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CBS3b OENKOB 3K30COM C 3PPEKTUBHOCTbIO
TEpMOPAAUOXMMUOTEPANUU Y BONbHBIX

C M30bITOYHOM MACCOM TeNla U PakoM
MPSAMOM KMILKW: NUNOTHOE NPOCMEKTUBHOE
KOrOpTHOE MCCNefoBaHue

tOHycosa H.B." - CBaposcknin [1.A." « KoHosanos AN." « Koctpomuuknia [1.H.2 «
KoHpakosa /1.B.? « Ycosa AB.? « ®ponosa M.I'? « CngeHko E.A? « KakypuHa B2 «
lfepat J1.B.2 « Tpuropbesa A.E? « Ctapuesa 2K.A2

0O60cHOBaHMe. /136bIToYHan Macca Tena n 0cobeH-
HO OXKMPEHME acCOLMMPOBaHbI C PUCKOM Pa3BUTUS
1 Nporpeccuen KonopeKkTanbHOro paka. MoXxHo
NpPeAnoNioKnTb HalMyme MHOTOMAaHOBbIX B3au-
MOZENCTBUN MeXAY ONMYyXOJbio U XUPOBON TKa-
HblO B MpoLiecce NPOTMBOOMYXONEBOW Tepanuu.
PakoBble KNeTKu BbIAENAIOT 3K30COMbI — BHEK/IETOY-
Hble BE3UKY/J1bl, KOTOPbIE BAVSIOT Ha MUKPOOKPYe-
HMe OMyXO0JIN N CMOCOBCTBYIOT €e MPorpeccun unu
perpeccun. MpucyTcTBue GakTopoOB TPAHCKPUI-
uunn / TpaHcnaunm / donguHra (6enkos TennoBo-
ro woka (HSPs), MaTprKCHbIX MeTannonpoTenHas
(MMPs) 1 ux nurnébutopos (TIMPS) B cocTaBe 3K-
30COM, CEKPETUPYEMbIX 06/TyYeHHbIMU KleTKaMu
1 KneTKamu, NofBeprwvmMmnca runepTepmmm, ot-
paxaeT aganTauuio KNeToK K yCIoBUAM TENIOBOTO
1 paAraLoOHHOrO cTpecca.

Llenb — npoaHanusnposatb yposeHb MMPs, TIMP1
n HSPs Ha CD9-no3utusHbIX (CD9*) 3K30CcOMax
1 3K30COMax agunnoLUTapHOro NPONCXOXKAEHUs
(FABP4*) y 605bHbIX C 136bITOYHOI Maccol Tena /
OXMpeHnem 1 pakom npamon kuwky (PTK) Ha doHe
Tepmopagmoxummotepanuu (TPXT) Bo B3anmoc-
BA3Y C €e HEMOCPEACTBEHHON 3GPEKTUBHOCTbIO.
MaTtepuan n metoabl. B n1I0THOM NPOCNEKTUB-
HOM KOropTHOM nccnefosaHum ¢ 2021 r. yyacteytoT
20 nauyMeHTOoB (13 HYX 8 My>KUVH; MefiaHa Bo3pac-
Ta-59,0[52,0; 63,0] neT, nHaekca maccbl Tena — 29,6
[28,5; 33,1] Kr/m?) c Mopdonormyeckn sepudunLm-
poBaHHbIM PIK (cTtaguu T3-4NOMO 1 T3-4N1MO,
cteneHb guddepeHumpoBknu onyxonu G1-G3).
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BonbHble nonyyanu TPXT: AUCTaHLUNOHHYIO ram-
Ma-Tepanuio (pa3oBasi oyaroBas fo3a — 2 Ip,
1 dpakuma/cyT, 5 pa3/Hen, cymmapHaa oyarosas
f03a — 54 [p) 1 xMmunoTepanuio KaneuntTabuHom
(825 mr/m?, 2 pa3a/cyT) B cOMETaHMM C JIOKalbHOM
runeptepmuel (42-44 °C, 60 MuH., 3 pasa/Hepq,
10 ceaHcoB). dddekTUBHOCTL TPXT oueHmBanu
no kputepusim RECIST 1.1 n ESGAR. 3abop kpoBu
ANA noslyyeHns 3k3o0coM y 6onbHbIx PIMK nposoau-
NN fO Havana neveHna (Touka 1), B cepefimHe Kypca
TPXT (Touka 2), yepe3s 6-10 Hep. nocne OKOHYaHWA
TPXT (Touka 3) 1 yepes 6 mec. nocne Toukn 1 (Tou-
Ka 4). Manble BHeK1eTOYHble Be3MKYJIbl 3 M1a3Mbl
KPOBU 60MbHbIX BblAENANN METOAOM YbTpadusib-
TpaLum C ABOWHbBIM ynbTpaLeHTPUdyrupoBaHem.
[nA xapakTepucTNKN N30anpoBaHHbIX 3K30COM
MCMOMb30BaNv TPAHCMUCCYOHHYIO 3IeKTPOHHYIO
MUWKPOCKOMMUIO, aHaNN3 TPaeKTopumn HaHovacTumL,
(NTA) 1 IPOTOYHYIO LLUTOMETPUIO.

Pesynbtatbl. [Mocne TPXTy 13 13 20 60nbHbIx PIMK
3apernctpupoBaHa nosiHaa perpeccus, y 7 — ya-
CTUYHAA perpeccua uin ctabunmnsauua npouec-
ca. BoiaBneHbl 4 cybnonynauyun CD9* n FABP4*
9K30COM, acCoUMUPOBaHHbIX C 3QPeKTUBHO-
ctbto TPXT: CD9*MMP2*, CD9*MMP2*9*TIMP1*,
CD9*MMP2*9*TIMP1:, FABP4*MMP2*9-TIMP1*.
Mo cpaBHeHMto € ak30comamu CD9Y, agunouuTap-
Hble Be3ukynbl (FABP4*) skcnpeccnpoBanu CTaTucTu-
yecku 3Haunmo 6onbwe MMP2 (p = 0,026), ogHako
Cpeau HYX NPaKTUYeCKN He Bblo BE3NKYN C coye-
TaHHOW 3Kcnpeccuen xenatnHas MMP2 n MMP9.

Skcnpeccna HSPs Ha LMpKynupyoLmx 3Kk30coMax
Ha 3Tanax TPXT He accouumnpoBanacb C TUMOM Be-
3UKYN 1 HeMoCcpeaCcTBeHHON 3GGEKTUBHOCTbIO Te-
panuu.

3aknioyveHue. dkcnpeccma MMPs n TIMPT Ha aK30-
comax CD9* n FABP4* accounmpyetca c 3pdeKTuB-
HocTbto TPXT. B nepcnekTrBe Be3nKynapHble Map-
Kepbl MOTYT ObITb MCMOJIb30BaHbI A/1A MOCTPOEHUA
NPOrHOCTNYECKUX MOAENEN, BbIABNEHWA FPYMbl
60/bHbIX C HE6MAroNPUATHBIM MPOrHO30M, MEPCO-
Hanu3sauuv NOAXOA0B K IeUEHNIO Y AUHAMUYECKOMY
HabnoaeHNIO.

