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Background: Rheumatoid arthritis (RA) is a genetically complex disease where the response to differ-
ent treatments varies greatly between different patients. This is the case with the tumour necrosis factor
(TNF) blocking agents, where 20–40% of patients have been described as non-responders. No predic-
tive markers exist as yet for the prognosis of response.
Objective: To analyse whether polymorphisms of several cytokine genes are associated with the
responsiveness to TNF blockade with etanercept.
Methods: 123 patients with active RA were treated with etanercept and response rates were
determined after three months using American College of Rheumatology (ACR)20 and disease activity
score (DAS)28 response criteria. Genotyping was done for TNF (–308 TNFA), interleukin (IL)10
(–1087 IL10), transforming growth factor (TGF)β1 (codon 25 TGFB1), and IL1 receptor antagonist
(intron 2 IL1RN).
Results: 24 patients (20%) were defined as non-responders owing to their failure to fulfil any of the
ACR20 or DAS28 response criteria. None of the recorded alleles was alone significantly associated
with responsiveness to treatment. However, a certain combination of alleles (–308 TNF1/TNF1 and
–1087 G/G) was associated with good responsiveness to etanercept (p<0.05). In addition, a combi-
nation of alleles influencing interleukin 1 receptor antagonist (IL1Ra) and TGFβ1 production (A2 allele
for IL1RN and rare C allele in codon 25 of TGFB1 gene) was associated with non-responsiveness
(p<0.05).
Conclusion: Genetic polymorphisms, which may influence the balance of pro- and anti-inflammatory
cytokines of relevance for the course of RA, are associated with clinical responsiveness to etanercept
treatment.

Rheumatoid arthritis (RA) is a disease defined by well
accepted criteria,1 but its clinical features and the
molecular pathways involved are heterogeneous.2 Thus,

also the response to various treatments varies considerably
between different patients, which poses problems in drug
development and in predicting responsiveness to a given drug.
This heterogeneous response to treatment is seen also for the
new targeted therapies with tumour necrosis factor (TNF)
blockade,3 4 where there is an increasing need both to under-
stand the molecular basis of this heterogeneity and to predict
responsiveness.

So far, important differences between patients with RA
have been demonstrated both in their genetics5–7 and in
various molecular features—for example, patterns of mol-
ecules present in the inflammatory tissues of affected joints.8

Thus, patients carrying different HLA-DR haplotypes appear
to have different natural courses, and respond differently to
conventional disease modifying antirheumatic drug
(DMARD) treatment.9 Patients with different cytokine pat-
terns in joints may also respond differently to treatment with
TNF blockers.10 Considering the critical role that different
cytokines are assumed to have in the pathogenesis of RA, and
considering the heterogeneity of both the genetic regulation of
these cytokines and the actual presence of these cytokines in
the joint, it is possible that polymorphisms in regulating cyto-
kine production may not only affect the natural course of the
disease but also the response to therapy such as TNF blockade.

A number of polymorphisms with possible functional
significance have recently been identified in the promoter
regions for several of the cytokines assumed to be of import-
ance for the balance of pro- and anti-inflammatory cytokines
(table 1).

Given this background, the goal of the current study was to

investigate whether the polymorphisms in genes influencing

the production of various cytokines are associated with

responsiveness to etanercept. We took advantage of the struc-

tured surveillance systems for TNF blockade, including treat-

ment with etanercept, that have been implemented in

Sweden, including the Stockholm area.

PATIENTS AND METHODS
Patients
123 patients (100 female, 23 male) with RA diagnosed

according to the 1987 revised American College of Rheumatol-

ogy (ACR) criteria for classification of RA1 underwent

treatment with etanercept in the rheumatology outpatient

clinics at the Karolinska Hospital and Huddinge University

Hospital during 1998–2000. This evaluation is part of a

nationwide surveillance programme for TNF blockade in RA.

The mean age of inclusion was 52 years (range 24–76), and the

mean duration of disease was 14 years (range 1–51). Among

the patients 94 (76%) were rheumatoid factor positive and 74

(60%) were receiving treatment with corticosteroids; the dose

was not increased during the treatment with etanercept. No

special selection was made, but treatment with at least one

DMARD had failed in all patients at trial entry. Patients were
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treated with etanercept (Immunex Co, Seattle, WA) subcuta-

neously 25 mg twice a week for three months. Among the 123

patients, 63 patients were treated with etanercept alone, 53

patients received etanercept in combination with methotrex-

ate, one patient received etanercept in combination with

methotrexate and cyclosporin, one patient received etanercept

in combination with methotrexate and sulfasalazine, two

patients received etanercept in combination with sulfa-

salazine, one patient received etanercept in combination with

intramuscular gold, one patient received etanercept in combi-

nation with azathioprine, and one patient received etanercept

in combination with Reumacon (Conpharm, Uppsala, Swe-

den); Reumacon is an antirheumatic agent used under licence

in Sweden.

