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Abstract. Association of atopic dermatitis (AD) and several
mutations of various genes of the immune system, in particular
filament‑aggregating protein gene (FLG) has been investigated
in many studies. The association between defective FLG and
AD in the Romanian population has not been assessed or
published. The present study focused on the genetic background
of AD, aiming to assess the prevalence of FLG mutations in
Romanian patients with AD. Genetic background of AD was
tested for common FLG‑mutations: R501X, 2282del4, S3247X
and R2447X. The study involved 48 Romanian Caucasian
children aged between two months and six years diagnosed
with AD, and 48 healthy volunteers; DNA extraction involved
50% of the patients to give samples by using buccal swabs and
50% by collection of whole blood samples. Genetic predisposi‑
tion was evaluated based on family history, atopy history and
profilaggrin genotyping. DNA extracted from blood samples
was adequate to study FLG mutations, although no mutation
was identified. Genetic factors do not have a unique critical role
in AD; therefore, environmental factors unquestionably play an
important role in this disease, but the clear‑cut part that these
factors trigger toward increasing the risk of AD in childhood
is still obscure.

Correspondence to: Professor Liliana Foia, Department of

Biochemistry, Faculty of Dental Medicine, ‘Grigore T. Popa’ Univer
sity of Medicine and Pharmacy, 16 Universității Street, 700115 Iasi,
Romania
E‑mail: lilifoia@yahoo.co.uk
*

Contributed equally

Abbreviations: FLG, filament‑aggregating protein gene; AD,
atopic dermatitis

Key words: FLG mutations, atopic dermatitis, Romanian patients,
filaggrin genotyping, DNA sampling, DNA extraction

Introduction
Atopic dermatitis (AD, atopic eczema) is a chronic inflamma‑
tory skin disease, intensely pruritic, with an atopic background,
that has a great impact on the quality of life of the patients
and members of their family. Epidemiologic studies have
reported a marked variation (1‑25%) with a high prevalence
for industrialized countries and a considerably lower one in
Eastern Europe (1‑3).
Stratum corneum, the outermost epidermal region, consists
of cornified cells. This layer protects against dehydration,
injury, pathogens and allergens. Stratum corneum is controlled
by different genes, including the filament‑aggregating protein
gene (FLG) which encodes profilaggrin (the precursor of
filaggrin). FLG is located in the epidermal differentiation
complex, on chromosome 1 at locus 1q21 (4). Filaggrin is a
key structural protein required for fully competent epidermal
barrier function. In stratum corneum, filaggrin is degraded
to amino acids; these contribute to the natural moisturizing
factor (NMF) formation, which is essential for the hydration of
stratum corneum (5) and protection of skin against the UVB
radiation (6).
It has been proven that mutations of the FLG are associated
with AD (7‑9). FLG is highly polymorphic with 20 mutations
reported in the European Caucasian population. FLG loss
of‑function (null) mutations were indicated to be associated
with ichthyosis vulgaris and AD (10‑14). The most frequent
null mutations reported for European populations, R501X,
2282del4 and R2447X (10,15), were associated with either
reduced levels or absence of filaggrin and thus involving
an affected skin barrier and decreased skin hydration.
Mutation carriers had reduced levels of NMF compared with
non‑carriers, which explains the dry skin, the main feature of
AD (16‑18).
