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OPU3UNOJIONMMYECKAA CUCTEMA
COEOUHUTEJIbHOWU TKAHU

N OHKOIEHES.

Ii. POPMNPOBAHUE
PESUCTEHTHOCTMU

K XUMUONPENAPATAM

Oceeujenb: cospemMentble nPeocmaeneHus 0 poal KOMROHEHNMOE COCOURUMENb-
HOU MKAHU 6 (OPMUPOBAHUU PE3UCMEHMHOCMU 310KAYeCMEEHHbIX OnyXoael
K Xumuonpenapamam. Paccmompenv: Mexanu3mbL y4acmus 6 pesucmeHmHo-
CMU ONYX04eacCoyuupoOBannbx ubpobracmos, 36e304amuix Kaemok, aduno-

LUMOB, ME3EeHXUMANLHBIX CMBOA0BHIX KAEMOK, G MAKN¥Ce HEKOMOPbIX KOMNO-
HeHmoe IKCmpayeinroaaprozo mampukca. Ilpedcmaenena ungopmayus o posu
MUKDPOOKPYHCEHUSA, 2UNOKCUU, IKCMPAUEATIOIAPHBIX BE3UKY A (KAK ONYX0€6bIX,
MAK u CMpomMaabHbIX KAemoK,) 6 hopmuposaruu pezucmenmuocmu. Ilo mepe 06-
Cyxcoenusn denaemcs aKyeHm Ha NEPCNeKmuUBax HeKomopsix nooxo0oe K npeodo-
JAEHUIO PE3UCMERMHOCIMU C Y4ACMUeM KOMNOHEHMO06 COeOURUMENbHOU MKAHU.

BinusHue coemMHUTEIBHOM TKAHH Ha BO3HHKHO-
BEHHE 3I0KAYeCTBEHHBIX HOBOOGpasoBanwmii (3H), mx
TIPOTPECCHPOBAaHNE M METACTA3HPOBAHHE — HAIIPaB-
JIEHWE, KOTOPOE CETOAHS CTPEMUTEIIPHO PAa3BUBACTCS,
9TO B PABHOM CTETICHH CBSI3aHO C ITOJYYCHHEM HOBBIX
dakToB 0 ponu Kak Kiretok ctpoMbl (KC), Tak 1 pa3HO-
00pa3HEIX KOMITIOHEHTOB 2KCTPAlE/UTIONSIPHOTO Ma-
Tpukca (B1IM) nmepBUYHBIX ¥ METACTATMYCCKHX OITy-
xounei [1, 2]. Yxe usBecTHO, 9TO IMpakTHIecKd Bce KC
H KoMrioHeHTH DIIM yJacTBYIOT B KaXKIOM U3 STAIIOB
passuths 3H. B ucciienoBaHMsIX MOCISTHUX JET Tpea-
CTaBJICHBI JaHHbIC, WUNocTpupylonme, yro KC u BD1IM
MOTYT BKIIIOYATHCA U B (POPMHPOBAaHME PE3UCTEHTHO-
ctd (P) K xuMHoITpeniapaTaM, B YaCTHOCTH TIPH KOJIO-
pektamsHoM pake (KPP), pake smranuka (PS), mpencra-
tebHOM xene3bl (PIT), nerkoro (PJI), nomxemynouHoit
(PITX) u MonouHo# xene3 (PMX) [3—7]. Takoii moBo-
POT B KaKOii-TO Mepe HEOXHUAaH, OMHAKO, O4EBHIHO, 32~
KOHOMEPEH, TaK KaK B MUKPOOKPYXeHIH oryxomu (MO)
BCE €I'0 KOMITOHEHTHI IIOCTEIICHHO CTAHOBATCS COIO3HM-
KaMu nocseaHeii. [ToatoMy, ecim niepedpasupoBaTh 10~
JoxeHne yaeHust A.A. BoroMolrbsiia, cormacHo KOTopo-
My CTpOMa B YCJIOBUSIX HOPMEI — KOPEHB XXU3HU, MOXHO
CKa3aTh, YTO B YCJIOBHSIX OITyXOJIEBOTO IIPOIIECCa CTPO-
Ma — KOpEHb XU3HM OITyX0JIM. Ype3BrIuaiiHoe pasHo-
obOpa3ue KJIIETOYHRIX ¥ BHEKJIETOYHRIX KOMIIOHEHTOB MO
OTPaXaeTCsl BO MHOTOIUTAHOBOCTHU UX BIIMSTHUS Ha ¢hOp-
mupoBanue P. CooTBeTCTBEHHO, 04EBUAHEI M HCU30SK-
HBIC CJIOXHOCTH CUCTEMATHU3ALMH MEXaHHU3MOB, ¢op-
mupyronux P Ha pazmmuHbiX ypoBHSIX. Ecinu mmpu sToM
Y4ECTh, 9YTO YX¢ U3BECTHBIC (DAKTHl CTPEMUTEIBHO T0-
IOJTHAIOTCSA HOBBIMM, TO 3aKOHOMEPEH BOIIPOC: YTO XE
HMMEET IIePBOCTEIICHHOE 3HaYcHe? OTBET Ha HETO €IIe
He cOpMYITHPOBaH, OMHAKO €CTh BCE OCHOBAHUS MOJIa-
raTh, YTO OH He OylieT OTHO3HAIHEIM.

OBLMWE ®AKTOPDI, DOPMWPYIOLLWE
PE3SUCTEHTHOCTDL

CeromHsa copMUpoBajach TOUKA 3pEHHUS, YTO OT-
BeT Ha xuMMoTeparmio (XT) 3aBHUCUT He TOJIBKO OT ITPO-
LIeCCOB, MPOUCXONANMX B omyxojieBoil KieTke (OK),
HO H (B OOJBIITOH CTETIEHH) OT CHTHAJIOB, TIOCTYIAIOIINX
u3 MO [6, 7]. C yaeToM 3TOT0 0OIIETO IMPUHITUITHAIb-
HOTO TIOJIOXEHHS €CTh OCHOBAHHE BHIIEIUTH (C TIO3H-
I COBPEMEHHOI'O YPOBHS 3HAHMIA) HECKOJIBKO KII0YE-
BBIX ()aKTOPOB, KOTOPHIE BO MHOTOM IIPESAOIPEICIISIIOT
YHHMBepcanu3auio BauasHusg MO Ha TedeHue oImyxo-
JieBoro mpouecca. K HUM B IIEpBYIO 04€peb OTHOCSIT-
ca: runtokeus ('OKC), sxcTpalie/uonIsipHbIe BE3HKY-
a1 (DB), uurokuHk (IIK). O603HaYeHHE 3THX (PaKTO-
POB KaK 0O1LMX apTYMEHTHPYETCS TEM, YTO UX BITUSHUE
HabmomaeTes mpu pocTe IpakTdecku Bcex 3H ¢ pazmi-
YHUSIMH B CTEIIEHN BRIPAXESHHOCTH, YTO 3aBHUCHUT OT JIO-
Kanu3alud U GHOJIOTHIeCKUX 0COOeHHOCTE! OImyXo-
. U3ydaenne pom1 MO He TOJNBKO B XapaKTepe pocTa
3H, Ho u B dopMupoBaHUH P MOXHO Ha3BaTh HOBBIM
HaITpaBICHUEM.

Yro e ompeneIsieT 6JIaronpUsTHHINA (DOH WIS pocTa
omyxoJm 1 ropmupoBanusi P? K MexaHr3MaM, KOTOpEIE
obecIieynBaIoT Takoii OH, B IIEPBYIO 04epeIb CIACIYCT
OTHECTH: IIOBBIIIIEHNE JIOKAIHLHOM IIPOHUIIAEMOCTH CO-
CYAMCTOM CTEHKM; AaKTUBALIMIO JIOKAJIbHBIX KOATYJIALL M-
OHHBIX ITPOLICCCOB; erpagaiio ¢HOpHHOIeHA, €TI0 OT-
JIOXKEHUE C MTOCEIYIONTUM peMonempoBaaeM DM,
gro mHAyIMpyeT OK K Murpalliy ¥ MeTacTa3HpoBa-
HHIO [8]; XxapaKTep KOMMYHUKALIMOHHBIX CBSA3EH MeX-
ny xierkamu KC, OK u knerkamu ummynutera (KA)
(4T0, KAK ITPaBIITO, COTIPOBOXIACTCS BEIICICHIEM pa3-
JIMYHBIX HHTepJeiikuHoB — 1L), ¢ muddepeHImpoBaH-
HBIM BJIMSTHHEM TaKOI'O B3aMMOICICTBUS HA 3TAIIC MHH-
IIUAIIMH, IIPOTPECCHH H METACTA3MPOBAHUS OITyXOJIH.
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TMMornumanue ponun MO HeBO3MOXHO O€3 yuera oc-
HOBoMoJjaraomero ¢akropa — MO B BrIcIIei cTeTTe-
HH MHOTOOOpAa3sHO M U3MEHYHBO, YTO CBSI3aHO C reTe-
poreHHocThI0 OK, H3MeHsIomEe s Ha pa3THIHBIX 5Ta-
TIaxX OITyXOJIEBOIrO pocTa; ¢ pasHooopasueM KC u KH,
C OTPOMHBIM CITEKTPOM BBLIEIAEMBIX KMH OMOJTOTMYIe-
CKHU aKTUBHBIX BemiecTB MO; ¢ 0COGEHHOCTSIMM BJIH-
suust OIIM Ha pocT OIyX0Jd B 3aBUCHMOCTH OT JIO-
KaJIM3al[i1 ITpoliecca. B KOHEYHOM HTOre co3maercs
CJIOXXHAsA CHCTeMa KOMMYHHUKAIIMOHHBIX CBA3CH MEXITY
BCEMH COCTABJISTIOIMMMH OITyXOIH. CIIEKTDP TAKHX CBSI-
3€il IOCTOSTHHO PacIIHPSIETCS 110 MEPE H3YIEHMS POIIH
BB, HICTOYHMKOM KOTOPEIX MOTYT ObITh Bce KiieTku MO.

OpueHTUpYSICh Ha JaHHBIe n3ydyeHus PMXK, orme-
YaloT, 9YTO YPOBEHb OTBeTa Ha X1 3aBHCHT HE MCKITIO-
YUTEIBHO OT ocobeHHocTell OK, HO M OT CHTHAJIOB,
nocrynaomux 13 MO. UMeHHO B OTBET Ha 5TH CHT-
Haybl opmupyercs apyroii ¢penorun OK, obnanaro-
muit P, KoTopasi He ipeonoiaeBaeTcsl XMUMHOIIpenapa-
TaMH. Henb3s He OTMETUTE Ype3BEIYAMHYIO CIIOXHOCTh
BBLIEICHUS 3HAUUMBIX (DaKTOPOB B KAXKIOM KOHKPET-
HOM cJiy4ae. IIpensTCTBHEM 3TOMY SBIISIOTCHA HE TOIBKO
pasnuaus B MO Toii WM HHOM OITyX0JTi, HO M ITHPO-
Koe (heHOoTHIIHUECKOE pasHooOpa3ue OK kak mpu cpaB-
HeHMM oTAenbHbIX 3H, Tak u B mpemesiax OmMHO U TOi
xe omyxoy [ 7]. IlpeacraBinerus o poau MO B hopmu-
pOBaHMH P MOMOIHSIOTCS HOBRIMM JAHHBIMH, MHOTHE
M3 KOTOPEIX HMEIOT ITPHHIIMITHATLHEIA XapakTep. Ha-
MpUMep, OTMeYEHO, 9T0 B MO, Hapsimy ¢ yXe H3BeCT-
HBIMH IIPEMETACTATUIECKUMH M BaCKY/JIIPHBIMHM HH-
IIAMH, O0pa3yloTCsS M HHMIIH, B KOTOPEIX COXPAHAETCS

HeOompmas momy/saius OK, yCKoNb3aIomMX He TONb-
KO OT XMMHMO-, HO M paJMallMOHHON Tepamuu. He me-
Hee HHTEPECHO, 9YTO B (POPMUPOBAHMM HMII ITPUHU-
MaIOT YYAaCTHE He TOJIHKO OITyXOJIeacCOLIMMPOBAHHEIE
dudpodmacter (OAD), HO H HOpMaTbHBIE — (HaKT, KO-
TOPEIA CTABUT MHOI'O BOITPOCOB Y ITOJIEXHUT JAIbHEH -
meMy usydeHuo [9, 10].

