'.) Check for updates ‘

Poccuiickuii Russian Journal of Immunology /
UMMYHOAOSUMECKULL JCYPHAN Kl)a mkKue c006 m CHUA Rossiyskiy Immunologicheskiy Zhurnal
2022, T. 25, Ne 4, cmp. 393-398 2022, Vol. 25, Ne 4, pp. 393-398

© 2022, PHOH ShOl" 4 communications ©2022, RSI

PEHOTUNMNHECKUE OCOBEHHOCTU BPOXKAEHHbIX
JINMMOOUOHBIX KNETOK NPU PEBMATOUOHOM APTPUTE

Boesa 0.C." 2, Bepumusuian M.T.3, Cuzukos A.9.}, [Tamkuna E.A.!

'@I'BHY «Hayuno-uccaedosamenvckuii uHCmumym @yHOGMeHmanbHol U KAUHUMECKOU UMMYHOA02UU»,
2. Hosocubupck, Poccus

2@IAOY BO «Hosocubupckuii HayuoOHAAbHbLIL UCCAC008AMEAbCKUL 20CY0aPCMEEHHDbLIL YHUBEPCUMEm»,

2. Hosocubupck, Poccus

IDIAOY BO «Hosocubupckuii cocyoapcmeennvlit meOuyuHckuii ynusepcumems, e. Hosocubupck, Poccust

Pestome. PeBmaTtounneiii aptput (PA) Ha ceromHSAIMHUI AeHDb SIBISIETCS OMHUM W3 CaMbIX PacIIpoCcTpa-
HEHHBIM ayTOMMMYHHBIM 3a00JicBaHHEM B MHUPE, KOTOPOE CBSI3aHO C IIPOTPECCUPYIONICH MHBATIUAN3AIIM -
eil, CUCTEeMHBIM MOpakKeHNEM OPraHOB 1 TKaHEU, a TaKKe COLMaTbHO-32KOHOMUYECKUMU U3ACPKKaAMU JJIsT
rocynapctBa. AKTyaJIbHBIM M Hay4HO 3HAYMMBIM TPEACTABISIETCS U3YyUEHUE POJIU BPOXKIASHHBIX JTUMGbOUI -
HbIX KieTok (ILC) B pa3BuTuM ayToMMMYHHOTro BocnajieHust npu PA, B 0COOEHHOCTU poOJIY MIaCTUYHOCTU
naHHbIX KjeTok. ILC mpeacraBasiioT co0oii pe3auaeHTHbIE B TKAHSIX BPOXASHHbIE TUMMOUIHbIE KISTKU,
KOTOpbie UMEIOT (PYHKIIMOHAIbHOE pa3HooOpasue, cxoaHoe ¢ T-knerkamu, a Takxke ILC perynupyror Ha-
MPaBJIEHHOCTh UMMYHHOTO OTBETa C MOMOIIBIO MPOAYKIIUU UTOKMHOB. B Hebomnbiiom KonuyectBe 1LC
MIPUCYTCTBYIOT B KPOBEHOCHOM pYCJie, MPEAIOI0KUTEIHLHO IISI MAUTPALIMK B 1ieJieBble opraHbl M TKaHu. Co-
OTBETCTBeHHO, u3ydyeHue ILC npu PA nmo3BoauT paciuupurh NpeacTaBieHue o narereHese PA, a Takxke BO3-
MOXHO B TIEPCITEKTUBE pa3padboTaTh HOBBIE TeparieBTUIECKME CTpaTeTu, OCHOBAHHBIE Ha BJIUSTHUW Ha M-
MYHOJIOTUYECKHU OalaHC, a TaKXKe CHUKEHUW BOCTIAJIUTEILHOTO Tipoliecca mpu PA.

Llenpio TaHHOTO MCClIeIOBaHMS OBbLIO OINPEIEIUTh CYOITOMYJISIIIMOHHBINA COCTaB U (DEHOTUITUYECKUE OCO-
oennoctu ILC nipu PA.

