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Abstract Systemic lupus erythematosus (SLE) is a chronic
autoimmune disease in which pathogenesis oxidative stress
has an important role. Single nucleotide polymorphisms
(SNPs) in the genes that code enzymes involved in the anti-
oxidative defense are possible factors that are responsible for
their decreased activity of antioxidative defense enzymes.
Thus, the aim of the study was to examine association of
SNPs in these genes with SLE. A total of176 subjects were
involved in this study. CATA-21T (rs7943316), CAT C-262T
(rs1001139) and manganese SOD (MnSOD) Ala16Val
(rs4880) SNPs were determined using PCR-RFLP method,
while GSTT1 and GSTM1 were determined using multiplex
PCR. The obtained results showed significant differences in
the distribution of genotypes (df = 2; p = 0.001) and alleles
(p < 0.001; OR = 2.227; 95% CI = 1.429–3.741) of rs4880
between patients and controls. MnSODValVal genotype
showed association with neurologic manifestations
(p = 0.016; OR = 6.7; 95% CI = 1.18–37.89), while homozy-
gous GSTT1 showed association with musculoskeletal mani-
festations of SLE (p = 0.008; OR = 4.168; 95% CI = 1.364–
12.737). AlaVal/T+M+ genotype combination is a high-risk
genotype for SLE. SNP–SNP interaction model showed pos-
itive correlation between CATA-21T and CAT C-262T SNPs
in SLE patients which was not influenced by the linkage dis-
equilibrium (r2 = 0.005; D′ = 0.071). MnSODVal allele is a
risk factor for SLE, as well as for SLE with neurologic

manifestations, while homozygous GSTT1 genotype is a risk
factor for SLE with musculoskeletal manifestations. Catalase
SNPs (C-262T and A-21T) show positive correlation in the
model of SNP–SNP interaction.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic
multisystemic disease of the autoimmune origin, which pre-
dominantly occurs in women. The clinical presentation of the
disease includes arthralgia and arthritis, skin rush, pleuritis or
pericarditis, kidney or CNS disorders, and different types of
cytopenia in blood [1]. Even though the precise etiologic and
pathogenic mechanisms of the SLE are not clearly understood,
it is assumed that SLE appears due to the complex interaction
of different endogenic (genetic) [2] and exogenic
(environmental) factors [3]. The dominant pathogenic mech-
anism in SLE is the dysfunction of immunoregulatory mech-
anisms due to the abnormal programmed cell death and oxi-
dative stress, which results in loss of immune tolerance and
increased autoantibody production [4].

Up to date studies showed an increased production of re-
active oxygen (ROS) and nitrogen (RNS) species [5] and sig-
nificantly decreased activity of antioxidative defense enzymes
(catalase, superoxide dismutase, and glutathione peroxidase)
in serum, plasma, and saliva of SLE patients [6, 7]. The pos-
sible factors that are responsible for decreased activity of an-
tioxidative defense enzymes are the presence of single nucle-
otide polymorphisms (SNPs) in the genes that code enzymes
involved in antioxidative defense.
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Superoxide dismutase (SOD) is the first-line defense en-
zyme that protects cells from ROS by catalyzing the
dismutation of superoxide anion radical to hydrogen peroxide
(H2O2). Manganese SOD (MnSOD or SOD2; EC1.15.1.1) is
the mitochondrial isoenzyme, coded by the gene located at the
position 6q25 [8]. One of the most frequently studied SNPs in
the MnSOD gene is rs4880, which is located at the 16th po-
sition within the mitochondrial target sequence (MTS). It is
characterized by alanine (GCT) to valine (GTT) transition due
to cytosine (C) to thymine (T) change at the position 2734.
Valine disturbs enzyme translocation from cytosol to the mi-
tochondrial matrix where the active enzyme is formed. It is
considered that rs4880 SNP is associated with different dis-
eases, such as diabetes mellitus [9], human neurodegenerative
and aging disorders, Parkinson’s [10] or Alzheimer’s disease
[11], schizophrenia [12], prostate cancer [13], and bronchial
asthma [14].

