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Genetic polymorphisms modifying oxidative
stress are associated with disease activity in
rheumatoid arthritis patients
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Abstract. Reactive oxygen and nitrogen species are involved in the pathology of rheumatoid arthritis (RA). Polymorphisms in
genes coding for superoxide dismutases (SOD2 and SOD3), catalase (CAT), tumor necrosis factor-alpha (TNFA) and inducible
NO synthase (NOS2A) may influence RA activity. We determined SOD2 Ala-9Val, SOD3 Arg213Gly, CAT C-262T, TNFA
G-308A, TNFA C-857T and NOS2A (CCTTT),, polymorphisms in 327 RA patients. Carriers of CAT -262T and TNFA -308A
allele had lower mean disease activity score of 28 joint count (DAS28) values than patients with CAT -262CC and TNFA -308GG
genotypes (p = 0.014 and p = 0.046, respectively). Patients with the combination of CAT -262T and TNFA -308A allele had
lower mean DAS28 values and a higher probability for low disease activity than non-carriers (p = 0.003, OR = 3.585, 95% CI
= 1.538-8.357). Our results suggest that CAT and TNFA polymorphisms alone and in combination influence the activity of RA.
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1. Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune
disease characterized by chronic inflammation. Ac-
tivated neutrophils in the inflammed joints produce
numerous cytokines, including tumor necrotic factor-
alpha (TNFa) [1]. TNF« stimulates the phagocytic
cells to undergo an oxidative blast and generate reactive
oxygen species (ROS) and activates the inducible NO
synthase (iNOS) to produce NO [2,3]. In the presence
of NO highly toxic reactive nitrogen species (RNS) may
be formed by ROS. Both ROS and RNS cause damage
on DNA, proteins and lipids (reviewed in [4]).

Since ROS and RNS damage the cartilage and the
components of the extracellular matrix, they may be
directly involved in the pathology of RA (reviewed
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in [5]). To prevent cellular damage, complex defense
mechanisms including many enzymes, proteins and an-
tioxidants have evolved. Among them are antioxi-
dant enzymes such as superoxide dismutases (SOD)
that convert superoxide into hydrogen peroxide (H2O2)
and catalase (CAT) that further decomposes HoO3 in-
to water and oxygen. SOD isoenzyme family has at
least three members; MnSOD, a mitochondrial enzyme
that is expressed in all cells types, cytosolic CuZn-
SOD and extracellular SOD (EC-SOD) that is tissue
specific. Numerous single nucleotide polymorphisms
(SNPs) in the genes coding for antioxidant enzymes
have been described that may modify the ROS detox-
ification capacity. The most frequently studied SNP
in the gene coding for MnSOD (SOD?2) causes Ala to
Val substitution (Ala-9Val, rs4880) and thus reduces
mitochondrial import of the enzyme due to altered pro-
tein secondary structure [6]. A SNP in the gene cod-
ing for EC-SOD (SOD3) that causes Arg to Gly sub-
stitution (Arg213Gly, rs1799895) alters the heparin-
binding domain, which anchors the enzyme in the cell
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membrane [7]. On the other hand, promoter SNP CAT
C-262T (rs1001179) influences the gene expression in
red blood cells both at mRNA and enzyme levels [8].

Polymorphisms that may influence the intensity of
the inflammatory processes have also been described in
genes coding for pro-inflammatory factors that stimu-
late ROS and RNS production such as TNFa and iNOS.
In the transcriptional regulation region of the gene cod-
ing for TNFa (TNFA) several SNPs are known, among
which G-308A (rs1800629) and C-857T (rs1799724)
may have an affect on the mRNA and protein level [9,
10]. In the promoter region of the gene coding for
iNOS (NOS2A) a variable number of CCTTT pentanu-
cleotide repeat ((CCTTT),,) has been described that
may be important in the regulation of NOS2A tran-
scription [11].

As SNPs in the antioxidant enzymes alter enzymes’
structure, substrate specificity or activity they may
modify the inter-individual variability in the defense ca-
pacity against oxidative stress, while polymorphisms in
the pro-inflammatory factors that are directly involved
in the inflammation may modify the pathogenesis of
the disease. In this way, polymorphisms in the antioxi-
dant enzymes and pro-inflammatory factors may influ-
ence the activity of RA. In this study we investigated
if polymorphisms of SOD2, SOD3, CAT, TNFA and
NOS2A influence the activity of RA. In addition, we
investigated the potential interactions between the stud-
ied SNPs and assessed the influence of the combination
of polymorphic genotypes on the activity of RA.

