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FILAGGRIN LOSS-OF-FUNCTION MUTATIONS 2282DEL4, R501X, R2447X
AND S3247X IN ATOPIC DERMATITIS

Verbenko DA B, Karamova AE, Chikin VV, Kozlova IV, Aulova KM, Kubanov AA, Gorodnichev PV
State Research Center of Dermatovenereology and Cosmetology, Russian Ministry of Health, Moscow, Russia

Atopic dermatitis (AD) is a widespread multifactorial genetically determined inflammatory skin disease caused by, among other causes, impaired functions of the
epidermal barrier. Loss-of-function mutations of the filaggrin gene (important part of the natural moisturizing factor system) that arrest production of the full-fledged
precursor protein is associated with AD. This study investigated the frequency of the 2282delACTG (rs558269137), R501X (rs61816761), S3247X (rs150597413),
R2447X (rs138726443) loss-of-function mutations of the filaggrin gene in adults of European origin with moderate to severe AD. The study involved 99 adult patients
of both sexes aged 18-68 years. The mutations were identified with the help of the purpose-developed method of multiplex analysis of four single nucleotide
polymorphisms that relies on the SNaPshot technique (minisequencing). The incidence of loss-of-function mutation of filaggrin 2282delACTG was 5.3%, that
of R501X — 0.5%, R2447X — 1%. No S3247X mutation was detected in the sample. Collation of the results with Russian and European samples revealed a
comparable level of the analyzed filaggrin gene mutations in adult patients with AD from different regions of the Russian Federation.
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MYTALNN 2282DEL4, R501X, R2447X, S3247X ®UNATITPUHA MNP ATOMNMYECKOM OEPMATUTE
L. A. Bepberko B, A. 3. Kapamosa, B. B. HukuH, . B. Koznosa, K. M. Aynoga, A. A. KybaHos, I1. B. FfopogHudes

[ocynapCTBEHHbIN HayYHbIA LEHTP AepMaTOBEHEPONOrMn 1 KocMeTonormmn, Mockea, Poccurs

Atonuyeckuin nepMatut (AT[) — LUMPOKO PacnpOCTPaHEHHOE MyNETU(AKTOPHOE MEHETUYECKN AETEPMUHMPOBAHHOE BOCMANMTENbHOE 3a00neBaHne KOXW,
06yCNoBNEHHOE CPeay NPOUMX MPUHMH HapyLLIEHEM YHKLWIA annaepManbHOro 6apbepa. Hynesble MyTaLyn reHa omnarrpyHa — BaXKHOro KOMMOHEHTA CUCTEMbI
HaTypanbHOro yBRaXKHSOLLEro dakTopa, NPUBOASALLYE K OTCYTCTBUIO BbIpabOTKM MOMHOLEHHOro 6enka-npeaLecTBenHrKa, accoummposanbl ¢ AT, Llens
1CCNefoBaHNa — OLEHUTb YaCTOTy Hanbonee PacnpPOCTPaHEHHbIX B EBPOMENCKIX MOMYNALMAX HyneBbIX MyTauuii reHa comnarrpyHa 2282delACTG (rs558269137),
R501X (rs61816761), S3247X (rs150597413), R2447X (rs138726443) y B3pOCbIX MALMEHTOB CO CPEAHETKENON 1 THKENon cteneHbto AT, AHanva nposeneH
y 99 B3pocCsbIxX NaumeHToB 060mx Nnosnos B BogpacTe 18-68 neT, co cpeaHeTs»KebIM 1 TshkenbiM AT, VaeHTudmrkaumio MyTaumii oCyLLECTBASN C MOMOLLbIO
pa3paboTaHHOro METOAA MYMBTUMIEKCHOMO aHanmn3a YeTbipex OAHOHYKIEOTUAHBIX NONMMOPMM3MOB MPK NCMONb30BaHUM MVHUCEKBEHMPOBaHMA. YacToTa
BCTPE4AEMOCTU HyNeBo MyTaLym counarrpuHa 2282delACTG okazanack Ha ypoBHe 5,3%, R501X — Ha yposHe 0,5%, R2447X — Ha ypoBHe 1%. Hynesast MyTaums
S3247X reHa FLG B BbIbOpKe MauneHToB He obHapy»eHa. CpaBHeHWe pe3ynsTaToB C POCCUINCKUMM 1 EBPOMENCKUMI BbIGOPKaMU BbISBUIO COMOCTaBUMbIN
YPOBEHb aHaNM3MPYeMbIX MyTaLWiA reHa unarrpuHa y B3pOoCbix NaumeHToB ¢ AT 13 pasnnyHbix pervioHos Poccuiickon depepaumn.

KntoyeBble cnosa: atonnyeckmin AepmMatiT, unarrpuH, Hynesble MyTaumn, MUHUCEKBEHNPOBaHME, OAHOHYKNEOTUAHbIA NOAMMOPMHU3M

PuHaAHCMpPOBaHUE: CCef0BaHNs BbINOMHEHb! NPpY hrHaHCOBOW Noaaepxke MuHsapasa PO (TocypapcTteenHoe 3agaHue MHLAK Ne 056-00116-21-00-6 Ha
2021-2023 rT2).
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Atopic dermatitis (AD) is a multifactorial genetically determined,
chronic and recurrent inflammatory skin disease characterized
by itching, age-dependent localizations and morphology of
lesions. This is one of the most common skin diseases [1-2]. The
prevalence and incidence of AD in the entire population of the
Russian Federation (RF) in 2022 amounted to 384.7 and 157.1
cases per 100,000 population, respectively [3, 4]. In German-
speaking countries, 25% of all referrals to a dermatovenerologist
turn out to have moderate or severe AD [5].

A filaggrin gene mutation and change of function of the
epidermal barrier are the genetic factors of AD development
[2]. Hereditary determination plays an important role in its the
pathogenesis, causing skin barrier disruptions, immunity defects
(stimulation of Th2 cells with subsequent hyperproduction
of IgE), hypersensitivity to allergens and non-specific stimuli,
colonization by pathogenic microorganisms (Staphylococcus
aureus, Malassezia furfur), and autonomic nervous system
disbalance with increased production of inflammatory mediators
[1, 6, 7]. Twin and family studies confirm the magnitude of
effect of hereditary factors (72-90%) on the development of
the disease. Eighty percent of children whose parents have AD
suffer from the disease; this figure goes down to 50% if only
one parent has AD, but the risk grows 1.5-fold if that parent
is mother [8]. Thus, genes encoding structural and functional
proteins of the epidermis and those managing innate and
acquired immunity underly pathogenesis of the disease [1, 9, 10].
However, genome-wide association studies (GWAS) show that
genomic regions associated with AD explain only about 15%
of cases of the disease, and the remaining variability, the so-
called "missing heritability" peculiar to complex diseases, may
stem from its pronounced heterogeneity, cumulative effects of
structural variations, and fluctuations of quantity of genomic
copies, as well as epigenetic influences [8-10].

