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Cytokine gene polymorphisms in allergic
contact dermatitis
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Susceptibility to contact allergy may be influenced by genetically determined alterations in the
production of pro- and anti-inflammatory cytokines. This report focuses on functional polymorph-
isms in the genes encoding for several cytokines involved in the pathogenesis of contact allergic
responses, including tumour necrosis factor (TNF)-a (G–238 A, G–308 A), interleukin (IL)-1b (C-
511G, Tπ3953C), its natural antagonist, the IL-1 receptor antagonist (VNTR intron 2), and IL-6
(G–174C). Polymorphisms were investigated by PCR techniques among polysensitized individuals,
defined as individuals with confirmed contact sensitization to para-substituted aryl compounds
and at least one other structurally unrelated allergen (n Ω 86), and healthy control individuals
without a history of eczema (n Ω 310). The distribution of TNFA–308 genotypes was significantly
different in these groups (Padjusted Ω 0.0378). Compared with carriers of 2 wild-type alleles
(TNFAª308*1/1 (*G/G)), carriers of the TNFA–308*1/2 (*G/A) and TNFA–308*2/2 (*A/A) geno-
types tended to be more common among polysensitized individuals [OR Ω 1.54, 95% CI (0.92–
2.55) and OR Ω 2.36 (0.84–6.51), respectively]. No significantly different distribution of genotypes
was detected at any other polymorphic loci among control individuals without eczema and poly-
sensitized subjects. These findings suggest a possible relationship between the TNFA–308 poly-
morphism and contact allergy. The results need to be confirmed in future studies.
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Allergic contact dermatitis (ACD) and its underly-
ing cause, allergic contact sensitization, is a com-
mon phenomenon. Between 15 and 20% of the
general population are sensitized to at least 1 of
the major allergens, and between 5 and 10% are
affected by manifest ACD at least once per year
(1). Although regarded as a dermatosis that is typ-
ically triggered by environmental factors, ACD
may affect certain individuals more easily than
others. The individual susceptibility has been attri-
buted to genetic factors, such as the carriage of
certain human leukocyte antigens (HLA) alleles
(2). However, the results of HLA allotype studies
have remained largely inconclusive (3, 4). Polysen-
sitization, i.e. sensitization to more than 1 structur-
ally unrelated hapten, is discussed as a phenotypic
marker of increased susceptibility to contact sensit-
ization (5). Hence, it may be speculated that gen-

etic factors are more prominent in this disease sub-
group.

According to a simplified model, the patho-
genesis of contact allergy can be divided into pre-
immunological and immunological phases (6). The
former is characterized by the penetration of a
substance (pro-hapten) into the skin and its sub-
sequent metabolic transformation into a hapten
(7). The immunological phase involves the interac-
tion of immune-competent cells, primarily antigen-
presenting cells and T cells, and is regulated by a
complex network of cytokines. In particular, the
proinflammatory cytokines tumour necrosis factor
(TNF)-a, interleukin (IL)-1b, and IL-6 are likely
to play a crucial role during contact allergic reac-
tions (8). IL-1b is specifically up-regulated in the
epidermis after challenge with allergens, but not in
response to irritants, and neutralization of IL-1b
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by intradermal injection of neutralizing antibodies
(9) or administration of its natural antagonist, the
IL-1 receptor antagonist (IL-1Ra) (10), strongly
inhibits cutaneous contact hypersensitivity (CHS)
reactions. Furthermore, mice deficient in IL-1b
(11) or IL-6 (12) show impaired CHS responses.
As genetic polymorphisms have now been iden-
tified that affect the activity of xenobiotic metab-
olizing enzymes and the production of regulatory
cytokines, the preimmunological as well as the im-
munological phase may be influenced by genetic
factors.

In line with the concept that genetically deter-
mined variations in xenobiotic metabolism influ-
ence susceptibility to contact sensitization, we have
previously demonstrated associations between
polymorphisms of the genes encoding the N-
acetyltransferases 1 and 2 and the glutathione S-
transferases M1 and T1 and contact sensitization
to para-substituted aryl compounds (para com-
pounds) and thimerosal, respectively (13–15). In
the present study, we used a case-control design to
address the possible role of cytokine gene poly-
morphisms in contact allergy. Polymorphisms in
the genes encoding IL-1b, IL-1Ra, IL-6, and TNF-
a were selected on the basis of their functional rel-
evance and the proposed importance of the cyto-
kine during contact allergic reactions. To ensure
high statistical power of the study (16), individuals
with confirmed polysensitization (nΩ86) were
compared with healthy control individuals without
a history of eczema (nΩ310).