Clinical and laboratory assessments
Responders after three months of treatment were defined

using both the ACR response criteria11 and the response crite-

ria based on the modified disease activity score (DAS)28

index.12 We defined as non-responders those who fulfilled nei-

ther the ACR nor the DAS28 response criteria. Blood samples

were collected from all patients before treatment (baseline).

Genotyping
DNA was isolated from EDTA blood by a modification of the

method described by Aldener-Cannava and Olerup.13 Primers

were synthesised by Scandinavian gene synthesis (SGS,

Köping, Sweden). The sequence of primers for amplification of

the VNTR region in intron 2 of the IL1RN gene were taken

from Tarlow et al.14 The sequences of other primers and the

whole procedure were published earlier.15

HLA typing was performed by using a DR low resolution kit

(Olerup SSP AB, Saltsjöbaden, Sweden) and according to

methodology previously described.16

Statistical analysis
Fisher’s exact test was used to determine whether there was a

random association between the observed alleles in the two

studied populations or not. All calculations were done in

StatView software, version 5.0 (SAS Institute, Inc, Cary, NC).

RESULTS
Clinical response
Clinical response to treatment was determined using both the

ACR20 response criteria and response criteria based on the

DAS28 index. In our clinical practice treatment is changed for

those patients who are defined as non-responders when both

these sets of criteria are applied, and thus we chose to define

as “non-responders” those patients who failed to fulfil both

these response criteria and others as “responders”. By these

criteria, a total of 99/123 patients were responders (67%

responders according to the ACR20; 80% responders according

to the DAS28 based criteria) and 24 were non-responders to

etanercept therapy.

Association of cytokine gene polymorphisms with
response to etanercept therapy
To analyse the association between functionally important

gene polymorphisms and clinical response to etanercept

therapy, we first analysed whether any of those single

polymorphisms were associated with clinical responsiveness.

This analysis showed no significant difference in allele or

genotype frequencies between responders and non-

responders (table 2). Also analysis of HLA-DR polymorphisms

failed to show any association between response and HLA-DR

alleles known as shared epitope genes (data not shown). We

then analysed the combinations of polymorphisms that we

considered to be functionally most meaningful, although

many others may exist for the genes studied. Nevertheless,

several studies have shown the importance of selected genetic

markers in predicting the susceptibility and clinical course in

other inflammatory conditions.17–20

We first analysed the effects of the TNF1/TNF1 genotype at

the –308 position of the TNFA gene together with the GG

genotype at the –1087 position of the interleukin (IL)10 gene.

This combination was chosen to define subjects with a

presumed lower propensity for an inflammatory response.

Table 3 shows that this genetic combination was significantly

more common among responders than among non-

responders. Of 23 patients with this composite genotype only

Table 1 Cytokine gene polymorphisms with pro- and anti-inflammatory potential

Gene symbol Polymorphism position Alleles Functional role

TNFA −308 G=TNF1 Normal production of TNF
A=TNF2 Up regulation of TNF production in different type of cells[22] [24]

IL10 −1087 G GG genotype associates with up regulation of IL10 production in lymphocytes
A AA genotype associates with down regulation of IL10 production in

lymphocytes[23]

TGFB1 +915, codon 25 G Normal production of TGFβ1
C Down regulation of secretion of TGFβ1 from the peripheral blood

leucocytes[21]

IL1RN Intron 2 A1=4 repeats “Normal” allele[25]
A2=2 repeats Up regulation of IL1Ra production in sera and down regulation in saliva[19]

Table 2 Frequency of gene polymorphisms in
patients with RA treated with etanercept (Enbrel)

Gene, polymorphism
Non-responders
No (%)

Responders
No (%) p Value

TNFA, −308
TNF1/TNF1 12 (50) 65 (66)
TNF1/TNF2 11 (46) 32 (32)
TNF2/TNF2 1 (4) 2 (2) 0.33

IL10, −1087
G/G 8 (33) 27 (27)
A/G 13 (54) 42 (43)
A/A 3 (13) 30 (30) 0.22

TGFB1, codon 25
G/G 20 (83) 84 (85)
G/C 4 (17) 15 (15) 1.00

IL1RN, intron 2 VNTR
A1/A1 13 (54) 69 (70)
A1/A2 8 (33) 22 (22)
A2/A2 1 (4) 6 (6)
A1/A4 1 (4) 0
A2/A4 1 (4) 2 (2)
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one did not respond to etanercept after three months; the

remaining single patient, however, responded after six

months. Other combinations of –308 TNFA and –1087 IL10

genotypes did not show any significant association with

response to etanercept therapy.