KnioueBble cnoBa: 5K30COMbI OMyXONEeBbIX KNETOK,
aaunoLumTapHble BHEKIETOUHbIE BE3VKYJIbl, OXKMpe-
HYVie 1 M36bITOYHAA Macca Tesa, PaKk NPAMON KULWKN
(PIK), TepmopagmoxvmmoTtepanus, OTBET ONyXonu,
npeanKTopbl 3GPeKTUBHOCTY Tepanmmn

Ana untnposanua: OHycosa HB, Ceaposckuin [1A,
KoHoanos AW, Koctpomuuknin IH, KoHaakosa VB,
Ycosa AB, ®ponosa UI, CvaeHko EA, KakypuHa B,
lepat J1B, lpuropbesa AE, Crapuesa KA. CBAsb 6enkos
3K30COM C SQGEKTUBHOCTBIO TEPMOPAAVIOXMMUOTEPA-
nuK Yy 60MbHBIX C M3OLITOUHOM MAcCoM Tea 1 Pakom
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[IHUM 13 BO3MOXXHBIX IIOJXOfIOB K pellle-

HUIO IPO6/IeMBl MOBBIIIEHN s 9 eKTIB-

HOCTM U PAacUIMPEHUIO /MUY USMEHEHNIO

[IOKa3aHUIT K IPMMEHEHNIO TEPMOPAAIO-
Tepanuy ¥ IUIepTepPMUN B KOMIIIEKCHOI Tepanuu
37I0KaueCTBEHHBIX HOBOOOPa30BaHMIT MOYXKET OBITH 110-
JVICK MOJICKY/IIPHBIX MapKepOB, CBA3aHHBIX C OTBETOM
OIYXO/IN Ha JiedeHne. B popMupoBaHNM MUKPOOKPY-
JKEHM S OIIyXOJ/IM YYacTBYIOT UPKY/IMpPYIoLIle BHe-
KJIeTOUHBIe Be3uKynl (BB), KoTopble MOXXeT MHTEp-
Ha/IM3MPOBATh (IIOIIOMIATD) I POKUIT CIIEKTP K/IETOK:
MOHOIITapHO-MaKpO(haraabHOTO psAfia, TUMQOLUTEL,
¢bubpobIacTsl, S9HTOTENMOUNUTDI, AFUITOLNTDL, CTBO-
JIOBbIE, IIPOT€HUTOPHBIE, ONyXO/IeBble KIeTKM. Tem
CaMBIM B OITyXO/IM MOJY/IMPYETCs BOCIAINTE/IbHbII
OTBeT, 3amyckaercs fupdepeHINPOBKa CTBONIOBBIX
U IPOTEHUTOPHBIX KJIETOK, POPMUPYIOTCS IMpeMe-
tacTarnyeckue Hymmn. ITox Bo3felicTBMeM peHTre-
HOBCKOTO 00/Ty4eHN s pas/IMuHble TUIIBI OIYXOTEBbIX
KJIETOK CeKpeTUPYIOT MaJIble Be3VKYIIbI (3K30COMBI) [1,
2]. Ilpucyrcraue GpaKkTOPOB TPAaHCKPUIILINY, TPAHCTIA-
1, ponanHra (Hanpumep, 6€IKOB TEIIOBOTO IIOKA
(HSPs) u yOMKBUTUH-3aBUCUMOIL Aerpaganyy Oesn-
KOB, MaTPMUKCHBIX MeTajutonporerHas (MMPs) n ux
TKaHeBOro uHruéuropa 1-ro runa (TIMP1) B cocrase
9K30COM, CEKPETVPYEMBIX KaK 00Ty IeHHBIMM KIIeTKa-
MU, TaK U IOJBEPTIINMIICS TUIEPTEPMUIL, OTPAXKaeT
a/lalTalyIo KJIeTOK K YCIOBUAM TEIIOBOTO U pajiya-
LIMOHHOTO cTpecca [3, 4]. BaxxHocTh npeHTUPUKALNN

TaKUX MapKepoB 00YC/IOB/IeHa JaHHBIMU O TOM, UTO
9K30COMBI BOBJIEUEHBI B peann3alnio TaK Ha3bIBa-
eMoro saddexra CBUJeTeNs, KOT[a pagalioHHbIe
MIOBPEXXIEHNA HAXO[AT B KJIeTKAX, KOTOPbIe He IIOJ-
Bepranuch obnydenumo [5]. Ha npumepax MHOrux
OIYXOJIEBBIX KJIETOYHBIX KY/IBTYp IOKa3aHO, 4TO
HEKOTOpPBIE 9K30COMaabHble HeKopupyomue PHK
(miR-95-5p, circ-METRN, miR-199-5p, miR-124,
miR-506) u 6enku (Beclin-1, LC3B, HSP70) BoBe-
YeHBI B pa3IYHble MEXaHU3MBI pafInOPe3UCTEHTHO-
CTHU U TepMOpafuope3ucTeHTHOCTH [4, 5]. OnHako
CHIMCOK 3K30COMAJIbHBIX U CBIBOPOTOYHBIX MapKe-
POB, UCIIONIb3YIOMINXCS B KIIMHIYECKOI IPAKTUKE UK
MIMEIOIIMX [TePCIIeKTUBDI KIMHIYECKOTO IPYMEHEeHU A
7151 OLIEHKU PafMOPe3UCTEeHTHOCTH OIIyXO/IN, BeCbMa
orpaHmyeH (MCCIefoBaHMe SKCIPecCU MaTpPUYHON
PHK u nporenna LRP-1, xonuitHoctu renoB H2AX
u RBBpS8, nupkymupytomeit THK), a mpenmaraemore
METOJIbI C/IOXKHBI ¥ MATIOBOCIIPOM3BOUMBI [6, 7].
V36bITOuHAsT Macca TeIa 1 0COOEHHO OKMPEHIe —
IIOKa3aHHBIe (PaKTOPDI PUCKA PA3BUTUA KONTOPEKTaIb-
Horo paka. Hajmu4dme o)XupeHus, 4acTo B COYCTaHUN
C IpyruMu MeTabonM4ecKIMY HapylleHuAMY (T1-
NepUHCYIMHEeMN A, TUIIePTPUIINLIepUAEMIA, caXxap-
HBIII jabet 2-T0O THUIIA), aCCOLUIPOBAHO He TONBKO
C PUCKOM, HO U C IpOTpeccuell OIyXosIeit JaHHOI JIo-
kamusanuu [8, 9]. Tak Kak )XMpoBasi TKaHb YeTIOBeKa
COCTOUT U3 AJUIOLUTOB ¥ CTPOMBI CJIOXKHOTO KJle-
TOYHOT'O COCTaBa, 3TN KJIETKU MOT'YT CeKPeTHpPOBaTh

fOHycosa H.B., Caapoackuti [].A., KoHosanos AW, Kocmpomuukut [].H., KoHoakosea U1.B., Ycosa A.B., ®ponoega V.I,, Cuderko EA, KakypuHa B, [epom J1.B.,
Ipueopwbesa A.E., Cmapuesa X.A. CBA3b 6ENKOB 3K30COM C 3GGEKTUBHOCTBIO TEPMOPAANOXMMMOTEPANIK Y BOMbHBIX C M3BBITOUHO Maccoi Tena
11 PaKoM NPAMOW KMLLKWM: MAIOTHOE NPOCMEKTUBHOE KOrOPTHOE UCCNefoBaHNe
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B ME@XKJIETOYHOE IIPOCTPAHCTBO, a 3aTeM U B KPOBb
BE3UKY/Ibl PasJIMYHOrO Iponucxoxgenus. K map-
KepHbIM MeMOpaHHBIM 6elKaM 9K30COM OTHOCAT
teTpacnaHnesl CD63, CD9, CD81 n CD82. Ux akc-
IPeCCUPYIOT Ma>KOpHbIe PpaKkIuy IV PKYINPYIOLUX
9K30COM TPOMOOLUTAPHOTO, IPUTPOLUTAPHOTO,
NIeKOIMTAPHOTO U 9H/[OTENTNATbHOTO IIPOMCXOXK-
feHus. MeTonbl IPOTOYHOI LIMTOMETPUYM BBICOKOTO
paspelIeHN s, UMMYHOIIPEIVIINTAIVY B COYeTaHUN
C BeCTepH-OJIOTTMHIOM II03BOIAIOT OXapaKTepuso-
BaTb He TO/IBKO 00I[y10 (PPAKINIO U PKYIUPYIOIINX
BE3MKYJI, HO ¥ MUHOPHbIe CYOIONY/IALMY, BKIIOYas
HOMY/IALVIO BE3UKYJI afINIIOLYTAPHOTO IPOMCXOXK-
menyus [10]. B xauecTBe MapKepoOB TaKUX BE3UKYII P
aBTopoB mpennaraer PPAR-ramma, FABP4 (6enox,
CBSI3BIBAIOI T KM pHBIE KCOThL 4), PLIN1 (nepu-
nunuH-1), PREF-1 (mpeapgunonurapHeiit paxrop-1)
[10-12]. OTm Genku He ABAAIOTCA CTPOro crenndmy-
HBIMU ISl KJIETOK >KYPOBOJ TKaHMU, IIOCKOJIbKY MX
MOTYT CUHTe3/POBaTh TaK)Xe HEKOTOpPble IMMYHHbIE
KIeTKM (B 4acTHOCTH, Makpodaru). OZHAKO IPOTeNH
FABP4 - nonynsApHbIi ¥ 4aCTO MCHO/Ib3yeMblil MapKep
aMIIOLMTapHBIX Be3uKyi [10-12].