2. Materials and methods
2.1. Patients

The study population consisted of a group of 327
unrelated Central European Caucasian RA patients that
fulfilled the criteria for the diagnosis [12]. Patients
were treated at the Department of Rheumatology, Uni-
versity Medical Centre Ljubljana, Slovenia and were
enrolled from September 2005 to September 2007. All
the patients were treated with one or more disease mod-
ifying antirheumatic drugs (DMARDs), which includ-
ed methotrexate (MTX), leflunomide, chloroquine, sul-
fasalazine, injectable gold, cyclosporine and others.
Therapy was administered as clinically indicated.

All the patients gave their written informed consent
for participating in the study. The study was approved
by the Slovenian Ethics Committee for Research in
Medicine and was carried out according to the Helsinki
Declaration.

2.2. Clinical and laboratory assessments

Erythrocyte sedimentation rate (ESR; mm/h) and C-
reactive protein (CRP; mg/L) were measured at the en-
try of the patients into the study. The disease activi-
ty score of 28 joint count (DAS28) was calculated for
each patient using the calculation which included the
number of tender and swollen joints, ESR and patients’
global assessment of general health expressed on visu-
al analogue scale [13]. Patients with DAS28 less than
3.2 were classified into the low activity group, while
patients with DAS28 values 3.2 and more were referred
to as others. In the selected 100 RA patients receiv-
ing low-dose MTX monotherapy two DAS28 scores of
two consecutive visits within three months time (at the
inclusion in the study and at month 3 of the follow-up)
were obtained and mean DAS28 values were calculated
to evaluate the disease activity over time.

Rheumatoid factor (RF) was determined by the
Waaler- Rose and Latex agglutination method and the
presence of anti-citrullinated peptide antibodies (anti-
CCP) was assessed with the ELISA method using Im-
munoscan RA anti-CCP test kit (Euro-Diagnostica,
Malmo, Sweden).

Cigarette smoking status was obtained for each pa-
tient by a questionnaire. Data on the disease and treat-
ment duration, body mass index (BMI), erosive changes
of hands and feet observed on X-rays were collected
from individual patient’s files.

2.3. Genotyping

Genomic DNA was isolated from peripheral blood
leukocytes using a standard salting-out procedure and a
Qiagen FlexiGene kit (Qiagen GmbH, Germany) [14].
Polymerase chain reaction (PCR) amplification with
a fluorescent labeled primer followed by a capil-
lary electrophoresis was used for NOS2A (CCTTT),,
genotyping as previously described [15]. To deter-
mine CAT C-262T polymorphism the region encom-
passing the polymorphic site was amplified and PCR
product was further digested with Smal (New Eng-
land Biolabs) as previously described [8]. To de-
termine the SOD2 Ala-9Val, SOD3 Arg213Gly and
TNFA C-857T polymorphisms TagMan SNP genotyp-
ing assays were used (C_8709053 10, C2307506_10
and C_11918223_10, respectively, AB assay, Ap-
plied Biosystems, Foster City, California, USA). To
determine TNFA G-308A polymorphism a custom
TagMan assay (ABI, Foster City, California, USA)
was designed and kindly provided by dr. Rupreht
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from Blood Transfusion Centre, Ljubljana, Slovenia.
Primer and probe sets for were designed as follows
F: 5-CTGGTCCCCAAAAGAAATGGA-3’, R: 5’-
GGGCCACTGACTGATTTGT-3’; -308G probe VIC-
5’-CCCGTCCTCATGCC-3’, -308A probe FAM-5’-
CCCGTCCCCATGCC-3’. Real time PCR was per-
formed under universal conditions on ABI 7500 in a
5 pL reaction mix containing 0.125 pL of the corre-
sponding genotyping assay, 2.5 pL of TagMan Uni-
versal PCR Master Mix (ABI, Foster City, Califor-
nia, USA) and a 100 ng of DNA. Prior to genotyping
TagMan assays were validated on 100 samples with a
known genotype.