The size of the FLG gene is 2 kb; it is located on the 1st
chromosome of the epidermal differentiation complex counting
70 genes [1, 11]. The gene consists of three exons, the first two
of which regulate its expression, and the third contains from 10
to 18 tandemly arranged filaggrin repeats [12]. The product of
the gene is profilaggrin, a protein expressed in the epidermis
basal cells. Diffused into the upper layers of the outer skin,
it undergoes a number of biochemical transformations that
result in formation of filaggrin monomers, degradation of which
produces components that are part of the natural moisturizing
factor 8, 13].

Numerous studies have confirmed that loss-of-function
mutations in the filaggrin gene, which stop production of the
protein, are the key AD development factor [1, 2, 8, 11-18].
Carriers of such mutations run a 3.12-fold greater risk of having
this disease, and in the Russian population, the ultimate risk may
be 8.13 times greater [19, 20]. In the AD pathogenesis, FLG
gene loss-of-function mutations compromise protective function
of the skin barrier, which facilitates penetration of the epidermis
by environmental factors that initiate inflammatory reactions and
subsequent moderate-to-severe course of the disease.

The frequency of such mutations has been shown to
be increased in AD patients, and their spectrum revealed
to depend on these patients' ethnicity [15]. In European
populations, the most common loss-of-function mutations are
2282del4, R501X, R2447X, S3247X, and in Asian populations
- ¢.3321delA, ¢.6950del8, p.S2706X, p.K4022X, p.E2422X,
p.Q2417X, p.S1515X, p.S406X, etc. [11-18]. There is evidence
of a correlation between the frequency of FLG gene loss-of-
function mutations and the severity of AD [16, 21].

The classic approach to identification of the FLG gene
loss-of-function mutations involves a PCR with the considered

locus and a subsequent restriction analysis of the product
of this reaction [22]. However, unstable performance of the
restriction enzyme may produce a biased estimate of the
frequency. Sanger sequencing of the FLG gene's third exon
is complicated by repetitive sequences of filaggrin monomers
[8, 11, 13]; the same reason is likely to be behind lack of common
application of allele-specific hybridization as well as TagMan
real-time PCR [23, 24], which is also used to detect mutations
of the filaggrin gene. Next-generation sequencing (NGS) can
reveal the full spectrum of the FLG gene loss-of-function
mutations [17]. However, NGS requires special equipment and
large samples, since some loss-of-function mutations are rare;
in addition, targeted filaggrin LOF sequencing kits are not yet
commercially available in Russia. At the same time it is possible
to set up single-tube studies (in any PCR laboratory equipped
for fragment analysis) and identify such FLG gene mutations
most common in the European populations.

This study aimed to estimate the frequency of 2282delACTG
(rs558269137), R501X (rs61816761), S3247X (rs150597413),
R2447X (rs138726443), most common FLG gene loss-of-
function mutations in the European populations, using the new
method based SNaPshot technique.

METHODS

The study was conducted in the State Research Center of
Dermatovenereology and Cosmetology of the Ministry of Health
of the Russian Federation. The study's inclusion and exclusion
criteria have been described earlier [25].

The total number of AD patients participating in the study
was 99, 50 female and 49 male, aged 18-68 years. The mean
age of the patients was 31.07 + 10.53 years; all of them have
been diagnosed with AD before the study, and when included,
had the disease confirmed as exhibiting features described by
J.M. Hanifin and G. Rajka [2, 26]. Ninety-six patients were of
European origin, three — Asian ethnics.

Table 1 gives the age of onset of AD in the participants.

The disease manifested primarily in childhood. Most often
(49.5% of cases), the onset was registered in infancy, before
the age of 1 year. Sixty-eight patients (68.7%) developed AD
before the age of 3. In 88 patients, the disease first manifested
when they were under 7 years of age. However, 5 (5.0%)
patients reported the onset of AD in adulthood.

Allergic rhinitis was diagnosed in 17 (17.2%) patients,
bronchial asthmain 15 (15.2%), pollinosis in 11 (11.1%), allergic
conjunctivitis in 9 (9.1%).

The analysis of the family history considered blood-related
siblings, parents and grandparents, and uncles and aunts; in
44 patients, it revealed atopic and allergic burdens. AD was
diagnosed in relatives of 40 (40.4%) participants: fathers of 14,
mothers of 13, grandparents of 6, siblings of 6, uncles/aunts
of 7. Relatives of 8 (8.1%) AD patients suffered from bronchial
asthma. Three patients reported that their fathers have been
diagnosed with bronchial asthma, 2 patients pointed to this
disease in their brothers, and 1 participant stated that this
diagnosis was announced to his mother, grandfather and
grandmother. Two (2.0%) patients mentioned relatives with
pollinosis, a father of one and a grandmother of another. As
for allergic rhinitis, this disorder affected both parents of one
patient and father of another patient, which means there were
2 (2.0%) participants with it in their family medical history.

The severity of AD was established with the help of the
SCORAD. The participants that who 25 through 50 points on
its scale were considered to have moderate AD, those with the
score above 50 — severe AD [27].
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Table 1. Participating AD patients by the disease onset age
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Infancy Early childhood Preschool age Junior and senior school Early adulthood Total
(1 month to 1 year) (1 to 3 years) (8 to 7 years) age (7 to 18 years) (18 to 44 years)
Number of abe. 49 19 20 6 5 99
patients % 49,5 19,2 20,2 6,1 5 100

Thus, 64 (64.6%) patients were diagnosed with moderate
AD, and 35 (35.4%) with severe atopic dermatitis. The SCORAD
scores in the sample ranged from 25.2 to 77.1 points (mean —
47.20 + 12.57 points).

The participants donated venous blood samples, 4-5 ml
of which were collected into VACUETTE® K3E K3EDTA tubes
(Greiner Bio-One; Austria), and separated into cellular and
plasma fractions at 3000 g for 10 minutes in an Allegra X-14
centrifuge (Beckman Coulter; USA), the results of separation
then stored at -20 °C until DNA extraction.

Genomic DNA was isolated from cellular biomass with
the help of QlAamp DNA Mini Kit (QIAGEN; Germany), as
prescribed by the manufacturer. Resulting genomic DNA's
concentration and purity were analyzed in a NanoVue 2000
spectrophotometer (GeneralElectric; France).

