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ABSTRACT

Background: FOXP3 is a transcription factor that regulates the development and function of Treg,
playing an essential role in preventing autoimmune diseases. Variation in FOXP3 can impair the
function of Treg cells, thus destroying their inhibitory capacity and leading to autoimmune
diseases. This paper investigated whether the three SNPs in the FOXP3 gene (-3279 C/A, -924 A/G
and -6054 del/ATT) are associated with systemic lupus erythematosus (SLE) susceptibility in the
Han Chinese population.

Materials and methods: The study cohort comprised 122 SLE patients and 268 healthy controls.
Genotyping was performed by polymerase chain reaction sequence-specific primer (PCR-SSP).
Furthermore, we examined the potential clinical manifestations associated with FOXP3
polymorphisms in SLE patients.

Results: The results showed that the -3279 (C>A) was significantly associated with the SLE risk
in a homozygote (OR = 3.24, 95% Cl = 1.23-8.52, p = .013, AA vs. CC), dominant (OR = 1.68, 95%
Cl = 1.07-2.65, p = .025, AC + AA vs. CC), recessive (OR = 2.90, 95% Cl = 1.12-7.55, p = .023, AA
vs. AC + CC) and allelic (OR = 1.72, 95% ClI = 1.18-2.53, p = .005, A vs. C) models. In addition,
-924 (A>G) was positively associated with SLE risk in the heterozygote (OR = 1.66, 95% Cl =
1.04-2.66, p = .033, AG vs. AA) and dominant (OR = 1.59, 95% CI = 1.01-2.49, p = .042, AG + GG
vs. AA) models, whereas -6054 (del>ATT) was not associated with SLE. Moreover, the
immunological index analysis suggested that decreased complement C4 occurred more frequently
in SLE patients carrying the minor allele (A) -3279 (C>A) than those not (p = .005).
Conclusions: We demonstrated that -3279 (C>A) and -924 (A>G) were associated with an
increased risk of SLE and the immunological index, indicating that the FOXP3 variation is
potentially related to the occurrence and development of SLE.
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1. Introduction

Systemic lupus erythematosus (SLE) is a complex auto-
immune condition characterized by developing auto-
antibodies targeting nuclear antigens and forming
immune complexes [1]. These immune complexes,
which can activate the complement system, impact
various organ systems such as skin, eyes, kidneys,
heart, joints, and central and peripheral nervous sys-
tems [2-5]. The production of autoantibodies results
from multiple immunological dysregulations, including
abnormalities in the regulation of B and T cells,

breakdown of immune self-tolerance, and impaired
clearance of apoptotic cells and immune complexes
[6]. Notably, autoreactive CD4* T cells are involved in
stimulating B cell differentiation, proliferation and mat-
uration, leading to increased autoantibody production,
which is pivotal in the initiation and progression of
SLE [7,8].

A subset of T lymphocytes with suppressive func-
tions is crucial in maintaining self-tolerance [9].
Specifically, CD4*CD25* T cells significantly prevent
autoimmune reactions and undesirable responses from
auto-reactive T cells [10]. Besides, the transcription
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factor forkhead box P3 (FOXP3) is pivotal in governing
the development and differentiation of CD4*CD25*
Tregs. Previous investigations involving promoter activ-
ity analysis have revealed that variations in the FOXP3
gene promoter region can impact promoter activities,
decrease FOXP3 mRNA expression, and eventually
reduce FOXP3 protein expression [11]. Then, these
reduced FOXP3 expressions in Tregs alter the frequency
of Tregs and reduce Tregs’ suppressive function [12,13].
Studies have demonstrated a significant decrease in
CD4*CD25* Tregs in individuals with active SLE [14].
Another study suggests that the immune-suppressive
activities of Tregs with attenuated Foxp3 expression
were nearly abolished in vitro and in vivo [15]. Thus, we
hypothesize that single nucleotide polymorphisms
(SNPs) within the FOXP3 gene promoter region may
contribute to changes in the quantity and function of
Tregs and susceptibility to SLE.

Although the FOXP3 gene polymorphism has been
identified as a potential risk factor for SLE, the reported
findings have been controversial [6,11,16-18]. For
instance, one study indicated that the -3279 (C>A)
variant in the FOXP3 gene is linked to SLE in the
Brazilian population [6], while another study did not
find an association between this variant and SLE sus-
ceptibility [17]. Additionally, variants such as -924
(A>G) and -6054 (del>ATT) within the FOXP3 pro-
moter region have been strongly linked to various
autoimmune diseases like multiple sclerosis (MS), rheu-
matoid arthritis [19,20], immune thrombocytopenia
[21], ulcerative colitis [22] and vitiligo [23,24], but have
not shown an association with SLE susceptibility due
to limited available data [6]. It is important to note
that these SNPs vary across racial and ethnic groups.
Therefore, this study aimed to evaluate possible asso-
ciations of three SNPs in the promoter of the FOXP3
gene with SLE susceptibility. In addition, correlations
between susceptible SNPs genotypes and immuno-
logic markers were established to evaluate the influ-
ence of SNPs variation on clinical manifestations.

2. Materials and methods
2.1. Study sample

The case-control study involved 130 SLE patients
and 280 healthy controls of northern Chinese Han
origin from the Department of Rheumatology and
Immunology, the First Affiliated Hospital of Henan
University of Science and Technology. Demographic
and clinical characteristics of patients with SLE
were obtained, such as anti-nuclear antibody (ANA),
anti-double-stranded DNA (anti-dsDNA) antibodies,

erythrocyte sedimentation rate (ESR), hypersensitivity
C-reactive protein (hs-CRP) and complement C3 and
C4. All patients met the diagnostic criteria of SLE
according to the SLE classification criteria revised by
the 1997 American College of Rheumatology (ACR)
[25]. Exclusion criteria: (1) associated with other auto-
immune diseases such as rheumatoid arthritis, ankylos-
ing spondylitis, primary Sjogren’s syndrome and argyria
arthritis. (2) SLE patients with systemic infection. (3)
Patients with cardiac, respiratory and renal diseases
due to causes other than SLE [26]. (4) Patients with
other malignant tumours, neurodegenerative diseases
and mental diseases. (5) Pregnant or lactating women.
Participants who were free of SLE or other autoim-
mune conditions were selected as healthy volunteers
and paired based on age and gender with individuals
diagnosed with SLE. This study was approved by the
Ethics Committee of The First Affiliated Hospital of
Henan University of Science and Technology (2023-03-
K0049), and written consent was obtained from all
participants. The study was conducted following the
Declaration of Helsinki.

