© 2026 K0A1€KTUB aBTOPOB. © 2026 by the authors.

Pabora HaxXOAUTCSI 104, AUIIEH3MEN This work is licensed under
Creative Corillmons A'Ztltriblllltion 4.0 International License Creative Commons Attribution 4.0 International License
B I[TIOMOIIb I[TPAKTMYECKOMY BPAUY FOR THE MEDICAL PRACTITIONER

doi: 10.25005/2074-0581-2026-28-1-190-205

TPACKPUIITOMHBIV ITPO®UAb BOABHBIX TSIKEABIM IICOPUA30M

H.A. 3A3UTOBELIKAY, T.T. PYKIIIAY, }0.B. KAPAUEBA!, B.O. KOBAHEHKO?!, E.J1. BOHAAP23

1 KpacHospckuit rocy4apcTBeHHBIN MeAUIIMHCKII yHuBepcuTeT uM. pod. B.®. BoitHo-fcenerkoro, KpacHosipek, Poccuiickas Qeaepanms
2 /labopaTopusi FeHOMHBIX MccaeaoBanuit u 6Guotexnoaornu, Kpacnospcekuit nayunsiii nentp CO PAH, Kpacnospck, Poccniickas ®eaepariys

3 Uncruryt dpynaamentaabHoit 6uoaoruu u Guotexuoaornn, Cubupekuit peaepaasusii yrisepcutet, Kpacuosipcek, Poccmitckas ®eaeparist

B HacTosLLee BpemMs B NPaKTUKe Bpayel-4epMaTOBEHEPO/IOroB BCE Yallle BCTPEYAOTCA NaLMEHTbI C TAXENbIMU dopMamu Ncopuasa, pe3nCcTeHTHbIMU
K Tepanum MeToTpeKcaTom.

Lienb uccnepoBanua: BbifBUTL AnddepeHLManbHO SKCnpeccupyemble reHbl Y 601bHbIX ICOPUA3OM C Pa3BUBLLEICA PE3UCTEHTHOCTLIO K METOTPEKCaTy
C NOMOLLBIO TPAHCKPUNTOMHOIO NPOGUANPOBAHMA KOXKM B 3aBUCMMOCTM OT 3GGEKTUBHOCTM Tepanum MeTOTpeKcaToM.
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In current dermatological practice, there is an increasing prevalence of patients with severe psoriasis who are resistant to methotrexate (MTX) therapy.
Objective: This study aimed to identify differentially expressed genes in the skin of psoriasis patients with MTX resistance using transcriptome profiling to
evaluate the molecular basis of treatment efficacy.

Methods: The study included 6 patients with widespread psoriasis vulgaris receiving MTX (7.5-25 mg/week) combined with folic acid (5 mg/week).
Patients were categorized into two groups based on their 6-month clinical response: responders and non-responders. A control group consisted of patients
with widespread psoriasis who were MTX-naive. Skin biopsies were collected from lesional skin, preserved in RNA-stabilizing solution, and processed for
total RNA extraction.

Results: Genetic analysis identified key molecular markers associated with chronic inflammatory disease progression and the development of drug
resistance.

Conclusion: Individual transcriptomic profiling in patients with severe psoriasis may facilitate the development of personalized therapeutic approaches.
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BBEAEHUE

lMcopuas — 3To XxpOHWUYECKoe BOCManuTenbHoe 3abonesaHue ay-
TOMMMYHHOM NPUPOAbI, NOpPaKatoLlee KOXY U opraHbl ONOPHO-ABK-
raTenbHOro annaparta. B HacToslee Bpema ncopuas no pacnpocrpa-
HEHHOCTW 3aHMMaeT JIMAMPYIOLLYIO MO3ULMIO CPeaM BCEX KOMKHbIX
3aboneBaHuii. Kpome TOro, 3a nocneaHve roabl HabnogaeTca pocTt
TAXENbIX GOPM MCOPUa3a, HepeaKo NPUBOAALLMI K CTOMKOW yTpaTe
TpyaocnocobHocTH [1].

lMcopuas paccmaTpuBaeTca Kak 3abonesaHne MysbTUGAKTOPHOM
npvpogapl. Hanbonbliee 3HayeHWe OTBOAAT reHeTUYecKoW npegpac-
MONOXKEHHOCTH, @ UMEHHO HAZIMYMI0 XPOMOCOMHBIX 10KycoB PSORS
(psoriasis suscteptability), KoTopble cunTaloTCA MapKEPaMM NOBbILIEH-
HOro pUCKa pa3suTHA 3abonesBaHusA. KnoueBbIM NaTOreHETUYECKUM
MEXaHW3MOM cumuTaeTca AncbanaHc mexay npo- U NPOTMBOBOCNAMN-
TeNbHbIMU LWUTOKMHaMK. Mog, Bo3LeiCTBMEM NPOBOLMPYOLWMX daK-
TOPOB (MCUXOIMOLMOHANBHOE MEPEHANPAKEHWUE, OCTPbIE U XPOHU-
yeckue MHPEKLMU, NPUEM NIEKAPCTBEHHBIX NPENapaToB) NPOUCXOAUT
aKTMBALMA MMMYHOMATONOTMYECKMX PeaKLMi ¢ Npe3eHTaLmel aHTu-
reHa AeHAPUTHBIMU aHTUIEHNPOAYLMPYIOLLMMM KNETKAMU, B pe3y/b-
TaTe Yero akTMBMPOBaHHbIe T-KNEeTKM BbicBoboXaatoT U1-12 1 UN1-23,
yTo NpMBOAMT Nponndepaumm n auddepeHumposke T-TIMMpoOLMTOB
Ha T-xennepbl 1 u 17 (Th-1 u Th-17). 3tv cybnonynaumm T-numdouu-
TOB 3KCMPECccUpyHOT GaKTOpbl, OTBETCTBEHHbIE 33 CMHTE3 U BblbpoC
MeAMaTopoB BOCMANEHMA B TKaHU, B C/ly4ae Ncopuasa — B KOXKY. Ak-
TWBHbIA BOCMANUTENbHBIA NPOLECC B KOXKe MPUBOAMUT K YCUAEHHOW
nponndepaumm KepatmHoumtos. M3-3a yckopeHHoro u becnopasoy-
HOro POCTa KepaTUHOLMTbI He YCMeBatoT NPOWTU eCTECTBEHHDIN Kie-
TOYHbIV UMK/, NOCAEAHUM 3TanoM KOTOPOTro AB/IAETCA OPOroBeHue.
Taknm 06pa3om, 3amycKaeTca «NOPOYHbINA KPyr», Tak Kak He NOAHO-
CTbiO OPOTOBEBLUME KNETKM ELLE CUbHEE CTUMYAMUPYIOT 06pa3oBaHue
NPOBOCNANNUTENbHBIX LUTOKUHOB M 60oNlee aKTUBHOE BocnaneHue [2].

[na neyeHua ncopuasa WCMONb3YIOTCA METOAbI HAPYXKHOW
NpPOTUBOBOCMNANWUTENBHOW Tepanuu, NpPeacTaBAeHHOW CoYeTaHUeM
TOMUYECKUX TTIOKOKOPTUKOCTEPOUAOB U KEPATONIUTUYECKUX CPeACTB.
OpHaKo, B OTHOLLEHUW TAXENBIX GOPM NCOpMasa, K KOTOPbIM OTHO-
CATCA NyCTyNE3Hble pOopMbl (reHepann3oBaHHbI ncopuas Liymbylua,
NaflOHHO-NOAOLUBEHHbIV Ncopua3s bapbepa 1 akpoaepMaTUT CTOMKKI
THOVHBI ANN0NO), NCOPUATUYECKAN SPUTPOAEPMUSA, NICOPUATUYECKMUIA
apPTPUT M PacNPOCTPAHEHHDIN BybrapHbIA NCOpKas ¢ MHAeKcom PASI
>20, Hapy»KHOW Tepanuy He[OCTATOYHO, U BOSHUKAET HEODBXOAUMOCTb
B CUCTEMHOM Tepanmu, BKAOYALOLLEN aHTUMETAbOUTbI, LUTOCTATUKM,
apomaTuyeckue PeTMHOMAbl U METOAbl TapreTHOM FeHHO-MHKEeHep-
HoI Bronoruyeckor Tepanum [3].

B coBpemeHHOW Tepanun ncopmasa OCHOBHbIM CPeLCTBOM CHU-
TaeTCcA MeTOTpeKcaTt. ITo aHTUMeTabonuT GosIMeBOIM KUCNOTbI, EMOH-
CTPUPYIOLLMIA 3aMETHbIE MPOTUBOBOCMANNTENbHBIE U aHTUHEONIACTU-
yeckue cBoicTea. Ero npotrBoBOCNanuUTeNbHbIN 3QdEKT peanusyerca
nocpeACcTBOM CTUMYANALMM 3aNpOrpaMMUPOBAHHO KNeTo4Ho rube-
v (anonTo3a) HEKOHTPONMPYEMO LENAWMXCA KAETOK — T-1umdouu-
TOB M GUBPO6NACTOB, a TaKKE MYTEM CHUXKEHMA BbIPAabOTKM NpoBOC-
NasnTeNbHbIX LUTOKMHOB, TaKMX Kak MJ1-1 n dakTop Hekposa onyxonu
anbda (PHO-a), ¥ OAHOBPEMEHHOTO MOBbILEHWUSA CUHTE3a NPOTUBO-
BoCnanuTenbHbix uutoknHos WN-4 n WN-10. MNpotusoonyxonesoe
JeincTBre JOCTUraeTca NyTéM MOAABAEHUSA POCTA KIETOK M BbI3BaHO
3ameanieHMeM cuHTe3a 1 BoccTaHosneHus [HK, a Takxke 61oKkuposa-
HMEM KNEeTOYHOrO aeneHus B S-dpase. MeToTpekcaT 0cobeHHO apdek-
TUBEH B TKaHAX, XapaKTEPU3YIOLLMXCA BbICOKON CKOPOCTbIO AeNeHus,
BK/tOYAA 3NMAEPMUC, YTO ONpesenseT ero WUpPoKoe NpUMeHeHNe B
NeyeHuu ncopuasa’.

1 Memompexcam. MHcmpyKkyus no npumeHeHuto [Methotrexate. Instructions
for use. (In Russian)

INTRODUCTION

Psoriasis is a chronic, inflammatory, autoimmune disease
that affects the skin and the musculoskeletal system. Currently,
it is among the most common skin diseases worldwide. Further-
more, recent years have seen an increase in severe forms of pso-
riasis, which frequently lead to permanent disability [1].

Psoriasis is considered a multifactorial disease. Significant
importance is attributed to genetic predisposition, specifical-
ly the presence of PSORS (psoriasis susceptibility) loci, which
serve as markers for increased disease risk. The key pathogenet-
ic mechanism is an imbalance between pro- and anti-inflamma-
tory cytokines. Under the influence of triggering factors (e.g.,
psychoemotional stress, acute or chronic infections, and certain
medications), immunopathological reactions are activated. Den-
dritic antigen-presenting cells initiate this process, causing ac-
tivated T cells to release IL-12 and IL-23. This cytokinin release
leads to the proliferation and differentiation of T lymphocytes
into Th1 and Th17 subsets. These subpopulations express factors
that synthesize and release inflammatory mediators into the skin.
This active inflammatory process triggers the hyperproliferation
of keratinocytes. Due to accelerated, disordered growth, kerati-
nocytes fail to complete the natural cell cycle and undergo proper
keratinization. This sequence of events initiates a "vicious cycle",
in which immature cells further stimulate pro-inflammatory cyto-
kine production and exacerbate inflammation [2].