2.4. Statistical analyses

Multiple linear regression analysis with the adjust-
ment for sex, age, BMI, disease and treatment dura-
tion and RF/anti-CCP seropositivity was used to de-
termine the influence of the genetic polymorphisms on
DAS28. Regression coefficient was given by B val-
ue with standard error (SE). Binary logistic regression
analysis with the same adjustments was used to express
the probability for low disease activity as an odds ratio
(OR) with 95% confidence intervals (CI). All statisti-
cal analyses were done using SPSS for Windows ver-
sion 14.0.1 software (Statistical Package for the Social
Sciences, Chicago, IL). Hardy-Weinberg equilibrium
and linkage disequilibrium analyses were performed
using Arlequin version 3.1 [16]. Linkage disequilib-
rium measures are given with 2. Correction for po-
tentional multiple testing errors was performed using
Holm’s procedure. The power calculations were done
using G*Power version 3.0.3 [17]. Our study had a
90% statistical power to detect medium effect sizes
(0.3-0.5) with an alpha level of 0.05.

3. Results

In our study we investigated the influence of SNPs
in the genes coding for antioxidant enzymes and pro-
inflammatory factors on the activity of RA in a group of
327 patients. Demographic and clinical characteristics
of the patients are presented in Table 1. The female
to male sex ratio was 6.4 to 1. The majority of the
patients was treated with MTX (57.2%), followed by
leflunomide (33.3%), sulfasalazine (22.3%) and cloro-
quine (18.3%). Approximately 18% of the patients
were treated with corticosteroids and 9% were treat-
ed with biologics. Sex, age, BMI and RF/anti-CCP

Table 1
Baseline characteristics of RA patients (N = 327)

Characteristic Baseline value
Sex: male N (%) 44 (13.5)
female 283 (86.5)
Median age [years] (range) 60 (51-59)
Median BMI (range) 24.5 (22.3-28.0)
Past or current smokers 132 (40.4)
Median disease duration [months] (range) 84 (42-156)
RF/anti-CCP seropositivity* N (%) 263 (80.9)
Presence of erosions™ N (%) 251 (79.2)

Mean DAS28 (SD) 4.2(1.3)
Median ESR [mm/h] (range) 24.0 (15.0-36.0)
CRP positivity* (CRP = 5 mg/L), N (%) 184 (56.6)
Median treatment duration [months] (range)  29.0 (11.5-56.0)

DMARDs treatment, N (%): MTX 187 (57.2)
Leflunomide 109 (33.3)
Sulfasalazine 73 (22.3)
Cloroquine 60 (18.3)
Other DMARD 54 (16.5)

Median values are given with the range of p25—p75.

*RF/anti-CCP seropositivity, the presence or absence of erosions
observed on X-rays of hands and feet and CRP positivity was assessed
in 325, 325 and 317 patients, respectively.

seropositivity did not influence the mean DAS28 val-
ues. A correlation between the disease duration and
DAS28 as well as treatment duration and DAS28 was
found (p = 0.001, B = 0.002 £ 0.001 and p = 0.003,
B = —0.006 £ 0.002, respectively). An association of
the disease duration, RF and/or anti-CCP seropositivi-
ty, smoking status with the presence of bone erosions
was observed (p < 0.001, p = 0.026 and p = 0.026,
respectively).

We analyzed the following polymorphisms: SOD2
Ala-9Val, SOD3 Arg213Gly, CAT C-262T, TNFA G-
308A, TNFA C-857T and NOS2A (CCTTT),,. The
observed frequencies of the studied polymorphisms did
not deviate from the Hardy-Weinberg equilibrium (p >
0.276). Only one subject with SOD3 213 Arg/Gly geno-
type was detected so the association of this SNP with
disease activity was not assessed. We detected from 7
to 16 CCTTT repeats in the NOS2A promoter region.
For further analyses we stratified RA patients accord-
ing to the NOS2A genotypes into carriers of short (n =
7-11) and carriers of at least one long (n = 12-16)
NOS2A CCTTT repeat. We found no individual with
TNFA -308 AA and TNFA -857 TT genotype how-
ever, linkage disequilibrium between TNFA -308 and
-857 loci was not strong (2 = 0.0386). Among all the
patients, five were excluded from the analyses due to
the inefficient PCR amplification of TNFA -308 (one),
CAT (two) and NOS2A (three).

