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Summary Background. Loss-of-function mutations in the filaggrin gene (FLG) have been
reported to be associated with specific phenotypic characteristics such as hyperlinearity
and keratosis pilaris.
Objectives. To study phenotypic features in patients with occupational irritant contact
eczema of the hands in relation to FLG loss-of-function mutations.
Materials and methods. In a prospective cohort study, genotype was determined for
459 study subjects for four FLG null alleles, and investigated for selected history, clinical
and laboratory features.
Results. Overall, 68 patients showed a mutation in the FLG alleles R501X, R2447X,
S3247X, and/or 2282del4. Flexural eczema, xerosis cutis, pityriasis alba, dirty neck,
pulpitis sicca, hyperlinear palms, keratosis pilaris and family history of eczema were
positively associated with FLG mutations (p < 0.05). Although we observed a
statistically significant correlation with higher serum IgE in FLG mutation carriers,
allergic rhinoconjunctivitis and allergic asthma were not over-represented in this group.
Conclusion. This study shows further genotype–phenotype correlations in patients
with occupational irritant contact eczema and FLG mutation carrier status. These
features may help to identify those with FLG mutations on a specific phenotype basis.

Key words: filaggrin loss-of-function mutation; genotype; irritant contact
eczema; phenotype.

Dermatological diseases are increasingly being investi-
gated on a molecular basis, often with prognostic implica-
tions. So far, more than 300 dermatological entities have
been classified at a molecular level (1). Loss-of-function
mutations in the filaggrin gene (FLG) have been identified
as important for the development of atopic eczema. The
presence of an FLG null allele correlates with a 1.2-fold to
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13-fold higher risk of developing atopic eczema. Between
14% and 56% of individuals suffering from atopic eczema
are carriers of at least one FLG mutation (2). Five loss-of-
function mutations are highly prevalent within European
Caucasians, giving a combined null allele frequency of
0.09, which is consistent with the finding that ∼ 9% of
the population are at a higher risk of developing atopic
eczema (2).

In a case–control study, de Jongh et al. investigated
the prevalence of FLG loss-of-function mutations R501X
and 2282del4 in patients with chronic irritant contact
eczema and in controls; 12.5% of patients and 6.9% of
controls were found to be heterozygous for the null alleles
R501X and 2282del4, translating to an odds ratio (OR)
of 1.91 [95% confidence interval (CI) 1.02–3.59] (3).
The authors suggested an increased susceptibility to
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chronic irritant contact eczema among FLG mutation
carriers (3). Filaggrin has complex functions within
the epidermis, constituting the structural and chemical
barrier, and maintaining hydration and homeostasis. It
aggregates keratin filaments in the stratum corneum,
and is responsible for the mechanical strength of the skin.
Filaggrin is the main source of hygroscopic constituents,
and has a central role in sustaining hydration of
the stratum corneum. One of its breakdown products,
urocanic acid, has a significant role in maintenance of
the pH gradient of the skin, cutaneous antimicrobial
defence, and regulation of key enzymatic events (4).
Consequently, it is likely that individuals with reduced
levels of filaggrin will have an altered skin barrier
and therefore be more susceptible to develop contact
eczema.

Genetic counselling is not possible in all areas of patient
care, and, in many countries, genetic investigations are
prohibited in specific instances, such as pre-employment
counselling (5). For those starting vocational training,
especially if the work will be in a high-risk occupation
with increased exposure to irritants, or if endogenous
risk factors, for example atopic eczema and allergies,
are prevalent in the family, it might be relevant for
appropriate medical advice to be obtained before the start
of training. Additionally, for patients who have already
developed eczema, early-stage identification of those with
genetic alterations such as FLG loss-of-function mutations
may result in additional emphasis of the importance
of adherence to specific therapeutic interventions
and preventive measures to improve dermatological
rehabilitation. Thus, genotype–phenotype correlations
are important. The goal of this study was to investigate
the phenotype in patients with irritant contact eczema
of the hands according to FLG loss-of-function mutation
carrier status.

