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Abstract

Objectives
Glutathione S-transferases (GST); GST-mu1 (GSTM1), GST-pi1 (GSTP1) and GST-theta1 (GSTT1) have peroxidase
activity towards cytotoxic metabolites produced in inﬂammatory reactions, the main feature of rheumatoid arthritis (RA).
Genetic polymorphisms in GSTM1, GSTP1 and GSTT1 modify the enzyme conjugation capacity and may be associated
with the activity of RA.
Methods
A genotyping approach was used to analyze GSTM1-0, GSTT1-0 and GSTP1 Ile105Val and Ala114Val polymorphisms
in 213 RA patients. Disease activity was assessed by the disease activity score of 28 joint counts (DAS28) twice for each
patient and mean DAS28 values were calculated.
Results
The patients with GSTT1-0 genotype had a higher risk for developing high activity RA than the patients with GSTT1 genes
present (p=0.028, OR=2.761, 95% CI=1.114-6.843). An interaction between the GSTT1 polymorphism and smoking was
observed. In the group of smokers, the carriers of a homozygous deletion GSTT1 had an 8.5-fold higher risk for developing
high disease activity than the patients with the GSTT1-1 genotype (p=0.004, OR=8.640, 95% CI=1.995-37.426). GSTM1
and GSTP1 polymorphisms were not associated with the disease activity.
Conclusions
Our results suggest that the presence of the GSTT1-0 genotype contributed to higher disease activity in RA patients.
The risk for developing highly active RA was the highest in smokers with the GSTT1-0 genotype.
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Introduction
Rheumatoid arthritis (RA) is a chronic
autoimmune disease characterized by
mostly polyarticular inﬂammation, increased cytokine production and pannus development, which subsequently
lead to the erosion of the cartilage and
underlying bone. Reactive oxygen species (ROS) are involved in RA pathology, since they are generated by neutrophils, monocytes and macrophages
in synovial ﬂuid of inﬂamed joints and
cause DNA and lipid oxidation leading
to cartilage and bone destruction. The
defence mechanism against ROS is
complex and involves several enzymes
including glutathione S-transferases
(GST), a large family of isoenzymes
that catalyse conjugation reactions of
reduced glutathione with several endogenous and exogenous compounds.
GST-mu1 (GSTM1), GST-pi1 (GSTP1)
and GST-theta1 (GSTT1) isoenzyme
members of the GST family have a
peroxidase activity towards cytotoxic
secondary metabolites, such as base
propenals and organic hydroperoxides
and thus have an important role in cellular protection against ROS (1).
Several polymorphisms in these genes
have been described; some of them alter enzymatic activity and may modify
the ability for the elimination of ROS
products (2-4). The most common
GSTM1 polymorphism is a gene deletion; approximately half of Caucasians
are homozygous for the deletion and
hence lack the protein function (3). A
homozygous gene deletion that leads
to enzyme deﬁciency has also been reported in GSTT1 and occurs approximately in 20% of healthy Caucasians
(5). In GSTP1 two frequent single nucleotide polymorphisms (SNPs) resulting in an amino acid change have been
reported. The A313G polymorphism results in Ile to Val change at position 105
(Ile105Val) close to the active site and
decreases the enzymatic activity. The
functional role of the C341T polymorphism (Ala114Val) is not clear but enzyme with both polymorphisms present
had reduced conjugation capacity (6-8).
GSTM1, GSTP1 and/or GSTT1 polymorphisms have been associated with
increased susceptibility to RA (9-11)
as well as to other autoimmune and
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inﬂammatory diseases, such as type 1
diabetes (12), asthma (13) and different types of cancer (14-18), especially
smoking-related ones (19-22). To our
knowledge, only one study investigated the association between GSTM1,
GSTT1 and GSTP1 genotypes and disease activity but observed no signiﬁcant association (9).
Cigarette smoking is another risk factor for RA and has been associated with
both susceptibility and severity of the
disease (23-25) and also with disease
activity (26). Tobacco smoke promotes
the generation of ROS. In individuals with limited elimination of ROS
products due to GSTM1, GSTP1 and
GSTT1 polymorphisms, smoking may
have an even greater impact on the disease activity. Indeed, a previous study
demonstrated worse radiographic and
functional outcome in smokers with
GSTM1-0 genotype (27). However, to
this date the interaction between smoking and GST polymorphisms and their
association with RA disease activity
have not been studied yet.
In the present study, we investigated the
association of genetic polymorphisms
of GSTM1, GSTP1 and GSTT1 with
the activity of RA and their interaction
with smoking. We report new data on
the interaction between the GSTT1-0
genotype and smoking and their association with the disease activity.
Materials and methods
Patients
The study population consisted of a
group of 213 unrelated RA patients, 26
male (12.1%) and 188 female (87.9%),
median age 60.5 (range 51-69) years.
All patients were Central European
Caucasian and fulﬁlled the American
College of Rheumatology (ACR) 1987
criteria for the diagnosis (28). Patients
were treated at the Department of Rheumatology, University Medical Centre,
Ljubljana, Slovenia. Current or past
treatment with methotrexate (MTX)
was the main criterion for the inclusion
into the study. At the entry in the study
156 out of 213 patients were treated with
MTX (99 on MTX monotherapy), while
the remaining 57 patients discontinued
the MTX treatment due to inefﬁcacy
and/or toxicity and were treated with
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other disease modifying antirheumatic
drugs [leﬂunomide (14), cyclosporine
A (six), chloroquine (ﬁve), injectable
gold (ﬁve), sulphasalasine (four), azathioprine (two), mycophenolate mofetil
(one), tacrolimus (one), cyclophosphamide (one), sulphasalasine plus chloroquine (one), leﬂunomide plus sulphasalasine (one), corticosteroids only
(seven) or biologics: inﬂiximab (one),
etanercept (two), adalimumab (six)].
Cigarette smoking status was obtained
for each patient by a questionnaire. All
patients gave their written informed
consent. The study was approved by
the Slovenian Ethics Committee for Research in Medicine and was carried out
according to the Helsinki Declaration.
Clinical assessments and laboratory
measurements
Based on the examination of the literature we followed the ACR recommendations that erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP) are one of the core set measures
of disease activity in RA clinical trials (29). ESR (mm/h) and CRP (mg/
L) were measured twice within three
months time. The disease activity
score of 28 joint count (DAS28) was
calculated for each patient using well
known calculations, which included
the number of tender joints (TJC), the
number of swollen joints (SJC), ESR
and patients’ global assessment of general health expressed on visual analogue scale (VAS 0-100 mm) (30). To
evaluate the disease activity over time
two DAS28 scores of two consecutive visits within three months time
(DAS1- at the inclusion in the study
and DAS2- at month 3 of follow-up)
were obtained and mean DAS28 values were calculated for each patient.
Patients with mean DAS28 in range between 2.6 and less than 5.1 were classiﬁed into the low or intermediate activity group, while patients with mean
DAS28 values 5.1 and more were classiﬁed in the high activity group. The
DAS28 cut off point for remission of
RA was set at DAS28<2.6 as deﬁned
by American Rheumatism Association
(ARA) (31). Patients with DAS28<2.6
were also included into the low disease
activity group due to some disagree-

