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Pesiome. Atonuueckuii nepMatut (ATl) — reHeTUYEeCKU NETEPMUHUPOBAHHOE XPOHUYECKOE BOCIHAU-
TeJIbHOE 3a00JIeBaHUE KOXMU, XapaKTepusylolleecs 3yI0oM, PeUUIWBUPYIOIIUM TEYEHHUEM, BO3PACTHBIMU
OCOOEHHOCTSIMU JOKAJIU3ALUU 1 MOP(DOTIOruU o4aroB mopaxeHus. Cpenu 3TMOJI0rndeckux GakTopos, CIo-
COOCTBYIOIIUX Pa3BUTUIO AT, MPUHSATO BBIACISATH HECKOJIBKO COCTaBJISIOIINX: ajZIEpTUYeCcKue peakluu,
BOCHAIUTEIbHBIE PEaKIIMU B KOXE, BIEKYIIME 32 COOOI HapylieHue 0apbepHOUl (hyHKIIMU, BIUSHUE U B3a-
UMOJIEVICTBUE TeHEeTUYEeCKUX (haKTOPOB U (PaKTOPOB OKpYXKAIOIIEel Cpeapl. DNMUTeHETUYECKUEe MEXaHU3MBbl
TaK>Ke UTParoT OJTHY U3 KJIIOUEBBIX POJield B UMMYHHOI peryysiiuu. Lleapio 3Toil paboThI SBJISIETCS U3yUYeHUE
MOJIHOT€HOMHOTO MPOMWIsi METUTUPOBAHMS B KOXe y neTeii ¢ AT B cTaauu 060CTPEeHUs, a TAaKXKe onpeae-
JIEHV€ U3MEHEHUS YPOBHS 3KCIIPECCUU TEHOB UMMYHHOTO OTBETA, CBSI3aHHBIX OOLIIMMU CUTHAJIbHBIMU MY TSI -
MU, Ha poHe Tepanuu. C MOMOIIbIO MOJHOTEHOMHOTO CEKBEHUPOBAHUS UCCIEI0BATIOCh METUJINPOBAHUE B
oOpa3uax Koxu oT naieHToB ¢ AT] 1 KoHTpoJisd. [TocieqoBaTelbHO MPOBOAMIUCH TANbl OMOUH(bOPMATH-
yeckoi oopaboTku naHHbIX. MU3mMeHeHue ypoBHs akcnpeccuu reHoB TLR2, TLRY, 114, IL13, CAMP, DEFBI
110 U Tiociie jedeHus: npopoauau rpu nomoi OT-TTLP-PB Ha o6pa3iiax MOHOHYKJIEPAHBIX KJIETOK KPOBU.
ITpu cpaBHeHUM 00pa31IOB OT NALIMEHTOB ¢ ATI ¥ 3M0POBBIX IeTe ObLIU MMOKa3aHbl U3BMEHEHUSI B METUJIUPO-
BaHuM 2364 o6nacreit reHoMHO# JIHK ¢ cooTBeTCTBYIOIIMMU UM KOHKPETHBIMU reHaMu. Cpeay BbISIBIICH-
HBIX TEHOB OTOMPAIUCh T€, KOTOPbIE UMEIOT OTHOIIIEHUE K MpolleccaM, CBSI3aHHBIM c rmaToreHe3oM At]l. Ha
CcJeAyIolIeM dTare OLEHUBAIu U3MEHEHHE IKCIIPECCUM OIMChIBaeMbIX Toka3aTteaeil uMmmyHuteTa (7TLR2,
TLRY; 114, IL13, DEFBI, CAMP) cornacHo TUITYy IPUMEHSIEMOTO JIeueHUsI B AMHaAMUKe. [1J1s 9TOoro nauueH-
Thl OBLTU pa3fe/ieHbl Ha 2 TPYMNNbl B 3aBUCUMOCTU OT Ha3HAUYEHUSI CUCTEMHOU Tepanuu. Yepe3 Tpu Mecsia
mocJjie JIeUeHUsI YPOBEHb IKCIIPECCUU TI0 BCEM M3yyaeMbIM MOKa3aTeJassM UMMYyHUTeTa cHuXkascsa. OgHako
JIOCTOBEPHOE CHUXKEHUE DKCIPECCUU MPAKTUUYECKU MO BCEM IapaMmeTpam (3a uckiioueHuem reHa DEFBI)
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pEeTUCTpUpyeTCs B TPYIINEe, B KOTOPOUl B NOIOJHEHUE K TOMUYECKOMY JICUEHUIO MPUMEHSJIACh CUCTEMHast
Tepanus (nynuiymad). I1pu atom unaekc SCORAD mocie mpoBeAeHUs JIeYEHUSI B CPEAHEM YJIyUIIUICS
Ha 63% u coctaBwi 17+6,0 6amioB. TakuM oO6pa3oM, CUCTeMHas Teparysi, HaripaBJcHHasi Ha MOJaBJICHUE
curHaiaoB UUTOKUHOB IL-4 u IL-13, onocpenoBaHHO MPUBOAUT U K HOPMaIU3allMU YPOBHEN IKCIIPECCUN
($akTOpOB BPOXIEHHOTO MMMYHUTETa. M3ydeHue peryasiuu MOJIEKYJISIPHO-TEHETUYECKUX MEXaHU3MOB
WUMMYHUTETA, BOBJIEUEHHBIX B MPOLIECCH BOCHATUTENbHBIX peakiuii mpu AT, cmocoOCTBYeT YTOUHEHUIO
MMMYHOIIATOT€He3a 3TOro 3a00JeBaHUs, ONPENeJIEHUIO TUAarHOCTUYECKUX MapKepOB U MUILIEHEU IS Tap-
TeTHOW JIEKAPCTBEHHOM TEPAIIUU.

