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Rheumatoid arthritis (RA) is recognized as a multigenic dis-
order, with genetic polymorphisms contributing to both the
susceptibility and the severity of the disease. Several genes
from the HLA-DRB1 locus  have been associated with the dis-
ease1,2. Reported associations of HLA genes to RA led to fur-
ther investigations of the tumor necrosis factor (TNF) gene,

which is located within the MHC class-III region on chromo-
some 6 (6p21.3). The interest in polymorphisms of pro-
inflammatory cytokines, such as interleukin 1 (IL-1)3, TNF-
α2,4-6 and IL-67,8 developed, because certain alleles have been
correlated to higher secretion of biologically active prod-
ucts9–11. 

Genetic studies have also been performed on the anti-
inflammatory cytokines IL-4 and IL-1012 and the IL-1 anta-
gonist IL-1Ra13. Allele RP1 of IL-4 is associated with
enhanced IL-4 activity and with RA, while polymorphisms of
the IL-10 gene are not. An increased frequency of high secre-
tory allele A2 of IL-1Ra variable number of tandem repeats
(VNTR) has been reported in inflammatory diseases14-16 and
investigated in RA12,13.

The systemic effects of pro-inflammatory cytokines are
mediated by stimulating the synthesis of acute phase pro-
teins17 and up-regulating the expression of adhesion mole-
cules on endothelial cells, e.g., E-selectin and VCAM-1, thus
providing a link to vascular damage18. The secretion of acute
phase proteins, such as C-reactive protein and serum amyloid
A, and their influence in RA patients have been studied19, as
well as their actions in combination with chemokines, such as
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ABSTRACT. Objective. To analyze the association of genetic polymorphisms of pro-inflammatory cytokines with
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Methods. Polymerase chain reaction amplification was used for analysis of TaqI restriction fragment
length polymorphism (RFLP) of interleukin-1 beta (IL-1ß), variable tandem repeat polymorphism of
IL-1 receptor antagonist (IL-1Ra) gene and NcoI RFLP at position -308 of tumor necrosis factor-alpha
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tively recruited into the study through the Department of Rheumatology.
Results. The allele A1 of TNF-α was more common in the patient group (p < 0.01; OR = 1.62). Patients
having the genotype A1A2 seemed to develop more severe disease compared with patients with A1A1
genotype: they were younger at disease onset (p < 0.05),  had a higher accumulated disease activity 
(p < 0.05) and worse functional class (p < 0.05). Patients with genotype A2A2 of IL-1ß had higher accu-
mulated disease activity score than patients with A1A1 and A1A2 (p < 0.05).  The  allelic combination
A1 IL-1ß/A2 IL-1Ra was less prevalent in RA patients who developed cardiovascular complications 
(p < 0.005; OR = 0.20).
Conclusions. The A1 allele of TNF-α associates with RA. Genotypes A1A2 of TNF-α and A2A2 of IL-
1ß are  associated with more severe disease. The  allelic combination A1 IL-1ß/A2 IL-1Ra is less often
present in RA patients who developed cardiovascular complications. (J Rheumatol 2002;29:212-9)
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IL-8, in stimulation of leukocyte infiltration20. Cytokines,
chemokines, and acute phase proteins constitute a network of
communication between fibroblasts, macrophages, lympho-
cytes, and hepatocytes. Pro-inflammatory cytokines, as well
as a wide spectrum of chemokines21, are present in the
inflamed joints of patients with RA. The synergistic action of
TNF-α and IL-1ß results in progressive destruction of joints
via activation of matrix metalloproteinases22, including colla-
genase23, and causes the systemic symptoms characteristic of
RA. 

Patients with RA have a shortened life span and the most
common cause of death is cardiovascular diseases24-27.
Although the etiopathology of atherosclerosis is still incom-
pletely known, a role of pro-inflammatory cytokines for the
development of the atherosclerotic plaque has been suggested
in several reports28,29. There are several investigations of
atherogenic factors in RA30-32. Endothelial dysfunction or sub-
clinical vasculitis has been suggested to have a major under-
lying role for inducing cardiovascular diseases33. Inflam-
matory activity, measured as increase of erythrocyte sedimen-
tation rate and serum haptoglobulin, was predictive for car-
diovascular disease34,35.

Our aim was to investigate the prevalence of genetic poly-
morphisms of IL-1ß, TNF-α and IL-1Ra in patients with RA
from Northern Sweden and their potential association with
associated cardiovascular diseases. 