Lenpb nccnenoBaHms — MpOaHANU3NPOBATD YPO-
Benb MMPs, TIMP1 u HSPs Ha CD9-1mo3uTuBHBIX
(CD9*) sx30coMax 1 9K30COMaX aAMIOLUTAPHOTO
nponicxoxpennust (FABP4") y 60/1bHBIX ¢ H30BITOUHOIL
Maccoii Tesia / OXXMPEHMEM 1 paKOM IPSMOI KUIIKI
(PIIK) Ha doue Tepmopagnoxumuorepanuu (TPXT)
BO B3aJMIMOCBS3M C € HeIIOCPE/ICTBEHHOI 3P PeKTIB-
HOCTBIO.

Matepuan n metoabl

Ha 6ase HayuyHo-mccmeroBaTe/IbcKOro MHCTUTYTa OHKO-
noruyt (HMW onkonornu) — punnana GPI'BHY «Tomckuit
HAIMMOHAJIBHBIN MUCCIIEefOBATEeTbCKUI MeIUIIMHCKIUNI
neHTp Poccumiickoit akagemnuu Hayk» (THVMII)
u OI'BOY BO «Cubupckuit rocyfapcTBEHHBIN MeIN-
LMHCKUIT yHMBepcuTeT» MuHsgpasa Poccnu (Cu6I'MY)
B nepuog ¢ 2021 rofa 1o Hacrosulee BpeMs IPOBOANT-
Cs1 NMJIOTHOE MPOCIIEKTUBHOE KOTOPTHOE MCCIef0-
BaHMe JIs U3yYeHMsI BO3SMOXKHOCTM MCIIO/Ib30BAHM
akcrpeccuyt MMPs 11 HSPs Ha sk30coMax 11a3Mbl Kpo-
BU B KaueCTBe IIePCIIeKTUBHBIX IPeIUKTOPOB 3ddek-
tuBHOCTU TPXT y 60nbHbBIX PITIK ¢ 136bITOYHOIT Mac-
COll Tema U OXXMpeHneM. B nccienoBaHye BKIIOUEHbI
20 60mpHBIX (MeguaHa Bozpacta — 59,0 [52,0; 63,0] neT;
8 My>xuMH 1 12 xeHIH) ¢ Mopdonorndecku Bepuu-
I[MPOBAHHBIM PAaKOM CpeHe- U HIMYKHeaMIIy/IAPHOTO
OTfIeNa MPSIMOIT KUIIKY, KOTOPBIE 10 HavYasIa JTedeH st
MMe/y M306bITOYHYI0 MAcCy Tena / OKMpeHne (MefgaHa
MHJIeKca Macchl Tea coctaBua 29,6 [28,5; 33,1]; pacuer
1o ¢popmyie Kerre). [JnarHos 3aboneBanus ycraHas-
JIMBAJIN TT0 TAHHBIM 9H/JOCKOIIMYECKOTO VCC/TEOBAHIS
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(pnbpoxonoHOCKOINS) € OUOIICHEI U TOCTIERYIOILUM
MOPQOIOrNYecKIM UCCIefOBaHIeM MaTeplaa, Mar-
HUTHO-pe3oHaHCcHOI Tomorpadyu (MPT) tasa. Yetsipe
manyeHTa nMenn craguio sabonesannsa T3-4NOMO,
16 — T3-4N1MO; 1o crenenu auddepeHIIpOBKI OITy-
xo7u ObLI0 Crlefyoltiee pacnpenenenue: Gl — 4 manu-
eHTa, G2-9,G3 -7.

Bce manueHThI oTy4yanu AMCTaHIIOHHYIO TaM-
Ma-Tepanuio Ha anmapare Theratron Equinox (Best
Theratronics Ltd., Kanaga) ¢ sHeprueii majamuero
¢dorona 1,25 MaB, B cTanfapTHOM pexume Pppak-
IMOoHMpOoBaHMA (pasoBas ovarosas gosa — 2 I'p,
1 ¢ppakums/cyT, 5 pas/He, cyMMapHasi O4aroBas
mosa — 54 I'p). Kypc mucTaHIIMOHHOI Ty4eBOl Te-
panuy npoBoAMIN Ha (OHE MOBBIIIEHU T YYBCTBU-
TeJIBHOCTH OITyXOJIeBBIX TKaHel K MOHMU3UPYIOLeMy
u3ny4eHno (pagroMonudnKamnys) KanenuTabuHoM
(825 mr/m?, 2 pasa/cyT ¢ 12-4acOBBIM MHTEPBAIOM)
B COYETaHMU C TOKA/IbHOI TUnepTepMueii (3 pasa/Hep,
3a 30 MMH. IO ceaHca JIy4eBOil Tepanui, B IMamaso-
He 42-44 °C B Teyenne 60 MuH., Bcero 10 ceaHCOB)
c ucnonpsosanueMm anmapara Celsius TCS (Celsius42
GmbH, I'epmanus). DPppeKTUBHOCTD Te4eHNA Olle-
HUBanu dyepes 6-10 Hep. mocie 3aBepuieHns TPXT
¢ ucnonb3opaHueM kputepues RECIST 1.1 (anrm.
Response Evaluation Criteria in Solid Tumors — xpu-
TepIM OLIEHKM OTBeTa CONMMAHBIX orryxonelt) 1 ESGAR
(anrn. European Society of Gastrointestinal and
Abdominal Radiology - EBpomneiickoe o61ecTBo
XKETYOYHO-KUIIEYHOI U aOJOMUHAIBLHON Pajuoio-
run). B untepBane Mexy 3aBepurenuem kypca TPXT
Y KOHTPOJIbHBIM 00C/IefoBaHMeM O0JIbHbIE IIOTyYann
3 Kypca KOHCONMMAMPYIOIIel XMMUOTEPAIINH II0 CXeMe
XELOX (oxkcanumaaTyH ¥ KalequTaObuH).