2.2. Sample collection and DNA extraction

Peripheral venous blood was collected from each indi-
vidual into a tube containing 50mM EDTA. Genomic
DNA was extracted from the whole blood using the
classic isopropyl alcohol precipitation method, which is
particularly effective for isolating genomic DNA from
larger blood samples compared to the adsorption col-
umn technique. An ultra-fine ultraviolet spectropho-
tometer determined DNA purity and concentration.
The extracted DNA was stored in a refrigerator
at —80°C.

2.3. Genotyping

Genotyping of the three SNPs (-3279 C/A, -924 A/G
and -6054 del/ATT) was performed using the poly-
merase chain reaction sequence-specific primers
(PCR-SSPs). Table 1 reports the primer sequences for
genotyping [27]. Gradient PCR was used to determine
the optimal annealing temperature, and PCR was per-
formed in a 20 pL volume containing 50ng DNA,
0.8 uM each of forward and reverse primers, and 10 uL
2x MasterMix. The PCR protocol comprised an initial
denaturation step at 94°C for 3min, 30 cycles of dena-
turation at 94°C for 30s, annealing at 61°C for 30s
and extension at 72°C for 40s, with a final elongation
of 72°C for 5min. The products of the PCR reactions
were analysed through electrophoresis with 2%



Table 1. Primers used in the genotyping by PCR-SSP.
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Product size

SNP Allele Forward primer Reverse primer (bp)
—3279 (C>A) A 5'-CTGGCTCTCTCCCCAACTGA-3’ 5'-ACAGAGCCCATCATCAGACTCTCTA-3" 334
rs3761548 C 5'-TGGCTCTCTCCCCAACTGC-3' 5'-ACAGAGCCCATCATCAGACTCTCTA-3’ 333
-924 (A>G) A 5'-CCCAGCTCAAGAGACCCCA-3' 5'-GGGCTAGTGAGGAGGCTATTGTAAC-3' 442
$2232365 G 5'-CCAGCTCAAGAGACCCCG-3' 5'-GCTATTGTAACAGTCCTGGCAAGTG-3' 427
—6054 (del > ATT) del 5'-ACCTTTAAGTCTTCTGCCATTTATTCTATTATTT-3’ 5'-TGATTATCAGCGCACACACTCAT-3" 358
rs5902434 ATT 5'-CCTTTAAGTCTTCTGCCATTTATTCTATTATTA-3’ 5'-TGATTATCAGCGCACACACTCAT-3' 356

agarose gels visualized by ethidium bromide staining
at 0.5mg/mL under an ultraviolet illuminator.

2.4. Statistical analysis

Five inheritance models were tested for each SNP
including the heterozygote, homozygote, dominant,
recessive and allele models. The Hardy-Weinberg equi-
librium (HWE) was evaluated in the control group
using Pearson’s Chi-square test, with an HWE analysis
with a p value exceeding .05, suggesting that the pop-
ulation under study is representative [28]. Besides, the
Chi-square test was employed to compare the distribu-
tion frequencies of genotypes and alleles, with a sig-
nificance level set at p < .05 [29], aiming to evaluate
the association between FOXP3 polymorphisms (-3279
C/A, -924 A/G and -6054 del/ATT) and SLE risk [30].
Furthermore, gender-based subgroup analysis was per-
formed to investigate the potential gender-specific
associations of FOXP3 polymorphisms with SLE suscep-
tibility. The calculated linkage disequilibrium (LD) was
between paired SNPs and expressed as D', where
D' = 1 corresponds to complete LD, while D’ = 0 indi-
cates no LD. The haplotype analysis and LD testing
was based on the online SHEsis (http://analysis.bio-x.
cn/myAnalysis.php). SNP-SNP interactions were stud-
ied using the generalized multifactor dimensionality
reduction (MDR) model with three SNPs [31], and func-
tional annotation was assessed by the Encyclopedia of
DNA Elements tool HaploReg v4.2 [32] to predict the
potential SNP functions. The risk associated with indi-
vidual genotypes or alleles was calculated as the odds
ratio (OR) with 95% confidence intervals (95% Cls). For
all analyses, p < .05 was considered statistically signif-
icant, and all data statistics used SPSS 26.0 (IBM SPSS
Inc., Armonk, NY).

3. Results
3.1. Patient characteristics

Eight (6.15%) patients were not included in the study
due to loss of follow-up, and 12 (4.29%) controls were
excluded because they did not match the age and

Table 2. Demographic characteristics of patients with systemic
lupus erythematosus.

Characteristics SLE, n (%)
Gender (female:male) 9:1
Age (years) 36.5 + 128
Anti-dsDNA Ab Negative 68 (55.7%)
Positive 54 (44.3%)
AnA Negative 10 (8.2%)
Positive 112 (91.8%)
a Normal 73 (59.8%)
Decreased 45 (36.9%)
c4 Normal 42 (35.6%)
Decreased 76 (64.4%)
hs-CRP Increased 20 (16.4%)
Normal 102 (83.6%)
ESR Increased 57 (46.7%)
Normal 65 (53.3%)

Anti-dsDNA: anti-double-stranded DNA; AnA: anti-nucleosome antibody;
C3: complement 3; C4: Complement 4; hs-CRP: hypersensitive C-reactive
protein; ESR: erythrocyte sedimentation rate.

Data are expressed as mean, standard deviation and percentage (%).

gender ratio of the cases. Consequently, 122 (93.85%)
patients and 268 (95.71%) controls were included in
the final data analyses. Table 2 reports the demo-
graphic and immunological indicators of all patients.
Among the patients, there were 110 females (90.2%)
and 12 males (9.8%), the sex ratio was 9:1 (female:-
male), and the average age was 36.5 + 12.8. In the
controls, the proportion of females and males was
almost the same, i.e. 90.3/9.7. Around 44.3% of patients
were positive for anti-ds-DNA antibody, 91.8% with
ANA, 36.9% patients with decreased complement C3,
64.4% patients with decreased complement C4, 46.7%
patients with increased ESR and 16.4% patients with
increased hs-CRP.

3.2. Hardy-Weinberg’s equilibrium analysis

The three SNPs of FOXP3, including -3279 (C>A), -924
(A>G) and -6054 (del>ATT), were genotyped in 122
patients and 268 healthy controls to evaluate associa-
tion with SLE susceptibility. Gradient PCR was used to
determine the optimal annealing temperature. Finally,
we set the annealing temperature to 61°C and found
that annealing at elevated temperatures can cause a
decrease in yield or the absence of the desired product,
while annealing at excessively low temperatures may


http://analysis.bio-x.cn/myAnalysis.php
http://analysis.bio-x.cn/myAnalysis.php

4 €> S.DUETAL

M 1 2 3 4 5 6 7

600
400

100

8 9 10 11 12 13

14 15 16

17 18

Figure 1. Typical band patterns of PCR-SSP. The band pattern for rs3761548 (C>A), lanes 1 and 2: CC genotype; lanes 3 and 4:
AC genotype; lanes 5 and 6: AA genotype; the band pattern for rs2232365 (A>G), lanes 7 and 8: AA genotype; lanes 9 and 10:
GG genotype; lanes 11 and 12: AG genotype. The band pattern for rs5902434 (del > ATT), lanes 13 and 14: homozygous del gen-
otype; lanes 15 and 16: heterozygous del/ATT genotype; lanes 17 and 18: homozygous ATT genotype. Lane M shows a 600 bp

DNA marker.