MATERIALS AND METHODS
Study groups. One hundred and fifty-four patients (42 men and 112 women)
with RA36, from Northern Sweden and attending the outpatient clinic at the
Department of Rheumatology were consecutively recruited into the study
during a 4 month period. The Department was at that time the only referral
center for rheumatology patients in the county, and there was thus no selec-
tion of patients for more severe cases. Demographic and clinical data for the
patients are presented in Table 1. All but 9 patients were rheumatoid factor
(RF) positive according to the Waaler-Rose test, with titers ranging from 1/40
to 1/40,000. The accumulated disease activity score was estimated on the
basis of erythrocyte sedimentation rate, number of swollen and tender joints,
and the clinician’s global assessment of the disease activity calculated every

second year of the patient’s disease and divided by the number of observa-
tions37. Cardiovascular and/or cerebrovascular events, myocardial infarction
(MI, n = 19), stroke/transient ischemic attacks (n = 12) or deep vein throm-
bosis/pulmonary embolism (n = 5) (as defined by Wållberg-Jonsson, et al27)
occurred in 28 patients after the onset of RA. Forty-four patients had been
treated for hypertension at the time of the study. Patients with hypertension,
and/or MI, stroke/transient ischemic attacks and deep vein thrombosis/pul-
monary embolism were grouped as patients with cardiovascular complica-
tions (n = 57).

Since 1985 the 2 Northern counties in Sweden, the geographic area of the
RA patients, with a total population of 510,000, have constituted one of 39
collaborating centers in the WHO MONICA study (Multinational Monitoring
of Trends and Determinants in Cardiovascular Disease)38. As a control group,
we used 226 individuals who were part of a prospective, nested case-referent
MONICA study and 131 individuals randomly selected from a population
register of the county. They had the same ethnic and geographical background
(based on the place of birth) as the patients and were selected for age and gen-
der.

Due to a lack of DNA material, numbers of controls included in analysis
of each gene polymorphism were different. An effort was made to balance the
number of female and male controls. For the analysis of TNF-α polymor-
phism, the control group included 324 individuals (172 females and 152
males). In the analysis of IL-1ß gene polymorphism, 207 controls were used
(96 females and 111 males), and for IL-1Ra gene polymorphism, 202 controls
were used (99 females and 103 males). We used a higher number of controls
for the analysis of TNF-α polymorphisms because our initial study showed
that the allelic distribution was not in concordance with the Hardy-Weinberg
law. The use of a larger sample did not change the results.

This study was approved by the Research Ethics Committee of Umeå
University.

DNA extraction and PCR reactions. Genomic DNA was extracted either from
EDTA-preserved blood or from buffy coats using standard proteinase K
digestion and phenol/chloroform extraction method. Polymerase chain reac-
tion (PCR) amplification was performed using a thermal cycler (PHC-3 Dri-
Block Techne, Cambridge, UK).

IL-1ß TaqI RFLP, IL-1Ra VNTR and TNF-α NcoI RFLP polymorphisms.
Amplification of the region which contains the TaqI polymorphic site within
exon 5 of the IL-1ß gene was performed as described previously10. TaqI
digestion of the 249-bp PCR product resulted in 2 fragments of 135 and 114
bp (allele 1) or remained intact (allele 2). Amplification of the fragment con-
taining variable numbers of an identical tandem repeat of 86 bp of IL-1Ra
gene was performed according to Mansfield, et al39. Alleles 1 to 5 were
detected according to their different PCR fragment lengths. Genotyping for
bi-allelic polymorphism of TNF-α at position -308 in the promotor region

Table 1. Demographic and clinical variables in 154 patients with RA.

All Patients Women Men
n = 154 n = 112 n = 42

Age, yrs, mean ± SD 64.0 ± 20.3 44.1 ± 14.1 52.8 ± 10.7
Disease duration, yrs, mean ± SD 15.5 ± 9.7 16.9 ± 10.0 11.7 ± 7.8
Accumulated disease activity score37 4.8 (4.2–5.4) 4.8 (4.2–5.6) 4.8 (4.3–5.3)

