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Hacrosimmii Tom 706(748) — 310 ouepennoii BbIMyck 748-
TOMHOr0 MWM3nanus, koropsid mnpomo/rkaer JAUAJIOIT -
OBPAIIIEHUE k counymy Iliianersl, rocygapcrsaM 4 HAapoaam
- HAIIUM COBPEMEHHHKAM U OyaymmM NOKOJIEHUSM
- cosuaareasm MCTHUHHO YEJIOBEUYHOI'O OBIHIECTBA —
OBIIECTBA COIIUAJBHOM CIPABEJIJIMBOCTM.

OCHOBHOM U3 NPHMHIMIOB HAlLIEH AKTHBHOCTH:
«IIporpeccuBHbIe WIeH JA0JKHbBI pPadoTaTh —
3BY4aTh, KAK KOJOK0Ja, THPAXKUPOBATHCS — NOKA
He CTAHYT HHUIIMMPOBATH e CTBUSA
roCy/J1apCTBEHHO - VIIPaBJIEHYECKOro,
NOJUTHYECKOro, HavdHoro ... ABAHI'APJIA
00111eCTBa, MUJIJIMOHOB HAPOAHBLIX MACC».

A.Komaposa

KomapoBa Anmna HBanoBHa — pexrtop MexkIyHapoaHOii aKageMHMH  MeTOH0JIOTHH
rocyaiapcrBeHnoro ympapienuss (MQOQO), pykoBoautTesnb MeKIyHAPOAHOTO OOIECTBEHHOIO
oobennnenussi «KAHTUPAK» (MOOQO), npeacesarenb MeKIyHAPOIHOIO0 AHTHKOPPYNIUHOHHOIO
komutera (MOQO), akagemuk MexkIyHAPOAHOH aKageMHMH WHTErPAaTHBHON aHTPOMOJIOTHH,
akagemuk HoocdepHoii o0lecTBeHHOH akaJgeMHH HAYK, TOKTOP (pHI0COPCKMX HAYK, IOPHCT,
npodeccop

IlockoJIbKY MOJHOE, TAPAHTHPOBAHHOE BbI3IOPOBJICHHE
3a00J1eBIIIET0 PAKOM IOKAa 4YTO — TIJ00ajJbHasi mpodJieMa, MbI
HCXOAMM H3 TOr0, YTO HEO0XOAMMO KAK MOKHO 0oJiee paHHee
oOHapy:keHHe ero TMpoOsIBJIEHUS W TOCTOSIHHbIA MeIUINHCKO-
NpodecCHOHAIBHO 00eCIIeYCHHBIH er0 KOHTPOJIb, U INPeKIAe BCero:
pe3yJbTATUBHO-AeSITeJIbHOCTHOE OTHOILLIEHHE camMoro
OHK03200J1eBILErO.



B npojguinakruke paka o4eHb Baj)KHA CaAaMOJAUATHOCTHKA, T.e.
BHUMATEJIbHOE OTHOIIEHHWEe K COOCTBEHHOMY 3I0POBbLI0 H K
nepeMeHaM cCaMO4yBCTBUSI.

90% BepoATHOCTb BbI3A0NOBNEHNA, 6CNK 0Ne3Hb BbIABNEHA HA

NaHHe! cTaauun.

(https://zen.yandex.ru/media/id/5da2215dfe289100b04af32b/iagoda-kotoraia-
ubivaet-rakovye-kletki-5dc04eddec575b00b5343cab).

ITo3ToMy Hame «MeskayHaApoaHOe 001IeCTBEHHOE 00 beJMHEHNE
«AHTHUPAK» ocymecTB/isieT AKTHBHOCTb B MpPeAyNpPeKICHUH,
COICHCTBUU JICYCHUI0 U HEBO3BPATY 3TOr0 MOHCTPA, MOPA3UBIIEr0
YyeJ0BevYecTBo.

Hama nesiTeJIbHOCTH OCHOBAHA HA O0bEeIMHEHUW YCWJIHH M
BO3MOKHOCTEH YYEHbIX U MPAKTUKOB MO PeAJIU3ANUNA MOHUTOPUHI0-
ICHEPTHBIX UCCJICIOBAHUIL: NPoPUIAKTHKO-TIPEBEHTUBHOIO
noaxona, yreepxaenusi u pasputusa npuaauna OBIIECTBEHHO-
I'OCYJAPCTBEHHOI'O ITAPTHEPCTBA.

1ot Tom 706 (748). Bpin 47.
oanoM u3 50 pyopuk
«MOHHMTOPHMHIO-3KCIIEPTHbIE

HUCCJIEA0BAHUS: 3HATh U MO0EAMTh PAK»
N3nanug,
KoTopoe aercrByetr ¢ 1991 roxa
(MockBa-Kuen),

¢ 2016 r. — UaTepHer-U31anue.
Ha 26.05.2021. y nac 6onee 1642 000 yuraTeneii.
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Bo BiacTu onmyxoJiu:
MoYeMYy MeTacTa3bl TAK TPYAHO OCTAHOBUTDL?

Meractasp!

UHPKYNMpYIOLME
8 KPOBOTOKE

Kozoa xoms ovt 00na u3z 100 mpuniuonoe HOpmaibHbIX K1€mOK OP2AHUMA
nepepoicoaenmcs 6 paKogyro u He YyHUUMO0IHCAemcs, Cpadamoléaem cnycKkogoil KpiouoK
u 3anyckaemcsa pocm onyxoau. C pazeumuem 3a00,1€e6aHus HeKOMopvle paKosvle
K1emKu (opmupyrom memacmasvl — 6mopuiHvle 04azu onyxoneeoz2o pocma. U
3auacmyro oarce ceoeepementoe yoaienue nepeutHoll Onyxoau u
nocieonepayuoHHas mepanus He cnocooHsl eviz3eams pemuccuio. Okazvlieaemcs,
nepeuUYHAan ONYxXob YrHce HA PAHHUX IMANAX C80E20 POCMA CHOCOOHA «00yUamby
MUKDPOOKPYMHCEHUe 8 04az2ax pa3zeumus 0y0yuiux memacmasoe, 0a u camu
MemacmasHvle paKogvle KemKu «<noOCmpausarom padonty ceoux 2eHoe makx, 4moowl
Jyquie npudcumsbca 6 Hogom mecme. Ecau mvl 6yoem 3nams, Kak npedomepamumas
pocm u pazeumue Mmemacmaszoe, mo cmoxcem cnacmu 0o 90 % nrooeit, ymuparoujux
OMm OCHOGHbBIX 6U008 PAKA