Mild psoriasis is managed with topical anti-inflammatory
therapy, typically a combination of glucocorticosteroids and ker-
atolytic agents. However, external therapy is insufficient for se-
vere forms — such as pustular psoriasis (Zumbusch, Barber, and
Hallopeau types), psoriatic erythroderma, psoriatic arthritis, and
widespread psoriasis vulgaris (PASI >20). These cases require sys-
temic therapy, including antimetabolites, cytostatics, aromatic
retinoids, and targeted biologic agents [3].

Methotrexate (MTX) remains a primary treatment in mod-
ern psoriasis therapy. As a folic acid antimetabolite, it exhibits
significant anti-inflammatory and antineoplastic properties. Its
anti-inflammatory effect is mediated by inducing apoptosis in
rapidly dividing T lymphocytes and fibroblasts and by reducing
the production of pro-inflammatory cytokines (such as IL-1 and
TNF-a) while increasing anti-inflammatory cytokines (IL-4 and IL-
10). Its antitumor effect is achieved by inhibiting DNA synthesis
and repair, effectively blocking cell division in the S-phase. MTX
is particularly effective in hyperproliferative tissues, such as the
epidermis, which explains its widespread use in psoriasis®.

Unfortunately, there is a steady increase in the number of
patients who do not respond to MTX. The mechanisms under-
lying MTX resistance are diverse and typically involve metabolic
or genetic alterations in target cells: impaired transmembrane
transport; decreased polyglutamation; overexpression of target
enzymes; mutations or polymorphisms in genes encoding those
enzymes; and other mutations that confer tissue resistance [4].

Transcriptome studies are essential for understanding these
resistance mechanisms. The transcriptome represents the total
set of all RNA transcripts produced by the genome at a specif-
ic time. The advantage of transcriptomic research is its focus on
gene expression, allowing for the identification of intracellular
signaling cascades activated during pathological changes [5].

1 Metotreksat. Instruktsiya po primeneniyu [Methotrexate. Instructions for
use]. (In Russian)
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K coxaneHnwto, B nocnegHue rofabl Habao4aeTca HeyKNOHHbIN
POCT NaLMEHTOB, HE OTBEYAIOLUMX Ha Tepanuio MeToTpekcatom. Me-
XaHU3Mbl Pa3BUTUA PE3UCTEHTHOCTU K METOTPeKCaTy MOryT 6bITb
pa3Ho06pasHbl, M, 3a4acTyto, 0byc0BAEHbI METAbONUYECKUMU UK
reHETUYECKMMMU U3MEHEHMAMM B KNETKax-MULLEHAX: HapylweHua B
TpaHCMeMBpPaHHOW TPaHCNOPTUPOBKE NpenapaTa B KAETKY; CHUMKEH-
Haa MOAWINIOTaMaLMA MeTOTpeKcaTa; runepnpoaykuma depmeH-
TOB-MULLIEHEH METOTPeKcaTa MAU MyTaumn U NOAMMOPOU3M rEeHOB,
KOAMPYHOLWMX GepMEHTbI-MULLEHM, a TaKXKe WHble MyTaLmm, 0bycios-
NMBaOLLME PE3UCTEHTHOCTb TKaHEN K npenaparty [4].

[ONA V3y4eHUs MeXaHW3MOB pa3BUTMA 3abonesaHusa u Qop-
MMWPOBAHUA PE3UCTEHTHOCTM K TEM WM MHbIM METOAAM JleyeHus
60NbLLION MHTEPEC NPEeACTaBAAET M3ydeHMe TPaHCKpUnToma. TpaHc-
KPUMTOM — 3TO COBOKYMHOCTb BCex TpaHcKpuntos PHK, npoayumpye-
MbIX FEHOMOM B OMNpeAeN&HHbIi MOMEHT BpeMeHU. MpenmyLLecTBom
MCCNEA0BaHMA TPAHCKPUNTOMA ABMAETCA €0 aKLEHT Ha M3yyeHue
NPOLLECCOB IKCMNPECCUM TEHOB U BO3MOXKHOCTb MAEHTUOUKALMM BHY-
TPUKNETOYHbIX MPOLECCOB U CUTHANbHbLIX KAaCKaaoB, aKTUBUPYEMbIX
NPV PasBUTHUM NATONOTUYECKMX U3MEHEHUI [5].

LLENb UCCNEAOBAHMUA

BbINONHUTL TPAHCKPUNTOMHOE NPOGUAMPOBAHUE KOXMU HONb-
HbIX NMCOPMA30M B 3aBUCUMOCTU OT 3GPEKTUBHOCTU Tepanuu MeTo-
TPEKCATOM U BbIABUTL AnddepeHLManbHO IKCpeccrpyemble reHbl y
60/1bHbIX NCOPUA3OM C PE3BUBLUEICA PE3UCTEHTHOCTBIO K METOTPEK-
cary.

MATEPUAN U METOAbI

Habop matepuana npomsseaéH Ha base KpacHospcKoro Kpae-
BOrO KOXHO-BeHeposiornyeckoro amcnaHcepa Ne 1. B uccnepgosanune
6blM BK/IIOYEHbI 6 MALMEHTOB C PACMpPOCTPAHEHHLIM By/IbrapHbIM
ncopmasom ¢ nHaekcom PASI >20, nonyyaswne Tepanvo METOTPEK-
caTom B fo3e OT 7,5 Mr 4o 25 mr B HeAento B CONeTaHUM C MPUEMOM
donuesoit KUCNOTbI B Ao3e 5 Mr B Heaento. Kypc neveHunsa coctaenan
oT 3 go 12 mecaues. MaumneHTsbl Bbin pacnpesgeneHbl Ha 2 rpynnbi:
[OCTUTLLIME NOJIOXKUTENBHOTO KAUHWYecKoro adgdekTa (n=3) 1 He go-
CTUrLIME ero B TeueHue 6 mecsues (n=3). JleueHne cunTanocb Head-
($EKTUBHbBIM Ha OCHOBaHWM AMHaMUKK PASI <25% (pacuéT nposoauncs
no ¢opmyne:

(PASI  po
B0 ne4yeHnnx100%,

a TaK¥Xe Hanuuua peupnamsa 3abonesaHua Ha GpoHe NpoBoau-
MO Tepanuu B TeyeHue 3 mecaLeB. KOHTPOIbHYIO Fpynny cocTaBuaun
NaLMeHTbl C PacnpPOCTPaHEHHBIM BY/IbFapHbIM NCOPUA30OM, He MNony-
YaBLUME METOTPEeKCaT.

Kpome 3toro, 66110 NpoBeAEHO AOMONHUTENbHOE WUCCNef0Ba-
Hue 6onee paclIMpPeHHO BbIGOPKM Ha OCHOBE OTKPbITbIX AAHHbIX Na-
LLMEHTOB C Ncopuasom, NonydyaBLmnx metotpekcar (https://www.ncbi.
nim.nih.gov/geo/query/acc.cgi?acc=GSE85034). KonnuecTeo naumeH-
TOB B NepBoOW rpynne (focTuriime OTBET Ha Tepanuio Ha OCHOBaHWUM
AnHamukm PASI >25%) coctaBuno 11 yenoBek, a BO BTOPOWA, Y KOro
3¢ dEKT OT NeYeHUs JOCTUTHYT He Bbln, — 4 NauueHTa.

Y Bcex NaLMeHTOoB 6bl10 NPOBEAEHO UCCEYEHME BUONTATOB KOXKM
U3 MaTONIOTMYECKOro ovara. BUONCMOHHBIN MaTepuan bbln NOMeLLEH
B PHK-cTabunmsmpytowmii pactop IntactRNA («EsporeH», MockBa,
Poccus) pns panbHelwero NpoBeAeHN MONEKYIAPHO-TEHETUYECKO-
ro nccnefosaHus. TotanbHas PHK M3 61MoNTaToB KOXM, NONYYEHHbIX
OT NaLMEHTOB KOHTPO/IbHOW U Uccaeayemol rpynn, Bblna sKkcTparmpo-
BaHa C ucnosnb3oBaHuem peareHTa TRIzol® (Qiagen, Hilden, Germany)

neueHns - PASI nocne  neuenus)/PASI
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PURPOSE OF THE STUDY

This study aimed to profile the skin transcriptome in pa-
tients with psoriasis and to identify differentially expressed genes
(DEGSs) associated with MTX resistance.

METHODS

A sample collection was conducted at the Regional Skin
and Venereal Disease Dispensary No. 1, Krasnoyarsk, Russia. The
study enrolled 6 patients with widespread psoriasis vulgaris (PASI
>20) receiving MTX therapy (7.5-25 mg/week) combined with
folic acid (5 mg/week). Treatment duration ranged from 3 to 12
months. Patients were divided into two groups: responders (n=3),
who achieved a positive clinical effect within six months, and
non-responders (n=3). Treatment failure was defined as the fail-
ure to achieve a PASI 25 response — defined as a <25% reduction
from baseline PASI score or the occurrence of disease recurrence
during three months of therapy. The percentage reduction was
calculated as:

(Baseline PASI — Follow-up PASI)/Baseline PASI)x100%.

The control group consisted of patients with widespread
psoriasis vulgaris who were MTX-naive.

To supplement the findings, an additional analysis was
performed using a larger external dataset from the NCBI Gene
Expression Omnibus (GEO Accession: GSE85034). This cohort
included 11 responders (PASI improvement >25%) and 4 non-re-
sponders.

Skin biopsies were obtained from the affected lesional ar-
eas of all patients. Samples were immediately placed in IntactR-
NA stabilizing solution (Evrogen, Moscow, Russia). Total RNA was
extracted using TRIzol® reagent and the RNeasy Mini Kit (Qiagen,
Hilden, Germany). To prevent degradation, the RiboLock RNase
inhibitor (Thermo Fisher Scientific, USA) was added. RNA quality
was assessed using a Qsep 400 (BiOptic, New Taipei City, Taiwan)
with the Cartridge Kit R1-O-4CH. RNA concentration was quan-
tified using the Qubit RNA High Broad Range kit (Thermo Fisher
Scientific, USA).

RNA library preparation and next-generation sequencing
(NGS) were performed by Evrogen (Russia). Poly-A mRNA was en-
riched from 200 ng of total RNA using oligo-dT beads. mRNA mol-
ecules were fragmented and reverse-transcribed using random
primers. Second-strand synthesis incorporated dUTP to maintain
strand specificity. After end-repair and 3'-end polyadenylation,
adapters were ligated. The uracil-labeled second strand was then
cleaved using uracil DNA glycosylase, followed by PCR amplifica-
tion (SimpliAmp™, Thermo Fisher Scientific, USA).

Final library quality was verified on the Qsep 400. Librar-
ies were circularized and sequenced on the DNBSeq-G400 plat-
form (BGI, Shenzhen, China) in 100-bp paired-end mode, generat-
ing at least 40 million reads per sample.

Raw data were filtered for adapters and low-quality se-
quences using SOAPnuke (BGI). Read quality was assessed
via FastQC. DEGs were identified using a negative binomial dis-
tribution model in DESeq2. Contrasts were defined between “Be-
fore treatment”, “After treatment positive”, and “After treatment
negative”. A threshold of |log2 fold change| 20.5 was applied
during hypothesis testing using the DESeq2 results function.

