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Pe3somMe. ATonmmuecKuit fepMaTUT — MHOTO(PAKTOPHOE TeHETUIECKH IETCPMUHNUPOBAHHOE BOCIIATIUTCIIb-
HOe 3a00JicBaHIE KOXM, XapaKTepH3YIoIIeecsT 3yIoM, XPOHUICCKUM TeUCHMEM, BO3paCTHBIMU OCOOCHHO-
CTSIMM JIOKAJIM3a U MOP(OJIOTUM 0YaroB MmopaxkeHus. IlaToreHe3 aTOMMYECKOTO AepMaTUTa CIOXKEH U
BKJTIOYACT SIMTCHETUISCKIE M3MCHEHNUSI, BOBJICUCHHBIC B TCHOMHYIO aIallTallii0, peaKIIU UMMYHHOTO OT-
BeTa W IMC(HYHKIINIO STIUTEINATIBHOTO Oapbepa, KOTOPhIE B COBOKYITHOCTH 3aITyCKAalOT pa3BUTHE 3TOTO 3a-
6osieBanms. Llebio TaHHOTO UCCIEOOBAHUS SIBIISIETCSI OTIpeAesieHIe YPOBHS dKcrnpeccuu reHoB /L4, IL13,
IL33, TLR2, TLRYy nanineHTOB C aTOITMYECKUM JSPMATUTOM.

TapreTHbIe TeHBI TS TaIbHEHWIIIEH OIIEHKM 3KCIIPECCUM OBLTA BEIOPAHBI B COOTBETCTBUU C HAIITMM ITIpE-
IOBITYITUMU pe3yabTaTaMM IIOJTHOTeHOMHOTO ucciemoBanms MeTmpoBannsg JJHK. Hamu 6 orpenese-
HBI CUTHAJIbHBIC ITyTU ¢ IrddepeHINATEHO METIIMPOBAHHBIMUA TeHaMM, KOTOPBIE, CKOpee BCEro, MMEIOT
MECTO B ITaTOT€HE3e aTOIMMYSCKOTO IepMaTuTa. I103ToMy MBI MCCIeIOBaIl YPOBHU 3KCIIPECCUM TeHOB /1.4,
IL13, IL33, TLR2, TLRY B KOX¢, MOHOHYKJICAPHBIX KJIeTKaX ITepruepuIccKoil KpOBH, a TaKKe B IICTbHOMN
KpoBu ¢ nomoltibio [TL[P-PB y 55 neteit 1 26 310poBbIX JIIOACH, a TakKe Y 50 IMalreHTOB cTapllero Bo3pacTa.
CTaTUCTUYECKUI aHAJIN3 IPOBOAMIICS ¢ McItoiib3oBaHneM H-kputepust Kpackena—Yomnuca n U-Kpurepus
ManHa—YuTHu.

AHamM3 3KCIIPECCUM TeHOB IToKa3aj, YTO B oOpa3iiax KoM ypoBeHb 3Kkciipeccust TLR9 v IL4 6611 B 12
pa3 Huxe (p < 0,0001, p < 0,0005) B mopaxkeHHOI1 Koxe; a B ciyyae TLR2 — B 6 pa3 (p < 0,01); pe3yibra-
THI IUISI MOHOHYKJICAPHBIX KJIETOK KPOBH OTIIMYAJINCh, M YPOBHM 3KCIIPECCHU IS TEX K¢ MUTOKMHOB OBLIN
3HAYUTEJIBPHO BHIIIC IO JICYCHUSI. MBI TaK:Ke OOHAPYXKWJIHM, UYTO 3TU Pa3INdMs OBLIN CHJILHO BBIPAsKCHBI B
crapireit Bo3pactHoi rpymre (12-18 met). M3yuyenme sKkcrpeccun reHa /L33 B oOpa3nax LeIbHON KPOBH Y
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B3POCJbIX MALIMEHTOB MOKa3aJio, YTO €ro YpOBEHb JOCTOBEPHO BhILLIE Y O0JbHBIX CO CpeaHETSIKe0 (hopMoit
AT/l. Kpome TOro, Mbl IpMIILUIA K BBIBOJY, UTO JIOKAJILHO B MOPaXK€HHOI KOXe MOXKET TIOMUHUPOBATh BOCIIa-
JIUTEJIbHBI UMMYHHBIN OTBET; B MOHOHYKJIEAPHBIX KJIETKax, IMO-BUAUMOMY, UMeeT MeCTO Th2-uMMyHHbIN
OTBET.