Be3 yMeHbIIEHHSI 3HAYEHUS BCEX KOMIIOHEHTOB
MO npencrapisieTCs1 BaXKHBIM OTMETHUTE OCOOYIO pOJIb
T'OKC, BB, 11k (puc. 1).

H3sectHO, 9T0 'OKC — 00s13aTeIbHEBI M ITATOrE-
HETUUYECKH Ype3BEIYaifHO BaXXHBIN CITYTHUK OITYXOJIe-
BOI'O IIPOLIECCA; CTEIIEHE €€ BRIPAXEHHOCTH OIPEAEISET
MHOTHE KITMHHIECKHE, OMOJIOrHIeCKIe K MONEKYJIsSIp-
Heie ocobenHoctd 3H [11]. Kaxnas ommyxoub peanu-
3yeT BOSMOXHOCTH JIsT BEBDKMBAHUSA II0-pa3HoMy. Ha-
IIPHMED, ITPH U3YMEHHH paKa IIeMKHM MATKH ITOKA3aHoO,
yto 'OKC pe3ko CHIDKaeT aIonTo3, 00yCI0BIMBAET
arpecCHBHOCTb, YTO, KaK IIPaBIJIO, COYETACTCS C pa3-
BuTHEM P [12].

Bausaue T'OKC peanusyetcs Giaarogapsi THIIOK-
cua-uHIynuoensHeM (pakropaM (hypoxia-inducible
factors — HIFSs), U3 KOTOpEIX B HACTOAIIEE BpeMs
B pasBuTuu P Haumbonee usyueH HIF-1 ¢ omucanu-
€M HECKOJBKHX BO3MOXHBIX MEXaHM3MOB JICHCTBHSA.
B yactHocTH, HIF-1 MHayiiMpyeT BO MHOTHX KJIETKAX
SKCIPECCHUIO T€HOB, OTBETCTBEHHEIX 33 XMMHOPE3U-
cTeHTHOCTh. [IpHMEPOM STOMY SIBIISIETCS SKCITPECCHST
reHa MDR- 1 B ycnoBusx [OKC, 9To moKa3aHO IpH M3~
yueHMHM KiaeTok PMIK. TloaTBepxmeHueM BIUSHUA
HIF-1 cityxar ONBITE C MHTUOUITUEN aKTUBHOCTH 3TOTO

FeteporenHocTp o [ b A
OMYXOJIeBbIX KJIETOK > KT ( Dhem® @ @ y
W Ty ‘cuneHne N0KanbHOR
= ]
I'ereporeHHocrb ‘Z < L o FUNOKCHUS 4 NPpOHNLaeMoOCTH cocynoB
KIJIETOK CTPOMDI ¢ KneTtku cTpoMbl
P L, * Knetku uMmMmyHureTa A
. Beaukynbl » KTHBALNAS
Knerxu 4 © LIUTOKUHBI Ay L il KOoarynsauynOHHbIX
CHCTEMB! UMMYHHTETa > T *3MN i e < npoyeccos
-8 g
Oco6enHocTH & < e ‘
JIOKasin3aumuy oOnyxosmn - LV ;
- Toos 4| Al Herpanauyus 3LUM
|, - ¢

O6uwyas ceTp

KOMMYHHKaLIHOHHOIo
B3anMOAEHCTBHSA C y4acTHeM
LINTOKHHOB M B€3NKY/1

Puc. 1. OcHoBHEIE bakTOpHI, onpeaessronye ocobeHHocTH MO, All — agunonmt; JI — muMdonutel; MCK — Me3eHxuU-
MAJTEHEIE CTBOJIOBEIE KJIETKH; M® — Makpodarn; QDB — onyxoneaccommupoBaHHEEe GUOpoOIacThl. 3neck U manee: 3K —

3BE€3A49AaTRIC KIICTKH
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(daxTopa, YTO OTYETIIMBO CHHXKAJIO YPOBEHB 3KCITPECCUU
reHa MDR-1[13]. AMeeT NpMHIMIIHAIBEHOES 3HAYCHNE,
gto HIF-1 paccMaTpuBaeTcs KakK KITIOYEBOH pEryIsITOp
KOMITO3UITMOHHOTO cocTaBa D1IM, KOTOpEIit HECET OT-
BETCTBEHHOCTb 3a ero pemoaeaupoBanue: [OKC cro-
COOCTBYET 3KCIPECCHUM I€HA KOJUIAI¢HA, KaK MIOKA3aHO
IMPH MU3Y4ECHUH KIMHHIECKOI'O MaTepHaia OT OOJIbHBIX
PMXK [14]. B ycnoBusix TOK C cozmaroTcst mpearochi-
KM TS [IPHOOPETEHUSA pE3UCTEHTHOTO (PEHOTHIIA B pe-
3ymbrate B3auMoneiicreusa HIF-1 ¢ TpaHCKpHITITMOH-
HeM (pakTopoM TAZ — mipoliecc, KOTOPHIi IMPOMCXO-
AT 1IpH yuacTuu 11.-6, 11.-8 ¥ aKTHBAITHH CUTHATIBHOTO
myti Akt/B-kareHuHa [15]. YpeaBr4aiiHo BaxHa CIIO-
cobHocTh 'OKC ycHyMBaTh 3MUTETHAIBHO-ME3€HXH -
ManbsHEI niepexon (OMII), aro K HacTosLLIEeMYy BpeMe-
HM II0KA3aHO IIpH MHOTMX onyxosisix. Bmuanue HIF-1
Ha OMII MOXET OCYIIECTRISTLCH PA3IMIHEIMH ITyTS-
mu. Hammpumep, npu PITXK ycunuBaeTcsi akTuBaius
CIMUHANBHOM MBIIeYHOH aTpoduu tuma 11 (SMA 11),
anpu KPP aktuBHpyeTCsa Ipyroii CHTHAJIBHEIA ITyTh —
PI3K/Akt [16—18]. ITox Bamauuem HIF-1 Haxomarcs
M CTBOJIOBHIE KJIETKH OITYXOJIH, 4 TAKXKE CTPOMBI.
3axmmoueHue K. Velaei 1 coaBTopos [7] 3ByauT yoe-
IUTEIIFHO: JalbHeIIee TIOHMMAaHHEe TOTo, KAKUM 06pa-
30M ['OKC npuBomuT K pa3Butuio P, MOXeT oKa3aThcs
3¢ ¢GEKTUBHEIM I IOBHIMICHUS PE3YJIBTATUBHOCTH TE-
paIMH ¥ YMEHBIIIEHUA €€ TOKCHIECKOTO BO3IEHCTBHS.
JlaHHEBIE TUTEPaTyPHI IIOCISAHUX JIET YOEXKIAIOT, YTO
B pa3BuTHe P MOTYT BKIIOUATHCS M 3K30COMBI (TO €CTh
OB) [19], 9TO BHI3HIBACT GONBILIONH HHTEPEC, CBS3aHHRIA
C BO3MOXHOCTSIMH BJIUSTHYSA HA OYEHb MHOTHE IIPOLIEC-
chl, mpoucxogantue B MO. IIpeacraBieHus o6 5K30-
coMax HayaJi GOpMHpOBATHCS CPABHUTEIHHO AaBHO
(1978 r.), 9T0 IaJI0 BOSMOXHOCTE YK€ TOT1a OIICATh UX
6uonornyeckue GyHKIMHM, KOTOPHIE CBA3bIBAIOT C Ha-
muuueM B OB PHK, miRNA, ¢parmentos JTHK, ym-
TIMIHBIX U 6EIKOBBIX MOJIEKYI M 1Ip. DB UMeIoT B iua-
Metpe 30—100 M, X MOp(OTOTHS HATIOMMHAET YAITKY
u omtomiie — «cap and dish» [22, 24, 25]. Hanraue 6uo-
JIOTHYECKH aKTUBHEIX BEIIECTB B OB 00BsSICHAEST IIMPO-
Ty MX BJIMAHUSA Ha MHOTHE QH3HOJIOrHIECKHE TIpoIIec-
CHI, @ TAKXKE BOCHANIECHUE, HEPBHBIE OOJIE3HH, HMMY-
HOJIOTHYECKHWE PACCTPOMCTBA, OITYXOMEBBIE TIPOIIECCH
u ap. [26]. IIpu passuruu 3H 3K30COMEI pasMyHO-
T'O IIPOMCXOXACHUA MOTYT YCHJIMBATE MPOIH(PEpaLUIo
KJIETOK; aKTHBUPOBAaTh AaHTHOTEHE3, YCHJIUBATh Qop-
MHPOBaHHE IIPEMETACTATHYECKHMX HHII, BKIIOYATHCS
B ¢ OpMHUpOBaHHE XUMHOPE3UCTEHTHOCTH [20, 21]; B3a-
HMMOICHCTBYSI C Pa3IMYHBEIMH THIIaMH KJIeToK MO, crio-
COOCTBOBATh €r0 PEMOICIIMPOBaHmIo [22, 23].
®opmupoBanue P ¢ yuactueM OB oObsicHAETCI UX
CIOCODHOCTHIO YCHIMBATH Iponudeparuio OK, akTu-
BHPOBaTh aHTMOTCHE3 M y4aCTBOBATh B GOPMUPOBaHUH
npeMeracTaTideckux xumi [20, 27]. Ects MHOTO 1OKA-
3aTeNbCTB, uTo OB (Hapsmy ¢ 11K ¥ IpyrMMy MeqUATO-
paMH) MOTYT GHITh OXapaKTEPH30BAHEI KAK OCHOBHBIE
KOMITIOHEHTH MEXKJIETOYHRIX B3aMMOJeHCTBUIA pa3-
JIMIHEBIX K1eToK MO, 910 onpenenseT UX MPUHIUITH-
ATbHOE M 3aKOHOMEPHOE 3HAYCHHE B IIATOTCHE3E pa3-

BUTHS pasimaHbix 3H (MenanoMa, pak xenynka, PMX,
nmobnacroMa) [24, 28, 29]. He MeHee BaKHO, UTO 9K30-
COMBI MOTYT OBITH CEICKTUBHBIMH MapKEPAMK OTHCITb-
HBIX CTaAHi{ OHKOT'€HE3a U IIOTEHIIMATbHON MUIIEHBIO
Iist Teparuu [30, 31].

HecMoTpst Ha HOBH3HY BOITPOCA, YK€ CETOHS MOX-
HO BBIICJIMTH HECKOJIBKO ITyTeil BausaHuA OB Ha dop-
mupoBaHue P ¢ muddepeH1IMpoBaHHOH OLIEHKOIM 3HA-
geHuda 3k30coM KC u OK. OK BHIIETAIOT HECKOIBKO
THIIOB OB, KOTOpEIE pa3iIMIaloTCs 110 pa3Mepy M CBOM-
CTBaM, YTO BBISIBJICHO MPHU MCCIEIOBAHUM MHOTHX
3H [28, 32, 33]. B OK nipeacTaBiaeHBI pa3JIMIHbBIC THITb
OB, TOMHUHMPYIOLTUMH SBIITIOTCS 9K30COMBI Pa3MEPOM
30—40 M. B OK conepxarcs ¥ 5K30COMBI 6OIBIITOTO
pa3Mepa — OHKOCOMEI, KOTOPBIC HArpyXeHbI OOJIBIIIM
KOJIMYECTBOM OMOJIOTMYECKH aKTHMBHEIX Belnects [30,
31, 34, 35], uyTo obecrieunBaeT pa3HOOOpa3He ITyTEH HX
BIMSHUSA Ha popmupoBaHue P. OHKOCOMEI ClIOCOGHBI
BKJTIOYATHECS B CUTHAJIBI, ¢ ITOMOIIBI0 KOoTophIX OK ocy-
MECTBIISICT B3aMMOACICTBHE C IPYTUMH KISTOUHBIMH
crpyktypaMu. ITokasaHo Takke, 9TO OHKOCOMEI MO-
I'YT MPEISTCTBOBATh CBS3RIBAHUIO XHMMHUOIIPEIIAPATOB
¢ OK: npu neperoce onkocoM OK ¢ rumepakcIpeccu-
eit Her2 B xynpTypy Her2" xireroxk PMX, 9yBcTBHTETE-
HBIX K TpacTy3yMaby (ryMaHu3upoBaHHbIE MKAT mpo-
tiB Her2), B mocnemHux Habmogam pa3sute P B pe-
3yJIbTAaTe MHTMOHUIIMH aKTUBHOCTH 3THX aHTHTe] [36].

