.23 encodes a
protein with 431 amino acids.'®" Lack of
FOXP3 impairs the immunosuppressant
action of Tregs.'®? FOXP3 regulates T-
cell activation and functions as a transcrip-
tional repressor to downregulate cytokine
production in T cells.'"®*" Five possible
polymorphisms in the FOXP3 gene may
change the expression levels of the protein
and thus impair its function, thereby dam-
aging the suppressive ability of Tregs and
leading to autoimmune diseases.”” >’ The
known functions of FOXP3 suggest that it
might be a candidate susceptibility gene for
autoimmune diseases.”'®?® FOXP3 has also
been associated with AITDs.”?’ Some
single-nucleotide polymorphisms (SNPs)
of the FOXP3 gene, including —2383 C/T
(rs3761549), —3279 C/A (rs3761548), —924
A/G (rs2232365), —1383C/T (rs2232364),
and —3499A/G (rs3761547), may influence
its expression.'®** The SNPs rs3761547,
rs3761548, and rs3761549 have been the
most commonly tested polymorphisms in
previous genetic association studies.

Decreased expression of FOXP3 can
damage the function of Tregs and may
result in an increase in autoreactive T cell
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activity, leading to destruction of the thy-
roid gland in GD patients.”'® Although
some studies have investigated the relation-
ship between FOXP3 variants (rs3761547,
rs3761548, and rs3761549) and the risk of
GD in diverse populations,>1¢223%31 the
results have been inconclusive. To reach a
firmer conclusion, we therefore collected
data from previous relevant studies and
conducted a meta-analysis to examine the
possible associations between FOXP3 poly-
morphisms and susceptibility to GD.

Methods

Search strategies

We searched the PubMed, Web of Science,
Embase, and the China National
Knowledge Infrastructure databases for
case—control studies examining the relation-
ship between FOXP3 and GD susceptibili-
ty, published before 1 May 2020, with no
language restrictions. The keywords were:
“forkhead box P3 or FOXP3” AND
“Graves’ disease or Graves disease or
Basedow disease.”

Inclusion and exclusion criteria

Studies were required to meet the following
inclusion criteria: (1) studies examining the
association between FOXP3/rs3761547/
rs3761548/rs3761549 polymorphisms and
GD susceptibility; (2) case—control studies;
(3) studies concentrating on humans; and
(4) detailed genotype data could be
obtained to calculate odds ratios (ORs)
and 95% confidence intervals (CIs). The
exclusion criteria were: (1) not case—control
study; (2) duplicate publication; (3) animal
study; (4) no original data on allele or geno-
type frequencies; and (5) article type was a
review, letter, case report, meta-analysis, or
commentary.

The study did not require ethics commit-
tee approval because it was an analysis of
previously published studies.

Quality assessment

The qualities of the included studies were
evaluated according to the Newcastle—
Ottawa assessment scale (NOS). The
evaluation criteria included case selection,
comparability, exposure, data, and genetic
testing method. Each study was awarded a
star for each item that was evaluated satis-
factorily according to the NOS, up to a
maximum of nine stars.

Data extraction

Two reviewers independently extracted data
from each eligible article, including the first
author, date of publication, original coun-
try, race, genotyping method, numbers of
cases and controls, frequencies of genotypes
and alleles, and P-value for the Hardy-
Weinberg equilibrium (HWE). Any dis-
agreements were resolved by another
reviewer.

Statistical analysis

The meta-analysis examined each SNP
according to five genetic comparison
models: allele, homozygote, heterozygous,
dominant, and recessive. The HWE was
assessed for each study using the ¥* test in
healthy subjects. ORs with 95%CIs were
calculated using the »* test to evaluate the
strength of the association between FOXP3
polymorphisms (rs3761547, rs3761548, and
rs3761549) and GD risk. The statistical sig-
nificance of the ORs was analyzed by the
Z-test, with Pz < 0.05 considered a signifi-
cant association. Heterogeneity was investi-
gated using the Q-test and I? statistics.
I? < 50% indicated a low degree of hetero-
geneity, in which case a fixed-effects model
was used to calculate the ORs and 95%Cls,
otherwise, a random-effect model was used.
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Potential publication bias was evaluated by
funnel plots. Sensitivity analysis was con-
ducted by removing each individual study
to evaluate the robustness of the results.
HWE statistical analyses were undertaken
using Review Manager (RevMan) Version
5.3 (Cochrane Collaboration, 2014,
Copenhagen, Denmark).

