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Filaggrin null alleles are not associated with hand eczema
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Summary

Background The filaggrin protein is a key component of stratum corneum and
homo- or heterozygotes for the filaggrin variant alleles R501X and 2282del4
have varying degrees of impaired skin barrier. The variant alleles have repeatedly
been shown to be associated with atopic dermatitis. Any possible association with
hand eczema or contact allergy are unexplored.
Objectives To explore associations between the variant alleles, hand eczema, contact
allergy and atopic dermatitis.
Methods In total, 183 adult individuals participated in a clinical examination of the
hands, patch testing and filaggrin genotyping. Children without any evidence of
atopic dermatitis from the Copenhagen Prospective Study on Asthma in Child-
hood (COPSAC) study were used as controls. The v2 test was used for compar-
ison of allele frequencies.
Results The majority (73%) had hand eczema, 25% had contact allergy and 14%
had a diagnosis of atopic dermatitis. The association between atopic dermatitis
and the filaggrin variant alleles was confirmed (odds ratio 3Æ5, P = 0Æ015). Allele
frequencies in individuals with hand eczema or contact allergy were not statistic-
ally significantly increased.
Conclusion There is no association between the variant alleles and hand eczema or
contact allergy.

Filament aggregating protein (filaggrin) is an essential com-

ponent in the terminal differentiation of the epidermis and

formation of the stratum corneum. Profilaggrin, the precursor

of filaggrin, accumulates in the keratohyalin granules formed

in the granular layers of the epidermis. During cornification

keratin filaments in keratinocytes are aggregated by filaggrin,

resulting in a flattening of the keratinocytes and eventually

formation of the cornified cell envelope, which is crucial for

the skin barrier function.1 The skin barrier provides protection

against water loss and penetration of chemicals, and infectious

and allergenic agents.

Homozygotes or compound heterozygotes for the two loss-

of-function mutations (null alleles) R501X and 2282del4 in

the gene encoding filaggrin have a complete loss of filaggrin

products and present clinically with ichthyosis vulgaris, char-

acterized by dry scaly skin.2 The mode of inheritance is semi-

dominant with variable penetrance; heterozygotes may present

with a mild form of ichthyosis vulgaris or without symptoms.

A number of studies have recently established a strong asso-

ciation between the filaggrin variant alleles and atopic derma-

titis,3 in particular, atopic dermatitis associated with asthma

and allergic rhinitis,3,4 IgE sensitization,5 early onset6 and per-

sistence into adulthood.7

Hand eczema is a frequent, often chronic relapsing disease,

with a heterogeneous aetiology, including irritant and allergic

contact dermatitis, atopic dermatitis, mixed forms and minor

groups with vesicular and hyperkeratotic hand eczema. Atopic

dermatitis is one of the main risk factors for hand eczema.8

Genetic risk factors significantly influence the risk of develop-

ing hand eczema,9 even in the absence of atopic derma-

titis.10,11 Genetic markers for hand eczema have not yet been

identified and any possible association with the filaggrin vari-

ant alleles is unexplored. An impaired skin barrier facilitates

the penetrance of allergens, but whether or not the presence

of mutations in the gene encoding filaggrin is associated with

an increased frequency of contact allergy is unknown.
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The primary aim of this study was to investigate whether

any relationship exists between the filaggrin variants R501X

and 2282del4 and hand eczema. Secondly, any associations

between the variant alleles and contact allergy and atopic

dermatitis were explored.

Materials and methods

Study population

In 1996, a cohort of 6666 same-sex twin individuals born

between 1953 and 1976 and living on Zealand or its neigh-

bouring islands was drawn from the Danish Twin Registry

and received a short questionnaire on hand eczema.9 A total

of 5610 twin individuals responded. Twin pairs where one or

both twin individuals had self-reported hand eczema or

reported symptoms of hand eczema in the questionnaire and

lived within 60 km of Copenhagen were invited to a clinical

examination and patch test in 1997–1998.12 A total of 1076

twin individuals participated. In 2005, all twin pairs where

one or both had self-reported hand eczema in 1997–1998

were identified (659 individuals). Addresses were available for

605 twin individuals and they were invited by mail to a sec-

ond clinical examination and patch test in 2005–2006

(Fig. 1). All individuals gave their written, informed consent

for participation in compliance with the principles of the Hel-

sinki Declaration.