Catalase (CAT; EC1.11.1.6) is an intracellular, complex
enzyme containing four identical subunits. It is present in
the peroxisomes and catalyzes decomposition of H2O2 [15].
Human CAT gene is located in the 11th chromosome, position
11p13, and consists of 13 exons and 12 introns. Numbers of
SNPs are identified in this gene: A-21T (rs793316), C-262T
(rs1001179), and C-844T (rs769214). The most frequently
studied SNP that leads to the substitution of cytosine (C) by
thymine (T) at the position -262 is C-262T, located in the
promoter region of the CAT gene. The presence of CAT-
262Tallele influences transcription process, and it is previous-
ly shown that it is associated with a catalasia [16]. Catalase A-
21T (rs7943316) SNP is located in the promoter region of the
gene, proximal from the transcription start site. It is character-
ized by adenine (A) to thymine (T) change in the position-21.
Allele CAT-21T is associated with an increased risk for vitili-
go and protective effect in osteonecrosis [16, 17], but it is not
previously studied in SLE.

Glutathione S-transferase (GST) is also an enzyme that has
very important role in the free radicals detoxification. Gene
products of GSTM1 and GSTT1 are responsible for the de-
toxification of polycyclic aromatic hydrocarbons (PAHs) and
smaller hydrocarbons, respectively, as well as for ROS scav-
enging [18], and thus have an important role in the protection
of DNA from oxidative damage [19]. GSTM1 gene cluster is
located at the 1p13.3 position, while GSTT1 gene is located at
the position 22q11.2. Two common deletion SNPs are known
in both genes. They result in the absence of enzyme activity,
particularly in subjects with deletions of both GSTM1 and
GSTT1 [20, 21].

In the last years, great numbers of SNPs are identified in
order to explain the genetic background of the complex dis-
eases. However, even if the particular SNPs are important
indicators of the genetic background of complex diseases,
they explain only a part of the genetic risk [22]. Thus, it is
very important to examine possible SNP–SNP interactions in

order to elucidate the real genetic risk for the certain disease.
To the best of our knowledge, SNP–SNP interactions between
the antioxidative enzymes are not previously studied in SLE.

Since the oxidative stress has very important role in disease
pathogenesis and that SNPs located in the genes that code for
antioxidative enzymes may change their activity, the aim of
this study was to examine the association of SNPs in the CAT
(rs1001179 and rs7943316), MnSOD (rs4880), GSTM1, and
GSTT1 genes and to examine SNP–SNP interactions between
these antioxidative enzymes in Serbian patients with SLE.

Patients and methods

Patients

A total of 176 subjects were involved in this study. All partic-
ipants were divided into two groups:

& Group I included 88 patients with SLE, 34 to 70 years old
(median = 52). SLE was diagnosed according to the
BEleven Criteria of Lupus^ guidelines of the American
College of Rheumatology. Based on the clinical disease
presentation, all patients were divided into 4 subgroups, as
follows: patients with musculoskeletal manifestation (50),
patients with hematologic changes (11), patients with lu-
pus nephritis (17), and patients with neurologic lupus (6).

& Group II included 88 healthy control subjects, matched by
sex and age, without previous history of SLE or other
acute and chronic disease.

All subjects signed an informed consent prior to inclusion
in the study. The study was approved by the Ethical
Committee of the Faculty of Medicine, University of Nis,
Serbia. The research was conducted at the Laboratory for
Functional Genomics and Proteomics, Faculty of Medicine,
University of Nis, Serbia, according to the guidelines of the
Declaration of Helsinki and the good laboratory practice.

Methods

Blood samples were obtained by the punction of the median
cubital vein during the routine laboratory control. Two hun-
dred microliters of blood was used for DNA isolation.

DNA isolation

DNA was isolated from the leucocytes of the whole blood
using BQIAamp DNA Blood Mini Kit^ (Quiagen GmbH,
Hilden, Germany).
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Genotyping methods

DNA samples were used for the determination of CATA-21T
(rs7943316), CAT C-262T (rs1001139), MnSOD Ala16Val
(rs4880), GSTT1, and GSTM1 SNPs. The SNPs in the CAT
and MnSOD genes were determined using the polymerase
chain reaction–restriction fragment length polymorphism
(PCR-RFLP), while GSTT1 and GSTM1 were determined
using the multiplex PCR.