To detect loss-of-function mutations of the FLG gene,
we carried out a two-stage multiplex PCR with intermediate
purification and subsequent identification of single-nucleotide
polymorphisms after separation in 3130 Genetic Analyzer
according to the instructions of the manufacturer of the
SNaPshot kit (Applied Biosystems; USA). The sequences of
oligonucleotides and hybridization probes were selected based
on the data from BLAST (USA) [28], using Ugene software
v.44.0 (http://ugene.net /); the synthesis was performed by
Syntol LLC (Russia).

The first stage of PCR involved four regions of the FLG gene
and was done with primers; Table 2 shows their nucleotide
sequence. PCR was followed by visualization of the successful
reaction in VersaDoc gel documentation system (Bio-Rad; USA),
with ethidium bromide staining after separation of fragments by
electrophoresis in 2% agarose gel (TAE buffer, voltage — 180V,
time — 30 minutes). To determine the molecular weight of the
amplified fragments, we used a 100-1000 bps lengths marker.
(Thermo Fisher Scientfic; CLUA).

For PCR, we used in 0.1 ml tubes (Biologix; China); the
volume of the mixture was 20 pl, including 10 pl of PCR

buffer from the QUAGEN Multiplex PCR Kit (Germany), 5 pM
of each primer per 1 pl of the mixture, from 1 to 100 nM of
DNA, and deionized water. The amplification program involved
DNA melting and activation of Tag polymerase for 15 minutes
at 95 °C, followed by 40 cycles that included annealing of
primers at 57 °C for a minute, a minute long elongation at
72 °C, and melting at 95 °C for 30 seconds. When the reaction
was over, we purified the PCR products by incubation at 37 °C
for 45 minutes in the presence of exonuclease | and alkaline
phosphatase enzymes: 0.5 pl of Exol and 1 pl of FastUP
(Thermo Fisher Scientific; USA) were added to 5 pl of the PCR
product, and 15-minute enzymes inactivation at 85 °C.

The purified PCR products from the first stage were used
in the hybridization PCR with oligonucleotides flanking single
nucleotide polymorphisms, the sequences of which are shown
in Table 3. The reaction occurred in 0.1 ml tubes (Biologix;
China), the substance volume was 10 pl, including 5 pl of
the finished mixture of 2x SNaPshot PCR ready Master Mix,
3 pl of water, 1 yl of mixed purified PCR products, and 1 pl
of a primers mixture. At this stage, the amplification program
included 25 cycles: primers annealing at 50 °C for 5 seconds,
elongation at 60 °C for 30 seconds, and melting at 95 °C
for 10 seconds. Once the reaction was over, PCR products
were purified through incubation at 37 °C for 45 minutes in
the presence of alkaline phosphatase: 1 pl of FastUP enzyme
(Thermo Fisher Scientific; USA) was added to 5 pl of the PCR
product, and subsequent inactivation at 85 °C for 15 minutes.

To 0.5 pl of the purified second-stage PCR product,
we added 9 pl of deionized formamide and Gene Mapper
LIZ-120 molecular weight marker (Applied Biosystems; USA),
denatured the resulting mixture at 95 °C for 5 minutes, then
cooled it on ice.

The mixture of products of the second stage of multiplex
PCR was separated in an ABI 3130 Genetic Analyser (Applied
Biosystems; USA), according to the SNaPshot kit protocol. For
this operation, we used a standard 50 cm capillary tube filled

Table 2. Oligonucleotide sequences of primers for multiplex PCR of target regions of the FLG gene

Genome region Primer direction Nucleotide sequence 5'-3'
direct TGGTAGTCAGGCCACTGACAGTG
2282delACTG
reverse GGTGACCAGCCTGTCCATGG
REO1X direct GACCTATTTACCGATTGCTCGTGG
5
reverse GGACGTTCAGGGTCTTCCCTCT
direct ACTGGACCCCCAGTGTCTACT
S3247X
reverse GGTGGTCTGGGTCTGCTTCCAG
Ro447X direct TGGGATGTGGTGTGGCTGTGATGAG
reverse CAAGGATCCCACCACAAGCAGGCA

oligonucleotide sequences of primers, second stage (hybridization PCR).

Table 3. Detection of the FLG gene loss-of-function mutations 2282delACTG (rs558269137), R501X (rs61816761), S3247X (rs150597413), R2447X (rs138726443);

Mutation Hybridizing primer 5'-3' nucleotide sequence Amplicon size Wild type alleleic
2282delACTG (rs558269137) (CT),,ACCAGCCTGTCCATGGCCTGACACTG 71 A
R501X (rs61816761) (CT),,CGCTGAATGCCTGGAGCTGTCTC 64 G
S3247X (rs150597413) (TC),,TGGTGTCTGGAGCCGTGCCTT 44 G
R2447X (rs138726443) (CT),,CCGTTGAGTGCCTGGAGCTGTCTC 51 G
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Fig. Electrophoregram of detection of the four single nucleotide polymorphisms of FLG gene loss-of-function mutations (minisequencing). Peak color signals the allelic
variant, its size (retention time) indicates the specific polymorphism. Left to right: S3247X (rs150597413), R2447X (rs138726443), R501X (rs61816761), 2282delACTG
(rs558269137). A. All allelic variants are wild-type, loss-of-function mutations not detected. B. An example of a 2282delACTG mutation heterozygote

with POP-7 polymer. The sample was introduced in the course
of 7 seconds. We visualized the resulting chromatograms in
Peak Scanner Software 2 (Applied Biosystems; USA), and
decoded by comparing the retention time of the amplified
fragments and Gene Mapper LIZ-120. The SNaPshot kit
manufacturer (Applied Biosystems; USA) also offers Gene
Mapper Software that can automatically decode single
nucleotide polymorphisms. Comparison of the resulting data
with wild-type alleles (enabled by electrophoregram imaging)
allowed detecting presence of the filaggrin gene loss-of-
function mutations against identification of the wild-type alleles.

To confirm detection of the 2282delACTG loss-of-function
mutation by minisequencing, we analyzed an amplified
fragment of the filaggrin gene (Table 1) using Ade | (Dra Ill)
restrictase (SibEnzyme; Russia), as described in a previously
published study [22]. 2282delACTG deletion creates a Dra I
restrictase recognition site, which is visualized as two bands
after separation of the hydrolysis products in an agarose gel.

For PCR, we used T100 (Bio-Rad; USA) and 96-well plates
(Applied Biosystems; USA). The reaction was carried out in
10 pl of a mixture comprising 0.1 um of each primer per 1 pl,
5 pl of the PCR reaction mixture from a commercially available
Multiplex PCR mix kit (QIAGEN; Germany), deionized water, and
a DNA matrix. The amplification program included DNA melting
and polymerase activation for 15 minutes and subsequent 40
cycles of 30-second primer annealing at 54 °C, 30-second
elognation, and mixture melting at 95 °C for 15 seconds.