Hand eczema and atopic dermatitis

A diagnosis of hand eczema was based on a positive answer

to a question on self-reported hand eczema (Have you ever

had hand eczema?),13 given either in 1997–1998 or at the

current examination. Fifteen individuals with self-reported

hand eczema in 1997–1998 denied hand eczema at the

present examination. Some of them had other diagnoses

such as psoriasis and polymorphic light eruption on the

hands. In case of present hand eczema, symptoms (scaling,

erythema, vesicles, papules, fissures and oedema) were

recorded. The U.K. Working Party’s Diagnostic Criteria were

used to define whether or not participants had ever had

atopic dermatitis.14

Filaggrin genotyping

Venous blood samples or mouth swabs were collected from

the twin individuals and kept at )80 �C. DNA was prepared

from blood samples and mouth swabs using QIAamp 96 DNA

procedures (Qiagen GmbH, Hilden, Germany). Genotyping

for R501X and 2282del4 was performed by TaqMan� allelic

Inclusion criteria: self-reported HE
or co-twin with self-reported HE.
Address within 60 km of
Copenhagen

6666 twin individuals received a
questionnaire on HE in 1996

5610 twin individuals responded 

183 twin individuals selected for analysis 
– 33 with HE including 26 with AD

and 37 with CA
– 50 without HE including 8 with CA

659 twin individuals participated in clinical
examination and patch test in 1997–1998

Successful DNA genotyping in 263 twin
individuals (80 pairs and 103 single twins)

274 twin individuals volunteered to
participate in 2005–2006

605 twin individuals invited to clinical
examination and patch test in 2005–2006

One individual randomly selected
from each twin pair. All single twin
individuals selected Fig 1. Flow diagram illustrating recruitment

of the study population. HE, hand eczema;

AD, atopic dermatitis; CA, contact allergy.
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discrimination assays (Applied Biosystems, Foster City, CA,

U.S.A.) as previously described.3,15

Patch testing

The ready-to-use True Test� system panel 1 and 2 (Mekos

Laboratories A ⁄S, Hillerod, Denmark) was sent by mail to all

participants. Patches were placed on the back by the partici-

pants 3 days in advance of the scheduled examination and

removed after 2 days. Reading of the patches was done on

day 3 according to the International Contact Dermatitis

Research Group guidelines.16

Control groups

At first, allele frequencies in twin individuals with hand

eczema were compared with twin individuals without hand

eczema, and likewise twin individuals with and without con-

tact allergy and atopic dermatitis were compared. As the num-

ber of twin individuals without hand eczema and contact

allergy was limited, allele frequencies in the twin subgroups

with hand eczema and contact allergy were also compared

with a group of 189 children without atopic dermatitis

(91 male and 98 female), all born to Danish mothers with

asthma. The children are currently being followed from birth

in a prospective longitudinal follow-up study [the Copenhagen

Prospective Study on Asthma in Childhood (COPSAC)

study].3,17 Atopic dermatitis in the COPSAC study was defined

using the criteria of Hanifin and Rajka.18 Finally, in an analysis

restricted to the subgroup of twins with hand eczema, allele

frequencies in the subgroup with and without atopic derma-

titis were compared.

Statistical analysis

When data on both twin individuals in a twin pair were avail-

able, one twin individual was randomly excluded from the

analysis, thus leaving 183 twin individuals for analysis

(Fig. 1). Allele frequencies were compared in subgroups of

twins and in the COPSAC subgroup using the v2 test. Both

variants were in Hardy–Weinberg equilibrium in the twin

cohort, the twin subgroups and in the COPSAC subgroup. The

v2 test was used in the drop-out analysis. SPSS version 11.0

was used for statistical analyses.

Results

A total of 274 twin individuals participated. DNA genotyping

was successful in 263 individuals and 183 twin individuals

(70 monozygotic, 103 dizygotic and 10 with unknown zygos-

ity) were selected for analysis (see Statistical analysis). The fol-

lowing descriptive data apply to the 183 individuals. The

mean age was 41 years (SD 6Æ6) and the male to female ratio

was 64 : 119. The majority (73%) had had hand eczema and

in this group, clinical signs of hand eczema were found in

41%. At least one positive patch test was detected in 25%; the

frequency in women and men was 32% and 11%, respec-

tively. Nickel was the primary allergen responsible for sensiti-

zation (data not shown). A total of 14% had current or

previous history of atopic dermatitis. All twin individuals with

atopic dermatitis reported at least one episode of hand eczema.