Knroueswie crosa: amonuueckuil 5epmamum, SnueeHemuKka, memuiupoearue, BPOJICaeHHbIMV UmMmyHumem, 3Kcnpeccusl eeHoe,
UUMOKUHbL

THE ROLE OF EPIGENETIC FACTORS IN CHILDHOOD ATOPIC
DERMATITIS

Bystritskaia E.P.2, Murashkin N.N.»¢, Naumova E.A.9, Materikin A.L",
Solntseva V.K.¢
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Abstract. Atopic dermatitis (AD) isa genetically determined chronic inflammatory skin disease characterized
by itching, relapsing course, age-related features of the lesion morphology and localization. The etiological
factors contributing to the development of AD are: allergic reactions, inflammatory reactions in the skin,
leading to a barrier disfunction, the affect and interaction of genetic and environmental factors. Epigenetic
mechanisms also play a key role in immune regulation. The aim of this work is to study the genome-wide
methylation profile in the skin of children with AD in the acute stage, as well as to determine changes in
the expression level of immune response genes associated with common signaling pathways during therapy.
Whole-genome sequencing was conducted to examine methylation in the skin samples from AD patients and
controls. The stages of bioinformatics data processing were carried out. Changes in the expression levels of
the TLR2, TLRY, IL4, IL13, CAMP, and DEFBI genes before and after treatment were carried out using RT-
PCR-RT on samples of mononuclear blood cells. When comparing samples from patients with AD and healthy
children, changes were shown in the methylation of 2364 regions of genomic DNA with their corresponding
specific genes. Among the identified genes, those related to processes associated with the pathogenesis of AD
were selected. At the next stage, changes in the expression of the described immunity factors (TLR2, TLR9,
I1L-4, 1L-13, DEFBI1, CAMP) were assessed over time according to the type of treatment. For this purpose,
patients were divided into 2 groups depending on the prescription of systemic therapy. Three months after
treatment, the level of expression for all studied immune factors decreased. However, a significant decrease in
expression for almost all parameters (except for the DEFB1 gene) was recorded in the group in which systemic
therapy (dupilumab) was used in addition to topical treatment. At the same time, the SCORAD index after
treatment improved by an average of 63% and amounted to 17£6.0 points. Thus, systemic therapy aimed at
suppressing signaling of IL-4 and IL-13 cytokines indirectly leads to normalization of the expression levels of
innate immune factors. Studying the regulation of molecular genetic mechanisms of immunity involved in the
processes of inflammation in AD helps to clarify the immunopathogenesis of this disease, determine diagnostic
markers and targets for drug therapy.

Keywords: atopic dermatitis, epigenetics, methylation, innate immunity, gene expression, cytokines

BBeﬂ'eHme JIOM, PELUMIUBUPYIOIIUM TEUYEHUEM, BO3PaCTHBIMU

Arormueckui aepMaTuT (ATI) — TeHEeTHYECKH O0COOEHHOCTSIMU JIOKAIMU3aluu 1 MOpdOJIOruu ova-

JIeTepMUHMPOBAHHOE XPOHMYECKOEe BOCIHANIUTeNb- TIOB MopaxeHus [2, 4]. PacnpocrpaHeHHOCTH AT/]
Hoe 3a0oyeBaHMe KOXM, XapaKTepuaylolleecsl 3y- CpEIM JeTCKOTo HaceldeHus cocTasisieT 20%, cpenu
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B3pocioro — 10 8%. J1e6roT 3a601eBaHUSI TPUXOIUT-
CsI Ha J€TCKU BO3PaACT.