The hydrolysis of the PCR fragment was enabled by T100
(Bio-Rad; USA) in 96-well plates (Applied Biosystems; USA); the
procedure lasted for 3 hours at 37 °C, and involved 20 pl of the
reaction mixture containing 5 units of restriction endonuclease,
2 pl of restriction buffer, 10 pl of the PCR product, and deionized
water. The restriction sites were detected after 30-minute
separation in a chamber (Bio-Rad; USA) on 2% agarose gel at
180 V by visualization of ethidium bromide-stained fragments
in UV light.

RESULTS

To estimate the frequency of the filaggrin gene loss-of-function
mutations 2282delACTG (rs558269137), R501X (rs61816761),

S3247X (rs150597413), R2447X (rs138726443) in adult
patients with moderate to severe AD, we developed a method
based the detection of single-nucleotide polymorphisms
that signal presence of such mutations. This method allows
simultaneous identification of four FLG gene loss-of-function
mutations; it is based on two consecutive PCRs, with the
first reaction yielding the specific mutation locus, and second
effecting single nucleotide elongation of the hybridizing primer
with a special kit that allows determining allelic variants of a
single nucleotide polymorphism. Simultaneous detection of the
four considered single nucleotide polymorphisms is possible
after separation in the capillary tube of 3130 Genetic Analyzer,
performed as prescribed by the SNaPshot kit manufacturer
(Applied Biosystems; USA); presence of the alleles different
from the wild type allow conclusions about presence of loss-of-
function mutations. Figure shows an example of the analysis of
four loss-of-function mutations in the filaggrin gene.

The developed method of detection of loss-of-function
mutations was verified by restriction analysis targeted at
2282delACTG in exon 3 of the filaggrin gene. The frequency
of such mutations yielded by the analysis was 5.2%, which is
comparable to the minisequencing data. Thus, the developed
method of detection of the FLG gene loss-of-function mutations
using minisequencing can be used to assess the prevalence
thereof, including among the AD patients.

The study involved 99 adult patients with moderate to severe
AD. In this sample, 6.8% of the participants had 2282delACTG,
R501X, R2447X mutations, namely, 2282delACTG was detected
in 5.05% of them, R501X — in 0.5%, R2447X — in 1%, and
S3247X was not detected in any of the participating patients
(Table 4). The loss-of-function mutation as a deletion of 4 p.o. in
the heterozygous 2282delACTG was detected in 4% of patients,
in the homozygous state — in one patient (1%), and along with
R501X — in one patient, as a compound heterozygote.

DISCUSSION
The prevalence of the considered four mutations in the
conditionally healthy populations represented in the 1000

Genomes catalog is below 1% [36]. The analysis of data
describing adult AD patients revealed a slightly increased
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Table 4. Frequency of occurrence of 2282delACTG, R501X, S3247X, R2447X in AD patients, Russian and European populations

Sample size 2282delACTG R501X S3247X R2447X Reference

Patients with moderate to severe AD 99 5.05 0.5 0 1

Residents of Novosibirsk 470 6.7 1.2 - - [29]
Russians of the central region of Russia 474 2.9 0.9 - - [30]
Russians of Bashkortostan 177 6.03 - - - [31]
Tatars 126 9.35 - - - [31]
Austrians and Germans 462 14.7 6.5 3 1.7 [32]
Germans 476 10.9 5.7 - - [33]
ltalians 178 0.9 0.6 - - [34]
Finns 501 3.4 0.9 1.3 - [35]

frequency of the FLG gene loss-of-function mutations (6.8%)
compared with normal variability. In our study, the occurrence
of RB01X, S3247X and R2447X filaggrin gene mutations
among AD patients was at the level of population variability
for the cohort of conditionally healthy individuals. Thus, of
the four studied FLG gene loss-of-function mutations, only
2282delACTG was associated with onset and development of
AD in adult patients from the Russian Federation.

A comparison of the data on prevalence of the FLG gene
loss-of-function mutations among adult AD patients in the
Russian and European populations (Table 4) revealed slight
fluctuations in the frequency of occurrence of the 2282delACTG
mutation in different regions of the Russian Federation. The
frequency variations, which, most likely, have evolutionary
gene pool differences behind them, were twofold or less.
The frequency of the 2282delACTG mutation in European
adult AD patients varies more widely, and the value closest to
that identified in our study was found in the respective reports
from Finland. The data we obtained are comparable with the
results of other studies investigating FLG gene loss-of-function
mutations in Russian adult AD patients.

The integral frequency of the four FLG gene loss-of-
function mutations (6.8%), as established in our study, was
significantly lower than that registered in children with severe
AD, which is 32.8% in the Russian population [21] and 42% in
the comparable European patients [11]. A partial explanation of
this phenomenon suggested by the researchers is that carriers
of the loss-of-function mutations in the filaggrin gene have the

References

1. Zaslavskij DV, Svitich OA, Kudrjavceva AV. Atopicheskij dermatit.
Mezhdisciplinarnyj podhod k diagnostike i lecheniju: Rukovodstvo
dlja vrachej. Moskva: GJeOTAR-Media, 2024; 288 s. Russian.

2. Kiinicheskie rekomendacii. Atopicheskij dermatit. Utverzhdeny
Minzdravom RF. Dostupno po ssylke: https://www.nrcii.ru/
specialistam/klinrecommend/atopic_dermatitis_2020.pdf. Russian.

3. Kubanov AA, Bogdanova EV. Resursy i rezul'taty dejatel'nosti
medicinskih organizacij, okazyvajushhih medicinskuju pomoshh'
po profilju «dermatovenerologija», v Rossijskoj Federacii v
2016-2022 gg. Vestnik dermatologii i venerologii. 2023; 99 (4):
18-40. Dostupno po ssylke: https://doi.org/10.25208/vdv12385.
Russian.

4.  Kotova EG, Kobjakova OS, Kubanov AA, Starodubov VI,
Aleksandrova GA, Bogdanova EV, i dr. Resursy i dejatel'nost'
medicinskih organizacij dermatovenerologicheskogo profilja.
Zabolevaemost' infekcijami, peredavaemymi polovym putem,
zaraznymi kozhnymi boleznjami i boleznjami kozhi v 2022 godu:
statisticheskie materialy. M.: FGBU «CNIIOIZ» Minzdrava Rossii,
2023; 209 s. DOI: 10.21045/978-5-94116-130-0-2023. Russian.

5. Traidl S, Freimooser S, Werfel T. Janus kinase inhibitors for the

BULLETIN OF RSMU | 1, 2024 | VESTNIKRGMU.RU

diseases onset at an earlier age (the odds ratio in the group
under 20 years is 8.9; in the group under 5 years — 7.8) [37].
The detailed classification of AD types based on the specifics of
immune pathways of development of the disease (Th2/retinol,
skin homing, Th1/Th2/Th17/IL1, and Th1/IL1 with the influence
of eosinophils) can also explain the differences in the frequency
of the FLG gene loss-of-function mutations in patients of
different age groups [38, 39]. The severity of the disease and
the pathogenesis of AD in adults are associated only with the
‘skin homing’ inflammation pathway, which is consistent with
data on the prevalence of AD in 20% of children and 2-8% of
adults [40].