The Benjamini-Hochberg False Discovery Rate (FDR) was
applied to correct for multiple testing. Genes with an adjusted
p-value <0.05 and an absolute log2 fold change 0.5 were consid-
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1 RNeasy Mini Kit (Quiagen, Hilden, Germany). K BbigeneHHoi PHK
fobasneH mHrMbutop PHKasbl RibolLock Thermo Fisher Scientific,
USA). KayectBo Bcei BbigeneHHoin PHK nposepsnocb Ha npubope
Qsep400 (BiOptic, New Taipei City, Taiwan) ¢ ncnonb3oBaHuem Habo-
pa RNA Cartridge Kit R1-O-4CH (BiOptic, New Taipei City, Taiwan). Ko-
Nnuectso BbigeneHHon PHK namepsanock ¢ ncnonb3osaHnem Habopa
Qubit RNA High Broad Range (Thermo Fisher Scientific, USA).

MoprotoBky 6ubnnotekn PHK v cekBeHMpoBaHWE HOBOMO Mo-
KoNeHusa BbiNOAHMAA Komnanua «EsporeH» (Poccus). MocTpoeHue
6ubnnotekn PHK 1 npouecc ynopafounsaHva BGblan BbINOSHEHbI B
COOTBETCTBMM CO CeayoLymMm stanamu. Ana oborauieHna mPHK no-
NK-A 6blAM UCNONB30BaNM FPaHY/bl C OIUTO-T-XBOCTaMU, K KOTOPbIM
66111 fobasneHbl 200 Hr Bcert PHK. Monekynbl MPHK 6bian dpparmen-
TMPOBaHbI A0 He6ONbLIMX Pa3MePOB, MOC/E Yero 3T GparMeHTbl Noj-
BEPIIMCb 0OPATHOW TPAHCKPUMUMKU C UCMONb30BAHWMEM C/yYalHbIX
npaiimepos (LLsHbYK3Hb, Kutait). Bropas uenoyka AHK 6bina cuHTe-
3upoBaHa ¢ ucnonbsosaHvem dUTP emecto dTTP. MonyyeHHan AByx-
uenoveyHasn kAHK 6blna nogseprHyTa KOHLEBOW penapaLymn KOHLIOB
1 NonvageHunnpoBaHuio 3'-koHua (LLUsHbukaHb, Kutaid), a 3atem K
KOHLaM 3TUX 3'-afleHUIMPOBAHHbIX GParMeHToB OblM AUTMPOBAHbI
apanTepsl. Mocne aToro ¢ nomoLbto depmeHTa ypaumn-AHK-rnkosun-
nasbl (UDG) 6b110 Npoun3BeAeHO pacluenieHne MeYeHHOM ypaLmiom
BTOpoV uUenu u nocneaytowasn MNUP-amnamdurauma (SimpliAmp™,
Thermo Fisher Scientific, USA).

KoHTponb KauecTBa 6UBAMOTEKM NPOBOAMACA C UCMONb30BAHW-
em npubopa Qsep400 (BiOptic, New Taipei City, Taiwan). bubnnoteku
ObI/IM LMKNM3MPOBAHBI, amNANGULMPOBaHbI AN CO34aHNUA HaHOLLA-
PUKOB U ceKBeHMpoBaHbl Ha nnatdopme DNBSeq ¢ ucnonb3osaHu-
em TexHonorun DNBSeq Ha npubope DNBSeq G-400 (BGI, Shenzhen,
China) B pexkume napHoro cekseHuposaHua 100 n.H., reHepupysa He
meHee 40 MUAIMOHOB AaHHbIX Ha 0bpaseLl,

[aHHble ¢ nocnenoBaTeNbHOCTAMU-3aAanTepamMn UAuM nocneno-
BaTE/NIbHOCTAMM HWU3KOMO KayecTBa 6bliM OTGUALTPOBAHbI C UCMOAb-
30BaHMeM nporpammHoro obecneyeHns SOAPnuke, paspaboTaHHo-
ro BGI. KayecTso uteHun oueHMBanu ¢ nomolbto FastQC (seb-cait
bioinformatics.babraham.ac.uk/projects/fastqc/). AuddepeHumans-
HO 3KCTpeccupyemble reHbl Obiiv AEHTUGULMPOBAHBI Ha OCHOBE
oTpULATENBHOrO BMHOMMUANBHOTO pPacnpeaeneHus ¢ UCNoNb30BaHU-
em DESeq2. KoHTpacTbl 6b1am ycTaHoBNEHbI Ha «Before treatmenty,
«After treatment positive» n «After treatment negative», a nopor a6-
CO/IIOTHOrO 3Ha4YeHMA KpaTHOro uameHeHus log2 20,5 6bin BHeApEH
B NMPOBEPKY rMnoTesbl ¢ NOMOLLbLO GyHKLMM pe3ynbTaToB M3 DESeq?2.

Anroputm BeHgkammuu-Xoxbepra (FDR) ucnonb3osanca ans
KOHTPO/IA YacTOTbl OWMOOK TWMa | NPU MHOXKECTBEHHOM TECTUPOBaA-
HWW, @ TeHbl CO CKOPPEKTUPOBaHHbIM 3HaueHWem p<0,05 n abcontoT-
HbIM 3HayeHMem log2 KpaTHoro usmeHenus 20,5 cuntanuch andde-
peHumManbHo aKkcnpeccupyembimu (DEG). 3Tv DEG B panbHeiiem
MCMONb30BaNCh A1 NPOBELAEHUA aHan3a 060ralleHns OHTONOTUK
reHoB (GO) ¢ ucnonb3osaHunem ShinyGO (se6-caitT doi.org/10.1093/
bioinformatics/btz931) n onpegeneHna mexbenKoBbIX B3aUMoaei-
CTBUWA.

3TMueckoe 3asBneHue. MccneposaHue 6biio onobpeHo so-
Ka/IbHbIM 3TUYECKUM KOoMUTETOM KpacHOAPCKOro rocyaapcTBeHHOro
MEAMLMHCKOro yHuBepcuteTa UM. npod. B.®. BoiiHo-AceHeukoro,
npoTokon Ne 26 ot 16 Hosbpa 2021 roza. Y Bcex naumeHToB Hbi10
Nosly4eHO NUCbMEHHOe MHPOPMMPOBaHHOE cornacue 06 yyacTum B
uccneaoBaHum.

Cratuctuyeckaa o6pabotka. CratucTuyeckas obpaboTka no-
NIYYEHHBbIX [aHHbIX MNpoBefeHa C NomoLplo nporpammbl FastQC
(Babraham Bioinformatics). 9kcnpeccus reHoB 6bina NpeacTaBneHa B
BUAE MeaunaHbl. bblna npoBeaeHa 10MUCTUYECKasA Perpeccus ¢ TeCToM

ered significant DEGs. Functional enrichment was performed us-
ing Gene Ontology (GO) analysis via ShinyGO and protein-protein
interaction mapping.

Ethical statement. The study was approved by the Local Eth-
ics Committee of the Krasnoyarsk State Medical University (Proto-
col No. 26, November 16, 2021). All participants provided written
informed consent.

Statistical analysis of the obtained data was performed us-
ing the FastQC software (Babraham Bioinformatics). Gene expres-
sion was presented as the median. Logistic regression with the
Wald test was conducted, along with correction using the Benja-
mini-Hochberg method. Values were considered statistically sig-
nificant at p<0.05.

RESULTS

Bioinformatics analysis identified 15 DEGs in the responder
group compared to the MTX-naive control group (Table 1). Among
these, seven genes were downregulated, and eight were upregu-
lated. In addition to protein-coding genes, five pseudogenes or
noncoding RNAs were identified: two with decreased expression
(GPX1P1, RPS28P7) and three with increased expression (BAALC-
AS2, LINC01181, MIR2117HG).

Transcriptome profiling identified significant downregula-
tion of galectins 7 and 7B (LGALS7B and LGALS7), with expression
levels reduced by 6.91-fold and 4.63-fold, respectively. Galectins
are pro-apoptotic proteins that function intracellularly prior to
Janus kinase activation and the release of cytochrome c. Their
primary role is to mediate cell-cell and cell-extracellular matrix in-
teractions, which are essential for normal control of cell growth.

The chemotactic factor CCL13 was downregulated by 2.39-
fold. CCL13 regulates the migration of monocytes, lymphocytes,
basophils, and eosinophils into inflammatory lesions. Additional-
ly, CCL13's role in recruiting monocytes to the arterial wall makes
it a potential pathogenic factor in atherosclerosis.

The BRD2 gene, a transcriptional regulator within the BET
(bromodomain and extra-terminal domain) family, showed
a 4.91-fold decrease in expression. This protein associates with
transcription complexes and acetylated chromatin during mitosis,
binding selectively to the acetylated lysine 12 residue of histone
H4. Although mapped to the MHC class Il region on chromosome
6p21.3, sequence analysis suggests it is primarily involved in
chromatin remodeling and transcription regulation rather than
the immune response [6].

Similarly, HLA-DMA expression was reduced 6.56-fold. This
gene is well-established in the pathogenesis of psoriasis, playing
a critical role in catalyzing the release of class ll-associated invari-
ant chain peptide (CLIP) from MHC class Il molecules, thereby fa-
cilitating the binding of antigenic peptides [7].

In contrast, several genes were significantly upregulated
in patients who achieved a positive clinical response. For in-
stance, CNTN1 (contactin 1), an immunoglobulin superfamily
member, showed increased expression. This GPl-anchored mem-
brane protein facilitates cell adhesion and signaling between ax-
ons and myelinating glial cells in the peripheral nervous system.
Multiple alternatively spliced transcript variants, encoding differ-
ent isoforms, have been identified for this gene [8, 9].

The CEACAMG6 gene, a member of the carcinoembryonic
antigen family, was also upregulated. CEACAMSG is a cell-surface
glycoprotein that mediates cell adhesion and serves as a clinical
tumor marker. It also acts as an adhesion receptor for E. coli in
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Banbaa v Koppekuua no metoay beHaskammnHu-Xoxbepra. 3HaueHns
CYUTANINCh CTAaTUCTMUECKM 3HaUMMbIMK Npu p<0,05.

PE3YNbTATDI

Mo ApaHHbIM NpoBeAEHHOro 6WMOMHDOPMATUBHOMO aHanMU3a,
B rpynne nauueHToB C JOCTUTHYTbIM MONOXKUTENbHbIM 3bdeKTOM B
CpaBHeHWUW C rpynmnoW NaLMeHToB, He NOMy4YaBLUMX MeTOTpeKcaT, 6bi1o
BbifBneHo 15 anddepeHumanbHoO akcnpeccupyembix reHos (Tabn. 1).
M3 HUX 7 reHOB XapaKTepun30BaaWUCb NMOHUMKEHHOW 3Kcnpeccuei, a 8
— NoBbIWeHHOW. [TOMMMO NONHOLEHHbIX FEHOB, IKCMPECCHPOBANUCH
5 nceBaoreHoB: 2 ¢ NOHMKEHHOI aKkcnpeccueit (GPX1P1, RPS28P7) un
3 —c nosblweHHoW (BAALC-AS2, LINC01181, MIR2117HG).

K uncny anddepeHuUmanbHO IKCNPECCMPYEMbIX FEHOB OTHOCK-
JNCb TanekTuHbl 7B 1 7 (LGALS7B 1 LGALS7), ypOBHM KOTOPbIX OblK
CHWKeHbl B 4,63 1 6,91 pa3 cooTBeTCTBEHHO. [aNeKTUHbI NpeacTaBna-
0T coboi NpoanonToTMyeckme Benku, KoTopble AENCTBYHOT BHYTPU-
KNEeTOUYHO nepes akTUBaLmel AHYC-K1Ha3bl U BbICBOOOXAEHNEM NPO-
anonToTuyeckoro umtoxpoma C. Mx ocHoBHas dyHKLMA — 3TO yyacTue
BO B3aMMOAEUCTBMAX «KNETKA-KNETKa» U «KNeTKa-BHEKNETOYHbIW
MaTPUKC», HEOBXOAMMbIX A1l HOPMA/IbHOO KOHTPOIA POCTa KNETOK.