Results

Study characteristics

A total of 245 studies were retrieved
through an initial search, of which 86 were
removed as duplicates and 114 were
removed as irrelevant after reading the
titles and abstract. We read the full texts
of the remaining 18 studies, and finally
included seven eligible case—control studies
in this meta-analysis. A completed
PRISMA flow chart is provided as
Supplementary Figure 1. The characteris-
tics of the included studies are summarized
in Table 1. The seven included studies
involved 4051 GD patients and 4569 con-
trols. Among these, five studies involving
1086 cases and 1157 controls examined
1$3761547, six studies involving 1166 cases
and 1442 controls examined rs3761548, and
seven studies involving 1799 cases and 1970
controls examined rs3761549. For FOXP3/
rs3761547, four studies were conducted in
Asian populations and one in a Caucasian
population; for FOXP3/rs3761548, five
studies were conducted in Asian popula-
tions and one in Caucasians; and for
FOXP3/rs3761549, five studies were con-
ducted in Asian populations and two in
Caucasian populations. We subsequently
intended to include studies on other
FOXP3 loci and Hashimoto’s thyroiditis,
as a common AITD, but these studies
were not included here because of their
small numbers. In terms of NOS evalua-
tion, all articles were awarded more than

six stars, indicating high methodological
quality.

Quantitative synthesis

FOXP3/rs3761548 polymorphism. Six case—
control studies involving a total of 1166
GD cases and 1442 controls assessed the
relationship ~ between  the  FOXP3/
rs3761548 polymorphism and GD suscepti-
bility. The meta-analysis demonstrated that
the rs3761548 polymorphism was signifi-
cantly associated with GD (A vs. C:
OR =1.32, 95%CI=1.05-1.67, Pz=0.02;
AC vs. CC: OR=1.58, 95%CI=1.01-
245, Pz=0.04; (AA+AC) vs. CC:
OR =1.51, 95%CI=1.02-2.25, Pz=0.04)
(Table 2). Subgroup analysis according to
ethnicity indicated that this polymorphism
was significantly associated with GD in
Asians (A vs. C: OR=141, 95%
CI=1.13-1.77, Pz=0.003; AC vs. CC:
OR=1.72, 95% CI=1.06-2.79, Pz=0.03;
(AA+AC) vs. CC: OR=1.66, 95%
CI=1.10-2.53, Pz=0.02) but not in
Caucasians. A forest plot of the relation-
ship between the rs3761548 polymorphism
and the risk of GD is shown in Figure 1.

FOXP3/rs3761549 polymorphism. Seven
studies including 1799 GD patients and
1970 controls were examined to evaluate
the association between the 1s3761549
SNP and GD susceptibility. There was a
significant relationship between GD and
FOXP3/rs3761549 genotype (T vs. C:
OR =1.32, 95%CI=1.03-1.70, Pz=0.03;
TT vs. CC: OR=1.98, 95%CI=1.49-
2.65, Pz<0.00001; TC vs. CC: OR=1.23,
95%CI=1.03-1.45, Pz=0.02; (TT4+TC)
vs. CC: OR=1.44, 95%CI=1.11-1.88,
Pz=0.006; TT vs. (TC+CC): OR=1.71,
95%CI=1.04-2.81, Pz=0.03) (Table 3).
According to subgroup analysis stratified
by ethnicity, we found a significant associ-
ation between the FOXP3/rs3761549 poly-
morphism and GD risk in both Asians
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Cases Controls Odds Ratio Odds Ratio
_Study or Subgroup  Events Total Events Total Weight M-H,Random.95%Cl M-H Random.95%Cl