CONCLUSIONS

The technique for detection of the four FLG gene loss-of-
function mutations most common in the European populations
was developed based on the SNaPshot (minisequencing)
approach. Examination of patients with moderate to severe AD
with this technique revealed following frequencies of mutations:
2282delACTG — 5.05%, R501X — 0.5%, R2447X — 1%.
No S3247X mutation was detected in the sample. The level
of the FLG gene loss-of-function mutations is comparable to
that reported in other studies examining adult AD patients
from Russia. The data obtained suggest that the filaggrin
gene loss-of-function mutations most common in the
European populations contribute to the development of AD
insignificantly.

therapy of atopic dermatitis. Allergol Select. 2021; 5: 293-304.
DOI: 10.5414/ALX02272E.

6. Gelezhe KA, Kudravtseva AV, Ryzhii E, Khachatryan LG,
Bogdanova EA, Svitich OA. The role of the skin microbiome in
the development of allergic inflammation in atopic dermatitis. New
Armenian Medical Journal. 2021; 15 (1): 100-8.

7. Gorskij VS, Bljumina VA. Sovremennye predstavienija o patogeneze
atopicheskogo dermatita. Immunopatologija, allergologija, infektologija.
2022; 3: 70-76. DOI: 10.14427/jipai.2022.3.70. Russian.

8. Beljaeva TM, Ponomarenko IV, Churnosov MI. Molekuljarno-
geneticheskie determinanty atopicheskogo dermatita (dannye
polnogenomnyh issledovani). Klinicheskaja dermatologija i venerologija.
2020; 19 (5): 615-21. DOI: 10.17116/klinderma202019051615.
Russian.

9. Svitich OA, Qlisova OJu, Meremjanina EA., Rasskazova ND, Fomina VA,
Potapova MB. Ral' polimorfnyh markerov v genah TLR2, TLR4 i TLR9
v riske razvitija atopicheskogo dermatita. Medicinskaja immunologija.
2028; 25 (5): 1043-8. DOI: 10.15789/1663-0625-A0S-2807. Russian.

10.  Smolkina OJu, Bystrickaja EP, Svitich OA, Piruzjan AL, Denisova EV,
Korsunskaja IM, i dr. Analiz metilirovanija DNK v porazhennoj



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

OPUTMHAJIbHOE UCCJIEQOBAHNE | MEOVILIMHCKAA MEHETUKA

i neporazhennoj kozhe u vzroslyh pacientov s atopicheskim
dermatitom. Molekuljarnaja medicina, 2021; 19 (1): 563-58. DOI:
10.29296/24999490-2021-01-08. Russian.

Gupta J, Margolis DJ. Filaggrin gene mutations with special
reference to atopic dermatitis. Curr Treat Options Allergy. 2020; 7
(3): 403-13. DOI: 10.1007/s40521-020-00271-x.

Barker JN, Palmer CN, Zhao Y, Liao H, Hull PR, et al. Null mutations
in the filaggrin gene (FLG) determine major susceptibility to early-
onset atopic dermatitis that persists into adulthood. J Invest
Dermatol. 2007; 127 (3): 564-7. DOI: 10.1038/s}.jid.5700587.
Tamrazova OB, Gluhova EA. Unikal'naja molekula filaggrin v strukture
jepidermisa i ee rol' v razvitii kseroza i patogeneza atopicheskogo
dermatita. Klinicheskaja dermatologija i venerologija. 2021; 20 (6):
102-10. DOI: 10.17116/klinderma202120061102. Russian.
Moosbrugger-Martinz V, Leprince C, Méchin M-C, Simon M,
Blunder S, Gruber R, et al. Revisiting the roles of filaggrin
in atopic dermatitis. Int J Mol Sci. 2022; 23: 5318. DOI:
10.3390/ijms23105318/.

Chiricozzi A, Maurelli M, Calabrese L, Peris K, Girolomoni G.
Overview of atopic dermatitis in different ethnic groups. J Clin
Med. 2023; 12: 2701. DOI: 10.3390/jcm12072701.

Irvine AD, McLean WH, Leung DY. Filaggrin mutations associated
with skin and allergic diseases. N Engl J Med. 2011; 365 (14):
1315-27. DOI: 10.1056/NEJMra1011040.

X.F. Colin C. Wong, Simon L.I.J. Denil, Jia Nee Foo, Huijia
Chen, Angeline Su Ling Tay, Rebecca L. Haines, et al. Array-based
sequencing of filaggrin gene for comprehensive detection of disease-
associated variants. Journal of Allergy and Clinical Immunology.
2018; 141 (2): 814-6. DOI: 10.1016/j.jaci.2017.10.001.

Thyssen JP, Bikle DD, Elias PM. Evidence that loss-of-function
filaggrin gene mutations evolved in northern europeans to favor
intracutaneous vitamin D3 production. Evol Biol. 2014; 41 (3):
388-96. DOI: 10.1007/s11692-014-9282-7.

Rodriguez E, Baurecht H, Herberich E, Wagenpfeil S, Brown SJ,
Cordell HJ, et al. Meta-analysis of filaggrin polymorphisms in
eczema and asthma: robust risk factors in atopic disease. J
Allergy Clin Immunol. 2009; 123 (6): 1361-70. DOI: 10.1016/j.
jaci.2009.03.036.

Makarova SI, Mitrofanov DV, Komova EG, Kaloshkin IV, Shintjapina AB,
Kaznacheeva LF, i dr. Rol' mutacij gena filaggrina, vedushhih k
snizheniju kolichestva belka, v razvitii atopicheskogo dermatita i
bronhial'noj astmy u detej. Sibirskij nauchnyj medicinskij zhurnal.
2021; 41 (3): 58-63. DOI: 10.18699/SSMJ20210308. Russian.
Varlamov EE, Pampura AN. Pervichnaja profilaktika atopicheskogo
dermatita u detej. Rossijskij vestnik perinatologii i pediatrii. 2015;
60 (5): 21—25. Russian.

Gruber R, Janecke A, Fauth C, et al. Filaggrin mutations p.R501X
and ¢.2282del4 in ichthyosis vulgaris. Eur J Hum Genet. 2007;
15, 179-84. DOI: 10.1038/sj.ejhg.5201742.