B uccnenoBaHUM UCTIONB30BAIMCh MOHOHYKJIeapHble KiieTku nepudepudeckoit kposu (MHK IT1K) ot 7
nauueHToB ¢ PA u 6 ycioBHO 310poBbiX 1o0HOpPOB. Beigenennsie MHK TTK oxkpaliinBaaiy MOHOKJIOHAbHbI-
MU aHTUTEJIaMH, KOHBIOTUPOBAHHBIMU ¢ (irtoopoxpoMamu: aHTh-Lineage (CD3/14/16/19/20/56) n aHTH-
FceR1 alpha-FITC, antu-CD294-APC/Cy7, antu-CD127-PerCP/Cy5.5, antu-CD336-PE, antu-CD117-
APC. ILC onpenensiauchk kak Lin"CD127%, B o0mieli mommyasaiun oneHuBanu koiamdectBo CD294ILC
(ILC2), CD117-CD294'1LC onpenensumich Hamu Kak ILC1, a CD117*CD294- ILC 6butn uaeHTU(pUILIUPO-
BaHbl Kak 1LC3. deHOoTUN KIETOK aHAJIM3UPOBaIM HAa poToyHoM Lutodayopumerpe FACS Canto 11 (BD
Biosciences, CIILIA).

Hamu 6b110 onpenesieHo OTHOCUTEIbHOE KOan4ecTBO pa3nnuHbix nonyssiuit ILC (ILCI1, ILC2 u ILC3)
cpenu MHK ITK. Bruto mokasaHo, uto y manueHToB ¢ PA cratucTuyecku 3HaYuMMO CHUKeHO uuncio [LC2
KJIETOK IO CPaBHEHUIO CO 3A0POBBIMI JOHOPaMU, B TO BpeMsI Kak B IipolieHTHoe cooTHotneHue ILC1 u ILC3
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He HaOII01aIOCh JOCTOBESPHBIX PA3IMINi MEXIy JOHOPAMH M MalueHTaMU. Takske HaMM ObLIa IIPOBeACHA
oneHka kogudectBa ¢c-Kit" ILC2, mocToBepHBIX pa3Inuduii B 1OJIe TaHHBIX KJIETOK MEXIY JOHOPAMU U MaIlK-
€HTaMM He HabJII01aJIOCh.

Taxum o6pazom, ILC gaBisTIoTCS TTOIMYJISIMER KIeTOK, KOTOpbIe BHOCST CBOM BKJIaJ, B ITaToreHe3 PA, poib
ILC2 npeanoyioxXuTebHO siBAsIeTcs MpoTeKTuBHOM nipu PA. Hapyienue 6ananca ILC MmoxeT crmoco0CcTBO-
BaTh pa3BuTuio PA, s sydiiero ToHMMaHUS TTaToreHe3a PA HeoOXoamMo JajpbHelIee N3ydeHne cyormno-
MyJSLAOHHOIO COCcTaBa, (PEHOTUITMYECKUX U (PYHKIIMOHAJILHBIX XapakTepucTuk ILC npu nanHom 3a6oJie-
BaHUMU.

Karouesvie crosa: epoxcoennvie aumgpoudnvie kaemrku, pemMamouonblii apmpum, YUmMoKUHbL, heHomunu1ecKue 0co0eHHOCmi,
CYOnoOnyAsAUUOHHbLI COCMA8

PHENOTYPIC FEATURES OF INNATE LYMPHOID CELLS
IN RHEUMATOID ARTHRITIS
Boeva 0.S.>", Berishvili M.T.>¢, Sizikov A.E2, Pashkina E.A.2