B MOCJICAHUEC NCCATUIICTHA YCHUIIMA MHOT'MX OHKOJIOI'OB ObLIN HampapJICHbI HA YCTAHOBJICHHUC
ACTAJIbHBIX MEXAaHU3MOB 3aPOXKICHUA paKOBOﬁ OITYXOJIHU, PETYJISALIUN €€ aKTUBHOI'O POCTAa U
IMpoueccoB d)OpMI/IpOBaHI/IH 6HaFOHpI/I$ITHOFO IJIs1 HEC MUKPOOKPYIKCHUS U3 KIICTOK Ccnmpombl,
COCAMHUTCIBHOTKAHHOI'O KapKaca opraHa. Co BPEMCHEM CTAJIO MMOHATHO, YTO OCHOBHAs YIpO3a pakKa
3aKJII0Y€HA B €r0 CIOCOOHOCTH K pacupoOCTpaHCHUIO 11O OPraHUu3MYy.

HeKOTOpBIC PAKOBBLIC KJIICTKH HepBH‘-IHOfI OITYXOJIM OTACIAIOTCA OT HEC U IIOIMaJal0T B KPOBOTOK MJIN
JII/IM(I)OTOK, 10 KOTOPpOMY OHH MYTCIICCTBYIOT B I'NTaBHBIC MAarucTpainu COCYI[HCTOﬁ CHUCTCMBI. KJ'ICTKI/I,

MMPEOA0JICBIIUEC OTOT IIYTh, BBIXOJAAT B CTPOMY OpraHa 3a CHCT 3aACPIKKH B Y3KUX KaIllUJIJIsIpax



U aoce3uu (CIPUINIAHU) K BHYTPEHHEH COCYAMCTON cTeHKe. JIuip HeOombIas 4acTb 3TUX
PaKOBBIX KJIETOK BBIKMBAET B HOBOH cpeJie, HO IMEHHO OHH U CTaHOBSITCS POJIOHAYaIbHUKOM HOBBIX
oyaroB pocta omyxouu. [Iporecc paccenBaHus PaKOBBIX KJIETOK IO OPTaHU3MY,

Ha3BaHHBIN Memacmaszuposanuem (0T Op.-epey. «KMEHSTh, IEPEHOCUTHY), ObLI BIIEPBBIE ONKCAH €I11e
B 1889 r. OpuranckuM xupyprom u narosoroanaromom C. IlempkeToM, HO €ro MeXaHu3M J0JTroe
BpEMs OCTaBAJICS 3araJKoi JUIsl HAYYHOTO COOOIIECTBA.

[TemxeT mpoBes aHAJIOTHIO MEXK/Ty METACTa3UPOBAHUEM U IPOPACTAHUEM CEMSIH, KOTOPBIE TAKXKe
BBDKUBAIOT JIMIIb B IMOJXOASAIICH UM «II0YBE»-MUKPOOKPYKeHUH. B Te BpemeHa 3Toii unee Obl1o
HEBO3MOXKHO J]aTh AKCIIEPHUMEHTAILHOTO TIOATBEPKACHNUS, TIO3TOMY JOJIT0e BpeMs mpeoliiagana
Teopust amepukanckoro narosnora J[x. KOunra, cormacHo KOTOpOit OCHOBHYIO POJIb B
pacnpocTpaHEeHUH METACTa30B 10 OPTaHU3MY HIPalOT OCOOCHHOCTH AUHAMHKH KPOBOTOKA

U YCTPOMCTBO COCYJTUCTON CUCTEMBI.

Hexomopble knemKku nepeutHoil ONYyXoau 8blX00sm 6 KpOGOMOK WU TUMPOMOK u
nymeuwiecmeyom no cocyoucmoi cucmeme. 3a0epiHcusanc 8 y3KUX Kanuanapax opzanos u
«RpUIURAA) K UX GHYMPEHHell CMeHKe, OHU U3 NPOCEEema cOCyOa Nepexo0am 6 CIpoMmy op2and.
Juwie nemMHO2UM PAKOBHIM K1EMKAM YOAemCA RPU INOM GbIHCUMb, HO UMEHHO OHU (hopMupyom
Hogble ouazu pocma onyxoau — memacmassl. Ilo: (Massagu, Obenauf, 2016)

Haxkonen B 1970-e rr. Oarogaps skcriepuMeHTaM Ha J1a00paTOPHBIX MbIIIaX, KOTOPBIM JIE€TAIUCh
HWHBCKIUHU PAKOBLIX KJIICTOK, MCUCHHBIX paJMOAKTUBHBIMHA U30TOIIAMMU, aMepI/IKaHCKI/Iﬁ
uccienosarens M. dumiep cMor 1oka3aTh, 4TO HA Pe3ysIbTaT METACTa3UPOBAHHMS BIUSET MPUPOAA
PaKOBBIX KJIETOK: KJIETKH MEJIAaHOMBI METaCTa3MPOBAJIH B JIETKUE, HO HE B TIEYEHB, B COCYIaX
KOTOpPOIl OHM He BbDKMBaANHU. [lo3Hee ObUIN yCTaHOBIIEHBI U Ipyrue (hakThl, MOATBEPKIAIOIINE, YTO
PaKOBLIC KIIETKH pa3H0171 MpUupoAbl METACTAZUPYIOT MPEUMYIIECTBECHHO B OIIPCACIICHHBIC OPraHbl,
WHOT/Ia Ja)Ke U B OTIPEICTICHHON MocieioBaTebHOCTH. Hanmpumep, KJIeTKH paka MOJIOYHOM KeJle3bl
q)OpMI/IpyI-OT METacTa3bl CHa4daljia B KOCTAX, IICYCHU, JII/IM(i)aTI/I"ICCKI/IX y3j1ax u JICTKUX, U JIUIb [IOTOM
yKe — B MO3Te. SIBieHre CrerupuaHOTO pacupeesIeHUs] METacTa30B M0 OPraHu3My Ha3Balu
OpPraHOTPONHMEH MeTacTa3upOBAHUS.

U ceronHs B OHKOJIOTHH BCE €IIIE OCTAETCS MHOTO BOIIPOCOB 0e3 0TBeTOB. Hampumep, oTiauyatorcs
JIM METaCTa3HbIe PAKOBBIE KJIETKH OT APYIMX KJIETOK NEPBUYHOM omyxoau? UTo JIeKUT B OCHOBE
opra"orponuu? M riiaBHoe: Kak MeTacTa3aM yJIaeTcsl BBIKUTH [10CIIE yIAJIECHHs IEPBUYHOM OIyXOJIN

U MIPOBEICHUS] XUMHOTEPAIIUU?