The frequency of atopic dermatitis in the hand eczema group

was 20%.

The overall allele frequencies of R501X and 2282del4 in

the twin cohort were 3% for both variants (yielding carrier

frequencies of 7%). As there were no compound heterozyg-

otes the combined carrier frequency was 13%. There were no

homozygotes in the twin cohort. Highest allele frequencies

were found in the twin subgroups with atopic dermatitis and

contact allergy, 23% and 16%, respectively. Allele frequencies

in the twin cohort, the twin subgroups and the COPSAC

group are shown in Table 1.

No association between the phenotype with hand eczema

and the two variant alleles was found. Also, no association

between contact allergy (positive patch test) and the variant

alleles could be demonstrated. The increased combined carrier

frequency in individuals with atopic dermatitis did not reach

statistical significance when compared with twin individuals

without atopic dermatitis. Statistical results from the compari-

sons are displayed in Table 2.

Allele frequencies in the twin subgroups with hand eczema

or contact allergy were not statistically significantly different

from allele frequencies in the COPSAC subgroup of children

without atopic dermatitis. Comparison of the twin subgroup

with atopic dermatitis with the COPSAC subgroup reached

statistical significance (see Table 2 for details).

In the subanalysis restricted to twin individuals with hand

eczema, comparison of the combined allele frequency in indi-

viduals with atopic dermatitis (23%) with the subgroup with-

out atopic dermatitis (10%) was borderline statistically

significant [odds ratio (OR) 2Æ6, 95% confidence interval

0Æ87–7Æ91, v2 = 3Æ072, P = 0Æ080].

Drop-out analysis of the 274 twin individuals participating

in the present study vs. those where one or both twin individ-

uals had self-reported hand eczema in 1997–1998 (659 twin

individuals) revealed no statistically significant difference

regarding sex, zygosity, hand eczema status in 1997–1998,

co-twins hand eczema status in 1997–1998, patch-test status

or atopic dermatitis status (data not shown). Age was the only

statistically significant factor influencing willingness to partici-

pate. When subdividing the twin individuals into three

groups, 35% from the youngest age group and 41% in the

middle group participated, whereas 50% from the oldest age

group volunteered for the study (P = 0Æ009).

Discussion

The influence of genetic factors independent of atopic derma-

titis on the risk of hand eczema was recently confirmed.10

Many candidate genes for atopic dermatitis have been pro-

posed and investigated, but the filaggrin null alleles, R501X

and 2282del4, were the first to be successfully replicated in a
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number of studies.19 The epidermal defect caused by the vari-

ants could possibly be of aetiological importance in other skin

diseases, characterized by a compromised skin barrier or

where a compromised skin barrier can be a trigger factor.

We investigated a possible association between the variant

alleles and the phenotype with hand eczema. In this popula-

tion-based, but selected group of individuals, with a high

prevalence of hand eczema and atopic dermatitis, we found an

overall combined carrier frequency of 13%. This is higher

than other reported frequencies in the background population

of between 8Æ8% and 9Æ6%.3,6,7 Two studies found consider-

ably lower combined carrier frequencies in the control groups.

Weidinger et al.20 reported 6Æ1% and Marenholz et al.4 found

only 5Æ1% carrying the variant alleles; however, in the latter

study, a ‘hyper-normal’ control group was selected, as none

of them had any allergy.

The twin subgroup with hand eczema did not exhibit a

higher mutation frequency than the group without hand

eczema; however, the (control) group without hand eczema

was small, limiting conclusions. Comparison with a subgroup

of children without atopic dermatitis from a high-risk cohort

of children born to mothers with asthma (COPSAC) also failed

to find any statistically significant difference.

A defective skin barrier facilitates induction and elicitation

of contact allergy. Kligman found increased rates of sensitiza-

tion after pretreatment with an irritant or after combined

exposure.21 Also, pretreatment of the skin with an irritant or

combined exposure to an irritant and an allergen lowers the

threshold for elicitation of contact allergy or increases the

patch-test response.22,23 The impaired skin barrier caused by

the variant alleles could possibly increase the risk of contact

allergy. We did not find any statistically significant association

between the variant alleles and contact allergy in the analysis

of the total twin cohort or when compared with the COPSAC

group.

