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Background: Interferon-gamma (IFN-y) is a pivotal cytokine involved in the development
of systemic lupus erythematosus (SLE). The IFN-y +874 T/A polymorphism has been shown
to be related to the susceptibility to SLE in other races, but this has not been investigated in
the Chinese Han population.

Methods: We designed this study to interpret the potential correlation between this poly-
morphism and SLE risk in a Chinese Han population. We included 374 SLE patients and 405
controls in this study. Odds ratios and relevant 95% confidence intervals were figured out to
evaluate the potential strength of the association.

Results: Data revealed that the IFN-y +874 T/A polymorphism showed an association with an
enhanced risk of SLE in this Chinese Han population. TA or TA +AA genotype carriers showed
an increased risk of developing SLE. Subgroup analyses found that this polymorphism elevated
the risk of SLE among females. Additionally, this polymorphism was associated with clinical
manifestations of SLE including lupus nephritis, proteinuria, anti-dsDNA antibodies, anti-Sm
antibodies, and SLICC/ACR damage index. Furthermore, we conducted a meta-analysis and
found that this polymorphism was associated with the risk of SLE, especially among Asians.
Conclusion: Totally, this study detects that the IFN-y +874 T/A polymorphism is related to
the risk and clinical manifestations of SLE in a Chinese Han population.

Keywords: interferon-gamma, systemic lupus erythematosus, case—control study, +874 T/A
polymorphism

Introduction
Systemic lupus erythematosus (SLE), a chronic autoimmune disorder, is character-
ized by abnormalities of the immune system, autoantibodies production, multiple
types of tissue damage, and other clinical symptoms.! Immune characteristics of
SLE include loss of immunological self-tolerance, and enhanced T and B cell
responses.” The prevalence of SLE ranges from 20 to 150 cases per 100,000
individuals, and appears to be increasing.3 The pathogenesis of this disorder has
not yet been fully elucidated. Numerous studies have demonstrated that genetic and
environmental factors, and immune abnormalities are associated with the pathogen-
esis of SLE,*® and have uncovered multiple loci related to SLE risk.” "
Interferon-gamma (IFN-y) is a pivotal cytokine, which correlated with the
development of autoimmune diseases.'* IFN-y is primarily produced by immune
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cells such as T and NK cells. IFN-y is involved in both
acquired and innate immunity,"> and regulates immune
responses such as antigen presentation and phagocytosis.
The IFN-y signaling pathway is activated in SLE
patients.'® Thomason et al showed that IFN-y activation
could indicate the disease activity of SLE patients.'” In
addition, the response to ustekinumab treatment in SLE
patients was related to the suppression of serum IFN-y
levels.'® Furthermore, IFN-y was reported to be related
to the cerebral atrophy in SLE patients.'” Kokic et al
demonstrated that the median values of IFN-y were sig-
nificantly elevated in patients with SLE than those in
controls.*

The IFN-y gene is shown to be located on chromosome
12q24. A single-nucleotide polymorphism (SNP) was
located at position +874 in the first intron of the IFN-y
gene, which was related to its production level.*' Several
studies have explored the potential link between the +874
T/A polymorphism in IFN-y gene and SLE risk.”*2®
However, no Chinese studies have been undertaken to
address this issue. In this case—control study, we aimed
to interpret the relationship between this polymorphism
and SLE risk and disease features in a Chinese Han popu-
lation. In addition, we performed a meta-analysis to inter-
pret the potential correlation between this locus and SLE
risk.

Patients and Methods

Subjects

This study included 374 SLE cases and 405 controls from
Huaian No.l People’s Hospital. SLE patients were diag-
nosed according to the 1997 American College of
Rheumatology (ACR) criteria.”’ The average age of SLE
patients was 34.42 + 9.01 years. The inclusion criteria for
SLE patients were patients receiving first treatment, and
patients who met the revised SLE classification criteria of
the ACR. Patients were excluded as follows: (1) subjects
with autoimmune diseases; (2) patients had a family history
of SLE; (3) patients received treatment for SLE; (4) patients
did not provide informed consent. The group of 405 controls
were ethnically matched individuals including 40 males and
365 females, with an average age of 34.36 + 8.65 years.
These controls were sex- and age-matched to the SLE
patients. Controls were excluded as follows: individuals
with a history of SLE; controls with inflammatory or auto-
immune diseases; subjects with a history of cancer. The
controls were individuals receiving a physical examination

in the same hospital. The lupus nephritis diagnosis was
based on biopsy. All participants provided relevant written
informed consent. This study was approved by the institu-
tional review board of our hospital (Huaian No.l People’s
Hospital), which conformed to the Declaration of Helsinki.