(median, Q1-Q3)
Functional class I-II (%) 81 (53.0) 54 (48.2) 27 (64.3)
Extraarticular manifestations* (%) 21 (13.6) 54 (48.2) 15 (35.7)
Cardiovascular and/or cerebrovascular

complications (%) 28 (18.2) 14 (12.5) 14 (33.3)
Treatment for hypertension (%) 44 (28.6) 29 (25.9) 15 (35.7)
Oral prednisolone ≤ 7.5 mg (%) 83 (53.9) 55 (49.1) 28 (66.7)
DMARD (%) 107 (69.5) 75 (67.0) 32 (76.2)

*Vasculitic ulcers/neuropathy, pericarditis, pleuritis, scleritis, and Sjögren’s syndrome.
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was performed by PCR amplification, using primers and NcoI digestion con-
ditions as described40. Digestion by NcoI restriction enzyme confirmed 2 alle-
les: allele A1 is split into 2 fragments, 87 bp and 20 bp long; allele A2 is an
intact fragment of 107 bp.

Statistical analysis. Fisher’s exact test and chi-squared distribution were used.
Probability (p value) was considered significant when p < 0.05 and was cor-
rected for the number of comparisons at each locus (pc) according to
Bonferroni. The chi-squared test was used for the calculations of the Hardy-
Weinberg law. Odds ratios (OR), and 95% confidence intervals (CI) were cal-
culated as estimates of the relative risks. Continuous data were compared with
Kruskal-Wallis H for one-way analysis of variance by ranks (3 groups) and
Mann-Whitney U test (2 groups).

RESULTS
TaqI RFLP of the IL-1ß gene. TaqI RFLP of IL-1ß gene was
investigated in 154 RA patients and 207 controls. There were
85 patients with genotype A1A1, 54 with genotype A1A2, and
15 with genotype A2A2 compared to 117 with A1A1, 68 with
A1A2, and 22 with A2A2 in the control group. There was no
difference between genotypes or alleles in patients and con-
trols.

Accumulated disease activity score was significantly dif-
ferent between the genotypes. Medians and interquartile range
(Q1-Q3) for patients with A1A1 (n = 85) was 4.7 (3.9-5.2), for
patients with A1A2 (n = 54) 4.9 (4.5-5.4), and for patients
with A2A2 (n = 14) 5.3 (4.9-5.4)(p = 0.02).

There was no association of this polymorphism to cardio-
vascular complications. The frequency distribution of the alle-
les was in accordance with the Hardy-Weinberg law (p =
0.24).

IL-1Ra VNTR polymorphism. IL-1Ra VNTR (variable number
of tandem repeats) polymorphism was investigated in 154
patients and 202 controls. The distribution of genotypes and
alleles is presented in Table 2. Genotype A1A2 was decreased
in RA patients (OR = 0.52), but the genotype A2A3 was

increased (OR = 12.11). The allele A3 showed an increased
frequency in patients (OR = 4.49), and accordingly, carriage
of A3 was more common in patients (OR = 4.61). All these
significant differences were lost after correction. There was no
association of genotypes or alleles with  clinical manifesta-
tions or disease severity. Allelic distribution of IL-1Ra gene
polymorphism was in concordance with the Hardy-Weinberg
law (p = 0.05).

RA patients with cardiovascular complications. Comparisons
of IL-1ß and IL-1Ra genotypes, alleles and carriers between
RA patients with and without cardiovascular complications
did not reveal any differences between these 2 groups of
patients.  The allelic associations between alleles of IL-1ß and
IL-1Ra were investigated (Table 3). Allelic combinations A1+

IL-1ß /A2+ IL-1Ra and A2+IL-1ß/ A2+IL-1Ra were decreased
in patients with cardiovascular complications compared with
those without complications (OR = 0.20 and 0.13, respective-
ly). The latter significance was lost after correction.

After exclusion of patients diagnosed with only deep vein
thrombosis (n = 2) from the group of patients with cardiovas-
cular complications, there was no association between any
allele combination and cardiovascular complication. 

TNF-α NcoI RFLP. The TNF-α NcoI RFLP was investigated
in 154 patients and 324 controls. The genotype A1A2 was
increased (OR = 1.63), although the statistical significance
was lost after correction. Genotype A2A2 was decreased (OR
= 0.04), and the frequency and carriage of A1 increased (OR
= 1.62 and 23.41, respectively)(Table 4). Of the patients,
99.4% carried allele A1, compared with 86.7% of controls.
The distributions of genotypes, carriers and allele frequencies
in females and males are presented in Table 5 A and B, respec-
tively. In both females and males, genotype A2A2 was
decreased in patients (OR = 0.06 and 0.07, respectively).

