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SIM-A9 — nTuHMS CITOHTAHHO UMMOPTAIM30BAHHbBIX KJIETOK MUKPOTJIMY MBIILIU, TTOJYYEHHBIX U3 TOJIOBHOT'O MO3-
ra HOBOPOXIEHHBIX MbIAaT JuHuM C57BL/6. Llenp HacTose paboThl — XapaKTepUCTUKA MUKPOIJIMU MBILIU
JuHUU SIM-A9 110 COOTHOIIIEHUIO KJIETOK C (DEHOTUIIOM MOKOSIIIEHCS M aKTUBUPOBAHHOM MUKPOIJIMU B KYJIbTY-
pe, aHaJIM3 3KCIIPECCUM MapKEPOB CTBOJIOBBIX (IIPOreHUTOPHBIX) KiaeToK CD133 1 HecTuHa, pelielITOpOB (haKTo-
poBpocta CSF-1R u EGFR, a Takke aHanu3 KapuoTuIia 3Toii JIMHUM. VIcrioab30BaHbl METOIbI CBETOBO MUKPO-
CKOIIMM, UMMYHOIIUTOXUMUM B codeTaHuM ¢ nportouyHoil nurtomerpueii 1 OT-IILP misa ananmusa mopdoiioruu,
¢deHOoTUITIa U YPOBHS IKCIIPECCUY T€HOB IMPOBOCIIAIMTEILHBIX IMTOKUHOB 1 MeTon mFISH s ananuza kapuo-
Ttumna. Bnepsble mokazaHo, 4To KJieTkKu JuHUM SIM-A9 skcnipeccupytoT BeicoKuii ypoBeHb 0enika TSPO, mapke-
poB CD68, CD11b u CD45Me" Ha moBepxHOCTHON MeMGpaHe KIETOK, YTO COOTBETCTBYET (DEHOTUITY aKTUBUPO-
BaHHOI Mukporuu. HecMoTpst Ha 3T0, KJIETKM IMHUU OTBEYaIOT JOTOJHUTEIbHON aKTUBALIME B OTBET Ha CTU-
mysisiiuio JITIC, KoTopasi IPUBOMUT K TIOBBINIEHUIO SKCITPECCHH TEHOB ITPOBOCIIANUTENbHBIX TUTOKUHOB IL-1[3,
TNFa, IL-6 u 06pazoBaH1I0 BLICOKOTO YPOBHSI aKTMBHBIX METa0OJIMTOB KUCJIOpoJa U a3oTta. I[lokazaHo, 4TO
KJIETKH JTUHUU SIM-A9 sKcnipeccupyloT MapKephl CTBOJOBBIX U MPOreHUTOPHEIX KiieTok CD 133" u HecTuH, uTo
MO3BOJISIET pacCMaTPUBaTh MX KaK paHHUE HU3KO nuddepeHInpOBaHHbIE TPOreHUTOPHBIE KJIETKU, HECMOTPS Ha
nX heHOTUIT, COOTBETCTBYIOLIN I aKTUBUPOBAaHHOU MUKpornu. OGHapyKeHO TakKe, YTO KJIeTKU JTuHunu SIM-A9
aKcrapeccupyoT perentopsl AByX dakTopoB pocta CSF-1 u EGF — CSF-1R u EGFR, uto cBumerenscTByeT o
BO3MOXHOCTHU CTUMYJISIIMU Tiposindepannu Kietok SIM-A9 1o nByM anbTepHaTUBHBIM MeXaHU3MaM Mo JIeii-
CTBHUEM COOTBETCTBYIOLIUX (hakTOopoB. Y KkieTok SIM-A9 ycTaHOB/IEH I'MMNOTETPAIUIOUAHbBIN KapUOTUIT C OOJIb-
IIIMM YUCJIOM CTPYKTYPHBIX U KOJUUYECTBEHHBIX aHOMAJINIA XPOMOCOM.

Karouesvie croea: mukpornusi, tuaust SIM-A9, kapuortur, ctBosoBble KiieTku, pererntop CSF-1, peuentop EGF,
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Knerku mukpornuu IIHC yenmoBeka 1 MbIm odpa-
3yI0TCSI B MIEpUOA paHHETO SMOPHMOHAIBHOIO Pa3BUTUS
13 MUEJIOUAHBIX KJIETOK-ITPEAIIECTBEHHUKOB KOCTHOTO
mosra. Bo B3pocioM opraHuzme myjl MUKPOTJIUU IO~
IepXXUBaeTCs Ha ITOCTOSSIHHOM ypOBHe Ojiaromapst cba-
JIJAHCUPOBAHHBIM ITIpolieccaM Ipojudepanuy 1 rudoeau
KJIETOK MyTeM aroIiTo3a, U 3a BpeMs XX1U3HU OpraHn3ma
MUKPOIINS OOHOBISIETCS ILEJIMKOM HECKOJIBKO pa3
(Askew et al., 2016). B npolecce pa3BUTHUSI TOTOBHOTO

IIpunsameote coxpamenus: ADA — aktuBHble hopmMbl azota; ADK —
aKTUBHBIE (hOpMBI KHcsiopoaa; AXp — XpOMOCOMHBIE abeppaliiu;
JITIC — nunononucaxapun; CK — ctBonoBble KieTku; DATA —
STWJICHIUAMUHTETpayKCcycHast Kuciota; DI TA — aTUIEHIJIMKOJb-
nu-(2-aMUHO3TUI)-TeTpaykcycHas kuciora; IIHC — ueHTpanb-
Has HepBHas cuctema; CSF-1 — kKomoHuectumynupylommii paxk-
Top-1 (colony stimulating factor-1); CSF-1R — peuentop CSF-1;
EGF — snunepmanbhblii pakrop pocta; EGFR — peuentop EGF;
mFISH — mHorouseTHas dbayopecluieHTHasi TMOpyuau3anus in situ;
PBS — docdarHo-coneBoit 6ydepHBIit pacTBOp.
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Mo3Ta 9MOpMOHAa MUKPOIJIUS YYaCTBYET B PEMOJEIUPO-
BaHUU CUHAIICOB M PEryJISILIUU aHTUOTeHe3a, BO B3pOC-
JIOM OpraHu3Me — B YCTpaHEHUM HEaKTUBHBIX HEHpo-
HOB M CUHAIICOB, B PETYJISILIUU HEliporeHe3a, B peMojie-
nupoBaHuu cocynuctoit cetu ITHC (Hampumep, mpu
WHCYJIbTE), B Pa3BUTUM peakinii KIIETOUHOTO UMMYHMU-
teta u BocnaneHus (Eyo et al., 2013).

B M03re MUKpPOIIHSI MOXKET IIPUCYTCTBOBATH B Pa3/INy-
HBIX COCTOSTHMSIX: BBIOE/SIOT TTOKOSIIIYIOCS Y aKTUBUPO-
BaHHYI0O MHUKpoODIHio. KIIeTKM MOKOSIIeicss MUKPOITIUT
MMEIOT GOJIBIIIOE KOJIMYECTBO PAa3BETBIIEHHBIX OTPOCTKOB,
sKkcnpeccupytor Mmapkepsl CD11b, CD40, CD45°Y, CDS80,
CD86, F4/80, Ibal, TMEMI119, CCXCR3, CCR9,
CSF-1R, C5aR. I1pu akTuBaliuu KJIeTKU IIPUOOPETAIOT
aMeOOUIHYI0O WM OKpyriaylo ¢opMy U (QeHOTUN
CDI11b*/CD45Meh (Askew et al., 2016). B xayecTBe ele
OIHOTO MapKepa aKTUBUPOBAHHOM MUKPOITIUU U, B
MEHBbIIIeil Mepe, aKTUBUPOBAHHBIX aCTPOLIUTOB, IIpel-
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JlaraloT aHaJIM3MPOBaTh MPUCYTCTBHE O€IKa-TpaHCIO-
Ka3bl Hapy>KHOU MeMOpaHbl MUTOXOHIPHUII C MOJIEKY-
JnsipHOI Maccoit 18 x/la, moiryyusiiero Ha3BaHue TSPO
(Bonsack et al., 2018). AKTMUBUpOBaHHbIEC KJIETKU MUK~
POTIJIMU CEKPETUPYIOT aKTUBHBIE (PopMbI a30Ta (ADA) 1
kuciopona (ADK), mpoBocnanTeIbHble UTOKUHBI U
XEMOKUHBI, UTO MMPUBOIUT K Pa3BUTHIO HEMPOBOCIIAJICHUST
U TIOBPEXIEHUIO HEWPOHOB TON AeiucTBUEeM (aKTOpPOB
BocnanieHus (Bachiller et al., 2018). KiieTku akTMuBUpOBaH-
HOIl MUKPOIJIUM, KPOME TOTO, MOTYT HEMOCPEACTBEHHO
MOBpeXIaTh HEMPOHBI C y4YaCcTUEM CHUCTEMbI KOMILIE-
meHTa (Kalm et al., 2015). XpoHudeckass aKTMBaLUs
MUKPOTJINU MO JeMCTBUEM 9HIOTEeHHbBIX (paKTOpOB, CO-
MPOBOXAAIOIIASICS JIUTEbHBIM HEWPOBOCITAJICHUEM,
JIEXXUT B OCHOBE IaToreHe3a MHOTMX HelipolaereHepa-
TUBHBIX 3a00JIeBaH1I, BKJTIoUas 60Jie3Hb AnbIIreiimepa
(Onyango et al., 2021).

B u3ydyeHuu oTBeTa MUKPOIJIMY Ha AeMCTBUE Pa3HBIX
CTHMYJIOB 1 TIPETIapaToB BaXHYIO POJIb UTPAeT BO3MOXK-
HOCTb UCMOJIb30BaHUS KYJIbTUBUPYEMBIX KJIETOK. Omu-
caHbl TUHUU MUKpormuu deinoBeka (HMO6) u Mbimm
(EOC, HAPI, BV2, SIM-A9), nmojay4eHHbIe KaK HpHU
TpaHC(EeKINHY OTpeneIeHHbBIX OHKOTeHOB (V-mycC B CITy-
yae HMOG6, v-raf/v-myc B cityuae BV2), Tak u B pe3yiib-
TaTe CriIoHTaHHOI mMMopTanu3auuu (Blasi et al., 1990;
Stansley et al., 2012; Nagamoto-Combs et al., 2014). ITo-
Ka3aHo, YTO KJIETKHU 3TUX JUHUIN COXPAHSUIM OCHOBHBIC
cBolicTBa nepBUYHO Mukporauu (Stansley et al., 2012;
Nagamoto-Combs et al., 2014).