A few studies have reported a low prevalence of AD in
Romania (19), but no data on the prevalence of FLG muta‑
tions in AD patients compared with non‑AD patients are
available.
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Subjects and methods
The study was conducted on 48 Romanian Caucasian children
aged between two months and six years, who were diagnosed
with AD accordingly to the criteria of Hannifin and Rajka (20).
Gender and age‑matched (±3 years) 48 healthy volunteers
without history of ongoing or previous skin diseases were
included as controls.
The study received ethics approval and consent by the
institutional/national Ethics Committee of ‘Grigore T. Popa’
University of Medicine and Pharmacy, Iasi, Romania
(Committee Reference no. 22168 of 10.10.2019). In accordance
with the Declaration of Helsinki for all research involving
human subjects, written informed consent for participation
in the study and use of their tissue/blood/saliva sample (DNA
sample) was obtained from all participants (or their parent or
legal guardian in the case of children under 18 years of age).
A medical interview including questions about personal and
familial antecedents of AD and an examination was performed
by a dermatologist and a pediatrician. All other atopic diseases
(asthma, allergic rhinitis and allergic conjunctivitis) were
recorded, as well as lab investigations. Medical history and
previous medical data were carefully examined and registered
separately. The severity of AD was determined by the objec‑
tive score of AD (OSCORAD) Index (21) and dichotomised
according to OSCORAD values: mild (OSCORAD <15),
moderate (OSCORAD 15‑40) and severe (OSCORAD >40).
First part of the study was based on non‑invasive methods
of collecting DNA samples (buccal swabs), applied in order to
identify the carriers of an FLG mutation in half of the patients
enrolled in the study (24 AD patients and 24 normal controls).
This procedure was carried out upon request from the parents
to avoid the fear of needles of their children.
DNA sampling and extraction. Samples were obtained by
using buccal swabs and sterile tubes for transportation. The
samples were collected by specially trained physicians in
the field (dermatologist or pediatrician). Care was taken that
the samples collected from patients and volunteers were not
contaminated with foreign DNA. For collecting the samples, it
was ensured that the patient/control avoided eating, drinking
or chewing gum for at least 30 min before; their mouth was
rinsed with water. The sterile swab was extracted from the
transport tube and rotated for 1 min on the inner side of the
cheek mucosal, pushing slightly to the outside.
The method was gentle and caused no harm to any child
and members of their respected family were present during
sample collection. The swab was left to dry for 30 sec up to
1 min and introduced directly to the original container/tube
transport. The tubes were tightly closed. For each person
enrolled in the study two samples were achieved, one for the
inner side of each cheek. The tubes were labelled with personal
data, stored at 2‑8˚C and sent immediately for DNA extraction.
Genomic DNA was extracted using a commercial DNA
isolation kit based on a standard proteinase K digestion method,
according to the manufacturer's protocol. The swabs were
treated with a buffered Proteinase K solution, incubated at 55˚C
and then mixed with 96‑100% ethanol. The genomic DNA was
purified using a spin column‑based centrifugation procedure at
9, 000 x g for 1 min, after removal of the supernatant. The DNA