ment of various investigators about the
validity of DAS28 for assessing remission (32). Functional disability of each
patient was measured at the entry into
the study using the Health Assessment
Questionnaire (HAQ-DI-Stanford version) (33, 34).
All other patients’ data, such as rheumatoid factor (RF), determined by WaalerRose and Latex agglutination methods
(35), at least twice during the course of
the disease, erosive changes of hands
and feet observed on x-rays, duration
of the disease and drug therapy were
collected from patients’ ﬁles.
Genotyping
Genomic DNA was isolated from peripheral blood leukocytes using a standard salting-out procedure (36). Multiplex PCR using β-globin gene primers
as an internal control was performed to
determine GSTM1 and GSTT1 genotypes (37). PCR products were visualised on a 2% agarose gel stained with
ethidium bromide. Custom TaqMan
SNP genotyping assays (ABI, Foster
City, California, USA) were used to determine both GSTP1 polymorphisms.
Primer and probe sets were designed
for GSTP1 Ile105Val (F: 5’CGGCGTGGAGGACCTC3’, R: 5’CAGATGCTCACATAGTTGGTGTAGA3’;
105Ile probe FAM-CTGCAAATACATCTCCCT, 105Val probe VICCTGCAAATACGTCTCCC) and for
GSTP1 Ala114Val polymorphism (F:
5’GGAGGGATGAGAGTAGGATGATACA-3’, R: 5’-GGCAGTGCCTTCACATAGTCAT3’; 114Ala probe FAMCTTGCCCGCCTCCT, 114Val probe
VIC-CTTGCCCACCTCCT). Real time
PCR was performed under universal
conditions on the ABI 7900HT in a 5 μL
reaction mix containing 0.125 μL of TaqMan SNP genotyping assay (ABI, Foster
City, California, USA), 2.5 μL of TaqMan Universal PCR Master Mix (ABI,
Foster City, California, USA) and 120
ng of DNA. Prior to GSTP1 genotyping
TaqMan SNP genotyping assays were
validated on 100 samples with a known
genotype for each polymorphism.
Statistical analysis
Kruskal-Wallis test and Chi-square test
were used to compare median values of
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ESR, CRP, HAQ, number of swollen
joints, number of tender joints, VAS,
disease and MTX treatment duration
and the frequencies of RF seropositivity, patients with bone erosions and
smokers between the disease activity
groups. Binary logistic regression analysis with the addition of independent
variables, such as sex, disease duration,
MTX treatment duration, the presence
or absence of erosions and RF seropositivity was used to express the risk for
developing high disease activity as an
odds ratio (OR) with 95% conﬁdence
intervals (CI). Multiple linear regression analysis with the same adjustment
was used to determine the association
of genetic polymorphisms with mean
DAS28 values. Regression coefﬁcient
was given by B value with standard error (SE). The level of signiﬁcance was
set to 0.05. All statistical analyses were
done using SPSS for Windows version
13.0.1 software (Statistical Package for
the Social Sciences, Chicago, IL).
Results
Demographic and clinical data of our
study population patients are shown in
Table I. Patients were divided into two
groups of disease activity according to
mean DAS28 values; into a high disease activity group (DAS28 ≥5.1) and
a low or intermediate disease activity group (DAS28<5.1). Mean DAS28
score of two consecutive visits within
three months time was calculated with
the mean variation of 0.186±0.684 between the patients. DAS28 values were
normally distributed, while ESR, CRP,
HAQ, SJC, TJC, VAS, disease and
MTX treatment duration values were
not, hence, their averages are presented
by median values with range of p25p75. When included in the statistical
analyses variables were transformed
to obtain normal distribution. Median
ESR, CRP, SJC, TJC, VAS and HAQ
values were signiﬁcantly different
between the disease activity groups
(p≤0.002), while no signiﬁcant differences in median values of disease duration and in the presence or absence of
erosions and RF seropositivity between
the disease activity groups were observed. The duration of MTX treatment
was signiﬁcantly different between
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Table I. Baseline characteristics of RA patients divided in the disease activity groups.
Variable