PCR reaction was performed in the total volume of 25 μl
containing 50 ng/μl of DNA and 10 μM of forward and re-
verse primers (CAT A-21T: F—5′-AATCAGAAGGCAGT
CCTCCC-3′ and R–5′-TCGGGGAGCACAGAGTGTAC-3′;
CAT C-262T: F—5′-GCC GCC TTT TTG CCT ATC CT-3′
and R–5′-TCCCGCCCATCTGCTCCAC-3′; MnSOD
Ala16Val: F–5′-CCAGCAGGCAGCTGGCAC CG-3′ and
R–5′-TCCAGGGCGCCGTAGTCGTAGG -3′; GSTM1:
F—5′-CTGCCCTACTTGATTGATGGG-3′ and R—5′-
CTGGATTGTAGCAGATCATGC-3′; GSTT1: F—5′-TTCC
TTACTGGTCCTCACATCTC-3 ′ and R—5 ′-TCAC
GGGATCATGGCCAGCA-3′).

PCR products were verified on 2% agarose gel and after-
wards digested using the specific restriction endonuclease
(HinfI for CAT A-21T, SmaI for CAT C-262T, AgeI (BshTI)
for SOD Ala16Val). Obtained results were visualized on 8%
polyacrylamide gels and interpreted according to the obtained
restriction fragments:

& CATA-21T: A allele 177 and 73 bp or T allele 250 bp
& CAT C-262T: C allele 155 and 30 bp or T allele 185 bp
& MnSOD Ala16Val: Ala allele 74 and 17 bp or Val allele

91 bp

Statistical analysis

The allele and the genotype frequencies determined in patients
and healthy controls were compared with the values predicted
by the Hardy–Weinberg equilibrium using the chi-squared
(χ2) test. The chi-squared and the two-tailed Fisher’s exact
test (when the number of samples was less than 5) were used
to compare allele and genotype frequencies between the
groups. The risk was estimated by the odds ratio (OR) with
95% confidence interval (CI). Probability values less than
0.05 were considered statistically significant.

Linkage disequilibrium was calculated using PLINK ver-
sion 1.07 [23]. The multifactor dimensionality reduction
(MDR) method was used for the detection of SNP–SNP inter-
actions between all genotyped SNPs. Statistical analysis and
graphic presentation of the data were carried out using the
MDR software package version 3.0.2 [24]. Evaluation of the
obtained models was performed based on the testing accuracy
(TA) as the measure of proportion of cases that are grouped

correctly according to their case-control status and cross-
validation consistency (CVC). CVC is the measure of the
number of times the particular set of loci is identified in each
of the subject in 10-fold cross-validation. The best selected
model was the model with the highest TA and CVC. The
statistical significance of the model was assessed by permuta-
tion testing using the MDR permutation testing software ver-
sion 1.0 [24]. High- and low-risk genotype combinations were
determined based on threshold value (1.0 in this study).

Results

Analysis of genotypes and alleles of the SNPs in genes
of antioxidative enzymes (MnSODAla16Va (rs4880), CAT
A-21T (rs7943316), CAT C-262T (rs1001139), GSTT1,
and GSTM1)

The genotype frequencies for all studied SNPswere in Hardy–
Weinberg equilibrium (p > 0.05). Table 1 represents the dis-
tribution of genotypes for the studied SNPs.

The distribution of rs4880 genotypes showed statistically
significant differences between SLE patients and healthy con-
trols. Genotypes containing mutant MnSODVal allele (AlaVal
+ ValVal) are more frequent in SLE patients (75%) compared
to controls (51.14%), while homozygous AlaAla genotype is
more frequent in healthy controls compared to SLE patients
(25 vs. 48.86%; χ2 = 15.17; df = 2; p = 0.001; Table 1).

Distribution of genotypes for two studied SNPs in the cat-
alase gene, A-21T and C-262T, did not show differences be-
tween patients and healthy controls (p = 0.283 and p = 0.157,
respectively). Moreover, no differences in the distribution of
GSTT1 (p = 0.34) and GSTM1 (p = 0.645) were observed
between studied groups (Table 1).

Distributions of alleles for Ala16Val MnSOD, CATA-21T,
and CATC-262T SNPs are presented in Table 2. The presence
of MnSODAla allele was significantly higher in controls
(72.77%) compared to SLE patients (54.54%), while
MnSODVal allele was observed in 27.27% healthy subjects
and 45.45% patients (p < 0.001; Table 2). However, distribu-
tions of CAT A-21T and CAT C-262T alleles did not show
differences between SLE patients and controls (p < 0.05;
Table 2).