Cpenu 3TuoJiorndyeckux (pakTopoB, CIOCOOCTBY-
FOIIMX pa3BUTUIO AT/I, MPUHSTO BBIAEISITH HECKOIb-
Ko cocTaBistonux. K HUM OTHOCSATCS ajuiepruyie-
CKHE peaKIM, BOCHAJMTEbHBIC peaKIIn B KOXeE,
BJEKYIIME 3a COOOi HapylleHue O0apbepHO (PyHK-
OUM, BAWSHUE W B3aMMONCHCTBHEC TEHETUYCCKUX
dakTopoB M (HaKTOPOB OKpYyXKalllieil cpeabl [5].
DNuUreHeTUUEeCKNEe MEXaHU3MbI TaKKe UTPAIOT OITHY
U3 KJIIOYEBBIX POJIEM B UMMYHHOM PEryJIsILIMU U Ha-
XONISITCSl TIOJ BIMSIHUEM pPa3HOOOpa3HbIX (haKTOpOB
OKpYKalolleil cpenpl, MPUBOASIIINX K MOIMpUKa-
U1 aKTUBHOCTH T€HOB.

Il ennio 3T0i padOTHI IBIISICTCS M3YyUYESHME ITOJTHOTE -
HOMHOTO TIPOMMIIST METUJIMPOBAHUS B KOXE Y IeTei
¢ A1/l B ctanuu o00OCTpeHUsI, a TAKKE OIpeac/ieHUue
N3MEHEHUSI YPOBHS 3KCIPECCUN T€HOB MMMYHHOTO
OTBETa, CBSI3aHHBIX OOIIIMMI CUTHATBHBIMU MIYTSIMU,
Ha (poHe Tepanuu.

MaTepmanbl N METObI

WccnenoBaHue MpOBOAMIOCH B COOTBETCTBUU C
XenbCUHKCKON aekyapauuveidn BcemupHoit menu-
LIMHCKOM accouManuu «TUYeCKUe MPUHIIMIIBI ITPO-
BEJIEHUSI HAyYHbBIX MEIUILIMHCKUX MCCIAEJOBAHUN C
yJacTUEeM 4YeJIoBeKa» U OJI0OPEHO JIOKAJIbHBIM ATHU-
yeckuMm komutetrom npu ®I'BHY «<HUHUBC um.
.M. MeunukoBa» (IIPOTOKOJ 3aceJaHusT JTOKalb-
Horo coBera no atuke Ne5 ot 12 mas 2022 r). Ila-
HUEHTHI TOAITMCHIBAIN TOOPOBOJIBHOE MHHDOPMUPO-
BaHHOE corjacue Ha yJacTUe B UCCJICIOBAaHUM.

B uccrnenoBanmne ObuUT BKIIIOUeH 81 pebeHOK, M3
HUX OCHOBHYIO TPYIIIY COCTaBWJIM 55 MallMeHTOB
¢ AtJl. YyacTHUKAMM HCCJIEAOBAHUS SIBIISUTUCH 34
ManbuMKa M 21 AeBoYKa; cpeaHUil BO3pacT cocTa-
Bua 14 net (ot 6 1o 18 et). B nicciaenyembie rpymiTbI
OBLIM BKJIIOUEHBI MALIMEHTHI C Pa3INYHON CTETIEHBIO
TsikecTu ATIl: cpenHetsikesoi (n = 38) u TsKeaou
(n=17). KOHTpOJIbHYIO TPYIINY COCTABMIN 26 OTHO-
CUTEJIbHO 3J0POBBIX aeTeil oT 6 no 18 jer. TszkecThb
AT/l onneHuBanu ¢ mpuMeHeHneM Metoga SCORAD
(cpennetsikenas opma At/ ot 25 no 50; Tskenas
dopma: 6omee 50).

Bce maumeHThl mosiydanu npenaparbl Hapy>KHO-
ro IIpuMeHeHUs (MECTHBIC TTTIOKOKOPTHUKOCTEPOUIHI
cpeaHell 1 BbICOKOW aKTUBHOCTH, TOMUYECKUE WH-
TUOUTOPHI KalbLIMHEeBpHHA); 20 ITallMeHTOB OCHOB-
HOM IpyMITbl JOMOJHUTEJIbHO MOIyYalld CUCTEMHYIO
Tepanuio npenapaTtoM Aynuwiymao.

st uccnenoBaHUsI METWIMPOBAHUS OBbLIO MPO-
BEIEHO MOJHOT€HOMHOE CEKBEHUPOBAHUE TPeX 00-
pa3loB KOXHU OT NALMEeHTOB ¢ AT/l 1 Tpex KOHTPOJIb-
HbIX OOpa3uoB. MartepuajoM ISl UCCIENOBaHUS
SIBJISUTACH OMONTATHI MMOPasKeHHBIX YIACTKOB KOXKU,
M3 KOTOpPbIX Bblaeasin reHoMmHyro JITHK HaGopom
peareHToB Monarch Genomic DNA purification kit

