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CHHKEHMEe 3Kcnpeccuu reHa hakTopa HeKpPo3a onyxonu
B MOHOHYKNEapHbiX KNEeTKaX KPoBM Npu paanonoruyecku
H30/IMPOBAHHOM CHHAPOME — Banupalua pe3ynbTaToB
TPAHCKPUNTOMHOrO aHanu3a
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Paduonoeunecku uzoruposannsiii cunopom (PUC) — nozonoeuueckas gopma, npu Komopoi y uHOU8U008 npu npogedeHuu MaeHumHo-pe-
30HancHoi momoepaguu (MPT) o6Hapyxcusaromes nopasicenus 0e1020 gew,ecmea 20106H020 U/UAU CHUHHO20 MO32d, XAPAKMepPHble 05
paccesnHoeo ckaeposa (PC), npu omcymemeuu kaunuveckux cumnmomos 3aooneéanus. Cpedu uccredosanuii, nocesuwernoix PUC, uucio
pabom, HaAnPaBAEHHbIX HA U3YUeHUe MONEKYASIPHbIX MEXAHUZMOB, NedCAUUX 8 OCHOBE €20 (POPMUPOBAHUS, 6ecbMa mano. Panee ¢ nomoubro
CeKBeHUPOBAHUs H08020 NOKO0AeHUs (next generation sequencing, NGS) mbl 6nepabie 6bIA6UAU 3HAUUMbLIE PAAUYUS 8 NPOPUAAX IKCAPECCUU
paoda eeno8 6 MoHoHyKaeapHbvix kKaemkax (MHK) nepugepuueckoii kposu auy ¢ PUC u 300posvix 06credosanHbix, cOCMasueuux KoHm-
DONBHYIO ePYNNY.

Ileav uccaedosanus — nposecmu 8arudayuoHtblll anasus usmeneruil sxcnpecuu eenoé CCR2, CX3CRI1 u TNF, komopubie nabarwdaruce npu
NGS ¢ MHK auy ¢ PUC, no cpasnenuro co 300posbimu odciedyemvimi,

Iayuenmot u memoovt. Ananus sxcnpeccuu eenoe CCR2, CX3CRI u TNF npogoduru Ha He3asucumbvix 8aiudayuontsix eévioopkax (6 MHK
14 uenosex ¢ PUC u 14 — 6e3 PUC) memodom 06pammoii mpanckpunyuu ¢ nocaedyrouieil Noaumepastoll yenHoi peakyueil 8 peaibHom epeMeHu.
Pesyasvmamot u oocymucoenue. B MHK o6caedosannvix ¢ PUC 3nauumo nonuscena sxcnpeccus eena TNF no cpaguenuto co 300pogvimu
(p=0,035; FC=0,78). /las Opyeux eeH08 3HAUUMbIX PAZAUHUL 8 YPOGHAX IKCHPECCUU HE 0OHAPYICEHO.

Saxarouenue. [lonyuennvie danHble C8UICMENLCMEYIOM 0 NPEOUECMEYIOUWUX KAUHU1ecKUM nposierenusm PC napyuieHusx sxcnpeccuu eeHa
TNF, no menvuweii mepe y unousudog ¢ PUC, umo moscem npugodumse Kk 0arbHeluumM HapYueHUsIM pecyasiyuu psaoa npoyeccos.

Karoueevie caosa: paduonoeuuecku U301Upo8antblil CUHOPOM, PACCESHHbLIL CKAePO3; IKCRpeccus eeHos; hakmop Hekpo3a onyxoau, eeH TNF.
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Reduced expression of the tumor necrosis factor gene in blood mononuclear cells in radiologically isolated syndrome —
validation of transcriptome analysis results
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Radiologically isolated syndrome (RIS) is a nosological form in which magnetic resonance imaging (MRI) reveals lesions of the white matter of
the brain and/or spinal cord characteristic of multiple sclerosis (MS) in individuals in the absence of clinical symptoms of the disease. Among
the studies devoted to RIS, the number of works aimed at studying the molecular mechanisms underlying its formation is very small. Previously,
using next generation sequencing (NGS), we for the first time revealed significant differences in the expression profiles of several genes in periph-
eral blood mononuclear cells (MNCs) of individuals with RIS and healthy controls.

Objective: to conduct a validation analysis of changes in the expression of the CCR2, CX3CR1, and TNF genes that were observed during NGS
in the MNCs of individuals with RIS compared with healthy individuals.

Patients and methods. Analysis of the expression of the CCR2, CX3CR1, and TNF genes was performed on independent validation cohorts (in
MNC:s of 14 subjects with RIS and 14 without RIS) by reverse transcription followed by real-time PCR.
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Results and discussion. In MNCs of subjects with RIS, the TNF gene expression was significantly reduced compared to healthy controls
(p=0.035; FC=0.78). No significant differences in expression levels were found for other genes.

Conclusion. The obtained data shows that disturbances of TNF gene expression preceding the clinical manifestations of MS, at least in indi-
viduals with RIS, which can lead to further dysregulation of several processes.