n (%)
Sex: male
female
Median age [years] (range)
Median disease duration [months] (range)
Median MTX treatment duration*
[months] (range)
MTX treatment discontinued
Mean DAS28 (SD)**
Median ESR [mm/h]§ (range)
Median CRP [mg/L]§ (range)
Median no. tender joints§ (range)
Median no. swollen joints§ (range)
Median VAS§ (range)
No. of patients with joint erosions
Median HAQ§ (range)
RF seropositivity
Smoking status, Non-smokers
Smokers: Past
Current

All

213
25
188
61
69
32

(100)
(11.7)
(88.3)
(51-69)
(40.5-137.5)
(13-57.5)

57 (26.8)
4.1 (0.9)
24 (15-34)
6 (5-12)
2 (1-4)
4 (2-6)
35 (24-50)
169 (79.3)
1.125
(0.800-1.500)
159 (74.6)
122 (57.3)
59 (27.7)
32 (15.0)

Disease activity n (%)
DAS28 ≥5.1

DAS28 <5.1

33
1
32
57
97
17.5

180
24
156
61.5
67.5
35.5

(15.5)
(3.0)
(97.0)
(51-67)
(48-144)
(8-56.3)

25 (75.8)
5.5 (0.4)
41 (25-55)
11 (7-22)
5 (4-7)
8 (5-11)
64 (54-67)
30 (90.9)
1.375
(1.000-2.000)
28 (84.8)
16 (48.5)
13 (39.4)
4 (12.1)

(84.5)
(13.3)
(86.7)
(51-70)
(39-135)
(14.3-57.5)

32 (17.8)
3.8 (0.7)
23 (13.3-32)
6 (5-11.8)
2 (1-4)
3 (1-5)
33 (22-44)
139 (77.2)
1.100
(0.800-1.500)
131 (72.8)
106 (58.9)
46 (25.6)
28 (15.6)

*p=0.036; **Mean

DAS28 was calculated of DAS28 scores of two consecutive visits within three
months; §p≤0.002; p-values were obtained using non-parametric Kruskal-Wallis test.

disease activity groups (p= 0.036) and
was included as a covariate in the further statistical analyses. The duration
of MTX treatment was the shortest in
the high activity group, as 25 out of 33
patients from this group discontinued
MTX treatment due to inefﬁcacy and/
or toxicity after a median of 15 months
(8-52.5). Smoking status was not associated with the disease activity (DAS28
or with the risk for high disease activity), not even when only the patients
with RF positivity were included in the
analyses (data not shown).
The frequencies of GSTM1, GSTP1
and GSTT1 genotypes are presented in
Table II. Since the genotyping approach
for GSTM1 and GSTT1 did not allow
us to detect heterozygous carriers of
GSTM1 or GSTT1 gene deletions, the
group GSTM1-0 or GSTT1-0 genotype
included only patients homozygous
for a gene deletion and the group of
GSTM1-1 and GSTT1-1 genotype included patients homozygous or heterozygous for the functional gene. The
observed frequencies of GSTM1-0
and GSTT1-0 genotype in RA patients
(57.7% and 19.7%, respectively) were
similar to the frequencies reported for
the healthy Slovenian (38) and other
Caucasian populations (39). Three