Inoue et al. 2010[31] 34 o8 13 71 13.2% 2.37[1.14,4.92] R

Bossowski et al, 2014(9] 67 107 48 74 152% 0.91(0.49, 1.68) =

Zheng et al. 2015(22] 112 308 81 306 205% 1.59[1.13, 2.24] ——

Yu et al. 2017[5) 203 534 164 630 221% 1.74[1.36, 2.24] —-—

Fathima et al. 2019[30) 70 80 268 285 11.8% 0.44 [0.19, 1.01) —————

Shehjar et al. 2018[16] 106 135 81 150 17.1% 3.11[1.85, 5.24] —r—

Total (95% CI) 1262 1516 100.0% 1.51(1.02, 2.25) -

Total avents 592 655

Heterogeneity: Tau® = 0.17; Chi* = 20.23, df = 5 (P = 0.001); I* = 75% e u.:z oy 1 2 5 =

Test for overall effect: Z = 2.06 (P = 0.04)

Figure |. Forest plot of the association between FOXP3/rs3761548 polymorphism and risk of Graves’

disease in the dominant model (AA + AC vs. CC).
Cl, confidence interval; M-H, Mantel-Haenszel.

(T vs. C: OR=1.38, 95%CI=1.07-1.78,
Pz=0.01; TT vs. CC: OR=1.92, 95%
CI=1.17-3.15, Pz=0.01; (TT+TC) vs.
CC: OR =1.38, 95%CI=1.05-1.79,
Pz=0.02) and Caucasians (TT+TC vs.
CC: OR =231, 95%CI =1.08-4.90,
Pz=0.03).

FOXP3/rs3761547 polymorphism. We finally
investigated the relationship between the
FOXP3/rs3761547 polymorphism and GD
susceptibility, but found no significant asso-
ciations in either the overall or stratified
analysis.

Sensitivity analysis and publication bias

We performed sensitivity analysis to assess
the influence of individual studies on the
pooled results. Sequential omission of indi-
vidual studies from the pooled analysis had
no effect on the overall pooled results, indi-
cating that the results of the analysis were
statistically robust. We evaluated possible
publication bias by funnel plots, which
showed no obvious indication of publica-
tion bias.

Discussion

In the present study, we evaluated the asso-
ciations between FOXP3/rs3761547/
rs3761548/rs3761549 polymorphisms and
GD susceptibility based on seven eligible

case—control studies including 4051 GD
patients and 4569 controls. We showed
that the rs3761548 and rs3761549 SNPs
contributed to GD susceptibility.
Furthermore, subgroup analysis according
to ethnicity revealed that FOXP3/rs3761548
was associated with GD in Asians but not
in Caucasians, while FOXP3/rs3761549 was
associated in both Asians and Caucasians.
However, there was no significant associa-
tion between FOXP3/rs3761547 and GD.
FOXP3 is mainly expressed by CD4"
and CD25" Tregs, and normal FOXP3
expression has been shown to be important
for maintaining the inhibitory function of
Tregs."® Genetic variations in the FOXP3
gene, leading to reduced expression, may
thus promote the pathogenesis of GD by
weakening the inhibitory function of Tregs
and promoting an autoimmune response.
The association between FOXP3 polymor-
phisms and GD susceptibility has attracted
recent attention. FOXP3 can affect the dif-
ferentiation of Tregs and is significantly
associated with susceptibility to
GD.>%16223031  Eor instance, Fathima
et al.’® analyzed the correlation between
FOXP3/rs3761548/rs3761549 polymor-
phisms and GD in an Indian population
and found that presence of the rs3761549
T allele predisposed patients to GD. In
addition, a research team from India inves-
tigated the association between FOXP3
promoter SNPs (rs3761547, 13761548,
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and rs3761549) and GD in a Kashmiri pop-
ulation, and found significant differences
between affected individuals and controls
with respect to the genotype and allele fre-
quencies of rs3761548 and rs3761549, but
no  significant  association  between
1s3761547 and GD.'® Zheng et al.** studied
the possible associations of FOXP3 poly-
morphisms (rs3761547, rs3761548,
rs3761549, and rs2280883) with GD in a
Chinese Han population, based on 308
GD patients and 306 healthy controls, and
found that the frequencies of the AA/CA
genotype of rs3761548 and the CC geno-
type of 1s2280883 were linked to an
increased risk of GD. In addition, the
AA/CA genotype of rs3761548 was more
frequent in female than in male GD
patients. With regard to rs3761548, GD
patients with higher thyroid-stimulating hor-
mone levels or lower thyrotropin receptor
antibody levels were more likely to carry
the A allele. Another case—control study
including 534 Chinese Han patients with
GD and 630 healthy controls showed that
heterozygote and minor allele (rs3761548,
rs3761549, and rs2280883) frequencies were
significantly higher in GD patients than in
healthy volunteers. The results suggest that
FOXP3/rs3761548/rs3761549/rs2280883
polymorphisms are associated with GD sus-
ceptibility in the Chinese Han population.’
Inoue et al.>' genotyped FOXP3 poly-
morphisms (rs3761547, rs3761548,
rs3761549, and rs2280883) in a Japanese
population including 65 patients with
intractable GD, 44 patients with GD in
remission, and 71 healthy subjects. They
showed that the CA genotype of
rs3761548 was more frequent in patients
with GD in remission than in patients
with intractable GD, and that the AA geno-
type of rs3761548, which is related to defec-
tive transcription of FOXP3, was absent in
patients with GD in remission. Bossowski
et al.” investigated the role of FOXP3 SNPs
(rs3761547, 153761548, and rs3761549) in