IOna omeHku oO6beKTUBHOro orBeta Ha TPXT
IPOBOAVIN KOMIIIEKCHOE MHCTPYMEHTATIbHOE 00-
cnefosaHue. IIpn 3HJ0CKONMYECKOM MCCIEJOBAHUN
IPAMOIL KUIIKY OIIpefie/IA/IN M3MeHeHMe PACCTOSHIA
IMCTAJIBHOTO IOJII0CA OIYXOIY OT Z-TMHUY, IPOTS-
YKEHHOCTH OITyXO/IeBOTO IIpoljecca, 06beMa aK30(uT-
HOTO KOMIIOHEHTA OIIYXOJIY, CTeIIeH) BbIPaXKeHHOCTU
nydeBoit pekronatun. C momompio MPT onenuBanu
IVHAMUKY JIMHEVHBIX PasMepoB OIyXo/u, o6beMa
9K30(PUTHOTO KOMIIOHEHTA, CTeTICH) MHBA3UU O YXO0-
JIM B CTEHKY KVIIKM (KOMIIOHEHT pT'), BOB/Ie4eHHOCTH
B OITYXOJIEBBII IIPOLIECC CMEXKHDBIX C IIPAMOI KMIIKON
OpPraHOB I TKaHell, pa3MepoOB M KOIMYeCTBa M3Me-
HEeHHBIX MMMdaTIdeckux y3noB. Kak monHblil oTBeT
Ha yledeH1e 1o JaHHbIM MPT TpakToBamu oTCyTCTBIE
M3MepUMBIX OIyXOjleil, Hajnuuye pudposa B 10Xe
ormyxonu 6e3 30H CpefHeit MHTeHCHBHOCTH MP-cur-
Hama Ha T2-B3BemeHHBbIX U306pakeHusnx (mrTRG),
6e3 MOBBIIIEHN S CUrHAMA Ha 111 PY3MOHHO-B3BelIeH-
HBIX n306paxxeHnsx (DWI) u 6e3 maromorndeckoro
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orpaHnyeHns AudQysun Ha KapTax M3MepsAeMOoTro
koappunmenra nuddysnu (ADC). Y manueHToB
C YaCTUYHBIM OTBETOM WM CTabMIM3aNMeN Ope-
TemANach OCTaTOYHAs OIyXojleBas TKaHb, YYaCTKNU
¢ubpo3a 1 y4acTKy ¢ BBICOKMM curaajaoM Ha DWI,
COOTBETCTBYIOIIME 30HE HI3KOTO CHTHAJIa Ha KapTax
ADC. Ilpu nonHoit KTMHUKO-MOPdonmorneckoit pe-
rpeccui IepBUYHOI OIYXO/N Mall¥ieHTaM He IIPOBO-
IVUIVL XMPYPIMUECKOTO JIeIeHNM S ¥ OHV HaXOAWINCDH
Hoj] AMHAMMIYeCKUM HabmofgeHneM. IIpu yacTuyHo
perpeccuu way CTabUIN3any IePBUIHON OIIyXO/IN
OIIEPALMIO BBINIOIHANN Yepe3 6-10 HeJl. TI0C/ie OKOH-
YaHWA XMUMUOTY4YeBOI TePATNL.

3a60p KpOBM AJIA IOTYYEHM S 9K30COM Y OOTTBHBIX
PIIK BbINOMHAMY B YeTbIpeX TOYKAX: TOYKA 1 — 70 Ha-
Jasa jedeHns, 2 — B cepeguHe Kypca TPXT, 3 — ve-
pes 6-10 Hex. mocne okoHuaHuA TPXT, 4 - uepes
6 Mec. rocnie ToOukM 1. BBefieHMe KOHTPONIBHONM TOY-
KM 3 NIpefiCTaBIACTCs 1e/IeCO0OPasHbIM, IIOCKOMb-
KY B 3TOT CPOK IIOJIHOCTBIO peanusyerca a¢pPext
ot nnposefienHoro kypca TPXT u gocTurarorcsa Mak-
CMMasIbHBbIe TOKA3aTe/N HeIOCPeCTBeHHOI 9 dek-
TUBHOCTU fiedyeHn . Kpome TOro, cornacHo feicTBy-
IOLIVM KIMHMYeCKUM peKoMeHaanuaM MuHsipaBa
Poccun o PIIK, ¢ 1enpio cBOeBpeMeHHOI MarHo-
CTMKU IPOTPeCcCMpOBaHNUs 3a00/IeBaHUS B IIepBbIe
1-2 ropa mocie 1e9eHn s KOHTPOIbHOE obcienoBaHmne
clefiyeT IpOBOAUTD KaXk/ble 3—6 mec'. B Hammem nc-
ClIefloBaHMU TOYKa 4 yK/IaJbIBaaach B peKOMEH/0-
BaHHBIe CPOKY 00C/IefOBaHN s, IPY 9TOM HaMy ObITIO
HOTYYeHO IOfTBepoK/jeHMe [TOTHOM KINHIKO-MOp-
¢donormueckoit perpeccun PIIK.

Massie BB 113 masmbl KpOBU OOIBHBIX BBIAE/IS/IN
METOIOM Y/IbTpadIbTPalii C JBOMHBIM y/IbTpalieH-
TpudyruposaHueM Ha yapTpanentTpudyre Optima
MAX-XP (Beckman Coulter, CIIIA) [13]. B coorser-
ctBun ¢ pekomeHpanusamu ISEV (anrn. International
Society for Extracellular Vesicles - MexxnynapopHoe
00I11eCTBO 10 M3YYEHNIO BHEKIETOYHBIX BE3UKYI)
oT 2018 1. g1 MOATBEPKAEHNA BESUKYIAPHON MOP-
¢ oIorNy BRIIONHANN TPAHCMUCCUOHHYIO 9/IeKTPOH-
HYI0 MUKPOCKOIIMIO Ha 37IeKTPOHHOM MUKPOCKOIIe
JEM-1400 (JEOL Ltd., SInonwns) [14]. Pasmep un KoH-
IIEHTPALIMIO 9K30COM B IIpenaparax olleHIBaIN C UC-
II0/Ib30BaHIeM TPEKOBOTO aHa/IN3a (aHIVL. nanoparticle
tracking analysis, NTA) na npu6ope NanoSight 393
NS300 (Malvern, CIITA), a ypoBeHb Ma>KOPHBIX Te-
TpacnanuHoB CD63, CD81 u CD9 - meTofoM npo-
TOYHON IMTOMETPUN. AHA/IN3 COYeTAHNUA IKCIIPECCUN
HSP60, HSP27, HSP90 1 MMPs Ha mOBEpXHOCTH 9K-
3ocom CD9" n FABP4* ocymiecTBnAIN Ha IPOTOYHOM
nuTodayopuMeTpe BoIcoKoro paspemtennusa CytoFLEX
(Beckman Coulter, CIIIA). ATuKBOTBI 3K30c0M (OKOJIO
30 Mkr 6er1ka) MHKy6upoanu ¢ 3 x 10° antu-CD9 nn

antu-FABP4 narekcupiMy gactuamu B 150 M1 doc-
¢atHO-6ydepHOro conesoro pacrsopa (PBS) mpu 4 °C
B TeYeHNe HOYM IIPY OCTOPOXKHOM ITIepeMelBaHNN
(400 06/muH) 1 3aTeM 6mokupoBanu B 0,2 M rinun-
He B TedeHne 30 MuH. [Toc/te OTMBIBKY KOMIIZIEKCOB
PBS nys1 6710KMpOBaHMs HeCHEU(UIECKOTO CBSA3bI-
BaHUsA ucnonbzosanu human BD Fc Block (564219,
BD, CIIIA). anee B TedyeHue 20 MUH. IIpU KOMHATHOM
TeMIlepaType KOMIUIEKChI OKpalllMBaay aHTUTesa-
mu antu-HSP60-PE (2 Mmxn Ha Tect, FAA822Hu4l1,
Cloud-Clone Corp., Knrait), antn-HSP27-FITC (2 Mk
Ha TecT, FAA693Hu81, Cloud-Clone Corp., Kuraii)
u autu-HSP90-APC® (2 Mk Ha Tect, FAA863Hub51,
Cloud-Clone Corp.). Aramus cybmomnymanuit MMP9/
MMP2/TIMP1 Ha Be3MKynaX BbIIOTHANN aHA/IOTUY-
Ho. Vcionb3oBanu antutena antu-ITMPI-APC (2 Mk
Ha tecT, FAA522Hu51, Cloud-Clone Corp., Kutaii),
auTu-MMP2-PE (2 Mk Ha Tect, FAAI00HuU41,
Cloud-Clone Corp., Kurait) n antu-MMP9-FITC
(2 mxn Ha Tect, FAA553Hu81, Cloud-Clone Corp.,
Kurait). ITomy4yeHHbIe JaHHbBIE TPOaHATN3UPOBAIN
¢ nomomisio mporpammel CytExpert 2.0 Software.
YpoBeHb Oefika B BbIIe/IEHHBIX BE3UKY/IaX OLLCHM-
Banu GpryopuMeTpriecKuM MeTonoM [15] B co6-
cTBeHHON Mopudukanyy. [l onpenenenns 6enka
cMmemmBany 10 MKJI IpenapaToB BE3UKY C 3 MKII
nusuc-6ydepa (0,25 M Tris-HCI, 8% SDS, 0,2 M DTT,
pH 6,8) na npay (10 Mun.), kunsarunu npu 95 °C B Te-
genue 10 Mu. [Tocse KpaTKOro LeHTpupyrupoBaHIs
npu 12000 g B reuenne 10 MuH. Bech HafloCaJJOK CMe-
MIMBAJIN C 3 MKJI pacTBOpa dyopeckaMuHa (3 Mr/mi,
CAS 38183, BLD Pharm, Kurait) B guMeTuacynn-
¢dokcupe. VisMepeH1e NpOBOAUIN Ha puaepe A
Busyanmsannu kiaerok Agilent BioTek Cytation 1 Cell
Imaging Multimode Reader (Biotek, CIIIA), nninna
BOJIHBI BOS6Y)KH€HI/IH 365 HM, [/IMHA BOTTHBI MCITyCKa-
Hus 470 uM. [IpeBapyTeIbHO CTPONUIN KaTUOPOBKY
C VICIIONIb30BAaHMEM BOJHBIX CTAH/JaPTOB TPUIICKHA
(KpycTaIIMYecKmit MOPOIIOK IO POBAHHBIIL,
10 Mt ).