The allele frequencies in twin individuals with hand eczema

or contact allergy were increased compared with the COPSAC

cohort, 13% and 16% vs. 7%, respectively. The negative

Table 1 Frequency of filaggrin null alleles in the twin cohort and dependent on hand eczema (HE), contact allergy (CA) and atopic dermatitis
(AD) status as well as in the Copenhagen Prospective Study on Asthma in Childhood (COPSAC) cohort

Genotype
All
(n = 183)

HE
(n = 133)

No HE
(n = 50)

CA
(n = 45)

No CA
(n = 136)

AD
(n = 26)

No AD
(n = 157)

HE and AD
(n = 26)

HE and no AD
(n = 107)

COPSACa

(n = 189)

R501X

AA 171 (93Æ4) 126 (94Æ7) 45 (90Æ0) 42 (93Æ3) 127 (93Æ4) 23 (88Æ5) 148 (94Æ3) 23 (88Æ5) 103 (96Æ3) 182 (96Æ3)
Aa 12 (6Æ6) 7 (5Æ3) 5 (10Æ0) 3 (6Æ7) 9 (6Æ6) 3 (11Æ5) 9 (5Æ7) 3 (11Æ5) 4 (3Æ7) 7 (3Æ7)

aa 0 0 0 0 0 0 0 0 0 0
2282del4

AA 171 (93Æ4) 123 (92Æ5) 48 (96Æ0) 41 (91Æ1) 128 (94Æ1) 23 (88Æ5) 148 (94Æ3) 23 (88Æ5) 100 (93Æ5) 180 (95Æ2)
Aa 12 (6Æ6) 10 (7Æ5) 2 (4Æ0) 4 (8Æ9) 8 (5Æ9) 3 (11Æ5) 9 (5Æ7) 3 (11Æ5) 7 (6Æ5) 9 (4Æ8)

aa 0 0 0 0 0 0 0 0 0 0
Combined frequency

AA 159 (86Æ9) 116 (87Æ2) 43 (86Æ0) 38 (84Æ4) 119 (87Æ5) 20 (76Æ9) 139 (88Æ5) 20 (76Æ9) 96 (89Æ7) 174 (92Æ1)
Aa 24 (13Æ1) 17 (12Æ8) 7 (14Æ0) 7 (15Æ6) 17 (12Æ5) 6 (23Æ1) 18 (11Æ5) 6 (23Æ1) 11 (10Æ3) 14 (7Æ4)

aa 0 0 0 0 0 0 0 0 0 1 (0Æ5)

Numbers in parentheses are percentages.
AA, homozygous genotype for no R501X ⁄2282del4; Aa, heterozygous genotype for R501X ⁄2282del4; aa, homozygous genotype for

R501X ⁄2282del4; aCOPSAC: from the COPSAC study.17 Children without atopic dermatitis.

Table 2 Comparison of allele frequencies in different subgroups with the v2 test

v2 OR (95% CI) P-value

Comparison of individuals within the twin group (n)

Twins with hand eczema (133) vs. twins without hand eczema (50) 0Æ047 0Æ9 (0Æ35–2Æ32) 0Æ828
Twins with contact allergy (45) vs. twins without contact allergy (136) 0Æ274 1Æ3 (0Æ50–3Æ34) 0Æ600

Twins with atopic dermatitis (26) vs. twins without atopic dermatitis (157) 2Æ640 2Æ3 (0Æ82–6Æ53) 0Æ104
Comparison of individuals in twin subgroups and individuals in COPSAC (n)

Twins with hand eczema (133) vs. COPSAC (189) 2Æ048 1Æ7 (0Æ82–3Æ54) 0Æ152
Twins with contact allergy (45) vs. COPSAC (189) 2Æ477 2Æ1 (0Æ82–5Æ60) 0Æ116

Twins with atopic dermatitis (26) vs. COPSAC (189) 5Æ945 3Æ5 (1Æ21–9Æ99) 0Æ015

OR, odds ratio; CI, confidence interval; COPSAC, Copenhagen Prospective Study on Asthma in Childhood: from the COPSAC study.17 Children

without atopic dermatitis.
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outcome of the association analyses may be due to insufficient

power, and using a larger population-based control group

may yield a different result. Thus a possible association

between the variant alleles and hand eczema or contact allergy

cannot be entirely excluded. Three of the seven individ-

uals with a variant allele and contact allergy also had atopic

dermatitis.