We assessed the influence of SOD2 Ala-9Val, CAT
C-262T, TNFA G-308A, TNFA C-857T and NOS2A
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The association of genetic polymorphisms with disease activity in RA patients

Genotype Disease activity
Mean DAS28 Low Other
(SD) N (%) N (%)
SOD2 -9 Ala/Ala 90 (27.5) 4.1(1.3) 19 (30.6) 71 (26.8)
Ala/Val or Val/Val 237 (72.5) 43 (1.3) 43 (69.4) 194 (73.2)
CAT -262 cc 175 (53.8) 4.4 (1.3)f 25 (41.0) 150 (56.8)
CTorTT 150 (46.2) 4.0 (1.2)f 36 (59.0)# 114 (43.2)#
TNFA -308 GG 227 (69.6) 43 (1.2)F 39 (62.9) 188 (71.2)
GA or AA 99 (30.4) 4.0 (1.3) 23 37.1)¥ 76 (28.8)%
TNFA -857 CC 231 (70.6) 42 (1.3) 46 (74.2) 185 (69.8)
CTor TT 96 (29.4) 43(1.3) 16 (25.8) 80 (30.2)
NOS2A Short repeat (8-11) 77 (23.8) 4.1(1.4) 19 (30.6) 58 (22.1)
At least one long repeat (12-16) 247 (76.2) 42(1.2) 43 (69.4) 204 (77.9)

*Five samples were excluded from the analyses due to insufficient PCR amplification of TNFA -308 (1), CAT

(2) and NOS2A (3).

tp = 0.014; tp = 0.046; #p = 0.008, OR = 2.252, 95% CI = 1.238-4.097; ¥p = 0.156, OR = 1.576, 95% CI

=0.841-2.955.

p values were corrected for sex, age, BMI, disease and treatment duration and RF/anti-CCP seropositivity.

The association of the combination of polymorphic genotypes with disease activity in

RA patients
Genotype combination N (%) Disease activity

Mean DAS28 Low Other

(SD) N (%) N (%)

TNFA -308 GA+AA and CAT-262 CT+TT
Non-carriers 283 (87.1) 43 (1.3)F 46 (75.4) 237 (89.8)
Carriers 42 (12.9) 3.7 (1.OF 15 (24.6)* 27 (10.2)F
Tp = 0.003.

fp =0.003, OR = 3.585,95% CI = 1.538-8.357.
p values were corrected for sex, age, BMI, disease and treatment duration and RF/anti-

CCP seropositivity.

(CCTTT),, on disease activity as presented in Table 2.
We observed that the carriers of CAT -262T polymor-
phic allele had significantly lower mean DAS28 values
as compared to the patients with CAT -262CC geno-
type (DAS28 =4.0 £ 1.2vs. DAS28=44+13,p=
0.014). Also the patients with TNFA -308GA or AA
genotypes had significantly lower mean DAS28 values
as compared to the patients with TNFA -308GG geno-
type (DAS28 =4.0 £ 1.3vs. DAS28=43+12,p=
0.046). When we stratified the patients into two disease
activity groups (low: DAS28 < 3.2 and other: DAS28
values > 3.2), we observed that the patients with CAT -
262CT or TT genotypes had a 2.3-fold higher probabil-
ity for low disease activity as compared to the patients
CAT -262CC genotype (p = 0.008, OR = 2.252, 95%
CI = 1.238-4.097). On the other hand, SOD2 Ala-
9Val, TNFA C-857T and NOS2A (CCTTT),, polymor-
phisms were not significantly associated with disease
activity. After the correction for multiple testing, the
statistical significance was lost for all except the latter
result (p = 0.04).

Further on, we investigated how the presence of
two or more genotypes that contributed to lower mean
DAS28 values influenced disease activity as shown in
Table 3. We observed that the carriers of the combi-
nation of CAT -262T and TNFA -308A polymorphic
allele had significantly lower mean DAS28 values as
compared to the non-carriers of this allele combination
(DAS28 = 3.7+ 1.1 vs. DAS28 =43 £ 13,p =
0.003). When we stratified the patients into two dis-
ease activity groups, we observed that the carriers of
the combination of CAT -262T and TNFA -308A poly-
morphic allele had a 3.6-fold higher probability for low
disease activity as compared the non-carriers of this al-
lele combination (p = 0.003, OR = 3.585, 95% CI =
1.538-8.357).