VccnenoBanue 0B0OpEeHO 9TUYECKUM KOMUTETOM
HWMN oukonorun Tomckoro HVMMI] (mpoTtokorn Ne 5
ot 10.02.2019). indopmupoBanHOe cornacue mo-
JTy4eHO OT BCeX MaIjMeHTOB, yYaCTBOBABIIUX B UC-
crepoBanuu. B pabore co6m0[anCch MOMOXKEHNUS
Xe/IbCUMHKCKOI fleKTapalni.

CTaTUCTNYeCKNIT aHA/IN3 IIPOBOAVIIN C MICIIONIb30-
BaHMeM IIPOrpaMMHOTro obecnedenus Statistica 10.0
(TIBCO Software Inc., CIIIA). JIna Bcex BUJOB aHa-
JIM3a CTATUCTIYECKY 3HAYMMBIMM IPUHATIN Pas/INaus
npu yposHe p < 0,05. [l mpoBepKM HOPMaAbHOCTHU
pacIpeseeHus UCCIeJYEMBIX BBIOOPOK MPIMEH SIIN
kpurepuit lllanupo - Yunka. JlanHble npefcTaBis-
IV B BUJie MeIMAHBI ¥l UHTEPKBAPTUIPHOTO pa3Maxa
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WNHTeHcnBHOCTL dnyopecueHLmm

Puc. 1. ipeHTdMnKaLMa M30IMPOBAHHbIX BHEKIETOUHBIX BE3VIKYJ1, BblAENEHHBIX Y OObHbBIX
PaKOM NPAMOW KMWKK: A — TDAHCMUCCUMOHHaA SNeKTPOHHas M1MKpockonuis (TEM): BUAHbI
Be3nkynbl < 100 HM (CTPENKKM), Ha BCTaBKe — Masible BHEKNETOUHblE Be3VKybl; b — aHanu3
TpaekTopuit HaHodacTul, (NTA): pacnpeaeneHmne pasmepoB BHEKIETOUHbIX BE3UKYIT;

B - npoTouHada LMTomMeTpusA: aKCnpeccus TeTpacnaHmnHos CD63, CD81 n CD24 Ha CD9-
MONOXMUTENbHBIX BE3MKYNAX, PENPE3eHTAaTUBHbIE 3HaUYEeHMA MeAMaHbl UHTEHCMBHOCTY
dnyopecueHumm (MFI)

/70

(Me [QI; Q3]). Insa oneHKM CTaTUCTUYECKON 3HAYM-
MOCTY Bapuauuii npusHaka (OMy/IALMil BE3UKYIL)
B INHAMUKE U3MEPEHNII MCTIONb30Ba/IN HellapaMeTPH-
vyeckuit Kpurepuit @pupMana sl CBSI3aHHBIX BbIOO-
pox. JIjis1 pelieHst 3a/ja4u BbIsBICHNS CYOIIOMY LA

BE3UKYJI, U3BMEHEHM s KOTOpbIX B fuHaMuke TPXT
OBUIN ACCOLMMPOBAHBI C HETIOCPEACTBEHHBIM OTBETOM
OIYXOJIY Ha JIedeHNe, TPUMEHSIN JUCKPUMIHAHTHBIN
aHanus. Ha pucyHKax 1okasaH ypoBeHb 3HaYMIMOCTH
(p) kpurepust sM6a YMIKCA 7151 AUCKPUMUHAHTHO
MoOgeNn.

Pe3ynbtatbl

Jna xapaKTepUCTUKM U30MMPOBAHHBIX 9K30COM JIC-
MOIb30BANIM TPAHCMUCCHOHHYIO 37IEKTPOHHYIO MU-
KPOCKOIINIO, aHamm3 TpaekTopun Hanoyactuy (NTA)
U IPOTOYHYIO IUTOMeTpuIo (puc. 1). DmekTpoHHasn
MMKPOCKOINNA B IpenapaTax Be3UKYJI, IPUTOTOB-
JIECHHBIX M3 TKaHell MccnenyeMpix 6onpubix PIIK,
MI03BOJIN/IA BBISIBUTD YETKO CTPYKTYPMPOBAaHHBIE
Jaieo6pasHble 00BEKTHI C HU3KOI 3/IEKTPOHHOIL
IIOTHOCTBIO ¥ COXPaHEHHBIMU MeMOpaHaMu (CM.
puc. 1A), npu 3TOM UX MOp}OJIOTKS He OTINYaIach
OT TaKOBOIT y 5K30COM B IIperaparax oT 60IbHbIX APY-
ruMu BufiaMmu paxa [13]. B mpenaparax npakTudecku
He 66110 BB xpymnaee 100 HM (cM. puc. 1 B); Besukybl
9KCIIPeCcCUPOBaIi Ma>KOpHbIe TeTpacriaHnHbl 1 CD24
(cm. puc. 1 B).

Yposuu cybnonynanuii skzocom CD9* 1 FABP4*
y nauuentos ¢ PITK ¢ u36pITOYHOI Maccoit Tena
U o)XupeHueM B nuHaMuke nposefienns TPXT ot-
pa’keHBI B Tabuie. B 0CHOBHOM M3MeHeHust Cy61Io-
Hy/IALMI Be3UKY/ MIMeNTM BOTHOOOPA3HbIN Xapak-
Tep, ofHaKo 1A yacty nomynanuit (CD9*MMP9*
u HSP60+2790°) BBIAB/IEHO YETKOE CHUKEHME IOKa-
sateseit npu nposegeryy TPXT. Y 13 n3 20 60mpHBIX
3apeTUCTPUPOBAHA IIOJTHAA Perpeccus, y 7 — 4acTud-
Hasi perpeccus Wiy cTabuamnsanms mpolecca.

[Tpn mpoBefeHNN AVCKPYMMUHAHTHOTO aHAIN3a
BBIABJIEHBI 4 monynanuu sksocoM (kak CD9*, tak
n FABP4*), acconiumpoBaHHble ¢ HEOCPENCTBEHHOI
adpdextuBHocTri0 TPXT vy 60nmbubix PIIK (puc. 2).
VHTepecHO OTMETUTD, uTO 3Kcrpeccusa HSPs Ha ak-
30COMax He aCCOLMMPOBAIACH C HEIIOCPE/ICTBEHHON
s dextusHOCTBIO TPXT.