¢ Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation
b Novosibirsk National Research State University, Novosibirsk, Russian Federation
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Abstract. Currently, rheumatoid arthritis (RA) is considered among the most common autoimmune diseases
worldwide, being associated with progressing disability, systemic organ and tissue lesions, as well as social and
economic losses for the state. Studies of innate lymphoid cells (ILS) seems to be actual and significant when
studying development of autoimmune inflammation in RA, in particular, the issues of the cell plasticity. ILC
represent tissue resident lymphoid cells that display functional diversity, like as T cells. Moreover, ILC regulate
orientation of immune response by means of cytokine production. Small amounts of ILCs are present in the
bloodstream, presumably for migration to target organs and tissues. Accordingly, the study of ILC in RA will
promote understanding of the RA pathogenesis. It is also possible in the future to develop new therapeutic
strategies based on the impact on the immunological balance, as well as reducing the inflammatory process in
RA. The aim of this study was to determine the subpopulation composition and phenotypic features of ILCs
in RA.

We have isolated and studied peripheral blood mononuclear cells (PBMC) from 7 patients with RA
and 6 healthy donors. The isolated blood MNCs were stained with monoclonal antibodies conjugated to
fluorochromes: lineage-specific (CD3/14/16/19/20/56) and anti-FceR1 alpha-FITC, anti-CD294-APC/
Cy7, anti-CD127-PerCP/Cy5.5, anti-CD336-PE, anti-CD117-APC. ILCs were defined as Lin-CD127*. The
numbers of CD294*ILCs (ILC2) were estimated in the general population, CD117-CD294-1LCs were defined
as ILC1, and CDI117*CD294-ILCs, as ILC3. The cell phenotype was analyzed with a FACS Canto II flow
cytometer (BD Biosciences, USA).

We determined relative numbers of different ILC subpopulations (ILC1, ILC2, and ILC3) among the total
blood MNC:s. It was shown, that the number of ILC2 cells in RA patients was statistically significantly reduced
compared to healthy donors, whereas no significant differences in percentage of ILC1 and ILC3 were revealed
between donors and patients. We also evaluated the amount of c-Kit"ILC2; there were no significant differences
in the proportion of these cells between donors and patients.

ILCs represent a population of cells that contribute to the RA pathogenesis. The role of ILC2 in RA is,
presumably, protective. The ILC imbalance may contribute to the development of RA. Forabetterunderstanding
of the RA pathogenesis, further studies of the subpopulation profile, phenotypic and functional characteristics
of ILC are required in this disorder.

Keywords: innate lymphoid cells, rheumatoid arthritis, cytokines, phenotypic features, subpopulation composition
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WccnenoBaHue BBINOJHEHO B pamkax Tembl HP
Ne 122012000366-9 «M3ydyeHre MMMyHOITaTOIeHE-
3a (beHOTUIIOB COLIMAJIBHO 3HAYMMBbIX 3a00JI€BaHUI
YyeJIoBeKa 1 TMOJIMMOPOUIHOCTU KaK OCHOBA JIJIsI pa3-
paboOTKM HOBBIX METOIOB TEPCOHUMUIIMPOBAHHOMI
JIUATHOCTUKU U JICUCHUST».

BeeneHune

Pesmatounnsiii aptputr (PA) Ha cerogHsmHui
IIeHb SIBJISICTCSI OMTHUM M3 CaMbIX PacIIpOCTPaHESHHBIX
ayTOMMMYHHBIX 3a00JieBaHuli B Mupe [4,7]. JlanHas
MaToJIOTUSI CBs3aHa C IPOIrpecCUpylolieil MHBaIM-
IU3aleii, CHUCTEeMHBIM IIOpakCeHHMEM OpraHOB U
TKaHEH, a TakKe COMUaTbHO-3KOHOMUYIECKUMU U3-
JepKKaMu s TocyaapcTsa [5].