JI1s1 moHMMaHUs maToreHe3a aTONMYeCKOTo AepMaTUTa HEOOXOAMMO YUUThIBATh IEMCTBUE UMMYHOJIOT Y-
yecKunx (paKTOPOB, a TakKKe CBSI3b MEX1Y HUMU. OnucaHHbIe TeHbI U UX OEJIKOBBIE TTPOAYKTHI MOTYT SIBJISITbCSI
MOTEHLMAJbHBIMU JIEKAPCTBEHHBIMU MUILEHSIMU, a TAaKXKe CIOCOOCTBOBATH (DOPMUPOBAHUIO TAKTUKM BeJIe-
HUSI NAlIMEHTOB C aTOMMWYECKON IMaTOJIOTUEA.

Knroueswie cnosa: amonuueckuii depmamum, yumokurul, Toll-nododnvie peyenmopst, memuauposanue, 8pOJICOCHHbLI UMMYHUMEM,
KCnpeccusl 2eH08

INNATE IMMUNE FACTOR GENE EXPRESSION PROFILES
IN PATIENTS WITH ATOPIC DERMATITIS

Bystritskaya E.P.2, Murashkin N.N.><, Olisova 0.Yu.c, Materikin AL,
Potapova M.B.*¢, Vinnitskaya A.B.?, Upatova A.G.?

@ I. Mechnikov Research Institute for Vaccines and Sera, Moscow, Russian Federation
b Medical Research Center for Children’s Health, Moscow, Russian Federation
¢ I. Sechenov First Moscow State Medical University, Moscow, Russian Federation

Abstract. Atopic dermatitis is a multifactorial genetically determined inflammatory skin disease characterized
by itching, chronically relapsing dermatitis, age-related features of localization and morphology of lesions.
The pathogenesis of atopic dermatitis is complex and includes epigenetic alterations, involved in the genomic
adaptation, immune response reactions and dysfunction of the epithelial barrier that together trigger the
development of atopic dermatitis. The aim of this study is to detect the expression level for /L4, IL13, IL33,
TLR2, TLR9Y genes in the biological materials of atopic patients.

The targeted genes for further expression evaluation were selected according to our previous findings on
genome-wide methylation study. We detected the cascades with the differentially methylated genes that are
most likely to take place in atopic dermatitis. Thus, we investigated expression levels for the /L4, IL13, IL33,
TLR2, TLRYgenes in the skin, peripheral blood mononuclear cells and whole blood cells using RT-PCR on 55
pediatric patients and 26 healthy volunteers, and on 50 adult patients. Statistical analysis was performed with
the use of Kruskal—Wallis H test and Mann—Whitney U test. Targeted expression analysis revealed that in the
skin samples the expression of TLR9 and /L4 was 12 times significantly lower (p < 0.0001, p < 0.0005) in the
lesional skin; and there was a 6-fold decrease in case of TLR2 (p < 0.01). The results for blood mononuclear
cells differed and expression levels for most of the assessed targets were significantly higher before treatment.
We have also found out that those differences were strongly pronounced especially in an elder age group (12-
18 y.0.). Studying the /L33 gene expression in the whole blood samples of adults revealed that its level was
significantly higher in case of patients with moderate form of AD. Besides, we concluded that locally in the
affected skin inflammatory immune response may dominate; in the mononuclear cells Th2 immune response
apparently takes place. New insights on immunological markers and links among them may shed a light on
atopic dermatitis pathogenic mechanisms. The detected molecules could play role as potential therapeutic
targets and form a management approach for patients with atopic dermatitis.

Keywords: atopic dermatitis, cytokines, Toll-like receptors, methylation, innate immunity, gene expression

Introduction

Atopic dermatitis (AD) is a multifactorial gene-
tically determined inflammatory skin disease
characterized by itching, chronically relapsing der-
matitis, age-related features of localization and
morphology of lesions. Frequently the onset of AD
occurs in childhood, and in some cases may become a
chronic lifelong disease. The prevalence of the disease

among the child population reaches 20%, among the
adult population about 3% worldwide [7].