Table 3. Distribution of genotype and allele frequencies of the
FOXP3 polymorphisms in SLE patients and controls.

Table 4. Association analysis of the FOXP3 polymorphisms

with susceptibility to SL

E.

Controls, n
SNP Genotype  SLE, n (%) (%) p Value p/HWE
—3279 (C>A) CC 76 (62.3) 197 (73.5) .022 47
3761548 AC 36 (29.5) 63 (23.5)
AA 10 (8.2) 8 (3.0
C 188 (77.0) 457 (85.3) .005
A 56 (23.0) 79 (14.7)
-924 (A>G) AA 40 (32.8) 117 (43.6) 102 .66
rs2232365 AG 66 (54.1) 116 (43.3)
GG 16 (13.1) 35 (13.1)
A 146 (59.8) 350 (65.3) 142
G 98 (40.2) 186 (34.7)
—6054 del/del 40 (32.8) 114 (42.5) 174 11
(del > ATT) del/ATT 60 (49.2) 109 (40.7)
15902434 ATT/ATT 22 (18.0) 45 (16.8)
del 140 (57.4) 337 (63.0) 144
ATT 104 (42.6) 199 (37.0)

HWE: Hardy-Weinberg equilibrium.

lead to non-specific amplification. Figure 1 illustrates
representative photographs where ambiguous geno-
types were repeated. Notably, 10% of the samples were
randomly selected and sequenced by Sangon Biotech
(Shanghai, China) to ensure that results were consistent
with genotyping. The genotype frequencies of FOXP3
in the healthy controls followed HWE (p > .05).

3.3. Genotype and allele frequencies distribution
of the FOXP3 polymorphisms in SLE patients and
controls

Tables 3 and 4 present the genotype and allele fre-
quency distributions of FOXP3 polymorphisms in
patients and controls and their association with SLE
risk. The genotype and allele frequencies of FOXP3
-3279 (C>A) differed significantly between patients
and controls (p = .02; p = .005; Table 3). Besides, the
susceptible A allele frequency increased in patients
compared to controls (23.0% vs. 14.7%; Table 4). In the
dominant model, the presence of the AC + AA geno-
type in cases was significantly higher than in controls
(37.7% vs. 26.5%, p = .025). When the recessive model

Case/control (122/268)

Genetic

SNP model Genotype OR (95% Cl) Value
—3279 (C>A) Heterozygote AC vs. CC 1.48 (0.91-2.41) 113
3761548 Homozygote AA vs. CC 3.24 (1.23-8.52) 013
Dominant AC + AA vs. CC  1.68 (1.07-2.65) .025
Recessive AA vs. AC + CC 290 (1.12-7.55) .023
Allele Avs. C 1.72 (1.18-2.53) .005
—924 (A>G) Heterozygote AG vs. AA 1.66 (1.04-2.66) .033
rs2232365 Homozygote GG vs. AA 1.34 (0.67-2.67) 410
Dominant AG + GG vs. AA 1.59 (1.01-2.49) .042
Recessive GG vs. AG + AA 1.00 (0.53-1.90) 988
Allele Gvs. A 1.26 (0.93-1.73) 142
—6054 Heterozygote del/ATT vs. del/ 1.57 (0.97-2.53) .064

(del > ATT) del
rs5902434 Homozygote ATT/ATT vs. del/ 1.39 (0.75-2.60) 297

del
Dominant del/ATT + ATT/  1.52 (0.97-2.38) .068

ATT vs. del/

del

Recessive ATT/ATT vs. del/  1.09 (0.62-1.91) .763
ATT + del/

del

Allele ATT vs. del 1.26 (0.92-1.71) 144

n: the number of patients/controls; OR: odds ratio; Cl: confidence interval;
p values < 0.05 were considered as statistically significant.

was evaluated, the frequency of AA in cases was sig-
nificantly lower than in controls (8.2% vs. 3.0%,
p = .023). Therefore, -3279 (C>A) was significantly
associated with the SLE risk in homozygotes (OR =
3.24, 95% Cl = 1.23-8.52, p = .013, AA vs. CC), domi-
nant (OR = 1.68, 95% Cl = 1.07-2.65, p = .025, AC + AA
vs. CQ), recessive (OR = 290, 95% Cl = 1.12-7.55,
p = .023, AA vs. AC + CC) and allelic (OR = 1.72, 95%
Cl = 1.18-2.53, p = .006, A vs. C) models.

As for FOXP3 -924 (A>QG), no statistical differences
were observed in the distribution of the FOXP3 geno-
type and the allele frequency between patients with
SLE and healthy controls. However, the frequency of
the susceptible AG genotype increased in patients
compared to controls (54.1% vs. 43.3%; Table 4) in the
heterozygote model (OR = 1.66, 95% Cl = 1.04-2.66,
p = .033, AG vs. AA). In the dominant model, the



presence of the AG + GG genotype was higher in
patients with SLE when compared to controls (67.2%)
versus (56.4%) respectively, suggesting that carrying
the AG + GG genotype affects the susceptibility to
develop SLE (OR = 1.59, 95% CI = 1.01-2.49, p = .042).

Regarding the -6054 (del>ATT) variant, there was
no significant difference in the distribution of the
FOXP3 genotype and allele frequency between cases
and controls (p = .07; p = .14). No significant associa-
tion between -6054 (del>ATT) and SLE risk was found
in the five genetic models.

3.4. Analyses stratified by gender

It is acknowledged that SLE primarily affects women.
To comprehensively investigate the influence of gen-
der on our research findings, a subgroup analysis was
performed based on gender to investigate potential
gender-specific associations of FOXP3 polymorphisms
with susceptibility to SLE. The results demonstrated
that only -3279 (C> A) was significantly associated with
the SLE risk in females in homozygotes (OR = 3.65,
95% Cl = 1.12-11.87, p = .073, AA vs. CC), dominant
(OR = 1.78, 95% CI = 1.09-2.91, p = .020, AC + AA vs.
CC), recessive (OR = 3.22, 95% ClI = 1.00-10.39,
p = .039, AA vs. AC + CC) and allelic (OR = 1.80, 95%
Cl = 1.18-2.74, p = .006, A vs. C) models (Table 5).