Janee Mbl mpoOBeIN CpaBHEHNUE 3KCHPECCUN
MMPs, TIMP1 u HSPs na BB na atanax TPXT or-
nenvHo Ha CD9* 1 FABP4* Besukyax 6e3 paspeneHns
Ha TPYIIIbI GOJIbHBIX C PasINYHBIM HEIIOCPENCTBEH-
HbIM 9¢dexToM Tepanuu (puc. 3). AfunonnTapHbie
Besukybl (FABP4Y), neTeKTrpyeMble ¢ TOMOLIIBIO IIPO-
TOYHOII IIMTOMETPUM C MICTIONIb30BAHMEM METOfIa He-
IPAMOIL IeTeKL M € COpOLMeNl Ha JIaTeKCHBIX YacTHU-
1ax, y 6ombHbIx PIIK Ha sTamax TPXT skcnpeccupyior
CTaTUCTUYecK” 3Ha4MMo 6omnpire MMP2 o cpaBHe-
Huto ¢ CD9* Besukynamu (cM. puc. 3A), OXHAKO cpe-
AV QUIIOLMTAPHBIX BE3UKYII IIPAKTUIECKN He OBIIO
YaCcTUI] C COYeTaHHOI KCIIpeccueit ematuHas MMP2
u MMP9I (cm. puc. 3B).
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[nHamunka cofepxanna mapkepos HSPs, MMPs 1 TIMP-1 Ha CD9-no3nTuneHbix 1 FABP4-N03UTHBHbIX BHEKNETOUHBIX BE3MKYNAaX Ha Pa3HbIX

3Tanax TepMopagnoxmmMmpoTepann n nocne Hee

MonynAumnA BHEKNETOUHbIX CopepkaHuie (%) MapKepoB B KOHTPOJbHBIX TOYKaxX U3MepeHUs P

Be3VIKy”
1 2 3 4

CD9*
HSP60* 22,41[9,25;30,7] 13,7[10,7; 14,6] 25,0[15,2;62,0] 10,6 [9,06; 11,5] 0,085
HSP60*27+90 15,0 [3,84; 25,71 19,9[11,7;32,1] 2,77 [0,34; 38,8] 17,5[12,5;37,5] 0,166
HSP60+2790 84,86 [73,9; 95,8] 74,7 [67,8; 88,2] 96,8 [60,6; 99,6] 82,2[56,7;87,1] 0,171
MMP2* 3,84[2,71;4,29] 4,12 [2,46; 6,27] 3,66 [2,55; 5,36] 3,79 [2,00; 5,60] 0,801
MMP2*9*TIMP1* 10,8 [0,54; 17,6] 0,29[0,14;16,7] 8,90[0,35; 15,4] 6,23 [0,89; 15,6] 0,539
MMP2*9*TIMP1- 10,8[3,14;17,2] 2,03 [1,45;14,3] 4,19[0,97; 15,11 7,59 [3,475; 16,4] 0,614
MMP2*9TIMP1* 14,9[10,3; 16,6] 14,5 [8,54; 19,0] 13,8[12,9; 22,6] 17,3[12,4;21,3] 0,213
MMP9* 5,52[4,43;7,75] 3,00[2,23;3,19] 3,08 [2,41;4,57] 3,59(3,07;5,07] 0,045
MMP9*2TIMP1* 15,9[6,71; 26,0] 6,82 [4,58;18,0] 7,131[5,42;15,2] 9,36 [6,29; 11,2] 0,048

FABP4*
HSP60* 26,0[18,2;37,5] 31,6[17,6;41,3] 38,2 [30,6; 63,0] 22,2[18,5;29,9] 0,012
HSP60+27+90 13,3[9,33; 28,5] 10,7 [8,25; 23,0] 7,34[1,02;30,2] 6,27 [4,44; 12,5] 0,146
HSP60+27-90 86,6 [71,3;90,1] 89,1[76,9;91,4] 92,5[69,7; 98,9] 93,5[87,3;95,5] 0,843
MMP2* 6,73 [5,01;17,98] 7,995 [5,275; 15,8] 7,75 [5,69; 16,29] 8,33[6,12;8,73] 0,764
MMP2*9*TIMP1* 4,49 [0,23; 5,85] 4,065 [0,095; 5,82] 4,64 [0,29; 6,45] 3,681[0,17; 3,78] 0,567
MMP2+9*TIMP1- 1,83[1,27;2,77] 2,685 [0,73; 4,735] 1,89[1,18; 4] 1,36 [0,72; 1,96] 0,543
MMP2*9TIMP1* 21,4[16,4;34,7] 21,3[16,6; 26,5] 24,4111,8;36,4] 22,7[10,4;23,2] 0,631
MMP9* 1,39[1,06; 7,13] 1,66 [1,255; 5,39] 1,791[1,38; 6,89] 1,69[1,5; 3,34] 0,321
MMP9*2TIMP1* 5,66 [3,65; 8,07] 4,24[2,87;6,92] 7,9915,71;9,91] 5,58 [5,34; 6,22] 0,124

KOHTpOnbHble TOUKM M3MepeHuit: 1 — [o Havyana neyeHuns, 2 — B cepefjuHe Kypca Tepmopaanoxummuotepanuu (TPXT), 3 — yepes 6-10 Hep. nocne

OKOHYaHuA TPXT, 4 — yepes 6 mec. nocne Toukn 1

P — ypoBeHb CTaTUCTNYECKO 3HAUMMOCTH BapuraLui npr3Haka no kputepuio OpramaHa

[laHHble NpefcTaBneHbl B BUAE MefjuaHbl Y MeXKBapTUnbHoro AranasoHa (Me [Q1; Q3]) oTHocuTenbHbIX (%) 3HaYeHWi

O6¢cyxpgeHne

U pagmaums, u runeprepmus, 6yAy4n MeTOfAMI JI0-
KaJIbHOT'O BO3JIEVICTBNU Ha OIYXOJIb, IPUBOJAT K I'M-
HEePHIPORYKLINY 9K30COM C M3MEHEHHBIM COCTABOM.
OmnpepeneHHas IPOTUBOOIYX0/IeBasg AKTUBHOCTD Ma-
nb1x BB (9K30COM), IPOMCXOASIMX OT ONYXO/MEBBIX
U HEOITyXOJIEBBIX K/IeTOK, TOABEPTIINXCA TUIepTep-
MUU WK TUIIEPTEPMUM B COYETAHUN C XUMMIOTEpa-
mmueit, IoKasaHa BO MHOI'MX MCCaefoBaHuax [16-18].

MexaHN3MBI TaKOJ AKTMBHOCTY M3YUYeHBbI JOCTAaTOYHO
IIJI0XO0, OJJHAKO €CTb JJAHHBIE, YTO OHI aCCOIMMPOBA-
HBI C IPOSIB/IAOIIMMCS B 9THX YC/IOBMUAX CBOJMICTBOM
9K30COM HaKaI/IMBATh ¥ TPAHCIIOPTUPOBATD JIO OIy-
XOJIEBBIX KJIETOK KOMIIJIEKC XeMOKIMHOB, HSPs, Mu-
KpoPHK, KoTOpbIe B CBOI 0OYepenb CIOCOOCTBYIOT
aIoITO3Y, MHAYLMPYIOT IlepepacnpeseneHye Gppak-
it nuMmonutos u np. [16-18]. Mem6pana BB na-
PARY C TeTpaclaHMHAMMY U MHTETPYHAMY COTEPIKUT
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Puc. 2. Skcnpeccus MMPs n TIMP1 Ha CD9-no3uTtveHbIX (A, B, B) 1 FABP4-no3nTueHbix (1) Be3nkynax B 06pasiiax, B3aTbix y 6ONbHbIX PaKOM
NPAMON KMLLKW, B 3aBUCUMOCTY OT 3GGEKTUBHOCTM Tepmopaamoxmmmotepanum (TPXT); p — ypoBeHb 3HaUMMOCTN KpuTepws nambaa Yunkca
ONA AVCKPUMNHAHTHOM MOAENN; KOHTPOJbHbIE TOUKM M3MepeHniz: T — A0 Havyana nevenHus, 2 — B cepeaunHe kypca TPXT, 3 — yepes 6-10 Hea.
nocne okoH4yaHna TPXT, 4 — yepe3 6 Mec. nocne ToYkm 1
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Puc. 3. Skcnpeccna MMPs 1 TIMP1 Ha CD9-no3wnTriHbIx 11 FABP4-No3uTHBHbIX 3K30COMax B 00pasLiax, B3ATbIX Y O0MbHbIX Pakom MPAMO
KWLWKK, B AMHaMUKe NPOBEAEHVA TePMOPaANOXMMOTEPanmK (CyMma BCeX NCXOAoB); A — CpaBHeHVe skcnpeccum cybnonynaumin MMP2%;