DNA Extraction and Genotyping

Peripheral blood was collected from all participants. Genomic
DNA samples were extracted by use of TIANamp Blood
DNA kits (TIANGEN, Beijing, China). The IFN-y gene was
screened by the NCBI dbSNP database and SNPinfo (http://
snpinfo.niehs.nih.gov/snpfunc.htm) to selected functional

polymorphisms. The SNP was analyzed using a custom-by-
design 48-Plex single nucleotide polymorphism scan™ Kit.
The extracted genomic DNA sample was genotyped by
a double ligation and multiplex fluorescence polymerase
(PCR) as
Eight percent of the samples were genotyped with second

chain reaction previously  described.*%!

time. The concordance rate of the repeated samples was 100%.

Statistical Analyses

Data were mainly analyzed by SPSS 22.0 software (SPSS
Inc., Chicago, USA). All characteristics were displayed as
frequency (percentage) or mean + standard deviation.
Categorical variables were analyzed by the Chi-square
(%) test, and continuous variables by the Student’s r-test,
and a goodness-of-fit y* test was utilized for assessing the
Hardy—Weinberg equilibrium (HWE). Logistic regression
analysis was used for calculating relevant odds ratios
(ORs) and 95% confidence intervals (Cls); the results of
different genetic models were calculated after adjustment
for body mass index (BMI), age, and gender. A meta-
analysis was designed to address the correlation between
the polymorphism and SLE risk. Significant differences
were considered when the P-value was <0.05.

Results

Study Population

A total of 374 SLE patients (36 males and 338 females)
and 405 controls (40 males and 365 females) were
included in this study. Variables for the subjects are
shown in Table 1. The ages of the cases and controls
were 34.42 + 9.01 years and 34.36 + 8.65 years, respec-
tively. SLE cases and controls were matched for age, BMI,
and gender. Clinical indexes of SLE patients are summar-
ized in Table 1.
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Table | Patient Demographics and Risk Factors in SLE Patients and Controls

Variables SLE Cases Controls P-value
Number of subjects 374 405
Age (years), Mean * SD 34.42+£9.01 34.36+8.65 0.923
Gender
Male 36(9.63%) 40 (9.88%) 0.906
Female 338 (90.37%) 365(90.12%)
BMI 24.02+2.93 24.06+3.04 0.863
Age at disease onset, Mean * SD 29.48+7.62
SLEDAI, Median (Range) 12 (2-31)
SLICC/ACR damage index scores, Median (Range) 0 (0-6)
Rash (N (%)) 97(25.94%)
Photosensitivity (N (%)) 149(39.84%)
Mucosal ulcers (N (%)) 111(29.68%)

Arthritis (N (%))

98 (26.20%)

Pleuritis (N (%))

114(30.48%)

Pericarditis (N (%))

105(28.07%)

Lupus nephritis (N (%))

254(67.91%)

Proteinuria (N (%)) 235(62.83%)
Psychosis (N (%)) 29(7.75%)

Haemolytic anaemia (N (%)) 119(31.82%)
Anti-nucleosome Ab (N (%)) 132(35.29%)

ANA (N (%))

359 (95.99%)

Anti-dsDNA Ab (N (%))

243(64.97%)

Anti-Smith Ab (N (%))

92 (24.60%)

Anti-Ro/SSA Ab (N (%))

115 (30.75%)

Anti-La/SSB Ab (N (%))

62 (16.58%)

Anti-RNP Ab (N (%))

150 (40.11%)

Abbreviations: N, number; SLE, systemic lupus erythematosus; Ab, antibodies; dsDNA, double-stranded DNA; RNP, ribonucleoprotein; ANA, anti-nuclear antibodies;

SLEDAI, systemic lupus erythematosus disease activity index; SD, standard deviation.