YposeHb xemoTakcuyeckoro ¢paktopa CCL13 6b11 CHUMKEH B 2,39
pasa. CCL13 y4acTBYIOT B PEryAALMM MUTPALMM MOHOLMUTOB, IMMPO-
umToB, 6a3odnaos U 303MHOGUNOB B NATONOFMYECKUI ovar. Kpome
Toro, CCL13 yyacTByeT B peKpyTMPOBAaHUM MOHOLMTOB B apTepuanb-
HYIO CTEHKY, YTO ABNAETCA OAHUM W3 MaTOreHeTUYeckux pakTopos
pa3BUTMA aTepoCKiepo3sa.

lfeH BRD2 no pe3ynbratam TPaHCKPUNTOMHOIO npoduanposa-
HUA BbIN CHUKEH B 4,91 pasa. ITOT reH KOAMPYET PeryasaTop TpaHc-
KpUNuuu, NpUHaANEKaLmii K cemeicty 6enkos BET (6pomogomeHbl
W AOMNONHUTE/bHBIN TEPMUHANBbHDIN OMEH). ITOT 6E/10K CBA3bIBAETCA
C TPAHCKPUMNLIMOHHBIMW KOMMNIEKCAMM U C aLETUMPOBAHHBIM XPOMa-
TUHOM BO BPeMA MUTO3a M M3bUpPaTENbHO CBA3bIBAETCA C aLETUM-
POBaHHbIM OCTaTKOM AM3MHa-12 rctoHa H4 yepes aga ero 6pomo-
ZfomeHa. TeH KapTupyeTcs B 0bnactv knacca |l raBHoro Komniekca
ructocomectumoctn (MHC) Ha xpomocome 6p21.3, HO cpaBHeHue
nocnefoBaTeNbHOCTEN NO3BONAET NPEANONONKUTB, UTO HeNoK He yya-
CTBYeT B MMMYHHOM oTBeTe. Ero ocHoBHaa GyHKLUWA — cBA3bIBaHME
rMnepaLeTMAMPOBaHHOMO XPOMATMHA U Perynauma TPaHCKPUNLMK
nyTéM pemofenvpoBaHUsA XpomaTuHa [6].

ELle OAMH reH, ypoBeHb KOTOPOTro Bbla MOHWMMKEH B 6,56 pas —
HLA-DMA. Ero ponb B 3TMONaToreHese ncopuasa M3BeCTHA YKe A0-
BO/IbHO AaBHO. [aHHbI reH MrpaeT pelalollylo ponb B KaTanuse
BbICBODOXKAEHMA NENTUAA MHBAPUAHTHOW Lienu, acCoLMMPOBAHHOMO
c knaccom Il (CLIP), n3 BHOBb CMHTe3UpOBaHHbIX Mmonekyn MHC knacca
I, n 0cBOBOXKAEHWUM CcaliTa CBA3bIBAHWA NenTuaa Ana npuobpeTeHns
aHTUreHHbIX NenTuaos [7].

OpHako 6osbluas YacTb reHoB 6blna Ha bosee BbICOKOM YpoB-
He, B CPaBHEHWU C rpynnow NaLMeHTOoB, AOCTUTLLINX NONOKUTENBbHOMO
oTBeTa Ha Tepanuio. Hanpumep, reH CNTN1 (KoHTaKTVH 1) Kogupyet
6eN0K, ABNAIOLLMICA YNEHOM CynepceMeincTBa UMMYHOMO6YIMHOB —
rnKkosunpochatnanamHosuton (GPIl) — 3askopeHHbIt MembpaHHbI
6eN0K HelipOHOB, KOTOPbIN AEACTBYET KaK MONEKY/A KNETOYHOM aare-
3un. OcHoBHas GyHKLMA 3TOro Heska — yuacTne B popmMpoBaHUM Na-
PaHOAANbHBIX aKCO-IIMANbHbBIX COEAMHEHNI B MUEMHU3UPOBAHHbIX
nepudepryecknx HepBax M B Nepesadye CUrHaN0B MeXy aKCOHaMu
U MUENVHU3UPYIOWMMM TIMANIbHBIMK KNneTKamu. [1s 3Toro reHa ob-
HapYKeHO MHOMKECTBO a/IbTEPHATUBHO CNIANCMPOBAHHbIX BAPUAHTOB
TPAHCKPUNTOB, KOAMPYHOLLMX pasHble n3odopmsl [8, 9].

He meHee nHTepeceH reH CEACAMG6. ITOT reH KogupyeT 6enok,
KOTOPbIV NPUHAANERKUT K CEMENCTBY KapLMHOIMOPUOHANbHbIX aHTK-
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Crohn's disease and promotes tumor progression by regulating
cell migration and endothelial invasion [10].

Relatedly, KLK14 (kallikrein-related peptidase 14), a ser-
ine protease, was identified. KLK14 is involved in keratinization
and epithelial desquamation by cleaving desmoglein 1 (DSG1).
In psoriasis, this process is vital for shedding superficial corneo-
cytes.

ATP1A1, which encodes the alpha-1 subunit of the Na*/K*
transporting ATPase, showed a 2.5-fold increase. As a member
of the P-type cation-transport ATPase family, this integral mem-
brane protein maintains the electrochemical gradients of Na* and
K* ions across the plasma membrane. These gradients are essen-
tial for osmoregulation, sodium-linked transport, and the electri-
cal excitability of nerves and muscles [11].

KLK6 (kallikrein-related peptidase 6) increased 4.15-fold.
This gene encodes a serine protease from the kallikrein subfamily
that may cleave amyloid precursor protein and alpha-synuclein.
Consequently, it is implicated in the pathogenesis of Alzheimer's
and Parkinson's diseases [12].

Equally noteworthy is KRT16 (keratin 16), which encodes a
protein within the keratin family. Keratins are intermediate fila-
ment proteins that provide structural integrity to epithelial cells
and are subdivided into cytokeratins and hair keratins. Mutations
in this gene are associated with pachyonychia congenita type |,
non-epidermolytic palmoplantar keratoderma, and unilateral pal-
moplantar verrucous nevus.

Another gene encoding a multifunctional epidermal matrix
protein is RPTN (repetin). This protein is involved in the formation
of keratinized cell membranes — including those of the epidermis
— and reversibly binds calcium.

Furthermore, PLA2G4B (phospholipase A2 group IVB) was
increased 4.73-fold. This gene encodes a member of the cytosolic
phospholipase A2 family. These enzymes hydrolyze the sn-2 bond
of phospholipids to release lysophospholipids and fatty acids.
This specific enzyme can associate with mitochondria and early
endosomes. Most tissues also express transcripts from the gene
immediately upstream; some of these variants encode fusion
proteins that combine the N-terminus and JmjC domain of the
upstream gene with nearly the entire coding region of PLA2G4B,
including its C2 and phospholipase domains [13-15].

In Group 2 (non-responders), only 6 genes were differential-
ly expressed (Table 2).

In the non-responder group, LGALS7 was downregulated
fivefold, consistent with the findings in the responder group. Ad-
ditionally, BCHE (butyrylcholinesterase) levels were reduced by
2.6-fold. This gene encodes an enzyme critical for lipid metabo-
lism and homeostasis.

The XIST (X-inactivation specific transcript) gene showed a
significant 23.8-fold reduction in expression. XIST is a noncod-
ing RNA expressed exclusively from the X-inactivation center. It
is essential for initiating and propagating X-inactivation in female
mammals, a process that ensures dosage equivalence between
males and females by transcriptionally silencing one X chromo-
some [16, 17].

Three genes were upregulated relative to the control group:

NPTX2 (neuronal pentraxin 2): Showed a 4.27-fold increase.
It encodes a synaptic protein from the neuronal pentraxin family,
which is structurally related to C-reactive protein.

MFAP (microfibril-associated protein 2): Expression in-
creased 6.37-fold. As a major antigen of elastin-associated mi-
crofibrils, MFAP is linked to the etiology of inherited connective
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Tabauya 1 [jughepeHyuansHO sKkCnpeccupyemsie 2eHsl y Table 1 Differentially expressed genes in psoriasis patients following
NayueHmMo8s ¢ 8Y1b2apHLIM NCOPUA3OM NOCAE Mepanuu successful methotrexate therapy, identified via whole-transcriptome
MEMOMPEKCAMOM C NOSIOHUMESbHbIM KAUHUYECKUM 3(hdeKmom sequencing (NGS)

No OaHHLIM NOAHOMPAHCKPUNMOMHO20 NPOGUNUPOBAHUA C NomMouwiblo NGS

YyacTByeT BO B3aMMOLENCTBUAX KNETKa- CBA3blBaHMe yrNeBogoB
KNeTKa U KNeTKa-MaTpUKC, HeobXo0aMMbIX oA

LGALS7TB 1 4.63 <0.001 6.63E-26 HOPMa/IbHOTO KOHTPONIA pOCTa

Cell-cell and cell-matrix interactions for Carbohydrate binding
growth control

MMMyHHOPEeryaaumsa u BocnasaeHue; CBA3blBaHWE CUrHANBLHOIO peLenTopa u
npuBeYeHNe MOHOLMTOB, IMMPOLNTOB, AKTUBHOCTb XeMOKUHOB
6a30¢pnn08 1 303MHOGUNOB B oYar
BOCMasieHns; MpuBieYeHne MOHOLMTOB B
apTepuanbHyio CTEHKY NPU aTepocKaepose
CCL13 12.39 <0.001 0.046
Immunoregulation; attraction of monocytes Chemokine activity; receptor binding
and lymphocytes, basophils, and eosinophils;
attraction of monocytes into the arterial wall
for atherosclerosis

Perynauua TpaHcKpunumm nytém JKcnpeccus reHos (TpaHcKpunuma) u
pemoaenmpoBaHua XpoMaTuHa; cbopka perynauma aktueuposaHHoro PAK-2p34
HyKneocom nyTém Aerpagaluu, onocpesoBaHHoOM
npoTeacomamu; cBA3blBaHME XpOMaTUHA
BRD2 4491 <0.001 1.13E-05 1 CBA3bIBaHME NU3NH-aLETUINPOBAHHOIO
rMCTOHa

Transcription regulation by chromatin Gene expression (transcription); regulation of
remodeling; nucleosome assembly PAK-2p34; chromatin and histone binding

MceBgoreH, pubocomanbHbIi NPpoTeNH

RPS28P7 {13.38 <0.001 5.94E-06
Pseudogene, ribosomal protein
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PHK-KOMMNOHEHT 3HAOPMBOHYKNeasbl,
npoueccupyoLLein MMToxoHgpuanbHyo PHK,
KOTOpas pacuiennnet MUTOXOHAPUABbHYIO
PHK B cTapTOBOM cailTe penivKauum