Methods

Study population

After approval had been obtained from the ethics
committee of the University of Osnabrück, a cohort of
712 patients who were hospitalized at our clinic for
treatment of occupational hand eczema were asked
to participate in the study, which was conducted in
accordance with the Declaration of Helsinki. Forty-seven
patients chose not to enrol. After informed consent
had been obtained, genotype was determined for FLG
2282del4, R501X, R2447X and S3247X mutations
between November 2005 and March 2011. Patients
were consecutively included in this study if they met

the following inclusion criteria: (i) Caucasian, (ii) age
≥ 18 years, (iii) primary diagnosis of ICE of the hands,
and (iv) no history of a secondary chronic inflammatory
disorder (e.g. rheumatoid arthritis or psoriasis). Two
hundred and six patients were excluded because of a
primary diagnosis of allergic contact dermatitis or atopic
eczema, or because of failure of filaggrin determination,
leaving a total number of 459 patients for analysis. The
diagnosis of ICE was based on the patient’s history,
exposure to irritants, clinical distribution and presence
of skin lesions, exclusion of other dermatological entities,
and absence of clinically relevant type IV sensitization. For
each patient, an experienced dermatologist performed a
full examination of the skin, and a detailed medical history
was recorded with a standardized questionnaire. FLG
mutation carriers were contrasted with wild-type subjects
with regard to 23 clinical features and total IgE (Table 1).

In addition, the presence of atopic skin diatheses was
diagnosed according to ongoing or past flexural eczema
and/or if at least 10 points on the Erlangen atopy score
were reached (6). The Erlangen score is based on his-
tory and clinical atopic features as well as laboratory
investigations (IgE).

Filaggrin genotyping

DNA material was obtained from buccal mucosa cells
with buccal swabs (Medispo, Oud-Beijerland, The Nether-
lands). For each subject, two swabs were obtained, and
2 ml of lysis buffer (Puregene� Cell Lysis Solution; Gen-
tra Systems, Minneapolis, MN, USA) was added with
each swab to disrupt the cells and stabilize the DNA.
Extraction and genotyping for the mutations R501X,
R2447X and S3247X were performed by KBioscience
(http://www.kbioscience.co.uk). Mutations were geno-
typed with the KASP genotyping system, a homogeneous
fluorescence resonance energy transfer-based system,
coupled with competitive allele-specific polymerase chain
reaction. Blind duplicates and Hardy–Weinberg equilib-
rium tests were used as quality control tests. R501X was
genotyped by using the primer pair GAATGCCTGGAGCT-
GTCTCG (C-allele) and CTGAATGCCTGGAGCTGTCTCA
(T-allele) with the common allele primer GCACTGGAG-
GAAGACAAGGATCG. R2447X was genotyped by using
the primer pair GAGTGCCTGGAGCTGTCTCG (C-allele)
and GAGTGCCTGGAGCTGTCTCA (T-allele) with the
common allele primer GAGGAAGACAAGGATCCCAC-
CACA. S3247X was genotyped by using the primer
pair GTGTCTGGAGCCGTGCCTTG (C-allele) and GGT-
GTCTGGAGCCGTGCCTTT (A-allele) with the common
primer CTTCCAGAAACCATCGTGGATCTGT. Genotyp-
ing for 2282del4 was performed as described previ-
ously (7). Analyses of the mutations were performed in
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a blinded fashion; laboratory staff did not have access to
the clinical data or the phenotypes of the patients. Con-
versely, dermatologists performing full skin examination
and recording the medical history did not know the FLG
status of the patients.

Data analyses and statistics

The observed genotype frequencies were compared with
the expected Hardy–Weinberg distribution by use of the
chi-square test. To estimate the risk of a clinical feature
conferred by a particular genotype, we calculated the ORs
with 95% CIs of a subject’s genotype, comparing the het-
erozygous and homozygous variant allele genotypes with
the homozygous wild-type genotype by use of the addi-
tive model. Patients with incidental missing data were
excluded from the statistical analysis of that specific vari-
able. The statistical analyses were performed with SPSS™
version 16.0 (SPSS, Chicago, IL, USA).

Results

Our study included 459 patients. The tested individuals
were aged 18–67 years (mean 41 ± 12 years) in this
cohort of 279 (60.7%) females and 180 males. One hun-
dred and thirty-two patients (28.8%) were diagnosed with
ICE without atopic skin diathesis, and the remaining 327
(71.2%) with ICE with atopic skin diathesis. The geno-
typing success rates were 98.6% for 2282del4, 97.7% for
R501X, 95.9% for R2447X, and 96.7% for S3247X. Of
the total study population, 68 (14.8%) individuals were
carriers of an FLG mutation (ICE, n = 8; ICE with atopic
skin diathesis, n = 60). Among these, we identified 5
compound heterozygotes (carriage of more than one FLG
mutation) and 63 heterozygotes. No homozygote carriers
were seen.