GSTP1 alleles (*A, *B and *C) were
detected based on the presence of the
polymorphisms in codons 105 and 114
giving rise to ﬁve different GSTP1
genotypes. For statistical analysis these
genotypes were combined according to
the presumed conjugation capacity of
each particular allele. The group with
presumed high conjugation capacity
included patients with GSTP1*A/*A
genotype. Patients with GSTP1*A/*B
and/or *A/*C genotypes were included
in the group with presumed intermediate conjugation capacity, while patients
with GSTP1*B/*B and/or *B/*C were
classiﬁed in the group with presumed
low conjugation capacity. No patient
with GSTP1*C/*C genotype (105 Val/
Val and 114 Val/Val) was identiﬁed.
The frequencies of GSTP1 genotypes in
RA patients were not signiﬁcantly different from the frequencies in a healthy
Slovenian population (38).
In our study we investigated the association of polymorphic GST genotypes
with the disease activity. We tested
if there is an association of GSTM1,
GSTT1 and GSTP1 genotypes with
mean DAS28 scores and the risk for
developing high RA activity. None of
the studied GST polymorphisms was
signiﬁcantly associated with the mean
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DAS28 values. As DAS28 consists
of ESR, SJC, TJC and VAS, we also
tested for an association between the
studied GST genotypes and the individual components of DAS28 score.
We observed a signiﬁcant association of GSTT1-0 genotype with ESR
(p=0.034), but not with SJC, TJC and
VAS. When we stratiﬁed the patients
into a high and a low or intermediate
group of disease activity we observed
that the patients with homozygous deletion of both GSTM1 and GSTT1 genes
had a 3.1-fold higher risk for developing high disease activity as compared
to the patients with both genes present
(p=0.047, OR=3.142, 95% CI=1.0189.701). Also the patients with GSTT10 genotype had a 2.8-fold higher risk
for developing high disease activity as
compared to the patients with GSTT11 genotype (p=0.028, OR=2.761, 95%
CI=1.114-6.843). On the other hand,
neither GSTM1-0 nor the polymorphic
GSTP1 genotypes leading to intermediate or low conjugation capacity modiﬁed the risk for developing high disease
activity (p>0.05). We obtained similar
results when only female patients as
well as when only patients treated with
MTX as monotherapy were included
in the analyses (data not shown). Integrated past RA activity was characterized by the presence of bone erosions
and functional impairment evaluated
by HAQ score. However, none of the
genetic polymorphisms in the GSTM1,
GSTP1 and GSTT1 had a statistically
signiﬁcant impact on both parameters
(data not shown).
We also assessed the association of
the interaction between GST polymorphic genotypes and smoking with
the disease activity as shown in Table
III. First, we tested for an association of GST polymorphic genotypes
with smoking. We divided the patients
into smokers (n=91) and non-smokers
(n=122). The frequencies of GSTT11 and GSTT1-0 genotypes as well as
GSTM1-1 and GSTM1-0 genotypes
were not statistically signiﬁcant different between smokers and non-smokers
(p=0.742 and p=0.596, respectively).
Secondly, we evaluated the association of GST genotypes and smoking
with the disease activity. In the group
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Table II. The distribution of GST genotypes in the disease activity groups.
GST genotype

All

Disease activity
Mean DAS28
(SD)

Combined GSTM1 and GSTT1
GSTM1-1 and/or GSTT1-1
GSTM1-0 and GSTT1-0
GSTT1-1
GSTT1-0
GSTM1-1
GSTM1-0
GSTP1
codon 105
*A/*A
Ile
*B/*B
Val
*A/*B
Ile/Val
*B/*C
Val
*A/*C
Ile/Val

codon 114
Ala
Ala
Ala
Ala/Val
Ala/Val

GSTP1 presumed conjugation capacity§
High
Intermediate
Low

DAS28 ≥5.1
n (%)

190
23
171
42
90
123

(89.2)
(10.8)
(80.3)
(19.7)
(42.3)
(57.7)

4.1
4.2
4.0
4.2
4.0
4.1

(0.9)
(1.1)
(0.9)
(1.0)
(1.0)
(0.9)

27
6
23
10
14
19

(81.8)
(18.2)*
(69.7)
(30.3)**
(42.4)
(57.6)

83
14
80
15
21

(39.0)
(6.6)
(37.6)
(7.0)
(9.9)

4.2
4.1
4.0
4.5
3.9

(0.9)
(0.7)
(1.0)
(0.9)
(0.8)

14
2
12
4
1

(42.4)
(6.1)
(36.4)
(12.1)
(3.0)

83 (39.0)
101 (47.4)
29 (13.6)

4.2 (0.9)
4.0 (1.0)
4.3 (0.8)

DAS28 <5.1
n (%)
163
17
148
32
76
104
69
12
68
11
20

14 (42.4)
13 (39.4)
6 (18.2)

(90.6)
(6.4)*
(82.2)
(17.8)**
(42.2)
(57.8)
(38.3)
(6.7)
(37.8)
(6.1)
(11.1)

69 (38.3)
88 (48.9)
23 (12.8)

*p=0.047, OR=3.142, 95% CI=1.018-9.701; **p=0.028, OR=2.761, 95% CI=1.114-6.843; §GSTP1 presumed conjugation capacity: high = patients with
GSTP1*A/*A genotype; intermediate = patients with GSTP1*A/*B and/or *A/*C genotypes; low = patients with GSTP1*B/*B and/or *B/*C genotype.

Table III. Disease activity and the distribution of GST genotypes between smokers and non-smokers.
Genotype

Smokers
Mean DAS28 (SD)

GSTM1-1 and/or GSTT1-1*
GSTM1-0 and GSTT1-0
GSTT1-1*
GSTT1-0
GSTM1-1*
GSTM1-0

4.1
4.6
4.0
4.5
4.0
4.2

(0.9)
(1.2)§
(0.9)
(1.1)¥
(0.9)
(1.0)

DAS28 ≥5.1
n (%)
12
5
10
7
9
8

Non-smokers
DAS28 <5.1
n (%)

(70.6)
(29.4)
(58.8)
(41.2)
(52.9)
(47.1)

66
8
64
10
32
42

(89.2)
(10.8)
(86.5)
(13.5)
(43.2)
(56.8)

Mean DAS28 (SD)
4.1
3.8
4.0
4.0
3.9
4.1

(0.9)
(0.9)
(0.8)
(1.0)
(1.0)
(0.8)