SIM-A9 — CIIOHTaHHO MMMOpPTAJIU30BaHHbBIC KJIETKU
MUKPOIJIMU, TIOJy4eHbI U3 TKAHU KOPBI TOJIOBHOTO MO3Ta
HOBOPOXAEHHBIX MbIaT JuHur C57BL/6 u mompoGHO
oxapaktepu3zoBaHbl aBropamu (Nagamoto-Combs et al.,
2014), KoTopble TTOKa3ajin, YTO 3TU KJIETKU IKCIIPECCU-
poBanu Mapkepsl Ibal u CD68, cnetimduyHble 11 MaK-
podaroB 1 MUKPOIJINU; KpOMe TOr0, OHU 00J1aaaiu ga-
TOLMTApPHON aKTUBHOCTBIO, OTBEYAIW Ha CTUMYJISILIMIO
nunononucaxapuaoM (JITIC) u beTta-aMuIonaomM akTu-
BallMell CUTHaJbHBIX KacKaloB C y4acTMEeM TUPO3WH-
nporenaknHa3bl 1 NFkB u cekpenneit TN Fol, moBbine-
HHEM aKTMBHOCTHM MHIYLUPYEMOI CUHTa3bl OKCHUIIA a30-
Ta W IMKIOOKCHTeHas3bI-2. Ctumynsumsg Kinetok I1L-4
MOBBIIIAJIa YPOBEHb apruHasbi-1. TakuM oOpa3oM, aB-
TOPHI ITOKAa3a/Iu, YTO KIIeTKU JTMHUU SIM-A9 cnocoOHEBI
OTBE€YaTh Ha IPO- U MPOTUBOBOCTIAIUTENbHBIE CTUMYJIbI
¢dopmupoBaHueM (EHOTUNA TTPO- U MTPOTUBOBOCITIAIM -
tenbHOM MuKpormu (Nagamoto-Combs et al., 2014).
OTH CBOICTBA MO3BOJWIN PacCMAaTPUBATh MOJIYYEHHYIO
quHuo SIM-A9 B KayecTBe albTepHATUBBLI MEPBUYHON
MUKPOIJIUM U1 UCCIIEIOBAHUSI MEXaHU3MOB Pa3BUTHUS
HelpolereHepaTUBHBIX 3a00JIEBAaHUIN W COCTOSTHUMA,
00yCJIOBJIEHHBIX pa3BUTHEM HelipoBOCTIAJIEHUS, U U3Y-
yeHUs1 3PHEKTUBHOCTU MOTEHIIMAJIBHBIX TepareBTUUC-
CKHUX MpenaparoB, CIOCOOHBIX PeryJupoBaTh Mpo- U
NPOTUBOBOCHAIUTENIbHYIO AKTUBHOCTb MUWKPOTIJIUU.
OmHaKo KapMOTHII TOAydeHHOI muHuKn SIM-A9 n3yyeH
HE OBLI.

HTATTOIIIHUKOBA u np.

IIpu aHanM3e MUKPOIIMKY YaCTO BO3HUKAET HEOOXO-
JUMOCTb OLIEHMBATh COOTHOILICHUE TTOKOSIIINXCS U aK-
TUBUPOBAHHBIX KJIeTOK. JIuHust SIM-A9 He Oblia oxa-
pakTepu30BaHa MO 3TUM TlapaMeTpaM, XOTSI BbICOKU
ypoBeHb CD68 U CIIOHTAaHHONM CEKpElUM LUTOKMHA
TNFo MOTyT CBUIETETBCTBOBATh O CITOHTAHHOW aKTH-
BallMM YacTu 3Tux Ki1eTok. Kpome Toro, ocraercs Heuc-
clIeIOBaHHBIM BOMPOC 00 9KCIPECCUU MapKEPOB CTBO-
JIOBBIX (ITPOT€HUTOPHBIX KJIETOK), Takux Kak CD133 u
HECTUH, U PELIETITOPOB TAKUX KITIOUEBBIX (DAKTOPOB PO-
cTa, Kak pelenTop KOJOHUECTUMYJIUpPYIolIero ¢hakTo-
pa-1 (CSF-1R) u peuenrop snuaepmaibHOro ¢pakropa
pocta EGF (EGFR).

CSF-1R (CD115) nokaan3oBaH Ha MOBEPXHOCTHOM
MeMOpaHe KJIETOK M OTHOCUTCSI K CEMEMCTBY pelenTo-
poB dakTopoB pocta CSF-1/TpoMOoLiiTapHELil (hakTOp
pocra. O pacnio3Haet murangsl CSF-1n IL-34 — nuro-
KWHBI, KOTOPbIE KOHTPOJUPYIOT TpoJiudepalinio Kie-
TOK MUKpormuu M MakpodaroB. OHM CBS3BIBAIOTCS C
BHeKIeTOo9HBIM foMeHoM CSF-1R, nHIynpyrort nume-
pu3alnMo peuerntopa U ero ayrodochopuimpoBaHue
pEeLenTOPHON TUPO3UHIIPOTEMHKNHA30M ITO0 OCTaTKaMm
TUPO3MHA. DTOT MPOLECC IIPUBOIUT K KaCKamy BHYTpH-
KJIETOYHBIX CUTHAJIOB, KOTOPBIE PEeTYJIUPYIOT Mpoaude-
panuio, BbBDKMBaHME U (YHKLUUM KJICTOK-MUIICHEH.
CeaseiBanme CSF-1 ¢ CSF-1R akTtuBUpyeT Takue cur-
HanbHbIe TTyTH, Kak JAK—STAT, PI3K—AKT, ERK1/2
(Han et al., 2022).

EGFR, kak 1 CSF-1R, sBisieTcs 4ileHOM ceMelicTBa
TUPO3UHKWHA3HBIX PELIENTOPOB MJ1a3MaTUUECKO MeEM-
OpaHbI, KOTOpPbI€ KOHTPOJIUPYIOT TaKMe BaxKHbIe (hyHK-
11U, KaK pocT, A1ubdepeHLIMPOBKY, alloITo3, aAre3nuio
n murpauuio (Jones, Rappoport, 2014). EGFR mipen-
CTaBJIcH Ha MHOTUX TUIIaX KJIETKOK B LIEHTPaJbHOU M
nepudeprdeckoil HEPBHOU CHUCTEME, CBSI3aH C BBITOJ-
HeHueM Heliporpodmyecknx pyHkumni B LIHC n ygact-
BYET B PETYJISIIUY aKTUBHOCTHU TIMAJIbHBIX KJIETOK MO3Ta
(Douglas et al., 2009). B HacTosi111e€ BpeMsi 3TOT peliemn-
TOp MPUBJIEKAET 0OJIbIIIOE BHUMAHUE B KaUECTBE Tepa-
MeBTUYECKOM MUILIEHU M3-3a €r0 yJacTusl B aKTUBALU
mukporuu (Yan et al., 2019; Mansour et al., 2022). CBsi3bi-
Banne EGFR ¢ takmvm muranmamu, kak EGF n TNFo,
BBI3bIBACT aKTUBALIMIO MUKPOIJIUM TTyTEM TpaHCAKTHUBA-
1 MUTOTeH-aKTUBUpPYyeMoii mpoTernHKHA3bl (MAPK) n
IPYTUX HIDKeCTOsIIMX curHaabHBIX ITyTeit (Fischer et al.,
2006), a uHrMGUpoBaHue curHajabHoro nmytu EGFR—
MAPK nonapisieT BOCIIaIUTEIbHYIO PEaKIIMIO MUKPO-
IJIMU U CBSI3aHHOE C HEt BTOPUYHOE MOBPEXIeHME Hell-
POHOB MocJe MoBpexXaeHUs cliuHHOTO Mo3ra (Qu et al.,
2012).

B cBsI31 ¢ BEIIIIeCKa3aHHBIM ]I HACTOSIIIEH pabo-
TBI COCTOSIIa B XapaKTePUCTUKE MUKPOTITUH MBIIIIH JIV-
HuU SIM-A9 1o COOTHOLIEHUIO K KJIeTKaM ¢ (heHOTHU-
TIOM TIOKOSIIEHCI W aKTUBUPOBAaHHON MUKPOIJIUHN B
KyJIbType, aHaJM3 SKCIIPECCUM MapKepOB CTBOJIOBBIX
(mporeHuTOpHBIX) KieTok CD133 1 HecTuHa, pelenTo-
poB dakTopoB pocta CSF-1R 1 EGFR u ananu3 kapu-
OTUIA 3TOW JINHUU.
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MATEPUAJTI U METOINKA

Marepuanast u peakTuBbl. KynbTypajibHasi cpena
DMEM/F12, ceiBopoTKa jomanu, reHtaMmuunH (Gib-
co, CIIIA), deTtanbHast CBIBOPOTKA KPYITHOIO pPOTraTOro
ckota (HyClone, CIIA), ceiBopoTka Ko3bl (Biosera,
®paH1us), ObIUMI CBIBOPOTOUHBIN aIbOyMUH (Amres-
co, CIIIA), pactBop XeHKca, hocaTHO coieBoii Oydep
(ITan®ko, Poccust), mmacTukoBast KyJIbTypaibHasl Iocyaa
(Corning, CIIIA), BATA u BI'TA (AppliChem, I'epma-
aust), Triton X-100 (Fluka, CIIA), JITIC (Sigma-Aldrich,
CIIA), MitoSox-Red u 6-kap6okcu-2',7'-IuXJI0paUT I -
podayopecuerH auaierar (carboxy-H2DCFDA, C400)
(Molecular Probes, CIIA), 4-amuHO-5-MeTWJIaMHUHO-
2" 7'-mndropdnyopecuenn nuauerar (DAF-FM, Ther-
mo Fisher Scientific, CIIIA), mapadopmanbaerun (Pan-
reac, EC), peaktuBnl ExtractRNA, gPCRmix-HS SYBR
u cuHte3 npaiimepos gyis [T P (EBporen, Poccus).

Ucnonws3osanm cnenyromue anturena: K CD11b:PE,
CD45:AlexaFluord88, CD115:AlexaFluor647, Kk HecTUHY
(Biolegend, CIIIA), x Ibal u TMEM119 (Abcam, Benu-
ko6puranus), CD68 (BD Biosciences, CIILIA), TSPO
18 x1a:AlexaFluor488, CDI133:PE (Miltenyi Biotec,
I'epmanust), EGFR:FITC (BD Biosciences, CILIA); BTO-
puuHbIe aHTHUTENa KO3bl K IgG kpommka:AlexaFluor647
(Molecular Probes, CIIIA), BTopu4HbIE aHTUTEIA KO3bI
K IgG mermienka:AlexaFluor568 (Invitrogen, CILIA).