PA 1o ceromHgIiHero AHS OCTaeTCsd BaKHOW U
3HAYMMOM MTPOOIEMOM BBUAY TOTO, YTO U IIPOTUBO-
BOCHAJINTEJIbHASI, WM OMOJIOTWYEeCKasT Tepamusi He
alOT CTOMPOILIEHTHBIX PE3YJbTaTOB M COTMPSIKEHBI
PUCKOM Pa3BUTUS TSKEIBIX MTOOOYHBIX 3((HEKTOB.
PeMuccust npu gaHHoM Bujae 3a00JieBaHUSI HOCTHU-
raetcs KpailHe peako u TpeOyeT IMOCTOSHHOTO MC-
noJib30oBaHus papmakoTrepanuu [5]. B ¢cBs3u ¢ aTNM
HeoO0XoarMMO MoApoOHO M3ydyaTh maroreHe3 PA mis
TMOVICKa HOBBIX MUIIIEHEW JIEKAaPCTBEHHBIX TIperapa-
TOB.

WHTEepecHBIM TIPEACTABISIETCS WM3YyYCHHE PO
BpOXXAeHHBIX JIuMdouaHbix kietok (ILC) B pa3Bu-
TUM ayTOMMMYHHOI'O BocrajeHusi pu PA, B oco-
OCHHOCTH POJM IUIACTUIHOCTH HAHHBIX KJIIETOK.
ILC npenctaBisiioT coOOW PE3UNEHTHBIE B TKaHSIX
BPOKIECHHBIC IMM(ONIHbIC KIETKN, KOTOPbIE MMe-
0T (YHKIMOHAIBHOE pa3HOOOpa3ue, CXOIHOE C
T-xnerkammu, a Takke ILC peryampyroTr HalpaBiIeH-
HOCTb UMMYHHOTO OTBETa C ITOMOIIBIO ITPOIYKIINHA
HUTOKMHOB. B HeOGosbiioM konmuectBe ILC mpu-
CYTCTBYIOT B KPOBCHOCHOM pYCJIE, IIPEIITOJIOXI-
TEJIBLHO IUISI MUTPAIIMU B 1I€JIEBbIC OPTaHbl M TKAHMU.
CootBercTBeHHO, n3ydyeHue ILC npu PA no3Boaut
paclIMpUTh IpeacTaBiieHue o narereHese PA, a Tak-
Ke, BO3MOXHO, B IIEPCIICKTUBE pa3padoTaTh HOBHIS
TeparneBTUYECKNE CTpaTeTM, OCHOBaHHbBIE Ha BIIM-
SITHUYM Ha UMMYHOJIOTUYECKUI OajlaHC, a TaKKe CHU-
>KEHUM BOCITAJIUTEIBHOTO TIpoliecca mpu PA.

Matepuans! n MeTogbl

B uccnenoBaHue ObLUIM BKJIIOYEHBI 7 MAllMEHTOB
¢ PA u 6 ycioBHO 310p0oBBIX 1o0HOPOB. Ilocie mona-
nucanns MHGOPMHUPOBAHHOTO COTJIACUS Y TOHOPOB
U NalMeHTOB cobupaiu 9 mi kpoBu. M3 remapuHu-
3UPOBAHHOM BEHO3HOM KPOBU BBIIEJISIJIM MOHOHY-
KJIeapHbIe KJIeTKU nepudepmdeckoir kposu (MHK
T1K) B rpagueHTe MIOTHOCTU (PUKOJI-yporpadpuHa
(1,077 r/mn). Boeimenennsie MHK TIK okpamu-
BaJli MOHOKJIOHAJbHBIMU aHTUTEJIAMU, KOHBIO-
TUPOBAHHBIMU C (QuaroopoxpomMaMu: aHTU-Lineage