DAS28 ≥5.1
n (%)
15
1
13
3
5
11

(93.8)
(6.2)
(81.3)
(18.7)
(31.3)
(68.7)

DAS28 <5.1
n (%)
97
9
84
22
44
62

(91.5)
(8.5)
(79.2)
(20.8)
(41.5)
(58.5)

*reference; §p=0.035,

OR=4.849, 95% CI=1.117-21.060; B=0.578, SE=0.286, p=0.047; ¥p=0.004, OR=8.640, 95% CI=1.995-37.426; B=0.587, SE=0.257,
p=0.025.
P and OR values with 95% CI were calculated by logistic regression analysis and P and B values with SE were calculated by multiple linear regression
analysis with addition of independent variables sex, disease duration, MTX treatment duration, the presence of erosions and RF seropositivity.

of smokers GSTM1 deletion alone
was not signiﬁcantly associated with
the disease activity (p=0.443). The patients with GSTT1-0 genotype had signiﬁcantly higher mean DAS28 values
(B=0.587, SE=0.257, p=0.025) and an
8.6-fold higher risk for developing high
disease activity as compared to the carriers of GSTT1-1 genotype (p=0.004,
OR=8.640, 95% CI=1.995-37.426).
Also smokers with a homozygous deletion of both GSTM1 and GSTT1 genes
had signiﬁcantly higher mean DAS28
values (B=0.578, SE=0.286, p=0.047)
and a 4.84-fold higher risk for developing high disease activity as compared
to the patients with both genes present
(p=0.035, OR=4.849, 95% CI=1.117-

21.060), but this effect was manly
due to the effect of GSTT1 genotype.
Among the components of DAS28,
GSTT1 polymorphism was associated
with TJC (p=0.027), and not with SJC,
ESR and VAS (p=0.085, p=0.498 and
p=0.114, respectively). In the group of
non-smokers however, neither GSTM1,
GSTT1 polymorphisms nor their combination was associated with the disease
activity. All the results were corrected
for sex, disease and MTX treatment
duration, the presence of erosions, RF
and/or anti-CCP seropositivity.
Discussion
In the present study we analyzed
GSTM1, GSTP1 and GSTT1 genetic
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polymorphisms in a well documented
group of RA patients and our results
suggest that GST genetic polymorphisms may be associated with the disease activity of RA as evaluated by mean
DAS28. We observed that GSTT1-0
genotype contributed to higher disease
activity in RA patients. The risk for
developing highly active RA was the
highest in smokers with the GSTT1-0
genotype. On the other hand, no association of GSTM1-0 genotype alone and
GSTP1 genetic polymorphisms with
disease activity was observed.
To our knowledge only one study investigated the association of GSTM1,
GSTT1 and GSTP1 genotypes with disease activity assessed using 5-year area
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under curve measurements of ESR and
CRP, but observed no signiﬁcant association (9). In our study we evaluated
disease activity by the DAS28 scores
of two consecutive visits within three
months time and observed that the association of GSTT1-0 genotype with
disease activity was mainly due to the
association with ESR. ESR and CRP
are non-speciﬁc measurement of inﬂammation and vary during the disease
progression and the treatment, which
may be the reason for the discrepancies
observed between our and the previously reported results.
There is extensive evidence that genetic factors may play a role not only
in disease susceptibility but also in disease severity in RA (reviewed in references (40. 41). Most of the previous
studies investigated the association of
GSTM1, GSTP1 and/or GSTT1 polymorphisms with susceptibility and/or
severity of RA (9, 11). In a Northern
European white population (n=277) no
signiﬁcant association of the GSTM1,
GSTP1 and GSTT1 polymorphisms
with the susceptibility and/or severity
of RA obtained by scoring radiographs
of hands and feet using the Larsen
score was observed (9). Similarly, no
association of GSTT1 or GSTP1 genotypes with either risk or severity of RA
was observed in a Korean population
(n=258) but GSTM1-0 genotype was
associated with increased susceptibility for RA and also with a higher risk
for severe RA (11). A signiﬁcant association of GSTT1 polymorphism with
a higher Larsen score in carriers of two
manganese superoxide dismutase (MnSOD) polymorphic alleles was reported
(42). In our study, disease severity was
assessed by the presence or absence
of erosions on the x-rays of hands and
feet. Using data collected from patient
ﬁles however, the x-rays were not evaluated by the Larsen score because they
were not taken at the same time frame
after the onset of the disease. Therefore, functional disability assessed
with HAQ scores at the entry of the
patients in the study was used as one
of the indicators of the disease severity.
In contrast to the former two studies
(9, 11) genetic polymorphisms in the
GSTM1, GSTP1 and GSTT1 neither