MeTacTa3bl: OT TéeHeTUKH 10 YNIUTeHEeTUKHA

[ToBenenue 1000 KIETKN reHeTUIeCKH 00yCIOBICHO. 310KaueCTBEHHAs TpaHChopManus
HOPMaJIbHBIX KJICTOK B PAKOBBLIC CBA3aHa C MyTallUsIMU B FCHaX-HpaﬁBean, KOTOPBIC NPUBOAAT K
HCKOHTPOJHUPYECMOMY KIICTOUHOMY ACJICHUIO. Syt BBIT'OJHBIC JJI OITYXOJICBBIX KJIETOK MYyTalluu
COIMPOBOKAAIOTCA MyTallUsIMU B APYTrUX I'cHax, KOTOPbIC U3HAYAJIIbHO HE BJIHAIOT Ha POCT OITYyXOJIHU, —

TreHax-naccascupax. C KaXXIbIM ITOKOJICHHUEM KJICTOK, KaXXJIbIM HOBBIM KJIOHOM O3THU I'€CHECTHYCCKHUEC



HN3MCHCHHS HAaKaIlJIMBAarOTCs. HCKOTOpI:oIG KJIETOYHBIC KJIOHBI ITPECYCIICBAIOT OoJIblIEe OCTaJIbHBIX, YTO

IIO3BOJIACT 'OBOPUTH 00 «OBOJJIOLNMOHHBIX» UBMECHCHHUAX BHYTPU OITYXOJIH.

MeTtacTa3bl MOKHO CpaBHUTL C MPOpAaCTAaHUEM CEMSH: U TC U APYTHUC BbIXKMBAIOT JIMIIb HA

HO,I[XOI[}IHIeﬁ «mouBey. OTINYNe METacTa30B B TOM, YTO MOAXOAAIINE YCIIOBUA JIA |

P —
ux (POPMHUPOBAHUS CO3JAET CaMa EPBUYHAS OIYXOJIb

CoriacHo 0/1HO¥ U3 TUTIOTE3, HEKOTOPBIE KJIETKH OIyXOJIU MPHOOPETAIOT CIOCOOHOCTH K
METACTa3uPOBAHUIO B PE3yJIbTaTe aHAJOTMYHOI0 HAKOIUICHHSI MyTaIllii B TeHaX-ApaiiBepax, KOTOpbIe
3aIrycKaroT 3TOT mpornecc. OHAKO IKCTIEPUMEHTAIBLHOTO TTOATBEPKACHUS 3TOMY HET: CETOIHS
y4eHbIE CXOATCS BO MHEHHUH, YTO METACTa3UPOBATh CIIOCOOHO OOJIBIIMHCTBO KJIETOK NMEPBUYHOMN
oryxoiu. Tak, reHeTHIeCKOe UCCIIETOBAaHNE KIETOK paKa IO KeTyJOYHOH JKee3bl,
paccenBaromMxcs B TUM(OY3IIbI, IEYEeHb U JIETKUE, BBISIBIIIO, YTO KIETKH-OCHOBATEIN METACTa30B
001aJat0T TeM ke «IpoduiIeM» MyTalui-IpaiiBepoB, YTO U NEPBUYHAS OMYXOJIb: UX TEHETHUECKOE
CXOJICTBO JaKe BBIIIIE, YEM Y CITy4aifHO B3SATHIX KJIETOK HOpMalibHOM TKanu (Alderton, 2017).

Ho 4to nmpoucxoauT mo3xe ¢ reHOMaMH MeTacTa3HbIX KIeTOK? [Ipu cpaBHEHNH KIIETOK MEPBUYHBIX
OITyXOJIeH MOJIOYHBIX KeJIe3 U UX JIOKAIBHBIX (B OMMKaHINX TMM(aTHUECKUX y3J71aX) H OTJaJIeHHBIX
METacTa30B OBLIO YCTAHOBIIEHO, YTO B HOBBIX OYarax reHOMbI PAKOBBIX KJIETOK MPOIOJIKAIOT
9BOJIIOIIHOHMPOBATH HE3aBHCHUMO OT TiepBu4HOi ormyxoiu (Yates et al., 2017). IIpu 3ToM «poduiib»
MyTalii B METACTa3HbIX OYarax B OJJHOM OpraHe OKa3bIBaeTCs CXOKHMM, HO Pa3IMYHBIM B Pa3HbIX
opranax. 9TO 03HA4aeT, YTO PAKOBBIE KIETKH aJalTUPYIOTCS K HOBOMY MHKPOOKPYKEHHUIO B
3aBHCUMOCTH OT 3aHATON UMHU HUIIH. CIIe10BaTeIbHO, XOTS N3HAYAIBHO KIETKH METAaCTa30B

U TIEPBUYHOMN OMYXOJIM UMEIIN CXOXKHE MYTAIlMH, IPOLIECC aJanTalli K HOBOH CcpeJie HHUIIMUPOBAI
MOSIBJIEHUE HOBBIX FT€HETUYECKUX U3MEHEHUH. M 3T MyTaluy B OCHOBHOM CBSI3aHBI YK€ HE C

FCHaMH-HpaﬁBepaMH, a C rCHaMU-TTaCCaKUpaMu.
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HopmansHbie KNeTku

Onyxone, ycToM4YMBas
K XUMUOTEpaNnuu

Onyxonb ¢ HOBbLIMK KNOHAMM . ;3

ONYX0NEBLIX KNETOK

Peuuaue paka

Hopmanvnvle kiemku mkanu umeiom npeockasyemoe nogedenue: memnsl nponugepayuu, cpok
HCU3HU, Xapaxmep e3aumooeiicmeusn ¢ opyeumu Kiemkamu. IlIpu 3noxauecmeennoi
mpancgopmayuu HAKANIUEAIOMCA MYMAYUU, U ONYXO0J1b NOCIMENEHHO CIAHOGUMCA