KynbTuupoBanue Kierok SIM-A9. KieTtku Mukpo-
MU MbIIKW JuHUU SIM-A9 KyabTUBUPOBAJIM B cpele
DMEM/F12, conepxaneii 10% MHaKTUBUPOBAHHOM (e-
TaJIbHOI CBIBOPOTKM KPYITHOT'O POraToro ckota, 5% nHak-
TUBUPOBAHHOI1 JIOIIAAUHOM CBIBOPOTKHY U 50 MKT/MJI Te€H-
TaMUIIMHA, B TIJIACTUKOBBIX KYJIbTYPJIBHEIX (DJTAKOHAX B
CO,-unky6atope npu 37°C B yBIaxkHEeHHOI aTMocde-
pe, conepxarieit 5% CO,. s iepeceBa KISTKU JTUHUU
SIM-A9 cHUManu ¢ NOMJIOXKHU C MOMOIIIbIO (hochaTHO-
ro coieBoro o0ygepHoro pacrsopa (PBS), conepxaiiero
1 mmonb/n BATA, 1 mmonb/1 OI'TA u 1 Mr/Mmit DIIOKO-
3b1. [IepeceB KIIETOK MPOBOIWIIN 2 pa3a B HEIEITIO IT0 10~
ctikeHnu 80—90% KOHMIIO9HTHOCTH.

AkTuBanug Kierok SIM-A9 ssenenuem JIIIC. Kiret-
ku Mmukporuu SIM-A9 akruBupoanu JITIC, nonydeH-
HbIM U3 Escherichia coli. MatouHblii pactBop (1 Mr/mi B
PBS) xpanwau npu —20°C; pabounii paCTBOP rOTOBWIN
B cpelie il KYJIbTUBUPOBAHUS TTOCJIEC €r0 pa3MOpaxKu-
BaHUSI HEMTOCPEACTBEHHO TMepe 9KCIIEPUMEHTOM.

OnpenesieHne aKTMBHBIX (DOPM KHCJI0poaa U a3ora. Ma-
TOYHBIE PACTBOPbI (PIIyOpPECLIEHTHBIX KpacuTeseil TOTOBU-
m B JIMCO: 20 MMOJIb/JTT 6-KapOoKcHu-2', 7 - TMXJIOPAUT I -
podayopectenH muaneraTa (carboxy-H2DCFDA, C400)
1151 okpaiBaHusi Bcex ADPK, 5 MMob/i1 4-aMUHO-5-Me-
TiaMuHo-2',7'-nudropdiayopeciuenH Iyainerara
(DAF-FM) mins onpenenenust ADA (NO) u 5 MMoJTb/JT
MitoSox-Red aj1s1 BeISIBJEHUS CyllepOKCcUIaHUOHA. Pa-
0oure pacTBOpPbl KpacuTejieil TOTOBWJIM B pacTBOpe
Xenkca. g onpeneneHus obiero comepxanuss ADK
n ADA XuBbIe KJIETKU OKpaIllMBaau B TeueHue 40 MuH
npu 37°C, nasg ompenencHUsT CyNepOKCUIAHMOHA —
10 mun npu 37°C. Ilocne okpalmMBaHUs KJIETKU OTMBbI-
Ne3 2023
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Baiu B pactBope PBS, ocanok pecycriernnposanu B PBS
U 10 usMepeHuil gepxanu mnpu 4°C. dayopecueHIUIo
KJIETOK aHAJIM3UPOBAIM HAa MPOTOYHOM LUTOMIYOpU-
metpe BD FACSCalibur (BD Biosciences, CIIIA), ocHa-
IIIEHHOM aproHOBBIM JIa3€pPOM C IJIMHOM BOJHBI 488 HM
Y TUOIHBIM KPAaCHBIM JIA3€POM C JUTMHOM BOJIHBI 635 HM
(PecypcHpbIii LIEHTp KJIETOYHOW W MOJIEKYJISIpPHOU Ono-
noruu, HUII “KypyaToBCcKMii MTHCTUTYT”) ¢ UCIIOJIB30-
BaHUeM TiporpamMmHoro obecrnieuenust “CellQuest™”
(BD Biosciences, CIIIA). B kaxxnoMm obpasiie aHaJIu3u-
poBanu 10 ThIC. KJIETOK.

@®enorumupoBanne Kietok Juann SIM-A9. s
OKpallMBaHM ITOBEepXHOCTHEIX 0enkoB CD11b, CD45
CD68 kinetku otMbeiBai PBS 1 okpalimBany npsMbIMUA
aHTUTEJaMU K TaHHBIM aHTUTeHaM (Tadj. 1) B TeueHue
30 muH 11pu 4°C. danee xkinetku otMmbiBaiau PBS, hukcu-
poBaiM B pacTtBOope 2%-Horo mapacdopMaybIeruia B
PBS 10 MyuH npu KOMHaTHOI TeMIlepaType, OTMbIBAIU U
pecycnenaupoBaiiu B PBS. ®aktop CSF-1R uaeHTH-
buLmpoBanu B (PUKCUPOBAHHBIX KJI€TKaX MPU OKpaIlly-
BaHuu B TeyeHue 30 muH nipu 4°C. I1pu okpalimBaHUN
KJIETOK aHTUTEJIaMU K BHYTPUKIIETOUHBIM Oenkam Ibal,
CD68, TSPO u HecTuHYy (TabJI. 1) KIIETKA OTMBIBAJIN OT
Ccpenbl KYJTbTUBUPOBAHMS, GUKCHPOBAIH 2%-HBIM pac-
TBOpOoM napacdopManpaeruaa 10 MuH, oTMbIBaIU, Tep-
MeabwiusupoBaiu B TedeHue 10 muH B PBS, conepxa-
meM 0.1% Tpurtona X-100 (Fluka, CIIIA) u 5% ko3beit
ceiBOopoTKU (Biosera, ®@paHumst) (IIpy OKpalllMBaHUU
Ibal, CD11b u HectHa) wim 1% OGBIYBETO CHIBOPOTOY-
Horo anpOymuHa (B ciydae TSPO); 3atem mobGasisiiu
aHtuTena K 6enky Ibal m Kk HeCTMHY M MHKYyOMpOBaIu
60 MUH ITpY KOMHATHOI TeMrepaType, Jajaee OTMbIBAIU
OT aHTUTEJ U UHKYOUPOBAJIU CO BTOPUYHBIMU aHTUTE-
JlaMU, KOHBIOTMpoBaHHBIMM ¢ Alexa Fluor 647 mus
okpamuBaHus Ibal u ¢ Alexa Fluor 568 miist okpalumba-
HUSI HECTHHA B TedeHne 60 MUH, TOCJIe YeT0 OTMBIBAIU
u pecycrieHaupoBaiu B PBS. OkpalimBaHue KJIeTOK aH-
TUTEJIAMU K BHYTPUKIIETOUHOMY 6enky CD68 mponsso-
IWIA TIpSIMBIMU aHTUTEJIaMU B TedeHWe 60 MUH TIpHm
KOMHaTHOI TeMmniepaTtype. sl OLEHKM colep>KaHus
6enka TSPO kireTku oKpammBany IpSIMbIMI aHTUTEIA-
MU IPU KOMHATHOM TeMmIiepatype B TeueHue 45 MUH.

Anturensl TMEM119, EGFR u CD133 unentudn-
LUpOBaJIM Ha He(UKCHUPOBAHHBIX KieTkax SIM-A9.
Ilpu ananuze TpaHcMemOpaHHoro Oenka TMEMI119
MPOBOIMIN HEMPSIMOE OKpallluBaHUE, a NI onpeaeie-
Hug 6enkoB EGFR u CD133 mcronb3oBanm IIpsiMble
anTuTena. Bece aHTUTE A MCITONB30BAIM B pa3BeleHUN,
pekoMeHI0BaHHOM (upMoii-usroropuresem. Payo-
PECLIEHIINIO KJIETOK aHAIM3UPOBAIY Ha IIPOTOYHOM L1~
topayopumerpe BD FACSCalibur (BD Biosciences,
CIIIA), ocHaIlIeHHOM aproHOBBLIM JIa3epOM C IJIMHOMI
BOJIHEI 488 HM 1 AUOIHBIM KpaCHBIM J1a3€POM C JJIMHOM
BOJIHBI 635 HM (PecypcHBIii LIEHTP KJIETOYHOI 1 MoJie-
KyngpHoit ouonornu, HUIL “KypyatoBckuii MHCTH-
TYT”) C UCIOJb30BaHUEM MTPOrPaAaMMHOI0 0beceueHusI
“CellQuest™” (BD Biosciences, CIIIA). B xaxxmom 06-
pasue aHaan3nupoBain 10 TBIC. KJIETOK.
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HTATTOIIIHUKOBA u np.

Tab6mmma 1. AHTHTENa, UCIIOIb30BaHHEIC TP MMMYHOLIMTOXMMHYSCKOM OKpalllMBAHUU AaHTUTEHOB KJIETOK TuHUMN SIM-A9

Bun Wcrounuk
AHTUTEH:KpacuTesb OnucaHue aHTUTreHa
(M30THIT) JIMTepaTyphl
CDI11b:PE MemOGpaHHBbINi 6eJI0K, NIMKOMPOTEUH U3 HafaceMelicTBa UHTerpuHOB, | Kpbica/IgG2b, k| Jurga et al., 2020
nponykt reHa ITGAM, anbda-cyonenuHuiia nHTerpuHa M2
(MAC-1)
CD45:AlexaFluord88 | [TaH-neifiKoUTapHBII aHTUTEH; SKCIIpeccUpyeTcs Kak Ha mokosi- | Kpeica/IgG2b, x| Becher et al., 1996
meiicst (Ha HU3KOM YPOBHE), TaK M HA aKTUBUPOBAHHOI (Ha BEICOKOM
YPOBHE) MUKPOTIIUN
Ibal BayTtpukneTouHsiii Ca-cBsi3bIBalolunii 0eJ10K, CBI3aHHBIN ¢ peopra-| Kponuk/IgG Sasaki et al., 2001
HU3alMel aKTUHA — GeJIKa [IMTOCKeJIeTa MUKPOTIJIMU
CD68:BV-421 CKaBeHIXep-pelieTTop; CBSI3bIBaeT OKUCIeHHBIe mumnonpoTeuHbl | Kpbica/IgG2a, k| Waller et al., 2019
CD68:AlexaFluord88 | HU3KOM INIOTHOCTU M y4acTBYET B 3IMMUHALIMK AeOpuca, B haroum- Kpbica/IgG2a
TO3€, B TOM YUCJIe MUEIMHA
PBR (TSPO TpaHcnokasa Hapy>XKHOI MeMOpaHbI MUTOXOHIpHIL ¢ MoJ1. Maccoit | Kprica/IgG Liuetal., 2014
18x1a):AlexaFluord88 | 18 x]la; paHee OeJIOK OBLI M3BECTEH KaK peleIITOp OCH30 AN a3eIITHOB.
TIpencraBieH Ha aKTUBUPOBAHHO MUKPOIIIUK 1, B MEHbIIIEH Mepe,
Ha aKTUBMPOBAHHBIX aCTPOLIMTAX
CDl115:AlexaFluor647 | Penentop MakpodaraibHOTo KoJoHUecTUMY M pytolero dakropa— | Kpeica/IgG2a,k | Stanley et al., 2014
CSF-1R
TMEMI119 TpancmemOpaHHbIii 6e10K 119, MapKep MUKPOIJIUU Kponuk/IgG Bennett et al., 2016
CD133:PE ITpoMmuHMH- 1, TpaHCMEMOPaHHBIA IMKOIPOTENH, Mapkep ctBojio- | Kpeica/IgG2a, A| Coskun et al., 2008
BBIX KJIETOK
Hectun Benok mpoMexxyTounbix priameHToB VI tTuna, Mmapkep riporeHurop-| Kypuma/IgY Bernal, et al., 2018
HBIX KJIETOK, paHee CYMTAJICSI MADKEPOM HEiPOHAIbHBIX CTBOJIOBBIX
KJIETOK
EGFR:FITC Penienirop sanuaepmaiibHOrO hakTopa pocra Mbiub/IgG1 Jones et al., 2014
NMMyHOTIIOOY TMHEL Bropudanbie aHTHTEIa KO3BI K UMMYHOIJIOOYTITHAM KPOJIMKA Ko3za/IgG —
kponuka:AlexaFluor647
NMMyHOrmo6ynMHbl | BropuuHble aHTUTeJ1a KO3bl K MMMYHOIJIOOYJIMHAM 1IbITIJICHKA Ko3za/IgG —
LI~
nmenka:AlexaFluor568