(New England Biolabs, CIIIA). Mcmons30Banu cex-
BeHaTop I1I mokonenus MinlON (Oxford Nanopore
Technologies, BeaukoOpuTaHWUsI) C IIPOTOYHBIMH
sueiikamu SpotON Flow Cell (R9.4.1). B xone pa-
0OTBbl MpPUMEHSUIA TIpoTokoa auruposaHust JHK
NeSQK-LSK109.

buonHdopMmaTnueckuii aHAJIN3 TPOBOIMIICS T10-
ATaITHO (TOJIydYeHUE ChIPhIX JaHHBIX — OIpeieieH1e
MOOUMDUIIMPOBAHHBIX (METHUJIMPOBAHHBIX) OCHO-
BaHUI — KapTUpOBaHUE Ha pedepeHCHbIA reHOM
(GRCh38.dna) — coptupoBKa M WHACKCALIAS BBI-
paBHuBaHuUs, arperauust SmC — GUABTp HemapHbIX
IPOYTEHUI — 00beAMHEHNE (haiiIOB — OIIpeneacHIE
nuddepeHIIMaIbHO METUIMPOBAHHBIX YUYaCTKOB Ie-
HOoMa). [lpm aHanmm3e MMATTEPHOB METWIMPOBAHUS
MCMOJb30BaJIM CTATUCTUYECKUI TToKa3aTelb areaStat
(cyMMa 3HaYeHUI t-TECTOB IJIsI KaXXIOTO caiita
nudbepeHIIMaIbHOIO METUJIMPOBAHUS B MOCJEI0-
BaTeJIbHOCTH T'e¢Ha WJIM Ha BBIOpAHHOM WHTEpBasie
JAHK). PazHuua ypoBHeil METUJIUPOBAHUS y MalU-
eHTOB ¢ AT/l 1 3010pOBBIX JOOPOBOJBLEB CYUTATIACH
TeM OoJibllle, yeM OoJibllie 3Ha4YeHue areaStat, U Ha-
00opoT. 1 cucTeMaTU3aly BISIBIIEHHBIX U de-
PEHLMAJIbHO METWJIMPOBAHHBIX T€HOB OBbLI IPOBE-
IIeH WX OHTOJIOTUYECKUI aHaINU3 C UCITOIb30BaHIEM
aeKTpoHHOro pecypca DAVID.

st OlleHKW W3MEHEHMsI YPOBHSI 3KCIIPECCUM
reHoB TLR2, TLRY, IL4, IL13, CAMP, DEFBI no u
nocie jeuenus Boeimesuii PHK (Extract RNA, EB-
poreH, Poccusi) U3 MOHOHYKJIEpaHbIX KJIETOK KPOBU
MaeHTOB U 3I0POBOTO KOHTPOJIS, 1 Aajiee IIPOBO-
IUIA peaklnio oopaTHoil TpaHcKpunuuu («OT-1»,
Cunron, Poccust) u I1LIP-PB. B peakiinu ncmonbs3o-
BaJIUCh CIieLIM(UUYECKUE ITOCAea0BaATEeIbHOCTU Mpaii-
mepoB (CumHTON, Poccms), KoTopble MOXOMpaInch
¢ nomouublo nporpammbl Primer-BLAST (NCBI).
I11IP-ananu3 B pexxuMe peajbHOTO BpEMEHU IIPOBO-
nuncs Ha ipudope Rotor-Gene Q (QIAGEN Hiden,
Tepmanms). Peakuyst mpoBogmiiach Ipu CIASOYIOIINIX
ycnoBusix: 1) 95°C — 5 muH — 1 nuki; 2) 95°C —
15 cex, 60 °C (uau 58 °C) — 50 cex — 40 LIMKIIOB.
O06paboTKka nojiydeHHbIX JaHHbIX (Ct) mpoBoaUIach
MeTogoM 2-22¢M OTHOCUTEIBHO YPOBHS SKCIIPECCUU
reHa JjoMalHero xo3siictea f -aktuna (ACTB) [6].

AHaJIu3 MOJYyYEHHbIX JaHHBIX, MPEACTaBICHHBIX
B OTHOCHUTEJIPHBIX CIMHUIIAX, IPOBOOUIICSI B HE-
cKkoJibko aTarnoB B mporpamme MC Excel. Ctatuctu-
YecKasi JOCTOBEPHOCTb MEXKIy TpyHmaMyd HaHHBIX
paccuuThIBaJIaCh MPY MOMOIIU HelapaMeTpHUIecKo-
ro U-kpurepuss ManHa—YutHu, a takxke H-tecrta
Kpackena—Yonnuca.