Kpome toro, 3xk3ocoMel OK yyacTByloT B BEIOpO-
ce U3 KIETKH JIEKAPCTBEHHBIX IIPEMapaToB U HX METa-
6omuroB — drug efflux [37]. ITepenoc miRNA us 3x-
30COM KJIeTOK pe3ucTeHTHOro PITXK B KiieTKu XMMHO-
JYBCTBHUTEIBHOMN OITYXOJIH IPUBOMII K pa3BUTHIO P
nocnemHei [44].

9B OK HHAYIUPYIOT ¥ oAAepXUBaIOT T depeH-
IIMPOBKY (GUOP0OIaCTOB B MHODUOPOOIACTH — TIPO-
1ece, KOTOpHIii mpoucxoaur ¢ yaactueM TGFp [38—
40]. OHKOCOMBI, B YACTHOCTH BRIICICHHEBIC H3 KJIETOK
P51, obnagaioT cnocOOHOCTBI0O aKTUBMPOBATh ME3CH-
XuUMabHEIe cTBosIoBBIe KeTKH (MCK) xupoBoii Tka-
HHY U HHIYLIHPOBATh IPHOOpETEHIE HMH CBOMCTB, Xa-
PAaKTEpHEIX IJII MUODHOPOONIACTOB, YTO MOIACPKHUBA-
€T pocT omyXxoiH [41]. AHAIOrHYHON CITOCOGHOCTHIO
obnagaior U xietku PMX [42]. TIpu onmpeaeneHHBIX
YCIOBUSX HEKOTOPHIC OHKOCOMEI ITPOSIBIISIIOT IPOaH-
THOTCHHYIO CIIOCOOHOCTh, KOTOpasi MOXET COUETATECS
C HIMMYHOCYIIPECCHPYIOIITUM AciicTBHEM [43].

Hosas unpopManma 06 9B OK mokasksBaer, 4To
HEKOTOPHIE U3 HUX 00J1aIai0T H30HPATEIbHOCTHIO ek -
cTBUsl. Tak, OImMCaH BApHAHT 9K30COM — MHTPACOMEI,
KOTOPBIC OKA3HIBAIOT BEIPAXKCHHOE BIMSTHUC Ha MUTPa-
o OK [45]. 9x3ocomsl OK BKITIO9arOTCS B BOCHIANIE-
HHE, MPOTPECCHIO0 M HHAYLMPYIOT IIEPEXOM CTPOMAITb-
HBIX KJIETOK B KIeTKH, Tono6HEIE OAD [46, 47]. Takue
JaHHBbIe OBLTH MOTYYEHH [IPH KYJIETUBUPOBAHUH KJIe-
ToK PIT uenoseka (ymumit LNCaP u PC3) B ycioBusx
T'OKC [48]. 9x30coMbr OK MOTYT ITPHBOIMTD K 3KCITAH-
CHH KOCTHOMO3I'OBBIX KJIETOK C ITOCJIEAYIONTIM (PopMu-
POBaHMEM METACTATHYECKOro (PEHOTHIIA — IPOIIECC,
KOTOpAKIA HAOMonaIcs IMpH MeJIaHOME M OCYINECTBIISUICS
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yepe3 THpO3MHKKHA3Y peentopHoro Tuna MET; a¢-
¢heKT CHIDKANCS IIPH IPUMEHEHH MHTUOHTOPA 3TOT0
peuernrropa [49].

®axr yBenmaeHna kommuectsa OB OK 1o Mepe po-
CTa OITYXOJIH HEPEIKO COYETAETCS C ITOABJICHHEM B 9THX
3k30coMax miRNA, ynciio ToCaeTHIUX Pe3KO YBEITHIH -
Baetcs rmpu PM2K, a Taxoke apyrux omyxoiix [50, 51].
3aKkoHOMepHOe yBeJIMIeHHe DB 1o Mepe pocTa oITyXo-
JIM CTABUT BOIIPOC O BO3MOXHOCTH KJIMHHUYECKOTO HC-
MOJIL30BaHUA, B 9ACTHOCTH, cofepkaHusd miRNA-21
B KAYECTBE HOBOTO GHOMapKepa IV TUATHOCTHKH PaKa
yeyioBeka [52].

Cy1ecTByeT enie OMH O9¢Hb BAXKHBIH aCIICKT e -
crBus 5k30coM OK. Peus unet 06 mx siusterm Ha KU,
KOTOPOE JOJDKHO OBITE IIPETMETOM OTAEIBHOIO PACCMO-
TpeHusi. TeM He MeHee, obcyxnas 3¢dekrer 3B OK,
61bUT0 651 HCOOOCHOBAHHBIM OCTABHTH 3TOT Bompoc 6e3
BHMMaHUs. BeisicHIIOCH, 9T0 OB He TOHKO hopMUpY-
10T P, HO M 00yCIOBIMBAIOT Pa3BUTHE UMMYHOCYIIpEC-
CHIH, YTO BEI3BAJIO HOBYIO BOJIHY HHTEepeca K HUM [53].
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JK — nenaputHeie KieTkd; ITTJI — murorokcuueckue T-1MMPOLIMTE
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Xunmuonpenaparsi
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Mpoawrworennoe

Omyxonessie 3B HapymawoT co3peBaHUE NEHIPUT-
HBIX KJIETOK C ITOCICHYIOIIeH HHTHOUIINEH MPOTUBO-
OITyX0JIEBOT0 HMMYHUTETA; CEJIEKTMBHO IIOBPEXAAIOT
aKTUBHOCTh ITHTOTOKCHIeCKMX CD8" T-1uM@poimToB
BCJICICTBHE CIIOCOOHOCTH B3aUMOJEHCTBOBATH C pe-
nierrropoM T-muMboruros (TCR) n IL-2R, gaTo compo-
BOXIACTCS allOIITO30M 3THX KJIETOK. B3auMoneiicteie
3B OK c ecTecTBEeHHBIMH KIUUIEPAMM IIPUBOIMT K Ha-
PYIIEHHMIO MX AKTHBHOCTH B Pe3yJbTaTe TUCHYHKIIMH
39THX KJIETOK, UYTO acCOIMHpoBaHo ¢ BiumssHueM TGFf
M OTMCYECHO IIPH MMCIIOMIHOM JICHKeMIH (aBTOPHI IIPE -
T10JIATaI0T BO3MOXHOCTb AHAJIOTHMHAIX B3aMMOOTHOIIIE-
HUM 1 1pH Apyrux 3H). DX30COMBI OITyX0JIM CTIOCOOHBI
OIOCpEIOBATh CBOM HETaTUBHBIC 3(P(EKTH ¢ ydacTH-
eM He Tosibko TGF, Ho u IL-10, HHIyIIMpys 3KCIaH-
CHIO CYNPECCOpHAIX KJieToK — Treg [54—56]. K3 aTorO
HETIOIHOTO TepeYHs HErAaTUBHBIX BIMSHUN HAa HMMY-
HUTET caeayer, 9To OB UMeIoT MMpOKIiA CIIEKTp BO3-
IEeHCTBHSA C PA3THIHBEIMH TOYKAMH IIPHIOXEHHS. DTO
HAITPaBJICHHE UCCICTOBAHMI HAYA/I0 AKTHBHO Pa3BHU-
BAaThCS, M €CTh OCHOBAHHS HAIEATHCS,, 9TO I10-
JIy4eHHBIE JAaHHBIE OTKPOIOT HOBHIE BO3MOX-
HOCTH BO3IEHCTBHS HA CHCTEMY HMMYHUTETA
TIPH OITYXOJIEBOM POCTE.

OcHoBHHEE¢ NyTH BKIiodcHHsT OB OK
B dopMupoBanme P ipeacrasieHsl Ha puc. 2.

B ormmrume ot ax3ocoM OK mrdpopMarmm
0 poiau 3k30coM KC cymecTBeHHO MeHBbIIIE.
TlepBoe coobuieHne 06 atux JB O6vUTO oOTTy-
6mikoBaHo B 2012 1. 1 nokasaino, yto OAD-
3aBHCHMEBIC DB cTMMYIMpPYIOT ITOIBIXHOCTH
xietok PMX, ycuinmBalor KX aKTUBHOCTH
H MeTactasupoBaHue [57]. Crano Takke u3-
BECTHO, 9YTO OHU WHAYIUPYIOT TpaHCHOpMa-
miio KC B OA®-11omo6HbBIE KJIETKH.

B Hacrosiiee BpeMsI ITOIydYEH Pl JAHHBIX
0 IyTsax BKIogeHusa 9k30coM KC B ¢popmm-
poBanue P. OA®@-3aBucuMbIe DB criocOOHH
BJTUSITH HA paKOBYIO CTBOJIOBYIO KJIIETKY M CHU-
XKaTh YyBCTBUTEILHOCTD K XT', YTO IIOKa3aHO
mpi KPP nocne 06paboTKu KJIETOK OIyXOIH
KYJTYPATBbHOM Cpefioif, B KOTOPOH KYJTETUBHU-
POBATHCH PAKOBHIE CTBOJIOBHIE KJIETKU. B pe-
3yJIBTaTe Pa3BUBATIACH XHMHOPE3UCTEHTHOCTh
K GIyopoypalliiy WM K IpenaparaM IUVIaTH-
HBl — TIPOLIECC, KOTOPHIM IIPOMCXOMMT C y4a-
CTHEM CUTHaibHOrO Iytd Wnt3a [58]. He-
CKOJTbKO HEOXXUTAHHBIMHA 0KA3JTUCh JaHHBIE,
yto miRNA-21 monoarx KC nocie nepeHo-
ca B xietku PSI cynpeccupyeT anomnros, 06-
YCIOBIMBAET pa3BUTHEe P K MakiMTakcery
M GOPMHpPYET 3JIOKAYECTBEHHBIH (heHOTHIT
myTeM akTuBaluu Apaf-1 [29]. Dot ¢pakT aB-
TOPHI OOBSICHAIOT HEOOXOMUMOCTBIO HATTMY ST
miRNA-21 gna murpamuu OK, 6e3 BimsaHus
Ha Mx Ju¢¢epeHIpoBKY. ITokazaHO TakKe,
gT0 9K30coMHI KC, nepeHeceHnsie B OK, pac-
NIMPSIOT crieKTp P K XMMHoOMpenapaTaM B pe-
syasTare aktuBamu nythk NOTCH3 [59].
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OBb30P

BK30COMBI OTIOCPEIYIOT CH-
HEPrU4YECKOE B3aUMOICHCTBHE
mexay OK u KC, uro nposis-

AxTuaauns
JIAETCH YCWICHHMEM Npoaude- Z‘;’;,”..‘,',‘L’ﬁ.‘,’:“""
pauuu OK [60]. C yaactiem OB auowHBaEMOCTH

KC ¢opmupyercs u P x aHTH-
AHTMOTCHHON TepanuM: 3HAO-
TEIHATBHBIC KJIETKU TTPUOOpE-
TaloT P K aHTHAHTUOTr€HHBIM
npenaparaM IyTeM NOBpeX-
JCHHS IIPOLECCa ITMKO3WIN-
poBanus peuenrropa VEGFR2,
B sTux crygasx Habmomaercs
UHGWIETPALMS OITYXOJIU KIIET-
KAMH MUEJIOUTHOTO psiia — Ma-
Kpodaramu (MHEIONI3aBHCH-
MBIMH HelTpodwiamu) [61].
Puc. 3 orpaxaet ImyTH BKITIOUE-
Hus OB KC B popmupoBaHue P.