Materials and Methods

Study participants

The study was approved by the Ethics Committee
of the Medical Faculty of the Georg-August-Uni-
versity, Göttingen. Written informed consent was
obtained from all participants. We included 125
unrelated Caucasian patients (85 females and 40
males) with positive patch test reactions to para-
substituted aryl compounds (at least 1 of the fol-
lowing: p-phenylenediamine, isopropyl-p-pheny-
lenediamine, benzocaine, p-aminobenzoic acid de-
rivatives, p-aminophenol, sulfanilamide, Disperse
Orange 3, p-aminoazobenzene, 4,4-diaminodi-
phenylmethane and 2,4-toluenediamine). All indi-
viduals had skin lesions and a medical history sug-
gestive of allergic contact dermatitis and were
patch tested with the standard series (17). They
were recruited from various Departments of Der-
matology in Germany collaborating in the multi-
centre Information Network of Departments of
Dermatology (IVDK) (17). The N-acetyltransfer-
ase phenotypes and genotypes of a subgroup of
these patients have been reported previously (13,

14). Patch testing was performed according to the
recommendations of the International Contact
Dermatitis Research Group (ICDRG) (18). Indi-
viduals were further classified as ‘monosensitized’
if they had a positive patch test reaction to para
compounds alone (mean age 46.5∫15.7 years, 13
males and 26 females), and as ‘polysensitized’ if
they had a positive patch test reaction to para com-
pounds and at least 1 other, chemically unrelated
component, agent of the standard series (mean age
47.6 ∫18.3 years, 27 males and 58 females). The
control group consisted of healthy unrelated Cau-
casian individuals (nΩ367; mean age 37.3∫13.8
years, 169 females and 198 males) recruited from
the blood donor registry of the Department of
Transfusion Medicine, University Hospital
Göttingen. Control subjects were divided into
those with (nΩ57) and without (nΩ310) a history
of eczema based on a physician-administered ques-
tionnaire.

Cytokine gene polymorphisms

Genomic DNA was prepared from peripheral
blood mononuclear cells according to Miller and
coworkers (19). We investigated functionally rel-
evant polymorphisms of the genes encoding TNF-
a (TNFA) (20, 21), IL-1b (IL1B) (22, 23), the IL-
1 receptor antagonist (IL1RN) (24, 25), and IL-6
(IL626). Polymorphisms in the IL1B gene at posi-
tions ª511 (23) and π3953 (27) (relative to the
transcriptional start), in the IL1RN gene in intron
2 (24), and in the TNFA gene at positions ª238
(28) and ª308 (29) were determined by poly-
merase chain reaction (PCR) in combination with
restriction fragment length polymorphism (RFLP)
analysis or allele specific PCR as described. A
transition from C to G at position ª174 of the
IL6 promoter was analysed by PCR-RFLP ac-
cording to Fishman et al. (26). Alleles are denoted
as follows: IL1B-511*C Ω1, *T Ω2; IL1Bπ
3953*T Ω1, *CΩ2; IL6–174*C Ω1, *GΩ2;
TNFA–238*GΩ1, *A Ω2; TNFAª308*GΩ1,
*A Ω2. Alleles 1 (4 repeats, 410bp), 2 (2 repeats,
240bp), 3 (5 repeats, 500bp), 4 (3 repeats, 325bp),
and 5 (6 repeats, 595bp) of the variable number of
tandem repeat (VNTR) polymorphism in intron 2
of the IL1RN gene were detected according to their
size relative to a 100-bp DNA.