Eremina AA, Gerlinger AV, Makeenko OA, Koh NV, Sergeeva IG.
Vnedrenie sovremennyh geneticheskih i instrumental'nyh metodov
obsledovanija v vedenii pacientov s vul'garym intiozomi atopicheskim
dermatitom. Klinicheskaja dermatologija i venerologija. 2023; 22 (4):
399-405. DOI: 10.17116/Klinderma202322041399. Russian.
Makeenko OA, Koh NV, Sergeeva I|G. Klinicheskij razbor
pacientov gomozigot po mutacii 2282del4 (rs558269137) v
gene filaggrina. Klinicheskaja dermatologija i venerologija. 2022;
21 (3): 390-98. Dostupno po ssylke: https://doi.org/10.17116/
klinderma202221031390. Russian.

Chikin W, Karamova AJe, Kubanov AA, Zhilova MB, Gorodnichev PV,
Aulova KM. Uzkopolosnaja srednevolnovaja ul'trafioletovaja
terapija bol'nyh atopicheskim dermatitom: analiz faktorov,
vlijajushhih na vyrazhennost' terapevticheskogo jeffekta. Vestnik

JNutepatypa

1.

Bacnascku . B., Ceutnd O. A., Kyopsiuesa A. B. ATonunyeckuin
nepMaTuT. MexxamcumnivHapHblid noaxon K AnMarHOCTUKE W
neveHuo: PykoBoacTteo Anst Bpaden. Mockea: F'9OTAP-Meaua,
2024; 288 c.

KnnHnyeckne ATonnyeckunn

pekomeHaaLmn. nepmatuT.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

dermatologii i venerologii. 2023; 99 (5): 52-63. DOI: 10.25208/
vdv15828. Russian.

Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta
DermVenereol. 1980; 92 (Suppl): 44-47.

Wollenberg A, Christen-Zach S, Taieb A, Paul C, Thyssen JP, de
Bruin-Weller M, et al. European Task Force on Atopic Dermatitis/
EADV Eczema Task Force. ETFAD/EADV Eczema task force 2020
position paper on diagnosis and treatment of atopic dermatitis in
adults and children. J Eur Acad Dermatol Venereol. 2020; 34 (12):
2717-44. DOI: 10.1111/jdv.16892.

Standard Nucleotide BLAST. National Center for Biotechnology
Information. U.S National Library of Medicine. Available from:
https://blast.ncbi.nim.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch.
Maksimova JuV, Svechnikova EV, Maksimov VN, Lykva SG.
Mutacii v gene filaggrina i atopicheskij dermatit. Klinicheskaja
dermatologija i venerologija. 2014; 3: 58-62. Russian.

Dvomyk V, Ponomarenko |, Belyaeva T, Reshetnikov E, Chumosov M.
Filaggrin gene polymorphisms are associated with atopic
dermatitis in women but not in men in the Caucasian population
of Central Russia. PLoS ONE. 2021; 16 (12): e0261026. DOI:
10.1371/journal.pone.0261026.

Gimalova GF, Karunas AS, Fedorova YY, Khusnutdinova EK. The
study of filaggrin gene mutations and copy number variation in
atopic dermatitis patients from Volga-Ural region of Russia. Gene.
2016; 591: 85-89. DOI: 10.1016/j.gene.2016.06.054.
Greisenegger E, Novak N, Maintz L, Bieber T, Zimprich F,
Haubenberger D, et al. Analysis of four prevalent filaggrin mutations
(RB01X, 2282del4, R2447X and S3247X) in Austrian and German
patients with atopic dermatitis. J Eur Acad Dermatol Venereol.
2010; 24: 607-10. DOI: 10.1111/j.1468-3083.2009.03469.x.
Weidinger S, lllig T, Baurecht H, Irvine AD, Rodriguez E,
Diaz-Lacava A, et al. Loss-of-function variations within the
filaggrin gene predispose for atopic dermatitis with allergic
sensitizations. J Allergy Clin Immunol. 2006; 118 (1): 214-9. DOI:
10.1016/}.jaci.2006.05.004. Erratum in: J Allergy Clin Immunol.
2006; 118 (4): 922. Erratum in: J Allergy Clin Immunol. 2006; 118 (3): 724.
Giardina E, Paolillo N, Sinibaldi C, Novelli G. R501X and 2282del4
filaggrin mutations do not confer susceptibility to psoriasis and
atopic dermatitis in ltalian patients. Dermatology. 2008; 216 (1):
83-4. DOI: 10.1159/000109365.

Luukkonen TM, Kiiski V, Ahola M, Mandelin J, Virtanen H,
Poyhonen M, et al. The value of FLG null mutations in predicting
treatment response in atopic dermatitis: an observational study in
finnish patients. Acta Derm Venereol. 2017; 97 (4): 456-63. DOI:
10.2340/00015555-2578.

dbSNP Short Genetic Variations. Availabale from: https://www.
ncbi.nim.nih.gov/snp/rs558269137#frequency_tab (accessed 18
Dec 2023).

Smieszek SP, Welsh S, Xiao C, et al. Correlation of age-of-onset of
atopic dermatitis with filaggrin loss-of-function variant status. Sci
Rep. 2020; 10: 2721. DOI: 10.1038/s41598-020-59627-7.
Schuler CF, Allison C. Billi, Emanual Maverakis, Lam C. Tsoi,
Johann E. Gudjonsson, Novel insights into atopic dermatitis.
Journal of Allergy and Clinical Immunology. 2023; 151 (5): 1145-54.
DOI: 10.1016/j.jaci.2022.10.023.

Bakker DS, de Graaf M, Nierkens S, Delemarre EM, Knol E,
van Wik F, et al. Unraveling heterogeneity in pediatric atopic
dermatitis: identification of serum biomarker based patient
clusters. J Allergy Clin Immunol. 2022; 149: 125-34. DOI:
10.1016/j.jaci.2021.06.029.

Tokura Y, Hayano S. Subtypes of atopic dermatitis: From
phenotype to endotype. Allergology International. 2022; 71 (1):
14-24. DOI: 10.1016/j.alit.2021.07.003.

YTBepxaeHbl MuHaapaBom P®. [locTynHo no ccbifke: https://
www.nrcii.ru/specialistam/klinrecommend/atopic_dermatitis_2020.pdf
KybaHoB A. A., bormaHoBa E. B. Pecypcbl n pesynbraTbl
[EesATEeNbHOCTN MEOULIMHCKMX OpraHv3almii, OokasblBatoLLmx
MeOVLIMHCKYIO MOMOLL MO NPOUIIIO «AepPMaTOBEHEPONON S,

BECTHUK PrMY | 1, 2024 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | MEDICAL GENETICS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

B Poccurickon ®epgepaummn B 2016-2022 . BecTHuk
nepmatonorum 1 BeHeponorun. 2023; 99 (4): 18-40. JoctynHo
no ccbinke: https://doi.org/10.25208/vdv12385.