Association Between the IFN-y +874 T/A
Polymorphism and SLE Risk

The genotype and allele distributions of two groups are
listed in Table 2. The distribution of this polymorphism in
controls was in line with the HWE test (P = 0.965). Data
revealed that patients with the TA or TA +AA genotype
showed an enhanced risk of SLE (TA vs TT, OR, 1.45;
95% CI, 1.05-1.99; P = 0.023). Even after adjusting for

age, BMI, and gender, the +874 T/A polymorphism of the
IFN-y gene still elevated the risk of SLE. In addition,
subgroup analyses of gender, BMI, and age were per-
formed (Table 3). This study found that the +874 T/A
polymorphism enhanced the risk of SLE among females.

Additionally, we conducted a meta-analysis to empha-
size the correlation between this polymorphism and SLE
risk by searching the databases of PubMed, Embase, and
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Table 2 Correlations Between the IFN-y +874 T/A Polymorphism and the Risk of Systemic Lupus Erythematosus
Genotype/Allele Case (N, %) Control (N, %) OR, (95% CI) P-value *OR, (95% CI) *P-value
TT 247(66.0%) 301(74.3%) 1.00 - 1.00 -
TA 114(30.5%) 96(23.7%) 1.45, (1.05-1.99) 0.023 1.45, (1.05-1.99) 0.024
AA 13(3.5%) 8(2.0%) 1.98, (0.81-4.85) 0.135 1.98, (0.81-4.87) 0.136
TT 247(66.0%) 301(74.3%) 1.00 - 1.00 -
TA +AA 127(34.0%) 104(25.7%) 1.49, (1.09-2.03) 0.012 1.49, (1.09-2.03) 0.012
TA +TT 361(96.5%) 397(98.0%) 1.00 - 1.00 -
AA 13(3.5%) 8(2.0%) 1.79, (0.73-4.36) 0.202 1.79, (0.73-4.38) 0.201
T 608(81.3%) 698(86.2%) 1.00 - - -
A 140(18.7%) 112(13.8%) 1.44, (1.09-1.88) 0.009 - -
Notes: *Adjustment for age, body mass index, and gender. Bold values are statistically significant (P < 0.05).
Abbreviation: N, number.
Table 3 Stratified Analyses Between the IFN-y +874 T/A Polymorphism and the Risk of Systemic Lupus Erythematosus
Variables Model | Model 2 Model 3 Model 4
OR (95% ClI); P OR (95% CI); P OR (95% CI); P OR (95% CI); P
Age (years)
<40 1.39(0.94-2.04); 0.097 2.26(0.74-6.86); 0.141 2.07(0.69-6.27); 0.188 1.45(1.00-2.10); 0.052
240 1.56(0.87-2.77); 0.131 1.50(0.33-6.96); 0.889 1.31(0.29-5.99); 1.000 1.55(0.89-2.71); 0.121
BMI
<25 1.38(0.92-2.07); 0.118 2.10(0.69-6.40); 0.183 1.92(0.63-5.81); 0.241 1.44(0.97-2.12); 0.069
225 1.56(0.93-2.63); 0.092 1.74(0.38-7.99); 0.736 1.54(0.34-7.01); 0.856 1.58(0.95-2.61); 0.076
Gender
Male 0.68(0.22-2.03); 0.483 0.32(0.03-3.28); 0.629 0.35(0.04-3.55); 0.685 0.59(0.21-1.66); 0.317
Female 1.56(1.11-2.18); 0.009 3.00(1.04-8.65); 0.033 2.65(0.92-7.60); 0.060 1.64(1.18-2.27); 0.003

Notes: Model I, TA vs TT; Model 2, AA vs TT; Model 3, AA vs TA+TT; Model 4, AA+TA vs TT; Bold values are statistically significant (P < 0.05).