On comparison of FLG loss-of-function and wild-type
individuals, nine clinical features yielded significant pos-
itive associations with FLG mutation status: flexural
eczema, xerosis cutis, pityriasis alba, dirty neck, pulpi-
tis sicca, hyperlinearity of the palms, keratosis pilaris,
eczema in family history, and elevated serum IgE level
(Table 1). A trend for a negative association was seen for
metal intolerance, occurring less often in the FLG muta-
tion group. However, the difference did not reach the level
of significance of p < 0.05.

The strongest significant positive associations were
seen for the dirty neck sign (OR 6.38, 95% CI 2.31–17.65,
p = 0.001), xerosis cutis (OR 4.22, 95% CI 1.77–10.02,
p = 0), and flexural eczema (OR 2.91, 95% CI 1.7–5.0,
p = 0).

The highest rates of sensitivity were found for xerosis
cutis (91.2%), dyshidrosis (69.1%), hyperlinear palms

(66.2%), and flexural eczema (62.7%), meaning that
these clinical features showed the highest percentages
of patients who were correctly identified as having the
mutation. The absence of nipple eczema, of the dirty neck
sign and pityriasis alba were reliable denominators for the
detection of wild-type subjects, giving the highest rates
for specificity, as shown in Table 1.

Discussion

Hyperlinearity of the palms, asthma and keratosis pilaris
are the phenotypic characteristics most commonly men-
tioned in the literature as being associated with FLG null
mutations, particularly in the presence of atopic eczema
(8–10). Our study aimed to investigate phenotypic mark-
ers in a subgroup of individuals with FLG null mutations
in a well-defined cohort of patients with ICE of the hands.
All of our 459 patients were carefully interviewed and
examined by experienced dermatologists. The findings
confirmed well-known phenotypic FLG associations, but
also showed interesting new associations.

The results of our study corroborated the well-
recognized phenotypic characteristics of keratosis pilaris
and hyperlinearity, showing two-fold higher ORs for FLG
mutation carriers. Both clinical signs have shown inde-
pendent strong associations with FLG null mutations (8,
11, 12). Palmar hyperlinearity was found to have a pos-
itive predictive value of 71% (10), whereas the absence
of both hyperlinearity and keratosis pilaris was shown to
have a negative predictive value of 92%, meaning that
92% of patients without these features do not carry FLG
null mutations (10).

The strongest significant correlation was seen for the
‘dirty neck sign’, which is characterized by a rippled
pattern of hyperpigmentation of the neck. The risk of
developing a dirty neck was increased more than six-fold
in FLG mutation carriers as compared with wild-type
subjects. To our knowledge, such an association has not
yet been described. Further strong genotype–phenotype
associations were detected for xerosis cutis (dry skin) and
flexural eczema, translating to a four-fold and three-fold
higher risk, respectively, in FLG mutation carriers. This
is in accordance with a study by Novak et al., who found
an OR of 2.95 for dry skin in carriers of the combined
null mutation R501X and 2282del4 (13). O’Regan et al.
assessed the composition and function of the stratum
corneum in moderate-to-severe atopic eczema patients
with and without FLG null mutations. Low levels of the
natural moisturizing factor, which plays a central role in
maintaining stratum corneum hydration, were correlated
with FLG null mutations, suggesting a direct contribu-
tion to the dry skin phenotype seen in these patients (8).

© 2013 John Wiley & Sons A/S
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Similar associations between decreased natural moistur-
izing factor levels and FLG loss-of-function mutations
were described by Mlitz et al. (14). Flohr investigated 88
infants, and found that carriers of FLG mutations inde-
pendent of atopic eczema were significantly more likely
to have clinically dry skin (OR 8.5) (15). Jungersted et al.
studied biophysical parameters related to atopy and FLG
status. Transepidermal water loss (TEWL) resulting in skin
that was more prone to xerosis was generally higher in
FLG mutation carriers, independently of additional atopic
eczema status. A trend towards lower skin hydration
values in atopic eczema patients, particularly those with
FLG loss-of-function mutations, has been described (16).
A similar study conducted by Angelova-Fischer et al. also
described increased baseline TEWL in FLG mutation car-
riers with atopic eczema, and reduced levels of stratum
corneum hydration, in contrast to healthy controls (17).