Analysis of the association of SNPs in genes
of antioxidative enzymes (MnSODAla16Va (rs4880), CAT
A-21T (rs7943316), CAT C-262T (rs1001139), GSTT1
and GSTM1) with clinical manifestations of SLE

Distribution of genotypes of the studied SNPs according to the
clinical manifestations of SLE (musculoskeletal, renal, neuro-
logic, or hematologic) is presented in Table 3. Four patients
were excluded from this analysis due to the overlap of SLE
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with other comorbidities. The genotypes of the studied SNPs
in patients with the certain clinical presentation of the disease
were compared to the presence of the genotypes in patients
without certain clinical manifestation of SLE. Obtained results
showed association of MnSODValVal genotype with neuro-
logic manifestations of SLE (p = 0.016; OR = 6.7; 95%
CI = 1.18–37.89), while homozygous GSTT1 showed associ-
ation with musculoskeletal manifestations of SLE (p = 0.008;
OR = 4.168; 95% CI = 1.364–12.737). No associations of
clinical manifestations of disease were observed for catalase
(CAT C-262T and CATA-21T) and GSTM1 SNPs.

SNP–SNP interaction analysis

Among the predicted models, presented in the Table 4, two-
locus (MnSOD, GST) and four-locus (MnSOD, CAT-21,
CAT-262, GST) models were selected as the best models with
CVC 10/10 and the highest TA of 0.665 and 0.668, respec-
tively. Two- and four-locus models were statistically signifi-
cant with p values of 0.005 and 0.004, respectively. Three-

locus model (MnSOD, CAT-262, GST) reveals high TA of
0.631 and CVC 10/10, but the model was not statistically
significant (p > 0.0125; Table 4).

High- and low-risk genotype combinations in the two-
locus model of interaction between MnSOD and GST are
presented in Fig. 1. The combination of genotypes was labeled
as high risk if the ratio between the SLE patients, and the
healthy controls were above threshold or as low risk if the
ratio was below threshold. The carriers of AlaVal/T+M+ ge-
notype combination, as well as AlaAla/T−M+ and combina-
tions of homozygous MnSODValVal with GST genotypes,
were selected as the high-risk combinations for SLE. Other
genotype combinations in the two-locus model were labeled
as low risk, while ValVal/T−M− genotype combination was
not observed in the present study.

Interaction graph based on entropy measures between in-
dividual variables showed strong positive correlation (3.43%)
between CATA-21Tand CAT C-262T SNPs (red colored line
in Fig. 2) in patients with SLE which was not influenced by
LD (r2 = 0.005; D′ = 0.071). Additionally, mild interaction

Table 1 Distribution of
genotypes in SLE patients and
healthy controls

SNP Genotype SLE
(n = 88)

Control
(n = 88)

χ2 df p*

MnSODAla16Val
(rs4880)

AlaAla 22 43 15.171 2 0.001*
AlaVal 52 42

ValVal 14 3

CAT C-262T
(rs1001139)

CC 36 45 2.526 2 0.283
CT 40 36

TT 12 7

CATA-21T
(rs7943316)

AA 13 6 3.708 2 0.157
AT 33 42

TT 42 40

GSTM1 Present 34 37 0.212 1 0.645
Null 54 51

GSTT1 Present 71 75 0.910 1 0.340
Null 18 13

GSTM1/GSTT1 Present/present 26 33 0.020 1 1.0
Null/null 9 12

SLE systemic lupus erythematosus, n number of individuals, χ2 chi-square, df degrees of freedom, p p value

*Significant p value

Table 2 Distribution of alleles in
SLE patients and healthy controls SNP Allele SLE, n (%) Control, n (%) χ2 p* OR (95% CI)

Ala16Val MnSOD Ala 96 (54.54) 128 (72.72) 12.702 <0.001* 2.227 (1.429–3.741)
Val 80 (45.45) 48 (27.27)

C-262T catalase C 112 (63.63) 126 (71.59) 2.543 0.111 1.440 (0.919–2.256)
T 64 (35.36) 50 (28.4)

A-21T catalase A 59 (33.52) 54 (30.68) 0.326 0.568 0.878 (0.561–1.374)
T 117 (66.47) 122 (69.3)

SLE systemic lupus erythematosus, n number of individuals, χ2 chi-square, p p value, OR odds ratio, 95% CI
95% confidence interval

*Significant p value
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was present between MnSOD and GST SNPs (1.16%), while
no interaction or redundancy was observed between MnSOD
and catalase SNPs (Fig. 2).