2EHeMuYecKu 2emepo2eHHOll, m. e. COCIOAWCIl U3 NOKOIeHUIl HeCKObKUX K/10HO6 PAKOGbIX
K1emok. B pezynomame xumuomepanuu pakogvle Kiemku, 4y6cmeumesibHvle K npenapamy,
2UOHYm, mo20a Kak opyzue 6vlocueaiom u pasmHoxcaomces. Xumuomepanegmuueckue
npenapamul camu no cede AGAANMCA MymazeHamu U Mozym npoeoyupo6ams U3MeHeHUs 6
2EHOME PAKOBbIX KIIeMOK, @ MAaKHce 0aom Havano Ho6bIM onyxoneevuim knonam. Ha smom smane
noeeodenue paKoewvix Kiemok yice HenpeocKazyemo, maK KaK ux 2eHemuqeckue u
InueHemuecKue U3MEeHeHUus nPUEoOAm K npuodpemenuio Kiemkamu Hoewvix ceoiicme. Ilo:
(bapanosa, 2017)

HuTtepecHo, uto ObT 00HApYKEH Kak MUHUMYM oauH reH — FBXW7, Mmyranmu B koTOpoM

NpOTUBOICHCTBYIOT MeTacTtazupoBanuio (Mlecnik et al., 2016). [TporucxoauT 3TO 3a CYET YCUIICHHUSI

MIPOBOCTIAJIUTEIILHON pEaKITuy, YBEITMUEHHS YUCICHHOCTH U POCTa aKTUBHOCTH T -TUMQOIUTOB, YTO

CTUMYJIHPYET (HOPMHUPOBAHNE UMMYHHBIX PEAKIIHHA 1O OTHOIICHHIO K OITyXOJIEBBIM KiIeTKaM. Takum

o0pazom, nosiBjieHue myrtanuid B reie FBX'W7 pakoBbIX KIETOK MPEIOTBpAIllaeT pa3BUTHE

XapaKTEepHOU IS OIyXO0JIEH NMMYHOCYIIPECCHH.



[Tocne hopMupoBaHus IpeMeTacTa3HbIX HUII ¢ OJIArOMPHUITHBIM KIETOYHBIM OKPY>KEHUEM
HEKOTOPBIE PAKOBBIE KIETKU MOKUIAIOT MEPBUYHYIO OMYXOJIb U (POPMUPYIOT MUKPOMETACTA3bI B

JPYTUX TKaHAX U opranax. OuHanbHbIN 3Tan GOPMUPOBAHHS BTOPHYHOTO O0Yara MOXXeT 3aHUMaTh

OT HECKOJIBKUX MECCALICB 1O HECKOJIbKHX JICT |

Jlo cux mop MbI TOBOPHIIM O HEMOCPEACTBEHHBIX M3MEeHEeHMsIX B camoii cTpykType JIHK. Crenyromas

CTYIEHb B PETYISALUHU SKCIIPECCUHU TEHOB — 9nuUceHemuyecKue usmeHeHus:, CBI3anHbIe C
metmwmpoBanneM JTHK u eucmonos (JIHK-cBs3piBaromux 6eixoB). [To cBoelt mpupoae Takue
M3MEHEHHs OoJiee MIACTUYHBI [0 CPABHEHHIO C TEHETUYECKUMU: OHU 110/IBEPKEHBI BIIUSHHIO
KJICTOYHBIX KacKaJI0B Me€peaayyl CUTHANA, TIOACTPAUBAIOIIMXCS O] IeHCTBHE BHEITHUX (PAKTOPOB.
Oxazanock, 4TO B KJIETKaX METACTa30B «IMUICHETUIECKUN KO 3HAUUTEIILHO OTIMYACTCS OT «KOJIa»
NEepBUYHOM ormyxonu. Tak, B ciydae paka MOPKeITyI0UYHOM jKele3bl B MeTacTa3ax HaOoaaeTcs
3Ha4YHUTENbHOE Ocnabnenne MmetunupoBanus ructoHoB u JJHK. B pesynbrare yaacTku

HEaKTHBHOTO Xpomamuna (BEIeCTBa XpPOMOCOM) MEPEXOAT B AKTUBHOE COCTOSIHUE, JOCTYITHOE JUIS
TPAHCKPHUIIIUOHHBIX (DAaKTOPOB, KOHTPOIHUPYIOMIKX cuuThiBanue nHpopmarmu ¢ JJHK Ha
matpuunyto PHK. Takoii MexaHn3M NpUBOJNUT K YCUIICHUIO SKCIIPECCUU TEHOB OHKOTEHE3a

B KJIeTKax Meracta3oB (Alderton, 2017).

Ha pasBuiike MeTa00JIM4eCKUX MMyTeH

DONUreHeTHYeCcKas PeryJsiiys — OJMH U3 BAKHEHIINX MEXaHHU3MOB IPOTrPAMMHUPOBAHUS KJICTOYHOTO
meTaboau3ma. C pocTOM OIyXOJI BHYTPH Hee 00pa3yroTcs 00IacTH, Ky1a He JOXOAAT KPOBEHOCHBIE
COCY[IbI U T/Ie BO3HUKAET KUCIIOPOIHASI HEAOCTATOYHOCTh (eunoxcus). B pesynbrare
nemerunupoBanus JJHK B pakoBbIX KiIeTKaX HauWHAET aKTHBHO paboTaTh reH, KOAUPYIOMINN OeloK
HIF-1-anbda, KOTOPBIH Tak ¥ HA3BIBACTCS — haKkmop, uHOyyupyemulil cunoxkcueti. Y CAIEHHOE
o0Opa3oBaHKe ITOro OeliKa, B CBOIO OYepe/lb, BIUSIECT HA YPOBEHb DKCIPECCUU T€HOB MHOKECTBA
METa0OIMYECKIX (PEPMEHTOB U OEITKOB-TPAHCTIOPTEPOB, YTO MPUBOJAHUT K KOMILJICKCHBIM
U3MEHEHUSIM METa00IM3Ma PAKOBBIX KIIETOK.

Kak n3BecTHO, KJIETOYHBII METabO0IU3M BKIIIOUYAET IMPOLIECCHl PACIICTUICHUS COSTMHEHUH C
BBIJICTICHUEM DHEPIHU (Kamaboauzm) v uX 00pa30BaHUs C HUCIIOIb30BAHUEM dHEPTUH (aHAOOIUZM).
DHepreTnyeckuil 0OMEH KJIeTKH o0ecriednBaeTcs Oarofapsi KIeTOYHOMY JBIXaHHUIO, B KOTOPOM
BBIJICJISAIOT TIMKOIHU3 ((DePMEHTATUBHBIN pactiaj] IIIIOKO3bI), YUK MPUKAPOOHOBbIX

Kuciom (OKHCIIUTENbHBIC TIPEBPALICHHUS IIPOMEKYTOUYHBIX MPOYKTOB paciiajga u CHHTe3a OeIKOB,
JKUPOB | YTIIEBOJIOB) M OKUCAUMETbHOE (ochopunuposarue (3aracaHre SHEPTUN B PE3YJIbTaTe
OKHCIICHHSI MOJIEKYJI OPIaHUYECKUX BEIIECTB).