We obtained similar results when only female pa-
tients or when only RF and/or anti-CCP positive pa-
tients were included in the analyses (data not shown).

Finally, we tested the strength of our observations on
the selected group of RA patients receiving low-dose
MTX monotherapy (N = 100). In this subgroup two



P. Bohanec Grabar et al. / Genetic polymorphisms modifying oxidative stress are associated with disease activity 45

DAS28 scores of two consecutive visits within three
months time were assessed and mean DAS28 was 3.8
(0.7). Similarly to the whole RA cohort, the carriers
of CAT -262T and TNFA -308A allele had lower mean
DAS28 values than the patients with CAT -262CC and
TNFA -308GG genotypes (DAS28 = 3.7 £ 0.7 vs.
DAS28 = 4.0 £ 0.7, p = 0.010 and DAS28 = 3.6 +
0.8 vs. DAS28 = 4.0 £ 0.7, p = 0.007, respectively).
The carriers of CAT -262T allele had higher probability
for low disease activity than the patients with CAT -
262CC genotype (p = 0.007, OR = 7.675,95% CI =
1.743-33.796). The carriers of both CAT -262T and
TNFA -308A allele had lower mean DAS28 values and
higher probability for low disease activity than the non-
carriers (DAS28 = 3.2 £ 0.7 vs. DAS28 = 4.0 + 0.7,
p < 0.001 and p = 0.004, OR = 13.363, 95% CI =
2.331-76.594, respectively).

4. Discussion

In a well documented group of RA patients we have
shown that SNPs in the antioxidant enzymes and pro-
inflammatory factors may be associated with the activ-
ity of RA. We observed that CAT C-262T and TNFA
G-308A polymorphisms separately or in combination
are significantly associated with RA activity.

There is an extensive evidence for the role of oxida-
tive stress in RA (reviewed in [4]). Common SNPs in
the genes coding for enzymes involved in the defense
against oxidative stress like SOD2 and CAT may modi-
fy the ROS detoxification capacity and hence influence
RA activity. We observed a significant association of
CAT C-262T polymorphism with disease activity, but
no association with SOD2 Ala-9Val was found. Our
observation that the carriers of CAT -262T polymorphic
allele had lower disease activity than the patients with
CAT -262CC genotype is in a good agreement with the
finding that CAT promoter SNP results in an increased
level of the enzyme in erythrocytes [8], but not with
the results of a previous study reporting a lower cata-
lase activity in the carriers of the CAT -262T allele [18,
19]. To our knowledge, no study on the association of
SOD2 Ala-9Val and CAT C-262T polymorphism with
RA activity has been reported to date. A study on the
influence of CAT C-262T polymorphism on the suscep-
tibility and severity of RA in Korean population was
reported but observed no significant associations [20].
Also no association of SOD2 Ala-9Val polymorphism
with the risk for RA was observed [21,22] but an asso-
ciation of SOD2 -9Val/Val genotype with more severe

radiologic outcome was reported [21]. In our study we
did not assess disease severity however, we observed
no association of SOD2 -9Val/Val and CAT C-262CT
or TT genotypes with the presence of bone erosions
observed on X-rays of hands and feet (data not shown).