Discussion

The association of CATA-21T, CATC-262T,Ala16ValMnSOD,
GSTT1, and GSTM1 SNPs, as well as their interactions, with
SLE was analyzed in this study. Since SLE is a chronic inflam-
matory autoimmune disease in which pathogenesis oxidative
stress has very important role, we hypothesized that patients
who are carriers of CAT-21T, CAT-262T, MnSODVal alleles,
and deletions of GSTT1 and GSTM1 are prone to higher level
of oxidative stress due to lower antioxidative defense compared
to the patients who are carriers of wild type alleles (CAT-21A,
CAT-262C, MnSODAla) or who do not carry GSTT1 and
GSTM1 deletions.

Literature data showed significantly increased oxidative
stress parameters in patients with SLE [5–7], as well as lower

Table 3 Distribution of
genotypes of the SNPs in genes of
antioxidative enzymes according
to the clinical manifestations of
SLE

SNP Genotype Clinical manifestation of SLE

Musculoskeletal
(n = 50)

Renal
(n = 17)

Neurologic
(n = 6)

Hematologic
(n = 11)

MnSOD
Ala16Val

AlaAla 13 2 1 4

AlaVal 32 12 2 4

ValVal 5 2 3 3

CAT C-262T CC 19 7 4 4

CT 26 7 4 2

TT 5 3 0 3

CATA-21T AA 8 1 0 3

AT 18 8 3 3

TT 24 8 3 5

GSTT1 Present 38 15 4 10

Null 12 2 2 1

GSTM1 Present 19 7 2 7

Null 31 10 4 4

n number of individuals

Table 4 SNP–SNP interaction models obtained using MDR analysis

Number
of loci

Model TA CVC p value*

1 GST 0.585 8/10 0.236

2 MnSOD, GST 0.665 10/10 0.005

3 MnSOD, CAT-262, GST 0.631 10/10 0.036

4 MnSOD, CAT-21, CAT-262, GST 0.668 10/10 0.004

Statistically significant p values are written in italics

TA testing accuracy, CVC cross-validation consistency

*p values based on permutation tests

Fig. 1 Distribution of high- and low-risk genotype combinations in two-
locus model of interaction between MnSOD and GST SNPs. High-risk
genotype combinations are represented with the dark gray cells, while
those at low risk are represented with the light gray cells. White cell
represents the combination of genotypes that was not detected in the
study. Left bar in each cell corresponds to the number of SLE patients,
and right bar corresponds to the number of control subjects
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activity of antioxidative enzymes (catalase, SOD, and gluta-
thione peroxidase) [7, 8]. Moreover, some authors suggested
that synthesis of autoantibodies against antioxidative enzymes
is responsible for lower activity of these enzymes [25, 26].
Furthermore, SNPs in genes that code the antioxidative en-
zymes may alter enzyme structure, substrate specificity, or
enzyme’s activity and thus modify inter-individual variability
in the defense capacity against oxidative stress [27].

Polymorphism MnSODAla16Val is characterized by
the substitution of GCT to GTT sequence and thus sub-
stitution of alanine to valine at the 16th position of
MTS. In newly diagnosed SLE patient, SOD activity
is significantly lower compared to healthy subjects [28].
Distribution of MnSODAla allele differs between populations
and counts from 11 to 30% in Japanese and Chinese to 41–
62% in Caucasians [29]. In our population, MnSODAla allele
was presented in 72.72% of healthy controls and 54.54% of
SLE patients. MnSODVal allele was more frequent in patients
compared to controls indicating 2.2-fold higher risk for dis-
ease in patients with SLE. Furthermore, genotypes with the
mutant MnSODVal allele (AlaVal and ValVal) showed
significantly higher frequency in SLE patients compared
to healthy controls. Presence of the mutant MnSODVal
allele changes the secondary structure of protein (β
sheet is formed instead of α helix which is formed in
the presence of MnSODAla allele) and thus disturbs
enzyme translocation from cytosol to the mitochondrial
matrix. Protein is kept in the inner mitochondrial mem-
brane resulting in lower production of the active tetra-
mer in mitochondrial matrix and thus inappropriate an-
tioxidative defense due to lower enzyme activity [30]. It
is previously shown that the presence of MnSODVal

allele is associated with 30–40% lower enzyme activity.
Moreover, mutant MnSODVal allele may also influence
mRNA stability [30]. Homozygous ValVal genotype is
significantly associated with neurologic manifestations
of SLE in our study. Sobkowial et al. showed that
ValVal genotype is associated with Raynaud’s phenom-
enon and immunologic manifestations of SLE [31].