Statistical analysis

To evaluate deviation from the Hardy–Weinberg
equilibrium, observed and expected genotype fre-
quencies were compared by an exact goodness of
fit test in cases and controls. Odds ratios (ORs)
and exact 95% confidence intervals (CIs) (30) were
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Table1. Genotype frequencies in the investigated groups

Locus Genotype Controls Cases Controls without eczema vs polysensitized cases

Without With Mono- Poly- c2 Exact P adjusted p
eczema eczema sensitized sensitized
(nΩ310) (nΩ57) (nΩ39) (nΩ86)
n (%) n (%) n (%) n (%)

IL1Bª511 1 1 129 (41.6) 27 (47.4) 15 (38.5) 43 (50.0)
1 2 147 (47.4) 22 (38.6) 19 (48.7) 36 (41.9)
2 2 34 (11.0) 8 (14.0) 5 (12.8) 7 (8.1) 2.061 0.3574

IL1Bπ3953 1 1 182 (58.7) 32 (56.1) 21 (53.8) 51 (59.3)
1 2 109 (35.2) 21 (36.8) 16 (41.0) 32 (37.2)
2 2 19 (6.1) 4 (7.0) 2 (5.1) 3 (3.5) 0.9283 0.6367

IL1RN 1 1 158 (51.0) 24 (42.1) 18 (46.2) 47 (54.7)
1 2 108 (34.8) 23 (40.4) 18 (46.2) 29 (33.7)
1 3,4,5 9 (2.9) 3 (5.3) 3 (7.7) 5 (5.8)
2 2 31 (10.0) 7 (12.3) 0 (0.0) 4 (4.7)
2 3 4 (1.3) 0 (0.0) 0 (0.0) 1 (1.1) 4.002 0.4038

IL6ª174 1 1 94 (30.3) 27 (47.4) 9 (23.1) 36 (41.9)
1 2 156 (50.3) 17 (29.8) 21 (53.8) 34 (39.5)
2 2 60 (19.4) 13 (22.8) 9 (23.1) 16 (18.6) 4.383 0.1110

TNFAª238 1 1 285 (91.9) 54 (94.7) 37 (100.0) 78 (95.1)
1 2 23 (7.4) 3 (5.3) 0 (0.0) 4 (4.9)
2 2 2 (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 1,208 0.5474

TNFAª308 1 1 226 (72.9) 43 (75.4) 26 (66.7) 57 (66.3)
1 2 84 (27.1) 14 (24.6) 13 (33.3) 26 (30.2)
2 2 0 (0.0) 0 (0.0) 0 (0.0) 3 (3.5) 11.470 0.0063 0.0378

calculated to compare genotype frequencies. Dif-
ference in genotype frequencies were investigated
using an exact c2-test. The overall significance level
was set to a Ω 0.05. To correct for multiple testing,
testwise P-values were adjusted according to Bon-
ferroni–Holm.

Results

The absolute and relative genotype frequencies of
the cytokine gene polymorphisms investigated are
given in Table1. In the control group without ec-
zema, the genotype distribution of all investigated
polymorphisms was similar to those reported in
earlier studies for Caucasian individuals (24, 26,
28, 29, 31, 32). In accordance with previous investi-
gations, genotype frequencies at the TNFA–308 lo-
cus deviated from Hardy–Weinberg equilibrium in
this group (nominal P Ω 0.0044). No significant
deviation from Hardy–Weinberg equilibrium was
detected at any other locus in the control group
without eczema (all nominal P �0.05).

To ensure high statistical power of the study
(16), polysensitized individuals were compared
with healthy control subjects without a history of
eczema. The distribution of TNFA–308 genotypes
was significantly different in these groups (Padjust-

ed Ω 0.0378). Compared with carriers of 2 wild-
type alleles, carriers of the TNFA–308*1/2 and
TNFA–308*2/2 genotypes tended to be more com-
mon among polysensitized individuals [ORΩ1.54,
95% CI (0.92–2.55) and ORΩ2.36 (0.84–6.51), re-

spectively). No significantly differently distributed
genotypes were detected among control individuals
without eczema and polysensitized subjects at any
other polymorphic loci (Table1).

Discussion

To the best of our knowledge, this is the first study
that investigates the possible relationship between
polymorphisms in cytokine genes and ACD. We
found that the distribution of TNFA–308 geno-
types was significantly different among polysensit-
ized individuals and healthy control subjects.