Contact allergy is diagnosed by means of patch testing.

Some limitations apply to this study. Errors in the patch-test

procedure cannot be entirely excluded, as participants

applied and removed the patches themselves. Secondly, as

the reading was done only on day 3, late reactions may

have been missed. It has been demonstrated that between

3% and 8% of reactions become positive on day 6 or

7.24,25 Furthermore, individuals were only tested with 20

allergens, including the most frequent sensitizers. A negative

test is obviously not a proof of absence of contact allergy.

However, these standard allergens have been shown to

detect 77–95% of all contact allergies in departments spe-

cialized in contact dermatitis.26

In the twin subgroup with atopic dermatitis the combined

carrier frequency was 23%; however, this was not statistically

significantly different from the frequency in individuals with-

out atopic dermatitis, even though the frequency in this group

was much smaller (11%). A likely explanation is a lack of

power, since the group with atopic dermatitis comprised only

26 individuals. We confirmed the association between atopic

dermatitis and the filaggrin variant alleles when comparing

with the COPSAC subgroup (OR 3Æ5, P = 0Æ015). In the sub-

analysis including only individuals with hand eczema, the

comparison of subgroups with and without atopic dermatitis

was borderline statistically significant. Thus the filaggrin null

alleles could be a potential genetic marker for increased risk of

atopic hand eczema (in individuals with atopic dermatitis). It

has previously been shown that the risk of hand eczema

increases with the severity of atopic dermatitis.8 This will need

further investigation in a study including individuals with

atopic dermatitis but without hand eczema.

In contrast to many of the previous hospital-based studies

on the association between atopic dermatitis and the filaggrin

variant alleles, this study was population-based. Thus, our

group with atopic dermatitis may represent a greater spectrum

of disease severity including phenotypes with milder symp-

toms, compared with earlier studies. Weidinger et al. actually

demonstrated that the 2282del4 mutation and the combined

genotype were statistically significantly associated with a more

severe phenotype (SCORAD > 31).20

The U.K. Working Party’s Diagnostic Criteria have been

thoroughly validated, although mostly, but not entirely in

children. In this study the possibility of recall bias is consider-

able. Possibly, mild cases with symptoms restricted to early

childhood have been forgotten and thus missed. Such a mis-

classification could change the results in both directions

depending on whether or not those in question were carriers

of the variant alleles and whether or not they had hand

eczema.

A well-defined phenotype is essential in genetic association

studies. In this study the diagnosis of hand eczema was based

on a question on self-reported hand eczema. A similar ques-

tion has been validated and has shown high specificity, but

less sensitivity.27 In the present context a high specificity is

preferable. Furthermore the diagnosis could be confirmed in

41% of cases due to visible signs of hand eczema at the exam-

ination.

The COPSAC subgroup of children without atopic dermatitis

was chosen as a secondary control group due to the limited

number of twin individuals without hand eczema and due to

availability. A more suitable control group would be an adult

group without hand eczema and contact allergy, matched on

sex and atopy status.

Individuals with hand eczema comprise a very heteroge-

neous group both regarding aetiology, severity and prognosis.

Finding a single candidate gene influencing all subtypes may

turn out to be a difficult task, even though the inflammatory

processes may be similar. Two cytokine gene polymorphisms

have been identified as being of importance for the develop-

ment of allergic contact dermatitis: IL16-295 and TNFA-

308.28,29 The latter was also present in increased frequency in

individuals with a low irritation threshold and may thus also

be a marker of increased risk of irritant contact dermatitis.30

In conclusion, no association between the filaggrin null

alleles and hand eczema or contact allergy overall could be

demonstrated; however, insufficient power is a consideration.

The association between atopic dermatitis and the filaggrin

variant alleles was confirmed in the comparison of the individ-

uals with atopic dermatitis and the COPSAC subgroup without

atopic dermatitis. In the subanalysis, including only individu-

als with hand eczema, an almost statistically significant

increased frequency in individuals with atopic dermatitis was

seen. This suggests that the filaggrin null alleles in future

could be used as a potential marker for increased risk of hand

eczema in patients with atopic dermatitis. However, this

hypothesis needs further investigation.
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