3.5. Association of FOXP3 haplotype with SLE risk

Linkage disequilibrium analysis was performed for the
three SNPs, as depicted in Figure 2, which revealed a
strong LD among -3279 C/A, -924 A/G and -6054

Table 5. Subgroup analysis based on gender.
Case/control (110/242)

Genetic p
SNP model Genotype OR (95% Cl) Value
—3279 (C>A) Heterozygous AC vs. CC 1.60 (0.95-2.69) .073
rs3761548 Homozygous AA vs. CC 3.65 (1.12-11.87) .023
Dominant AC + AA vs. CC 1.78 (1.09-2.91) .020
Recessive AA vs. AC + CC  3.22 (1.00-10.39) .039
Allele Avs. C 1.80 (1.18-2.74) .006
—924 (A>G) Heterozygous AG vs. AA 1.57 (0.97-2.55) .067
1s2232365 Homozygous GG vs. AA 1.20 (0.56-2.58) .645
Dominant AG + GG vs. AA 149 (0.94-2.38) .091
Recessive GG vs. AG + AA 094 (0.46-1.92) .856
Allele Gvs. A 1.22 (0.87-1.69) .249
—6054 Heterozygous del/ATT vs. del/  1.53 (0.93-2.52) .093
(del > ATT) del
rs5902434 Homozygous ATT/ATT vs. del/  1.24 (0.63-2.40) .535
del
Dominant del/ATT + ATT/ 144 (0.91-230) .122
ATT vs. del/
del
Recessive ATT/ATT vs. del/  0.99 (0.54-1.82) .969
ATT + del/
del
Allele ATT vs. del 1.20 (0.87-1.66) .275

p values < 0.05 were considered as statistically significant.
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del/ATT (D' > 0.6). In the association study of FOXP3
haplotype, the frequency of the -3279 A/-924G/-
6054ATT haplotype was significantly higher in cases
(18.7% vs. 10.8%, OR = 191, 95% Cl = 1.25-2.92;
p = .002, Table 6), which increased the risk of SLE. In
addition, the frequency of -3279 (C/-924A/-6054ATT
in controls was higher than in the SLE (1.1% vs. 8.2%,
OR = 0.13, 95% Cl = 0.04-0.44; p < .001), suggesting
that it was negatively associated with the risk of SLE
and had a protective effect against the disease. There
was a significant reduction in the frequency of -3279
C/-924G/-6054del in patients compared to controls
(04% vs. 6.5%, OR = 0.06, 95% Cl = 0.01-0.44;
p < .001).

3.6. Analyses stratified by immunologic marker

When the genetically defined subgroups with special
immunologic characteristics (including AnA, anti-dsDNA,
ESR, hs-CRP and C3 and C4 levels) were analysed, lower
serum complement C4 levels occurred more frequently
(80.0%) in patients carrying -3279 AC + AA genotype
(p = .005) than the patients with CC genotype (51.9%)
(Table 7). As for FOXP3 -924 (A >G) and -6054 (del > ATT),
those SNPs were not associated with immunological
indices. Although -6054 (del >ATT) has been associated
with other autoimmune diseases [30], the genetic
mutations alone do not have much effect [33]. Since a
combined analysis can better understand the role of
FOXP3 variants in SLE, we studied the association of
FOXP3 haplotype with immunological indices. However,
no significant association was found between FOXP3
haplotypes and special immunologic markers.

3.7. SNP-SNP interaction analysis

Table 8 presents the details of the SNP-SNP interac-
tions in SLE patients. The generalized MDR analysis of
SNP-SNP interactions indicated that the two-locus
model (-924 A/G, -6054 del/ATT) and three-locus
model (-3279 C/A, -924 A/G and -6054 del/ATT) had
10/10 cross-valid consistency and high-test accuracy
when compared with the one-locus model. The statis-
tical test set in the two-locus model (p < .0001) and
three-locus model were highly significant, followed by
the one-locus model of SNP-SNP interaction (p < .05).
This indicates a strong SNP-SNP interaction in the
two-locus and three-locus models for SLE risk among
the three SNPs of FOXP3.

3.8. Functional annotation

The results revealed that the variants -3279 C/A, -924
A/G and -6054 del/ATT were identified as enhancer
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rs5902434
rs2232365
rs3761548

Block 1 (11 kb)
1 2

L1 L2 D' r’

rs5902434 rs2232365 0.663 0.396
rs5902434 rs3761548 0.696 0.158
rs2232365 rs3761548 0.743 0.161
Haplotype Frequency (%)
del/A/A 54.1

ATT/G/C 16.5

ATT/G/A 10.8

ATT/A/C 8.2

del/G/C 6.5

ATT/A/A 1.6

del/A/A 1.5

Figure 2. Linkage disequilibrium analysis between the three SNPs of FOXP3. The value in the LD block represents D' as a per-
centage. The redder the colour, the stronger the linkage. Seven common haplotypes for these polymorphisms were constructed.

Table 6. Frequency distribution of FOXP3 haplotype in SLE
patients and controls.

Haplotype SLE (%) Control (%) p Value OR (95% Cl)

—3279A/-924G/- 18.7 10.8 .002 1.91 (1.25-2.92)
6054ATT

—3279C/-924A/- 54.5 54.1 .870 1.03 (0.75-1.40)
6054del

—3279C/-924A/- 1.1 8.2 <.001 0.13 (0.04-0.44)
6054ATT

—3279C/-924G/- 0.4 6.5 <.001 0.06 (0.01-0.44)
6054del

—3279C/-924G/- 21.0 16.5 123 1.35 (0.92-1.99)
6054ATT

Controls and cases with a frequency of <0.03 were discarded and
ignored in the analysis. p values < 0.05 were considered as statistically
significant.

histone marks, and the variants -3279 C/A and -6054
del/ATT were identified as promoter histone marks. In
addition, -3279 C/A was related to the motif change
for some genes (Table 9).

4. Discussion

SLE is distinguished by autoantibodies, produced due
to various immunological changes, such as the break-
down of immune self-tolerance. CD4*CD25* T cells, the
subset of T lymphocytes exhibiting negative regulatory
functions, are instrumental in maintaining self-tolerance
and preventing autoimmune reactions and undesirable
responses from auto-reactive T cells [9,10]. The tran-
scription factor FOXP3 is pivotal in governing the
development and activation of Tregs. Variation in
the promoter region of FOXP3 could downregulate the
FOXP3 protein expression and eventually impair the
suppressive function of Treg cells [34,35]. Therefore,
SNPs within the promoter region of the FOXP3 gene
may contribute to the susceptibility to SLE. Numerous

studies have indicated that variations in the FOXP3
gene, specifically those found in the regulatory regions,
have been linked to various autoimmune conditions,
including asthma [36], type | diabetes (TID) [37], MS
[38] and rheumatoid arthritis [19]. It has been observed
that several autoimmune disorders may have overlap-
ping genetic factors. Consequently, our study aimed to
examine the potential correlation between three spe-
cific FOXP3 promoter region SNPs (-3279 C/A, -924 A/G
and -6054 del/ATT) and the susceptibility to SLE.