Pe3synbTaTthl 1 0BCyXaeHWe

CBoaHBIC JaHHBIC ITO0 OMMCAHHBIM WM KJIacCUdU-
IUPOBaHHBIM UG bEePEeHIINATIEHO METWINPOBaH-
HbIM reHaM TpeAcTaBieHbl B Tabaule 1.
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TABIWLA 1. IMGSEPEHLUATIBHO METUIIMPOBAHHBIE MEHbI, MOTEHLIMAINBHO BOBJEYEHHbIE B MATOMEHE3 AT/l

TABLE 1. DIFFERENTIALLY METHYLATED GENES POTENTIALLY INVOLVED IN AD PATHOGENESIS

3HayeHue Craryc . .
leH B03MOXHbIN CUrHanbHbIA NYTb
Gene areaStat MeTMnnpoBahus Possible signaling pathway
areaStat value Methylation status
KepatnHouuTbl
Keratinocytes
Mpouecchbl TPAHCKPUNLMU U TPAHCKPUNLUOHHbIE MOAUGUKaLUK:
Transcription processes and modifications:
FLNA 1208.77 AeMeTunupoBaH perynsiuus akTMHOBOIO LMTOCKerneTa
’ demethylated actin cytoskeleton regulation
MeTUNUpoBaH JAK-, PI3K/Akt-, p38 MAPK-curHanbHbIf nyTb
CEBPG 57,04 methylated JAK-, PI3K/Akt-, p38 MAPK-signaling pathway
MeTUNUpoBaH NF-xB-curHanbHbIf NyTb
CARD11 102,69 methylated NF-kB-signaling pathway
NFIA 112 52 MeTUNupoBaH AnddepeHunpoBKa HelMpo6nacToB, kKepaTUHOLUTOB
’ methylated neuroblasts and keratinocytes differentiation
MeTUNUpoBaH MoauduKaumusa xpoMmaTuHa
EHMT1 143,67 methylated chromatin modification
MeTUIMpoBaH p38 MAPK-cUrHanbHbIA NyTb
MAPK14 173,79 methylated p38 MAPK-signaling pathway
MeTUIMpoBaH Th1-, Th2-kneTouHasa guddepeHunpoBka
RUNX3 1409,76 methylated Th1-, Th2- differntiation
pouecchl, cBA3aHHble ¢ paboTou manbix Tda3s:
Small GTPases processes:
CCR7 -98.72 AeMeTunupoBaH X€MOKVHOBBbIW CUTHAJIbHbIN NYTbh
’ demethylated chemokine signaling pathway
DOCK1 67 24 AeMeTunupoBaH perynsiuus akTMHOBOIO LiMTOCKerneTa
’ demethylated actin cytoskeleton regulation
DOCK2 104 57 MeTUNMpoBaH XE€MOKMHOBbIW CUTHAJIbHbIN NYTh
’ methylated chemokine signaling pathway
MoppepxaHue LLeNOCTHOCTU U HOPManbHOro hyHKLIMOHUPOBaHUSA KOXHOro 6apbepa:
Normal functioning of the skin barrier:
) AeMeTUNMpoBaH WNT-3aBUCUMbIN CUTHANbHbLIA NYTb
Hic1 173,00 demethylated WNT-dependent signaling pathway
ALOX12 -730.90 OeMeTunupoBaH MeTabonuyecknin cUrHasnbHbIN NYyTb
’ demethylated metabolic signaling pathway
) AeMeTUNUpoBaH PRSS3-PAR-curHanbHbIA NyTb
PRSS3 206,14 demethylated PRSS3-PAR-signaling pathway
EYN 8057 AeMeTUnupoBaH perynsiums akTMHOBOrO LMTOCKeneTa
’ demethylated actin cytoskeleton regulation
R AeMeTUNMpoBaH WNT-3aBUCUMBIV CUTHaNbHbIN NYTb
CTNNBIP1 71,69 demethylated WNT-dependent signaling pathway
) AemeTunuposaH WNT-3aBUCUMBIN CUTHaNbHbIN NYTb
BARX1 60,16 demethylated WNT-dependent signaling pathway
TLE1 -56.83 AeMeTUNMpoBaH WNT-3aBUCUMBIV CUTHaNbHbIN NYTb
’ demethylated WNT-dependent signaling pathway
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Tabnuua 1 (okoH4YaHue)
Table 1 (continued)