Anam3 3kcnpeccud MPHK renHoB nHTOKHHOB B KjleT-
Kax juHud SIM-A9. O6mryro PHK 3 kiteTok Bbiaensin
deHoI-XJT0poOPMEHHBIM METOJIOM, MCHOIbL3YSI peak-
1B ExtractRNA B coOTBeTCTBNM ¢ MHCTPYKIIMEH N3TO-
toButenst (EBporeH, Poccust). AHanu3 OTHOCUTEIBHOM
skcnpeccur MPHK ucciiemyeMbIX reHOB IIpOBOIWIIM C IO~
MOIIBIO TIOMMEPA3HOM IHEMHON peakmn ¢ oOpaTHOM
tpaHckpurnueit (OT-TTLP) kak onricaHo paHee (Mocka-
nesa u np., 2022). Dkcnpeccruio MPHK reHoB imToKnHOB
onpeneistm MetonoMm [T P B pexkmMe peatbHOTO BpeMe-
HU ¢ ucnojib3oBaHueM Kpacureisds SYBR Green I Ha am-
mwmdukaTtope CFX96 TouchTM (Bio-Rad, CILIA). ITLIP
npopodyin B peakumonHoi cmecr qPCRmix-HS SYBR ¢
KOHEUYHBIM 00BEMOM 25 MKJI, B peaKIMIO BHOCUJIN 2 MKJI
PEaKIIMOHHOM CMECH ITOCJIE peBEPTUPOBAHUS, COMIEpKa-
nryto KAHK 1 7.5 mkmons KaxKmoro u3 mapsl IIpaiMepoB:
mTNFo: nipsiMoii 5'-aaatggcctccctctcatc-3' M1 oOGpaTHbIi
5'-tttgagatccatgeegttg-3'; mIL- IB: mpsimoit 5'-acctgttcttt-
gaagttgacg-3' u obOpaTHbIil 5'-gaaaagaaggtgctcatgtcc-3';

mlL-6: nmpssMoit 5'-gaggcttaattacacatgttc-3' 1 oGpaTHBIM
5'-aggcaaatttcctggttatatccagtt-3'; mGAPDH: nipsimoit 5'-
cagccetegtececgtagaca-3' u oOGpaTHbI  S'-ttcccgttgatga-
caagcttc-3'.

Bpemennoit m temneparypHbiii pexxkum I[1LP g
mlIL- 1B, mIL-4, mTGFB v mGAPDH: 95°C — 15 ¢ (niep-
BBII 1mar — 5 muH), 62°C — 20 ¢, 72°C — 40 ¢, 45 nuxiion
ILP; nnsg mT'NFo:: 95°C — 15 ¢ (TiepBBIii mar — 5 MUH),
54°C — 15 ¢, 72°C — 45 ¢, 45 uuxuos ITLP. 3mepeHue
YPOBHS (pi1yopecleHIIUMU TTPOBOAMIN Ha KaXKIO0M LIUKJIe
npu temiieparype 72°C. Pe3yabraThl aHAIM3UPOBAIN C
rcroab3oBaHueM mporpammbl Bio-Rad CFX Manager
2.0. ¥posensb akcnipeccunt MPHK reroB mTNFo, mIL- 1B v
mlL-6 B xiteTkax MuKporiuu SIM-A9 uaMepsiii OTHOCH-
TEJIbHO KCIPECCUU KOHCTUTYTUBHOTO reHa mGAPDH n
BoIpakanu Kak 272, e ACt = Ct,ioama — Cloapphs
Ct — nmoporoBblii ypoBeHb (DIIyOpeCcUEeHIIMU, COOTBET-
cTByrOIIMA HoMepy nukia TP uccienyemoro o6pas-
11a, B KOTOpOM (DIIyOpeCHeHIIUS OTINYaeTCsI OT (POHOBO-

LHUTOJOTUS Ne 3
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Puc. 1. Tucrorpammsl mpsimoro/6okoBoro ceropaccesiHus (CP) kieTok MUKporiuu Mbluy JMHUM SIM-A9 (a) U ypOBHSI aHTUTEHOB
Ibal/CD68 (6) u CD11b/CD45 (6). [IpencrasieHbl 1aHHbIE TPOTOYHOM IUTOMETPUH C UCITOJIb30BAHUEM COOTBETCTBYIOIIMX (Di1yo-
peciieHTHO MeueHHbBIX aHTuTen (Alexa, PE wnu Brilliant Violet). [IpuBeneHb ricTOrpaMMBbl OTHOTO M3 TPEX TUITMYHBIX 9KCTIEPUMEH-
T0B. D — MHTEHCUBHOCTD (IyopeCcleHIIMM 31eCh U Ha puc. 1-3, 6, 7.

ro mryma. OTHOCUTEJIbHBIN YPOBEHB 3KCIIPECCUU T€HOB
B o0OpadboTanHbBIX JITTC KiIeTKax paccUnMTHIBAIN ITO OTHO -
LIEHUIO K CpeIHEMY 3HAUYECHMIO 11 KOHTPOJIBLHOTO 00-
pasla, KOTOPhI IIpUHUMAIU 332 COUHUILY.

Ananu3 kapuoruna Kaetok Juauu SIM-A9 ¢ nomompbio
METOJa MHOIONBETHOH (IyopecleHTHOH TMOpuIu3anuu
in situ (mFISH). KaproTun KJeToK aHaJTM3UPpOBaJIU, UC-
noab3ysd mFISH npoosr 21XMouse (MetaSystems, T'ep-
MaHUS) JIST OKpacKu MojaHoro reHoma. OKpacky Jesi-
LLIMXCS KJIETOK Ha cTaauu Metadasbl IPOBOIWIIU 10 METO-
IIVIKe TIPON3BOIUTENIST, XPOMOCOMBI MIEHTU(DUITNPOBAIIA 1
aHAIM3UPOBAIM  C  MCIOJIb30BaHMEM  IPOTpaMM
ISIS/mFISH (MetaSystems, ['epmaHusi), KOTOpble reHe-
pUpYIOT “IIceBIolBeTa” Ha OCHOBAHUM YHUKATBHBIX KOM-
OnHauMii 5 QIIyOpOXpOMOB IS MACHTU(MUKALIMN KaxKI0H
Tapbl XpPOMOCOM U CTPYKTYPHBIX TIEPECTPOEK MEXKIY HU-
mu. CTpyKTypHBIE IIEPECTPOMKI XpOMOCOM (abeppaly —
AXp) knaccudumponanu no cucreme mPAINT (Corn-
forth, 2001). AXp AeauJiu Ha MPOCThIe Pa3pbIBbl XPOMO-
coM (aleTpUKU W YKOPOYEHHEIE), MPOCThie OOMEHHI,
MPOUCXOSIINE U3 IBYX Pa3phIBOB B JBYX XPOMOCOMAax
(IMLIEHTPUKU, TpaHCIOKAllMU, KOJblla, XPOMaTUIHbIE
0OMEHBI) Y KOMIUIEKCHBIE abeppallli, COCTOSIINE W3
Tpex 1 0oJjiee pa3phIBOB B IBYX U 00Jiee XpOMOCOMaX.
st onmcaHusi CTPYKTYPHBIX U KOJIMYECTBEHHBIX aHO-
MaJIMiA XpOMOCOM OBLIO TIpOaHAIM3UPOBaHO 50 KIETOK
SIM-A9 .

Craructuueckas oopadorka. CtaTUCTUYECKYIO OOpa-
OOTKY pe3yIbTaTOB IIPOBOAMIIN 110 MeTony CThIOACHTA C
WCIIOIb30BaHMEM KOMITBIOTEpPHOM TporpaMMsl “Origin-
Pro”. Bce naHHble nmpencTaBieHbl B BUAE CPSAHUX 3HA-
YeHUII U CTAaHOAPTHOM OINMOKM cpemHero. Pazmmums
CUMTaIN CTaTUCTUUYECKU 3HAaYUMBbIMU T1pu p < 0.05.

PE3YJIBTATbBI U OBCYXIEHHUE

AHaJM3 3KCIpecCur MapKepoB MOKOSIIEHCs M AKTHBHU-
POBaHHOW MUKpOIIMH B KieTkax Junuu SIM-A9. Panee

OUTOJIOTUA TomM 65 Ne3 2023

Opy MMMYHOLIMTOXUMHWYECKOM OKpalllMBAaHUM C WC-
MOJb30BaHUEM COOTBETCTBYIOIIMX aHTUTE U CBETOBOI
Mukpockonuu (Nagamoto-Combs et al., 2014) ObL10
MoKa3aHO MpUCYTCTBUE B KieTKax SIM-A9 BHyTpuKJie-
TOYHBIX MapKepoB MUKpoIinu — 6enkoB Ibal u CD68,
KOTOPBIE 3KCIIPECCUPYIOTCS KaK MOKOSIIUMUCS, TaK U
aKTUBUPOBAHHBLIMU KileTKamu. OgHAKO MpU 3TOM Ha-
OIromaIn KJIIETKHM C pa3HOM MHTEHCHMBHOCTBIO OKpAaIlln-
BaHMsI 3TUX aHTUTEHOB. B ToO Xe BpeMsI, BEICOKUIT YpO-
BeHb aKkcrpeccun CD68 MoxkeT CBUIETEILCTBOBATL O
IIPUCYTCTBUU B KYJBTYpE€ aKTUBUPOBAHHBIX KJIETOK
MUKPOTINU.