Table 2. Distribution of genotypes, alleles, and carriers of alleles of IL-1Ra VNTR gene polymorphism in RA
patients and controls. Allele frequencies are given in brackets. P values are corrected for the number of compar-
isons made at each locus.

Patients Controls p pc OR 95% CI

n = 154 n = 202

A1A1 109 138 NS

A1A2 19 43 0.0339 0.1695 0.52 0.29–0.94

A2A2 16 18 NS

A1A3 6 3 NS

A2A3 4 0 0.0342 0.1710 12.11 0.65–226.8

Alleles

A1 243 (0.79) 322 (0.80) NS

A2 55 (0.18) 79 (0.19) NS

A3 10 (0.03) 3 (0.01) 0.0206 0.0618 4.49 1.22–16.45

Carriers

A1 134 184 NS

A2 39 61 NS

A3 10 3 0.0195 0.0585 4.61 1.25–17.04
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Carriage of A1 was increased in both male and female patients
(OR = 16.3 and 13.9, respectively). These collected data lead
us to conclude that allele A1 of TNF-α is associated with RA
(OR = 1.62) and that carriage of allele A1 could be considered
a risk factor for RA in patients from Northern Sweden (OR =
23.41; Tables 4 and 5).

Patients with genotype A1A2 were significantly younger
(p < 0.05) at disease onset, the median and interquartile range
(Q1-Q3) being 44.0 years (33.8-52.0) compared with those
with genotype A1A1, who had a median  of 49.0 years (36.0-
56.8). Patients with A1A2 genotype compared with patients
with A1A1 also had a  higher accumulated disease activity
score with median and interquartile range (Q1-Q3) being 5.0
(4.5-5.7) and 4.7 (4.0-5.2) (p < 0.05) and worse functional
class (p < 0.05). Fifty-nine per cent of patients with A1A2
genotype were in functional class III-IV compared with 41%
of those with A1A1, as determined in patients after the same
disease duration. There were no differences concerning
extraarticular disease, corticosteroid therapy, or frequency or
number of disease modifying antirheumatic drugs used (data
not shown), or in the distribution of genotypes, allele fre-
quency, or carriers between patients with and without cardio-
vascular complications. 

Allelic distribution for this polymorphism was not in con-
cordance with the Hardy-Weinberg law (p < 0.01).

Combinations of alleles of the genes for IL-1ß, IL-1Ra, and

TNF-α. Results of genotyping for all 3 cytokine genes were
available for 142 controls and 154 patients. Two combinations
of alleles were decreased in RA patients. Carriage of A1 of IL-
1ß, A1 of IL-1Ra, and A2 of TNF-α was more common in the
referent group (p = 0.0435; pc = 0.348; OR = 0.59; 95% CI =
0.36-0.97). Also carriage of A1 of IL-1ß, A2 of IL-1Ra, and
A2 of TNF-α was more common in controls (p = 0.0077; pc
= 0.0616; OR = 0.34; 95% CI = 0.15-0.76). The significance
of these  differences was lost after correction. In both combi-
nations, the high secretory allele A2 of TNF-α was present,
implying that this allele decreases the susceptibility to devel-
op RA. There were no associations between these allelic com-
binations and cardiovascular events.

DISCUSSION
Certain polymorphisms of the genes of pro- and antiinflam-
matory  cytokines are associated with autoimmune and
inflammatory diseases. The TNF-α gene is located on chro-
mosome 6, between HLA-B and HLA-DR genes41. The locus
HLA-DRB1 is associated with susceptibility for RA42, sug-
gesting that also the polymorphisms of the TNF-α gene might
be of importance. Recently, a study by Cox, et al43 showed
that the products of the IL-1 gene cluster, located on the long
arm of chromosome 2, could contribute to the development
and/or severity of RA without correlation to the HLA com-
plex.

Table 3. Allelic association between alleles of IL-1ß and IL-1Ra genes in RA patients with and without cardio-
vascular complications. P values are corrected for the number of comparisons at each locus.

Patients
Patients with without

IL-1ß/ Complications Complications
IL-1Ra (n = 57) (n = 97) p pc OR 95% CI

A1+/A1+ 41 78 NS
A1+/A2+ 4 27 0.0016 0.0064 0.20 0.06–0.59
A2+/A1+ 24 40 NS
A2+/A2+ 1 12 0.0320 0.1280 0.13 0.02–1.00

Table 4. Distribution of genotypes, alleles and carriers of alleles A1 and A2 of TNF-α NcoI RFLP in RA patients
and controls. Allele frequencies are given in brackets. P values are corrected for the number of comparisons made
at each locus.

