Matonornyeckas ¢pusnonorua n akcnepumeHTanbHasa Tepanus. 2017; 61(2) 0630pbI

© KonnektuB aBTOpoB, 2017
YK 616.831-06.328-091

BoiBanbues B.A."%%4 CrenaHoB U.A.', Benbix E.I.', pynnuna A.WN."

MoneKy/mpHaﬂ 6M0/10rMsi MEHUHIMOM rOJIOBHOIO0 MO3ra

T dreoy «MpKyTCKMIN rocyaapCTBEHHbBI MEOULMHCKNN YHUBEPCUTET», KypC HEMpoxmpypruu,
664003, NpkyTtck, Poccus, yn. KpacHoro BoccTanusg, 4. 1

2 Hy3 «[lopoxHas KnuHuyYeckas 6onbHMLA Ha cTaHumK MpkyTek-MNaccaxupcknins, 664082, UpkyTck, Poccus, yn. Botkuna, a. 10

3 drBHY «VIPKYTCKNIN HAYyYHbIN LLEHTP XMPYPrun n TpaBMaTonornm», Hay4yHo-KIMHUYECKUIA OTAEN HENPOXMPYPIrM N TpaBMaToNOrm,
664003, NpkyTtck, Poccus, yn. bopuoB Pesontounn, a. 1

4 reoy ANO «UpkyTckas rocynapcTBeHHas MeavLUMHCKas akagemMmns NocneannioMHoro o6pa3oBaHns »,
604049, NpkyTck, Poccus, mkp. O6uneriHbin, g. 100
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Meningiomas are by far the most common tumors arising from the meninges. A myriad of aberrant signaling pathways
involved with meningioma tumorigenesis, have been discovered. Understanding these disrupted pathways will aid in deci-
phering the relationship between various genetic changes and their downstream effects on meningioma pathogenesis. An un-
derstanding of the genetic and molecular profile of meningioma would provide a valuable first step towards developing more
effective treatments for this intracranial tumor. Chromosomes 1, 10, 14, 22, their associated genes, have been linked to
meningioma proliferation and progression. It is presumed that through an understanding of these genetic factors, more edu-
cated meningioma treatment techniques can be implemented. Future therapies will include combinations of targeted molecu-
lar agents including gene therapy, si-RNA mediation, proton therapy, and other approaches as a result of continued progress
in the understanding of genetic and biological changes associated with meningiomas.
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Beeaenune

Menunrnombl — 3T0 106pOKaYeCcTBEHHbIE OIYXOAH,
MPOMCXOZSIINE M3 KAETOK MeHHHroTeAus: (apaXHOZH0-
TeAus1), KOTOPbIH BbICTHAAET IOBEPXHOCTU TBEPZAOH U Ma-
YTUHHOH 060AOYEK MO3Ta, a TaKze YYaCTKH COCYAUCTbIX
criaeTenuit :xeayaouxon [1]. 3ab6oreBaemocTn BHYTpHYE-
PENHbIMH MEHHHTHOMAMH COCTABASET B 3aBHCHMOCTH OT
BO3pacTa MalMeHTa B CpeJHeM OT 3 70 8 cAydaeB Ha
100 000 nacerenus B rox [2], sanumas BTOpOE MecTo
TI0CA€ TAHOM IO PacrpOCTpaHeHHOCTH. PasBuTHe MeHUH-
THOM MHOTZa COTIPOBO:K/IAETCS MHBAa3HeH MO3ra, TBepAOH
MO3rOBOH 060AOYKH TIpHAezKaIlell KOCTH ¢ 06pa3soBaHueM
THIIEPOCTO30B M 3KCTPAKPAHHAABHBIX Y3AOB, OCOGEHHO
TIPH AOKAAM3allMd MEHMHTHOM B OGAACTH OAb(AKTOPHOH
SIMKM, KPbIAbEB OCHOBHOH KOCTH M OCHOBAaHMsS CpezHeH
yepenHol siMmku. K3-3a wactoro BoBAeueHus B omyxone-
BBIH IIPOLIECC CHHYCOB TBEPZOH MOSIOBOH OOOAOYKH H
MarucTPaAbHbIX COCYZI0B MO3Ta YacTOTa HHBa3HBHOIO
pocra menunruom cocraaser 45% [3, 4].