The pathogenesis of atopic dermatitis is complex
and includes dysfunction of the epithelial barrier
(gene mutations as well, e.g. FLG gene), epigenetic
alterations, involved in the genomic adaptation, and
immune response reactions. In most cases of AD, Th2
immune response dominates. However, depending on
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the course of the disease, Th17 and Th22 responses
may also take place [1]. In moderate-to-severe course
of AD, an increase in the number of T and B cells is
observed both at the systemic level in the blood cells
and locally in the skin [3]. Depending on specific
cytokines’ presence and expression of their genes, it
is possible to determine the exact phase of the AD
pathogenesis.

Besides the cytokine release, some innate immune
structures could play an important role as triggers
of the AD development. AD is often complicated
by recurrent bacterial or viral infection. In this
case, pattern recognition receptors (PRRs) that re-
cognize certain microbial molecules (known as
PAMPs) become activated and trigger innate immune
responses. Thus, gene polymorphisms of some PRRs
(for example) TLRs are involved in the pathogenesis
of various autoimmune and inflammatory diseases,
including AD.

The aim of this study is to detect the expression
level for IL4, IL13, IL33, TLR2, TLR9Y genes in the
biological materials of atopic patients.

Materials and methods

The study was conducted in accordance with the
WMA Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects, 2013.
The study was approved by the local ethics committee
atthe Mechnikov RIVS. All patients signed a voluntary
informed consent to participate in the study.

Fifty-five pediatric patients from 6 to 18 years
of age and 50 adult patients from 18 to 60 years old
with the verified diagnosis of atopic dermatitis were
enrolled in the study. According to the SCORAD
score we divided patients into two groups: moderate,
SCORAD 25-50 (n = 38 children; n = 26 adults)
and severe, SCORAD > 50 (n = 17 children; n = 24
adults) forms. Biological materials such as biopsies of
the affected skin and blood samples were taken from
patientsin the Medical Research Center for Children’s
Health; 26 healthy volunteers formed a control group.
Whole blood samples were taken from adult patients
in the Clinic for Skin and Venereal Diseases named
after V. A. Rakhmanov.

The targeted genes for further expression
evaluation were selected according to our previous
findings on genome-wide methylation study. After
the enrichment analysis we got canonical signaling
pathways, including IRAK-TRAF6-NF«xB cascade
that may be triggered by different types of TLRs and
influence the production of cytokines; and the IgE-
dependent cascade that also have an effect on cytokine
profile.

RNA was extracted from PMBCs of patients and
healthy donors using Extract RNA reagent as per the
manufacturer (Evrogen, RF). Total RNA from whole
blood samples from adult patients was extracted using

the AmpliPRIME RIBO-sorb kit (NextBio, Russia),
rRT-PCR was performed using the SYBR Green
Syntol kit (Syntol, RF), and oligonucleotide primers
for TLR2, TLRY, IL4, IL13, IL33, and ACTB genes
were synthesized by Syntol (Syntol, RF). The reaction
was carried out under the following conditions: 1 cycle
at 95 °C for 5 min; 40 cycles at 95 °C for 15 sand 60 °C
(or 58 °C) for 50 s; melting. Beta-actin was used as
the reference gene for the analysis of target genes. The
2¢ <™ method was used for analysis of the obtained
data. Statistical analysis was performed with the use
of Kruskal-Wallis H test and Mann—Whitney U test.

Results and discussion

The first set of questions aimed to /L4 and IL13
cytokine expression profiles in the PBMCs. All results
considered to be significant at the p < 0.05 levels. It
must be mentioned that all significant differences
were found in case of adolescents (12-18 years of age).
Figure 1 provides an example of the experimental
data on /L4 gene expression. There was a significant
increase of /L4 relative expression level (median for
elder group of pediatric patients = 1717.3, median
for control group = 0.4, p < 0.0001; median for
patients of 6-12 y.o. = 29.4). Similar results were
obtained regarding /L 13 gene: median for adolescent
group = 380.0, median for control group = 0.3,
p < 0.0001; median for younger group of patients was
3.9).

Further analysis revealed the expression levels for
TLR2 and TLR9 genes in the PBMCs. Comparing
the data for patients of childhood years and healthy
controls again did not show any significant results.
Figure 2 shows an example of the results on TLR9
gene expression. It can be seen from the graph that
there was an increase of this gene expression in
comparison with control group (p < 0.0001). Medians
for 6-12 age group, 12-18 age group, and healthy
donors were equal 82.7, 1478.6, and 1.3 respectively.
Similar situation is for 7LR2 gene: medians for
children = 33.0, adolescents = 10226.3, and healthy
donors = 8.3, p < 0.0001.