Single-nucleotide polymorphisms in the CAT gene
might alter the susceptibility to oxidative stress-
mediated injury. It is suggested that CAT C-262T, locat-
ed in the promoter region of catalase gene, may influ-
ence transcription by changing the binding of transcrip-
tion factors and thus alter basal catalase expression in
different cell types [15]. Our study showed that geno-
type and allele distributions of catalase SNPs were not
significantly different between SLE patients and healthy
controls. These results are in accordance with the liter-
ature data [25, 32–34]. Also, no association of CAT C-
262T with the clinical manifestations of disease was
found in our study. However, Warhol et al. showed
significant correlation of C-262T SNP with thrombocytope-
nia, leukopenia, and increased autoantibody titer [32].

Distribution of CAT A-21T genotypes in healthy
Caucasians showed that AT genotype is more frequent com-
pared to TT and that AA has the lowest frequency, which is in
accordance with our results [35]. Similar distribution is pres-
ent in Russian and Tamil population of south India [16, 36],
but in Chinese, AA is present in 56.3% and TT in only 8.1%
[17]. According to Polonikov et al., CATA-21T SNP is asso-
ciated with the increased oxidative stress due to the decreased
enzyme activity [37]. It is previously shown that CATA-21T
is associated with vitiligo [17], osteonecrosis [16], and bron-
chial asthma [29, 37], but it is not previously studied in SLE.
However, our study failed to show any association of this SNP
with SLE, as well as with clinical manifestations of disease.

Besides the catalase and SOD, GST superfamily of the
genes has very important role in oxidative stress. It is shown
that GSTM1 and GSTT1 genes are polymorphic and GSTM1
deletion is detected in 35–60%, whileGSTT1 deletion is de-
tected in 10–65%of individuals depending on the studied pop-
ulation [38]. Detection of GSTM1 and GSTT1 null mutations
could be of great importance, since the inadequate antioxida-
tive defense is one of the risk factors for SLE development.
Kang et al. suggested that GSTM1 and GSTT1 polymor-
phisms are not associated with SLE risk, but may affect the
susceptibility to certain clinical manifestations and autoanti-
body profiles in Korean population [39]. Furthermore, few
other studies demonstrated no association between SLE and
presence of the homozygous null GSTM1 or GSTT1 geno-
type, which is in accordance with the results obtained in our
study [40–42]. However, our results showed association of
homozygous GSTT1 gene and musculoskeletal manifesta-
tions of SLE. The study of Kang et al. revealed association

Fig. 2 Interaction graph based on entropy for all studied SNPs. Type of
interaction is denoted by the following colors: red—strong interaction;
orange—mild interaction; green—weak interaction; blue—no interaction
or redundancy; and brown—independence (color figure online)
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of GSTT1 null genotype with decreased discoid rash
andnephritis [39], while the study of Tew et al. failed to find
association of GST null alleles either with the development of
SLE or with its clinical manifestations [41]. Association of
GSTM1 null genotype with autoantibodies was previously
showed in Caucasian and Afro-American patients with SLE
[40]. However, GSTM1 null genotype had lower prevalence
of hematologic disorders, suggesting the protective effect
against hematologic manifestations in SLE [39].

Even if it is shown that particular SNPs are associated with
disease, it can only partially explain genetic risk for the certain
disease. Thus, the examination of SNP–SNP interactions is
important in order to explain the genetic risk in complex dis-
eases. To the best of our knowledge, this is the first study that
examined interactions of SNPs in antioxidative enzymes in
SLE. Obtained results showed that AlaVal/T+M+ genotype
combination, which had the highest frequency compared to
other MnSOD/GST combination genotypes, is a high-risk ge-
notype for SLE.Moreover, even though the particular catalase
SNPs did not show association with SLE, interaction analysis
showed positive correlation between CAT C-262T and CAT
A-21T SNPswhich is not influenced by linkage disequilibrium.

Conclusion

In conclusion, this is the first study that examined CATA-21T
SNP, as well as SNP–SNP interactions of antioxidative en-
zymes in SLE patients. Genotypes containing MnSODVal al-
lele and MnSODVal allele are risk factors for SLE, as well as
for SLE with neurologic manifestations, while homozygous
GSTT1 genotype is the risk factor for SLE with musculoskel-
etal manifestations. Catalase SNPs (C-262Tand A-21T) show
positive correlation in the model of SNP–SNP interaction.
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