Abbreviation: BMI, body mass index.

Wanfang. Results indicated that TA, AA, or TA+AA gen-
otypes increased the risk of SLE (Supplementary Table 1).

Besides, this meta-analysis suggested that A allele could
also enhance the risk of SLE (A vs T, OR, 1.21; 95% CI,
1.09-1.34; P = 0.001). Subgroup analysis was conducted
for ethnicity (Supplementary Table 2). We found that the
+874 T/A polymorphism was linked with an elevated risk

of SLE among Asians.

The IFN-y +874 T/A Polymorphism and
Clinical Manifestations of SLE

Clinical manifestations of SLE and their associations with
the +874 T/A polymorphism were explored (Table 4). Data
indicated that this polymorphism showed an association
with the clinical manifestations of SLE including lupus
nephritis, proteinuria, anti-Sm antibodies (Ab), anti-
dsDNA Ab, and SLICC/ACR Damage Index (SDI).
However, this polymorphism was not related with malar

rash, photosensitivity, discoid rash, arthritis, oral ulcers,
pericarditis, pleuritis, neuropsychiatric disorder, haemolytic
anaemia, anti-nucleosome Ab, anti-nuclear antibodies
(ANA), anti-La/SSB Ab, anti-Ro/SSA Ab, or anti-RNP Ab.

Discussion
In this case—control study, we found that the +874 T/A
polymorphism was related with an elevated risk of SLE in
a Chinese Han population, especially among females.
Additionally, this study revealed that this polymorphism
was associated with lupus nephritis, proteinuria, anti-
dsDNA Ab, anti-Sm Ab, and SDI.

Previous studies indicated that IFN-y levels in the
active stages of SLE were higher in patients than in

controls, 23277

suggesting that increased levels of IFN-y
may lead to the pathogenesis of SLE. However, two stu-
dies showed that IFN-y levels did not differ in SLE

patients compared to controls.***° Further studies are
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Table 4 The Associations Between the IFN-y +874 T/A Polymorphism and Clinical Characteristics of Systemic Lupus Erythematosus

Parameter Genotype Distributions
TT TA AA TA+AA
Rash (presence/absence)
OR (95% Cl); 1.0 (reference) 1.12(0.68-1.84); 0.24(0.03-1.87); 1.00(0.62—-1.64);
P-value 0.666™TT 0.250"TT 0.988AA*TATT
Photosensitivity (presence/absence)
OR (95% Cl); 1.0 (reference) 1.05(0.67—1.65); 1.33(0.43—4.06); 1.07(0.69-1.66);
P-value 0.845™TT 0.62144%TT 0.754AAFTAYTT
Mucosal ulcers (presence/absence)
OR (95% Cl); 1.0 (reference) 1.01(0.62—1.65); 1.06(0.32-3.55); 1.02(0.64-1.63);
P-value 0.958™TT 1.000AATT 0.94| AATTAVSTT

Arthritis (presence/absence)
OR (95% Cl);

1.0 (reference)

|.44(0.88-2.35);

0.57(0.12-2.63);

1.33(0.82-2.15);

P-value 0.145™AvTT 0.689ATT 0.24 | AAHTATT
Pleuritis (presence/absence)

OR (95% Cl); 1.0 (reference) 0.92(0.56—1.49); 1.41(0.45-4.44); 0.96(0.60—1.53);

P-value 0.726™vTT 0.782°AvTT 0.866 | AATTAVTT
Pericarditis (presence/absence)

OR (95% Cl); 1.0 (reference) 0.91(0.55—1.49); 0.44(0.10-2.04); 0.85(0.53—1.38);

P-value 0.702™vTT 0.449/AvsTT 0.5 9AA+TAWTT

Lupus nephritis (presence/absence)
OR (95% Cl);

P-value

1.0 (reference)

2.11(1.26-3.53)
0.004TAVSTT

1.98(0.53-7.37)
0‘460AAV5TT

2.08(1.27-3.40)
0.003AA+TAVSTT

Proteinuria (presence/absence)
OR (95% Cl);

P-value

1.0 (reference)