ITogBoast uToru maaeko
HE TOJIHOI'0 HU3JTOXCHHSI HH-
dopMaLK 0 POJTH IK30COM,
cleayeT IIOBTOPHTh, YTO Me-
XaHM3MBI UX ACHCTBUS KpaitHe
pa3sHooOpasHbel. OMHAKO €CTh
HECKOJIBKO (paKkTOB 001Iero 1mo-
psiiKa, KOTOphle OOBbEIUHSIOT
3HaueHue DB Kak B omyxoJe-
BOM IMPOTPECCUM, TaK U B (POp-
mupoBanuu P. K nuM npexne
BCEro CICAyeT OTHECTH IIMpPO-
KYIO ceTh B3auMomeiicTsusa OB ¢ koMnoHenramu MO
MPH y9eTe TOT0, YTO BIMsIHWE DB BEIXOMWT 3a €ro mpe-
eIl ¥ pacpOCTPaHIETCA Ha Cpely, OKPYXaIoIIyio
MO — environment, yciwinBasi HHBa3HIO U METacTa-
3upoBaHue [62—65]. CeromHs He 0CTaeTCa COMHEHMI
B TOM, UTO Hapsily C KJTACCHYECKHUM (PAKTOpOM MeXKIIe-
TOYHBIX B3amMogneiicTBuii — LIK — cymmecTByeT 60b-
1mas rpynna 9B, KoTopeIe ¢ TOJIHBIM OCHOBAHUEM CIIC-
IIyET TAKKE OTHECTH K BaXHEIINIM (haKTOpaM MEXKOM-
MYHMKAITMOHHKIX B3auMoeiicTiii [29]. IlpuBeaeHHEbIe
JaHHbIe OOBSICHAIOT, TouyeMy X. Zhang o4eHb 9eTKO
OTPEIIEIIII POJTb K30COM TIpHU pake; «MajieHbKas Ja-
CTHU1Ia, HO 60JIBbIIOH UTPOK» [66].

MexaHu3MBl ygyacTusi OB B OHKOreHe3e elme
He B IOJHOH Mepe pacKpbIThl. OcTaeTcsl HesICHBIM,
KOOIIEpHUPYIOT JIM Pa3iIUIHbIe SK30COMBI MEXIY CO-
0olf WM UX NeHCTBUE MOXET UMETh aHTarOHHUCTUYE-
CKHiA XapakTep. BrIACHEHME 3TOro BOMpPOCa IIOMOXET
B u¢ bepeHIIMpOBAaHHOI OLICHKE POJIM pa3IMYHEIX OB,
IIpencTouT Takxe BRISICHUTD, BCETAA JIM OHM YIACTBYIOT
B MeXaHW3MaX HHUITHAITHH OITyXOJEBOrO pOCTa WM BO3-
MOXHa WX poJib U B MeXaHU3MaX 3aIIUTHOM aganTaiiua
OK; He UCKITI0YEeHO, YTO DB MOTyT BKJIIOYATHCS B pa3-
JIMIHBIC CTaJHM OITyXOJEBOrO IIpolecca. BO3MOXHO
TaKXe, YTO B 3aBUCHMOCTH OT 3Talla POCTa OITyXOJH
BB croCoOHBI PeaTU30BEIBATE PA3NTMIHEIC MEXaHU3-
mal [30, 31]. OnHako yXe UMEIOIMUXCS JaHHBIX JOCTa-
TOYHO, YTOOHI C JOJDKHBIM OIITHMM3MOM pPacCMaTpH-
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Puc. 3. ITytu Bxmoverust pasmnaHbix KC B popmupoBanue P. ODB — omyxoneaccoru-
upoBaHHEIe pubpobiacTe; MCK — Me3eHXMMaTbHAsI CTBOJIOBast KIIeTKa

BaTh DB Kak HOBoe HaITpaBIeHue B u3ydeHun MO [67].
B Takoif xe Mepe TpyIgHO BO3Pa3UTh IIPOTHUB TOTO, YTO
JaHHBIE 00 9K30COMAX MOTYT OBITh HE TOJBKO HCITOIb-
30BaHbI B AUATHOCTHUKE, HO IIOCIIYXITh OCHOBOM IIepc-
IIEKTHBHOTO HATIPABJICHHS B TEPAIIUH, IIPH KOTOP Ol MM~
LIIEHBIO CTAHYT cOOCTBEHHO DB [68].

Cucrema IIK, KOIHIECTBO KOTOPHIX B HACTOS-
11I€€ BpEMS MCUYHUCIIACTCS HECKOJIBKUMH COTHSIMH, BO-
IEPBRIX, SBISCTCS OCHOBHBIM KOOPIHMHATOPOM MEXKJIS-
TOYHBIX B3AUMOJICHCTBUIA, 8 BO-BTOPRIX — PETYJIITTOPOM
¢YHKIMiIT MHOTHX KJIETOK, 00eCrieurnBasi KJICTOYHEIH,
TKAHEBEIA M CUCTEMHEI roMeocTas [69]. EctecTBeHHO,
910 Bee BITUsTHUSA LIK ocymiecteistioress 1 B MO, a xapak-
Tep 3THX BO3ACHCTBUH oIpenensieTcs He TOJIbKO OHo-
JIOTMYECKUMH CBoicTBaMH 1IK, HO 1 0COOEHHOCTAMH
OITyXOJIH, €€ JIOKATH3AIIHHI U STAIIOM pa3BUTHsA. CI0X-
HOCTB Pa3BUBAIONTUXCS B3AUMOOTHOILIEHHIA OTIpeAesIa-
€TCs TeM, 9T ITpakTdecKu Bee Kietku MO (OK, KC,
KH) sBsm0TC A HCTOYHUKOM TTPOYKITUY TEX WJIA MHBIX
Lik. UccaenoBanmo ponu LIK B OITyxX01eBOM Ipoliecce
IOCBAIIIEHO 09eHb MHOTO paboT. CyIecTBe HHO MEHBbILE
HMCCIEIOBAHMM CBA3AHO ¢ u3ydeHrneM poa LIk B dop-
MHpOBaHMH P K xuMuonpenaparaM. Kak u3BecTHO,
a¢pdexrsl LIK He TOIBKO pa3HOOOPa3HbI, HO OTJIMYA-
IOTCSI M pa3HOHAIIPABJIEHHOCThIO AeiicTBus. OcobeH-
Hoctd MO KaXnoii KOHKpETHOH OITyXOIM OTINYAK0T-
cs1, u neiicrBue 11K nposBisieTcs 1o-pasnomMy. Ocoboe
3HaYEHHUE B OPMUPOBAHHNH LIMTOKUHOBOM CETH ITPH-
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HamiexuT GudbpobiacTaM He TOJITHLKO OTOMY, YTO OHU
SIBJITIOTCS CAMOiA IIpeacTaBUTeNbHOM nommysaueii KC,
HO M IIOTOMY, 9TO (UOPpOOIACTE — OOMH U3 OCHOBHEBIX
uctoyHukoB Lk B MO.

CeroaHs H3BECTHO, yTO MHOTHE LK MOTYT yuacTBO-
BaTh B GOpMMPOBAaHKH P, HO, KaK II0Ka3aHO MHOTUMHK
HCCIICAOBATEAMH, 0c000€e 3HaUYeHHE UMEIOT PakTop
pocta renatouuToB (HGF), snunepManbHbiit pakTop
pocra (EGF) u tpancdopMupyonmii ¢pakrop pocra
6era (TGFB). Ects ocnoBanus paccMarpuBatb TGFf
KaK MHAYKTOp P, Tak KaK HHTHOUTOPH 3TOTO (hakTopa
MOTYT e¢ IpephiBaTh [70].

KOMMOHEHTLI CTPOMBI (KJIETKU, 3UM)
N POPMWUPOBAHUE PESNCTEHTHOCTHW

ITpuBeneHHBIC TaHHBIC MOKA3BIBAIOT, YTO Pa3BU-
THE OITyXOJIEBOTO IIpoliecca, BKIodas GOpMHpOBaHHE
P, ipoucxomut mpu 0063aTeIbHOM Y4aCTHU OIUCAH-
HBIX BhIIIe ¢pakTopoB MO ¢ pa3muausIMM B UX BbIpa-
XEHHOCTH B 3aBUCHMOCTH OT JIOKAJIM3aLMK OITyXOJIH
U ee Onosormueckux cBoicTB. M3yueHue poiay KOMIO-
HEHTOB CTPOMHI B GopMupoBaHuy P — HanpasiacHue,
KOTOpO€e HaXOTUTCSA Ha MEPBBIX 3TANax CBOETo pa3BH-
THS. TeM He MeHee HaKAIUTHBAIOTCS NaHHBIE, KOTOPEIE
TOKa3bIBAIOT, YTO KaK KC, Tak 1 crpyKTyphl 31IM Mo-
I'YT OBITH AKTUBHEIMM YYaCTHUKAMU 3TOro GeHOMEHa.

Kak orMeyanoch, OCHOBHOI KJIIETOYHBIM COCTaB
CTpOMBI TipenicTaBiieH GubpobiactaMu; 3T0 OOBICHS-
€T, TIOUeMY UX pOJib B OITYX0JICBOM Tpoliecce Haubosee
H3y4yeHa (B OIPEICICHHOMN CTEIIEHH 3TO KACAETCS M X
yuactus B dbopmupoBanuu P). 3HayeHue apyrux KC
KaK B OITyXOJIEBOM ITpoILiecce BOOOIE, TaK U B (HhOpMU-
poBaHuH P M3ydeHo 3HAUUTETbHO MEHBLIIE. DTOT ITPO-
6¢JI B HACTOSIIIEeE BpeMA HAYHHAET BOCIIOTHSTBCS, YTO
JIA€T BOBMOXHOCTb TOBOPHMTE 00 yuacTuul B P 1 Takux
KJIeTOK, Kak amunouuTtsl, 3K, MCK.

®ubpobiacTel — HauOOJIee IPeaACTABUTEIbHAS T10-
nymsaa KC u nocie ux tpancopmaru B OAD; co-
JepXaHue TOCTeIHUX B PA3IMIHEBIX OIyXOJSIX KOIeO-
Jetcs or 70 mo 90%. OAD xapaKTepH3yeT HE TONBKO
KOJIMYECTBEHHOE MPEBOCXOACTBO, HO U UX CIIOCOO-
HOCTb BKJTIOYAaThCS BO BCE STAITBI OITyXOJIEBOTO ITpOIecca
M U3MEHSATH YCTOWIHBOCTE K pa3IMYHBIM BO3AEHCTBU -
siM [53]. PasnmidHbIe HCTOYHUKY ITPOUCXOXKIECHUA, JIO-
Kaym3aius, ocodoeHHoctd MO, peHoTHIIMUECKUE pa3-
JIMYMS JaXe B IIpeiesiax OHOM OIyXoJid — QaKThl, CBU-
IerebeTByonme, 9ro OAM gBISIOTCS T€TEPOTCHHON
nomyisueii [71, 72]. EcrectBeHHO, 9TO pa3HO0DOpasue
HCTOYHHUKOB U CBOICTB OAM 0G0CHOBHIBAET U PA3HO-
oOpasue orBera Ha XT [73, 74].

Tpancdopmarus ¢pubpodnactoB B OAD nmpoucxo-
JHT HpH y4acTHU pa3muIHbX L[k, 0fHAKO OCHOBHYIO
poib B @opmuposanuu P orBonsar HGF, EGF, TGFp,
KOTOPBIEC aKTUBHO CEKPETUPYIOTCS PE3UICHTHHIMU (U~
opobmacramu [71, 75—77]. B otimrauie ot 3toro OAD,
MPOMCXOASITHE U3 OPYTUX HCTOYHHKOB, MPOAYIUDY-
10T 11K, KOTOpBIE UTPAIOT TJABHYIO POJb B MHAYKLIUKA
OMII [78]. HeobxomuMo momryepKHyTh, aTo TOKC crio-
cobCTByeT IposiBIeHHIo cBoicTB OAD, 1 MMEHHO B Ta-
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KMX YCIOBHSX POpMHUpYETCS YHUKAIBHEIM (e HOTHII, Xa-
pakrepusylonii P [76]. MoxXHo KOHCTaTUPOBAaTh, 4YTO
OA®D 06/1a1a10T 6OJIBITMMY BO3MOXHOCTIMHU BKITIOYE-
HMs B GopMupoBaHue P, a B3aumoneiicteue OAD ¢ OK
CIeAyeT pacCMaTpUBaTh KaK 00s3aTeIbHOE YCIOBUE
JUIS1 MHAYKLMH pa3IMIHbIX IIpoueccoB Kak B OK, Tak
1 B MO. U Torom Takoro B3auMOIEMCTBHSA, KaK IpaBH-
J10, IBJISIETCS (POPMHUPOBAHME 3TOKAYECTBEHHOTO (heHO-
THIIA C BEIpAKEeHHBIMM META00THIECKUMH H3MEHEHU -
savu B OK u passutue P [78].