<0.001 MUTOXOHAPWanbHOM AHK

RMRP {7.09 0.036

Small nucleolar RNA; involved in ribosomal
RNA processing

OnocpeaytoT B3aUMOLENCTBUE KIETOYHOM
NOBEPXHOCTM BO BPeMSA Pa3BUTUA HEPBHOM
cUCTEMbI; yyacTByeT B GOPMMPOBaHMK
napaHoAa/ibHbIX aKCO-INaNbHbIX
COeAMHEHUI B MUENNHU3NPOBAHHbIX
nepudepuyeckmx HepBax 1 B nepeaade
CUTHaNI0B MEXKAy aKCOHaMM n
MWENNHUIUPYIOLLMMUN FIUANbHbIMK
KNEeTKamu

CNTN1 13.004 <0.001 1.09E-04

Mediates cell surface interactions during
nervous system development

MeKKNeToYHas aaresuns; agresvs
HEUTPOPUIOB K aKTUBMPOBAHHBIM
LMTOKMHAMM SHAOTENNANbHBIM K/IETKAM;
nporpeccupoBaHmne, MeTacTasMpoBaHua U

<0.001 MHBa3MA ONyXonu

CEACAM6  14.27 0.008

Intercellular adhesion; neutrophil adhesion;
tumor progression and metastasis

[eckBamauua anuaepmmca;
nporpeccupoBaHune onyxonu (pocT, MHBasmus

W aHrMoreHes)

KLK14 13.81 <0.001 1.18E-08
Epidermal desquamation; tumor progression

(growth, invasion, angiogenesis)

Katanusunpyet rugponms AT® B coyeTaHum
€ 06MeHOM MOHOB HaTPWA U KanuA Yyepes
naasmaTuyeckyto membpaHy; obecneumsaet
3HEPruio ANa TpaHCNopTa NUTaTeNbHbIX Be-

LLLeCTB B KNETKY

<0.001  0.015

ATP1A1 725

Catalyzes ATP hydrolysis for sodium/
potassium ion exchange; provides transport
energy

YyacTByeT B pacLuenieHmm benka-
npeaLwecTBeHHMKa amunonaa u anbda-
CUHYKNEUHA; PeryasaLma pocTa akCOHOB

noc/sie TpaBMbl CMUHHOIO MO3ra; MHBa3UA U

<0.001 5.95E-06 MeTacTa3upoBaHue onyxosm

KLK6 1415
Breakdown of amyloid precursor protein;

axonal growth regulation; tumor metastasis

Perynatop BpOXXAEHHOIO MMMYHUTETA,
obecneynBaeT nogaepKaHue KOXKHOIo
b6apbepa

KRT16 MN2.6 <0.001 0.024

Regulator of innate immunity; maintains skin
barrier integrity
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AkTtnBauua NOTCH2 v nepenaya curHana
K A4PY W PasBUTUIO HEPBHOM CUCTEMBI;
cBA3bIBaHWeE yr1eBoaoB 1 6enkos

NOTCH2 activation; carbohydrate and
protein binding

BpoXAEHHAA MMMYHHasA cucTema 1
B3aMMOAENCTBME NOBEPXHOCTM KNETOK Ha
COCYAUCTON CTEHKE

Innate immune system; vascular wall cell
surface interactions

KepatnHusauma n Tpumepusaums
KOJ/I/IareHOBOM Lenu; akTMBHOCTb
3HAONENTMAA3bl CEPUHOBOTO TUMA

Keratinization; collagen chain trimerization;
serine-type endopeptidase activity

CepaeyHas NpoBOAMMOCTb U
MHbEKLMOHHbIe 3aboneBaHus; CBA3bIBaHUE
HYKNeoTMA0B U crneunduyeckoe
cBA3blBaHWe 6e/IKOBOro JOMEHA

Cardiac conduction; nucleotide and protein
domain binding

TpumepusaL s KoNNareHOBOW Lenu u
nyTb peuenTopa BUTaMmuHa D; akTMBHOCTb
3HAONENTUAA3bl CEPUHOBOIO TMNA U
aKTMBHOCTb NenTuaasbl

Collagen chain trimerization; vitamin D
receptor pathway; peptidase activity

KepaTuHusaumsa u passBuTe HEPBHOM
CUCTEMBI; aKTUBHOCTb CTPYKTYPHOM
MOJIEKY/Ibl U CTPYKTYPHYIO COCTaB/AOLLYHO
uMTOCKeneTa

Keratinization; nervous system
development; structural cytoskeleton
component
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dopmrpoBaHue oporosesatoLLMx o6onouek

Formation of keratinized membranes

KepaTnMHM3auma U pa3BuTMe HepBHOW
CUCTEMbI; CBA3bIBAHWE MOHOB KasbLus

Keratinization; nervous system
development; calcium ion binding

leH PHK, oTHocuTCA K Knaccy aHPHK

RNA gene; belongs to the IncRNA class

PemogennposaHue pochonnnungos
membpaH

Remodeling of membrane phospholipids

BuocuHTes ruuepodochonnnm-gos
W PEMOAENIMPOBAHME aLUAbHOW Lenu
dochatnagmnsTaHoNamMmHa; CBA3bIBAHUE
MOHOB Ka/lbLiMA U aKTUBHOCTb pocdoimnasbl

Glycerophospholipid biosynthesis; calcium
ion binding; phospholipase activity

leH PHK, oTHocuTCcA K Knaccy gHPHK

RNA gene; belongs to the IncRNA class
leH PHK, oTHocuTcA K knaccy gHPHK

RPTN 13.93 <0.001 5.94E-06
BAALC-AS2 13.33 <0.001 0.006
PLA2G4AB  14.73 <0.001 2.6E-09
LINCO1181 4.07 <0.001  0.005
MIR2117HG 1°8.055 <0.001  0.046

RNA gene; belongs to the IncRNA class

reHos (CEA), uneHamu KOTOPOro ABAAIOTCA MMKo3uUAdocdaTuanaMHo-
3uTon (GPI) — 3asAKOpEHHbIe Ha KNETOYHOM NOBEPXHOCTU. Y1eHbl 3TOro
CemMeiCTBa UrpatoT posb B KAETOYHOM aAre3nu 1 WUPOKO UCMONb3Y-
IOTCA B KQ4eCTBE ONyX0/1eBbIX MapKEPOB NPU ANArHOCTUKE OHKONOTU-
yeckmx 3abonesaHuii. Kpome Toro, 6€10K, KOAUPYEMBIN STUM FEHOM,
[encTByeT Kak peuentop agresum E. coli K noBepxHOCT anuTenunanb-
HbIX KNETOK MOAB3A0LIHON KULLKKM Y NauueHToB ¢ 6onesHbio KpoHa.
CEACAMG6 ABnAeTCA IIMKONPOTEMHOM KNETOYHOM NMOBEPXHOCTY, KOTO-
pbIi UrpaeT ponb B NPOrpeccpoBaHNM M METaCcTasvpOBaHUM ONyXonu
NYTEM MONOMKWUTENBHON PEryNALMN MUTPaALIMK KNETOK, UX aaresnn K
SHAOTENMANBbHBIM KNETKaM W MocneaytoLLeit nHeasum [10].

Cxoxuii no csoeit dpyHKumm ¢ CEACAMG6 6enok KLK14 (kannm-
KpeunHpoacTBeHHas nentugasa 14) kogupyeT 6enok nogcemeictsa
Ka/IMKPENHOBbIX CEPUHOBbIX NPOTEas, KOTOPble BbINOIHAIT Pa3Ho-
obpasHble dusmonornyeckne GYHKLMM, TakMe Kak perynaums apre-
pyanbHOro AasaeHna u Aecksamauma snutenua. Cpeam ceBA3aHHbIX C
HUM MyTell OTMEYAIOTCA KePaTUHU3ALMA U TPUMEPU3aLIMA KONNareHo-
BOM Lienu. OH TaK:Ke y4acTBYeT B HECKO/IbKMX acneKTax Nporpeccmpo-
BaHWA ONYX0/IW, TAKMX KaK POCT, UHBA3MA U aHTMoreHes. B oTHoweHun
naTtoreHesa ncopvasa HaubonblWKMIA MHTEPEeC NpeacTaBAfseT Apyras
ero ¢yHKLMA — NOCpesCcTBOM pacluenneHns gecmornenHa DSG1 be-
nok KLK14 otseyvaeT 3a AecKkBamaLMio anugepmuca — npowecc, npu
KOTOPOM Haubonee NMOBEPXHOCTHblE KOPHEOLMTbI YAANAKTCA € Mo-
BEPXHOCTUN KOXM.

ATP1A1l — cybbeguHuua anbda-1, TpaHcnopTupyowas ATda-
3y Na*/K*, ero yposeHb MmosblilieH B 2,5 pa3a. benok, Koampyembiit
ATP1Al1, NpUHAZ/EXUT K CEMENCTBY KaTMOH-TPAHCNOPTHbIX ATda3
P-tuna u noacemeitrctey Na*/K*-ATdas. Na*/K*-ATdasa npeacrasnsaer
€060 UHTerpanbHblt MeMOPaHHLIN 6e10K, OTBETCTBEHHDIN 3a CO34a-
HWe ¥ NoAAepKaHNe 3NeKTPOXMMMUYECKUX rpagneHToB noHoB Na* u
K* yepes nnasmatuueckyto membpaHy. 3TM rpagueHTbl HeobXxoanMbl
ONA OCMOpPErynaLmm, CBA3aHHOIO C HAaTPUeM TPAHCMOPTa Pa3/INYHbIX
OpraHMYecKnx U HeOPraHNYECKUX MONEKYA, a TaKKe AN1A dNeKTpuye-
CKOWi BO36YAMMOCTM HepBOB M MblwwL, [11].

KLK6 (yBenunueH B 4,15 pas) — KaNIMKPEUHPOACTBEHHAA NenTh-
[a3a 6 — reH, Kogupyowwmii 6enoK 13 NoACeEMENCTBA KaNIMKPEUHOB
cemeicTBa cepuHOBbIX NpoTeas nentuaassl S1. Koampyemasn npote-
333 MOXeT y4yaCTBOBaTb B pacluenneHun GenKka-npeaecTBeHHUKa
amunonaa u anbda-cMHyKNENHA, TEM CaMblM, BOB/IEKasA 3Ty NpoTeasy

tissue disorders and plays a key role in elastic fiber formation and
extracellular matrix organization.

DEFB1 (defensin beta 1): Expression was 8.43-fold higher.
This gene encodes an antimicrobial peptide that contributes to the
resistance of epithelial surfaces against microbial colonization.

Analysis of the expanded dataset identified six DEGs, as
summarized in Table 3. In the Log2 Fold Change column, a pos-
itive value indicates higher expression in Group 1 (responders),
while a negative value indicates higher expression in Group
2 (non-responders).

In the group where MTX treatment failed, two genes
showed the most significant differential expression. One was
DEFB1, as described above. The other was CSDE1, which encodes
cold shock domain-containing E1, a member of the RNA-binding
protein family. CSDE1 plays a key role in translational reprogram-
ming, a process that determines the fate of specific RNAs. It reg-
ulates translation by both stimulating and suppressing mRNA,
while also altering transcript abundance. Furthermore, RNA-bind-
ing proteins are critical modulators of oncogenic transformation,
malignancy, and therapy resistance.

DISCUSSION

Our genetic study revealed specific patterns associated with
the development of chronic inflammatory diseases. All samples
studied showed reduced levels of galectins (LGALS7B and LGALS7),
which are pro-apoptotic proteins that regulate cell growth. In situ
hybridization studies have shown that these proteins are specifical-
ly expressed in keratinocytes, primarily within the stratified squa-
mous epithelium. The reduced expression of these proteins likely
explains the disrupted intercellular interactions and impaired cell
growth observed in psoriasis patients [18, 19].