Kotosa E. I, Kobskosa O. C., KybaHos A. A., Ctapopy6os B. .,
AnexcaHgposa . A., Borgarosa E. B., n ap. Pecypcel 1 oesrensHoCcTs
MEOVLIMHCKNX — OpraHnsauuin  OepMaTOBEHEPOSIOMMHECKOro
npocunga. 3aboneBaeMoCcTb NHMEKLMAMU, NepefaBaeMbIMU
MonoBbIM ~ MyTEM, 3apas3HbiMU  KOXHbIMW  BONE3HAMU 1
bonesHammn koxu B 2022 rogy: CTaTUCTUHECKME MaTepuasbl.
M.: ®rBY «LUHVMOWN3» Munsapasa Poccun, 2023; 209 c. DOI:
10.21045/978-5-94116-130-0-2023.

Traidl S, Freimooser S, Werfel T. Janus kinase inhibitors for the
therapy of atopic dermatitis. Allergol Select. 2021; 5: 293-304.
DOI: 10.5414/ALX02272E.

Gelezhe KA, Kudravtseva AV, Ryzhii E, Khachatryan LG,
Bogdanova EA, Svitich OA. The role of the skin microbiome in
the development of allergic inflammation in atopic dermatitis. New
Armenian Medical Journal. 2021; 15 (1): 100-8.

fopckun B. C., BitomuHa B. A. CoBpemMeHHble MpeacTaBneHns
O MmatoreHese aTtonu4eckoro gepmatuta. ViMMyHonaTtonorus,
annepronorus, wHdekTonorna. 2022; 3: 70-76. DOI:
10.14427/jipai.2022.3.70.

Bensesa T. M., lNoHomapeHko W. B., YypHocos M. W.
MonekynapHo-reHeTu4eckre AeTepMUHaHTbl aTonMYecKoro
gepmatuta  (OaHHble  MOSIHOFEHOMHbIX — WCCNEfOBaHWN).
KnnmHndeckas gepmatonorus u BeHeponorus. 2020; 19 (5):
615-21. DOI: 10.17116/Klinderma202019051615.

Ceim4 O. A, Onncosa O. HO., MepempsiHuHa E. A., Pacckasosa H. [,
®omuHa B. A., MNoTtanosa M. B. Ponb noanMopdHbIX Mapkepos
B reHax TLR2, TLR4 n TLR9O B pvicke pasBuTUS aTOMMHECKOro
nepmatuta. MegmumHekas nvmMyHonorug. 2023; 25 (5): 1043-8.
DOI: 10.15789/1563-0625-A0S-2807.

CwmonkuHa O. 1O., Beictpuukas E. M., Ceumnd O. A, TnupyasH A. J1.,
HerncosaE. B., KopcyHckas V.M., 1 op. AHanms MeTunnpoBaHns
OHK B MOpakeHHOW ¥ HEemOpaXkeHHON KOXEe Y B3POCIbIX
naunMeHToB C aTonuy4eckuMm AepmaTtutom. MonekynapHas
mMemmLHa, 2021; 19 (1): 53-568. DOI: 10.29296/24999490-2021-01-08.
Gupta J, Margolis DJ. Filaggrin gene mutations with special
reference to atopic dermatitis. Curr Treat Options Allergy. 2020; 7
(3): 403-13. DOI: 10.1007/s40521-020-00271-x.

Barker JN, Palmer CN, Zhao'Y, Liao H, Hull PR, et al. Null mutations
in the filaggrin gene (FLG) determine major susceptibility to early-
onset atopic dermatitis that persists into adulthood. J Invest
Dermatol. 2007; 127 (3): 564—7. DOI: 10.1038/sj.jid.5700587.
Tampasosa O. B., MmyxoBa E. A. YHukanbHag monekyna
unarrpyH B CTPYKTYpPE annaepmuca 1 ee ponb B pasButun
KCepo3a 1 naToreHesa aTtonu4eckoro aepmatuta. KnmHmndeckas
nepmaronorusa n BeHeponorusa. 2021; 20 (6): 102-10. DOI:
10.17116/klinderma202120061102.

Moosbrugger-Martinz V, Leprince C, Méchin M-C, Simon M,
Blunder S, Gruber R, et al. Revisiting the roles of filaggrin
in atopic dermatitis. Int J Mol Sci. 2022; 23: 5318. DO
10.3390/ijms23105318/.

Chiricozzi A, Maurelli M, Calabrese L, Peris K, Girolomoni G.
Overview of atopic dermatitis in different ethnic groups. J Clin
Med. 2023; 12: 2701. DOI: 10.3390/jcm12072701.

Irvine AD, McLean WH, Leung DY. Filaggrin mutations associated
with skin and allergic diseases. N Engl J Med. 2011; 365 (14):
1315-27. DOI: 10.1056/NEJMra1011040.

X.F. Colin C. Wong, Simon L.I.J. Denil, Jia Nee Foo, Huijia
Chen, Angeline Su Ling Tay, Rebecca L. Haines, et al. Array-based
sequencing of filaggrin gene for comprehensive detection of disease-
associated variants. Journal of Allergy and Clinical Immunology.
2018; 141 (2): 814-6. DOI: 10.1016/j.jaci.2017.10.001.

Thyssen JP, Bikle DD, Elias PM. Evidence that loss-of-function
filaggrin gene mutations evolved in northern europeans to favor
intracutaneous vitamin D3 production. Evol Biol. 2014; 41 (3):
388-96. DOI: 10.1007/s11692-014-9282-7.

Rodriguez E, Baurecht H, Herberich E, Wagenpfeil S, Brown SJ,
Cordell HJ, et al. Meta-analysis of filaggrin polymorphisms in
eczema and asthma: robust risk factors in atopic disease. J
Allergy Clin Immunol. 2009; 123 (6): 1361-70. DOI: 10.1016/j.
jaci.2009.03.036.

BULLETIN OF RSMU | 1, 2024 | VESTNIKRGMU.RU

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Makaposa C. W., MutpodaHos [. B., Komosa E. I, KanowkuH U. B.,
LvHtanmHa A. B., Kasnadeesa J1. @., n gp. Ponb myTaumn
reHa unarrpyHa, BeyLLUMX K CHVDKEHWUIO Konu4ecTBa 6enka,
B pasB/TUM aTOMU4ECKOro AepMaTnTa 1 6pOoHXMaNbHOM acTMbl Y
netent. CUOUPCKUN HayYHbIN Mea LMHCKI >KypHan. 2021; 41 (3):
58-63. DOI: 10.18699/SSMJ20210308.