Secondly, we analysed a combination of the C allele in

codon 25 of the TGFB1 gene and the A2 allele in intron 2 of the

IL1RN gene. These combinations were chosen because of pre-

vious reports about their functional role.19 21 We found that this

genetic pattern was associated with a poor response to etaner-

cept therapy (table 4). The relatively rare C allele was found

significantly more often in non-responders with A2 positive

genotype (homo- or heterozygotic state of A2), in comparison

with all other combinations (p<0.05). We found no significant

association of response to etanercept therapy with other com-

binations of IL1RN and codon 25 TGFB1 genotypes.

DISCUSSION
This study examined the possibility that functionally impor-

tant allelic differences in genes controlling cytokine activity

might be associated with the response to TNF blockade with

etanercept. The data obtained in this first analysis support this

concept as a certain combination of allelic forms influencing

TNF and IL10 production was associated with a good response

to etanercept, whereas another combination of allelic forms

influencing transforming growth factor (TGF)β1 and IL1

receptor antagonist (IL1Ra) production was associated with a

poorer response.

The methodology chosen to analyse the complex interplay

between genetic polymorphisms and clinical response to

treatment, in this case to TNF blockade with etanercept, is

associated with a problem because both the response to treat-

ment and the genotype may be difficult to define simply, and

even more difficult to relate to each other. Mass significance

problems are also common and difficult to resolve in this type

of analysis. We tried to diminish these problems in two ways.

Firstly, response to treatment was dichotomised by combining

the ACR20 and DAS28 response criteria in the way that is

considered most appropriate in daily clinical practice—that is,

by defining as “responders” all those who fulfil either of the

two alternative response criteria. Secondly, genetic analyses

were performed only for a limited number of alleles or combi-

nation of alleles—namely, those we considered functionally

most relevant. The choice of alleles to be analysed was made

according to published data before analysing the results19 21–25

(table 1). Previous functional and clinical characteristics asso-

ciated with the selected alleles and combinations of alleles

include TNF1 related to low in vitro production of TNF, and

TNF2 related to high production of TNF.22 24 The influence of

these TNF alleles was also investigated in combinations with

selected other alleles, including the homozygous state of A at

–1087 of IL10; this IL10 genotype together with TNF2 has pre-

viously been shown to be associated with high risk for heart

transplant rejection.18 Similarly, an analysis of polymorphisms

related to the IL1RN A2 allelic form was included based on the

previously shown association between this allele and suscep-

tibility to systemic lupus erythematosus and primary Sjö-

gren’s syndrome.19 The statistical analysis in our study was

done in such a way that compensation was made for the mass

significance problems associated with these, notably limited,

numbers of combinations.

The results generated from analysis of the selected

functional polymorphisms show an interesting and not

entirely predicted pattern. Thus, on the one hand, the combi-

nation of TNFA and IL10 alleles related to low inflammatory

reactivity was associated with a good response to etanercept,

and, on the other, a combination of IL1RN and TGFB1 alleles

related to strong inflammatory reactivity was associated with

a poorer response to the same drug. These data suggest that it

may be easier to obtain a healthy balance between pro- and

anti-inflammatory events in subjects with a genetic predispo-

sition for a low inflammatory reaction than in those with a

predisposition for a more vigorous inflammatory response.

Interestingly, in the only reported genetic study of the effi-

cacy of TNF blockade an association was found between the

relatively rare haplotype in the lymphotoxin A gene and a

lower response to infliximab in a group of patients with

Crohn’s disease.26

Whereas the results from this study indicate that certain

functionally important cytokine gene polymorphisms may be

associated with clinical response to etanercept, caution is

obviously warranted in transferring those into algorithms that

can be useful for predicting responses to etanercept in the

clinic. The polymorphisms that were investigated comprise

only a very minor part of the existing polymorphisms, and

were chosen only because of previously documented func-

tional and/or clinical significance. It is also well established

that linkage disequilibrium is an important factor to account

for interpretation of genetic data. The associations found in

our study should thus be mainly taken as a first indication of

the potentials of a pharmacogenomic approach to under-

standing and predicting response to TNF blockade. Studies in

larger patient groups are needed to verify their eventual prac-

tical usefulness in clinical practice.
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