was quantified by absorbance at 260 nm, with a compact full
spectrum UV‑Vis instrument for rapid nucleic acid quantifica‑
tion in small volumes, and stored at ‑20˚C.
Second part of the study was carried out using DNA
extracted from whole blood sample (full vacutainer with
EDTA) obtained from the other lot of patients enrolled in
the study (24 patients diagnosed with AD and 24 volunteers).
Similar analysis was performed and results were compared.
Filaggrin genotyping. The detection of FLG mutations relies
on hybridization (annealing) of a short synthetic oligonucle‑
otide (10‑40 bases) to one or the other genomic DNA strand by
means of restriction fragment length polymorphism (RFLP)
or 5'Nuclease (TaqMan) allele‑specific RT‑PCR. The RFLP
analysis was performed following a PCR‑based amplification
(polymerase chain reaction) of a specific region of the FLG.
RFLP makes use of different restriction endonucleases and
their high affinity to cut unique and specific DNA sequences.
By performing a restriction digest on a double‑stranded DNA
sample and assessing the resulting fragment lengths, it was
determined whether a specific restriction site was present.
The DNA fragments were electrophoretically sized. The
advantage of the method was that mutation detection not only
relies on the hybridization specificity of the PCR primer but
also on the restriction enzyme as well as the correct size. The
5'Nuclease (TaqMan) allele‑specific RT‑PCR method exploits
the 5'nuclease activity of the Taq polymerase. The TaqMan
assay was performed concurrently with a PCR reaction, and
the results were read in real time. The assay used specific
forward and reverse PCR primers that amplify a region that
includes the mutation site.
Allele recognition was achieved using allele specific
probes that hybridize specifically to the polymorphic site. The
probes had a fluorescence resonance energy transfer (FRET)
fluorophore at the 5'end and a quencher molecule linked to
their 3'end. When the probe was intact, the quencher was in
close proximity to the fluorophore, preventing the fluorophore
signal. During the PCR annealing/amplification step, the
allele‑specific probe bind to the target DNA strand and then
is degraded by 5'nuclease activity of the Taq polymerase as
it extends the DNA from the PCR primers resulting in the
separation of the fluorophore from the quencher molecule,
thereby generating a detectable signal.
Results
The first method used to collect DNA samples using buccal
swabs was a non‑invasive, easy, relatively fast technique.
Although very laborious for DNA extraction, the first method
was not able to extract sufficient DNA in order to allow the
study of FLG mutations. Therefore, out of a total of 48 AD
patients and 48 healthy volunteers included at the beginning of
the study, genotyping was carried out in 50% of the children
included: 24 volunteers and 24 diagnosed with AD.
DNA extracted from blood samples was adequate for
study of FLG mutations, but no profilaggrin mutations R501X,
2282del4, S3247X and R2447X were identified in our batch.
Samples were screened for population‑specific FLG mutations
by Sanger sequencing and then, the entire FLG was analyzed
again with the smMIP‑NGS strategy.
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In both studies, a similar number of healthy control
individuals were tested and the results were also negative.
Discussion
The study focused on the genetic background of AD, aiming
to assess the FLG mutations R501X, 2282del4, S3247X and
R2447X in Romanian patients.
The challenging aspects of this study were related first of
all to the enrolment of the patients, taking into account that a
baseline randomization was not well stratified.
The first method used to collect DNA samples using buccal
swabs was much more appreciated by the patients, or by their
parents because it was a painless procedure. This non‑invasive
technique is more time consuming in terms of training of
physicians (dermatologist or pediatrician) to properly collect
the swabs, without contaminating the sterile swab by hand or
by other objects.
Moreover, another issue was related to the sample collec‑
tion due to procedural defects during the sample collection
(no sufficient DNA or contamination) or during the storage or
transport of the samples. The DNA extraction and genotyping
for FLG were elements of difficulty. The sample quality may
vary due to procedural defects during the collection (insuf‑
ficient DNA or contamination), during the storage or the
transportation of samples.
Collection efficiency was assessed for the first few samples
and required adjustments have been made, including the
resampling of the patient. We have tried to reduce as much
as possible the time between sample collection and DNA
extraction.
On the contrary, the heterozygote for a loss‑of‑function
mutation might carry an expanded exon 3 on the other allele,
lessening the overall effect of the mutation (17).
Filaggrin skin expression could be modulated by the atopic
inflammatory response mediated by the cytokines interleukin
(IL)‑4 and IL‑13 (22,23). The frequency of FLG mutations in
healthy controls compared with atopic patients, can also be
a limitation to current approaches. Another limitation is the
presence of FLG mutations associated with higher disease
severity (24,25) inducing an overestimation of FLG mutations
in AD which can be hard to identify.
A very recent Spanish study, performed on 111 AD
patients and 103 controls, searching for three FLG null muta‑
tions (R501X, 2282del4, and R2447X) found that combined
mutation incidence was 1.9% in the healthy group and 12.6%
in the AD group, and thus 9.9% R501X, 2.7% R2447X and
1.8% 2282del4, respectively (26).
A Croatian study published that combined mutation was
found in 4% in the AD group, no mutations in the control‑group
and FLG mutations in AD patients being recorded: 3%
‑2282del4 and 1% ‑R501X (27).
The possibility of a donor being apparently healthy while
in fact affected by AD could not be excluded even though all
patients with an uncertain diagnosis were replaced.
Filaggrin polymorphism is considered a major risk factor
for AD. The variability of reported prevalence in different
geographic areas is still controversial.
Studies on loss of function of the filaggrin gene are needed to
elucidate the risks related to epidermal barrier defects involved
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in atopic diseases, to elucidate the pathogenic mechanisms and
trigger factors, and to find new therapies for the disease.
The used methodology in this study may be adjusted
according to future scientific advancements and to the evolu‑
tion of new projects. More data and studies are needed to
conclude the importance of FLG loss‑of‑function mutations in
Romanian patients diagnosed with AD.
Genetic factors do not have a unique crucial role in AD;
therefore, environmental factors certainly play an important
role in this disease, but the precise part that these components
trigger an increasing risk of AD during childhood is still to be
debated.
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