Js aHanmm3a copepXaHUsI TTOKOSIINXCS U aKTUBH-
POBaHHBIX KJIETOK B KyJIbType Mukporinu SIM-A9 npo-
BOAWJIN WX WMMYHOLIMTOXMMHYECKOE OKpallluBaHUE
GIAYyOpECLIECHTHO MEYEHBIMHM AaHTUTEJIaMU K ITOBEpX-
HocTHEIM MapkepaM CDI11b u CD45 ¢ mocnenymoomei
IPOTOYHOI IUTOMETpHE 0Opa3loB. I1o maHHBIM cBe-
TopaccesiHUSI MOKa3aHO, YTO KyJIbTypa TpeacTaBieHa
onHo# momnyisuueit kinetok (puc. la). Ilpu 3ToM Bce
KJIETKU KYJIbTYPBl 9KCIPECCUPOBAIM HE TOJBKO MOJIe-
Kkynel Ibal u CD68 (puc. 16), Ho u CD11b 1 BeICOKUit
ypoBeHb CD45 (puc. 18), n umenu, TakuM oopaszoM, de-
Hotur CD11b/CD45Me" 410 cCOOTBETCTBYET aKTUBUPO-
BaHHOM MUKPOTJINHU.

CD68 — TtpaHcMeMOpaHHBIN O€JIOK, YPOBEHb KOTO-
pPOro MOBBIIIAETCS MPU BOCMAJICHUM U TIPU aKTUBALIUU
mukponu JITIC u IFN-y, yTo moka3aHO msI KJIETOK
MUKpormy Meimu JmHun BV-2 (Wong et al., 2005). 13-
BECTHO, YTO B MpPOIIecCe aKTUBALIMK MaKpo(aros MpOUC-
XOIUT MEPEIUCIIOKALIMS OCHOBHOTIO mysia Mojiekysr CD68
U3 BHYTPUKJIETOUHBIX KOMITAPTMEHTOB Ha IOBEPXHOCT-
HyI0 MeMOpaHy KiieTok (Ramprasad et al., 1996).

IIpu okpammBanuy anTureHa CD68 Ha TOBEPXHOCT -
HOIlT MeMOpaHe HemnmepMeaOIIN3UPOBAHHBIX KJIIETOK
SIM-A9 stoTr Mapkep oOHapyXeH Ha MeMOpaHe 72%
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Puc. 2. Tucrorpamma ypoBHst 66}11(3 CD68 Ha moBepXHOCTHOU MeMOpaHe KiieTok SIM-A9. [opu3oHTanbHOM TMHUEH OTMeYeHa Cy6-
nonyJsiuust okpateHHbIx CD68™ kietok, nundpamu ykazaHo UX KOIM4ecTBO. JIeBblil MUK — ayTodiyopeciieHIMsI, TIPaBblil — OKpa-

HICHHBIC KJIIETKHA. le/lBCHCHI)I JaHHBIC OMHOTO U3 TPEX TUITMYHBIX OKCIICPUMEHTOB.

KJIETOK (puC. 2), UTO TaKXKe COOTBETCTBYET (heHOTHUITY
aKTUBUPOBAHHOI MUKPOIJIMN.

JI1si MOATBEpKAEHUSI M NOTIOJHEHUS TMOJyYeHHbIX
pe3yabTaToB KJIeTKM JIuHUU SIM-A9 Ob1u oxapakTepu-
30BaHbI ¢ UCTIOJIb30BaHUEM €llle OJHOTO MapKepa MUK-
porinuu, 6enka TMEM119, u mapkepa akTMUBUPOBaHHOI
mukpornuu (Makpodaron) 6eaka TSPO. TMEMI119 —
cneruuUYecKruii MapKep MUKDPOIJIMM, U B HacTosliiee
BpeMsi Tmem 119 knaccudulmpyeTcss Kak OIUH U3 re-
HOB-MapKkepoB peHoTuia M0 MUKpOIJIMM MBIIICH, KO-
TOPbIl HE BKCIIPECCUPYETCs HeMpalbHBIMU KJIETKaMu
(Bohnert et al., 2020).

B otmmune or TMEM119, 6enok-TpaHciiokaza TSPO,
paHee U3BECTHBIN KaK pelenTop OeH3oama3enuuHa, uc-
TOJIB3yeTCs B KauyecTBE MapKepa aKTUBHPOBAHHOM ITO
MPOBOCTATTUTETLHOMY ITyTH MUKPOTJIMU ITPU HEHPOBOC-
naneHuu (Pannell et al., 2020). [1pu aHanu3e 3TUX Map-
KepOB 0OHAPYXKEHO, YTO BCE KIIETKW MUKPOTJINHN JIMHUU
SIM-A9 skcnpeccupytor 6enku TMEMI119 u TSPO

(puc. 3a, 6 COOTBETCTBEHHO), YTO COOTBETCTBYET aKTH-
BUPOBAHHOI MUKPOIJIMH.

Taxkmm o6pa3om, B pe3ysIbTaTe IIPOBEASHHOTO NCCIe-
JIOBaHUS MTOKa3aH BBICOKWI YpOBEHB CONIE P KaHUSI TAKMX
MapKepoB aKTUBUPOBAHHON MUKPOIIMM, KakK OeIoK
CD68 Ha moBEpPXHOCTHOM MeMOpaHe KJIETOK U BHYTPH-
KJIeTouHbIi 6enok TSPO Ha HapyXHOII MeMOpaHe MU-
TOXOHJPUH, a TAKXKE COOTBETCTBUE KJIETOK JMHUU SIM-
A9 ¢penoruny CD11b/CD45"eh, D1y naHHBIE TO3BOJISA-
IOT OMHO3HAYHO KOHCTAaTUPOBATh, YTO MHTAKTHbIE KJIET-
KA OTOH JMHUM MMEIOT (DEHOTUIT aKTUBUPOBAHHON
MUKPOTJINU.

XapakTepucTHKA aKTHBAIMM KJIeTOK MUKpormmn SIM -
A9 nop neiicteuem JIIIC. JITIC gaBasercs KiiacCU4eCKUM
MHIYKTOPOM IIPOBOCITAIUTEIbHON aKTUBALIMM MUKPO-
IJIMU, KOTOPasi COIMPOBOXKIAETCS YCUIEHUEM (DaroluTo-
3a, TOBBIIICHUEM CEKPELUM IIPOBOCIIAIUTEIbLHBIX U~
TOKMHOB, XeMOKMHOB U1 ADK 1 ADA (Lively, Schlichter,
2018). B cBs131 ¢ TeM, YTO paHee OblJIa MOKa3aHa aKTHUBa-

50 -
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Puc. 3. Tucrorpammsel ypoBHst mapkepoB TMEM 119 (a) u TSPO (6) B kinetkax muaun SIM-A9. [opu30HTaIbHOM JIMHUEH OTMedeHa
cyononyssiuust okpamieHHbIXx Ha TMEM119 (a) u TSPO (6) kietok, nudpamu ykazaHo UX KOJIMYecTBO. JIeBblii MUK — ayTodiyopec-
LICHLIMST, TIPaBBI — OKpallleHHbIe KieTKU. [IpuBeaeHbl JaHHbIE OMHOTO U3 TPEX TUMMYHBIX IKCIIEPUMEHTOB.

OUTOJIOTUA  Tom 65 Ne3 2023



XAPAKTEPUCTHUKA KIIETOK MUKPOTJINU JIMHUU SIM-A9 — HOBBIE JAHHBIE

265

22.8+0.5%

Puc. 4. Mukpodortorpacduu KyabTypbl KieToK tuHuu SIM-A9 B koHTpoJie (a) v yepe3 24 4 nociie aktuBaiu JITIC B KOHLEHTpaLuu
5 (6) u 500 (8) Hr/mu1. Pa3zoBoOKOHTpacTHast MUKpocKomnus. Llndpamu ykazaHa noJist KIeTOK yIUIMHEHHOM (DOPMBI C OTPOCTKaMH (IT0-
KazaHbl CTpeIKaMu). * — OTJIMUHUSI JOJIU KJIETOK B KyJbType nocie neictBus JITIC oT KOHTPOIbHOM KYJAbTYpbl CTATUCTUYECKN 3HAUM -

Mol ipu p < 0.05. YBen. 06.: 40X.

M KIeTOK MUKpoTuu TuHuM SIM-A9 non neiictBueM
JITIC (Nagamoto-Combs et al., 2014), Ha ciaeayiomieM
aTane pabGoOTBHl Mbl MCCIIEIOBAIM BO3IACUCTBUE STOTO
areHta Ha MopdoJsoruio Kietok SIM-A9, skcrpeccuio
TEHOB MPOBOCHAIUTEIbHBIX LIMTOKUHOB U YPOBEHb CO-
nepxanusg ADK u ADA. I1pu aHanmn3e 3KCIIPecCuu psi-
JIa MapKepoB, YIIOMSIHYTBIX BbIIIE, B KJIETKAX MUKPO-
i SIM-A9 depes 24 4 mocne oO0pabOTKU S5 HI/MI
JITIC akTuBUpOBaHHBIE KJIETKA UMEIN TaKOM Ke (DeHO-
THIT, KaK U KOHTpOJIbHbBIE (cM. puc. 1, 3), To ecth, 100%
KJIETOK, 06padoTaHHbIX JITIC, OBLIM MTOJIOXUTETbHBIMU
no mapkepam CDG68, Ibal, CDI11b, CD45, TSPO u
TMEMI119 (naHHble He moka3aHbl). Takum oOpasoM,
24-yacoBoe BozaeiicTtBue JITIC Ha kiaetku SIM-A9 He
W3MEHseT UX (DEHOTUII.

IIpu uccaegoBanum Mopdoaoruu kiaetok SIM-A9
nocite aktuBauuu JIIIC 1mokasaHo, 4TO KJIIETKU KOH-
TPOJILHOM KYJIBTYpPHI, HE TTOIBEPraBIINECs BO3ACICTBUIO
MIAaHHOTO areHTa, UMEIOT MPEUMYIIECTBEHHO OKPYIJIYIO
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dopMy 1 HEOOIBIIOE KOJIMYECTBO KJICTOK YIJIUHEHHON
¢dopmbl ¢ oTpocTKaMu (puc. 4a). Ilpu KynsTuBUpOBa-
Huu kjetok SIM-A9 B npucytrctBuu 5 u 500 Hr/mu JITIC
IOJIST KJIETOK YIUTMHEHHOW (DOPMBI C OTPOCTKAMHU BO3-
pacrtaet 3a 24 4 no 14.7 £ 1.6 u 22.8 + 0.5% coorBeT-
cTBeHHO TIpoTB 6.9 + 0.3% B KOoHTpOIMIE (pUcC. 40, 6). Ta-
KuM obpazoM, B ripucyrctBuu JITIC uzmensiercss Mmopdo-
JIOTUSI 4acTU KJIeTOK JuHuu SIM-A9, cpeny KOTOPBIX
VBEIMUUBACTCS OIS YIDTMHEHHBIX KJIETOK C OTPOCTKAMMU.