(CD3/14/16/19/20/56) u antu-FceR1 alpha-FITC,
antu-CD294-APC/Cy7, antu-CD127-PerCP/Cys5.5,
antu-CD336-PE, antu-CDI117-APC. ILC ompe-
nejastiuch kKak Lin"CDI127%, B oOwmei mnoryJisi-
1 onleHMBanu koimdectBo CD294°ILC (ILC2),
CD117-CD294'1LC omnpenensimuch Hamu kak [LC1,
a CDI117*CD294'ILC 0bun MOeHTU(UIIPOBAHBI
Kak ILC3. ®eHOTMI KIETOK aHAIM3WPOBAIU Ha
nporouyHoM murodiayopumerpe FACS Canto II (BD
Biosciences, CIIIA). Cratuctuyeckass o0OpaboTKa
TMOJTYYeHHBIX JAHHBIX TTPOBOAMIIACH C TIOMOIIIBIO Ma-
KeTa npukiiagHbeix rmporpamMMm GraphPad Prism 9.0.0
C HCMojb30BaHUEeM Kpurepuss ManHa—YutHu. Pas-
JIMYUST CUMTAIM TOCTOBEPHBIMU IIPU YPOBHE 3HAUM-
moctu p < 0,05.

PesynbTaTthl 1 06CyXaeHue

B niepBy1o ouepeab HaMM ObLIO OIPEAESIEHO OT-
HOCUTEJILHOE KOJIMYECTBO PA3JIMUHbBIX ITOIYJSILIUIA
ILC (ILCI, ILC2 u ILC3) cpenu MHK TIK (puc. 1).
bri1o nokazaHo, yto y nmauueHToB ¢ PA cratucTtu-
YeCKM 3HAauMMoO CHIkKeHo uucio ILC2 ximeTok 1Mo
CPaBHEHUIO CO 3IOPOBBIMU JOHOpPAMMU, B TO BpeMms
Kak B TnpoleHTHOM cooTHolnenuun ILC1 u ILC3 He
HaAOJIIOJAJIOCH TOCTOBEPHBIX PA3IMUNU MEXKIY TOHO-
paM¥ 1 MalldeHTaMU.

Takxke HamMu ObLia MpoBedeHa OLIEHKA KOJUYe-
ctBa c-Kit"ILC2, mocToBepHBIX pasu4duvii B HOJIE
MaHHBIX KJICTOK MEXIY TOHOPaMH 1 MallUeHTaM1 He
Habmoganochk (puc.?2). JlanHas cyomomyasimust o0-
JlagaeT 0oJiblel (PYHKIIMOHAJIbHOU TIACTUYHOCTBIO
M criocoOHa K TpaHcaudepeHIUpoBKe [2].

B nuTepaTypHBIX MCTOUHMKAX WMEIOTCS TIpO-
TUBOPEUMBbIE JaHHBIC OTHOCHUTEJIbHO KOJIUYE-
ctBa pasznuuHbix cyononynsauuii ILC npu PA. Tak,
Leijten E.FA. u coaBt. noka3anu, yto ILC3 kieTok
B CUHOBMAJIbHOM XKMAKOCTHU Yy TallMEHTOB, CTpana-
IOLIMX TICOPUATUYECKUM apTpUTOM ObLIO B 4 pasa
OoJibllle, YeM y TalLMEeHTOB cTpagatomumx PA [3].
B 0630pHo0Ii ctathe Wu X. cOOOIIAET, UTO y NallMeH-
TOB ¢ PA nipoueHTt ILC B cMHOBHAJILHOM XUAKOCTU
MOJIOXUTEJILHO KOPPEeJIUpoBal ¢ KOJIUYECTBOM BOC-
NajJeHHbIX cycTaBoB. Wu X. TakxKe cOooOIIaa O TOM,
yto [LC1 ObUIM 3HAUUTENBHO yBeJIWYeHbI Npu PA u
y JIMIL C BLICOKUM PUCKOM pa3BuTusi PA nmo cpaBHe-
HMIO ¢ KOHTPOJILHOU rpynnoi [8].