GD susceptibility in a Polish study of 145
GD patients and 161 healthy subjects, and
showed that rs3761549 G/A and rs3761547
T/C were more frequent in female GD
patients compared with control females. In
conclusion, these results suggest that the
FOXP3 rs3761549 G/A variant may con-
tribute to the development of GD in
female patients. All of the above findings
support a role for FOXP3 polymorphisms
in GD susceptibility.

In contrast to the above results however,
Owen et al.*? investigated the association
between FOXP3 polymorphisms
(rs3761549, rs2280883, 1$2232365,
rs2294021, rs6609857, (GT)n, and (TC)n)
and GD in a Caucasian population from
the northeast of England (633 GD and
528 controls) and found no link between
FOXP3 polymorphisms and susceptibility
to GD in the UK population.

The current meta-analysis differs from
two previous meta-analyses examining the
association between the FOXP3/rs3761548
variant and autoimmune diseases per-
formed by Lee et al.'® and He et al’**
Both these previous studies found that the
FOXP3/rs3761548 SNP was associated with
susceptibility to autoimmune diseases in
Asian populations. However, their meta-
analyses only included a few studies and a
small number of GD patients, and they did
not carry out an independent analysis of the
relationship between FOXP3/rs3761548
polymorphism and GD susceptibility.
Their results could therefore not fully
explain the relationship between the
FOXP3/rs3761548 polymorphism and sus-
ceptibility to GD. The present meta-
analysis had several advantages, including
being the first meta-analysis to focus on
the relationship between the three FOXP3
SNPs (rs3761547, rs3761548, and
rs3761549) and the risk of GD.
Additionally, compared with former meta-
analyses of autoimmune diseases,'®*® the
current analysis included more studies of
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patients with GD and more FOXP3 loci, as
well as carrying out supplementary tests
including subgroup and sensitivity analyses.
Moreover, the results for rs3761548 and
rs3761547 did not change significantly,
even after excluding studies with a HWE
P-value <0.05, indicating that our meta-
analysis results were reliable.

This study had several limitations. First,
the sample size in our meta-analysis was
relatively small due to a shortage of original
studies, and only two studies in the sub-
group analyses investigated the genetic
effects of FOXP3 polymorphisms in
Caucasian populations. Further studies
with larger sample sizes and additional
ethnic populations are therefore needed to
verify the present findings. In addition, raw
data such as information on sex, lifestyle,
clinical factors, and environmental expo-
sure could not be obtained from all of the
included studies. Furthermore, the current
analysis did not contain enough data to
analyze gene—environment and gene—gene
interactions.

Conclusion

The current meta-analysis found significant
associations between the FOXP3/rs3761548
and FOXP3/rs3761549 SNPs and suscepti-
bility to GD in Asian populations.
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