Bmusrue OA® B nosHoii Mepe nposBisieTcs (0co-
6enHo B ycaomsix 'OKC) nocie ux B3aMMOIEHCTBHS
¢ OK, 910 conpoBOXaacTcs aKTUBALIMEH pa3TMIHbIX
CUTHAJIbHRIX NyTed M B KOHEYHOM HTOTE IIPUBOIHUT
K pa3BuTHIO P. B 4aCTHOCTH, IIpM U3YyYEHUM BIIUSAHUA
HGF, nponyumpyemoro KieTkaMu PS5, pe3sucTeHTHEI-
MH K nakmrakceny (Jmamd SKOV3 u HO-8910), mo-
Ka3aHo, yt0 OA® aKTHBUPYIOT CUTHATBHBIHN IyTh cMet
PI3K/Akt [79]. Bo B3aumozeiicteuu OA® ¢ OK PILK
YYAaCTBYET IPYTOi CUTHAJIBHBIN ITyTh, B MHIYKIIUH KOTO-
poro BaxHoe Mecto 3aHuMaoT GM-CSF u IL-6 (crmo-
cobcrBytomue aktuBaliii JAK/STAT, mTOR); pa3Bu-
THe P codeTaercs ¢ ycunenueM aktuBHocTH NF-KB [76,
80]. U3yuenue kietok PMXK no3Bojiniio BEIIBUTH €11
ONMH IIyTh, CBA3aHHBIM C PEryIATOPOM KJIETOYHOTO
muxiIa p21, koroprii Beiaensaercss OA® nonx BIUSTHU-
eM TGFB. B pesyabstaTte ycraHopieHo: p21 OAD Ba-
XeH Il MHAYKITHH MUTPAIMM KJIETOK ITOA BO3IeH-
crBueM TGFp [81].

OA® gpisnoTcsa MCTOUHMKaMK MHOrux Ik, koro-
pHIe BKIIOYAIOTCS B GOPMHPOBAHUE 3JI0KAYECTBEHHO-
ro ¢eHoTuna ¢ BeIpakeHHO# P. JIuaupytoniyio ponb,
Kak yxe 0buto ot™MedeHo, urpaioT HGF, EGF, TGFB.
3nagyenme sTix LI 00BICHSIETCS, BO-NIEPBBIX, TEM, YTO
OHM BKJIIOYAIOTCS TTPAKTUYECKH BO BCE IIPOLIECCHI, IIPO-
ucxomsamue B MO, a BO-BTOPEIX, YCHIMBAIOT ITPOIH-
¢epainmo, BboxkuBaHHe M HHBa3HI0 OK. EcTh ocHOBa-
HUsI TOBOpUTE 00 0c0o00i posru HGF, Tak kak onucana
HGF-3aBucumas dpopma P K repuTMHHOY — HHTHOUTO-
Py THPO3MHKUWHA3KI, YTO BeIABAEHO npH PJI ¢ MmyTaHT-
HeIM EGF-R [83]. Hapsiny ¢ yka3aHHbeIMHA LIK akTHBHOE
y4acTHe MPUHUMAIOT M KOMIIOHEHTH D11M, B 9acTHO-
CTH KoJulareH I THIIa ¥ MaTpUKCHAsT METALIOTPOTEH -
Haza 9 [82]. OA® cekpeTHpyIOT TAKXKE IMOIOIUTAHUH
(podoplaninum), KOTOPEI paCCMATPHBAIOT KaK HOBRIM
¢daxrop pa3putis P. [TomoruiaHuH MHIYIIMPYET arpera-
IIMIO TPOMOOIIUTOB, €TI0 YPOBEHE MOBBIINAETCS BO MHO-
THX OITyXOJISIX; OTHOCHUTCS K | THITY TpaHCMEMOpPaHHBIX
CHAJIOMYLIUHOTIOMOOHKIX ITMKOIPOoTeHMHOB [84]. He-
CMOTpS Ha TO YTO MEXaHHW3M HEeHUCTBUA MOMOIUIaHWHA
HEIOCTATOYHO SICEH, ITPEITOIATaeTCs, 9YTO €T0 HAJTH-
yue cBsizaHo ¢ neppudHOi P OK ¢ mytaimissmuu EGFR,
yT0 M3MeHsieT curHanbHRIA yTh EGFR/TRIs [85—87].

Cnoco6Hocts OA® (M1H MX (HaKTOPOB) YYACTBO-
BaTh B GOpPMHPOBaHUM P mmocpeacTBOM BO3IEUCTBUS
Ha 3Kcmpeccuio peuenropoB EGF B OK 3aperucrpu-
pPOBaHa TMPH Pa3IMIHEIX OITYXOJSIX: TUTOCKOKJIETOYHOM
paKe TOJIOBHI M II€M (M3MEHEHHME YYyBCTBUTECIIBHOCTH
K mpenaparaM XT) [96], PMX (u3sMeHeHHe YyBCTBHU-



TEABHOCTH K TaMOKCUeHy), PJI (mHaykuus P x uHrH-
ouropaM TuposutkuHassl EGFR) [83, 97].

Ype3BEYAKHO BAXHO 1T MOHMMaHKA pod OA®
B OIIyXOJIEBOM TIpoliecce NMPUHSATHE BO BHUMaHHUE WX
CcocoOHOCTH BKIOYaThes B OMII. Ycmienune sto-
ro deHoMeHa 1o BaussHueM OA® — 3aKOHOME pPHBII
TpoLiecc, HabMIoMaeTcsl MPH pa3HbIX OIyXOJSTX M MO-
XKET OCYIIECTBIISITLCSA C IMOMOLIBIO PAa3yIMYHBIX MEXa-
HH3MOB, YTO, KaK ITPAaBIJIO, IIPHBOTUT K (POpPMHPOBA-
i P. YoenutensHBIM ITpuMepoM codeTaHust DMIT
u P, B 9acTHOCTH K TaMOKCH(EeHY, MOTYT ORITh KJIET-
ku PMX, xoropsie B ycnoBusax MO 1eMOHCTPHPYIOT
CITIOCOOHOCTh K Pa3BUTHIO ME3¢HXMMAIBHOMOAOOHOM
kapuuHoMHI [90]. TTapajuieIbHO BRISIBIISIIOTCS M HO-
Boie IyTH BusasHua OA®D; nanpumep, npu PILK omu-
caHBI moBpexaeHue MeTabomaMa OK, uaMeHeHHe HX
murparu [88, 89].

OmHMM M3 BaXHBIX CBOiCcTB (pudpobiaacToB sIBIs-
€TCS MX CIIOCOOHOCTh IMpOAYLIPOBaTh DB, KoTophie,
KAK 0TMEYaJIOoCh BHIIIIE, YIACTBYIOT B pa3BuTHH P. Ha-
npumep, DB OAD Gonsubx PMXK yemmBaioT MUTpa-
nmo OK u MeracrasupoBanme B Jerkue [48]. B cBoro
ouepenb 3k3ocoMbl OK PMXK crnoco0cTBYIOT TpaHC-
dopmanuu pubpobaactoB B OAD ¢ mocaenyionum
yCHIIEHHEM aHTHOreHe3a M MeTacTa3upoBaHMs [46].
AHANOTHYHOE SIBICHHE HAOMIOIAIOCH U IIPH MCCIICI0-
BaHWU IpYTHX omyxoJeif, B uactHocTH PIT [91]. Cyme-
cTBeHHOe 3HaueHUe B addektax OAD umeer TO, YTO
OHM ABITIOTCT HICTOYHMKOM MiRINA (miR21, miR210,
miR221/222), xoropble B GOJBITHHCTBE CIydaeB CBS-
3aHBI C pa3BUTHEM P, MOTYT pa3iMdaThCs B OTIEIBHRIX

AxtuBayna ARAF-1
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Puc. 4. Pazmmunsie mytn Bxnodenus OA® B opMupoBanue P

omyxosax (PTEK, PM2K, PIT), Ho Bcerma accoLiMHpy-
I0TCS ¢ IUIOXHMM IIPOTHO30M [92, 95].

OTMedeHa 9eTKas 3aBUCHMOCTb MEXTY 9KCITpeccHeit
CD44 (Mapkep paKOBOM CTBOJIOBOM KJICTKH) M YYaCTH-
eM OA® B popmuposanuu P. ITokazaHo, ato OAD sKc-
npeccupyiotr CD44 B yuactkax 'OKC u Backysipu3a-
. Yewinenue 'OK C npuBOIUT K ITOBBITIIEHUIO YPOB-
Ha CD44, a 3ateM ¥ K popmupoBanuio P [98].

PestoMUpys H3TOXEHHOE, CIIETYET OTMETHTD IBA OC-
HOBHEIX o0cTosTebeTBa. OA®M Bo MHOTrOM 06€ecIIedH-
BAalOT MEXKIICTOUHbIE B3auMozeiicTBua B MO u mpo-
ABIIOT cuHepruaM ¢ OK, BrI3bIBasg hopMHpOBaHHE
3/10Ka4ecTBeHHOTO (peHOTHTIA M P. lUHAMMKA M3MEHE-
Huit OA® CBUIETEILCTBYET, YTO CTAHAAPT TEPAIIHH MO-
KET U3MEHATHCS B 3aBUCHMOCTH OT (PEHOTHITMYECKIX
¥ QYHKITMOHANBHBIX XapaKTEpPUCTHK STUX KJIEeTOK [99].
IMocnemnuii pakT MMeeT MPUHIIMITHAIBHOE 3HAUCHWE
IUIST CTPATETHH TAPIETHOM TepAIMH M TIpEONOIeHuUs P.
Pasmiransie myt Bkmodyenns OA® B popMupoBaHue
P npencraeneHs! Ha puc. 4.

Buonorus aaMnomuToB TAKOBa, YTO OHHM BKIIIOYa-
IOTCSL BO MHOTHE ITaTOJIOTMYECKHE Ipoiiecchl. Oxu-
pEeHHE yXe NaBHO paccMaTpHBaeTcs Kak (dakrtop pu-
CKa pa3sMYHOM MaToJIOrHHU, B TOM YKclie paka. CBs3b
OXHUPEHHUA C Pa3sBUTHEM OHKOJIOTHYECKOIO 3aboJe-
BaHMS ¥ BOCHAJIEHHEM IIOATBEPXIEHA SITHUIEMHOJIO-
ruyeckuMHM ucciaegopanusamu [100]. Bomee Toro, Kak
OTMEYAIOT aBTOPHI, TaKasi aCCOLMAIIMUS CKA3BIBAETCS
Ha 30 GEKTHBHOCTH TepalliH ¥ (hapMaKOKHHETHKE
COOTBETCTBYIOIINX XHMHOIIPeNapaToB. B mocienHue
TOJHI TTOSIBIJIACH BO3MOXHOCTD ITPHOIHM3HTHCS K OTBE-
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TY Ha BOIPOC: KAKOB X€ MEXaHH3M BKIIOYECHUS K-
MOIMTOB B (popmMupoBanue P?

INokazaHo, YTO, ITOAOOHO APYTUM KJICTKAM, ajiH-
MOLUTH CEKPETHPYIOT paziugHbie 1K, H3 KOTOpBIX
B IIEPBYIO OYEpeb CIIEAYET YITOMSAHYTD JIETHH, AIHII-
cuH, IL-6, MCP-1, MIP-6. UMenHo 31 11X cHIKa-
10T aronTo3 B oTBeT Ha X1, ycwimBaioT P 1 mosroMy
MOTIYT OBITh MHUINEHBIO 1151 Tepanuu. K aroMy ciemy-
eT 100aBUTh, YTO JIEITTHH M AJUIICHH, KaK ObLIO II0Ka-
3aHO IIPH UCCIEIOBAHMH KJIETOK MHEJIOMEI, ITOBBIIIA-
IOT 3KCIIPECCHIO OEJIKOB ayTo()aruu, YTO TaAKXE CHH-
XaeT amnorrros [101].