Jpyrue aBTOpbI paHee IOKa3ajld, YTO aKTHUBALIMS
kJetok SIM-A9 nion neiictBuem 2.5 Hr/mia JITIC conpo-
Boxnaetcs yeennueHueM cekpeuuu TNFo (Nagamoto-
Combset al., 2014). MbI poBeJiv UCClIETOBAaHUE YPOBHS
9KCIIPECCUU TeHOB MPOBOCHAIUTEILHBIX IIMTOKUHOB B
aHaAJIOTMYHBIX YCIOBUSX U IoKa3anu, uyro JITIC ctumy-
JupyeT noBbillieHre akcrnpeccuu MPHK reHoB mposoc-
MAJINTEILHBIX IIMTOKWMHOB B KiIeTKaxX JMHUU SIM-A9
(puc. 5a—e). KynbruBupoBaHUE KIETOK B IIPUCYTCTBUH
9TOT0 areHTa MPUBOIWIO K YBEJIMUYEHUIO SKCIIPECCUU

o 6
. 3000
3 2500 |
£ 2000
g 1500
< 1000 -
= 500 I ii
S s
S 6
& 4
s 2
Q) 0

Kounrtponb 5 Hr/ma 500 Hr/mi

JIrcC JIrcC JIIcC JIIcC

Puc. 5. Yposens akcripeccunt MPHK renos TNFo. (a), IL- 1B (6) u IL-6 (6) B kiieTKax MuKportuu uHun SIM-A9 depes 6 u 24 1 rociie

crumyisitinu JITIC B pa3HOi KOHIIEHTpAIIWK.
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Kontpons SIM-A9
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Puc. 6. YpoBeHb akTUBHBIX (hopM Kuciaopoaa (a), MUTOXOHIPUAJIBHOTO CyNepOKCUIaHMOHA (0) 1 OKCcHIa a30Ta (6) B KOHTPOJIbHBIX
kietkax SIM-A9 (nesas koaronka) n oopadoranHbix S00 Hr/mi JITIC (npasas koaouka). [ucTorpaMmbl MoydeHbI C TOMOLIBIO TTPOTOY-
HOI1 LIMTOMETPUU MOCJIe OKPALIMBAHUSI KJIETOK C (PJTyOpECLIEeHTHBIMU BUTAJIBHBIMU KPACUTEJISIMU.

rOpI/I3OHTaJ'II>H]>IMI/I JIMHUAMU OTMEYEHDBI Cy6HOHyJISH.[I/II/I OKpall€HHbIX Ha COOTBCTCTBy}OH.[PIfI MapKep KJIETOK, I.[I/I(i)paMI/I YKa3aHo ux
KOJIM4yecTBo. JIeBblil MUK — ayTO(l)JIYODCCL[CHHI/IH, MPaBblil — OKpAaLLEHHbIE KJIETKU. HpI/IBe,Z[eHLI JaHHBIC OAHOI'O U3 TPEX TUITMYHBIX

OKCIICPUMECHTOB.

MPHK mT'NFo. no 80 pa3, mIL-If3 — no 280 pa3, mIL-6 —
1o 2000 pa3s yepes 6 4 mmocie Bosaevicteus JITIC B no3se
500 ur/mn. Ilpu peiictBun JIIIC B KOHIEHTpaluun
5 HI/MJI TaKKe OOHApyXeHO YCUMJIEHNE SKCIIPECCUM 11 -
TOKMHOB, HO B MEHBIIIEeIi CTeNIeHU.

Yepes 24 y kynbTuBUpoBaHus B ripucyTctBum JITIC
ypoBeHb akcnipeccuu MPHK mTNFo., mIL- 1B v mIL-6
CHILXAJICS, HO TIPEBBIIIAN YpOBEeHb KOHTPOJIs B 20, 2.5 u
3 pasa COOTBETCTBEHHO TIIpu KoHueHTpanuu JIIIC
500 Hr/Mn (puc. 5a—e). AHAJIOTMYHOE CHIXXEHUE 2KC-
npeccu MPHK 1mtokuHOB yepes 24 4 HaGmoganu mocie
noo6asnenust JITIC B koH1IeHTpaLmu 5 HT/MJI (puc. Sa—a).

AKTHBaysi MUKPOTJIUM COMPOBOXIAIACH TAaKKe M
nobiieHeM npoaykuun ADK n ADA. Tak, mokasaHo
(Nagamoto-Combs et al., 2014), 4TO CTUMYJISILIUS KJie-
ToK SIM-A9 JITIC B n103€ 2.5 HI/MJI CTUMYJIUPYET TTPO-
MYyKIIAIO OKCHUIA a30Ta, aKTUBUPYET WHAYLMOEITHHYIO
NO-cHuHTa3y U LIMKJIOOKCUTEHA3Y.

B Hacros1eit paboTe Mbl MCCIeT0BaIU CIIOCOOHOCTD
kitetok SIM-A9 orBeuats Ha aktuBauuio JIIIC yBeau-
yenueM ob6paszoBaHust APK u ADA npu MCronb30Ba-
Huu kpacuteseit C400 (o151 aHaIM3a BHYTPUKIIETOYHBIX
ADK), MitoSox (m1st aHAaTM3a MUTOXOHIPUAIIBHOTO CY-
nepokcua-annoHa) 1 DAF-FM (nia ananuza okcuma
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Puc. 7. Yposeus CD133 (a), HectuHa (6), peuentopoB CSF-1R (¢) u EGFR (¢) B kiierkax Mukporuu Junuu SIM-A9. TIpoTtouHast
LIMTOMETPUSI TOCTIE OKPAILIMBAHUSI KJIETOK C UCTIOJIb30BAHUEM COOTBETCTBYIOLIMX AaHTUTEN, KOHBIOTMPOBAHHBIX C (pIyOopecLieHTHOM
metkoit (PE, APC wim FITC). l'opu3oHTaIbHBIMU JTMHUSMU OTMEYEHBI CyOITOMY/ISILIMY OKPAIIEHHBIX HA COOTBETCTBYIOIIMI MapKep
KJIETOK, LIMdpaMu yKa3aHO X KOJan4ecTBo. JIeBblil MUK — ayToduiyopecLieHLMs, MpaBblil — OKpallleHHble KieTKU. [IpuBeneHb! naH-

HbI€ OJTHOTI'O U3 TPEX TUIMMYHBIX 9KCIIEPUMEHTOB.

a3oTa) C TOMOUIbIO MPOTOYHOU LUTOMIYOPUMETPUH.
IMony4yeHHBIe pe3yabTaThl IIPEACTaBIeHEI Ha puc. 6. [1o-
Ka3aHO, YTO KOHTPOJIbHBIE KJIETKM XapaKTePU3YIOTCS
cnoHTaHHOI mpoaykuueit AOK u ADA (puc. 6a—s).
AxTtuBanus kiietok JITIC npuBoamnia K yBeJIMYEHUIO 00-
pa3oBaHMs BCEX MCCIENOBaHHBIX MeTaboIUTOB. BhIcO-
kuii ypoBeHb ADPK n ADPA, oOGHapyXKEeHHbIII B KOH-
TPOJBHBIX KJIETKaX, KOPPEeIUpyeT ¢ (PeHOTUIIOM KIIETOK
SIM-A9, cOOTBETCTBYIOIIMM aKTUBUPOBAHHOM MUKPO-
ouu. Ilpu atom mox BosaelictBueM JITIC cexkpenus
3TUX METAa0OJIMTOB BO3pacTajia, YTO CBUIAETEIbCTBYET O
najpHenmen GyHKIMOHATbHONM aKTUBAIINN KJICTOK.

T'enepanusa ADK u APA mpoucxoIuT B HOPME B
mpolecce XU3HEAESATEIbHOCTA KIeTOK. OHM MMEIoT
BaXXHOE PETYISITOPHOE 3HAYEHHE: B 3aBUCHUMOCTH OT
KOHILIEHTpallMX MOTYT MHIYLMPOBATh WJIM MHIUOUPO-
BaTh ITpo1ecchl tnddepeHIIMPOBKH KJISTOK, HAITIpUMED,
TeMOITO3TUYECKUX 1 HEMPaJTbHBIX CTBOJIOBBIX KJIETOK, a
TaK:Ke y4aCTBOBATh B PETYJISILIUM alloNTO3a, CUHTE3a Y-
TOKMHOB U BIUSTH Ha NPpoJIMdepaliiio 3TUX KIIETOK MU
uHayupoBarth ux rudens (HoBukoB u ap., 2014). ITo-
3TOMY MOXHO moJjaraTbh, 4to cekpenus ADK u ADA
KJIETKAMU MUKPOIJINM, BO3pACTAIOLIAS IIPU aKTUBALIU
JITIC, MoxeT oKa3pIBaTh BO3ICHCTBUE Ha COCEIHUE
KJIeTKM, 3(PEKT OT KOTOPOro OyIaeT 3aBUCETh OT KOH-
LEHTPALU 3TUX METaOOIUTOB.

LIUTOJIOTUA Ne 3
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AHaIM3 3KCnpeccHd MapKepoB CTBOJIOBBIX KJIETOK M
NMPOTEeHUTOPHBIX KJAEeTOK B KyJabType SIM-A9. JIns onpe-
JeJeHUs KOJIMYecTBa CTBOJIOBBIX KiieToK (CK), pucyr-
CTBYIOILIIUX B KyJbType SIM-A9, ucciaeqoBanu comepxa-
Hue CD133"-kierok. TpaHcMeMOpaHHBIA NIMKOIPOTEUH
CD133 — mmpoKo MCHOoNIb3yeMbIiA MapKep IS UAeHTU (M-
Kaumn CK n3 HopMaabHBIX U OITyXOJIEBBIX TKaHel. [Toka-
3aHo (Prater et al., 2021), yro CD133"-k1eTKu 13 cMeLIaH-
HOM KYJIBTYpPbl KOPhI TOJIOBHOTO MO3Ta OBIJIU CITOCOOHBI
npoayuuposars mmyi CD457 /CD11b* -Mmukpommu in vitro
U in vivo. Ilpu uccienoBaHMU 3TOr0 aHTUTeHAa B KJIETKaX
auHuu SIM-A9 oGHapykeHO, YTO pa3Mep CyOoTomyJs-
us kierok CD133* coctasuin 5.0 £+ 1.1% (puc. 7a).

IMpucyrcrBue kinetok CDI133" B IMHUU MUKPOIIIUKA
MBI TI03BOJISIET Ioarath, 4to 310 CK, 13 KOTOPBIX
00pa3yloTCs IPOreHUTOPHBIEC AaKTUBHO PO epUpyIo-
I11€ KJIETKU MUKPOTJIMH.