[ luToreneTnyeckuM MCTOYHHKOM MEHHHIHOM SIBASIIOT-
¢ TpaHC(OPMHPOBAHHbIE MEHHHTOTEAHAAbHbIE KAETKH
NayTMHHOH 060AOYKH, CPEZH KOTOPbIX Ba:KHas POAb OT-
BOJMTCSl HACA€JCTBEHHDbIM (paKTopaM. | aK MyTalusi, Mo-
Tepsl UAM MHAKTUBALIMS CyNpeccopa OIyXOAEBOTO POCTa
— rena NF2 nabaogaercs 6oaee yem B moroBuHe cAy-
YaeB MEHHMHTHOM y MAlMEeHTOB C HeHpopo6poMaTo30M
Il Tuma [5, 6]. YcranoBAeHa cBA3H ¢ HOHHUSHPYIOIIHM
H3AyYeHHeM, B pe3yAbTaTe /0303aBHCHMOTO BO3ZEHCT-
BUSL KOTOPOTO MEHHHTHOMbI 06Pas3ylOTCS C AATEHTHbIM
HepHoZOM B HECKOAbKO Zecatkos Aet [7, 8]. O6cyxxaa-
eTcsl POAb TOPMOHaAbHbIX (pakTopoB [9], Bausnme mar-
HUTHDBIX TOAEH BBICOKOH CHABI (IIPOMBIIIAEHHbIE yCTa-
HOBKH, MarHUTHO-PE30HAHCHbIE TOMOTPadbl).

BepositHocTs  penmzmBa  MeHMHTHOM  OmpezeAsieTcs
noaHoToH pesexuuu oryxoru [10] u ee rucrororugeckum
BapuanToMm [11] (Tabamma).

[eav nacmosiwezo 0630pa — aHaAU3 COBPEMEHHBIX
JIaHHBIX AHTEPATypbl 0 paboTe HAapPYLIEHHbIX BHYTPHKAE-
TOYHBIX CHUTHAABHDBIX IIyTEH, WUIPAIOIIUX BEAYIIYIO POAb
B PasBHUTHH MEHHMHTHOM, a TaKzKe I€HETHYECKHX M MOAe-
KYMIPHBIX TIPO(HAAX /[aHHOH Tpymmbl omyxored. I lo-
ZpobHOE M3yUYeHHE STHX NPOOAEM NO3BOAUT paspaboTaTb
HOBbIE TapreTHbIe TeparieBTHYECKHe IperapaTbl, KOTOpble
y:Ke B 6GamzKamieM OyaylieM MOTYT ObITb TPAHCAHPOBA-
Hbl B HEHPOOHKOAOTMYECKYIO IPAKTHKY.

eneruxa menunruom

Hecmotpst Ha OTKpbITHE pasAMYHBIX XPOMOCOMHDIX
aHOMaAMH, abepPaHTHbIX CHUTHAA-TPAHCAYKTOPHBIX CHC-
TeM M KAETOYHbIX (DPAKTOPOB POCTA, aCCOLMHPOBAHHDBIX
C Pa3BUTHEM MEHMHIHOM, T0-TIPe:KHEMY MHOTOE B IaTO-
reHese JaHHOM TPYINbI OIMYXOAEH OCTaeTCsl HesICHbIM
[12]. Mmenno axTuBHOE pasBHTHE METOZOB MOAEKYAS-
HOH TEHETHUKH IO3BOAMAO MAKCUMAAbHO TPUOAUBUTHCS
K KAIOYEBbIM OCHOBaM MeHHHIHOMorenesa. Hekoropbie
reHbl GbIAM ONpE/ZIEAeHbI, KaK MHINEHH /Al aKTUBALIHH
UAH TopMozkeHusi omyxoaesoro pocta [13]. O6uapyae-
Hbl /ZIOTIOAHHTEAbHbIE YYaCTKH XPOMOCOM B KAETKax Me-
HHHTHOM, KOTOpbIE MOTYT MOZBEPTaTbCS /EAELMH HAH
AMITAUMUKALMH, @ CAEZI0BATEAbHO HMETb MOTEHIHAAbHYIO
TYMOPCYTIPECCOPHYIO HAH, HAIPOTHB, MPOTOOHKOTEHHYIO
gyuxmmo [14, 15]. Tloapobuo paccmorpena remeruka
MEHHHTHOM pa3AMYHOM CTENeHH 3AOKa4eCTBEHHOCTH

(puc. 1).