1.73(1.07-2.78);
0.024TAvsTT

|.58(0.47-5.28);
0.45 ZAAVsTT

1.71(1.08-2.71);
0.021 AA+TAvsTT

Psychosis (presence/absence)
OR (95% Cl);

P-value

1.0 (reference)

0.96(0.40-2.28);
04927TAvsTT

3.82(0.96-15.12);
0.1 30AAvsTT

1.21(0.55-2.64);
0.63 8AA+TAvsTT

Haemolytic anaemia (presence/absence)
OR (95% Cl);

1.0 (reference)

0.80(0.49—1.30);

1.76(0.57-5.40);

0.88(0.55-1.39);

P-value 0-368TAVSTT 0.488AAVSTT 0-572AA+TAVSTT
Anti-nucleosome Ab (positive/negative)

OR (95% Cl); 1.0 (reference) 1.09(0.69-1.73); 0.83(0.25-2.78); 1.48(0.95-2.29);

P-value 0.709TAvsTT | .OOOAAVSTT 0.08AA+TAVSTT

ANA Ab (positive/negative)
OR (95% Cl);
P-value

1.0 (reference)

0.45(0.015-1.30);
0.223TAvsTT

0.35(0.04-3.08);
0.3 40AAvsTT

0.43(0.15-1.23);
0.10 6AA+TAvsTT

Anti-dsDNA Ab (positive/negative)
OR (95% Cl);

1.0 (reference)

2.59(1.55-4.35);

0.81(0.26-2.47);

2.24(1.38-3.62);

P-value 0.000™TT 0.707AATT 0.00 | AATTAVSTT
Anti-Smith Ab (positive/negative)
OR (95% Cl); 1.0 (reference) 1.63(0.98-2.71); 4.48(1.44-13.92); 1.83(1.13-2.97);
P-value 0.056™<TT 0.014AAVSTT 0.0]3AA*TAVTT
(Continued)
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Table 4 (Continued).

Mild®/stable?
OR (95% Cl);

P-value

1.0 (reference)

2.25(0.60-8.50);
O.ZZZTAVSTT

0.75(0.07-7.77);
| .OOOAAVSTT

Parameter Genotype Distributions
TT TA AA TA+AA

Anti-Ro/SSA Ab (positive/negative)

OR (95% Cl); 1.0 (reference) 1.29(0.80-2.07); 0.43(0.09-2.00); 1.18(0.74-1.87);

P-value 0.292™AvTT 0.432°4%TT 0.485AA* TAVSTT
Anti-La/SSB Ab (positive/negative)

OR (95% Cly; 1.0 (reference) 0.60(0.31-1.13); 0.36(0.04-2.80); 0.57(0.30-1.07);

P-value 0.112™TT 0.509”4=TT 0.076AATAYTT
Anti-RNP Ab (positive/negative)

OR (95% Cly; 1.0 (reference) 0.84(0.53-1.33); 1.69(0.55-5.17); 0.91(0.59-1.41);

P-value 0.465™=TT 0.356"=TT 0.666AATAYSTT
SLEDAI

1.88(0.57-6.20);
0.298AA+TAVS-|_|—

Moderate®/stable®
OR (95% Cl);

P-value

1.0 (reference)

2.06(0.56-7.52);
0.406TAVSTT

0.69(0.07-6.31);
0.553AAVSTT

1.68(0.53-5.38);
0. 377AA+TAvsTT

Severe¥/stable?
OR (95% Cl);

1.0 (reference)

2.43(0.66-8.95);

0.75(0.08-7.19);

2.01(0.62-6.48);

P-value 0.172™AvsTT 1.000ATT 0.237AATAVSTT
SDI (> 0 score/ = 0 scores)

OR (95% Cl); 1.0 (reference) 1.12(0.12-1.75); 4.15(1.12-15.45); 1.27(0.82—1.94);

P-value 0.615™ATT 0.022AAVsTT 0.282°ATAVSTT

Notes: Bold values are statistically significant (P < 0.05); *Stable condition (< 4 scores of SLEDAI); °Mild activity (5-9 scores of SLEDAI); “Moderate activity (10—14 scores of

SLEDAL); “Severe activity (2 15 scores of SLEDAI).