Mapkepom CK, KiIeTOK-TIpeAllIeCTBEHHUKOB pa3-
JIMYHBIX TUIOB, B TOM YUCJie HEAPOHOB, aCTPOLIUTOB U
OJINTONEHAPOLUTOB ABJsieTcs: HectuH (Michalczyk
et al., 2005). ITpu rcciienoBaHUM COAEPKAHUA HECTUH ' -
KJIETOK B KyJ1bType SIM-A9 nokasano, uto 100% kieTok
JIMHUM BKCIIPECCUPYIOT 3TOT MapKep (puc. 76). DTo 1103-
BOJISIET 3aKJIIOUYMTh, YTO KYIbTypa KieToK SIM-A9 ripen-
CTaBJIeHa B OCHOBHOM ITPOT€HUTOPHBIMU KJIETKAMMU.
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ITokazano (Elmore et al., 2014; Huang et al., 2018),
YTO BOCCTAHOBJICHUE ITyJia PE3UIeHTHOM MUKPOIJIUU B
MO3TIe€ MBIIIEH ITOC/e €€ UCTOLICHUS IIPU IeiAICTBUM MH-
rubutopa peuentopa CSF-1 (mpemapara PLX5622)
MPOUCXOAUT B Pe3yIbTaTe PEIOMYJISIAN U COIPOBOXK-
JAETCS MOSBJIEHUEM HECTUH -KJIETOK MUKpOIINK. T1pn
3TOM aBTOPBI YOEIUTEJIbHO JOKa3alau, YTO 3TU KJIETKU
MPOUCXOOST U3 COXPAHUBIINXCS ITOCIIEe ASCTBUS MHTU -
OUTOpA KJIETOK MUKPOIIIMH, a HE U3 HECTUH -Helpaib-
HBIX CK, 113 KOTOpBIX 00pa3yroTcst HelpOHAJILHBIE KJIET -
KU, aCTPOLIMTHI U OJIUTOIEHAPOLUTHI. JIeiiCTBUTENBHO,
HECTUH J0JITOE BPEMSI CUUTAJICSI MAaPKEPOM TOJBKO Heil-
panbHbIx CK, m3 KoTOpEIX B mpoliecce nuddepeHIIn-
POBKM 00pa3yIoTcsl HEMPOHBI, ACTPOLIUTHI M OJTUTOACH I~
pouurtsl (Bernal, Arranz, 2018).

B HacTos11Iee BpeMsl HECTMH OOHApYyXeH B KyJIbTypax
nposimdepupyooumx CK pasHbIX TUTIOB U CKOPEE SIBJISI-
eTCs MapKepoM NpOoJU(EpUPYIONINX ITPOreHUTOPHBIX
kieTok. Jemsmasicss Mukpornust Mmo3ra (Takamori et al.,
2009; Askew et al., 2017) u ceruatku (Wohl et al., 2011)
BPEMEHHO 9KCIPECCUPYET HECTUH BO BpEeMSI PEITOITYJIsI-
U1 ¥ pa3BUTHUS BOCHAIMTEIbHOI peakumu. MI3BecTHO,
yto (papMakoyiorndeckue mHruomuropsl CSF-1R sBis-
IOTCSI YHUBEPCAJIbHBIM MHCTPYMEHTOM BO3ICHCTBUS Ha
npoymdepannto mukporinuu (Green et al., 2020); uHru-
oupoBanue CSF-1R MoxeT cHUXKaTh IIpoJimdepannio
MUKPOIIMM Y MOIYJIUPOBATh ¢¢ (DEHOTUII IIpU HEMpo-
BOCHAJIeHUM, HAIpUMep, IIPU IIPOTPECCUPYIONIEM pac-
cestHHOM ckiiepo3e (Hagan et al., 2020).

Crneun@GUIHOCTh TAKMX UWHTMOUTOPOB HE abCOIOT-
Ha. Tak, nokasaHo (Lei et al., 2020), yto PLLX5622, Hau-
ooiee appexTuBHLIN N3 mHrHONTOPpOB CSF-1R, Biusie
HE TOJIbKO Ha MUKPOIJIUIO, HO TaKXKe MPUBOIUT K JOJITO-
BPEMEHHbBIM U3MEHEHUSM B MUEJIOUIHBIX U JIUMPOU/I-
HBbIX KOMIIAapTMEHTax KOCTHOTO MO3Ta, CEJIe3€HKU U
KPOBHU B pe3yJibTaTe MoaaBJIeHUS NpoJindepaluu cooT-
BETCTBYIOIIUX KJIETOK-TIPEIIIECTBEHHUKOB, 3KCIIpec-
CUPYIOILIIMX 3TOT pelienTop. BaxHo, yTo Takue KieTou-
HbIE€ TIOIMYJSIIIMM, KaK MpPaBUJIO, BOCCTAaHABJIMBAIOTCS
nociie yaajgeHus areHrta, mHruoumpyoomero CSF-1R: B
MO3Te PenonyIsiiuusl yIaJleHHOW MUKPOIJIUU MPOUCXO-
IUT B TE€UEHUE HEAEIU ToCje MpeKpalleHus OeiCcTBUS
MHTUOUTOpa G1aroaaps mpojirdepaliuy COXpaHUBIINX-
csl KJIETOK MMUKPOIJIMU, KOTOPbIE IKCIPECCUPYIOT He-
CTHH, a 3aTteM nuddepeHIPYIOTCS B MUKPOTIUIO, HE
coJiepKalllyto HeCTHH.

Taxum obpaszom, B kireTkax ImHu SIM-A9 ob6Hapy-
xeHo mpucyrcTsue 5% CD133"-CK u BvICOKMiT ypo-
BEHb 9KCIPECCHUU HECTUHA BO BCeX KIIeTKaX. DTO CBUIe-
TEJILCTBYET O TOM, YTO HECMOTPsSI Ha (PeHOTUIT aKTUBU-
POBaHHBIX KJIETOK MUKPOITIUM, KYJIbTypa KJIIETOK TUHUU
SIM-A9 nipencrasiieHa HU3KO AuddepeHIIMPOBaHHbI-
MU IPOTEHUTOPHBIMU KJIETKAMU MUKPOIIUM.

XapakTepucTUKAa IKCHpeccHd penentopoB (akTopos
pocTa Ha KJeTKax MuKkporiuu Junun SIM-A9. ITponude-
pauust KJIeTOK MUKPOITIUU MOXET aKTUBUPOBATHCS MPU
CBSI3BIBAHMU COOTBETCTBYIOIINX JIMTAHIOB C PEIIETITO-
pom ¢akropa CSF-1 (CSF-1R), CD115 u ¢ penentopom

HTATTOIIIHUKOBA u np.

dakropa EGF (EGFR). IToaToMy ObL10 TIpOBEACHO HC-
cliefoBaHUe MPUCYTCTBUSI 3TUX PELICIITOPOB Ha TTOBEPX-
HOCTHOM MeMOpaHe KJIeTOK JUuHUU SIM-A9.

I1pu anamm3ze skcnpeccun CSF-1R B kiteTkax TmHAN
SIM-A9 mel o6Hapyxwuan, uro goiast CSF-1R*-xmeTok
cocrassteT 93.0 * 2.4% nonyssiimu (puc. 78).

Penientop EGF BoBiieueH B peryisiuio rmpoiudepa-
LIMU KJIETOK MHOTUX TUIMOB. KpoMe Toro, nmokasaHa ero
pOJib U B TIpoliecce aKTUBALMU U MUTPALIMX MIEPBUYHOM
mukpormuu Meimu (Coniglio et al., 2012). Insg onpene-
neHus1 ypoBHs akcrnpeccurn EGFR Ha nmoBepxHOCTHOIM
MeMOpaHe Ki1eToK Mukpormu SIM-A9 6b110 mpoBee-
HO OKpalllMBaHWE KJIETOK aHTUTEJIaMU K 3TOMY aHTUTe-
Hy. B KynbType oOHapyXeHO ABe CyOomomyJisiiuu KJie-
TOK: YacTb KJIETOK HE UMeJIa, WU MMesla OYeHb HU3KU I
YPOBEHb 3TOr0 aHTUIE€HA, a CyONomyJslus KJIEeTOK
EGFR™ cocrasisna 62.0 = 3.1% (puc. 72).

Panee EGFR OblI 00Hapy:XeH 1 B KJIETKaX MUKpPO-
IJIMY MBI JTMHUKA BV-2. AKTUBanust 3Tux KJIeTOK MOP-
(bMHOM IIpUBOAMIA K IPOIIOPIIMOHAILHOMY I03€ U Bpe-
MEHU YBeIN4YeHM1I0 ypoBHS aKkcripeccuu CD11b, ypoBHs
dochopuwnupoBanuss EGFR u  nporeMHKUHa3bI
ERK1/2, Murpauum KjIeTOK U IIPOAYKIMH IIUTOKHOB
IL-1B u TNFo; akTuBanusi MUTpalud U TMPOMYKIIUU
MPOBOCHAIUTEIBHBIX IMTOKMHOB MHTMOMPOBAJach Ipu
omokupoBannu curHanbHOTO ITyT EGFR 11071 eticTBur-
€M HU3KOMOJIEKYJISIPHOTO MHTMOUTOpPA 3TOIO PELeITO-
pa AG1478 (Quet al., 2012, 2015; Yang et al., 2021). Ta-
KMM 00pa3oM, B HacCTosIllee BpeMsI HaKaIUIMBAIOTCS
yOenuTesIbHbIE ToKa3aTeJlbCTBa TOro, YTO MHIMOMpOBa-
Hue curHaibHoro nmytu EGFR/ERK moxeT npencras-
JISITb HOBBIM CHOCOO ITOMABJICHUSI aKTHMBAIlMM MUMKPO-
rimau, u npucyrctBue EGFR Ha knerkax muHum SIM-A9,
MOKa3aHHOE B HACTOSIIECH paboTe, ITO3BOJISIET UCIIOJb-
30BaTh 3TU KJIETKM ST MCCAeaoBaHUs 3D (heKTUBHOCTA
TaKUX UHTMOUTOPOB.

IToayyeHHBIE HAMU PE3yIbTaThI TO3BOJISIOT MIPEANO-
JIOXWTH CYIIIeCTBOBAHUE, TIOMUMO KJIACCUIECKOTO ITyTH
CTUMYJISILMU TIpoJiuepaliui KJIETOK MUKPOIJIUU JIM-
Huu SIM-A9 uepe3s petentop CSF-1R, u anbrepHaTUB-
HOTO MeXaHN3Ma, CBI3aHHOTO ¢ aKTUBAIINEH pelenTopa
EGFR.

Anamm3 kapuotuna kiaetok juann SIM-A9. Mcnonb-
30BaHHBIN B JaHHON paboTe IS aHajIM3a KapUoTUIla
meton mFISH mosBoasger TogyHO MAeHTUUIIMPOBATH
KaXayro Iapy XpOMOCOM M BOCCO3daTh KapUOTHUII JIU-
Huu. Ha puc. 8a npencraBiieH HOpMaJIbHBIM KapUOTUIT
mbin auHu C57B1/6 (21, XY), ToaydeHHBIA TIpU UC-
CJIeIOBaHUM KJIETOK KOCTHOro mosra. CHoHTaHHBbIE
AXDp OTCYTCTBYIOT.