3HayeHue Crartyc . .
leH B03MOXHbIN CUrHanbHbIA NYTb
Gene areaStat MeTMnnpoBaHms Possible signaling pathway
areaStat value Methylation status
) AemeTUnNUpoBaH WNT-3aBUCUMBIA CUTHanNbHbIA NYTh
GRB10 49,90 demethylated WNT-dependent signaling pathway
MeTUnupoBaH WNT-3aBUCUMBIV CUTHanNbHbIA NYTb
TRABD2B 48,52 methylated WNT-dependent signaling pathway
XIRP2 52,01 MeTUNUpoBaH perynsums akTMHOBOro uMTOCKeneTa
methylated actin cytoskeleton regulation
WW MeTUNpoBaH WNT-3aBUCUMBIV CUTHaNbHbIA NYTb
ox 53,44 methylated WNT-dependent signaling pathway
MeTUIMpoBaH WNT-3aBUCUMbIV CUTHANbHbLIA NYTb
TAX1BP3 60,67 methylated WNT-dependent signaling pathway
FAT1 66,24 MeTUNUpoBaH perynsuus akTMHoBOro uuTockeneTa
methylated actin cytoskeleton regulation
MeTUnupoBaH MAPK-, NF-kB-curHanbHbIn nyTb
DEFB124 113,86 methylated MAPK-, NF-kB-signaling pathway
MEeTUnNMpoBaH WNT-3aBUCUMBIN CUTHaNbHbLIN NYTb
bAcTs 3633,33 methylated WNT-dependent signaling pathway
MMMyHHbIe KneTku
Immune cells
Mpouecchbl TPaHCKPUMLUKM U TPAHCKPUNLMOHHbIE MoauduKaumn:
Transcription processes and modifications:
) AeMeTUNMpoBaH Th1-, Th2-, Th17-kneTouyHas audcpepeHuMpoBKa
GATA3 298,67 demethylated Th1-, Th2-, Th17-cell differntiation
) AeMeTUNMpoBaH Ca-3aBUCUMBbIN CUTHaNbHbIA NYTb
GATA4 99,13 demethylated Ca dependent signaling pathway
VAV1 63,49 AeMeTMnupoBaH XeMOKMHOBbIW CUTHanbHbIA Ny Th
demethylated chemokine signaling pathway
) AeMeTUNMpoBaH p38 MAPK-curHanbHbIA NyTb
MAP3K8 61,30 demethylated p38 MAPK-signaling pathway
) AeMeTUNMpoBaH p38 MAPK-curHanbHbIf NyTb
MAP2K6 42,97 demethylated p38 MAPK-signaling pathway
MeTUNMpoBaH MKK/JNK-curHanbHbIf NnyTb
MAP2K4 96,00 methylated MKK/JNK-signaling pathway
MeTUnupoBaH MKK/JNK-curHanbHbIn nyTb
MAP2k2 140,56 methylated MKK/JNK-signaling pathway
MeTUnupoBaH JAK-STAT curHanbHbIv NyTb
JAK3 376,90 methylated JAK-STAT signaling pathway
Perynaumusa anddepeHuUnpoBKn AeHAPUTHBLIX KNETOK:
Regulation of dendritic cell differentiation:
) AeMeTunupoBaH anddepeHUUpOBKa AEHAPUTHLIX KNEeTOK
SLC9A6 687,81 demethylated dendritic cell differentiation
MAPK-curHanbHbI NyTb; anddepeHUnpoBKa AeHOPUT-
PAK2 -116,90 ‘qzhg(::tﬂ"l';?e?" HbIX KNeTOoK
y MAPK-signaling pathway; dendritic cell differentiation
EphrinB2-curHanbHbiv nyTh; auddepeHunpoBka aeH-
EPHB2 -75,00 AEMETUNMpPOoBaH AOPUTHBLIX KNETOoK
demethylated

EphrinB2-signaling pathway; dendritic cell differentiation
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TABJNLIA 2. YPOBEHb 9KCMPECCUW MEHOB B MHK Y MALMEHTOB C At} B 3ABUCUMOCTU OT NPUMEHSAEMOW
TEPAMUW, Me (Q,2:-Qy 75)

TABLE 2. PBMS GENE EXPRESSION IN AD PATIENTS DEPENDING ON THE THERAPY USED, Me (Qq 55-Qy 75)

. =" 3 4
© E g 1 2 MauwmenTtbl ¢ AT | MaumeHTbl ¢ AT
3 :. N MaunenTtbl ¢ AT | MaumeHTbl ¢ AT 00 neyeHus, rnocne rnevyeHus,
; g S@ [0 ne4veHuns, rnocne neyeHus, Tonuyeckas Tonu4yeckas
SN E a g Tonu4yeckas Tonu4eckas + cuctemHas + cucTtemMHas
o oo~ Tepanusa Tepanus Tepanusa Tepanus P
E‘ 3 % e Patients with AD Patients with AD Patients with AD Patients with AD
g 2 o before treatment, after treatment, before treatment, after treatment,
o é o topical therapy topical therapy topical + systemic | topical + systemic
© therapy therapy
TLR2 4476,77 104,69 9069,19 30,33* P — NS
(66,66-19833,37) | (18,13-10809,41) [(168,89-173568,39) (3,84-1968,13) Py < 0,05
TLR9 935,76 110,38 955,43 56,89* P12 — NS
(35,24-3467,54) (20,17-1201,19) |(256,74-4259,49) (7,67-910,18) P4 < 0,05
IL4 643,73 66,12 649,22 238,86* P — NS
(34,99-6900,45) (17,35-333,65) (143,29-2136,25) (24,93-580,04) P34 < 0,05
IL13 249,00 7,06 380,04 3,13* P12 — NS
(6,83-2718,99) (4,98-308,69) (52,71-6122,90) (0,66-13,00) Pas < 0,01
CAMP 9,19 19,82 11,63 1,21* P12 — NS
(4,42-28,71) (0,82-55,05) (6,82-24,59) (0,10-9,85) Py < 0,05
DEFB1 149,30 46,53 131,60 39,50 P — NS
(17,85-461,74) (10,27-163,39) (86,93-684,44) (0,79-290,02) Pss— NS