Abbreviations: N, number; Ab, antibodies; dsDNA, double stranded DNA; RNP, ribonucleoprotein; ANA, anti-nuclear antibodies; SD, standard deviation. SDI, SLICC/ACR

damage index scores.

needed to address these conflicting findings. The IFN-y
+874 T/A polymorphism was shown to be related to IFN-y
levels and,?' thus, we hypothesized that this polymorphism
modifies the risk of SLE by altering IFN-y levels.

In reviewing reports from other counties, Hrycek et al
from Poland first explore the link between the +874 T/A
polymorphism of IFN-y gene and SLE risk, and found that
this SNP was not connected to the risk of SLE.*
Subsequent two studies from Thailand also did not obtain
an association between this SNP and SLE risk.***
However, Hirankarn et al observed that the combined effect
of a SNP of the IL-18 gene and this polymorphism corre-
lated with arthritis in SLE patients.** In addition, an Iranian
study did not find a link between the IFN-y +874 T/A
polymorphism and a risk of juvenile SLE.*® Kim et al
indicated that this polymorphism was related to an
increased risk of SLE in two-stage studies with large sample

sizes.””** A Brazilian study replicated a positive association
regarding this issue.”” To address these inconsistent results,
Lee et al conducted a meta-analysis to interpret the relation-
ship between the +874 T/A polymorphism and the risk of
autoimmune disease,*® and found that this polymorphism
elevated the risk of SLE. However, this meta-analysis only
included two studies,zz’23 24-28

were not included. Thus, we should interpret these results

and other relevant studies

with caution.

In this study, we detected that the +874 T/A polymorph-
ism of the IFN-y gene elevated the risk of SLE in Chinese
individuals, particularly among females. In addition, we
interpreted the link between this polymorphism and clinical
features of SLE patients. Data revealed that this polymorph-
ism was related with lupus nephritis, proteinuria, anti-
dsDNA Ab, anti-Sm Ab, and SDI. A study from Thailand
found that this polymorphism was linked with arthritis
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manifestations in SLE patients,>> which was not shown in
our study. However, the Brazilian study by da Silva et al did
not find a link between this SNP and clinical manifestations
of SLE.* In addition, we analyzed the association between
disease activity (SLEDAI) and damage indices (SDI) of SLE
patients, and did not find that the disease activity had
a correlation with damage indices (data not shown).
SLEDAI indicated the immediate disease status, while SDI
implied continuous cumulative disease damage. That may be
a potential reason to explain why the disease activity did not
show an association with damage indices. To summarize,
whether the IFN-y +874 T/A polymorphism correlated with
some of the clinical features of SLE may be related to factors
including race, various stages of SLE, or genetic or clinical
heterogeneity.

In addition, we conducted a meta-analysis including the
above-mentioned studies and this study. The meta-analysis
suggested that this polymorphism increased the risk of SLE,
which was in line with a previous meta-analysis.** Subgroup
analysis revealed that the IFN-y +874 T/A polymorphism
was linked to an elevated risk of SLE among Asians. Lee
et al did not perform subgroup analysis by ethnicity,*® pos-
sibly due to the limited number of studies. Thus, further
studies involving other ethnicities are urgently needed.

Advantages of our study included that this study is the
first to find that the IFN-y +874 T/A polymorphism is related
with an elevated risk of SLE in a Chinese Han population.
This study included moderate sample size with reliable
results. In addition, the study detected that this polymorph-
ism was connected to some clinical features of SLE, which
was not shown in other studies. However, some limitations
were shown in this study. One, only one SNP of the IFN-y
gene was investigated. Two, this case—control study may
have a selection bias, because it was hospital-based. Three,
interactions between environmental and genetic factors
should be explored. Finally, the biological functions of the
polymorphism remain poorly understood.

Totally, the IFN-y +874 T/A polymorphism shows
a connection to the risk and clinical features of SLE in
Chinese subjects. These results may help to identify some
novel genetic factors for SLE patients.
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