showed correlation with the presence
or absence of erosions seen on x-rays
which were obtained for each patient
in the past nor with HAQ score determined for each patient at the inclusion
into the study.
As the female percentage in our study
did not represent the sex ratio of the
whole RA population all the statistical analyses were performed separately
for female patients, but the results obtained were similar. The strength of
our ﬁndings was that they were not
biased by sex, disease and MTX treatment duration, the presence or absence
of erosions or RF seropositivity as pvalues were corrected for these factors.
In addition, our study was not biased
by genetic heterogeneity since all the
patients were recruited in a geographic
area with an ethnically homogeneous
population (43, 44).
It is well documented that tobacco
smoke contains a variety of compounds
such as polycyclic aromatic hydrocarbons (PAHs), ethylene oxide and others, which are genotoxic and also promote the production of ROS. Conjugation reactions catalyzed by GSTs are an
important step in the biotransformation
of these xenobiotics. Although GSTs
have overlapping substrate speciﬁcities GSTT1 tends to be more reactive
towards ethylene oxide, while GSTM1
and GSTP1 have higher afﬁnities towards PAHs (reviewed in references
45, 46). Therefore, we assessed the
disease activity in ever-smokers with
limited capacity for xenobiotic detoxiﬁcation and ROS product elimination
due to GSTM1, GSTP1 and GSTT1
polymorphisms. The combination of
GSTM1 deletion and smoking and
the combination of GSTP1 polymorphisms and smoking did not modify
the disease activity (data not shown),
but we observed an interesting interaction between GSTT1 polymorphism
and smoking status. Smokers with only
GSTT1 gene deletion had signiﬁcantly
higher mean DAS28 values and an 8.6fold higher risk for developing high
disease activity as compared to smokers with at least one intact GSTT1 gene.
Although in our patient group smoking
status was not associated with disease
activity score or its components, we
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observed an effect of smoking in combination with GSTT1 deletion on disease activity that was higher than each
separate effect. Also smokers with a
homozygous deletion in both GSTM1
and GSTT1 genes had signiﬁcantly
higher disease activity as compared to
smokers with both genes present. The
observed effect of the combination of
GSTM1 and GSTT1 genotypes on disease activity in smokers can probably
be ascribed predominantly to GSTT1
genotype, since this one had an independent effect.
The association of the interaction of
GSTT1-0 genotype and smoking with
disease activity was mainly due to the
association with increased number of
tender joints. The biological mechanism behind this observation is not
yet understood. Some evidence comes
from a previous study that reported on
a signiﬁcant association of smoking
status with disease activity (26). They
observed a gradient of increase in SJC,
TJC and VAS from never smokers to
former smokers to current smokers, but
no signiﬁcant association of smoking
with CRP was found. Based on these
observations we proposed that the association of the combination of GSTT1
deletion and smoking with an increase
in TJC and SJC, but not with ESR and
CRP may be predominately due to the
effect of smoking. Nevertheless, more
evidence is needed to conﬁrm our
hypothesis.
So far, two studies investigated the association between GST genotypes and
smoking in RA (23, 27). They have
reported contradictory data: Criswell
et al. observed an increased risk for
RA in smokers with the GSTM1 gene
present, while Mattey et al. observed
a higher disease severity in smokers
with GSTM1 deletion. In our study, the
combination of smoking and genetic
polymorphisms of GSTs was not signiﬁcantly associated with RA severity.
In conclusion, our study is reporting
on the association of GST genotype
with the activity of RA. GSTT1 homozygous deletion contributed to higher
disease activity in RA patients. The
risk for developing high disease activity was the strongest in smokers with
GSTT1-0 genotype as they had an 8.6-

GSTs and disease activity of rheumatoid arthritis / P. Bohanec Grabar et al.

fold higher risk for developing highly
active disease as compared to smokers
with at least one GSTT1 gene present.
Further studies are needed to determine
if smoking cessation has a beneﬁcial effect on clinical outcome in RA patients
with GSTT1 gene deletion.
Acknowledgements
The authors wish to thank Mojca KosGolja, MD; Boris Lestan, MD, MSc,
Assist. Prof.; Sonja Praprotnik, MD,
PhD; Aleš Ambrožič, MD, PhD; Alenka Šipek-Dolničar, MD, MSc; Martina Plešivčnik-Novljan, MD, MSc;
Cvetka Kastelic-Klasinc, MD; Nataša
Gašperšič MD, MSc from the Department of Rheumatology, University
Medical Centre, Ljubljana, Slovenia
for referring the patients. We thank Ms
Milena Pavić-Nikolić for her excellent
technical support. We are especially
grateful to Snežna Sodin-Šemrl, MS,
PhD for a critical review of the manuscript and the language corrections.
References

1. HAYES JD, FLANAGAN JU, JOWSEY IR:
Glutathione transferases. Annu Rev Pharmacol Toxicol 2005; 45: 51-88.
2. WIDERSTEN M, PEARSON WR, ENGSTROM
A, MANNERVIK B: Heterologous expression
of the allelic variant mu-class glutathione
transferases mu and psi. Biochem J 1991;
276 (Pt 2): 519-24.
3. SEIDEGARD J, VORACHEK WR, PERO RW,
PEARSON WR: Hereditary differences in the
expression of the human glutathione transferase active on trans-stilbene oxide are due
to a gene deletion. Proc Natl Acad Sci USA
1988; 85: 7293-7.
4. MCLELLAN RA, OSCARSON M, ALEXANDRIE AK et al.: Characterization of a human
glutathione S-transferase mu cluster containing a duplicated GSTM1 gene that causes
ultrarapid enzyme activity. Mol Pharmacol
1997; 52: 958-65.
5. PEMBLE S, SCHROEDER KR, SPENCER SR et
al.: Human glutathione S-transferase theta
(GSTT1): cDNA cloning and the characterization of a genetic polymorphism. Biochem J
1994; 300 (Pt 1): 271-6.
6. ALI-OSMAN F, AKANDE O, ANTOUN G, MAO
JX, BUOLAMWINI J: Molecular cloning, characterization, and expression in Escherichia
coli of full-length cDNAs of three human
glutathione S-transferase Pi gene variants.
Evidence for differential catalytic activity of
the encoded proteins. J Biol Chem 1997; 272:
10004-12.
7. WATSON MA, STEWART RK, SMITH GB,
MASSEY TE, BELL DA: Human glutathione
S-transferase P1 polymorphisms: relationship to lung tissue enzyme activity and population frequency distribution. Carcinogenesis