B - cpaBHeHKe akcnpeccun cybnonynaumin MMP2*9FTIMP1; p — ypoBeHb 3HaUMMOCTV KpuTepua Nambaa YWnkca ana ANCKPUMMHAHTHOM
MOAENV; KOHTPOJIbHbIE TOYKM M3MEePeHWIA: 1 — A0 Havana neveHns, 2 — B cepeanHe Kypca TPXT, 3 — yepes 6-10 Hep. nocne okoHyvaHua TPXT,
4 - yepes 6 mec. nocne Toukn 1
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komnnekc nporeas: ADAM-nporeass, MMPs.
I'mnepakcnpeccus xematunas MMP2/MMP9 no-
C7Ie MHKY6alNy ONyXOJeBbIX KIeTOK-PEeLNITNEeHTOB
C Be3UKy/IaMM / 9K30COMaMMI OT OONTy4eHHBIX KIIe-
TOK-JJOHOPOB pacCMaTpMBAETCA B Ka4eCTBe OflHOTO
13 OCHOBHBIX MeXaHM3MOB 3¢ dexTa cBuzeTens [3, 19].
[TpoauruorexHsie 6enku cemeitictBa MMPs, koTopsie
3KCIIPECCUPYIOTCA HA aJUIIOLUTAPHBIX BE3UKY/IaX,
C OJIHOJI CTOPOHBI, MOTYT OTPaXkaTh aKTMBALNIO AH-
TOTeHe3a B OIYXOJI, a C IPYTOil — Y4acTBYIOT B pe-
MOJIe/IMPOBAHII CTPOMBI OIIYXOJIU 1 CIIOCOOCTBYIOT
omyxoneBol nporpeccun. I'mnepakcnpeccusa TIMPI,
uHrnéuropa MMPs, xapakTepHa [s1 afUIIOLITOB.
Kak pacTBOpuMBIit 670K, CeKpeTHPyeMblil BO BHEKJIe-
TouHyIo cpeny, TIMP1 o6Hapy>xuBaeTcs B 6OMBIINH-
CTBe TKaHeil U xxujkocreil opranusma. CD63 Taxxe
Ob171 MpeHTUUIIMPOBaH Kak penentop TIMP1 BmecTe
¢ Pl-MHTErpMHOM, KOTOPBIiT POPMIUPYET CyIpaMorie-
KY/ISIPHBIJ KOMIIIEKC, PACIIONIOXKEHHDII Ha OBEPX-
HOCTY 3MUTENNANbHBIX KI€TOK MOTIOYHO JKeJle3bl
yenoseka [20].

Vicrounnxkom Besukyn CD9, kak nonaraer 6071b-
IIMHCTBO UCCTIeN0BaTeNel, ABAIOTCA IPAKTUIeCKN
BCe K/IeTKM OpraHusMa, nockonbky CD9 - yHuBep-
canpHbll Mapkep BB (Hapangy ¢ CD63, CD81), rorna
KaK aJJMIIOLMTapHbIE BE3UKYIbI IIPEJICTAB/IEHDI TIpe-
umyiectseHHO FABP4*. Besukynpl, npogynupyembie
06Ty 4eHHBIMM KJIeTKaMU OITyXO/! 1 ITapapeKTaIbHO
KJIETYATKO, ITOTIOUAI0TCA ONYXO0/bI0 HEIoCpe-
CTBEHHO WUJIU NIOCTYINAIOT B KPOBb ¥ MOT/IOIAIOTCSA
afMIIONNTAMU U afUIOLUTAPHBIMU MaKpodaramm
IOVICTAaHIIMOHHO. JTO, B CBOI0 OYepefib, MOXKET BECTH
K u3MeHeHHOIT cekpenny FABP4* (agumonntapHpIx)
BE3MKYJI, KOTOpbIe TaAK)Ke MOI'YyT MHTEPHAINU3UPO-
BaTbhCs OIYXOJIBIO ¥ IPUBOAUTD K ee perpeccun [21]
(puc. 4).

JloxasaTenbCTBA 3TOJ IMIIOTE3bI MPe/ICTAaBIEHBI
Ha YPOBHE in Vitro v in vivo MOLENIeN U MX COYETaHNS
[22-24], ogHako Ha KTMHIYECKOM MaTepuase 3TI Me-
XaHM3MbI He U3YYEHbI, YTO MOCITY>KI/IO OFHOM M3 3a-
a4 HACTOAIIETo uccnegosanns. HecMoTps Ha jaHHbIe
JUTEPATYPbl O BOB/IEYEHHOCT) TOPMOHOB >KMPOBOII
TKaHY, aJUIIONNTAPHBIX Be3ukyn, MukpoPHK apgn-
MOLYTAPHOTO IIPOMCXOXJEHNA B IIPOTPECCHIO OIy-
XOJIell y 4e/loBeKa IIpU OXMpeHNN [25], HeBO3ZMOXKHO
IpefcKasaTh, Kakye MMEHHO IONy/ AN LUPKY/IN-
PYIOLINX 9K30COM OYAYT aCCOLUMPOBAHBI C HEIIOCPEi-
crBenHolt a¢pexTuBHOCTHI0O TPXT v 60nbHBIX PIIK.
[TomyyeHHble HAMM Pe3y/bTAThl CBUETENbCTBYIOT
0 YeTKOJI B3aVIMOCBA3M AMHAMIKI OTHE/IbHBIX CyOIIO-
nynAanuit ak3ocoM, kak CD9*, Tak u FABP4*, ¢ Heno-
cpencrBenHolt a¢dextuBHOCTbI0 TPXT v 601BHBIX
PIIK ¢ n36BITOYHOI Maccoil Tena 1 oKupeHeM. B rep-
CIIEKTVIBe HEOOXOAVIMO ITOCTPOEHNME IPOTHOCTUIECKIX

Onyxonb
WHTepHanusayua
Mpopykuna BB
** PocTuucna
LUmpKynupyowmx BB,
N3MeHeHune
MX coCTaBa

Muposas
KreTyaTka

Hul

NHTepHanusauna
BB onyxonbto

Cekpeuusa
FABP4* BB

TKaHb

®

Mnposas

Puc. 4. Cxema B3anMOLEVNCTBUA OMYXONN U XKMPOBOW TKaHN NOCPEACTBOM BHEKNETOUHbIX
Be3vkyn (BB) B ycnoBuaAx nyyesow Tepanuu v runeptepmnyt; FABP4T — mapkep

agunounTapHbix BB

MOJiesIeli /151 TOJ IPYIIIIBI GONBHBIX C y4eTOM JAHHBIX
II0 BE3UKY/ISIPHBIM MapKepaM. Bo3MOXXHO, Be3UKy/Is1p-
Hbl€e [IPEAUKTOPDI ObIIN ObI [IOTIE3HBI IS BHIABIEHUS
rpymnns 6onpHbIX PIIK ¢ He6maronpusaTHeIM 001NM
IPOTHO30M. B 11e/10M 9T0 1m03BO/MNMIO OB IIEPCOHA-
NMBUPOBATH IOAXOABI K JIEYeHNUIO I JUHAMUYECKOMY
HaO/MI0IeHNI0 GOIBHBIX C MECTHOPACIIPOCTPAHEHHBIM
cpenHe- 1 HIDKHeaMmynsApHbIM PITK.