In this study, -3279 (C>A) was significantly associ-
ated with SLE susceptibility. The A allele and AA gen-
otype of the FOXP3 promoter -3279 increased the risk
of SLE. Considering these SNPs located in the pro-
moter region, the -3279 AA genotype can accelerate
the severity of SLE [39]. Previous studies found that
the mutation from C to A at the position of -3279
reduced the relative luciferase activity of the Foxp3
promoter, decreased FOXP3 mRNA expression and
eventually reduced FOXP3 protein expression [40].
Another study showed that SNPs located in the pro-
moter regions of the FOXP3 gene could modulate the
relative gene expression, and the allelic variants are
associated with a reduced expression of the relative
genes in alopecia areata patients [41]. In addition, one
study found that the immune-suppressive activities of
T cells with attenuated Foxp3 expression were nearly
abolished in vitro and in vivo [15]. The frequency of
the -924 AG + GG genotype was significantly higher
than that of healthy controls, indicating that the
AG + GG genotype was susceptible to SLE, while
-6054 (del>ATT) was not associated with SLE suscep-
tibility. Similarly, a team from Iran [42] investigated
the relationship between FOXP3 promoter SNPs (-3279
C/A) and SLE and found that the -924 (A>G) AA
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Table 7. Association analysis of the FOXP3 polymorphisms with special immunologic characteristics in SLE patients.
-3279 (C>A), n (%) —924 (A>G), n (%) —6054 (del>ATT), n (%)
del/ATT + ATT/

cc AC + AA p Value AA AG + GG p Value del/del ATT p Value
Characteristics 77 (63.1%) 45 (36.9%) 46 (37.7%) 76 (62.3%) 47 (38.5%) 75 (61.5%)
Anti-dsDNA Ab 32 (41.6%) 22 (48.9%) 432 23 (50.0%) 31 (40.8%) 321 23 (48.9%) 31 (41.3%) AN
ANA 71 (92.2%) 41 (91.9%) >.999 42 (91.3%) 70 (92.1%) >.999 43 (91.5%) 69 (92.0%) >.999
Decreased C3 27 (35.1%) 18 (40.0%) 743 21 (45.7%) 24 (31.6%) .098 20 (42.6%) 25 (33.3%) .268
Decreased C4 40 (51.9%) 36 (80.0%) .005 27 (58.7%) 49 (64.5%) 594 26 (55.3%) 50 (66.7%) 238
Increased hs-CRP 12 (15.6%) 8 (17.8%) 752 11 (23.9%) 9 (11.8%) .081 10 (21.3%) 10 (13.3%) .249
Increased ESR 34 (44.2%) 23 (51.1%) 458 18 (39.1%) 39 (51.3%) 191 17 (36.2%) 40 (53.3%) .064
p values < 0.05 were considered as statistically significant.
Table 8. Determination of SLE risk by SNP-SNP interaction analysis.

Best

Model combination  Training Testing Total Total
no. of genes accuracy accuracy cvC p Value  sensitivity specificity X OR (95% Cl) F-measure  Kappa
1 S1 0.5614 0.4967 6/10 .0424 0.6721 0.4366 4.1186 1.59 (1.01-2.49) 0.4620 0.0871
2 S1, S2 0.6254 0.6085 10/10 <.0001 0.6148 0.6343 21.0736 2.77 (1.78-4.30) 0.5085 0.2236
3 S1, 82, S3 0.6603 0.6301 10/10 <.0001 0.6557 0.6642 34.8949 3.77 (2.40-5.92) 0.5479 0.2890

S1:-924 (A>@Q); S2: -6054 (del > ATT); S3: -3279 (C> A); CVC: CV consistency; OR: odds ratio.

Table 9. Functional annotation for genetic variants that have an association with SLE risk.

Promoter Enhancer Proteins Motifs NHGRI/EBI  GRASP QTL Selected eQTL
Variant Gene histone marks histone marks DNase bound changed GWAS hits hits hits
-3279 (C>A) FOXP3 BLD, THYM BLD - - DEC, Egr1, - - -
Myb
-924 (A>Q) FOXP3 - BLD, THYM - - - - - -
—6054 (del>ATT) FOXP3 BLD BLD, THYM - - - - - -

DNase: deoxyribonuclease; GWAS: genome-wide association study; QTL: quantitative trait locus; eQTL: expression quantitative trait locus.

genotype is associated with disease susceptibility in
male patients with SLE. However, another research
team [6] found no significant differences between SLE
patients and controls in rs2232365 genotype and
allele frequencies. Meanwhile, the FOXP3 haplotype
(-3279 C/A and -924 A/G) is associated with SLE sus-
ceptibility. A subgroup analysis was performed based
on gender in our study, and we found that only -3279
(C>A) was significantly associated with the SLE risk in
females. Nevertheless, the study only included 12
male patients and 26 male controls, and as a result,
subgroup analysis based on gender was not per-
formed for the male participants. Differences in allele/
genotype frequency between studies can be attributed
to differences in the heterogeneity of the diseases
studied and the ethnicity.

Haplotype analysis was performed on the three SNPs
to study better the role of the FOXP3 gene polymor-
phism in SLE. The -3279 A/-924G/-6054ATT haplotype
was associated with SLE susceptibility, while the -3279
C/-924A/-6054ATT haplotype was protective against the
disease. However, no significant association was found
between various FOXP3 haplotypes and immunological
markers in SLE patients. Furthermore, the immunologi-
cal index analysis suggests that lower serum

complement C4 levels occurred more frequently in
patients carrying -3279 AC + AA genotype than the
patients with CC genotype, while FOXP3 -924 A/G and
-6054 (del>ATT) were not associated with immunologi-
cal indices. In contrast to our findings, Lin et al. [17]
found that lower levels of anti-dsDNA antibodies in
women carrying the -3279 A allele and the -6054 ATT
allele were associated with developing lupus nephritis in
women with SLE. Similarly, Qiu et al. evaluated the asso-
ciation of 17 SNP polymorphisms with SLE, including
-3279 (C>A). They found that different alleles can affect
promoter activity and corresponding serum factor levels
in patients with SLE, revealing that SLE-related SNPs
play an important role in the pathogenesis of SLE [11].