Keywords: radiologically isolated syndrome; multiple sclerosis; gene expression; tumor necrosis factor; TNF gene.

Contact: Maxim Sergeevich Kozin; kozinmax1992@gmail.com
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Pamnonornueckn msonumpoBaHHbI cuHapoMm (PUC) —
Ho3ojiornyeckass ¢opMa, MpuU KOTOPOW Yy WHIMBUIOB IIpHU
MPOBEACHUM MarHUTHO-pe30HaHCHOU ToMorpaduu (MPT)
Mo3ra 0OHapyKMUBAIOTCS MOPaxXeHUs 06eJIoro BeuecTBa rojgoB-
HOTO ¥/VJIM CTMHHOTO MO3Ta, XapaKTepHBIE ISl PACCESTHHOTO
ckieposa (PC), npu OTCYyTCTBUM KIMHUYECKUX CUMIITOMOB
3TOro 3a00JIeBaHUS U IPYTUX MPUYKMH, CIIOCOOHBIX OOBSICHUTh
usmeHenust Ha MPT [1, 2]. Kak nmpaBuJio, y 3TUX J10Jeil OT-
CYTCTBYIOT creludUuueckKre HeBpOJOrMyeckue KajaoObl, a
MPT mnpoBoauTcs Mo APYrUM MNpPUYMHAM: AUCIAHCEPHBIE
OCMOTpBI, HETSIKEJIbIe TPaBMbI TOJIOBBI, TOJIOBHASI OOJIb U TIp.
[3]. TepMuH «pagrOJOTUYECKN U30JMPOBAHHBIN CUHAPOM» U
KPUTEpUU 711 TTOCTAHOBKM 3TOTO AMAarHO3a BIIEPBBIC OBLIN
BBeneHsl B 2009 . D.T. Okuda u coasr. [1]. [To3nHee kputepun
0BT MOAMUDUIIMPOBAHBI B COTIACUTEIHLHOM JIOKJIAE TPYTITTBI
MAGNIMS 1 4yacTUYHO BKJIIOYEHBI B IEPECMOTP KPUTEPHEB
McDonald 2017 1. [4].

K HacrosiiieMy BpeMeHU ITPOBEIEHO HECKOJIBKO KOTOPT-
HBIX MCCJIEOBAaHUI, B KOTOPbIX YCTAHOBJIEHO, uTO Jnua ¢ PUC
HaxodsITCs B IpyIine Bbicokoro pucka passutusi PC [2, 5]. O6-
HapyxeHo, uro PC pasBuBaercst y 34% nui ¢ PUC B TeueHue
5 JIeT ¢ MOMEHTa IMOCTAaHOBKM auarHo3a n'y 51,2% — B TeueHue
10 net [2, 5]. B ¢BA3M ¢ 3TUM BO3HUKAIOT BasKHbIE BOIPOCHI O
npuurHax Bo3HMKHOBeHMsI PUC, BapnabeTbHOCTH €T0 TeUeHUS
¥ TipuurHax rnepexona B PC, a Takke MPUHIMITMAIBHBIA IS
KJIMHUYECKOI TTPaKTUKKU BOIIPOC 00 MCITOJIb30BaHUH TIperiapa-
TOB, U3MEHSIOIIMX TeUCHUE PACCESTHHOTO CKJIepo3a, IJIsT MHI -
Bunos ¢ PUC [6, 7].

HccnenoBanus nociaenHux JeT B OCHOBHOM ObLIM cocpe-
JIOTOYEHBI Ha BBISBJICHUM TPU3HAKOB, MTO3BOJISIIOIINX ITPOTHO-
3UPOBATh BHICOKYIO BEPOSITHOCTD TEPEX0/ia ITOr0 COCTOSTHUST B
PC. 1o naHHBIM KPYITHOTI'O MYJBTULIEHTPOBOIO MCCJIEAOBAHUS,
BKtoyaloiero 451 yenoseka ¢ PUC, dakropamu pucka mnepe-
xoga PUC B PC ciyxaT HallMuue o4aroB JAeMUEIMHU3ALUN B
CIIMHHOM MO3Te, MOJIOIOI BO3pacT U MYy>XCcKoi mon [2, 5]. Ha-
JINYKE OJINTOKJIOHAJBHBIX MMMYHOTII00YIMHOB Kiacca G [8]
JIeTKUX 1ieTieit HelipoduiaamMeHToB [8], mporpanynuHa [9], uH-
tepneiiknHa 8 [10] m aHTUTEn K copumHy [11] B mepebpocmu-
HaAJIbHOM KMIKOCTU TaKXXe aCCOIIMMPOBAHO C 0oJiee BHICOKUM
puckoM pasputusi PC y mun ¢ PUC.