OrpaHl/lqul/lﬂ nccneaoBaHnA

K orpaHnm4eHMsAM JaHHOTO UCCIIE[OBAHNUS CIIEAYeT
OTHeCTH HeOO/IbIION 00'beM BBIOOPKY, YTO 0OYCIOB-
JIEHO TIIATeTbHBIM I0Z60pOM GOTBHBIX 1 U3y YeHVIEM
rmokasaresei Ha ak3ocomax B quHamuke TPXT. Ee
Of{HO OTpaHMYeHMe VCCIIeOBAHMS: IPY IOCTPOEHNNI
AVCKPUMMHAHTHBIX MOJe/Iell KOJIMYeCTBEHHbIE IIe-
peMeHHbIe, XapaKTepU3yoliiyie HOMY/ISINI Be3UKYIT
B Pa3HBIX KOHTPOIbHBIX TOYKAX, BKIIOYAINCH KAK
He3aBJCUMBIe IlepeMeHHble. TaKuM 00pa3oM, B Ha-
CcTosilee BpeMsi IPOBEIeHHBII aHA/IN3 He YIUThIBAET
BO3MOXKHO€ B/IVSIHVIE MH/VBULYAIbHON SMHAMUKI
aKcIpeccuy 6enKoB y MalMeHTOB.

3aKknoueHue

OpHMM 13 TIOAXOfI0B K PelleHMI0 IpoO/IeMbl OBbILIIe-
HusA s dexTuBHOCTH TepMmopaauoTepanuu / TPXT
B KOMIIJIEKCHOJI TePaINy 37I0Ka4eCTBEHHbIX HOBOOOpa-
30BaHMIT MOKET OBITD TTOVICK MONEKY/IAPHBIX MAPKEPOB,
ACCOLIMMPOBAHHBIX C €€ HEMOCPEACTBEHHO 9 ek TIB-
HocTbI0. B oTo6panHoit rpymme 60mbHbIX PITK ¢ n36b1-
TOYHOI Maccoii Te/la 1 OXKMpPeHMeM HaMM BBIABICHBI
4 cy6nionynnyu CD9* 1 FABP4* ax3ocom, acconmmpo-
BaHHBIX ¢ 3¢ pextuBHOCTBIO TPXT. ApumonurapHsle Be-
3uKxysel Ha pore TPXT skcIrpeccupyior CTaTUCTUIECK N
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3Ha4MMO 607bire MMP2 1o cpaBHeHMIO ¢ Be3UKYy/Ia-
mu CD9*. Ilpu aTOM Cpeny afMIOLNTaPHBIX BE3UKY/I
INpaKTUYECK) HET 3K30COM C COUYeTaHHOI 3KCIpec-
cueti sxenaruHas MMP2 1 MMP9. Skcpeccusa HSPs
Ha UPKYIMPYOINX 3K30coMax Ha artamax TPXT

ANbMaHax KNHMYeckom meanunnbl. 2024; 52 (2): 66-76. doi: 10.18786/2072-0505-2024-52-013

He aCCOIMIPOBATIACH C HETIOCPENCTBEHHOI 9 PeKTUB-
HOCTBIO JIe4eHNA U C TUIIOM Be3MKYJL. B mepcrexTuse He-
00XOIMIMO TTOCTPOEHVIe IPOTHOCTIYECKIX MOJieelt s
rpymmnet 60bHbIX PITK ¢ 0XmpeHyeM ¢ y4eToM ZaHHBIX
110 BE3UKY/IAPHBIM MapKepam. @

" MyHncTepcTBO 3apaBooxpaHeHnsa Poccuiickont ®epepaunm. KnuHnyeckne pekomeHaaumm «Pak npamon Kuwkmuy. 2022. MyHKT 5 «Mpodunaktmka v anc-
naHcepHoe HabnogeHve, MeanLMHCKIE NOKa3aHUA 1 NPOTUBOMNOKa3aHUA K MpYMeHeH o MeTofoB npodunaktmkm» [UHtepHer]. loctynHo Ha: https://

cr.minzdrav.gov.ru/schema/554_3?ysclid=Ixsy9lb5wk254881161.
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Horo doHaa N 23-25-00085.

KoHdnukT nHtepecos

ABTOpbI 3aABNAT 06 OTCYTCTBUM ABHbIX 1 MOTEHLMATBbHBIX KOHGIMKTOB
VHTEPECOB, CBA3aHHbIX C Ny6iMKaLmen HacToALLell CTaTbu.
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caHve TekcTa; J.A. CBaposckun, AWM. Konosanos, [1.H. Koctpomuuknii,

J1.B. TepAT — BbINOSIHEHVE NPOTOUYHOW LIUTOMETPUN, KypaLya NayueHToB
Ha 3Tanax fieyeHus, aHanus noslyyYeHHbIX aaHHblx; .B. KakypuHa — ctatu-
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The association between exosomal proteins
and the efficacy of thermoradiochemotherapy
in overweight/obese rectal cancer patients:

a pilot prospective cohort study

N.V.Yunusova' « D.A. Svarovsky' « Al Konovalov' « D.N. Kostromitsky? «

V. Kondakova? » A.V. Usova? « |.G. Frolova? - E.A. Sidenko? «
G.V. Kakurina? « LV. Gerdt? « AE. Grigor'eva® « ZA. Startseva?

Background: Overweight and especially obesity are
associated with the risk of the development and pro-
gression of colorectal cancer. It can be assumed that
there are multifaceted interactions between the tumor
and adipose tissue during anti-tumor treatment. Cancer
cells secrete exosomes, extracellular vesicles affecting
the microenvironment of the tumor and promoting its
progression or regression. The presence of transcrip-
tion/translation/folding factors (heat shock proteins
(HSPs), matrix metalloproteinases (MMPs) and their
tissue inhibitors (TIMPs) in exosomes secreted by irradi-
ated cells and cells exposed to hyperthermia, indicates
the cell adaptation to the thermal and radiation stress.
Aim: To analyze the MMPs, TIMP1, and HSPs on CD9-
positive (CD9*) exosomes, as well as on exosomes of
adipocytic origin (FABP4") in rectal cancer patients
with overweight/obesity under thermoradiochemo-
therapy (TRCT) and their association with the imme-
diate treatment efficacy.

Methods: Since 2021, 20 patients (of those 8 men;
median age 59.0 [52.0; 63.0] years, median body mass
index 29.6 [28.5; 33.1] kg/m?) with morphologically
verified rectal cancer (T3-4NOMO and T3-4N1MO, dif-
ferentiation grade G1-G3) have been participating
in the study. They were treated with TRCT: external
gamma therapy (2 Gy, 1 fraction/day, 5 days/week, to-
tal focal dose 54 Gy), chemotherapy with capecitabine
(825 mg/m? twice daily) combined with local hyper-
thermia (42-44 °C, 60 min, 3 times/week, 10 sessions).
The TRCT efficacy was assessed by RECIST 1.1 and
ESGAR criteria. Blood samples for exosomes were tak-
en from the patients at baseline (point 1), in the middle
of the treatment course (point 2), at 6 to 10 weeks after
the end of TRCT (point 3), and at 6 months after point 1
(point 4). Small extracellular vesicles were isolated from
plasma by ultrafiltration with double ultracentrifuga-
tion. The isolated exosomes were characterized by

transmission electronic microscopy, flow cytometry
and nanoparticle trajectory analysis (NTA).

Results: TRCT resulted in complete tumor regres-
sion in 13/20 of the rectal cancer patients and par-
tial regression or stabilization in 7/20. Four subpop-
ulations of CD9* and FABP4* exosomes associated
with the TRCT efficacy were identified (CD9*MMP2*,
CD9*MMP2+9*TIMP1*, CD9*MMP2+9*TIMP1-, and
FABP4*MMP2+9 TIMP1*). Compared to the CD9* exo-
somes, the adipocytic vesicles had higher MMP2 ex-
pression (p = 0.026); however, the adipocyte vesicles
subpopulation were virtually free of vesicles with com-
bined MMP2 and MMP9 gelatinase expression. The
HSPs expression by circulating exosomes at various
TRCT steps was associated neither with direct treat-
ment efficacy nor with the vesicle type.

Conclusion: The expression of MMPs and TIMP1 on
CD9* and FABP4* exosomes is associated with TRCT
efficacy. In the future, vesicular markers could be used
to build prognostic models, to identify patient groups
with an unfavorable prognosis, and to personalize
treatment and follow-up.

Key words: tumor cell exosomes, adipose-derived ex-
tracellular vesicles, obesity, overweight, rectal cancer,
thermoradiochemotherapy, tumor response, predic-
tors of treatment efficacy
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