MpumeyaHme. B KonoHke «p» NokasaHa cTeneHb AOCTOBepHOCTU AnsA nap rpynn (1 n 2; 3 n 4). CepbiM LIBETOM 1 3BE€3404KOMN
BblAerneHbl rPynbl C JOCTOBEPHO MOHMXEHHbIM 3Ha4YeHMeM aKcnpeccun. [locTOBEPHOCTbL MeXAy rpyrnnaMy oueHvMBanach no

Kputeputo MaHHa—YUTHMU.

Note. Column “p” shows the significance for pairs of groups (1 and 2; 3 and 4). Groups with significantly reduced expression values
are highlighted in gray and an asterisk. Reliability between groups was assessed using the Mann-Whitney U test.

I1pu cpaBHeHUM 00pa3OB OT MAaLMEeHTOB ¢ AT/
M 3I0POBBIX AETeil ObUIM ITOKa3aHbl U3MCHEHMS B
MmeTuiupoBaHun 2364 o6sacteit reHomHoit JTHK
C COOTBETCTBYIOIIMMU MM KOHKPETHBIMM TE€HaMU.
Cpenu BbISIBIEHHBIX TEHOB OTOMPAINCh T€, KOTOPhIE
MMCIOT OTHOIIICHUE K ITpoIieccaM, CBI3aHHBIM C Ma-
ToreHe3om AT/I.

DyHKIIMOHAIBHO TeHbI, JaXXe B paMKaxX OIHOM
TPYIIIBI, JOTOJHAOT APYT Apyra WId, HaoOOpOT,
OPOSIBISTIOT aHTarOHUCTUYECKHME CBOMCTBA (XOTS
T€HOB, CIIOCOOCTBYIOIIMX HOPMaJbHOMY (DYHKIIMO-
HUPOBAHUIO KOXXHOIO Gapbepa 1 IIPpU 3TOM Haxo/Is-

IIIMXCSI B COCTOSTHUM aKTUBAIlU1, MeHbIIe). [ToaTomy
IpU Pa3BUTUM ITATOJIOTMYECKOTO IIpollecca BaxKHO
paccMaTpuBaTh Bece (haKToOphl BMECTe.

Hcxond w3  TOJyYeHHBIX  JaHHBIX MO
nuddepeHINATBLHO METUJIMPOBAHHBIM TeHaM, s
SKCIPECCUOHHOTO aHa/M3a OBLIM OTOOpaHBI TCHEI,
Bxoasie B MyD88-3aBUcCUMBINi CUTHATIBHBIN TyTh
(TLR2, TLRY, IL4, IL13), a takxke reHnl AMII
(DEFBI1, CAMP).

M3MeHeHNe 3KCIIPECCUM OITMChIBACMBIX TTOKA3a-
TeJIell UMMYHMTETa OBbLIO TaKXKe MTPOaHATTM3UPOBAHO
COTJIaCHO TMITY IPUMEHSIEMOIO JIeYeHMs] B JIMHa-
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Muke. I 3TOro IMalueHThl ObUTH pa3IesicHbl Ha 2
TPYNIIBI B 3aBUCUMOCTH OT Ha3HAYEHUSI CUCTEMHOM
Tepanuu. [TosydeHHbIe TaHHbBIE TIPeICTaBICHbI B Ta-
onuie 2.