PakoBbIe KJ1€TKH TI0-CBOEMY MPUCTIOCA0IMBAIOT YJHEPrETHYECKHIT OOMEH K YCIOBHUSM HEJOCTaTKa
KHCIIOpoa. B nmepBUYHOI OMyX0JIM OHU B OCHOBHOM HCIIOJIB3YIOT aHA3POOHBIH IIIMKOIIN3, a HE
OKHCIHUTENbHOE (PochOopHIrpoBaHUe, KaK B HOPMAJIBHBIX KJIETKaX. DTO YCUICHHOE TIOTJIONICHNE 1

PaCcICIICHHUE TTIFOKO3bI 10 MOJOYHOM KHCJIOTBI, KOTOpas BbIACIACTCA PAKOBBIMHU KJIICTKAMMH,



Ha3BaHO 2¢exmom Bapbypea. Takas agantanys NO3BOJISIET PAKOBBIM KJIETKAM YCIICITHO BBIXKUBATh
Y aKTUBHO Pa3MHO’KaThCs PU HEIOCTATKE KHCIOPO/a.

Ho Bce 3T0 0THOCHTCS K IEPBUYHOM OITyXOJIH, [T KJIETOK jK€ METACTa30B OCOOCHHOCTH
TFeHEpUPOBaHUS SHEPTUHU J0 CUX IOp MaJIo U3y4yeHbl. TeM He MeHee, UCIOb3Ys KIETKH paKka
MOJIOYHOM KeJIe3bl, 00JIaJaroIIie MIMPOKOW OPTraHOTPOIHEH MTPH MEeTacTa3uPOBAHUH, YICHbIE
OOHapYKUIIN pa3Inyusi B MeTaboIM3Me NMEPBUYHOM OIMyXO0JIM M MeTacTa3oB. PakoBbIe KIIETKH,
KOJIOHM3MPOBABIINE KOCTHU U JIETKUE, 00JIee aKTHBHO MCIIOIB30BAIN OKUCIUTEIHLHOE
¢dochopunnpoBanue, a KOJIOHU3UPOBABIINE NIeUeHb — IIUKoIu3. Korna pakoBbie KIETKH
KOJIOHM3UPOBAJIM BCE BO3BMOKHBIE OPTraHbI-MUIIECHHU, B HUX aKTHBHPOBAIHNCH 00a METaOOINIECKUX
mytu (Rosen, Jordan, 2009). [Toxose, 4To Takas MeTabOIMYECKask IUTACTUIHOCTH IIOMOTAET PAKOBBIM
KJIETKaM OCBAaWBaTh HOBBIE HUILIU.

[Touemy e mMeTacTazaM B OJJHOM CJIy4ae BBITOJHEE UCIIOIb30BaTh MIPEUMYIIECTBEHHO OJIUH BUJ
MeTabonu3ma, a B ApyroM — Apyroi? OTBET Ha 3TOT BOIPOC, KaK U Ha BOIPOC O POJI PA3IUYHBIX
(baxTOpOB B perysiuu MEeTa0OINUECKON TNIACTUYHOCTH PAKOBBIX KJIETOK, €IIe TOJIBKO MPEICTOUT

y3HaTh.

Kak roroBurcs «mo4yBa» AJIsA MeTacra3a

HecMoTpst Ha BCIO CBOIO aIalITAllHIOHHYIO INIACTUYHOCTh, METAaCTa3HbIE PAKOBBIE KJIETKH HE MOTYT B
OJIMHOYKY CIIPABUTHLCS CO CTOJIb HEMPOCTOMU 3aJauell — OCBOCHHEM COBEPIICHHO HE3HAKOMOT'O MeCTa
oOuTaHus.

B 2005 r. B akcniepumenTax rpymnisl Jl. JInjgeHa 6b110 BrepBble MOKa3aHO, YTO NEPBUYHAS OITYXOJIb
CTUMYIHpPYET (GOPMHUPOBAHHE TAK HA3BIBAEMBIX NpeMemacmastblX Huul B Pa3IMIHBIX OpraHax. JTo
IPOUCXOJUT, BO-TIEPBBIX, 3a CUET CTUMYJILMU PELIENITOPaA pakmopa pocma 3HOOmenus

cocyoos (VEGFR-1) Ha MHEIOHIHBIX KIETKAaX-IPEIIICCTBEHHUKAX (OPMEHHBIX JIEMEHTOB KPOBU
(3pUTPOLMTOB, TPAHYIOMTOB, MOHOIIUTOB ¥ TPOMOOITUTOB) B KOCTHOM MO3T€, YTO CTUMYJIHPYET UX
MHTPAIHIO B OYary pa3BUTHS METacTa3oB. Bo-BTOpHIX, HaXoasIIMecs B 3THX odarax (puOpo0IacTsl
(KJIETKM COeTMHUTENHHON TKaHN) HAYMHAIOT YCUJICHHO MTPOU3BOANTD (YubpoHeKkmun — OJMH W3
KOMITOHEHTOB BHEKJIETOYHOTO MaTpHKca. MUETIONIHbIE KIETKU-TIPEIIECTBEHHUKH HMEIOT
pELEenTOPHI KIICTOYHOH aJre3uH K 3TOMY 0Ky, TOITOMY B OYKBAIEHOM CMBICIIE «TIOTIAJal0T Ha
YIOYKY» U 3aCEIISIOT MPEMeTacTa3Hble HUIIN, I7I€ HAYMHAIOT CEKPETHPOBATH BOCTIATUTEIbHBIC
[IUTOKHUHBI, (PaKTOPBI POCTa ¥ MPOAHTHOTeHHBIE (DAaKTOPHI, CTUMYIUpYIONIHE (OPMUPOBAHUE

cocynoB. Bee 3To ciocoOcTBYyeT MouUKaIMK CTPOMBI OpraHa M KOJIOHU3ALUHU €€ METAaCTa3aMHu.
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Onyxonb NPOAYUMpYeT BewjecTea, Knerku COBAUHUTENbHONM TKaHK poKCXOANT POCT COCYAOB, DOopMHUpYeTCA MONHOLUEHH
CTUMYTHPYIOLUKE MHENOK/IHbIe NepBUYHOM ONyX0NM 1 OyAywero No KOTOPsIM METacTasHbie BTOPHYHbIN ONyX0Nes