Patients Controls p pc OR 95% CI
n = 154 n = 324

A1A1 104 209 NS NS
A1A2 49 72 0.0321 0.0963 1.63 1.06–2.51
A2A2 1 43 < 0.0001 < 0.0003 0.04 0.01–0.31
Alleles

A1 257 (0.83) 490 (0.76) 0.0080 0.016 1.62 1.15– 2.31
A2 51 (0.16) 158 (0.24) 0.0080 0.016 0.62 0.43–0.87

Carriers
A1 carriers 153 281 < 0.0001 < 0.0002 23.41 3.19–171.77
A2 carriers 50 115 NS NS
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The cytokine TNF-α functions synergistically with IL-1ß,
suggesting that polymorphisms of  the IL-1ß gene could be
associated with RA, similar to its association with diabetes in
individuals homozygous for allele A29 and with myasthenia
gravis44. Allele A2 is related to higher secretion of IL-1ß10 and
the severity of autoimmune myasthenia gravis is associated
with this allele and its dosage effect44. Allele A2 of IL-1Ra
VNTR polymorphism is also a high secretory allele10 that is
associated with ulcerative colitis and inflammatory bowel dis-
ease39, systemic lupus erythematosus with skin disease14,
Grave’s disease15, and multiple sclerosis16. The balance
between IL-1ß and IL-1Ra is of importance in inflammatory
bowel disease45 and also in myasthenia gravis44. 

There are several polymorphisms of the promoter region of
TNF-α gene and for some of them (e.g., position -863), func-
tional correlates exist46. There are, however, controversial
reports regarding other polymorphic sites. Some reports con-
sider certain polymorphisms to be independent markers of
susceptibility for RA47, while others have shown associations
of polymorphisms to the severity of RA48. However, other
reports have not confirmed such associations49. We found a
strong association between allele A1 of NcoI TNF-α RFLP
and RA, whereas A2 of TNF-α was related to decreased risk
for RA. In patients with RA, however, it seemed to be associ-
ated with a more severe disease.

Biological actions of IL-1ß and TNF-α in RA and their
influence on the activation of matrix metalloproteinases have
been extensively studied21,50. Local high secretion and high
concentrations of cytokines, caused by high secretory alleles
could exert a strong effect on metalloproteinases, as well as on
the degradative processes in joints, which are caused by inter-
play of metalloproteinases21 and their tissue inhibitors.
Likewise, local high secretion of cytokines from lymphocytes
and macrophages, which adhere to the inflammatory site, can
also damage the epithelium of blood vessels and surrounding
tissues. Thus, carriage of alleles associated with higher secre-
tion of cytokines might constitute an increased risk for the dis-
ease manifestations in RA and/or its cardiovascular complica-
tions. Our findings of a more severe disease in patients with
the TNF-α genotype A1A2 are consistent with reports from
other groups. Wilson, et al51 showed a tendency for patients
with genotype A1A2 (or GA) to have an increased number of
erosions. Brinkman, et al5 failed to find an association with
–308, but found that genotype -238GG is associated with a
more severe course of RA and conclude that there is some
linkage disequilibrium between -238G and -308A (A2) alle-
les. Similarly, Vinasco, et al52 could not find an association of
the -308 polymorphism with susceptibility to RA, but could
associate certain polymorphisms at TNF-α locus with the
clinical manifestation of the disease. They found significantly

Table 5. Distribution of genotypes, alleles and carriers of alleles A1 and A2 of TNF-α ΝcoI –308 RFLP in female
and male RA patients and controls. Allele frequencies are given in brackets. P values are corrected for the num-
ber of comparisons made at each locus.