W3 mipencraBieHHBIX Pe3ylIbTaTOB CICAYET, YTO B
1IeJIOM 4epe3 TPpU Mecsila TIocjie JIeYeHUs YPOBEHb
SKCIPECCHUU 0 BCeM M3ydaeMbIM MOKa3aTeIsIM M-
MYyHUTEeTa cHUXayucs. OgHaKo TOCTOBEPHOE CHUXKE-
HUE 3KCIIPECCUM MPAKTUIECKU T10 BCEM IMapaMeTpam
(3a uckmoueHueM reHa DEFBI) peructpupyercs B
TpymIe, B KOTOPOU B IOTIOJHEHHUE K TOIMMYCCKOMY
JICYCHUIO NpPUMEHSIaCh CUCTEMHas Tepamnust (Iy-
nunayma0). IMpu atom nnagekc SCORAD nocie nipo-
BeIEeHMs JICYEHNI B CPEIHEM YJIy4IIWICSa Ha 63% u
cocrtasm 174+6,0 6annos. Tak, OCHOBHBIE IIMTOKWUHBI
IL-4 u IL-13, Ha KoTOopble HampaBJIEHO NEUCTBUE
ATOro TIperiapara, MokKazajdyd HOpMaM3aluio 3KC-
Npeccrur CBOMX NeHOB Mocie JeyeHus B 3 u 127 pas
COOTBEeTCTBeHHO (MeauaHa st 1L-4 mocne teparnumn
paBHa 238,86; mig 1L-13 paBHa 3,13). YpoBHU 2KC-
IpecCUy IToKas3aTesicii BPOXICHHOIO MMMYHUTETa
Takke cHkanuch. g TLRs HaGmonanoch cHUKe -
Hue B 302 (s reHa TLR2) n 16,7 (mist rena TLRY)
pa3. AKTuUBalLlUs reHa KaTeJuMluInHa CHUXajach (B
12 pa3 mo cpaBHEHMIO C COCTOSTHHEM MO JICUCHUS,
Me = 1,21). TakuM oOpa3om, cuCTeMHasl Tepamnus,
HampaBjieHHasl Ha IMOJaBJIeHHWE CUTHAJIOB LIMTOKU-
HoB IL-4 n IL-13, onocpenoBaHHO TIPUBOIUT U K
HOpMaJM3allii YPOBHEM 3Kcripeccuu (HaKTOpPOB
BPOKICHHOTO UMMYHUTETA.

ATJ] B cTanuu OOOCTPEHUSI UMEET YHUKaJIbHBIN
MMMYHOJIOTUYECKUI MpodUib, KOTOPHIM XapaKTe-
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pu3yeTcsl aKTMBallMell sKcrpeccum reHoB TLR2 m
TLR9 B UMMYHOJOTMYECKMX KJIETKax KpoBu [7, 8].

B HacTosSIIMiT MOMEHT JaHHBIX IO TTOBOAY (PYHK-
LIMOHAJIbHOTO 3HAYEHUSI aHTUMUKPOOHBIX MENTHUIOB
HBD1 u LL37 B kpoBu nipu At He Tak MHOTO [1].
ITomumo aHTHUOaKTEepUaTbHOM, MPOTUBOTPUOKOBOI
W TIPOTUBOBUPYCHOM AaKTMBHOCTH, 3TU OCIKM yda-
CTBYIOT B XEMOTAKCUCE KJIETOK, MHIYKIINN UMMYyH-
HBIX MEIMATOPOB W PEryJsiIUM BOCHAJIUTEIBHOTO
OoTBeTa.

CylliecTByeT MHOXECTBO JaHHBIX, uto 1L-4 u
IL-13 UMTOKMHBI UTpAlOT LEHTPaAJbHYIO pPOJIb B
noAAcpKaHNUK BOCTIaJICHUST TIpu AT W SBJISIOTCS
MUIICHSIMU TSI TIperapaTa OynuiaymMada, mpu IIpu-
MEHEHHU KOTOPOTrO ITPOMCXOIMUT ITOHAaBIIEHUE MO-
JIEKYJI, YJYaCTBYIOILIMX B BOCHAIUTEIbHOU peaKiuu
Th2-tuna. beuto nokazaHo, yto IL-4 mHunmupyer
Th2-nMMyHHBIH OTBeET, Torna Kak IL-13 oTrBevaer 3a
ero JUTeNbHOoe moamepskanue [3]. Oba muTOKMHA
OKa3bIBaloOT BIUSTHUE Ha cuHTe3 IgE, Takke ygacTBy-
FOIIEro B TIATOTE€HE3€ aTOMMYECKOTo AepMaTuTa.

3aKnoyeHne

HM3ydyeHue peryasiuuu  MOJEKYISIPHO-TeHETU-
YEeCKMX MEXaHMW3MOB HWMMYHUTETA, BOBJIECUYEHHBIX
B TIPOLIECChl BOCIAIMUTENbHBIX peakiuii mpu AT/,
CITOCOOCTBYET YTOUYHEHUIO UMMYHONATOTeHe3a 3TO-
ro 3abojieBaHUS, OMPENEJICHUIO TUAarHOCTUYECKUX
MapKepoOB U MUIIEHEN IJ1s1 TAPreTHOM JIEKAapCTBEH-
HOM Teparuu.
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