The proinflammatory cytokines TNF-a, IL-1b,
and IL-6 are induced during the early phase of ex-
perimental contact hypersensitivity responses (8–
12, 33). TNF-a is up-regulated in response to ex-
perimental contact allergens (33) and regarded as
a critical mediator in the pathogenesis of ACD (8).
The production of TNF-a is regulated at the tran-
scriptional and post-transcriptional level (34). In
humans, a G to A transition has been identified at
position ª308 within the promoter region of the
TNFA gene, with the G form (allele 1) being the
most common (21). The TNFA–308*1 allele con-
tains an activator protein-2 (AP-2) binding ele-
ment which is disrupted in the TNFA–308*2 allele
(35). Functional in vitro assays suggest that AP-2
can suppress the activity of the TNFA promoter in
certain cell lines (36). Moreover, there is evidence
that TNFA–308*2 is associated with increased
transcription compared with the TNFA–308*1 al-
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lele (36, 37), and that individuals carrying at least
1 TNFA–308*2 allele are high secretors of TNF-
a (21). These findings, together with the observed
correlation between carriage of the TNFA–308*2/
2 homozygous genotype and a fatal outcome of
common infectious diseases (38, 39), imply poten-
tial biological significance of the ª308 poly-
morphism.

More recent studies suggest that the TNFA–308
polymorphisms may also influence cutaneous in-
flammatory reactions. Allen and colleagues ob-
served an increased frequency of TNFA–308*2 and
of the TNFA–308*2/2 genotype among individuals
with low threshold towards irritants (40). In an-
other study, psoriatic patients were treated with the
anti-inflammatory cytokine IL-10 and cutaneous
mRNA levels of TNF-a were determined by a
quantitative PCR method before and after therapy.
It was found that the down-regulation of TNF-a
in response to IL-10 was significantly lower in indi-
viduals carrying a haplotype that includes the
TNFA–238*2 or ª308*2 allele, respectively (41).
Although preliminary, these findings indicate a
possible association of TNFA–308*2 with en-
hanced susceptibility to skin inflammation, which
could be related to an increased sensitivity to in-
flammatory stimuli or, alternatively, a decreased
response towards anti-inflammatory signals.

In line with this hypothesis, we here present evi-
dence that the TNFA–308 polymorphism may in-
fluence susceptibility to ACD. In particular, car-
riage of the TNFA–308*2/2 genotype may act as a
marker of enhanced susceptibility to contact sens-
itization. However, interpretation of the latter
finding has to be cautious since it did not reach
statistical significance, possibly due to the limited
number of polysensitized individuals included in
the study. It should also be noted that the TNFA–
308 polymorphisms may occur in linkage disequi-
librium with other polymorphisms in the TNFA
gene that affect cytokine production and influence
the susceptibility to contact sensitization.

Furthermore, it remains to be addressed in future
studies whether the association between the TNFA–
308 polymorphism and ACD is a general feature of
contact sensitization or restricted to certain groups
of allergens such as para compounds. The proposed
role of TNFA–308*2 as a genetic component of
both irritant and allergic contact dermatitis could
reflect common pathogenetic pathways of these
types of dermatitis. Moreover, this finding may
point to a genetic basis of the recently suggested
‘danger’ model. This model presumes that an anti-
genic signal on its own tends to produce tolerance
and requires the presence of a second proinflamma-
tory (‘danger’) signal, such as cutaneous irritancy,
to activate the immune system (42).

There are other limitations to the findings in this
study. First, we did not control for allergen ex-
posure. Therefore, we cannot exclude the possi-
bility that the control group includes individuals
with genetic predisposition but low allergen ex-
posure, while the polysensitzed group may contain
individuals characterized by high allergen exposure
but lack of prominent genetic risk factors. Second,
association results obtained from case-control
studies might always be influenced by population
stratification. The finding of a deviation from
Hardy–Weinberg equilibrium at the TNFA–308 lo-
cus in the control group may be interpreted as evi-
dence that these controls are not a representative
population sample. However, similar findings ob-
tained in other different studies (43, 44) and the
reported association of carriage of TNFA–308*2
with an increased risk for a fatal outcome of severe
infectious diseases (38, 39) point to negative selec-
tion as another possible explanation for this phe-
nomenon.

The pathogenesis of contact allergy is complex
and likely to involve the interaction of a number
of genes. Our finding of a possible contribution of
a polymorphism in the gene encoding TNF-a, a
cytokine involved both in skin irritation and sens-
itization, encourages future investigations in the
field.
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