B TO Xe BpeMsI ucciieqoBaHU MOJIEKYISIPHBIX MEXaHU3-
MOB, JIexXallux B ocHoBe pa3Butus PYC, B murepaType Moyt
He npeacTaBieHo. PaHee ¢ MOMOIIBbIO CEKBEHUPOBAHUST HOBO-
ro nokoyieHus (next generation sequencing, NGS) MbI Briep-
BbI€ BBISIBUJIM 3HAUMMBbIE Pa3iMuusl B MPODUISX IKCIIPECCUU
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TeHOB B MOHOHYKJIeapHBIX KieTKax (MHK) mepudepuyeckoii
kpoBu nHAUBUIOB ¢ PUC 1 3m0poBBIX MTpeicTaBuTeIeif KOHT-
POJIBHOU TPYIIITBI ¥ TIPOBEJIM aHAIN3 TIePETPeICTaBIeHHOCTH
nuddepeHIManbHO 3KCIIPECCUPOBAHHBIX TEHOB B Habopax re-
HOB, aHHOTUpOBaHHBIX B 0aze Gene Ontology (GO) [12].
B cBg3u ¢ GOABLIMM KOJMYECTBOM TUIIOTE3, OJHOBPEMEHHO
MpoBepsieMbIX MpU ucnosb3oBaHuu NGS, 2Tu gaHHbIE HYX-
JAI0TCS B BaJTUAALMH.

Henp ucciaenoBaHusi — MPOBECTU HA HE3aBUCHUMOI BbI-
o6opke nauueHToB ¢ PUC u 310poBbIX MHAMBUIOB BaJIUIALMIO
METOAOM KOJMYECTBEHHOM MOJMMEPa3HOM LICMHOU peakiuu
(ITLP) pe3ynbraToB TPaHCKPUNTOMHOTO TMPO(GUIUPOBAHUS
IUTST TEHOB, HanOoJiee TIPEeCTaBIeHHBIX B BBISIBIEHHBIX Ha0O0-
pax reHOB, aHHOTHUPOBaHHBIX B GO: TeHOB PELEeNTOPOB XeMO-
kuHoB — CCR2, CX3CRI u reHa ¢akTopa HEKpO3a OIyXOJIHN
(®HO) — TNF.

ITanuenTsl u MeToAbL. B uccienoBaHue BKItOUEeHBI 14 He-
ponctBeHHbIX UHAUBUIOB ¢ P C (10 )XeHIIWH 1 4 My>XUMHBI) 1
14 cOOTBETCTBYIOIIMX UM IO TOJIy U BO3PACTY 3M0POBbIX MHAM-
BUIIOB KOHTpOJIbHOH Tpyrmibl. O6cnenyemble ¢ PUC Habmona-
ek B «PeiepaabHOM LIEHTPE MO3Ta M HEMPOTEXHOJIOTHii». [le-
Morpaduyeckue U KIMHUYECKUE XapaKTePUCTUKU HCCIeaye-
MBIX TPYII TIpeAcTaBieHbl B Taba. 1. MccnenoBanue ogoopeHo
atnudeckum Komutetom PHUMY um H.U. ITuporosa Mun3zapa-
Ba Poccuu. Bece yyacTHuku naBainn nHGOPMHUPOBAHHOE COTJIA-
cre Ha ydyactue B ucciemnoBaHuu. AmarnHo3d PUC craBuics
cormacHo kputepusiM D.T. Okuda u coast. 2009 1. [1]. Bece unnu-
Bunbl ¢ PUC npoxonunu MPT-uccnenoBaHve Ha OIHOM MpU-
0ope, MarHuTHoe 1oJjie He MeHee 1,5 T, 1Mo eaMHOMY MPOTOKO-
a1y, BKIovalomieMy rnociaenoBatenbHoctu FLAIR, T1, T2,
SWAN, DWI u STIR.

MHK Bwizensiiu u3 nepudepruyeckoil KpoBU METOIOM
ueHTpudyrupoBaHus Ha TpagueHTe GUKOI-TUCTONAaK
(Sigma-Aldrich, CILIA) criyctst He 6ojee 3 4 ¢ MOMeHTa 3a00-
pa KpoBU. 3aTeM KJIETKM JM3UpoBaiu Tnpu momoinu QIAzol
Lysis Reagent (Qiagen, IepMaHusi) 1 XpaHWIN TIPU TeMIIepaTy-
pe -80 °C mo manpHeMIIMX MaHUITYISALUA. I BeIOeIeHUS U3
KJIeTOYHBIX Jin3aToB ToTasbHOM PHK mpumensnu HabGop
RNeasy Mini Kit (Qiagen, [epmanus). AHanu3 ypoBHeil 2Kc-
npeccun reHoB CCR2, CX3CRI1 v TNF 8B MHK nipoBonuiu me-
TOJOM OOpPAaTHOW TPAHCKPUIIIMU C MOCIEAYIOIed KOIUYeCcT-
BeHHoii [1LIP B peanbHom Bpemenu (OT-ITLIP). O6paTHyio
TPAHCKPUTILMIO BBIMOJHSUIM C MCIOJb30BaHMEM Habopa
SuperScript VILO ¢cDNA Synthesis Kit (Thermo Fisher
Scientific, CIIA). OueHKy ypOBHEil 3KCIPECCUM METOAOM
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Tabnuua 1. Kiunuueckas u demoepaghuueckas xapakmepucmuka oocaedosantvix epynnvt PHC