The clinical presentation of SLE is variable. In human
studies, Treg production or maintenance is impaired in
SLE patients, suggesting that this feature is correlated
with SLE disease activity and autoantibody titres [9].
FOXP3 gene mutation results in reduced production or
dysfunction of Treg cells, increased expansion of auto-
reactive T cells, and accelerated production of autoan-
tibodies and inflammatory cytokines [43]. Complement
activation can cause tissue inflammation and damage,
which plays a key role in the pathogenesis of SLE [44].
Early complement components are involved in clearing
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immune complexes and apoptotic debris, and defects
in complement components (such as C4 and Clq)
often lead to the development of SLE [45]. Studies
have found that the -3279 (C>A) CC genotype is asso-
ciated with decreased complement C4 and increased
ESR. The -924 (A>G) variation was significantly associ-
ated with increased hs-CRP levels, and patients with
the -924 AA genotype had higher hs-CRP levels.
Studies have shown that high levels of hs-CRP and ESR
are associated with disease activities and major dam-
age to organs or systems [46]. However, the role of
hs-CRP in systemic SLE remains controversial. Barnes
et al. [47] found no association between hs-CRP and
SLE disease activity. These data suggest a relationship
between FOXP3 SNPs and disease presentation and
pathology. In addition, most SLE patients have changes
in immunological markers when the disease is active,
inactive or mild, and anti-dsDNA antibodies, cytokines
and complement levels fluctuate significantly during
SLE. Zhang et al. [48] found that the proportion of
Tregs in patients with active SLE was significantly
lower than in non-active SLE patients, suggesting that
Treg cell depletion accelerates disease progression.
Limitations of our study include examining only
three SNP loci within the FOXP3 gene, which may
not fully elucidate the genetic complexity of the
gene and its involvement in the immune response
in SLE. Additionally, variations in the expression lev-
els of immune markers and FOXP3 mRNA may occur
in different disease activity states, suggesting the
need for future investigations involving diverse dis-
ease activity levels. Furthermore, the small sample
size utilized in this study underscores the necessity
for larger sample sizes in future research, which
should also consider the influence of environmental
factors, diverse ethnicities and gender to validate
the current findings. In addition, further replicative
association studies in different populations and
functional characterization of these SNPs would be
essential to draw unequivocal conclusions on the
roles of the FOXP3 gene in SLE pathogenesis and
progression.

5. Conclusions

In conclusion, the results suggest that the FOXP3 -3279
(C>A) and -924 (A>G) gene polymorphism are associ-
ated with an increased risk of SLE. The study indicates
that the Foxp3 SNPs may significantly impact the
development of SLE and could serve as a potential tar-
get for immunotherapy in SLE. Consequently, it is
imperative to undertake functional investigations to
explore the influence of genetic variations/SNPs on the

expression or functions of relevant genes associated
with SLE and advance our understanding of its
pathogenesis.

Author contributions

Conceptualization, S.D., X.S. and R.L; methodology, R.L. and
S.D.; software, S.D. and L.Z,; validation, S.D. and JW.; formal
analysis, S.D.; resources, R.L,; data curation, S.D. and L.Z.; writ-
ing - original draft preparation, S.D.; writing - review and
editing, X.S. and R.L; funding acquisition, X.S. and R.L. The
final version of the manuscript to be published is approved
by all authors, and all authors agree to be accountable for
all aspects of the work.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

Ethical statement

This study was approved by the Ethics Committee of The
First Affiliated Hospital of Henan University of Science and
Technology (2023-03-K0049), and written consent was
obtained from all participants.

Funding

This study received financial support from the National
Natural Science Foundation of China (NSFC) under Grant
Numbers 81901663 and 82271851. Additionally, it was sup-
ported by Young Backbone Teachers Training Program of
Henan Province under Grant Number 2023GGJS048 and Key
Project of Medical Science and Technology Research Program
of Henan Province (SBGJ202002098).

ORCID

Rongzeng Liu http://orcid.org/0000-0002-0518-6145

Data availability statement

The data presented in this study are available on request
from the corresponding author.

References

[1] Dorner T, Furie R. Novel paradigms in systemic lupus
erythematosus. Lancet. 2019;393(10188):1-11. doi:
10.1016/50140-6736(19)30546-X.

[2] El-Akhras BA, Ali Y, El-Masry SA, et al. mir-146a
genetic polymorphisms in systemic lupus erythemato-
sus patients: correlation with disease manifestations.
Noncoding RNA Res. 2022;7(3):142-149. doi: 10.1016/j.
ncrna.2022.05.001.


https://doi.org/10.1016/S0140-6736(19)30546-X
https://doi.org/10.1016/j.ncrna.2022.05.001
https://doi.org/10.1016/j.ncrna.2022.05.001

(3]

(4]

(5]

(6]

(7]

(8]

[9]

10l

[l

[12]

[13]

[14]

[15]

[16]

(7]

Pan SY, Tian HM, Zhu Y, et al. Cardiac damage in auto-
immune diseases: target organ involvement that can-
not be ignored. Front Immunol. 2022;13:1056400. doi:
10.3389/fimmu.2022.1056400.

Kaul A, Gordon C, Crow MK, et al. Systemic lupus ery-
thematosus. Nat Rev Dis Primers. 2016;2(1):16039. doi:
10.1038/nrdp.2016.39.

Lubon W, Lubon M, Kotyla P, et al. Understanding ocu-
lar findings and manifestations of systemic lupus ery-
thematosus: update review of the literature. Int J Mol
Sci. 2022;23(20):12264. doi: 10.3390/ijms232012264.
Stadtlober NP, Flauzino T, Da RFSL, et al. Haplotypes of
FOXP3 genetic variants are associated with susceptibil-
ity, autoantibodies, and TGF-B1 in patients with system-
ic lupus erythematosus. Sci Rep. 2021;11(1):5406. doi:
10.1038/541598-021-84832-3.

Jang E, Cho S, Pyo S, et al. An inflammatory loop be-
tween spleen-derived myeloid cells and CD4(+) T cells
leads to accumulation of long-lived plasma cells that
exacerbates lupus autoimmunity. Front Immunol.
2021;12:631472. doi: 10.3389/fimmu.2021.631472.
Crotty S. T follicular helper cell differentiation, function,
and roles in disease. Immunity. 2014;41(4):529-542. doi:
10.1016/j.immuni.2014.10.004.

Yang X, Wang W, Xu J, et al. Significant association of
CDA4(+)CD25(+)Foxp3(+) regulatory T cells with clinical
findings in patients with systemic lupus erythematosus.
Ann Transl Med. 2019;7(5):93. doi: 10.21037/atm.2019.
01.38.