MonekyasipHast TeHeTHKa THIMYECKMX MEHHHTHOM
(M I). PasButre MeHMHTHOM SIBASIETCS CAEACTBHEM TeHe-
THYECKHX MyTalMil U abeppalyil redoma. | ak, GOAbIIHH-
CTBO MEHHHI'€aAbHbIX OHyXOJ\ef/,I I CTEIIeHHU 3AOKa4YeCTBEH~
nocru (50—60%) cozepxar myraumio rena NF2, pac-
noaozkenHoro Ha 22 xpomocome (rokarumsamms ql2.2)
[16]. Myrauuu, AokaAM30BaHHbIE B JAHHOM Y4acTKE Xpo-
MOCOMbI CIIOCOGHbI IPHBOAMTb K PA3BUTHIO HEHPO(UOPO-
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Tabmmia

'mctonornyeckas knaccudukauma meHuiruom (WHO, 2007)

Tun MEHUHTUOMBI

‘ CrerneHb 3710KaueCTBEHHOCTH

MeHMHrMOMBI C HU3KHM PHUCKOM pEeUMIUBUPOBAHUA U arpeCCUBHOrO nNOBEACHUSA

MeHuHroteaMmoMaTo3Hast

G=1

DubposHas

[lepexonHast

TTcaMmMoMaTo3Hast

AHTHOMaTO3Hast

MMKpPOKUCTO3HAS

CekpeTopHast

C obunuem JuMbOLUTOB

MertaniactTuyeckas

MeHMHTMOMBI ¢ BbICOKOI BE€POATHOCTbIO PELHIUIUBUPOBAHUSA U arpeCCUBHOIO NMOBEACHUSA

Atunuueckasi

G=2

XopoounHasi

CBeTJIOKJIETOUHAS

AHariacTuueckast

Pabnounnas

IManunnspHas

matosa Il Tuma, ocHOBHBIM HpOsIBA€HHEM KOTOPOTrO ABAS-
erca opmupopanue omyxoredt [IHC (wame msannom u
menunruom) [17].

['en NF2 koaupyer cunres 6eaka MepAuHa, KOTOPBIH
ABAAETCS MOIIHBIM TYMOPCYIIPECCOPHBIM areHTOM JAS
mHorux Turos kieTok. I Ipoaykr rema NF2 mpunazre-
KUT ceMeHCTBY cTpyKTypHbIX 6eakoB 4.1, koTopble cBs-
3aHbl C HHTETPAAbHBIMH MeMOPaHHBIMH GeAKAMH KAETOU-
noro uurockereta [18]. Cpoe naspanue 6erok MepAuH
MOAYYHA 3a TI0OPA3HTEAbHOE CTPYKTYPHOE CXOJCTBO
¢ ERM-nporesnamu (moesin, ezrin and radixin-like
protein). /lokasaHo, 4TO ZASl PasAMYHBIX THCTOAOTHYE-
CKHX THIIOB MEHHHTHOM YPOBEHb TIOT€PH MEPAMHA 3HAYH-
MO OTAMYaercsi. |aK, AAs MEHHHIOTEAHOMATO3HbIX Me-

MeHHHT OTe THONHT

-22q myTanmsa NF2,4.1B 4.1R TSLC1 nonm:kenne SKCOpeccHH, akTHBANAS

paKTOpoB poc 3 RPDGFRB
Tanaueckas meanaruoma (M I)

-1p.-1q,-10.-14q.-18q; +1q.+9q,+12q.+15q,+17q.+20q; akTasanusa Notch,

WNT,IGF nyreit

moTeps - Ak
AranEveckas meauaraoma (M II)

game Berpedaercs -6q,-10,-14q, NDRG2 ranepmeTnanposanme, -

9p(CDKN2A/B p14ARF aenenns), aunandguranns l'_{qZJ(RPSGKBln

Ananaacraveckas menuuraoma (M III)

Puc. 1. KnioueBble MexaHM3Mbl NaTOreHesa pasinyHbIX TUMOB MEHWHI-
om [no Winwand C. et al. 2011].

HHHTHOM XapaKTepeH HHM3KHH ypOBEHb yTpaTbl 6eika
MepAHHa, B OTAHYHE OT OIMyXOAeH PUOPOO6AACTHIEKOTO U
cvmemannoro Tunos [19].