U KOHMPOABHOIL 2pynnbl

Table 1. Clinical and demographic characteristics of individuals with RIS and
of control group

IToka3zarenn

MyXYMHBI/>KEHIITUHBI
Bospacr, rogsl, M+SD

IMpuunna nposeneHust MPT, n:

TMCTIAaHCEPHBII OCMOTP
TOJIOBHAs 00JTb

TpaBMa TOJIOBbI
TOJIOBOKPYKEHUE

aCTCHUA

Pesynsrarst MPT, n:
CIIMHAJIBHBIC 0Yaru
KOPKOBBIE OYaru
oyaru B CTBOJIE MO3ra

Ipymna PHC (n=14)

4/10

35,346,4

— NN O\ W

4
10
1

4/10
35,248,4

Ilpumenanue. M — cpenHee 3HaueHue; SD — cTaHIapTHOE OTKJIOHEHUE.

Ta6nuua 2. lpaiimepot, ucnoavzosarntsie 0as koaudecmeenroi I[P
Table 2. Primers used for quantitative PCR

Ten

CCR2
CX3CR1
TNF

GAPDH

IIpsmoii npaiivep
5' GACCAGGAAAGAATGTGAAAGTGA 3'

5' GTGGTGCTGACAAAGCTTGGAA 3'

5' GTCAACCTCCTCTCTGCCAT 3'

5' GACTCATGACCACAGTCCATGC 3'

Konrpomnbsnas rpynna (n=14)

[P B peansbHOM BpeMeHU MPOBOIUIU
¢ nomomblo SYBR™ Green PCR
Master Mix (Applied Biosystems™) ¢
HCIIOJIb30BaHUEM MPaiiMepOB, TIpeICcTa-
BJIEHHBIX B Ta0JI. 2.

YpoBeHb 3KCIpeccuu Ucciaeye-
MBIX TEHOB HOPMAaJIM30BaJIi Ha 9KCIIPeC-
cuio reHa GAPDH. BpruucieHue OTHO-
cutenbHOlt 3Kcrmpeccun (fold change,
FC) uccnenyembix reHOB MPOBOAWIN C
WCIIOIb30BAHNEM METOMA JIeNIbTa-IeIbTa
Ct (AACYt) [13] 3HaumMoOCTb pa3nuuuii B
YPOBHSIX 9KCIIPECCUU T€HOB MEXIy WC-
cJIeIyeMbIMU TPYyMIIaMUA OLIEHUBAJIU C
MoMouiblo Kputepuss MaHHa—YUTHU.
CTaTUCTUYECKU 3HAYUMBIMU CUMTAIN
usMeHeHus ripu p<0,05.

Pesynbratbl. I[lpu cpaBHeHUM
ypoBHeli skcnpeccun reHoB CCR2,
CX3CRI v TNF B MHK BKJIIOUEHHBIX B
uccienoBanue obcnemyemeix ¢ PUC u

OOparHbIii mpaiiMep

5' GCTCTGCCAATTGACTTTCCIT 3'
5' TCACTGGGTGCCATCGTAAGAA 3'
5' CCAAAGTAGACCTGCCCAGA 3'

5' AGAGGCAGGGATGATGTTCT 3'

05 @
04
0.3
02

0,1

OmHocumensHblil yposers sKcnpeccu

0,5
0,4
0,3
0,2

0,1

Omuocumenvhblii YpoeeHb dKchnpeccuu

l. II _—
Ul
e

CCR2

CX3CR1

0,3

9K

0.2

0,1

OmHoc

TNF

CCR2

CX3CR1

TNF

CCR2 CX3CRI

‘ Konmpoashas epynna

‘ PHC

———

TNF

Ypoenu sxcnpeccuu eenoe CCR2, CX3CRI u TNF 6 epynne PUC u 6 konmpoavHoll epynne

no pezyabmamam koaunecmeennoil I[P 6 peanvrom épemeru 6 00sedurenHoll evidopke (a),

Y myxcuun (6) u yceHuwuH (8)

Expression levels of the CCR2, CX3CRI and TNF genes in the RIS group and in the control
group according to the results of quantitative real-time PCR in the pooled sample (a), in

men (b) and women (c)

18

JIAL KOHTPOJIBHOUW TPYIIIBI 3HAYUMbIE
paznuuus Habmoganuch mist reHa TNF
(cM. pucyHoOK, a). Ero axcrpeccust O6bu1a
cHuxeHa B rpynne PUC (p=0,035;
FC=0,78), 4yTo BOCIPOU3BOIUT PE3yJib-
TaThl TPAHCKPUIITOMHOTO MPOGUINPO-
BaHus B padore [12]. [Ipu aHaiorMuHOM
CPaBHEHUHU OTAEJBHO JUISI MY>XKUHUH (CM.
PUCYHOK, 0) M XEHIIMH (CM. PUCYHOK,
B) YpOBHM 3Kcrpeccuu reHa TNF npu
PUC Taxke ObLIN HIKE, YeM Y 00CIIey-
€MbIX KOHTPOJIbHOU TPYMIbI, OIHAKO
3HAUMMBIX DPA3TUUUil OOHApPYKEHO He
osuto (p=0,57; FC=0,77 u p=0,14;
FC=0,79 cootBeTcTBEeHHO).