KNeTKH KOCTHOro Mo3ra Meracrasa opMUpyIoT KNeTKH NepemerianTes
nepeMewaTeea B Gyaywiue o4ars  6naronpuaTHOR ANS ONyXonu 3 NEPBUYHOM ONYXONH
METacTa3npoBaHus K/ETONHOE MUKDOOKDYXKEHHE B NPEMETACTAHBIE UK

B dhopmuposanuu memacmaszoe évidennarom Heckoabko cmaouil. Yoice na pauneil cmaouu pocma
NePUUHOIL ONYX01U NPOUCXOOUM RPAUMUHZ — «0OyUeHue» OyOoyuieco 6mopudHo20 04aza ¢
HOMOWDBIO GbLOENAEMBIX ONYXOIbIO PAKMOPOE POCIA U IKIOCOM — MEMOPAHHBIX CIPYKMYD,
00CMagIAIOWUX 8 K1emKu OenKu u HyKaeunoevle kuciomul. Ha cmaouu nuyenzupoeanusn

RPOUCXO00UN UMMYHOCYRPECCUS NEPEUYHOI ONYXO0IU U CO30anue O1a20NPUAMHO20
MUKDPOOKPYHCEHUS 6 NPEMEMACHA3HBIX HUWIAX; HA CMAOUN UHUWUUPOGAHUA RPOUCXO0UM
0CGOeHUEe ONYX0Ne6bIMU K/IEMKAMU NPEMEMACMA3HOU HUWU; CIAOUs RPOZPECCUPOBCAHUA —

unanvnasn ¢ popmuposanuu emopuunoii onyxonu. Ilo: (Liu,Cao, 2016)

XoTs onucaHHas BBIIIE CXEMa XapaKTepHa /sl OOJIBIIMHCTBA OPTaHOB, Y HEE€ UMEIOTCSI OCOOCHHOCTH

B 3aBUCHMOCTH OT MecTa (oprana), rae Gpopmupyrorcs metactassl. Hampumep, B medeHu u Jerkux B

IpoIecce CO3AaHUs MPEMETACTa3HOM HUIIM aKTUBHO YYACTBYIOT €II€ O/IHU KJIETKU KPOBH —

HEUTpO(MIbHBIE TPAHYIOUUTHI. VI3BECTHO, UTO JICHKOIUTHI 3TOTO BH/1a TIOMOTAI0T PAKOBBIM KJIETKAM

MHTETPUPOBATHCS B HOBYIO HUIILY, CEKPETUPYSI TPOTEa3bl M IUTOKWHBI M HEOCPEICTBEHHO

KOHTaKTUPYsI C PAKOBBIMHU KJIETKaMH IIPH BBIXOJIE U3 KAIWILISPOB.

MertacTasbl B KOCTSIX — OZHU M3 CAMBIX KOBApHBIX, M UX IIPEMETacTa3Hasi HUIIIA UIMEET BHIPAKCHHBIE

ocobenHocTH. Hanpumep, npu pake MOJIOYHOM *kKeJe3bl B KOCTH METAaCTa3uPYIOT TOJIBKO T€ PAKOBbIE



KJIETKH, KOTOpPbIE HE UMEIOT PELENITOPOB K TOPMOHY ACTPOreHy. Takue KIeTKH NepBUYHON OITyXO0JIu
AKTHUBHO BBIJCIAIOT (DepMEHT usunokcudasy. B KocTsax 3ToT GepMeHT CTUMYITUpYeT (hopMHUpOBaHHE
OCTEOKJIACTOB — TUTAHTCKUX KJIETOK-MaKpo(daros, KOTOPbIE «ChearoT» KOcTHYIO TKaHb (Cox et al.,
2015). TTozgHee 3TH TOJIOCTH, OCTAIOIIHNECS B KOCTH B PE3yJIbTaTe pa3pylIUTEIbHON paboTh
OCTEOKJIACTOB, 3aHUMAIOT METACTA3bl.

OcHoBHast ke (QyHKIHS TU3HIOKCHa3bl 3aKII0UaeTcs B ((OPMUPOBAHNH MOTIEPEUHBIX CBSA3EH MEKIY
KOJIJTAr€HOBBIMU BOJIOKHAMH COEIMHHUTENbHON TKaHH. [Ipy pa3BUTHH TMITIOKCHH PAKOBBIE KIJIETKH
MOJIOYHOH JKelle3bl yBEJTMUNBAIOT CUHTE3 3TOr0 (PepMEHTa, YTO CIIOCOOCTBYET PEMOICITUPOBAHHIO
BHEKJIETOYHOT'O MaTPHUKCA P MOATOTOBKE YK€ APYTOi MPeMeTacTa3HOM HUIIN — B JIETKUX.

[Tpy HEKOTOPBIX THUMAX paka (HaIpUMep, MEITaHOMe) [UI YCIIEIIHOTO METACTa3UPOBAHNUS B
TuMQaTHYECKHE Y3IIbl H OpTaHbl HEOOX0IUMO, YTOOBI B UX MTPEMETaCcTa3HOM HUIIIE C(HOPMHUPOBATTUCH
HOBbIe TMpaTudeckue cocynbl. HemaBHo OBIIO YCTaHOBIIEHO, UTO TaKOW JIMM(paHTHOTeHE3
HAUMHAETCS Ha PAaHHHUX CTAHIX pPOCTa MEPBHYHON OMYXOJIH, a MEAUATOPOM €Tr0 3aIyCKa SBISETCS
0enKOBBIN (PaKTOp pocTa MuOKUH, CEKPETUPYEeMbIii KiaeTkamMu Meaanombl (Olmeda et al., 2017).
OnwucanHble pa3Iuyus B CeNU(UIHBIX MEXaHU3MaX (POPMUPOBAHMS HHUII MOTYT CIIY)KUTh OHUM H3
00BSICHEHUH OPraHOTPOITHOTO MeTacTa3upoBaHus. Ho Ha KakoM OCHOBaHUH PaKOBBIE KIIETH,
KOTOpbIE B IPUHIIMIIE MOTYT METacTa3uPOBATh B Pa3HbIE OPTraHbl, BRIOMPAIOT OUH U3 HUX?
KiroueBoit MexaHu3M, U3BECTHBIN HA TaHHBI MOMEHT, 3aKJII0YAeTCsl B «O0yUSHUN) OyAyIINX
0YaroB ¢ MOMOIIBIO CTICIUPHYHBIX IK30COM — MUKPOCKOIIMYECKUX BHEKJICTOUHBIX ITy3bIPHKOB,
CEKpeTUPYEeMBIX KiIeTkamu. Ha munuaHoit MeMOpaHe 9K30COM pacroiararoTcsi pelenTopsbl, a BO
BHyTpeHHeH nosioctr — PHK u 6enkw.