Oda JM, Hirata BK, Guembarovski RL, et al. Genetic
polymorphism in FOXP3 gene: imbalance in regulatory
T-cell role and development of human diseases. J Genet.
2013;92(1):163-171. doi: 10.1007/s12041-013-0213-7.
Qiu J, Qin X, Wen J, et al. Single-nucleotide polymor-
phisms influence the promoter activities of systemic lu-
pus erythematosus-associated genes. Biotechnol Lett.
2020;42(10):1887-1896. doi: 10.1007/510529-020-02916-y.
Giri PS, Patel S, Begum R, et al. Association of FOXP3
and GAGE10 promoter polymorphisms and decreased
FOXP3 expression in regulatory T cells with susceptibil-
ity to generalized vitiligo in Gujarat population. Gene.
2021;768:145295. doi: 10.1016/j.gene.2020.145295.
Hashemi V, Farrokhi AS, Tanomand A, et al
Polymorphism of Foxp3 gene affects the frequency of
regulatory T cells and disease activity in patients with
rheumatoid arthritis in Iranian population. Immunol
Lett. 2018;204:16-22. doi: 10.1016/j.imlet.2018.10.001.
Kamal M, Gabr H, Anwar S, et al. The relation of CD4(+)
CD25+Foxp3+ regulatory T cells concentration with
disease activity and damage index in systemic lupus
erythematosus. Lupus. 2022;31(4):463-471. doi: 10.1177/
09612033221083269.

Wan YY, Flavell RA. Regulatory T-cell functions are sub-
verted and converted owing to attenuated Foxp3 ex-
pression. Nature. 2007;445(7129):766-770. doi: 10.1038/
nature05479.

Heydarinejad P, Gholijani N, Habibagahi Z, et al. FOXP3
gene variants in patients with systemic lupus erythe-
matosus: association with disease susceptibility in men
and relationship with abortion in women. Iran J
Immunol. 2022;19(2):172-183.

Lin YC, Lee JH, Wu AS, et al. Association of single-nucleotide
polymorphisms in FOXP3 gene with systemic lupus ery-

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

(32]

ANNALS OF MEDICINE € 9

thematosus susceptibility: a case-control study. Lupus.
2011;20(2):137-143. doi: 10.1177/0961203310382428.
Hussain N, Aneela S, Agsa N, et al. Screening of IL-22
first and second introns and FOXP3second exon for
SNPs and mutations with potential role in the suscepti-
bility of SLE in selected population. Eur Rev Med
Pharmacol Sci. 2023;27(18):8628-8638. doi: 10.26355/
eurrev_202309_33787.

lkram EM, Allam AA, Meawed TE, et al. Forkhead box
P3 (Foxp3) serum level and Foxp3 gene-promoter poly-
morphisms in Egyptian rheumatoid arthritis patients: a
case-control study. Egypt J Immunol. 2021;28(2):53-64.
Paradowska-Gorycka A, Jurkowska M, Felis-Giemza A,
et al. Genetic polymorphisms of Foxp3 in patients with
rheumatoid arthritis. J Rheumatol. 2015;42(2):170-180.
doi: 10.3899/jrheum.131381.

Zhang D, Zhang X, Li H, et al. Association of FOXP3
gene polymorphisms with chronic immune thrombocy-
topenia in a Chinese Han population. Int J Lab Hematol.
2021;43(5):1104-1109.

Xia SL, Ying SJ, Lin QR, et al. Association of ulcerative
colitis with FOXP3 gene polymorphisms and its colonic
expression in Chinese patients. Gastroenterol Res Pract.
2019;2019:4052168. doi: 10.1155/2019/4052168.

Zhang Y, Zhang J, Liu H, et al. Meta-analysis of FOXP3
gene rs3761548 and rs2232365 polymorphism and mul-
tiple sclerosis susceptibility. Medicine. 2019;98(38):e17224.
doi: 10.1097/MD.0000000000017224.

Song P, Wang XW, Li HX, et al. Association between
FOXP3 polymorphisms and vitiligo in a Han Chinese
population. Br J Dermatol. 2013;169(3):571-578. doi:
10.1111/bjd.12377.

Hochberg MC. Updating the American College of
Rheumatology revised criteria for the classification of
systemic lupus erythematosus. Arthritis Rheum. 1997;
40(9):1725-1725. doi: 10.1002/art.1780400928.

Gaballah H, Abd-Elkhalek R, Hussein O, et al. Association
of TNFAIP3 gene polymorphism (rs5029939) with sus-
ceptibility and clinical phenotype of systemic lupus er-
ythematosus. Arch Rheumatol. 2021;36(4):570-576. doi:
10.46497/ArchRheumatol.2022.8769.

In JW, Lee N, Roh EY, et al. Association of aplastic ane-
mia and FoxP3 gene polymorphisms in Koreans.
Hematology. 2017;22(3):149-154. doi: 10.1080/10245332.
2016.1238645.

Lauretto MS, Nakano F, Faria SJ, et al. A straightforward
multiallelic significance test for the Hardy-Weinberg
equilibrium law. Genet Mol Biol. 2009;32(3):619-625.
doi: 10.1590/51415-47572009000300028.

McHugh ML. The chi-square test of independence.
Biochem Med. 2013;23(2):143-149. doi: 10.11613/
bm.2013.018.

Tang J, Zhu J, Shu L, et al. Study on the relationship be-
tween unexplained recurrent abortion and HLA-DQ gene
polymorphism. Comput Intell Neurosci. 2022;2022:8005538.
Alageel AA, Alshammary AF, Ali KI. Molecular role of
non-exonic variants in CALPAIN 10 gene in polycystic
ovarian syndrome in Saudi women. Front Endocrinol.
2023;14:1303747. doi: 10.3389/fendo.2023.1303747.
Zhang B, Peng YH, Luo Y, et al. Relationship between
esophageal squamous cell carcinoma risk and
alcohol-related ALDH2 and ADH1B polymorphisms: evi-
dence from a meta-analysis and Mendelian randomiza-


https://doi.org/10.3389/fimmu.2022.1056400
https://doi.org/10.1038/nrdp.2016.39
https://doi.org/10.3390/ijms232012264
https://doi.org/10.1038/s41598-021-84832-3
https://doi.org/10.3389/fimmu.2021.631472
https://doi.org/10.1016/j.immuni.2014.10.004
https://doi.org/10.21037/atm.2019.01.38
https://doi.org/10.21037/atm.2019.01.38
https://doi.org/10.1007/s12041-013-0213-7
https://doi.org/10.1007/s10529-020-02916-y
https://doi.org/10.1016/j.gene.2020.145295
https://doi.org/10.1016/j.imlet.2018.10.001
https://doi.org/10.1177/09612033221083269
https://doi.org/10.1177/09612033221083269
https://doi.org/10.1038/nature05479
https://doi.org/10.1038/nature05479
https://doi.org/10.1177/0961203310382428
https://doi.org/10.26355/eurrev_202309_33787
https://doi.org/10.26355/eurrev_202309_33787
https://doi.org/10.3899/jrheum.131381
https://doi.org/10.1155/2019/4052168
https://doi.org/10.1097/MD.0000000000017224
https://doi.org/10.1111/bjd.12377
https://doi.org/10.1002/art.1780400928
https://doi.org/10.46497/ArchRheumatol.2022.8769
https://doi.org/10.1080/10245332.2016.1238645
https://doi.org/10.1080/10245332.2016.1238645
https://doi.org/10.1590/S1415-47572009000300028
https://doi.org/10.11613/bm.2013.018
https://doi.org/10.11613/bm.2013.018
https://doi.org/10.3389/fendo.2023.1303747

10 € S.DUETAL

¢

[33]

[34]

[35]

[36]

(37]

(38]

[39]

[40]

[41]

tion analysis. Cancer Med. 2023;12(20):20437-20449.
doi: 10.1002/cam4.6610.