In the group with a positive clinical response, we observed
lower expression of the chemotactic factor CCL13. This factor
recruits pro-inflammatory components of cellular immunity to
damaged tissues and facilitates monocyte migration to the arteri-
al wall, a key factor in atherosclerosis. Notably, the inflammatory
process during atherogenesis directly correlates with skin inflam-
mation [20].
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B pa3suTue 6onesHu Anburerimepa U MapKUHCOHA COOTBETCTBEHHO
[12].

He meHee nHTepeceH KRT16 — KepaTuH 16, Kogupytowwmii 6enok
13 ceMelCTBa KepaTUHOB. KepaTuHbl NpeacTasAoT coboit 6enkm npo-
MEKYTOUHbIX GUNAMEHTOB, OTBETCTBEHHbIX 33 CTPYKTYPHYHO LeNOoCT-
HOCTb 3NWUTENNA/bHBIX KNETOK, U NOAPA3AENAIOTCA Ha LIUTOKepaTUHbI
W KepaTuHbl Bonoc. MyTaLMm B 3TOM reHe CBA3aHbl C BPOXKAEHHOM Na-
XVOHUXMeN | TMna, HeaNUAEPMONUTUYECKON NaA0HHO-MOAOLBEHHON
KepaTogepmuelt U OAHOCTOPOHHUM NIa0HHO-NOAOLWBEHHBIM BOpO-
[aByaTbiM HEBYCOM.

EWweé oaMH reH, Koaupyrowmiti MHOrOGYHKLMOHaNbHbIN 6enoK
anuaepmanbHoro matpukca — RPTN (peneTuH). 3ToT 6e10K yyacTyeT
8 pOopMMPOBaHMM OPOrOBEBAIOLLMX KNETOUHBIX 060/I04EK, K KOTOPbIM
OTHOCWTCA U ANUAEPMUC, A TaKKe 06PATUMO CBA3LIBAET KabLU.

Tabnuya 2 [jugepeHyuarnsHo IKCNPeccupyemble 2eHol y

nayueHmos C 8ys16eapHbIM NCOPUA30M NOCsIe mepanuu MmemompeKkcamom

6e3 docmueHymo20 KAUHU4EeCKo20 3ghheKkma no OaHHbIM
NOAIHOMPAHCKPUNMOMHO20 NPOPUALPOBAHUS ¢ nomowjblo NGS

®DYHKLUMA reHa
Gene function

y‘-IaCTByeT BO B3aMMO,C|,el7ICTBMHX KNeTKa-

Conversely, factors responsible for cellular adhesion (CEA-
CAM6 and KLK14), nutrient acquisition (ATP1A1l), innate im-
munity (KRT16), and epidermal barrier formation (RPTN) were
increased in the responder group. CEACAM6 promotes neutro-
phil adhesion to cytokine-activated endothelial cells, exerting a
pro-inflammatory effect [21], while KLK14 is responsible for epi-
dermal desquamation, which counteracts hyperkeratosis [22].

KRT16, which encodes keratin 16, is also significant. As a
type | keratin specific to the epidermis, it regulates innate immu-
nity in response to skin damage and maintains the skin barrier
[23-25].

In the non-responder group, BCHE (encoding butyrylcholin-
esterase) showed low expression levels. Since this enzyme is in-
volved in the metabolism of various drugs and the detoxification

Table 2 Differentially expressed genes (DEGs) in patients
with psoriasis vulgaris after unsuccessful MTX therapy,
identified via next-generation sequencing (NGS)

ACCOLMUPOBAHHbIE CUTHA/IbHbIE NYTU
(cornacHo aHHoTauuu Gene Ontology)
Signaling pathways
(Gene Ontology)
CBA3blBaHMeE YINEeBOAO0B

KNEeTKa N KNeTKa-MaTpPUKC, H806X0,CI,MMI>IX
ANA HOPMANbHOIO KOHTPOAA POCTa

Participates in cell-cell and cell-matrix

Carbohydrate binding

interactions necessary for normal growth
control

Participates in detoxification,
acetylcholine inactivation, and
decomposition of neurotoxic

YyacTByeT B AETOKCMKALMK AA0B,
MHaKTUBaLMA aLETUNXONNHA,
MOJKET pasnaratb HEMPOTOKCUYHbIE
dochopopraHmyeckme adupbl

Mpenapat ADME (abcopbuus,
pacnpeaeneHve, metabonnsm 1 BbiBegeHue)
1 nepegaya Yepes XMMUYECKME CUHANChI;
WAEHTUYHOE CBA3bIBAaHWE 6eKa U
AKTUBHOCTb MAP0/a3bI

ADME (drug metabolism) and chemical
synapse transmission; protein binding;
hydrolase activity

organophosphorus esters

WHWLMauma u pacnpocTpaHeHue

X-UHaKTMBaLUm

Initiation and propagation of
X-inactivation

O6pa3oBaHuMe BO36OYKAAIOLMX CUHAMCOB;

CBA3blBaHNe yrnesoaos

MmoandUKaLma KNETOUYHbIX CBOICTB,
NIeXKallmX B OCHOBE A0/ITOCPOYHOW
NAACTUYHOCTU

Formation of excitatory synapses;

Carbohydrate binding

modification of cellular properties in
long-term plasticity

Component of elastin-associated
microfibrils

Umsa reHa Log2
Fold p FDR
Gene name
Change
LGALS7 {1 5.03 <0.001 1.29E-19
BCHE 2.6 <0.001 0.047
XIST {123.83 <0.001 0.01
NPTX2 MN4.27  <0.001 0.04
MFAP2 1™6.37  <0.001 0.047
DEFB1 18.43 <0.001 7.25E-18

Bactericidal activity
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KOMMNOHEHT 3/1aCTUH-acCoOLMMPOBAHHbIX
MUKpPOOUGPUIN

BaKTepuuMAHaA aKTUBHOCTb

O6pa3oBaHMe 31aCTUYHbIX BONIOKOH U
OpraH13aLmsa BHEKNIETOYHOTO MaTPUKCa;
cBA3bIBaHWE GUOPOHEKTMHA U dUbpUHOreHa

Elastic fiber formation and extracellular
matrix organization; fibronectin and
fibrinogen binding
BpokAEHHaa MMMyHHaA cuctema

Innate immune system
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PLA2G4B — docdonunasza A2 rpynnsi [VB, 6bin nosbiweH B 4,73
pasa. 3TOT reH KOAUPYET YeH cemeicTBa BENKOB LMTO30/1bHOW doc-
donunasel A2. depmeHTbl docdonunasbl A2 ruapPOAU3YHOT CBA3b
sn-2 dochonmnupos, BbicBOOOKAAA NM30dOCHOMNUALI U KUPHbIE
KMUCNOTbI. 3TOT GEPMEHT MOXKET BbITb CBA3AH C MUTOXOHAPUAMMU U
PaHHUMM 3HAOCOMaMK. BONBLIMHCTBO TKaHEN TaKke sKcnpeccupyeT
TPaAHCKPUNTbI CYUTBIBAHWA U3 BbILLECTOALLEIO reHa B 3TOT FeH, HEKOTO-
pble U3 KOTOPbIX MOTYT KOAMPOBaTb CUTble BeNKKM, 0bbeanHAWMe
N-KOHeL, BbILLeCTOALLEro reHa, BKA4as ero gomeH JmjC, ¢ noutv non-
HOW Koampytowel 06nacTbto 3TOro reHa, BkAtoYas C2 u C2, LoMeHbI
uuTonnasmaTmyeckoi pocponmnasel A2 [13-15].

B rpynne 2, rae addeKT oT neyeHus JOCTUMHYT He Obis, BbifB-
NeHo nWb 6 anddpepeHLManbHO IKCNPECCMPYEeMbIX reHoB (Taban. 2).

LGALS7 6bin CHUKEH B 5 pas, TaK:Ke, KaK v B rpynne ¢ 4OCTUTrHY-
TbIM KNMHWUYECKUM 3ddeKTom. [ToMUmo Hero, Ha bonee HU3KOM ypoB-
He 6enok BCHE (6yTvpuaxonnHacTepasa) — 6bin cHUXEH B 2,6 pas.
ITOT reH KoaMpyeT 6YTUPUNXONNHICTEPA3Y — GEPMEHT, Y4aCTBYHOLLMIA
B MeTabo/IM3me 1 NOAAEPKaHUM FOMeoCTasa MNUL0B.

XIST — cneumdurueckunii TpaHCKPUNT MHBAKTUBALMM X, NpeacTaB-
naet coboit cnnaicmpoBaHHyto PHK. 3ToT reH akcnpeccupyerca Tonb-
KO M3 LIeHTPa MHaKTMBALMK X, PacrioNoKeHHOM Ha X-Xpomocome, U
HeobXoaMM ANA WMHWLMALMWM M PacnpocTpaHeHWs X-WMHaKTUBaLMK
— paHHero NpoLecca PasBUTUA Y CAMOK M/IEKOMUTAIOLLMX, KOTOPbIi
NPVBOAMT K TPAHCKPUNLMOHHOMY MONHAHMIO OAHOM M3 Napbl X-xpo-
MocoMm, obecrneunsas, TEM CambiM, SKBUBAIEHTHOCTb ,03 MEXAY CaM-
LUammn 1 camkamu [16, 17]. TeH XIST xapaKTepu30BaicA CHUMKEHHOM
aKcnpeccuelt B 23,8 pas.

Tpu reHa OKasa/nnCb MO YPOBHIO Bbille, YeM B KOHTPO/IbHOM
rpynne:

NPTX2 (HelpoHanbHbIA NEHTPAKCUH 2, MoBbiweH B 4,27 pas)
— KoZMpyeT 6enok 13 cemeicTBa HEMPOHaNbHbIX NETPAKCUHOB — CU-
HanNTUYecknx 6eKOoB, POACTBEHHBIX C-pEAKTUBHOMY BENKY.

MFAP — MUKpOodUbPUANAPHO-aCCOLMMPOBAHHbIN 6enok 2 fAe-
NAETCA OCHOBHbIM aHTUTEHOM 3/1aCTUH-aCCOLMMPOBAHHbIX MUKPODU-
6pWUNN M KAHAMAATOM HA y4acTUe B STUONOMMM HACNeACTBEHHbIX 3a60-
NeBaHWI coeiMHUTENbHOW TKaHW. Ero akcnpeccus bbina nosbilleHa B
6,37 pa3. Cpeay CBA3aHHbIX C HUM NyTel Haubonee BaXKHbIMU ABNA-
toTCA 06pa30BaHME 3NACTUYHBIX BONOKOH M OPraHM3aLya BHEKNETOY-
HOro MaTpuKca.

DEFB1 - pgedeHsuH beTa 1, akcnpeccuposanca yalle B 8,43 pasa.
ITOT reH KoamMpyeT aHTUMUKPOBHbIM NenTug, y4acTByHOWMI B YCTOW-
UMBOCTU 3MUTENINANBHBIX NOBEPXHOCTEN K MUKPOOHOM KONOHM3aLIMK.

Mpu nccneaoBaHUK paclMpeHHoM BbIBOpPKK Bblno onpeaene-
HO 6 AnddepeHLManbHO IKCNPECCUpyeMbIX FreHOB, MPeACTaBAeHHbIX
B Tabn. 3. MonoxutenbHoe 3HauyeHne B ctonbue Log2 Fold Change
roBOPUT O TOM, YTO ONPeAEeNEHHbIN reH yalle BCTPeYanca B rpynne
1 (naumeHTbl, JOCTUrLME OTBET Ha Tepanuio), a oTpuLATENbHOE — B
rpynne 2.