Y4eHble IPOBETU HHTEPECHBII SKCIIEPUMEHT: BBIJEIUB 9K30COMBI OT PAKOBBIX KJIETOK Pa3HOTO
NPOMCXOXKIEHUS (paKa IPyIH, OIKEITYI0UHON KeJIe3bl U JIp.), OHU BBEIIM X B KPOBOTOK
71a00paTOPHBIX MBIIIIEH, KOTOPBIM OBLIM MPUBUTHI onyxonu aApyroro tuna (Hoshino et al., 2015).
Oxazanock, 4TO ¢ TOMOIIBIO YK30COM MOYKHO MEPETPOrPaMMHUPOBAThH PACTIPE/ICIICHUE METACTA30B I10

OopraHam.



Paxkoevle knemku (oOKpauienwl 3e1eHbiM), ROKUOAIOWUE KPOBEHOCHDLIL COCYO (OKpauienl

KPACHbIM) U KOJIOHU3UpYIowue cmpomy ne2kozo. Mynsmugomonnasn gpayopecyenmnuasn
muxpockonusa. Muxkpogpomozpagua A. M. I'yunuanu (/lanus)

3a cyeT 4ero 3To MPOUCXOAUT? DK30COMBI PA3HBIX TUIIOB PaKka HECYT Ha CBOEH IMOBEPXHOCTH
PELeTITOPHI K OMPEIETICHHOMY O€TIKY BHEKJIETOYHOTO MaTpUKCa, UTPpasi pOIb «MEKKICTOYHON
MOYTHI»: OHU AJPECHO JOCTABIISIIOTCS UMEHHO B TOT OpPraH, B CTPOME KOTOPOTO COJIEPKHUTCS MHOTO
Takoro cnenuduyeckoro 6enka. CimBasch ¢ MeMOpaHaMU KIIETOK CTPOMBI, 9K30COMBI
OCBOOOKIAIOTCS OT COACPKUMOTr0. B KiieTkax 3amycKkaeTcsi mporpaMMa mpeMeTacTa3HoM
MOJITOTOBKU: B (MOpoOIacTax JISTKUX — Yepe3 aKTUBAIMIO OHUX reHoB rpynmsl S 100, B kzemkax
Kynghepa B iedeHr — APyTrux T€HOB TOH JKe TPYIIBL. B pe3ynbTaTe CTUMYTUPYIOTCS KICTOYHBIE
KacKaJibl Tepeiadrl CUTHAJIA M BOCTIAITENIBHBIE PEaKIluu, 01aroiapsi KOTOPbIM MMPOUCXOTUT
«oOyuenue» npemeractasnoit Humu (Hoshino et al., 2015).
[Tonsenem uror. Bee onrcanHble MEXaHU3MBI METACTa3UPOBAHMUS, O€3YCIIOBHO, YCIIOKHSIOT KApTUHY
TEeYCHHS OHK03a00JIeBaHUN U TAKTHKH KX JiedeHHs. Oco00Tro BHUMaHUS TPEOyeT TeTepOreHHOCTh
MEPBUYHON OMYXOJIM U METACTa30B I10 Psi/Iy CaMbIX Pa3HbIX MPU3HAKOB, U3 YETO CIIETyeT

HEOOXOMMOCTh MCTIONH30BaTh KOMOMHUPOBAHHOE U mapeemuoe (HanpaBlIeHHOE) JISYCHNE Ha



Pa3HbIX CTAAUAX TCUCHUA 0oJIE3HN. HOI[TBGP)KI[GHI/IG 9TOMY — PE3YJIbTATBI OAHOI'O U3 MMOCICIHUX
HCCHCHOBaHHﬁ, 683I/Ipy10HIHXC$I Ha JICYCHHUU OHKOJIOTMYCCKOI'0 MaureHTa ¢ peuuanuBaMu MEXKIY
KypcamH JUTUTeIbHONH nMMyHOTepanuu (Jiménez-Sanchez et al., 2017). CpaBuenue nonyssiuii T-
JTUMQOIIUTOB M3 MHUKPOOKPYKEHHUS Pa3HBIX METACTa30B MOKA3aJI0, YTO OHH T'e€TEPOTCHHBI.
CrnenoBatenbHO, IEPBUYHAS, BTOPUYHBIC U MTOCJICTYIOIIUE OIMyXOJIH MO-Pa3HOMY OTBEUAIOT Ha
JICYCHUC.

CGFOI[HH MBI TaKK€ 3HAa€M, 4TO 110 HCﬁCTBHCM OUTOCTAaTUKOB Cy6KJ’IOHBI PaKOBLIX KIJIIETOK
YBEJIMYMBAIOT CEKPEIHIO (DAKTOPOB POCTA M 3aITyCKAIOT KJICTOYHBIE CUTHAIBHBIC KaCKaJIbl,
MMpEeIATCTBYIOIINE ru0eIy KIETOK. KpOMe TOI'0, X BBDKUBAHUIO ITOMOT'ACT MOAACPIKKA KICTOK
CTPOMBI, TIOJT IEHCTBUEM XUMHUOIIPENIApaTOB MEHSIOIINX CBOE TIOBEJICHIE HAa «OOOPOHUTEIbHOEY. B
pe3yJsibTaTe MOoCiIe XUMHOTEPANTUN 3a9acTyI0 BBDKUBAIOT CyOKIIOHBI PAaKOBBIX KJIETOK C MyTaIlUsIMHU,
KOTOPBIC OKa3aJIMCh IOJIC3HEI B HOBOH cpeae, T.€. € yCTOP’I‘{I/IBOCTBIO K UCITIOJIb30BAHHBIM
JICKApCTBCHHBIM CPECACTBAM.