AIMIIONUTHI BBELISIBIOT OOJIBIIOE KOMHMYECTBO DB,
KOTOPBIC AKTHBHO BKJIIOYAIOTCS B MEXKJICTOUHBIC B3a-
HMMOJIEHCTBHS: OIyXOJICACCOLIMMPOBAHHBIE aUITOLM-
THI (OAA) uHTEHCHBHO Koonepupyiotrcs ¢ OAD u Ha-
YUHAIOT BBLICAAT MiR-21, YcwieHue OessTeIbHOCTH
OAA 1 OAD criocoOGCTBYET aKTUBAIIMH CHTHAJILHBIX
nyreii PI3K/Akt 1 MEK/ERK; npeamnosnaraercs, 4o
3HAYUTEJIbHAS POJIb B 3THX IIPOLECCaX IIPUHAMLJICKUT
peuenropy sernruHa — OR-R. Ilepenoc OB agumnou-
TOB B KJIeTKU PSA dopmMupyer P K makiurakceny myreM
BiHsHIST Apaf-1 U cynpeccuu anomnro3a. ABTOPHI CBSI-
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Mogasnenne
aHTUTEeJ/1033aBUCHUMOM
LIHTOTOKCHYHOCTH

3BIBAIOT pa3BuTHE P Taxke v co cnmocoOHOCTRIO miR-21
CTUMYJIUPOBATh NOABIXHOCTE OK, 2 COOTBETCTBEHHO,
¥ uHBasmo [29].

OAA ycwmsatot niposmdepamuio OK. Kynsrupu-
POBAaHHE KIETOK MelaHOMBI ¢ OAA CTHMYJIHPOBAO
nponudepaimo OK 1 cornmpoBoxmanock passurueM P
(CHIDKCHME arnonTo3a 3THX Ki1eTok) [103].

AHAJIOTMYHBIC JAHHBIC ITOTyYCHBI U TTPH UCCIICIOBA-
HuM Kiietok PMXK — ux B3ammoneiicteue ¢ OAA ipuBo-
IO K IpoMdepaliu 1 pa3BuTHIO P K TpacTy3yma0y.
HWHTEpecHO U BAXHO OTMETHUTD, YTO pa3BuTue P K Tpa-
cTy3ymMaly MMeeT ¥ HHOM (MMMYHOJIOTHIECKH OIIOCpe-
JIOBAaHHBIN) MEXAHU3M: KJIETKH XXHPOBOM TKAHH MOI'YT
TOPMO3UTh AHTUTEIO3aBUCUMYIO KIICTOTHYIO ITATOTOK-
CHYHOCTb. B npo1ecc BKIIIOYaK0TCsT 3 IUTIOLIMTHI H ITpe-
aUITOLIUTHI, KOTOPBEIC M MHTUOUPYIOT AKTUBHOCTD 3¢h-
(hbeKTOPOB 3TOr0 BUAA IIATOTOKCHYHOCTH ITyTEM CEKPE-
LIMK pacTBOpPUMBIX hakTopos [102, 104].

Taxkum o6pazom, OAA BoBieKkaloTcs B (POPMHPO-
BaHHE P ¢ TOMOIIBIO pa3THIYHBIX MEXAHHU3MOB; BITOJTHE
BEPOSITHO, 9TO IIEpEIE€Hb TAKHX MEXaHHU3MOB Oy€eT I10-
TIOJTHSITECST M IIEPCIIEKTHBEI MCITOIb30BAHMS aMUITOIH -
TOB KaK MUINICHe i Teparmiy OymyT peaim3oBaHbl. Mexa-
HHU3M BJIMSHHUS aIMIIOLUTOB Ha POCT
OITyXOJIH MPEACTABICH Ha PHC. 5.

HMudopmanuu o pomm 3K B hop-
MHupoBaHuH P HeMHoro. OgHako
HMMEIONIMECS JaHHBIE He IIPOTHBOPE-
9HBBI, ITO3TOMY €CTh OCHOBAHHS I'0-
BOPHTBH O HECKOJIBKHX IYTSIX BKIIO-
geHust 3K B passutue P. [Tpaktude-
CKM BCe pabOTHI II0 3TOMY BOIIPOCY
BBITIOTHEHHI C HCIIOIB30BaHHEM 3K
PITXK, Tak KaK MMEHHO B IIOJXEITY-
JOYHOM Xeje3e HaXOIUTCS GONb-
moe KonuuecTBo 3K 1o cpaBHEHHIO
¢ ApyruMu opraHamMu. Haubonee ga-
CTO MCITONB3YETCST IMHUSA KIETOK —

MaccusHbiA
flepeHoc BeauKyn

¢ LX-2. B HacTosimee BpeMs OITH-

CaH psJl NMATOICHETHMYECKH BaXHBIX
MexaHu3MoB BiausHusa 3K Ha poct
OIIYXOJIM: CTUMYJIMpoBaHue DMII,
ycwienue npoaudepanmu OK u ux
CIIOCOOHOCTH K HHBA3HH U METACTa-
3UPOBAHUIO, YIACTHE B AHTUOTEHE3E,

IIpu coxkyapruBupoBaHuu 3K
uxietok 3H neuerm (ymrvm Hep 36,
Hep 62) v moaxemynouHo# xeie-
36l (ruamst Huh-7) yemoBeka 3ape-
THCTPMPOBAHBI CTUMYJIALHsT DMII,
MHIYKITUS WK yertenue P K xumuo-
TIpernapaTaM ¢ pa3sIMYHbIM MEXaHU3-
MOM JeMcTBHS (LIUCIUIATHHY, COpa-
¢eHuoy), 3amura OK ot amomnrosa
(rryrem wHTHOUIIMHA pS3 [105—107,
111]). IIponecc B3auMoOneHCTBHSA
OK u 3K compoBoxmaeTcs aKTHB-
HOM npoxykKiuei mocaegHumu Lk
(HGF, TGFB, FGF (¢akrop pocTta



buGpob61acTOB)), a TAKKE TIOBBIILIEHHEM YPOBHSI KOJI-
slareda iia 1, ¢ubpuHoreHa, nmepuoctiHa [105, 108—
110]. ITeprocTUH, KaK MIPEATIONAraioT, HE TOIbKO CTH-
mynmupyet npoaugepanrio OK, HO U crioco6¢TBYET
ycroiiausoctd K TOKC [110].

ITocxoneky uccnenoanue poau 3K B dpopmupo-
BaHuM P TONBKO HAUMHAETCS, €CTh BCE OCHOBAHMS I10-
JIATaTh, YTO Y4ACTHE STHX KJIETOK He OyIeT HCIEPIIaHO
nepeYrcIeHHbIMU (HDaKTaMH.

MCK MoryT ObITb OXapaKTepHU30BaHbI KaK KIETKA
C MYJIbTHIIOTCHTHBIMH/MYJIbTUQYHKIIMOHAIbHBIMHA
Bo3MoxHocTaMu. MCK B MO Moryt guddepenim-
pOBaThbCsI, B YACTHOCTH, B (pHOpobaacTsl, MHOGHOPO-
61acTEI, aAMITOLMTEL U Ap. ECTh OCHOBaHUSI TOBOPUTH
0 cylliecTBOBaHUH O0sb110# cybrmomyssnimu MCK MO,
KOTOpHIe MOIyT MHAynupoBats P [112, 113]. Chopmy-
JIMpOBaHo IpeacTaBieHue o ToM, uro MCK — axtus-
HBIM YJACTHUK BCEX STAIlOB OITyXOJEBOTO Ipollecca,
BIUsIONTUI Ha cocTostHue MO, OMII, uHBa3MmIo ¥ Me-
tacrasupoBaHue OK [114].

MCK 061a0a10T BRIpaXEHHOI CIIOCOOGHOCTBIO K MM -
Ipalliy B OpPraHbl ¥ TKaHH, B YACTHOCTH U B YYACTKH
OITyX0JIH, C ITocenyomei aucpepeHIIMPOBKOI B pa3-
JIMYHBIE THITB KJIETOK ME3CHXMMAIBLHOTO psiaa [115].
Mox#o naxe rosoputh, yt0 MCK 06jagaior Tporms-
MOM K 3H, 9T0 6BUIO MOKA3aHO B OIILITaX C TPAHCILIAH-
tupoBaHHBIMH MCK, KOTOphlE MUTPHPOBAIH B OITy-
xoib [116]. Mexanusm murpanimd MCK B omnyxoib
He B IIOJTHOM Mepe sSICeH, HO TIPEATIoNaraeTcs, 4To, Io-
JIO6HO KJIETKAM BOCITAJICHHS M TEMOIIO3THICCKMM CTBO-
JIOBBIM KJIETKaM, OH MOXXET OBITh CBSI3aH C pa3IM4HbI-
MU MOJIEKyJIaMM aAre3ud M xeMoarTpakTanTaMu [117].
Tak, murpanyst MCK u3 xoctHOro Mosra B MO PMXK
MOXeT ObITE CBSI3aHa C BIMSTHUEM XeMOAaTTpaKTaHTa —
CXL12, onHako BO3MOXHA 1 6¢3 ero yuactys [118].

ITokasano, 9ro Murpauusa MCK B ormyxoym, B yacT-
"Hoct B PMXK, Moxer ObITh cBsizana ¢ TGFR [119].
Ipu renaTole/LTIONSIPHOM KapIIMHOME BBISIBJICH ayTO-
KpUHHBII pakTop murpaiuu — AMF [120].

ITosgBWIMCH JAHHBIE O BO3MOXKHOCTH Pa3HOHAIIPAB-
nenHoro BiausaHus MCK 1pu omyxosieBoM mpolecce.
Tak, ux a¢pdeKT npu MIMOGIACTOME 3aBUCHT OT MC-
T0JIb30BaAHHOM CHCTEMBI MCCIIEAOBAHHS — B YCIIOBHSIX
in vitro MCK nossiuatpt anturenHocts OK, a in vivo
IPOSIBJISIOT IIPOTYMOPOreHHHBIA 3ddekT [123]. Takue
JaHHBbIE BHOCAT HECOMHEHHYIO CI0XHOCTD B BEISICHE-
HUe B3auMooTHoleHui T B MO ¥ HyXnmaioTcsl B AaIb-
HeilireM n3ydyeHud [124].

Csou 3¢dpextet MCK BO MHOIOM OCYILIECTBISIIOT
6maromaps crioCOOHOCTH MIPOayLMpoBaTh 11K U cekpe-
THpOBaTh OB — OCHOBHEIE (PAKTOPH MEXKIIETOYHBIX
B3aMMONEMCTBHIA. DTa CIIOCOOHOCTD TA€T BO3MOXKHOCTD
MCK wurpate KOHCTPYKTUBHYIO POJIb B OIyXOJICBOM
rnporecce, BHITh Ha ¢popmupoBanue P [8, 121]. B cu-
cTeMax in vivo M in vitro IpU UCCIEAOBAHUU KIETOK
paka Xexynka 6suto nokaszano, yto MCK ycunmmsator
P x ¢pmyopoypatiny, 9ro oOycIOBIEHO 3KCIIpeccHeil
MDR, MRP, LRP; BHyTpHUKJICTOUHEII MEXaHW3M I1PO-
1iecca CBSI3aH C aKTHBaLMEH KaTbLi /KaTbMOLY TUH3a-

BHCHUMO#M KuHa3bl, a Takke Raf/MEK/ERK; Gioxana
3TOIO IyTH HelTpaausyeT ydyactue OB B popmupona-
Huu P [122]. [IpyHIMOMantsHO BaxHo, 9t0 MCK —
HCTOYHUK mpoayKiuu Lx, 6uoornaeckue cBOMCTBa
KOTOPBIX, KaK IIPaBUJIO, IPUBOIUT K YCUJIEHHUIO POCTa
omyxoiu. K takum Ik B mepByIo ogepenb CleayeT OT-
Hecru: 1L-6, TGFB, VEGF [125].