HccnenoBaHue o0pa3lioB IuM@aTuiecKux y3aoB,
KOTOpBIE TTOJYYIN OT IMaleHToB ¢ PA, mmokasanu,
gro ILC1 1 ILC3 ObUIM TOBBIIIICHBI 10 CPAaBHECHUIO
CcO 3mopoBBIMM JIogbMU. OmTHAKO y TMALMEHTOB C
BBICOKMM PUCKOM pa3BUTUs PA OblLIM MOBBILLIEHbI
Tonbko ILC1l. DT maHHBIE TTOKA3bIBAIOT, YTO pac-
npeneaeHre KJIeTOK MOXET 3aBUCETb OT cTaauu PA
OT caMoii paHHel 10 akTuBHOI ¢da3bl PA. B cuHOBU-
aNbHOI 000JI0YKE Y MallMeHTOB B aKTUBHOI (pa3e PA
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PucyHok 1. OTHoCUTeNbHOE KONMYeCTBO pasnmyHbIx cyononynsaumi ILC B HopMe U NpU peBMaTOMAHOM apTpuTe
npwmeanMe. * o AO0CTOBEpPHbIe pa3nnu4unsa no cpaBHeHUIO C AOHOPaAMMU.

Figure 1. Number of different ILC subpopulations in normal and rheumatoid arthritis

Note. *, significant differences compared with donors.

ObLIO CHMXXKeHHOoe KoJimdecTBo ILC2, a B pemuccun,
Hao0O0pOT, MoBkILIEHHOE [1].

HMmeroTcest Takeke U ApyTUe JaHHBIC O TIPOTEKTUB-
HOIl pomu ILC2 [9], y manmeHTOB CO CTaOMIBHBIM
PA(DAS28 < 3,2) 6b11a cHuxkeHa nosst ILC1 u yBe-
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PucyHok 2. OTHocuTenbHoe konuvectso c-Kit'ILC2
B HOpPMe M Npu peBMaToOMAHOM apTpuTe

Figure 2. Number of ¢c-Kit'ILC2 in normal and rheumatoid
arthritis patients

gudyeHa nois ILC2 nmo cpaBHeHUIO ¢ MalMeHTaMU C
akTuBHbIM PA (DAS28 > 3,2) u 310pOBBIMU JOHO-
pamMu, KpoMme TOoro, y nauueHToB ¢ PA Oblia cHUXe-
Ha noJist ILC3 mo cpaBHEHUIO C TOHOPaMM, a TaKxKe
HaOJofanachk OTpULIATebHAsT KOPPESILUS MEXIy
nosieit ILC2 u akTUBHOCTBIO 3a00JieBaHus. B npyrom
HcclIeqoBaHNM ObLIO TToKa3aHo, 9yTo ILC2 MoryT 1mo-
TaBJISITh pa3BUTHUE apTPUTA Y MBIIIICH U TIPETISITCTBO-
BaTh IECTPYKILIMU KOCTHOM TKaHM! [6].

Edilova M.I u coaBt. moka3zanu, yto ILC2 moryt
KOHTPOJIMPOBATh Mpoimdepainio Treg. OTcyTcTBHC
ILC2 npuBoanIO K yBeTUUYECHUIO BOCHIAJIEHUS, a UH-
nykuust ILC2 npuBoauia, HAOO0OPOT K YMEHBILIEHUIO
BocrajgeHus [1].

3aknoyeHune

Takum oOpaszom, ILC gaBasiorcd mnomnyasiueit
KJIETOK, KOTOpPBIE BHOCSIT BECOMBII BKJIad B TATO-
reHe3 PA, poxb ILC2 mIpenrooXXuTeIbHO SIBISIETCS
nporektuBHoi ipu PA. Hapymienue 6amanca ILC
MOXET CITOCOOCTBOBATh pa3BUTUIO PA, njis aydiiero
noHuMaHus natoreHe3da PA HeoOXoauMo najibHEM-
1ee M3y4YeHUe CYOIOMyJISIHMOHHOTIO COCTaBa, (e-
HOTUITMYECKUX U (PYHKIIMOHATBHBIX XapaKTePUCTUK
ILC npu naHHOM 3a00JIeBaHUMU.
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