Changes in /L33 gene expression in the whole
blood samples were assessed in the adult group of
patients. As can be seen from the Figure 3, patients
with moderate form of AD reported significantly
higher expression level of /L33 than patients with
severe form. Median for the moderate AD group
equals 57.7 and for severe AD group =4.4 (p <0.01).

Our study showed differences between groups
of atopic patients and healthy donors concerning
the expression profile of /L4, ILI3 cytokines and
pattern-recognition receptors 7LR2 and TLR9 in
the blood mononuclear cells. Increased levels of
all suggested molecules may be an evidence of Th2
immune response enhancement in the acute phase
of the dermatitis, which is, in fact, an acknowledged
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Figure 1. IL4 gene expression level in the PBMCs of pediatric ad patients compared to the control group
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Figure 3. IL33 gene expression level in the whole blood samples of adult ad patients

Note. ****, p < 0.0001.

classic model of the systemic AD pathogenesis.
Nevertheless, our previous studies showed that at the
same time there might be a difference at the local
level (in the skin), where the inflammation takes
place and anti-inflammatory mechanisms prevail [2].
Targeted expression analysis revealed that in the skin
samples the expression of TLR9 and /L4 was 12 times
significantly lower (p < 0.0001, p < 0.0005) in the
lesional skin; and there was a 6-fold decrease in case

of TLR2 (p <0.01). Such differences may occur due to
different factors, epigenetic alterations in particular.

The findings on /L33 expression level suggested
that in case of moderate form of AD in adults, where
the chronic form of the disease often takes place, this
cytokine may prevail on systemic level. Presumably,
in case of severe form /L33 may be released locally, in
the affected skin, so its systemic effect reduces. Thus,
further studies are required.
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There is much research that emphasis the
importance of /L4 and [ILI3 cytokines in the
pathogenesis and management of atopic dermatitis.
These cytokines are proven targets for treatment of
moderate-to-severe forms of AD with a systemic
upregulation of the mentioned interleukins.
Dupilumab is the targeted biologic agent approved
in many countries that inhibits the /L4-receptor a,
the shared subunit of /L4 and /L13 [4]. Due to the
mechanism of this medical agent, it is important to
prescribe it not only regarding the symptoms and
severity of AD, but also the inadequate levels of Th2
type cytokines (e.g., via blood or serum analyses).

1L-33 belongs to the IL-1 inflammatory cytokine
family. IL-33 is one of the inflammatory cytokines
associated with innate immunity. It can activate group
2 innate lymphoid cells without antigen stimulation to
induce type 2 cytokines. There is evidence that it may
be produced in keratinocytes of the lesional skin and
even become a trigger for itch-scratch cycle [5]. But
there is lack of studies explaining its systemic role in
the AD pathogenesis.

TLR2 is a PRR family member, which is also
known to be expressed on immune cells. TLR2 is able
to recognize variety of microbial components and
form a link between innate and adaptive immunity.
Iwamoto et al. suggested that in situ analysis of
isolated Langerhans cells and inflammatory dendritic
epidermal cells there was a decreased level of TLR2
expression and this could partly contribute to the
immune deviation in AD [6]. In another study
conducted by Yangyang et al., an excessive chemokine
mRNA expression (CCL5, CCLS8, CCL13, CCLI18,
and CCL22) in PBMCs was shown to be induced by

References

TLRZ2 activation, which was associated with the AD
development [9]. All in all, our findings agree with the
studies as due to different biological material (local
tissue or systemic level cells) the results may differ.

TLR9isidentified as a CpG DNA sensing receptor
expressed in professional innate immune cells such as
dendritic cells and macrophages. It was proved that
polymorphisms of the 7TLR9Y gene in the promoter
region with significantly increased activity were
associated with the development of AD. In a study
by Moriwaki et al., it was shown that S. aureus in
AD was captured by keratinocyte lysosomes, which
led to the secretion of the proinflammatory cytokine
IL-1a via TLR9 [8]. Our study did not show any
activation of this receptor locally in the skin, although
its higher expression in the blood may contribute to
inflammation maintaining.

Conclusion

New insights on immunological markers and links
among them may shed a light on atopic dermatitis
pathogenic mechanisms. The detected molecules
could play role as potential therapeutic targets and
form a management approach for patients with atopic
dermatitis.
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