Hasast oieHKy ponu MCK B oITyXoJieBoM IIpoliecce,
HEOOXOMMMO YUUTHIBATh M KX aKTUBHOE BIIMSTHUC HA CH -
CTEMY MMMYHMTETA, 9TO IIPEXIE BCEIO CBA3aHO C BHI-
JeneHueM LIk, crmocoGHbIX 0Ka3hIBaTh pa3sHOOOpa3Hoe
BITHSHYE Ha poCT OIyXoau [ 126, 127]. OmuH 13 I1aBHBIX
a¢pdexkroB MCK — cymnpeccust MHOTHX KJIETOK CUCTE-
MBI MMyHUTeTA: T- 1 B--MMGOIUTOB, €CTECTBEHHBIX
KIWUIEPOB, a TAKXe ASHIPUTHBIX KJIETOK, YTO ITPOSIB-
JgeTcs B ocnabIeHUuH Mpoliecca pacno3HaBaHus [128,
129]. Bo MHOrom 5T0 CBSI3aHO ¢ aKTHBAaIUEH rpaHyio-
IIUTOIMOAOGHBIX CYIIPECCOPHBIX KIETOK MHEIOMIHOIO
npoucxoxaenus (G-MDSC), aro o0ycIoBIMBaET YXO7,
OITYXOJTH OT MMMYHOJIOTHIECKOr0 KOHTpOoJIs1. B poriecc
reHepallMi 3THX KICTOK aKTUBHO BKiodaroTcss MCK
KOCTHOI'O MO3ra — ()aKT, YCTAHOBJICHHBIH ITPH U3yde-
HUM XpOHHYECKOI MUEIOMIHO#M meitkemum [130].

B nocnegHue romsl momydyeHa HHGopMaIus ob yJya-
ctuu MCK u B passutiu P mpu mumdormnponudepaTus-
HbIX 3a001eBaHuAX. B 3TOM IL1aHE OYEHD ITOKA3aTe /b~
Hbl JaHHBIE U3y4eHHUS P KJIeToK oCTpoil MMETOMIHOMN
JeiikemMun. BrIACHIWIOCH, 9TO P 3THX KJI€TOK CBSi3aHa
¢ uanykameit MCK skcnipeccuu ¢-MYC, 9T0 B CBOIO
ouepenbs MHIYLHHPYET 3KCIIPECCHUI0 aHTHAIIOITOTHYC-
ckux 6enkoB Bel-2 u Bel-xL [131].

IIpeacraBieHns o6 omyxoneacCcOMHMPOBaAHHBIX
MCK pacmupsioTcsi, BBISIBISTIOTCS HOBBIE BO3MOXHO-
CTH 3TUX KiIeTOK. CeroiHs He OCTAaB/ISICT COMHECHHHM,
gyto MCK — rereporeHHas CyOITOITYIISIIUA, U CIETyET
MOJTHOCTEIO cornacuThes ¢ L. Langroudi u coaBropaMu,
KOTOpHIE OTMEYAIOT, YTO PakT GYHKIIMOHAIBHOM! reTe-
porenHocTH MCK 06yciioBiIeH pa3HooOpa3sHeM ux KC-
TouHMKOB [132].

AKCTPALENNIONAPHBIA MATPUKC

CospeMeHHbIe IpeacTaBrieHns 06 D1IM cioxumich
He Cpa3y U ITPOIILTH B TedeHue 6ojiee 100 et croXHbI
ITYTh OT €I'0 XApaKTEPUCTHUKH KAK CTYASHHCTOM MACCHI,
OCYIIECTBISTIONIECH MEXaHUJECKYIO pOlib (TIOAIEPXKA
KC), no onieHKH ero Kak pe3epByapa MHOXECTBa OHO-
JIOTHYECKH AKTHBHBIX BEIIECTB C OOJIBIIIMMU PEryJISITOP-
HBIMU BO3MOXHOCTIMH. DIIM — pazHoo6pa3Hasi MHO-
TOKOMITOHEHTHAs CTPYKTYpa COEMWHUTEIHHOM TKAHH,
KOTOpas XapaKTepH3yeTCs AMHAMHYHOCTBIO COCTaBa,
MHOXeCTBOM OHOJIOrHIecKUX 3(PDEKTOB ¥ BEITOTHICT
HE TOJIbKO GapbepHBIE, HO M PEryISITOPHBIE QYHKITUH,
HMEIOIHe pazHoo0Opa3Hble mposiBicHuA [2]. ITo uMero-
1mMced 1aHHBIM, D1IM ¢ MOJHEIM OCHOBaHMEM MOXKHO
0XapaKTePH30BaTh KaK MYIbTH(YHKIIMOHAIBHELA MO-
oynsitop aktuBHOcTH Kiietoxk MO [133]. B Hacrosimee
BpeMs He BBI3BIBacT COMHeHIM, uTo DIIM B yciaoBU-
SIX HOPMBI PETYJIMPYET TOMEOCTA3 TKAHEMH, a IIPH ITaTo-
JIOTHHM B HEM HACTYIAI0T OMOXHMUYIECKHE U OHoMexa-
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HMYECKHE M3MEHEHHUS, KOTOPhIC, B YACTHOCTH, MOTYT
TIPHBOIMTH K POCTY OITYXOJIH, BBDKMBAHHIO M MUTPALIMHA
OK, Meracra3upoBaHmio, dopMHpoBaHHIo P, a Takxke
n3MeHATh QyHKIH KW 1 nonaepXuBarh XpOHHIECKOE
BocniaieHue [134, 135].

YpesBriuaitHas MHOTOKOMIIOHEHTHOCTh U MHO-
ropyHKiHoHaIBHOCTE DIIM — mpenMeT OTHeIbHO-
IO PACCMOTPEHMST; B HACTOSAILEM 0030pe SABISeTcs Lie-
JiecooOpa3HBIM, 110 BO3MOXHOCTH, JaTh oblee IIpea-
cTaBiicHHe 0 mUpoTe 3¢dpdexToB DLIM Ha ocHOBE paboT
nocaeaHux jgeT. CiaemayeT OTMETHUTD, 9T0 KOMIIOHEHThI
BIIM y4acTBYIOT BO BCEX TAIlaX POCTa OITyXOJIH,, BKIIO-
YAIOTCS B TAKHE 3HAYMMBI€ IPOIIECCH, KAK AHTHOICHE3,
OMII, perymsims GyHKIMH pasTHIHBX KieToK MO.
KaxoBsI e MexaHu3MbI popmupoBaHus P ¢ yuactuem
SIIM? Ilpu Bceif CIOXHOCTH OTBETA HA 3TOT BOIIPOC,
€CTb OCHOBAHMSI TOBOPHTh 0 HEKOTOPHIX OOIIHX 3aKO0-
HOMEPHOCTSIX.

IepBuaHEIe H3MeHeHHsI DLIM B 60IBIIMHCTBE CTy-
YacB HAYMHAIOTCS C €TO0 Jerpasaliy, KOTOPYIO MOXHO
CUHTATh 00s13aTeILHRIM 3TanoM opMupoBaHus P. Oc-
HOBHasl IIPMYMHA IETrPANallMi — B3aHMOICHCTBHE KOM-
noHeHTOB DIIM ¢ KieTkamMu MO, GOJIBLITHMHCTBO M3 KO-
TOPHIX MOJEPXUBAIOT BEDKUBaHKMe U pocT OK [136,
137]. AmenHo perpamanus DM obecrieauBaeT BO3-
HHUKHOBEHHME IUIOTHOTO CTPOMAJIBHOIO MaTPHUKCA BO-
KPYT OITyXOJIM, KOTOPRIA 06pa3yeT 6aprep 11 IIPOX0X-
JIeHHs1 XHMHOIIpenapaToB. B cocTaB TAKOTro MaTpHKca
MOTIYT BXOIHUTE Pa3HBIE KJIETKH, HAI[PUMEP aKTHBHPO-
BaHHBIC GHUOPOGIACTEL, MUOGHGPOOIACTHI H AD.

Herpamauusa SIIM conpoBoxaaeTcss H3MEHEHU-
SIMHM €70 KOMIIOHeHTOB. IIpMepoM MoOTyT GBITh TaH-
HEIE, COTJIaCHO KOTOPBIM CTpPOMa HEMETKOKIETOTHO-
ro PJI oboramaercst pubporekTiHOM THHA 11, HEO6-
XOIHMBIM JUIST METaCTa3MpOBaHus M hopMupoBaHus P.
MexaHH3M TaKOTO BIMSHMUA OOYCIOBIEH HATHYHEM
B cTpyKType pudpoHekTrHa 111 moMeHa, obnagarome-
r0 cNocoO6HOCTRIO K pacTsokeHmio (Fn I11-1c). Umen-
HO 3TOT JOMEH YYaCTBYET B MHTUOMIINM JIMTaHOA pe-
uenropHoro amonro3a OK TRAIL, 4yro omnpeaesnser
dopmupoanme P [138, 139]. MaMeHeHHS CTPYKTYPH
BIIM HensbexHO MPUBOIST U K HAPYIIEHUIO €T0 Me-
Ta00H3MA, YTO TAKKE MOXET ORITh OTHON U3 MPUYHH
pa3putusa P. BaxHoe MecTO B MBMECHEHMH MeTaboIn3-
Ma IIPUHAJICXUT HAPYILIEHWIO CTPYKTYPHI KOJUIareHa
TIPH YIACTHH JIN3IWI-OKCHTCHA3hl , KOTOpas OTIIEIUISIET
OT KOJUIareHa IIpOIeIITHABI, 9TO 0GYCIOBIIMBAET H3MeE-
HEHMA Ilepeaady CHrHaI0B B MO u ycrwymBaeT as3po0-
HBIH rKoK3 [137]. DToT Ipo1Iece B pe3yIbTaTe H3Me-
HSET 3/1aCTUYHOCTD KOJUIATeHA U 3JIACTHHA, yCHIMBACT
POCT OITyXOJIH, MHBa3HIO M BeKIBaHue OK.

OnHa M3 BaXHEMITMX 0COOeHHOCTE — B3auMoIeii-
crHe koMnoHenToB DIIM ¢ OK, KC u KH. UudpopMma-
LM ITO 3TOMY BOIIPOCY HEpAaBHOMEPHA, TaK KaK OTHH
KOMITIOHEHTH DIIM H3y4eHBI JOCTATOYHO, IPYTHE —
B MeHbIneil crereHn. K HacTosmeMy BpeMeHH Hau-
GombITHiA 06heM JaHHEBIX IOTydeH B OTHOIICHWH KOJI-
JIarcHOB, (PUOPOHEKTHHA, THATYypOHaHA, MATPUKCHBIX
METAJUIOTIPOTEMHA3, TCHACLIMHA, ITepuocTuHa. [locnen-
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HUM, B YaCTHOCTH, CYIECTBEHHO N3MEHSIET OMOIOTHIO
OK u paccMaTpHBaeTCsl KaK KpUTHYSCKUHA MEIHATOpD,
npensTcTByIouuii 3¢ ¢eKTy aHTHAHTHOTEHHOI Tepa-
ITHH, TaK KaK YCWINBAET aHTHOICHE3 M CIIOCODCTBYET
BbDKMBaHMIO K1eToK B yenopuu 'OKC [110, 140]. Tu-
aJIypOHaH, CBSI3EIBAsICh CO CBOMM pelienrropoM (CD44),
npuBoguT K popmuposanuio P OK u DMII [141]. U30-
tdopmer CD44 (CD44s u CD44v3) onocpenyioT CHTHA-
JIbl, UCXOASITIIAE OT METAJUTONIPOTEHHA3 ITPH B3aMMO-
nmeiicrrm nocnenHux ¢ OK u popmuposanuu P xk XT
M paguoTepariu [142].

OrmcaHa HoBasi rpymiia 6ei1koB DM — cemeiicTBo
CCN, KOTOpBEIe aKTHUBHO BKJIIOYAIOTCSI B PA3IMYHEIC
KJIETOYHBIC ITPOIECCHI, PETYJIMPYIOT MUTPALIMIO, IIPO-
mmdepanuio, nuddepeHIIMPOBKY U IpyrHe GHOJIOTH-
geckue ¢pyHkiup OK [143]; K HacTOsIIeMy BpeMeHH
WISHTHOUIIMPOBAHO 6 WIEHOB 3TOTO ceMelcTRa | 144].
Omun n3 Hux — Cyr61 — obamaeT CIroCOGHOCTHIO Cy-
IIPECCHPOBATH AIIOIITO3 ITPH BO3IEMCTBHM IaK/TUTaKCe-
na Ha x1etku PMX MCF-7 u unayumposats P [145].