Hnst reHoB CCR2 n CX3CR1 3Ha-
YUMBIX Pa3JINunii He BBISIBIIEHO HU B 00-
weit rpynmne (p=0,70; FC=1,09 u
p=0,84; FC=1,09; cMm. pucyHoK, a), HU
otaeabHo y MyxxunH (p=0,49; FC=0,66
u p=0,49; FC=0,69, cM. puCyHOK, 0), HI
oTaesibHO y XeHiuuH (p=0,35; FC=1,32
u p=0,53; FC=1,31; cM. pUCYHOK, B).
[Tpu aTOM OOpaiiiaetT Ha ce0si BHUMaHUE
(baxT, uTO TSI FITUX TEHOB HAOIIOAAIOTCS
pa3HOHATpaBleHHbIE W3MEHEHUs B
rpymax myxuut (FC=0,69) u xeHIuH
(FC=1,31).
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Oocyxnenne. B Hameit mpensinymieit padore [12] mbr
BIIEPBbIC MPOBEIU cpaBHeHUE MeTonoM NGS npoduieii TpaHc-
kpuniuu B MHK o6cnenyembix ¢ PUC u 310poBbIX UHAWBUAOB
KOHTPOJIGHOIW TPYNITBI W HaOIIONaIN 3HAYMMble DPa3Iudus B
YPOBHSIX 9KCIIpeccuu 57 reHOB. AHAJIM3 MepenpeacTaBIeHHOCTH
B HaOopax reHoB, aHHOTMpoBaHHbIX B GO, IMO3BOJIUI HAWTU
16 HAGOpOB, 3HAYMMO TMEPENPEACTABICHHBIX 3TUMU T'€HaMMU;
0Ka3aJioch, YTO OOJIbIIIAsl YACTh 3TUX HAOOPOB CBSI3aHbI C MPO-
1leccaMy MUTPALIMU JIEVUKOLIMTOB, C PETYJISALME UMMYHHOM CU-
CTEMBI, a TaKXe ¢ [IUTOKMHOBBIM U XEMOKWHOBBIM CUTHAJIMH-
rom. Cpemn muddepeHIMATbHO 3KCIIPECCUPYIOIINXCS TEHOB
TpU ObUTM TIPENCTABJIEHBI TTOYTU BO BCEX HAIEHHBIX Habopax
GO: renst TNFu CCR2 Bxonunu B 15 Habopos, a reH CX3CR1 —
B 13 HaOOpOB. DTU TeHbI ObLIM BHIOPAHbI JJIsI TIOCIEAYIOLISH Ba-
JIMAAIY Kak Haubosee perpe3eHTaTUBHBIC.

[MpoBeneHHBII HaMW BaJUIAIMOHHBIA aHAIN3 MAHHBIX
NGS [12] metogom OT-TTLP nmoareepaua, uro B MHK unau-
BuaoB ¢ PUC 3HaunMo moHuxKeHa akcnpeccust reHa TNF no
CPaBHEHUIO CO 3M0POBBIMU. B TO ke BpeMst HaM He yaaioch Mo -
TBepaAuTh JaHHble NGS o quddepeHInanbHOM 9KCIPEeCCUU Te-
HOB XeMOKMHOBBIX perientopoB CCR2 u CX3CRI; 310 MOXET
OBITH CBSI3aHO C OOJBIIMMHU pa3dbpocamMu B WHIMBHUIYaTbHOM
YPOBHE 3KCITPECCUN YKAa3aHHBIX TEHOB, YTO MOXKHO ITPEOI0JIETh
TOJIBKO TTyTeM yBEJTMUEHUs pa3Mepa BHIOOPOK.

PaHee GbITO TTOKa3aHO, YTO OTHUM U3 OCHOBHBIX IIUTOKH-
HOB, UTpaloIIMX KioueByto posb B PC, ssisercas ®HO, xonm-
pyembiit reHoM TNF [14]. TlonyyeHHble B HacTosileir paboTe
pe3ysIbBTaThl MOKAa3bIBAlOT, YTO HapylleHHWe 3KCIPEeCCHM TreHa
TNF nipoucxoIuT elie 10 KiuHudeckoro aedioTa PC, mo kpaii-
Heli Mepe y naupeHToB ¢ PUC. YMeHbleHre ypOBHS 3KCIpec-
cuu reHa TNF takxke nmokaszaHo B padore [15], roe cpaBHUBaIU
tpaHckpunrom MHK unauBunoB 3a 9 net mo passutus PC ¢
TPAHCKPUIITOMOM OOCJIeNyeMbIX, KOTOpbIe 4Yepe3 9 jer rmocie
TPAHCKPUITIIMOHHOTO MPOMOWIMPOBaHUS OCTAaBaIUCh 3M0POBHI-
MU. DTO HaOIIONEHUE COTIACyeTCs C HAIIMMM JTaHHBIMU U T103-
BOJISIET TPENTTOIOXUTETHHO PACTIPOCTPAHUTD CIETaHHBIN HAMU
BBIBOJ O TipeniiectBytoiieM PC HapylieHUM 3KCIpeccur reHa
TNF Ha mo06bix 60bHbIX PC, HE3aBUCUMO OT HaIW4usl y HUX