MepJ\HH 4yepes MpoLecchbl (POCPOPHUAHPOBAHMSI B3aH~
MOZIEHCTBYeT C KOHIIEBbIMH aMMHOBBIMH M KapOOKCHUAb-
HbIMH /ZIOMEHaMH ero 3(@eKkTopHbIXx 6erkoB. Mepaun
pacroAaraeTcsi B TeX YYacTKaX LIMTONAA3MATHYECKOH
MeM6paHbl, KOTOpble OTBETCTBEHHDI 3a 0OECIIeYeHHE KAe-
TOYHBIX KOHTaKTOB M Murpauuio. K nacrosmemy Bpeme-
HH 06Hapy:KeHbl HECKOABKO KAACCOB MEPAMH3aBHCHMbIX
6eaxoB [20]. Kaace 1-i npeacraBaen 6erkamMu KAeTOY-
HOH MeMb6paHbl, KOTOpbIE B3aUMOJIEUCTBYIOT
¢ FERM-nporeunamu (CD44 u B1-unrerpun). beaxu,
Y4acTBYIOIIHE B IEPECTPOHKE KAETOYHOTO LIMTOCKEAETa
(B2-crexTpuH, aKTHH, TIAKCHAAMH, CHHTEHHH) — OTHO-
CATCS KO 2-My KAAcCy MepAMH3aBHCHMbIX 6GeakoB. M,
HaKOHEll, MOCAeZHEH TPYNIOH MePAHHOIOCPELOBAHHBIX
6EAKOB SIBASIIOTCSI TIPOTEHHOBbIE KOMIIAEKCDHI, obOecreqn-
BalOIIMe HOHHBIA TpaHcopT U sHzouuros [21].

Myrauusa B rene NF2 npusogur k cumxenumio cunre-
3a 6eAka MepAMHA. B OTBeT Ha 9TO MEHHMHTOTEAMOLIUTBI
HayMHAIOT aKTHBHO mpoayuuposaTh Y AP-nporeun
(yes-associated protein), YTo MPUBOAUT K HEKOHTPOAM-
pyemoil KaetouHo#t npoiudepaumu. /lokasano, uTO
B KAETKaX MEHMHTEaAbHbIX OIyXOAeH THIIepPIKCIIPeccHst
YAP accouumposana ¢ morepeli Mepauna (MyTauus
NF2). Mepaun koHTpoAHpyeT ypoBeHb 3KCIIPECCHH
YAP-nporenna u TeM cambIM peryAHpyeT IpOAH(epa-
MO U HelpeHaMePeHHbIH BX0J KAETKU B S-(asy Kae-
TOYHOTO LIMKAA. B HezaBHeM MccAe0BaHMMH MOKasaHo,
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YTO B PA3BUTMM MEHMHTHOM TOAOBHOTO MO3ra HIPaioT
poab u apyrue 6eaxu cemeiictea 4.1 [22]. K npumepy,
ytpara 6eaxa 4.1B (DAL-1) sBasercs eme oauum Bazk-
HbIM TIPH3HAKOM THITHYECKMX MEHMHTHOM. YTpaTa Kak
DAL-1, Tak u mepauna o6uapyzxusaercs B 50% cayua-
eB Z06poKadecTBeHHbIXx MeHHHTHOM. Jleremusi rema
TSLC-1 (ren cynpeccop omyxoau paka aerkux-1), or-
BETCTBEHHbIH 3a CHHTE3 GeAka, KOTOPbIH B3aUMOZEHCT-
Byer ¢ DAL-1 o6napyxusaercs B 30-85% cayuaen
criopazuyeckux MeHuHrHoM. Kpome Toro, B maToremese
MEHHHTHOM OTBOJHUTCSI 0c06asi POAb KAETOYHbIM (PaKTO-
pam pocTa (3MuzEepPMaAbHBIH, HHCYAHHONOA06HbIH, (QH6-
pobractuueckuil u P-TpombouuTapubiit (akropni) [23],
KOTOpble U36bITOYHO CHHTESHPYIOTCSI B  OIMYXOAEBbIX
KAETKax M CMOCOOGCTBYIOT aKTHBHOMY POCTY MEHHHTHOM
3a CYET HEOBACKYASIHBAIIHMH M PA3BUTHIO MePU(POKAaAbHO-
ro oTeKa.

Monrekyrsnpnas reneruxa
saokauecteennbix menunruom (M II/1II)

Oxonro 60% wmenunruom Il cremenn sroxauectsen-
HOCTH HMEIOT TOYedHble XPOMOCOMHble MyTauuu (uare
zereuun). Boaee toro, 75-90% wmenunruom 111 crenenn
BAOKAYECTBEHHOCTH TaK:e€ HMEIOT CXO:KHe TOYeyHble
xpomocomuble abeppauuu [24]. Mytamuu 8 1p u 14q
ydacTkax xpomocom (rze pacroAozseHbl TyMOpPCYTIpec-
COpHBIE TeHbI) aCCOLMHPYIOTCS C HEGAATOIIPHATHBIM KAM-
auyeckum nporrosom [ 25]. [ospexxaenns xpomocomsr 1
He SBASIOTCS OOIIMM FeHETHIECKUM MIPUSHAKOM A BCEX
THUIXYECKHUX MEHHHTHOM, OHH MOTYT MIpaTh OIPEeZeAeH-
HYIO POAb B NPOTPECCUPOBAHHH 3AOKAYeCTBEHHBIX (OPM
MEeHHHTeaAbHbIX ormyxoied [25].