BiaumopeiictBue koMmrioHeHTOB OK ¢ BDIIM Hepen-
KO COIPOBOXIAETCA pa3BUTHEM P K xuMuonpenaparam
pa3HbIX rpymal. Hampumep, B3aMMOIEHCTBHE € KJIETKA-
My PMIX pHBOAUT K pa3BUTHIO YCTOMYMBOCTH K 3TO-
TIO3UY, ¢ KieTKaMu PJI — K pa3miIHEIM anKiIMpyIo-
MM IpenaparaM [146], ¢ xierkamu 3H opranos ro-
JIOBHI M IIEH — K IMCILIATHHY [142].

O4eHb MHTEpPECHHI aHHEIE 0 TUddepeHIIpoBaH-
HOM BITHSTHWH MHTETPHHOB, KOTOPHIE CITOCOOHEI ITOCHI-
JIaTh CUTHAJIBI, TIPHBOISIIINE K PA3IMIHEIM 3 dEKTaM.
Tak, uccnegosanue Kietok PS5 nmokasano, aro cynpec-
cus uHTerpuHa B3 BmusieT Ha P K maknuTakceny, B TO
BpEMSI Kak cyTipeccus 1 MHTerpuHa aHAJIOTHIHOTO 3¢h-
¢dekTa He okasmBaeT [147].

BoaMoxHocTb BusgHus D1IM Ha aHrHoreHes nozm-
TBepXIaeTcsl HOBBIMM (hakTaMu. Hampumep, momyde-
HBI CBEJICHHS, ITO peaym3aiiisa 3 ¢heKToB SHIOCHATIMHA
(OITyXO0JICBRI 3HAOTEIUAIBHEII MapKep, SKCIIPECCHA
uHaympyercs B yeaoBusax T'OKC ¢ yuactuem HIF-2)
OCYHIECTBIIAETCS GJ1arofapsi B3aUMOIECTBHIO ¢ KOM-
noHeHTamMu DIIM [148].

B chepy BmuastHust D1IM BXxoauT 1 ajuinorenes — Xu-
pOBOiIf 00MeH, TaK KaK KOMITOHeHTH D1IM (dpubpui-
JisipHast 1 HepUOPWLUIsApHasT POPMEL KoJTareHa, hu-
OpPOHEKTHH M Ipyrue OSIKHM) COCTABIISIIOT OCHOBY KU -
poBoii MmeMOpanbl. Brusaue SLIM ocymiecTrisercs
IIByMsI MEXaHM3MAMM: MeXxaHW4YecKoe aapiieHue (force)
M OMOXMMHYecKHe BIUAHUA (cues). OMHUM U3 KIIode-
BBIX PETYJISITOPOB XUPOBOW TKAHW CUMTACTCS OEMOK
SIIM MAGP1I, KoTOpHIil peayIN3yeT CBOE BO3ACIICTBHE
BMecte ¢ TGFB 1 3amMmaeT XJieTku ot MeTabonmnye-
cKoro crpecca [149].

BEbIBOAbI

HecMotpst Ha CIOXHOCTH CUCTEMATHU3ALIMM M aHAa-
JIM3a UMEIOIIerocsl MaTepruaia, He OCTaeTCsl COMHe-
HUHA B TOM, YTO MPAKTHMYECKH BCE KOMIIOHEHTH MO
MOTYT BKJIIOUAThCA B opMupoBanue P u paccMarpu-
BaThCsl KAK OCHOBHOH (hOH, TpemoIpeaesaIolMii Xxa-



PaKTEP U KCXO/] OITYXOJIEBOTO pocTa (C OOJIBIIUM CTIEK-
TPOM pa3HOOOpAa3us).

Ype3BruaiiHO IMMPOKUA KPYT KJIETOK H paCTBOPH -
MEIX (DaKTOPOB, BKJIIOYAIONIMXCS B pa3BuTHe P, 60b-
1II0€ KOJIMIECTBO U pa3sHooOpa3ue MexaHM3MOB X e -
CTBHSI 3aTPYIHSIOT OTBET HA BOIPOCHI: UTO XE HECET
OCHOBHYIO OTBETCTBEHHOCTH 3a pa3BHTHE P, Kakue yc-
JIOBHS IUISI 5TOTO HEOOXOMUMBI, KAKMM 00pa3oM Ha pa3-
BUTHE P BIUMIOT CBOMCTBA OMYXOJIH U €€ JTOKATH3alus ?
HaxormmieHue JaHHBIX TTOKa HE TOTBKO He AaeT Ucuep-
NBIBAIOIIHX OTBETOB HA 3TH BOIPOCHI, HO ¥ TIOTHUMAET
HoBble. HammpuMep, eciii MeHee 2 JIET TOMY Tpearoa-
TaJIOCh, YTO IIPOTPECCHPOBAHME OITyX0JIEBOTO IIpolIecca
acCOLIMMPYETCS TIaBHRIM 06pa3oM ¢ OMII, To ceromus
C ITOC/IEAHUM He 6€3 OCHOBaHU 1 MOTYT KOHKYPUPOBATh
pa3iyHblie 3 ¢HEKTh KOMIIOHEHTOB CTPOMBI OITyXOJIH.
Taxoe pa3BUTHE COOBITHI ITOPOMIIIO BOITPOC: YTO XK€ OT-
BETCTBEHHO 3a MeTacTaszuporarue IMIT wmm MO? [90].

B BHICIICH cTenieHU MHTepecHa poiab DB, Ux 3Ha-
geHMe B IIOJHOW Mepe 000CHOBHIBAETCA TeM, 9TO0 DB
y4acTBYIOT BO MHOTHMX Impoiieccax B MO, BKiouas
TpaHcauddepeHUUPOBKY: nepexon ¢pubpobiaacTos
B AKTUBUPOBAHHEIE MUOMDHOPIILIEL, TEPHLIATOB B H-
JoTeTHaIbHbIe KIETKH, a ¢hubpodmactoB B OAD [47,
150]. TeM He MeHee TIpU Beeil yOSMUTETBHOCTH TOKA-
3aTeJIBCTB POJIH OB B MEXKIIETOYHBIX KOMMYHUKALIVSIX,
00BEKTUBHOCTD TPEOYET MPU3HATD, 9YTO IIEPBOE MECTO
B 9TOM IIpoliecce Mo-mpexHeMy orpoasT Ik, Tak Kak
MEXKIICTOUHBIE B3ANMOBITHSHUS ¢ yaacTieM LIK, cTpyk-
Typa H 0COOCHHOCTH B3aMMOACHCTBHIA STUX JUTAHIOB
M MIX PELIEITTOPOB YeTKO HAeHTHbHIpoBaHkl [69]. Uto
Xe Kacaercs DB, To OHM IPOIOIDKAIOT BO MHOTOM OCTa-
BaThCS 3aTaKOM, MOTIeXaT JaTbHeHIIIeMy H3yYEHHIO
M HYyXIAIOTCS B OTBeTaX Ha MHOTHE BOITPOCHI, TaK Kak
€CTh BCE OCHOBAHUs MPEATIONAraTh, YTO X COCTAB U (-
(beKThI B 3aBHCUMOCTH OT HCTOYHMKA BHIIECICHUSI Kpaii-
HE BapHabebHEL

MHoro HesICHOTO OCTaBJISIOT U Apyrue dopMu P,
KOTOPEIE B HACTOSIIIIEE BpeMsl HEOCTATOYHO U3ydeHBI
(anauko3, CAN-DR, EM-DR), passuBaioiuuecs B OT-
JIMYMH OT TPATHITMOHHON XUMUOPE3UCTEHTHOCTH C TT0-
MOIIBIO IPYTHX MeXaHU3MOB. BO3MOXHOCTD HATMYUS
pas3mIHEIX popM P maeT ocHOBaHMSI CTaBUTh BOIIPOC,
BCeraa JId YCTOMYMBOCTD K OMHOMY BMAY Tepallid Hc-
KJIIOYAET HAIMYME YyBCTBUTEILHOCTH K Apyromy? OTBeT
HAa 3TOT BOIPOC, OYEBHUIHO, NOJDKEH OBITH OTPHLIATE b~
HBIM. TIpHMepOM 3TOMY MOTYT CITY>XUTh HallTH JaHHEIE,
9TO OIMYXOJTH, PE3UCTEHTHEIC K IpernaparaM X1 (B 9acT-
HOCTH K JOKCOPYOHIIMHY), TTPOSIBIISAIOT BRICOKYIO YyB-
CTBHUTEJILHOCTh K UMMYHOTEPAIMH C UCIIOJIB30BaHH -
eM JUMPOLMTOB, akTMBUpoBaHHBIX 1L-2. Takasa uH-
¢opMariis ObLUIa TTOTydeHAa HAMM IIPH UCCICIOBAaHUM
PE3HCTEHTHRIX OITyXOJieil B AKCIiepUMeHTe (METUIIXO-
JIAHTpeHOBasa pabIOMHOCApKOMa, MEIAaHOMA) U B KJIH-
HHKe (Y 60JbHBIX C COEMUHUTENbHOTKAHHBIMM U SITH-
TETHATBHBIMH OITyXoJIaMH) [151, 152]. BrosHe Bepo-
SITHO, YTO pa3TM4Ms B MexaHu3Max P ocTaBisiioT Mecto
IUTSI TIOMCKA KPUTEPHUEB BHIOOPA OITTUMANIBHOTO BapH-
aHTa Tepali XMMHOPE3UCTEHTHAIX OITyXOJIeii; HECMO-

TPS Ha CJIOXHOCTH TaKOTO BBIOOpa, MePCITEKTHBEI BCe-
JISTIOT OTIpeieICHHBIA OITTUMU3M.

TTonBoms wrTorH, CieAyeT OTMETUTh, 9YTO OOJBIIIOE
KOJIMYECTBO JAHHBIX IO 06CYXIacMOMY BOIIPOCY MC-
KJII09a€T COMHEHHUSI B TOM, YTO pa3BHTHE OITYXOJH
B OYCHB OOJIBIIION CTEITEHH OIPEICIIAIOT COOBITHS, ITPO-
ucxomammue B MO. OgHoBpeMeHHO 6BUT0 651 OITMOKOIM
Ha YPOBHE COBPEMEHHBIX IIPEACTABICHMIA HE ITPHU3HATD,
9TO HAPALY C MIEPSYHCIICHHBIMH B 0030pe (pakTOpaMu
OIHO M3 IICHTPAJIBHAIX MECT B PA3BHUTHH OITyXOJICBOTO
TIpoliecca MPUHALICKUT OHOTOrHYSCKUM M METabOoITH -
geckuM ocobeHHocTsIM cobcTBeHHO OK. Tonbko nmocine
B3aMMOACHCTBUSA IMOCTICTHUX C 3jieMeHTaMu MO akTH-
BHPYETCS BeCh KACKAJ CHTHAJIOB U 3¢ (PeKTOB, IIPHBO-
ISTITUX K pa3BUTHIO OIYXOJIECBOIO ITpoliecca.

YUUTHIBAS H3ITOXKEHHEIE BEIIIE COOOPaXXEHMS U OT-
IaBasi JOJDXHOE IMOIX0AaM, KOTOpPhle HAYMHAIOT HC-
MOJIB30BAThCSA UIA ITPEONOIcHUS P, MOXHO ITOCTYJIH-
pOBaTh MEPCIIEKTUBHOCTh MHOTOBEKTOPHOM TEpaITHH,
KOTOpasi, 110 BCEM BEpPOSTHOCTH, OYIET MMETh HECKOJIb-
xo muuieHe# — OK u KC, a Takke CHTHAJIBI, peajiu-
syronmecsd B MO.
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PHYSIOLOGICAL SYSTEM OF CONNECTIVE
TISSUE AND ONCOGENESIS.

lll. FORMATION OF RESISTANCE

TO CHEMOTHERAPY

V.F. Chekhun, N.M. Berezhnaya

Summary. Modern ideas about the role of connective
tissue components in the formation of resistance of ma-
lignant tumors to chemotherapy drugs are highlight-
ed. The mechanisms of participation in the resistance
of cancer-associated fibroblasts, stellate cells, adipo-
cytes, mesenchymal stem cells, as well as some compo-
nents of the extracellular matrix are considered. Infor-
mation is presented on the role of microenvironment,
hypoxia, extracellular vesicles (both tumor and stromal
cells) in the formation of resistance. The discussion is
Jfocused on the prospects for some approaches fo over-
come resistance involving connective tissue components.

Key Words: malignant tumors, connective tissue
system, stroma cells, extracellular matrix, resistance
to chemotherapy.
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