B rpynne, rae abdeKT OT 1e4eHns METOTPEKCATOM AOCTUTHYT He
Obin, BbIABNEHO 2 Hanbonee YacTo Kcnpeccupyembix reHa. OauH v3
Hux — DEFB1- onucaH Bbiwe. Momumo Hero — CSDE1, Kogupytowwmii
[OMEH XON040BOrO LUOKa, cogeprKamin E1 u3 rpynnbl PHK-cBA3biBa-
towmx 6enkoB. CSDEL nrpaet KNYeBYO PO/b B TPAHCASLMOHHOM pe-
NporpammMm1poBaHnK, KOTopoe onpenenset cyabby pasa PHK B xoze
6ronornyeckux npoueccoB. OH He TONbKO CTUMYAMUPYET U NofaBnseT
TpaHcaaumio PHK, Ho Take u3meHsaeT ux Koamyectso. Kpome 3atoro,
PHK-cBA3bIBatoLL e BenKM ABAAIOTCA BaXKHbIMM MOAYNATOPAMU OHKO-
reHHOM TpaHCPOPMaLIMM KNETOK, MAaNUTHM3ALIMK U PE3UCTEHTHOCTY K
Tepanuu.

of toxins, its reduced activity in patients with psoriasis may con-
tribute to reduced effectiveness of MTX therapy [26, 27].

Three other genes were upregulated in this group. NPTX2,
a neuronal synaptic protein, modulates cellular plasticity. This
ability to adapt to biochemical signals in the microenvironment
may allow cells to develop resistance to therapeutic agents and
evade the immune system [28]. Additionally, MFAP2, a compo-
nent of elastin-associated microfibrils, was increased, which may
contribute to dermal fiber disorganization in psoriasis [29]. Final-
ly, DEFB1 (defensin beta 1) was elevated, suggesting increased
neutrophil activity and alterations in the skin's chemical barrier
[30].

In the expanded sample, CSDE1 was identified as an addi-
tional gene with increased expression in non-responders. The
RNA-binding protein CSDE1 is involved in cell cycle, apoptosis,
and differentiation [31]. While often linked to melanoma metas-
tasis and drug resistance [32], its increased expression in psoria-
sis likely indicates impaired keratinocyte differentiation.

The differences in DEGs between responders and non-re-
sponders are summarized in Table 4.

Key signaling pathways enriched among transcripts with al-
tered expression in patients unresponsive to MTX therapy include
“CD4+ T-cell proliferation”, “keratinization”, and “programmed
cell death”. These findings suggest that immunopathological re-
sponses are involved not only in disease progression but also in
the development of drug resistance.

CONCLUSION

In summary, an individual's transcriptomic profile can re-
veal key molecular factors that contribute to the development
of severe psoriasis and to resistance to disease-modifying anti-
rheumatic drugs, such as MTX. These findings demonstrate that
transcriptome profiling may facilitate the development of per-
sonalized therapeutic strategies for patients with severe, treat-
ment-resistant psoriasis.
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Table 3 DEGs in patients with psoriasis vulgaris after MTX therapy,
stratified by therapeutic efficacy (NGS)

Tabnauya 3 [luhhepeHyuassHO SKChpeccupyemsle 2eHsl y NayueHmos

C 8y/162aPHbLIM NCOPUA3OM NOC/IE MEPANUU MEMOMPEKCAMOM 8
3geucuMoCcMuU om aghghekmusHOCMU Mepanuu MemompexKcamom no
OaHHbIM NOAHOMPAHCKPUNMOMHO20 NPOGUAUPOBAHUA € nomowibro NGS.

DyYHKLUMA reHa

FOR Gene function

SSR2

1.167 0.004 0.005 Benkun TRAP sBNAOTCA YacTbio KoMMieKca, yHKUUA
KOTOPOTO 3aK/1t04aeTCA B CBA3bIBAaHUM KaNbLMA C
MeMbpaHOoM 3HA0NNA3MATUYECKOM PETUKYYME

(3P) n, Taknm obpasom, perynMpoBaHum

yAepXKaHua pe3naeHTHbIx 6enkos P

Part of the TRAP complex; binds calcium to the ER
membrane to regulate protein retention

POLR2L 1.251 0.011 0.006 [OHK-3aBucmas PHK-noanmepasa katannsupyert
TpaHckpunuuio AHK B PHK, ncnonbsys uetbipe
puboHykneosunaTpudocdata B Kauectse
cybcTpaToB; 06wwmii KomnoHeHT PHK-noanmepas |,
11 1 lll, KoTOpble CMHTE3UPYIOT NPEALLIECTBEHHUKN
pubocomHon PHK, npeglectBeHHUKN MPHK n
MHOTMX GYHKLMOHANbHbIX HeKoaupytowmx PHK,
a Takxke manbix PHK, Takux kak 5S pPHK 1 TPHK

COOTBETCTBEHHO

Common component of RNA polymerases |, I, and
IIl; synthesize rRNA, mRNA, and tRNA precursors

CSDE1 -0.983 0.043 0.006 PHK-cBA3bIBatowWmMii 60K, y4acTBYHOLLUNA
B TPAHCNALMOHHO COnpAXKeHHOM obopoTe
MPHK; BoBneuyéH emecte ¢ gpyrumm PHK-
CBA3bIBaOWMMM BeNKammn BO B3aMMogencTeme
LUMTONIa3MaTUYECKOW AeadeHunaumm/TpaHcaaumm
n pacnaga mPHK FOS, onocpeposaHHOe AOMEHOM
rNaBHOM AETePMUHAHTbI HECTaBUABHOCTU
Koaupytolei obnactn (mCRD); Heobxoamm
ona apdpeKkTMBHOro GopmMpPOBaHUA CTPECCOBbLIX
rpaHyn; (MMKpobHas uHpekuus) Heobxogmm
ONA BHYTPEHHeN MHMuMaumum TpaHcenaumm PHK

pUHOBMpPYCa YenoBeka

RNA-binding protein involved in translationally
coupled mRNA turnover and stress granule
formation

RPL9 1.256 0.045 0.04 KomnoHeHT 60/1bwoi cybbeanHuLbl pubocombl

Component of the large (60S) ribosomal subunit

AccounmnpoBaHHbIe CUTHaNbHbIE
nyTu (cornacHo aHHoTauumu Gene
Ontology)

Signaling Pathways (Gene
Ontology)

MeTtabonmsm 6enkos
SRP-3aBucmmoe
KOTPaHCNALMOHHOE HauenmBaHme
6enkoB Ha membpaHy

Protein metabolism; SRP-
dependent cotranslational protein
targeting
Metabonmam ATO/UTD
MNospexxkaerHne AHK reHoB
Brcal n Brca2 B penapauumn
[OHK; TpaHckpunuma: aMraHa-
3aBMCUMMaA TPAHCKPMNLMA reHoB-
MULLEHEN PETUHONAOB; COOPKa
MHUUMMpyoLwero komnaexkca PHK-
nonnmepasbil ll;
TpaHckpunuma mPHK

Common component of RNA
polymerases |, Il, and IlI;
synthesize rRNA, mRNA, and tRNA
precursors
MNMoarsepXAéHHbIE Lenn
TPAHCKPUNUMOHHOM penpeccuu
C-MYC

C-MYC transcriptional repression
targets

TpaHcnAunMoHHaA TouHocTb CFTR
(myTaumm knacca |)

Translational fidelity (e.g., CFTR
mutations)

OBCYXAEHUE

MNpoBeAéHHOE reHeTUYeCKoe UCCNEA0BaHUE BbISBUAO HEKOTO-
pble 3aKOHOMEPHOCTW MPU PasBUTUM XPOHUYECKMX BOCMANUTENBHbIX
3abonesaHunin. Bo Bcex nccnesyembix obpasuax bbln CHUXKEH YPOBEHD
ranektnHoB (LGALS7B v LGALS7) — npoanonTtoTuyeckmx 6esKos, oT-
BEYAIOLLMX 33 HOPMaJIbHbIN KOHTPO/Ib POCTa KIEeToK. MccnenosaHus
aKcnpeccumn 1 paboTbl Ha OCHOBE MBPUAN3aLMM in Situ NOKA3bIBALOT,
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4TO 3TN GENKM cneumPUUEcKn 3KCMPECCUPYHOTCA B KepaTMHOLMTAX
1 0B6HAPYKMBAIOTCA, MMaBHbIM 06Pa3oM, B MHOTOCNIOMHOM NIOCKOM
anuTenun. CHUKEHHas 3KCIpeccus faHHbIX 6e/IKOB KaK pa3 06bACHs-
€T HapyLUeHUEe MEXKKIETOUHbIX B3aMOLENCTBUIA U HapyLUEHNe HOp-
Ma/IbHOTO KNETOYHOIO pocTa y 60nbHbIX Ncoprasom [18, 19].

B rpynne ¢ NONOXMTENbHbIM KAMHWYECKMM OTBETOM Habato-
[anacb MeHbLIAs 3KCMpeccus XemoTakcuyeckoro ¢aktopa CCL13,
npuBneKatoLwero NnpoBocnannTe/ibHble KOMNOHEHTbI KN€TOYHOIo M-
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RPS15A 1.376 0.046 0.045

KomnoHeHT manoi cybbeanHuLbl pubocombl; 4acTb
npoueccoma manoi cybbegnHuusl (SSU), nepsoro

TpaHchaunoHHasa TouHocTb CFTR
(myTaummu knacca l)

npefLWwecTBEHHMKA Maioi 3yKapuMoTUYECKO
pnboCcomHON cybbegnHNULLbI;

B npouecce cbopkn npoueccoma SSU B aapbiwKe
MHorue dpakTopbl bBroreHesa pubocombl, pHK-
LanepoH U pubocomHble 6e/Ku CBA3LIBAOTCA C
CUHTE3npyemolii npe-pPHK 1 B3aumogeincTsyioT,
obecneunsas donauHr, moguduKaLmu,
nepecTpoMKM U paclLenieHne pHK, a Takxke
LeneHanpasieHHyo gerpagauumio npe-
punbocomHon PHK PHK-ak3ocomoit; Heobxogum gnn
HOPMaNbHOro 3PUTPONO33a

Component of the small (40S) ribosomal subunit
and SSU processome; essential for erythropoiesis

DEFB1 -1.168 0.008 0.043

Bactericidal activity; antimicrobial peptide of the
innate immune system

MyHUTETa B NOBPEXAEHHDIE TKAHW, 3 TAKXKE Y4YaCTBYIOLLErO B PEKPYTU-
POBaHMM MOHOLMTOB B CTEHKY apTepuit, ABAAACH OAHUM U3 GaKTOpOB
pa3BMTMA aTepOoCKaepo3a. M3BECTHO, YTO BOCMANWUTENbHbIV MPOLLEece
npv ateporeHese HanpAMyl0 KOPPENUPYeT C aKTUBHOCTbIO BOCMase-
HUA B Koxke [20].