Bapnamos E. E., MNamnypa A. H. lMNMepsu4Has npodunakTmka
aToOnMM4Yeckoro gepmMatuta y pgeten. POCCUACKUA BECTHUK
nepuHatonorun 1 neguatpun. 2015; 60 (5): 21-25.

Gruber R, Janecke A, Fauth C, et al. Filaggrin mutations p.R501X
and ¢.2282del4 in ichthyosis vulgaris. Eur J Hum Genet. 2007;
15, 179-84. DOI: 10.1038/sj.ejhg.5201742.

EpemuHa A. A., TepnuHrep A. B., Makeenko O. A., Kox H. B.,
Cepreea . . BHegpeHne COBPEMEHHbIX TEHETUYECKMX
N VHCTPYMEHTaNbHbIX METOOOB OOCNefoBaHvs B BeOeHWUu
NauUMEHTOB C BYNbrapHbIM VXTVIO30M 1 aTOMMHECKVM AEPMaTUTOM.
KnuHndeckas pepmaronorua 1 BeHeponorus. 2023; 22 (4): 399-
405. DOI: 10.17116/klinderma202322041399.

MakeeHko O. A., Kox H. B., Cepreesa V. I KnnHudeckunin
pa3bop MauMeHToB  rOMO3WroT Mo MyTauum  2282deld
(rs558269137) B reHe chunarrpuHa. KnmHudeckas oepmaTonoris
1 BeHeposorusa. 2022; 21 (3): 390-98. [ocTynmHO MO CCbIKe:
https://doi.org/10.17116/klinderma202221031390.

YukuH B. B., Kapamosa A. 3., KybaHos A. A., >Xunosa M. B.,
[opogHmyes M. B., Aynosa K. M. YakononocHas cpegHeBoHOBast
yneTpaduonetosasd  Tepanua  OOMbHbIX  aTOMUYECKMM
OepMaTUTOM: aHanmn3 hakTopoB, BAVSIOLLMX HA BbIPDXKEHHOCTb
TepaneBTu4eckoro addekTa. BecTHuk pepmatonormm u
BeHeponorum. 2023; 99 (5): 52-63. DOI: 10.25208/vdv15828.
Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta
DermVenereol. 1980; 92 (Suppl): 44-47.

Wollenberg A, Christen-Zach S, Taieb A, Paul C, Thyssen JP, de
Bruin-Weller M, et al. European Task Force on Atopic Dermatitis/
EADV Eczema Task Force. ETFAD/EADV Eczema task force 2020
position paper on diagnosis and treatment of atopic dermatitis in
adults and children. J Eur Acad Dermatol Venereol. 2020; 34 (12):
2717-44. DOI: 10.1111/jdv.16892.

Standard Nucleotide BLAST. National Center for Biotechnology
Information. U.S National Library of Medicine. Available from:
https://blast.ncbi.nim.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch.
Makcmmvoga HO. B., CeeuHrkosa E. B., Makcuvos B. H., Jbikea C. T
MyTaumm B reHe dunarrpyHa 1 aTonMU4YecKuin fgepmMaTuT.
KnuHudeckasn gepmartonorvs 1 BeHeponorus. 2014; 3: 58-62.
Dvormyk V, Ponomarenko |, Belyaeva T, Reshetnikov E, Churmosov M.
Filaggrin gene polymorphisms are associated with atopic
dermatitis in women but not in men in the Caucasian population
of Central Russia. PLoS ONE. 2021; 16 (12): €0261026. DOI:
10.1371/journal.pone.0261026.

Gimalova GF, Karunas AS, Fedorova YY, Khusnutdinova EK. The
study of filaggrin gene mutations and copy number variation in
atopic dermatitis patients from Volga-Ural region of Russia. Gene.
2016; 591: 85-89. DOI: 10.1016/j.gene.2016.06.054.
Greisenegger E, Novak N, Maintz L, Bieber T, Zimprich F,
Haubenberger D, et al. Analysis of four prevalent filaggrin mutations
(R501X, 2282del4, R2447X and S3247X) in Austrian and German
patients with atopic dermatitis. J Eur Acad Dermatol Venereol.
2010; 24: 607-10. DOI: 10.1111/].1468-3083.2009.03469.x.
Weidinger S, lllig T, Baurecht H, Irvine AD, Rodriguez E,
Diaz-Lacava A, et al. Loss-of-function variations within the
filaggrin gene predispose for atopic dermatitis with allergic
sensitizations. J Allergy Clin Immunol. 2006; 118 (1): 214-9. DOI:
10.1016/}.jaci.2006.05.004. Erratum in: J Allergy Clin Immunol.
2006; 118 (4): 922. Erratum in: J Allergy Clin Immunol. 2006; 118
(): 724.

Giardina E, Paolillo N, Sinibaldi C, Novelli G. R501X and 2282del4
filaggrin mutations do not confer susceptibility to psoriasis and
atopic dermatitis in ltalian patients. Dermatology. 2008; 216 (1):
83-4. DOI: 10.1159/000109365.

Luukkonen TM, Kiiski V, Ahola M, Mandelin J, Virtanen H,
Poyhonen M, et al. The value of FLG null mutations in predicting
treatment response in atopic dermatitis: an observational study in
finnish patients. Acta Derm Venereol. 2017; 97 (4): 456-63. DOI:
10.2340/00015555-2578.



36.

37.

38.

OPUTMHAJIbHOE UCCJIEQOBAHNE | MEOVILIMHCKAA MEHETUKA

dbSNP Short Genetic Variations. Availabale from: https://www.
ncbi.nim.nih.gov/snp/rs558269137#frequency_tab (accessed 18
Dec 2023).

Smieszek SP, Welsh S, Xiao C, et al. Correlation of age-of-onset
of atopic dermatitis with filaggrin loss-of-function variant status.
Sci Rep. 2020; 10: 2721. DOI: 10.1038/s41598-020-59627-7.
Schuler CF, Allison C. Billi, Emanual Maverakis, Lam C. Tsoi,
Johann E. Gudjonsson, Novel insights into atopic dermatitis.
Journal of Allergy and Clinical Immunology. 2023; 151 (5): 1145-54.

39.

40.

DOI: 10.1016/j.jaci.2022.10.023.

Bakker DS, de Graaf M, Nierkens S, Delemarre EM, Knol E,
van Wijk F, et al. Unraveling heterogeneity in pediatric atopic
dermatitis: identification of serum biomarker based patient
clusters. J Allergy Clin Immunol. 2022; 149: 125-34. DOI:
10.1016/j.jaci.2021.06.029.

Tokura Y, Hayano S. Subtypes of atopic dermatitis: From
phenotype to endotype. Allergology International. 2022; 71 (1):
14-24. DOI: 10.1016/j.alit.2021.07.008.

BECTHUK PrMY | 1, 2024 | VESTNIKRGMU.RU