PUC, nockojibky TpyaHO MpPEACTaBUTh, YTO BCE YYaCTHUKU
OIMKCHIBAEMOTO MPOCMEKTUBHOTO UCCIIEOBAHNUS TPOXOUIIH Ye-
pe3 craauio PUC.

Honroe Bpemss @HO paccMaTpuBaiy UCKIIOUUTEIBLHO B
KauyecTBE OIHOTO U3 KJIIOYEBBIX PEryJISITOPOB BOCHAIUTEBbHBIX
peakuumii. OqHAKO B HacTosIiee Bpems npusHaHo, yto PHO —
IUICHOTPONHbBIN LIMTOKWMH; CIIEKTP €r0 M3BECTHBIX (DYHKLIMIA
3HaYMTENbHO paciupuics [14]. I[Tokazano, uto @HO yyactBy-
€T He TOJIbKO B Pa3HOHAIPABICHHO Perysiiiny ayTOUMMYHHBIX
peaxkiuuii, BKJTIOUas MOJJIEpKaHUE TOIMYJISIIUNA PEryasTOPHBIX
T-nmumdorutos [16], HO U B Ipolieccax HEMPOHAILHOI ITepeaa-
YU CUTHAJIA, MUESJIMHU3AIUYA HEUPOHOB U PETYJISIINY TTPOHUIIA-
eMOoCTH reMarosHiedainyeckoro dapwepa [17].

Cuctema @HO-curHaamHra BKJIto9aeT Kak MUHUMYM J1Ba
Jra”na (pacTBOpuMBIi 1 TpaHcMeMOpaHHblii @HO) u aBa pe-
uentopa (TNFR1 u TNFR2). M nuranasl, u peuentopsl mo-
pPa3HOMY 5KCIPECCUPYIOTCSI U PETYIMPYIOTCSI B Pa3HbIX TUIAX
KJIETOK U MOTYT y4acTBOBaThb B Mpolieccax, BOBJIEYEHHBIX B Ia-
toreHe3 PC. MoOXHO TpeAroaoXuTh, YTO BBISIBJICHHOE HaMU
cHuxXeHue skcnpeccuu reHa TNFy unausunos ¢ PUC coco6-
CTBYET YMEHBIIIEHUIO Tepenaun curHaia yepe3 TNFR2, koro-
pBIif y4acTBYeT B TOAAEPXKaHUU TOMEOCTa3a KJIETOK HEePBHOM
CHUCTEMBI. DTO TIPEIIIOIIOKEHNE HAXOMUTCSI B COOTBETCTBUU C
OTyOJIMKOBaHHBIMU paHee pedynbratamu aHTu-DOHO-teparmm
TIPU JIeUEHUH ayTOMMMYHHBIX 3a00JIeBaHM1, TIPU KOTOPOIi B Ka-
YecTBe MOOOYHBIX 3(PGHEKTOB OTMEYATNCh HEPOBOCIIATUTETh-
HbIE TIPOIECCHl U NEeMUESIMHU3ALMS B LIEHTPAJIbHON HEPBHOM
cucteme [18—21], mipu 3ToM mcnonb3oBanue aHTu-O®HO-Tepa-
nuu 1uist tedeHus: PC He MpUBOIWIIO K YITYUIIEHUIO COCTOSTHUS
OOJIbHBIX, @ B HEKOTOPBIX CJIy4asiX BbI3bIBAJIO YCKOPEHUE MpPO-
rpeccupoBaHust 3a00eBaHus [22—24].

3akmwyenue. B 1iesioMm, pe3yabTaThl IPOBEIEHHOTO KC-
CJIeIOBAaHUSI CBUIETEIbCTBYIOT O MPEAIIECTBYIOIINUX KINHU-
yeckuM TiposiBieHussM PC HapylieHUsX 3Kcmpeccuu TeHa
TNF, no menbmeit mepe B8 MHK mamuBugos ¢ PUC. dna
NPYTUX TE€HOB, paccMaTpPUBaeMBbIX B HacTosIIel pabore, TO-
BUIMMOMY, HEOOXOIMMBI TOTIOJTHUTEIbHBIE NCCIIeJOBAHUS Ha
paciMpeHHOo BEIOOPKE.

1. Okuda DT, Mowry EM, Beheshtian A, et al.
Incidental MRI anomalies suggestive of multi-
ple sclerosis: the radiologically isolated syn-
drome. Neurology. 2009 Mar 3;72(9):800-5.
doi: 10.1212/01.wnl.0000335764.14513.1a.
Epub 2008 Dec 10.