Terry CF, Loukaci V, Green FR. Cooperative influence of
genetic polymorphisms on interleukin 6 transcriptional
regulation. J Biol Chem. 2000;275(24):18138-18144. doi:
10.1074/jbc.M000379200.

Wang CM, Yang WH, Cardoso L, et al. Forkhead Box
Protein P3 (FOXP3) represses ATF3 transcriptional activity.
Int J Mol Sci. 2021;22(21):22. doi: 10.3390/ijms222111400.
Georgiev P, Charbonnier LM, Chatila TA. Regulatory T
cells: the many faces of Foxp3. J Clin Immunol.
2019;39(7):623-640. doi: 10.1007/s10875-019-00684-7.
Marques CR, Fiuza B, Da ST, et al. Impact of FOXP3
gene polymorphisms and gene-environment interac-
tions in asthma and atopy in a Brazilian population.
Gene. 2022;838:146706. doi: 10.1016/j.gene.2022.146706.
Valta M, Gazali AM, Viisanen T, et al. Type 1 diabetes
linked PTPN22 gene polymorphism is associated with
the frequency of circulating regulatory T cells. Eur J
Immunol. 2020;50(4):581-588. doi: 10.1002/eji.201948378.
Kamal A, Hosny M, Abd EA, et al. FOXP3rs3761548
gene variant and interleukin-35 serum levels as bio-
markers in patients with multiple sclerosis. Rev Neurol.
2021;177(6):647-654. doi: 10.1016/j.neurol.2020.07.010.
Park O, Grishina |, Leung PS, et al. Analysis of the
Foxp3/Scurfin gene in Crohn’s disease. Ann N Y Acad
Sci. 2005;1051(1):218-228. doi: 10.1196/annals.1361.125.
Zheng L, Wang X, Xu L, et al. Foxp3 gene polymorphisms
and haplotypes associate with susceptibility of Graves’
disease in Chinese Han population. Int Immunopharmacol.
2015;25(2):425-431. doi: 10.1016/j.intimp.2015.02.020.
Conteduca G, Rossi A, Megiorni F, et al. Single nucleo-
tide polymorphisms in the promoter regions of Foxp3

[42]

[43]

[44]

[45]

[46]

[47]

(48]

and ICOSLG genes are associated with Alopecia areata.
Clin Exp Med. 2014;14(1):91-97. doi: 10.1007/5s10238-
012-0224-3.

Mishra S, Srivastava A, Mandal K, et al. Study of the
association of forkhead box P3 (FOXP3) gene polymor-
phisms with unexplained recurrent spontaneous abor-
tions in Indian population. J Genet. 2018;97(2):405-410.
doi: 10.1007/512041-018-0917-9.

Bagavant H, Tung KS. Failure of CD25+ T cells from
lupus-prone mice to suppress lupus glomerulonephritis
and sialoadenitis. J Immunol. 2005;175(2):944-950. doi:
10.4049/jimmunol.175.2.944.

Ayano M, Horiuchi T. Complement as a biomarker for
systemic lupus erythematosus. Biomolecules. 2023;13(2):
367. doi:10.3390/biom13020367.

Macedo AC, Isaac L. Systemic lupus erythematosus and
deficiencies of early components of the complement
classical pathway. Front Immunol. 2016;7:55. doi:
10.3389/fimmu.2016.00055.

Bertoli AM, Vild LM, Reveille JD, et al. Systemic lupus
erythematosus in a multiethnic US cohort (LUMINA):
LXI. Value of C-reactive protein as a marker of disease
activity and damage. J Rheumatol. 2008;35(12):2355-
2358. doi: 10.3899/jrheum.080175.

Barnes EV, Narain S, Naranjo A, et al. High sensitivity
C-reactive protein in systemic lupus erythematosus: re-
lation to disease activity, clinical presentation and im-
plications for cardiovascular risk. Lupus. 2005;14(8):576—
582. doi: 10.1191/0961203305lu21570a.

Zhang SX, Ma XW, Li YF, et al. The proportion of regu-
latory T cells in patients with systemic lupus erythema-
tosus: a meta-analysis. J Immunol Res. 2018;2018:7103219.
doi: 10.1155/2018/7103219.


https://doi.org/10.1002/cam4.6610
https://doi.org/10.1074/jbc.M000379200
https://doi.org/10.3390/ijms222111400
https://doi.org/10.1007/s10875-019-00684-7
https://doi.org/10.1016/j.gene.2022.146706
https://doi.org/10.1002/eji.201948378
https://doi.org/10.1016/j.neurol.2020.07.010
https://doi.org/10.1196/annals.1361.125
https://doi.org/10.1016/j.intimp.2015.02.020
https://doi.org/10.1007/s10238-012-0224-3
https://doi.org/10.1007/s10238-012-0224-3
https://doi.org/10.1007/s12041-018-0917-9
https://doi.org/10.4049/jimmunol.175.2.944
https://doi.org/10.3390/biom13020367
https://doi.org/10.3389/fimmu.2016.00055
https://doi.org/10.3899/jrheum.080175
https://doi.org/10.1191/0961203305lu2157oa
https://doi.org/10.1155/2018/7103219

	FOXP3 gene polymorphisms increase the risk of systemic lupus erythematosus in a Han Chinese population
	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Study sample
	2.2. Sample collection and DNA extraction
	2.3. Genotyping
	2.4. Statistical analysis

	3. Results
	3.1. Patient characteristics
	3.2. HardyWeinbergs equilibrium analysis
	3.3. Genotype and allele frequencies distribution of the FOXP3 polymorphisms in SLE patients and controls
	3.4. Analyses stratified by gender
	3.5. Association of FOXP3 haplotype with SLE risk
	3.6. Analyses stratified by immunologic marker
	3.7. SNPSNP interaction analysis
	3.8. Functional annotation

	4. Discussion
	5. Conclusions
	Author contributions
	Disclosure statement
	Ethical statement
	Funding
	ORCID
	Data availability statement
	References