(A) Females
Patients Controls p pc OR 95% CI
n = 112 n = 172

A1A1 73 115 NS
A1A2 38 35 0.0155 0.0465 2.01 1.17–3.45
A2A2 1 22 0.0002 0.0006 0.06 0.01–0.46
Alleles

A1 184 (0.82) 265 (0.77) NS
A2 40 (0.18) 79 (0.23)

Carriers
A1 111 150 0.0002 0.0004 16.30 2.16–122.7
A2 39 57 NS

(B) Males
Patients Controls
n = 42 n = 152 p pc OR 95% CI

A1A1 31 94 NS
A1A2 11 37 NS
A2A2 0 21 0.0089 0.0267 0.07 0.004–1.13
Alleles

A1 73 (0.87) 225 (0.74) 0.0129 0.0258 2.33 1.18–4.62
A2 11 (0.13) 79 (0.26)

Carriers
A1 42 131 0.0089 0.0178 13.90 0.82–234.5
A2 11 58 NS
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increased frequency of nodular disease in heterozygous
patients expressing A1A2 (p = 0.03). Seki, et al53 studied the
polymorphisms in the 5′-flanking promoter/enhancer region
of the TNF-α gene in Japanese RA patients. They found lower
frequency of allele -308 A2 than in controls and suggested that
this could be due to its linkage disequilibrium with the HLA-
DRB*1302 allele in  Japanese patients since this allele has
been reported to be inversely associated with RA. Their con-
clusion was that these polymorphisms might be markers for
extended HLA haplotypes. 

In the controls from Northern Sweden, the allelic distribu-
tion for the TNF-α gene polymorphism was not in concor-
dance with the Hardy-Weinberg law. This can be explained by
confounding effects, since Northern Sweden has been sparse-
ly populated and the population to a large extent inbred, lead-
ing to skewed allelic distribution.

The distribution of genotypes and allele frequencies of IL-
1ß TaqI were similar to those found in other Caucasian popu-
lations10,44. As in the study of Cantagrel, et al12, we could not
demonstrate any association with RA. However, patients with
genotype A2A2 have the highest accumulated disease activity
score compared with those with A1A2 or A1A1 genotypes.
Several studies had proven that IL-1ß does play an important
role in pathogenesis of RA54 and the high-secretory allele A2
might thus be important for the severity of the disease.

In concordance with previous results12,13, we confirmed
that there is no association of allele A2 of IL-1Ra VNTR poly-
morphism with RA. In fact, there are indications that this
allele is associated with less risk for cardiovascular complica-
tions. Recently, Dewberry, et al55 showed that expression of
IL-1Ra in endothelial cells is intracellular and that allele A2 of
IL-1Ra VNTR is associated with significantly reduced levels
of IL-1Ra in human umbilical vein endothelial cells. It was
suggested that in contrast to monocytes, intra-cellular IL-1Ra
splice variant is the exclusive isoform present in endothelial
cells. Thus, the same polymorphism influences secretion of
IL-1Ra differently in various tissues. In our study, genotype
A1A2 was more prevalent in controls than in patients and
although the p value lost its significance when corrected, this
result is nonetheless notable. Allele A3 of IL-1Ra was associ-
ated with RA, although these data are based on a small num-
ber of patients. The functional implications of this allele are
not known and remain to be investigated. 

There was no association between alleles A1 and A2 of IL-
1ß and alleles A1 and A2 of IL-1Ra with RA. However, our
data showed allele A2 of IL-1Ra together with allele A1 of IL-
1ß  to be associated with protection against cardiovascular
complications (OR = 0.20).

The controversial reports about TNF-α loci, together with
our present results, lead us to the following speculative con-
clusion: certain combinations of alleles, from several poly-
morphic sites, build up a final form of the TNF-α molecule,
which in some cases increases susceptibility to RA, while in
others it could be associated with more severe forms of dis-

ease. It is probable  that not only the combination of alleles of
the TNF-α gene, but also the combination of a certain haplo-
type from other neighboring genes is of importance.

Anti-cytokine therapy offers a new era for treatment of
RA. The anti-TNF-α therapies have already shown promising
results56-58, although not all patients respond to this treatment.
Based on our collected data, we speculate that certain combi-
nations of alleles of pro-inflammatory cytokines could have a
major effect on the success of anti-TNF-α therapy. From a
clinical point of view it would be of great interest to analyze
the severity of RA in relation to polymorphisms of cytokine
genes, as well as the effect of anti-TNF-α treatment in patients
with different genetic background. It is probable that future
treatment of RA patients will include combinations with
cytokine therapy. Treatment with IL-1Ra has already been
tested59, and the combination of IL-1Ra treatment with anti-
TNF-α therapy is currently a subject of investigation in ani-
mal models60.

In summary, we found a positive association of allele A1 of
TNF-α with RA. The genotypes A1A2 of TNF-α and A2A2
of IL-1ß are associated with more severe disease. From the
clinical point of view, identification of phenotypic/genotypic
variants of RA might be of importance for the evaluation of
new therapeutic approaches.
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