On the other hand, the activity of RA may be mod-
ulated by the intensity of the inflammatory process-
es which are influenced by SNPs in genes coding for
the TNFa and iNOS. An association of the number of
CCTTT repeats in the NOS2A promoter with a higher
risk for RA was observed previously [23,24] but no
study investigated the association of this (CCTTT),, re-
peat with RA activity. In our study NOS2A (CCTTT),,
was not significantly associated with disease activity
however, the influence of NOS2A (CCTTT),, on the
risk for RA was not tested. Among the numerous SNPs
in the transcription regulatory region of TNFA, G-308A
is the most frequently studied, although its effect is
still not completely understood. Some investigators
observed a higher TNFa production in the carriers of
TNFA -308A allele, while others found no function-
al significance of this SNP [25-29]. Previous clinical
studies investigated the influence of SNPs in TNFA pro-
moter on the severity of RA and reported contradictory
results. Most studies suggest an association of TNFA
-308A allele with a higher disease severity [30-32],
while others found worst radiographic damage in the
patients with TNFA -308GG genotype [33]. A more
severe disease in the carriers of TNFA -308GA geno-
type was observed [34] however, in other studies no
association of TNFA G-308A allele with the absence of
erosions or between bone destruction was reported [28,
35,36]. These latter observations support our data as
TNFA G-308A polymorphism did not influence the
presence of bone erosions in our RA patient group (data
not shown). Nevertheless, we observed that the carriers
of TNFA -308A allele had a lower disease activity as
compared to the patients with TNFA -308GG genotype.
This is a novel finding and is in contrast to the results
of previous studies where no association of TNFA G-
308A polymorphism with disease activity was report-
ed [32,37]. However, the differences in mean DAS28
values observed between TNFA -308A and G allele
carriers were relatively small and both mean DAS28
values can be considered as moderate disease activ-
ity. We found weak linkage disequilibrium between
TNFA C-857T and G-308A SNPs however, we ob-
served no association of TNFA C-857T polymorphism
with disease activity.

In this study we also investigated if the combination
of CAT and TNFA genotypes influenced disease activ-
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ity in RA patients. We observed that the carriers with
the combination of CAT -262T and TNFA -308A allele
had lower DAS28 values than carriers of either CAT
-262T or TNFA -308A allele. When we determined
the type of interaction between CAT and TNFA geno-
types we observed that OR of the combined effect cor-
responded to the independent effect of each individual
gene. Although mean DAS28 values of both the car-
riers and non-carriers of CAT -262T and TNFA -308A
allele combination can be considered as moderate dis-
ease activity, the carriers had higher probability for low
disease activity as compared to the non-carriers. The
combination of any other studied polymorphisms was
not associated with disease activity. To our knowledge
the influence of combination of CAT and TNFA geno-
types on disease activity has not been studied yet. Lit-
tle data is published on other genotype combinations
that may also modify the capacity for defense against
oxidative stress in RA patients. A previous study re-
ported on an association of the interaction of SOD2
-9Val/Val and glutathione S-transferase T1-null geno-
type with disease severity [21], but this interaction was
not tested in our study.

The main bias of our study was the lack of infor-
mation on the MnSOD, CAT and iNOS enzymes ac-
tivities and on the TNFA expression and protein lev-
els as sampling strategy did not allow us to perform
these analyses. Another bias was that DAS28 values
are changing with the disease progression and are al-
tered by the treatment. In our study, the majority of
the patients were treated with one or more DMARDs
but mean DAS28 values were not significantly differ-
ent between the treatment groups (data not shown).
In a group of RA patients receiving low-dose MTX
monotherapy we determined two DAS28 score within
three months apart. For this group we calculated the
mean DAS28 values over time and observed that these
values were similar to the one-timepoint mean DAS28
values of the whole RA cohort. Therefore we assumed
that the results of our study were not biased by the
fluctuation in disease activity over time. However, our
study lacked the assessment of the disease severity, as
we only determined the presence or absence of erosions
observed on the X-rays of hands and feet, but did not
evaluate the X-rays using the Larsen score. Also the
female percentage of our study was higher as report-
ed for the RA patients [38]. To overcome this all the
statistical analyses were performed separately for the
female patients, but the results obtained were similar.
The strength of our findings was that they were not
biased by age, sex, disease and treatment duration and

RF/anti CCP seropositivity as p values were corrected
for these factors. In addition, our study was not biased
by genetic heterogeneity since all the patients were re-
cruited in a geographic area with an ethnically homo-
geneous population and the treatment and the follow
up is centralized for all RA patients [39].

In conclusion, our results suggest an association of
genetic polymorphisms of the antioxidant enzymes and
pro-inflammatory factors with disease activity of RA.
Further studies are needed to evaluate if these polymor-
phisms can be used in clinical practice as biomarkers for
good responders to the treatment. As oxidative stress is
a hallmark of the inflammation in general our findings
could also be of importance for patients suffering from
other inflammatory diseases, such as the inflammatory
bowel disease, chronic obstructive pulmonary disease
and also type 1 and type 2 diabetes. However, fur-
ther studies investigating not only the genetic polymor-
phisms, but also the enzymatic activity and/or protein
levels are needed to confirm our observations.
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