Regarding total serum IgE, we observed much higher
levels in FLG loss-of-function mutation carriers than in
wild-type subjects (321 versus 991 kU/l). In a family-
based association study, Weidinger et al. found that FLG
mutations predisposed to the extrinsic subtype of atopic
eczema, which is characterized by high total serum IgE
and concomitant allergic sensitization (11). A later study
by this group investigated the same association between
atopic eczema and FLG null mutations in 274 unrelated
atopic eczema adults and 252 population-based con-
trols. Again, both FLG variants R501X and 2282del4
showed significant associations with total serum IgE (FLG
mutants 317 kU/l versus wild-type carriers 136 kU/l),
and with asthma and rhinitis in the context of atopic
eczema (18). The authors concluded that genetically
determined primary epidermal barrier disruption is the
key event in atopic eczema that predisposes to secondary
allergic manifestations, because of reduced resistance to
environmental agents such as allergens, irritants, and
microbes (18). However, others did not find an association
between total serum IgE and FLG mutations (8). Although
the hypothesis of Weidinger et al. seems plausible, it was
not applicable to our cohort. Despite significantly higher
serum IgE levels among the FLG mutation group, 88%
of whom had a strong atopic background in their medi-
cal history, allergic asthma and rhinoconjunctivitis were
not significantly over-represented in our subgroup of
FLG loss-of-function mutation carriers. This finding is
in contrast to the majority of studies, which have shown
relationships between FLG null mutations, rhinoconjunc-
tivitis, and allergic asthma, particularly in the presence
of atopic eczema. Henderson et al. analysed the impact of
the null alleles R501X and 2282del4 on several atopic
phenotypes in 7000 school children. FLG mutations
conferred a population asthma risk of 1.80 (95% CI

1.34–2.41; p = 0.00019). In the context of eczema,
even asthma risk was increased more than three-fold (OR
3.16; 95% CI 2.25–4.43, p = 1.4 × 10−11). However,
in the absence of eczema, FLG alleles had no association
with asthma (OR 0.80; 95% CI 0.46–1.41). Weaker posi-
tive associations in the presence of eczema were described
for hay fever (19). Brown et al. investigated 811 English
children, and found that asthma, but not seasonal rhinitis,
in the context of atopic eczema showed a significant asso-
ciation with FLG mutations (12). A recent meta-analysis
of 17 studies involving 3138 cases and 17 164 controls
found significant associations between FLG mutations
and asthma, independently of the presence of eczema
(OR 1.48; 95% CI 1.32–1.66) (9). Weidinger et al. con-
ducted a cross-sectional study, including 3099 children,
on the effect of FLG mutations at the population level and
their effect on other atopic phenotypes. Independently of
eczema, FLG mutations conferred a substantial risk for
allergic rhinitis (OR 2.64, 95% CI 1.76–4.00), whereas
the association with asthma was restricted to the presence
of eczema (OR 1.76, 95% CI 1.19–2.68) (20).

A trend for a negative association in FLG loss-of-
function mutation carriers was seen for metal intolerance.
Mainly, this characteristic refers to nickel allergy, as nickel
is the most important metal allergen in patch test clinics.
Because, theoretically, an impaired skin barrier, as seen in
FLG carriers, may facilitate the penetration of allergens,
one could assume an increased rate of allergic contact sen-
sitization in FLG mutants. Investigations on this topic are
contradictory, and most studies have not confirmed the
hypothesis of a positive association of FLG mutations with
contact allergy (21–23). However, Novak et al. described
associations with nickel contact sensitization and intoler-
ance to fashion jewellery (13). In addition, it was reported
that subjects with FLG mutations do have stronger patch
test reactivity to nickel than wild-type individuals (24).
Thyssen et al. speculated that different routes of nickel
exposure may influence the sensitization rates in FLG car-
riers (23). Filaggrin, a histidine-rich protein of the upper
epidermis, could chelate nickel, preventing its penetration
through the skin in cases of exposure related to superficial
contact with, for example, metallic suspenders, which
might lead to decreased rates of nickel sensitization. Con-
versely, in cases of direct nickel ion exposure to Langer-
hans cells without previous penetration, as seen in ear
piercing, this ‘preventive’ effect could be cancelled (23).

Limitations

Although patients with a primary diagnosis of atopic
eczema were excluded from this study, there might be an
overlap in phenotypes, as subjects with an atopic diathesis
will tend to develop ICE.
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Conclusions

This study shows further genotype–phenotype correla-
tions in patients with occupational ICE of the hands and
FLG loss-of-function mutation carrier status. On com-
parison of FLG mutation and wild-type individuals, nine
clinical features showed significant positive associations
with FLG: flexural eczema, xerosis cutis, pityriasis alba,
dirty neck, pulpitis sicca, hyperlinearity of the palms, ker-
atosis pilaris, family history of eczema, and elevated serum

IgE level. A trend of a negative association was seen for
metal intolerance. Clinical features may help to identify
those with FLG mutations on a specific phenotype basis.
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