2. Lebrun-Frenay C, Kantarci O, Siva A, et al;
10-year RISC study group on behalf of SFSEP,
OFSEP. Radiologically Isolated Syndrome:
10-Year Risk Estimate of a Clinical Event. Ann
Neurol. 2020 Aug;88(2):407-17. doi: 10.1002/
ana.25799. Epub 2020 Jun 29.

3. KabaeBa AP, boiiko AH, Kynakosa OI, ®a-
BopoBa OO. Paguosnornyecku U30JMpoBaHHbIM
CHHIPOM: TIPOTHO3 M MPEIUKTOPBI TpaHChOp-
Malluu B pacCesiHHbIN cKilepo3. KypHan neepo-
noeuu u ncuxuampuu um. C.C. Kopcakosa. Cney-
svinycku. 2020;120(7-2):7-12. doi: 10.17116/
jnevro20201200727

|Kabaeva AR, Boyko AN, Kulakova OG,

Hegponoeus, neijponcuxuampus, ncuxocoMamura

Favorova OO. Radiologically isolated syn-
drome: prognosis and predictors of conversion
to multiple sclerosis. Zhurnal nevrologii i psikhi-
atrii imeni S.S. Korsakova. 2020;120(7-2):7-12.
doi: 10.17116/jnevro20201200727 (In Russ.)].
4. De Stefano N, Giorgio A, Tintore M, et al;
MAGNIMS study group. Radiologically isolat-
ed syndrome or subclinical multiple sclerosis:
MAGNIMS consensus recommendations. Mult
Scler. 2018 Feb;24(2):214-21. doi: 10.1177/
1352458517717808

5. Okuda DT, Siva A, Kantarci O, et al;
Radiologically Isolated Syndrome Consortium
(RISC); Club Francophone de la Sclerose en
Plaques (CFSEP). Radiologically isolated syn-
drome: 5-year risk for an initial clinical event.
PLoS One. 2014 Mar 5;9(3):¢90509.

doi: 10.1371/journal.pone.0090509.
eCollection 2014.

6. Labiano-Fontcuberta A, Benito-Leon J.

. 2022; 14(TTpua. 1):16—20

Radiologically isolated syndrome should be
treated with disease-modifying therapy — No.
Mult Scler. 2017 Dec;23(14):1820-1.

doi: 10.1177/1352458517726385.

Epub 2017 Sep 14.

7. Thouvenot E. Should we treat patients with
radiologically isolated syndrome (RIS)? Yes.
Rev Neurol (Paris). 2018 Dec;174(10):
689-92. doi: 10.1016/j.neurol.2018.05.001.
Epub 2018 Jul 2.

8. Matute-Blanch C, Villar LM, Alvarez-
Cermeno JC, et al. Neurofilament light chain
and oligoclonal bands are prognostic biomark-
ers in radiologically isolated syndrome. Brain.
2018 Apr 1;141(4):1085-93. doi: 10.1093/
brain/awy021

9. Pawlitzki M, Sweeney-Reed CM, Bittner D,
et al. CSF-Progranulin and Neurofilament
Light Chain Levels in Patients With
Radiologically Isolated Syndrome — Sign of

19



OPUTUHANDBHBIE UCCNEROBAHUA W METOAURMU

Inflammation. Front Neurol. 2018 Dec
18;9:1075. doi: 10.3389/fneur.2018.01075

10. Rossi S, Motta C, Studer V, et al.
Subclinical central inflammation is risk for RIS
and CIS conversion to MS. Mult Scler. 2015 Oct;
21(11):1443-52. doi: 10.1177/1352458514564482.
Epub 2015 Jan 12.

11. Sehitoglu E, Cavus F, Ulusoy C, et al.
Sorcin antibody as a possible predictive factor in
conversion from radiologically isolated syn-
drome to multiple sclerosis: a preliminary study.
Inflamm Res. 2014 Oct;63(10):799-801.

doi: 10.1007/s00011-014-0754-0.

Epub 2014 Jul 8.

12. Kozin M, Kiselev I, Baulina N, et al.
Global transcriptome profiling in peripheral
blood mononuclear cells identifies dysregula-
tion of immune processes in individuals with
radiologically isolated syndrome. Mult Scler
Relat Disord. 2022 Feb;58:103469.

doi: 10.1016/j.msard.2021.103469.

Epub 2021 Dec 20.

13. Livak KJ, Schmittgen TD. Analysis of rela-
tive gene expression data using real-time quan-
titative PCR and the 2(-Delta Delta C(T))
Method. Methods. 2001 Dec;25(4):402-8.

doi: 10.1006/meth.2001.1262

14. Fresegna D, Bullitta S, Musella A, et al.
Re-Examining the Role of TNF in MS
Pathogenesis and Therapy. Cells. 2020 Oct
14;9(10):2290. doi: 10.3390/cells9102290

15. Achiron A, Grotto I, Balicer R, et al.
Microarray analysis identifies altered regulation
of nuclear receptor family members in the pre-
disease state of multiple sclerosis. Neurobiol Dis.