1998; 19: 275-80.
8. ZHONG SL, ZHOU SF, CHEN X et al.: Relationship between genotype and enzyme activity of glutathione S-transferases M1 and
P1 in Chinese. Eur J Pharm Sci 2006; 28:
77-85.
9. MATTEY DL, HASSELL AB, PLANT M et al.:
Association of polymorphism in glutathione
S-transferase loci with susceptibility and
outcome in rheumatoid arthritis: comparison with the shared epitope. Ann Rheum Dis
1999; 58: 164-8.
10. MORINOBU S, MORINOBU A, KANAGAWA
S, HAYASHI N, NISHIMURA K, KUMAGAI
S: Glutathione S-transferase gene polymor-

phisms in Japanese patients with rheumatoid
arthritis. Clin Exp Rheumatol 2006; 24: 26873.

11. YUN BR, EL-SOHEMY A, CORNELIS MC,
BAE SC: Glutathione S-transferase M1, T1,
and P1 genotypes and rheumatoid arthritis.
J Rheumatol 2005; 32: 992-7.
12. BEKRIS LM, SHEPHARD C, PETERSON M et
al.: Glutathione-s-transferase M1 and T1
polymorphisms and associations with type
1 diabetes age-at-onset. Autoimmunity 2005;
38: 567-75.
13. TAMER L, CALIKOGLU M, ATES NA et al.:
Glutathione-S-transferase gene polymorphisms (GSTT1, GSTM1, GSTP1) as increased risk factors for asthma. Respirology
2004; 9: 493-8.
14. LAI KC, CHEN WC, TSAI FJ, LI SY, CHOU
MC, JENG LB: Glutathione S-transferase M1
gene null genotype and gastric cancer risk in
Taiwan. Hepatogastroenterology 2005; 52:
1916-9.
15. ATES NA, TAMER L, ATES C et al.: Glutathione S-transferase M1, T1, P1 genotypes and
risk for development of colorectal cancer.
Biochem Genet 2005; 43: 149-63.
16. DIRKSEN U, MOGHADAM KA, MAMBETOVA
C, ESSER C, FUHRER M, BURDACH S: Glutathione S transferase theta 1 gene (GSTT1)
null genotype is associated with an increased
risk for acquired aplastic anemia in children.
Pediatr Res 2004; 55: 466-71.
17. ERTUNC D, ABAN M, TOK EC, TAMER L,
ARSLAN M, DILEK S: Glutathione-S-transferase P1 gene polymorphism and susceptibility to endometriosis. Hum Reprod 2005;
20: 2157-61.
18. LAI R, CREVIER L, THABANE L: Genetic
polymorphisms of glutathione S-transferases
and the risk of adult brain tumors: a metaanalysis. Cancer Epidemiol Biomarkers Prev
2005; 14: 1784-90.
19. LOFT S, SVOBODA P, KASAI H et al.: Prospective study of urinary excretion of 7methylguanine and the risk of lung cancer:
Effect modiﬁcation by mu class glutathione-S-transferases. Int J Cancer 2007; 121:
1579-84.
20. SALAGOVIC J, KALINA I, STUBNA J et al.:
Genetic polymorphism of glutathione Stransferases M1 and T1 as a risk factor in
lung and bladder cancers. Neoplasma 1998;
45: 312-7.
21. SRIVASTAVA DS, MISHRA DK, MANDHANI A,
MITTAL B, KUMAR A, MITTAL RD: Association of genetic polymorphism of glutathione
S-transferase M1, T1, P1 and susceptibility

235

to bladder cancer. Eur Urol 2005; 48: 33944.

22. NAZAR-STEWART V, VAUGHAN TL, STAPLE-

TON P, VAN LOO J, NICOL-BLADES B, EATON
DL: A population-based study of glutathione