MpvmeyaTenbHO, YTO GAKTOPbl, OTBETCTBEHHbIE 33 KIETOUHYIO
aaresunio (CEACAMG6 u KLK14), npusneyeHne nuTaTenbHbIX BELLECTB
(ATP1A1), perynaumio BPOXAEHHOTO MMMYHUTETA B NOBPEKAEHHDBIX
TKaHAx (KRT16) u popmmposaHme annaepmansHoro 6apbepa (RPTN)
— HanpoTuB, 6blIM NOBbILIEHbI B rPyNne NaLueHToB, AOCTUILLIMX MO-
NOXuUTeNbHOro oteeta Ha neyerue. lfeH CEACAMG urpaeT ponb B aa-
re3un HeuTpPodUI0B K IHAOTENNANBbHBIM KNETKaM, aKTUBUPOBAHHbIM
LMTOKMHaMK, OKa3blBasa MpoBOCManuTenbHoe aeictsne [21], B TO
Bpema Kak KLK14 oTBevaeT 33 feCKBamaLmio 3NMAEPMUCA, YTO Mbl U
Habntogaem B pesynsTaTe rMnepkepaTtosa [22].

leH KRT16, KoampytoLLmii 6eNOK KepaTWH, TakKe NpeacTaBnseT
MHTEpEeC B KOHTEKCTe naToreHesa ncopuasa. [na snuaepmumca cneum-
druecknm aBnAeTCA KepaTuH | TMMa, KOTOPbIN UTPaeT KNKYEBYIO PONb
B Koe. OH [eNCTBYeT, KaK perynatop BPOXAEHHOTO MMMYHUTETa B
OTBET Ha MOBPENAEHNE KOKHOIO MOKPOBA, PEryavpysa pag Kputude-
CKMX MPOLLECCOB NpW BOCMaNeHUM, HeOBXoAUMbIX 419 NOAAEPKAHMA
KOXKHOro bapbepa [23-25].

B rpynne, rae Kenaemblit KAMHUYECKUA 3QdEKT JOCTUTHYT He
6bl/1, OZLHMM W3 TeHOB C HU3KOW 3Kcnpeccueit 6bi1 BCHE, koampytowwmii
bepmeHT ByTUpUXONMHICTEPa3y. ITOT GEPMEHT Y4aCTBYET B ETOK-
CYKaummn AfoB, BKAtoYaa GocdopopraHnyeckne HepBHOMapaanTHUYe-
CKMe areHTbl U NeCTULMAbI, 3 TaKKe B MeTabonnsme HEKOTOPbIX Hap-
KOTUYECKMX U IEKaPCTBEHHDBIX MPenapaTos. Hu3Kas akTMBHOCTb 3TOrO
bepmeHTa y NaLMeHTOB C NCOPUA3OM MOKET OOBACHATb UMETb OTHO-
LUEeHMe K HU3KoM 3ddEKTUBHOCTH Tepanmmn meToTpekcatom [26, 27].

MoBbllWEHHaA 3Kecnpeccus bbina BbisBneHa y 3 reHoB. OAMH K3
HUX — NPTX2 — HeiipoHanbHbI CUHANTUYECKUI BEN0K NEHTPAKCKH 2,
HeobxoauMbli g1 GOPMMPOBAHNA KOMMNOHEHTOB HEPBHOW CUCTEMbI.
Kpome TOro, oH 1rpaeT posib B MoAMdUKaLIMM CBOMCTB KNETOK, eXa-
LMX B OCHOBE A0/NTOCPOYHOM NAACTUYHOCTU — UX CMOCOBHOCTY pea-
TMPOBaTb Ha COCTOAHME CBOErO MMKPOOKPYKEHWA U BUoXMMUYecKue
CUTHanbl, U3MEHATLCA B OTBET Ha HUX, 4TO NO3BOAAET UM NpuobpeTaTb
YCTOMUMBOCTb K TepaneBTUYECKUM CPEACTBaM M YCKO/Mb3aTb OT UM-

BaKTepuLMAHanA aKTUBHOCTb; MOMOKUTENbHO
peryanpyer NoABWU»KHOCTb CNepMaTo30Ma08B

Translational fidelity (e.g., CFTR
mutations)

[edeHcuHbI 1 BpOoXKAEHHaA
MMMYHHas cuctema

Defensins; innate immune
response

MYHHOM CUCTeMbl opraHuama [28]. Mpwu ncopmase AaHHOE CBOMCTBO
MOXKET ABAATHCA NPUUYUHON Pa3BUTUA NEPBUYHON PE3UCTEHTHOCTU K
metoTpekcaTy. MFAP2 — KOMNOHEHT 31aCTUH-aCcCoLMMPOBAHHBIX MU-
Kpodunbpuan. Cpesm cBA3aHHBIX C HUM NyTel Haubonee BaXKHbIMM AB-
nATcA 0bpa3oBaHMe 31aCTUYHbBIX BOJIOKOH U OpraHM3aLma BHEK/e-
TOYHOTO MAaTPUKCa. MOBbIWEHHAA IKCNPECCUA AAaHHOTO BenKka MOKeT
TaKKe ABNATLCA NPUYMHON Ae30praHM3aLMmn BOIOKOH AepMbl y 60b-
HbIX ncopurasom [29]. DEFB1, Kogupytowmit aHTUMMKPOOHBIA NenTug,
AedeHsnH 6eTa 1, akTMBMPYEMbI HEWTPOPMAAMM, NOMUMO baKTepu-
LMAHOMN aKTUBHOCTHM, UrPAeT HEMAJI0BaXKHYIO Po/ib B GOPMMPOBAHUK
XMMMYECKOTo KoXHoro 6apbepa. Mpu ncopuase ero GyHKLMOHMpOBa-
HUe MOXKeT BbITb CBA3aHO Kak C U3MEHEHUAMM B XMMUYECKOM COCTaBe
KOMMU, TaK U C NOBbILWEHHOW aKTUBHOCTbIO HelTpodunos [30].

B paclumpeHHol BbIGOpKe Obln1 BbIABIEH JOMONHUTENbHBIV e
C YBENWYEHHOW 3Kcnpeccuei B rpynne NauueHToB, HE AOCTUTLLIMX
KAnHudyeckoro oteeTa. Mm asnaetca CSDEL m3 rpynnbl PHK-cBA3bIBa-
toLmx 6enKoB. LaHHbIN 6eN0K UrpaeT BasKHYHO POJIb B LUMPOKOM CreK-
Tpe 6MONOTNYECKUX NPOLLECCOB, BK/KOYAA KNETOUHBIN LKA, anonTo3
n anoddepeHumposky [31]. CSDE1 HepeZKO paccMaTpuBaEeTCA Kak
BaKHbIM (aKTOp, CNOCOBCTBYIOWMIN MHBA3UU U METACTa3MPOBAHUIO
ME/IAaHOMbI, @ TaKKe GOPMUPOBAHMIO SIEKAPCTBEHHOW YCTOMUMBOCTM
[32]. OgHako, npu ncopuase ero NoBbIlWEHHAA IKCMPECCUA MOXKET
ABNATLCA CBUAETENbCTBOM HapyLUeHUA NpoLeccoB nponndepaLmm 1
AnddepeHLMPOBKM KEPATUHOLMTOB.

Pasnnumna guddepeHumanbHo sKCnpeccMpyemMbix reHoB y nauu-
€HTOB C NMONOXUTE/IbHBIM OTBETOM Ha TEpPaNuI0 MeToTpeKcaTom 1 6e3
oTBETa NpefcTaBneHbl B Tabn. 4.

KntoYeBbIMU CUTHANIbHBIMM MYTAMM, HACbILLEHHBIMM TPAHCKPU-
TamMu C M3MeHEHHOW 3Kcnpeccueit y 60/bHbIX 6e3 oTBETa Ha Tepanuto
MeToTpeKkcaTom aBastoTca «CD4+ T-kneToyHasa nponndepauma», «Ke-
paTUHKU3aLMaA» U «[IporpammmMpoBaHHas KNETOUHas rmbenby, 4To CBU-
[LeTeNnbCTBYET O BOB/IEYEHHOCTU UMMYHOMATONIOTMYECKUX PeaKLmii He
TONbKO B MporpeccvposaHve 3aboneBaHusA, HO M Pas3BUTUE JeKap-
CTBEHHOM YCTOMYNBOCTM.
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Tabauya 4 Paznuyus dudgepeHyUanbHO IKCNPECCUpyemblx 2eHO8 y Table 4 Comparison of differentially expressed genes (DEGS)
nNayueHmMos ¢ 8ys1b2apHbIM NCOPUA30M 8 3a8UCUMOCMU OM 3 hekmusHoCMU in psoriasis patients based on MTX treatment
mepanuu MemompeKcamom no OaHHLIM NOTHOMPAHCKPUNMOMHO20 response (NGS analysis)

npogunupPo8aHus ¢ nomoujblo NGS

lpynna 1 lpynna 2
Group 1: Responders Group 2: Non-responders
Umsa reHa Log2 Log2
g DYHKUMA reHa Nmsa reHa g ®DYHKUMA reHa
Gene Fold . Fold .
Gene function Gene hame Gene function
name Change Change
LGALS7 1 6.91 YuactByer BO B3aMMOAENCTBUAX KNETKA- LGALS7 {5.03 YyacTByeT BO B3aMMOLENCTBUAX KNETKa-
KNETKa U KNeTKa-MaTpUKC, He0BXoaANMbIX KNETKa U KNeTKa-MaTpUKC, He0bXoaUMbIX ANA
L1191 HOPMANbHOTO KOHTPOAA pocTa HOPMa/IbHOrO KOHTPOAA POCTA
Cell-cell/matrix interactions; growth Cell-cell/matrix interactions; growth control
control
CCL13 42.39 MmmyHHOperynauua n socnaneHue; BCHE 12.60 YyacTByeT B AETOKCUKALMKN A008,
npveieyeHne MOHOUUTOB, IMMbOLNTOB, WMHaKTMBALMA aLLEeTUIX0NNHA,
6a3odpnnoB 1 303MHOGUNOB B OYar MOXKET pasnaraTb HEMPOTOKCUYHbIE
BOCNaNeHus dochopopraHuyeckue apupbl
Immunoregulation; leukocyte attraction Detoxification; acetylcholine inactivation
CEACAM6 1M 4.27 Aaresua HeUTpoduIoB K NPTX2 MN4.27 MoanduKkauma KNETOUYHbIX CBOMCTB, NeXallux
AKTMBMPOBAHHbLIM LUTOKMHAMU B OCHOBE A,0/1TOCPOYHOWM NIACTUYHOCTH
3HAOTENNANbHBIM KNeTKam
Neutrophil adhesion to endothelial cells Modification of long-term cellular plasticity
KLK14 13.81 [Jecksamauma anuaepmmca MFAP2 16.37  KOMMNOHEHT 3/1aCTUH-aCCOLMMPOBAHHbBIX MU-
Kpodunbpunn
Epidermal desquamation Component of elastin-associated microfibrils
KRT16 N2.6 Perynatop BpOXAEHHOTO UMMYHUTETA, DEFB1 18.43 bakTepuunaHaa akTUBHOCTb
obecneymBaeT NoaaepKaHne KOXKHOro
6apbepa
Innate immunity; skin barrier Bactericidal activity; innate immunity
maintenance
3AKNOYEHME BOCMa/IMTENIbHON Tepanuu. Pe3ynbTaTbl TPAHCKPUNTOMHOTO npodu-

NIMPOBaHUA MOTYT ObiTb NPUMEHEHbI A1 HOPMMPOBAHUSA HOBbIX
NepPCOHNPULMPOBAHHBIX MOAXOA0B B TEPANUM TAKENDLIX GOPM Ncopu-
asa.

Takum 06pa3om, WMHAOMBUAYANbHbIA FEHETUYECKMI Npodub
60/1IbHOrO MOKET PACKPbITb MHOTWE MPEANOCLUIKA K Pa3BUTUIO TA-
XEnbIx Gopm ncopuasa M Pe3UCTEHTHOCTU K 6asuUcHOW NpoTUBO-
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