TunmuHble KapuorpaMmbl KJIeTOK JmHUM SIM-A9
nokxa3aHbI Ha puc. 86. [1pu muToreHeTMYeCKOM aHaIN3¢e
KJIETOK 3TOU JIMHUM OOHapyXeH CUJIbHO M3MEHEHHBIN
KapuOTHUII C OOJIBIIIMM YMCJIOM TPaHCIOKALMI U IPYyTUX
MEPECTPOEK XPOMOCOM, a TaAKXKe KOJIMYECTBEHHBIX aHO-
Manuii. OOHapy>keH OTHOCUTETbHO CTaOWJTbHBII TUITOTET-
ParIOMaHBIN XKEHCKUI MBILLIMHBIIA KAPUOTUIL: YUCJIO XPO-
MOCOM Ha MeTada3zy BapbupoBajio oT 50 10 61, BBISBIEHO
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a

Puc. 8. Kapuorun 21XY HOpMaJIbHBIX KJIETOK KOCTHOTrO Mo3ra Mbiiu JuHuu C57B1/6 (a) u TunuuHasi Kapporpamma Kiietok SIM
(6; B JaHHOM citydae coaepxkurcst Bcero 60 xpomocoM). 6 — Ludpamu I1— 10 ortMedeHbl MapKepHbIE XpOMOCOMBI; 1, 2, 3, 4, 5—
CIIMSIHUSL TI0 LIEHTPOMEPE IBYX XpOMOcoM Homep 2, 6, 8, xpomocoMm 8 u 17 u mByx xpomocoM 18 coorBeTcTBeHHO; LIMMPHL 6 1 7 —
TpaHcnoKarm 19*—4—9 u 11*—X (* 03HauaeT 4acTb XpOMOCOMBI, HECYIITYIO IIEHTPOMEpY); & 1 9 — CHIIBHO YKOPOYEHHBIE XPOMOCOMBI 1 11 4;
10 — otnenbHasi IEHTpOMEPA; CTpeJIKaMU MOKa3aHbI JOMOJHUTEIbHbIE CITOHTaHHbIE AXP: CJIMSTHUE T10 LIEHTPpOMEPe XpOMocoM 2 1 15
M YKOpOUeHHast X-XpoMocoMa ¢ alleHTpuueckKM hparmeHToM. Ha Bpe3ke BHU3Y 60Jiee IeTalbHO MPeNCTaBIeHbl TPAHCIOKALUU 6 U 7.

OKOJIO 12 MOCTOSSHHBIX MapKEpHBIX aHOMAaJIMI, TaKUX
KaK CIIMSTHUE XpOMOCOM IT0 LiegHTpoMmepe (puc. 86, Xxpo-
MOCOMBI /—25), TpaHCIOKALMU (pUC. 86, XPOMOCOMEI 6—7),
BKJTIOUAsl KOMIUICKCHYIO MYJIBTUTPaHCIOKaIMIO (puc. 860,
cM. udpy 6), BOBMOXHO MPUCYTCTBUE alleTPUIECCKUX
MENKUX (DParMeHTOB WM OYeHb CUJILHO PeAyLIMPOBaH-
HBIX XpOMOCOM (pHc. 86, XxpOMOCOMEI §—9), 1 OTIIETBHO
Jiexamux eHtpomep (puc. 86, cMm. uudpy 10). Yucno
KOIUIT XpOMOCOM BapbHupoBajo ot 2 1o 5. Bosiee Toro,
cBhile 95% KIETOK MMENIU HEKJIOHAIbHBIE CTPYKTYP-
Hble AXp, TakKie KaK XPOMOCOMHBIE U XpPOMAaTUIHBIE
pa3pbIBbI, TPAHCIOKALIMM W TULIEHTPUKU (CTpPEIKH Ha

puc. 80).

B cBa3m ¢ TeM, dto Bee KiaeTkn anHA SIM-A9 nme-
IOT CTPYKTYPHBIE U KOJIMYECTBEHHbIE aHOMaIUM (TaKue
KaK IoTeps U “JUIIHUE” KOMMU XpOMOCOMBbI) U AXp,
MBI KOHCTAaTHPYEM BBICOKYIO XPOMOCOMHYIO HECTaOMIIb-
HOCTb JINHUM. 3HAYNUTEIbHbIE CHOHTAHHBIE XPOMOCOMHBIE
HapyllleHUsI, BBISIBJICHHBIE B KjeTKax JuHuUM SIM-A9,
CXOIHBI C TAKOBBIMU OOJIBIIMHCTBA UMMOPTAIM30BaHHbBIX
KJIETOYHBIX JIMHUIA U JIMHUI OITyXOJIEBBIX KJIETOK.

HMTaK, COBOKYITHOCTb MOJYYEHHbBIX PEe3YJIbTAaTOB I103-
BOJISIET ClleNaTh clieayloliiee 3akiaoueHue. B HacTosei
paboTe BHepBble MOKAa3aHO, UYTO KJIETKU JIuHUuU SIM-A9
9KCIIPECCUPYIOT BBICOKUI ypoBeHb Oenika TSPO, map-
kepoB CD68 u CDI1b/CD45Meh Ha nosepxHOCTHOI
MeMOpaHe KJIETOK, YTO COOTBETCTBYET NpU3HAKaM aK-
TUBUPOBAHHON MUKpoIiuU. HecMOTpsl Ha 3TO, KJIETKU
9TOI IMHUU OTBEYAIOT JOMOJHUTEIbHON aKTUBAIlUEi B
oTBeT Ha ctumyJsituio JITIC, koTopast npuBOAUT K MO-
BBILIEHUIO DKCITPECCUU TE€HOB IMPOBOCMATUTENbHbBIX 111 -
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toknHoB IL-103, TNFo, IL-6 1 06pa3oBaH1IO BHICOKOTO
ypoBHsI ADK u ADA. Knetku nuHuu SIM-A9 skcnpec-
CHUPYIOT MapKephl CTBOJIOBBIX ¥ IPOT€HUTOPHBIX KIETOK
CD133* u HeCcTHH, YTO MO3BOJIAET PACCMATPUBATE KIIETKA
ATOM JIMHUM KaK paHHUEe HU3KO mudepeHIMpoBaHHbIC
MPOTreHUTOPHBIC KJIETKU, HECMOTPsI Ha MX (PEHOTHUII, COOT-
BETCTBYIOLINI aKTUBUPOBAHHOM MUKporuu. KieTku nu-
HuM SIM-A9 sKcripeccupyloT pelienTophl 1ByX (haKTOPOB
pocta CSF-1 u EGF — CSF-1R u EGFR, uto cBuze-
TEIBCTBYET O BO3MOXHOCTH CTUMYJISILIMKM IIpoaudepa-
mun kKietok SIM-A9 1o nByM ajbTepHAaTMBHBIM MeXa-
HU3MaM TIof NefiCTBUEM COOTBETCTBYIOIIUX (DaKTOPOB.
Kapuotun kietok SIM-A9 xapakTepusyeTcsi XpOMOCOM-
HOM HECTaOMITPHOCTBIO, CBOMCTBEHHOM BCEM MMMOPTAJIH -
30BaHHBIM U OMYXOJICBLIM JIMHUSAM. BbISIBIEHHBIE CTPYK-
TYpHBIE 1 KOJIMYECTBEHHBIE aHOMAJIMA XPOMOCOM MOTYT
onpeneaaTh GeHOTUIMUESCKIE M (PYHKIIMOHATBHBIE 0CO-
OEHHOCTHU 3TOU JINHUU.

Takum oOpasom, ITOJIydeHHBIC TaHHbBIC ITO3BOJISTIOT
paccMmaTpuBatrh JuHUIO SIM-A9 B KauecTBe ajbTepHa-
TUBBI IEPBUYHON MUKPOIIUM I VICCIASIOBAaHUS MeXa-
HHU3MOB Pa3BUTHSI HEMPOIereHepaTUBHbBIX 3a00JI€BAHUIN 1
COCTOSIHUI, OOYCJIOBJICHHBIX pa3BUTHEM HelipoBocmase-
HUS 1 u3ydeHUs: 3(EGEKTUBHOCTY TTOTEHIINAIBHEBIX Tepa-
MEBTUYECKMX IIperapaToB, CIIOCOOHBIX peryIMpOBaTh IIPO-
M IPOTUBOBOCIIAJIUTEIBbHYIO aKTUBHOCTb MUKPOIVIVM.

ONHAHCHUPOBAHUE PABOThHI

Pa6ora BeimonHeHa npu nomnepxke HUIL “Kypuatos-
cKUit UHCTUTYT” 1 OOBEIUHEHHOTO UHCTUTYTA SIACPHBIX MC-
CcJIeJOBaHUIA.



270 HTATTOIIIHUKOBA u np.

COBJIIOJEHUE 5TUYECKUX CTAHOAPTOB

B SKCIICPUMEHTaX 2KUBOTHBIC U JIIOAU HE YyYaCTBOBAJIN.
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Microglia Cell Line SIM-A9 Features — New Data

D. A. Shaposhnikova® *, E. Yu. Moskaleva“, Yu. P. Semochkina“, O. V. Vysotskaya“,
0. V. Komova?, E. A. Nasonova®, and 1. V. Koshlan®
4 National Research Center “Kurchatov Institute”, Moscow, 123182 Russia
bJoint Institute for Nuclear Research, Dubna, 141980 Russia
*e-mail: dasha-shap 13@mail.ru

SIM-A9 is a line of spontaneously immortalized mouse microglia cells obtained from newborn C57BL/6 mice’s ce-
rebrum. The aim of this work is to characterize SIM-A9 line by the ratio of cells with the resting and activated mi-
croglia phenotype, to analyze the expression of stem/progenitor cell markers CD133 and nestin, growth factors re-
ceptors CSF-1R and EGFR, and the karyotype of this line. The light microscopy, immunocytochemistry, flow cy-
tometry and RT/PCR were used to analyze the morphology, phenotype, and gene expression levels of pro-
inflammatory cytokines, and the mFISH method was used to analyze the karyotype. It was shown for the first time
that SIM-A9 cells express a high level of TSPO protein, CD68, CD11b and CD45 markers on the surface membrane
of cells, which corresponds to the phenotype of activated microglia. Despite this, the cells of this line respond with
additional activation to LPS stimulation, which leads to an increase in the pro-inflammatory cytokine genes IL-1[3,
TNFa, IL-6 expression and a high level of active oxygen and nitrogen metabolites formation. It was shown that
SIM-A9 cells express stem and progenitor cells markers, CD133" and nestin, which allows us to consider the cells of
this line as early poorly differentiated progenitor cells, despite their phenotype corresponding to activated microglia.
It was also found that SIM-A9 cells express receptors of two growth factors CSF-1 and EGF, CSF-1R and EGFR,
which indicates the possibility of SIM-A9 cells proliferation stimulation by two alternative mechanisms under the
action of the corresponding factors. SIM-A9 cells have a hypotetraploid karyotype with a large number of structural
and quantitative chromosome anomalies.

Keywords: microglia, cell line SIM-A9, karyotype, stem cells, CSF-1 receptor, EGF receptor, gene expression, cy-
tokines
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