S-transferase M1, T1 and P1 genotypes and
risk for lung cancer. Lung Cancer 2003; 40:
247-58.
23. CRISWELL LA, SAAG KG, MIKULS TR et al.:
Smoking interacts with genetic risk factors
in the development of rheumatoid arthritis
among older Caucasian women. Ann Rheum
Dis 2006; 65: 1163-7.
24. KARLSON EW, LEE IM, COOK NR, MANSON
JE, BURING JE, HENNEKENS CH: A retrospective cohort study of cigarette smoking
and risk of rheumatoid arthritis in female
health professionals. Arthritis Rheum 1999;
42: 910-7.
25. SAAG KG, CERHAN JR, KOLLURI S, OHASHI
K, HUNNINGHAKE GW, SCHWARTZ DA:
Cigarette smoking and rheumatoid arthritis
severity. Ann Rheum Dis 1997; 56: 463-9.
26. MANFREDSDOTTIR VF, VIKINGSDOTTIR
T, JONSSON T et al.: The effects of tobacco
smoking and rheumatoid factor seropositivity on disease activity and joint damage in
early rheumatoid arthritis. Rheumatology
(Oxford) 2006; 45: 734-40.
27. MATTEY DL, HUTCHINSON D, DAWES PT et
al.: Smoking and disease severity in rheumatoid arthritis: association with polymorphism
at the glutathione S-transferase M1 locus.
Arthritis Rheum 2002; 46: 640-6.
28. ARNETT FC, EDWORTHY SM, BLOCH DA et
al.: The American Rheumatism Association
1987 revised criteria for the classiﬁcation of
rheumatoid arthritis. Arthritis Rheum 1988;
31: 315-24.
29. FELSON DT, ANDERSON JJ, BOERS M et al.:
The American College of Rheumatology preliminary core set of disease activity measures
for rheumatoid arthritis clinical trials. The
Committee on Outcome Measures in Rheumatoid Arthritis Clinical Trials. Arthritis
Rheum 1993; 36: 729-40.
30. PREVOO ML, VAN ‘T HOF MA, KUPER HH, VAN

LEEUWEN MA, VAN DE PUTTE LB, VAN RIEL
PL: Modiﬁed disease activity scores that

include twenty-eight-joint counts. Development and validation in a prospective longitudinal study of patients with rheumatoid
arthritis. Arthritis Rheum 1995; 38: 44-8.
31. VAN RIEL PL, VAN GESTEL AM: Clinical outcome measures in rheumatoid arthritis. Ann
Rheum Dis 2000; 59 (Suppl. 1): i28-31.
32. MAKINEN H, KAUTIAINEN H, HANNONEN P,
SOKKA T: Is DAS28 an appropriate tool to
assess remission in rheumatoid arthritis? Ann
Rheum Dis 2005; 64: 1410-3.
33. BRUCE B, FRIES JF: The Stanford Health
Assessment Questionnaire: Dimensions and
Practical Applications. Health Qual Life
Outcomes 2003; 1: 20.
34. FRIES JF, SPITZ P, KRAINES RG, HOLMAN
HR: Measurement of patient outcome in
arthritis. Arthritis Rheum 1980; 23: 137-45.
35. AUPPERLE KR, ALSALAMEH S, STOCK KP,
BURMESTER GR, KALDEN JR: [Comparison
of rheumatoid test procedures--value and critical interpretation of sensitivity and speciﬁcity and their effect on pre-test and post-test

GSTs and disease activity of rheumatoid arthritis / P. Bohanec Grabar et al.
probability]. Z Rheumatol 1996; 55: 158-67.
36. MILLER SA, DYKES DD, POLESKY HF: A
simple salting out procedure for extracting
DNA from human nucleated cells. Nucleic
Acids Res 1988; 16: 1215.
37. CHEN CL, LIU Q, RELLING MV: Simultaneous
characterization of glutathione S-transferase
M1 and T1 polymorphisms by polymerase chain reaction in American whites and
blacks. Pharmacogenetics 1996; 6: 187-91.
38. DOLZAN V, RUDOLF Z, BRESKVAR K:
Genetic susceptibility to environmental carcinogenesis in Slovenian melanoma patients.
Acta Dermatoven APA 2006; 15: 69-78.
39. GARTE S, GASPARI L, ALEXANDRIE AK et
al.: Metabolic gene polymorphism frequencies in control populations. Cancer Epide-

miol Biomarkers Prev 2001; 10: 1239-48.
40. TURESSON C, MATTESON EL: Genetics of
rheumatoid arthritis. Mayo Clin Proc 2006;
81: 94-101.
41. OLIVER JE, WORTHINGTON J, SILMAN AJ:
Genetic epidemiology of rheumatoid arthritis. Curr Opin Rheumatol 2006; 18: 141-6.
42. MATTEY DL, HASSELL AB, DAWES PT et al.:
Inﬂuence of polymorphism in the manganese
superoxide dismutase locus on disease outcome in rheumatoid arthritis: evidence for
interaction with glutathione S-transferase
genes. Arthritis Rheum 2000; 43: 859-64.
43. VIDAN-JERAS B, JURCA B, DOLZAN V, JERAS
M, BRESKVAR K, BOHINJEC M: Caucasian
Slovenian normal. In GJERTSON D, TERASAKI P (Eds.): HLA 1998. Lenexa, American

236

society for histocompatibility and immunogenetics 1998: 180-1.
44. TIILIKAINEN A, FISCHER G, GRUBIC Z et al.:
Anthropological features of the East European region. In CHARRON D (Ed.) HLA: genetic diversity of HLA functional and medical
implication. Proceedings of the 12th international histocompatibility workshop and conference. Paris, EDK, Medical and scientiﬁc
international publisher 1997: 307-13.
45. LANDI S: Mammalian class theta GST and
differential susceptibility to carcinogens: a
review. Mutat Res 2000; 463: 247-83.
46. HAYES JD, STRANGE RC: Glutathione Stransferase polymorphisms and their biological consequences. Pharmacology 2000; 61:
154-66.