O6Hapy>I<CHI/I€ npeMeTacTa3HblX HUII U TIOHUMAaHHUEC UX YCTPOP‘ICTBB. IMO3BOJIMJIU II0O-HOBOMY
B3TJISTHYTh Ha MPOOJIEMBI Tepaniy OHK03a001eBaHuid. Bes eciin Obl ObLTH HalIEHBI CIIOCOOBI
BOCHIPCIISITCTBOBATDH TaKOH MMOATOTOBKE «IIOYUBbD» JISI METACTA3UPOBAHUSA, 3TO ITO3BOJIUIIO OBl
HaMHOT'O YBCJIMYHUTDb BEPOATHOCTb HACTYIUJICHUA PCMUCCHUH.
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HuskoxxupoBast «1ueTa
JIJISA KJIETOK OIYXOJIM MOKET 0Ka3aThCH
CMepTeJIbHOU

Knemku pakoeoii onyxonu mozym Ovicmpo MeHAmMb C60U 00MeH eeuiecmeé npu
nOnBIMKAX youms ux, npuodpemas ycmMoOUYUEOCMb K NPOMUEOPAKOGOI Mepanuu.
Heoaeno cpynna yuenwvix uz CIIA u Kanaovr odonapyyscunu Ho8yw MOJIEKYIAPHYIO
MUWeHs, «yoap» no KOMopoi HOMO2aem JTUMUMb IMU K1emKU HCUPOBBIX «(3ANACOB),
YMEHbULASA WIAHCHL ONYXO0IU RPUCHOCOOUMBCA K HOBBIM YC108UAM


https://medicalxpress.com/news/2020-06-cancer-cells-fat.html

Jlrobast xuBas KJIETKa, BKIIIOYAsl KJIETKY XKMBOTHBIX M YEJIOBEKa, IMOKPBITA KIeMOUHOU MeMOPAHO,
KOTOpAasi MOJIAEPIKUBAET €€ LIEIIOCTHOCTh U 00eCTIeYMBAET B3aUMO/ICHCTBHE KIIETKU C BHEIIHEH Cpeon.
OcHOBY MeMOpaHbI COCTaBIISIET ABOHHOMN CIION 1unu008 — OPraHUYECKUX COeTMHEHNH, BKIIIOYAIOIINX
KHUPBI U KUPOMOJOOHBIE BEIIECTBA, KOTOPHIE UTPAIOT BAXKHYIO POJIb B IEpeaade MEXKIETOYHBIX
curHasioB. Kpome Toro, TUIUAbI SBISIOTCS IS KJIETKH BEICOKOIHEPT€THIECKUM CYOCTPaTOM.

PakoBasg kneTka He SBJSIETCS B 3TOM CMBICJIE HUCKIKOYEHHEM. DBBICTpO nensmmMces KieTkam
37I0KaYeCTBEHHOH OITyXOJIH TPeOyeTCsi MHOTO JIMIK/OB B KAYECTBE «CTpOMaTeprana» U «TOILTUBAY,
NO3TOMY TIPM MHOTHMX BHAAX paka OTMEYEHA IIOBBINICHHAs AaKTUBHOCTh (epmenta FASN,
YYaCTBYIOILIETO B CHUHTE3€ JHCUPHBLIX KUCIOM — TPEIIIECTBEHHUKOB JUMHUIOB. B pesynpraTe 3TOT
(depMeHT mpuBIeK K cede BHUMaHKUE UccieoBaTeell Kak MapKep IJI0X0ro MPorHo3a 3adosieBanus, a

TAaK>KC BO3MOXXHAs MUIICHDL AJIA aHTI/IpaKOBOﬁ TCpaluru.

Cmpyxkmypa 6enxka FASN

K coanenunto, HECKOJIbKO KIMHUYECKUX UCIIBITAHUN MPOTUBOPAKOBBIX MPENapaToB, HAIIPABICHHBIX
Ha mnonasineHue FASN, norepmenu Heymauy. Oka3anoch, UYTO PpaKOBbl€ KJIETKH, JIMIICHHbIE
BO3MOXXHOCTH CAMOCTOSITENIbHO CHHTE3UPOBATh HYKHOE KOJMYECTBO JIMIIHJIOB, IPOCTO YBEINYUBAIOT

UX IIOTI'JIOIICHHEC U3 BHEIITHCH cpem)l!



YroObI IOHATH, KaK BOCHPEIATCTBOBATh PAKOBBIM KJIETKAM 3TO J€JIaTh, UCCIEAOBATEH TTOCTABIIIN
SKCIIEPUMEHTHI Ha JIMHUM KJIETOK 4elioBeKa, B KOTopbIX TeH FASN Obut «Bbikimouen». C OMOIIbI0
«penakTopa reHoMoB» CRISPR OHM mocienoBaTebHO «BBIKIIOYAIN» B KJIETKaX HECKOJIBKO ThICAY
TeHOB, YTOObI HAWTH Te, KOTOpbIE MOMOTANIM OOECIeYHBATh KIETKY HEOOXOIUMBIMU >KHUPAMHU.
Bonpias 4acTh 9TUX T€HOB BXOAMJIA B COCTaB U3BECTHBIX META0OIUYECKUX MyTEH.

Buumanue yuenbix mnpuBiek TeH Cl2o0rf49, oTHocsAmmiicss K XOpOIIO W3y4EeHHOMY ITyTH
cuHTe3a xosiecteprna. MDyHKIMS MMEHHO 3TOro reHa ObUIa HEW3BECTHA, HO Oyarogapst HOBOMY
HKCIIEPUMEHTY HCCIIEIOBATENHN TOKA3aJI1, YTO OH aKTUBHPYET I'eHbI, HETIOCPEACTBEHHO YUaCTBYIOIIHE
B TIOTJIOMICHUH JIMITUIOB U3 BHEKJIETOYHOTO MPOCTPAHCTBA. JTOT I'eH MOJIYYWI HOBOE Ha3BaHHE —
LURL1, peeyramop noerowenus munuoos 1.

Tenepp siCHO, 4TO Ansi TOrO, YTOOBI TMOBBICHTH 3((EKTUBHOCTH JICYCHUS paka C IOMOIIBIO
HU3KOKUPOBOU KIIETOUHOMN «JIMEThI», HY’)KHO OJIHOBPEMEHHO BBIKIIIOUNTH JiBa reHa - FASN u LURI.
Tornma pakoBoil KjeTke OHa0OUTCS IPEOIONETh YXKe HE OJTHO, a JIBa MPETSITCTBUS, a CAeNaTh 3TO,
0e3yCIIOBHO, TpyAHEE.

doro: https://en.wikipedia.org u https://ru.m.wikipedia.org
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