2010 May;38(2):201-9. doi: 10.1016/j.nbd.2009.

12.029. Epub 2010 Jan 14.

16. Ronin E, Pouchy C, Khosravi M, et al.
Tissue-restricted control of established central
nervous system autoimmunity by TNF receptor
2-expressing Treg cells. Proc Natl Acad Sci U S A.
2021 Mar 30;118(13):¢2014043118. doi: 10.1073/
pnas.2014043118

17. Probert L. TNF and its receptors in the
CNS: The essential, the desirable and the dele-
terious effects. Neuroscience. 2015 Aug 27;302:
2-22. doi: 10.1016/j.neuroscience.2015.06.038.
Epub 2015 Jun 24.

18. Kaltsonoudis E, Zikou AK, Voulgari PV,

et al. Neurological adverse events in patients
receiving anti-TNF therapy: a prospective
imaging and electrophysiological study.
Arthritis Res Ther. 2014 Jun 17;16(3):R125.

doi: 10.1186/ar4582

19. Kunchok A, Aksamit AJ, Davis JM 3rd,

et al. Association Between Tumor Necrosis
Factor Inhibitor Exposure and Inflammatory
Central Nervous System Events. JAMA Neurol.
2020 Aug 1;77(8):937-46. doi: 10.1001/jama-
neurol.2020.1162

20. Cortese R, Prosperini L, Stasolla A, et al.
Clinical course of central nervous system

[Moctynuia/oTpenieH3npoBaHa/TIPUHATA K TTeYaTu

Received/Reviewed/Accepted
17.03.2021/20.05.2022/22.05.2022

3agsnenue o koHdumkTe unrepecos/Conflict of Interest Statement

Pa6ora nmommepxxana rpantoM PODOU Ne 20-015-00073. KoHGIMKT MHTEPECOB OTCYTCTBYET. ABTOPBI HECYT ITOJIHYIO OTBETCTBEH-
HOCTb 3a MPeIOCTaBICHIEe OKOHYATEbHOW BEpCUM PYKOMUCH B TMeyaTh. Bce aBTOpbI MPUHUMAN y4acThe B pa3paboTKe KOHLICTIUU
CTaThU M HanMcaHuu pykonucu. OKoHYaTe IbHasi BEpCcUsi pyKoMucH Oblia 01o0peHa BCeMU aBTOPaMH.

demyelinating neurological adverse events asso-
ciated with anti-TNF therapy. J Neurol. 2021
Aug;268(8):2895-9. doi: 10.1007/s00415-021-
10460-6. Epub 2021 Feb 20.

21. Kopp TI, Delcoigne B, Arkema EV, et al.
Risk of neuroinflammatory events in arthritis
patients treated with tumour necrosis factor
alpha inhibitors: a collaborative population-
based cohort study from Denmark and Sweden.
Ann Rheum Dis. 2020 May;79(5):566-72.

doi: 10.1136/annrheumdis-2019-216693.

Epub 2020 Mar 11.

22. Skurkovich S, Boiko A, Beliaeva I, et al.
Randomized study of antibodies to IFN-gamma
and TNF-alpha in secondary progressive multi-
ple sclerosis. Mult Scler. 2001 Oct;7(5):277-84.
doi: 10.1177/135245850100700502

23. Van Oosten BW, Barkhof F, Truyen L, et al.
Increased MRI activity and immune activation
in two multiple sclerosis patients treated with
the monoclonal anti-tumor necrosis factor anti-
body cA2. Neurology. 1996 Dec;47(6):1531-4.
doi: 10.1212/wnl.47.6.1531

24. The Lenercept Multiple Sclerosis Study
Group and The University of British Columbia
MS/MRI Analysis Group. TNF neutralization
in MS: results of a randomized, placebo-con-
trolled multicenter study. The Lenercept Multi-
ple Sclerosis Study Group and The University
of British Columbia MS/MRI Analysis Group.
Neurology. 1999 Aug 11;53(3):457-65.

This work was supported by Russian Foundation for Basic Research grant No 20-015-00073. There are no conflicts of interest.
The authors are solely responsible for submitting the final version of the manuscript for publication. All the authors have participated in
developing the concept of the article and in writing the manuscript. The final version of the manuscript has been approved by all the

authors.

Kosun M.C. https://orcid.org/0000-0001-6587-1243
Baynuna H.M. https://orcid.org/0000-0001-8767-2958
Kucenes U.C. http://orcid.org/0000-0003-3366-4113
Kabaesa A.P. https://orcid.org/0000-0002-0982-8520
boiiko A.H. https://orcid.org/0000-0002-2975-4151
®agoposa O.0. https://orcid.org/0000-0002-5271-6698
Kynakosa O.I. https://orcid.org/0000-0002-5321-3101

20

Hesponoeus, nHeiiponcuxuampus, ncuxocomamura. 2022; 14(Ilpua. 1):16—20