['en PTEN, pacroro:ennbiii psgom ¢ ydacTkom
023.3 xpomocombr 10 okasbiBaeT MOIIHBIH AaHTHOHKOTEH -
ubiit apdexr [26, 27]. Ipoaykrom rena PTEN apas-
ercst 6eA0K (PocHoTHAMAMHO3UTOAPOCDAT. B HOpmarb-
HbIX KAETKax JlaHHbIH 6eroK TOPMO3BHT
AKT /PKB-BuyTpuxaeTounblii cHrHaAbHBIH MyTb, KO-
TOPBIH UMEET KAIOYEBOe 3HaUeHHE B PA3BHUTUU HE TOABKO
MEHHHIHOM, HO U Apyrux nepBuynbix omyxored [JHC
[28]. AKT/PKB-nyrb aktuBupyer mnpoiugeparmo
kaetok B LIHC, ocobenno ramarbubx KAeToK, smeHzau-
Mbl ¥ KaeTok Menunroreaus [29]. Hecmorps na To, uto
ren PTEN wurpaer poab B natorenese muorux ormyxoaeit
IITHC, ero Bausinue Ha omyxoAeBblil pOCT MEHMHTHOM CH-
ABHO OTAMYaeTcs. |aK, AAst 106pOKaueCTBEHHbIX MEHHH -
ruom (M ) res PTEN umeer ammb BTopocTenensoe
3HaYeHHe, OZHAKO, B PA3BUTHH M IPOTPECCHPOBAHHH
3AOKAQYeCTBEHHbIX (POPM MEHHHTEAAbHbIX OIMyXOAeH OH
urpaeT mepBoodepesHyto poib. Jleremnuu B xpomocomax
10 u 14 xapakTepHbI AAST MEHHHTHOM BbICOKOH CTeNeHH
3A0KavecTBeHHOCTH. Jlerelly B yKasaHHbIX XpOMOCOMax
MIPHBOJSAT K SKCIIPECCHH T€HOB, aKTHUBHPYIOIIUX OHKOTeH -

Hble BHYTPHKAETOYHbIE KacKa/bl, TaKHE Kak W nt-myTb

(CTNNBT1, CDK5R1, ENC1, CCND1) u IGF-omo-
cpeaosannble mytu (IGF2, IGFBP3, AKT3) [30].
Kpowme Toro, myranuu resa SUFU, pacriorozxennoro na
10 xpomocome (rokyc 10q24) Takae npucymu aTummye-
ckuM Menunruomam [31]

He-NF2 wmyramuu onkoreHoB Takxe o6Hapy:keHbI
B MEHHMHTHOMAX pPasAHYHBIX CTelleHeidl 3A0KauecTBEHHO-
cru [31]. Myrauus Glul7Lys B gomene rema AKT-1
(rokarusanus 14q32.32) asasieTcs eauHCTBEHHOM B I10-
MyAIMH OIYXOAEBbIX KAETOK, He HMEIOIIHX TeHeTHYe-
ckux nospezszennii B rene NF2. Takas myrauus npuso-
aut k axtuauuu nporteunkuHasbl B (AKT -kunasner),
KoTopast 4ype3MepPHO PocPopurHpyeET (PaKTOPbI
AKT/PKB-nytu u Bxkatouaer ero B pabory. Caeacrsu-
eM 3TOro siBAsieTcsl ycueHHbi cuntes Y AP, koropwrit
T0ZIaBASIET aKTHBHOCTD TPOATIONTOTHYECKHX IeHOB, aKTH-
BHpPyeMbIX mocAe mospexaenus kaerounon JHK [31].
[Toepexaenua rena GADD45A xkoraa-to cuuraruch
BaKHbIM 3TalloM MaTOT€He3a MEHMHTHOM M JIPYTHX OITy-
xorein [ITHC. Ognaxo, B nacrosmee Bpemsi HHkakux
y6eAUTEeAbHBIX /IOKA3aTeAbCTB 3TOTO He OOHApyrKeHO.
Ocoboe BuuManme yzaeasercs reny IMP3, 6eaxosbrit
MPOZYKT KOTOPOTO SIBASETCS GHOMAapKEPOM arpecCHBHO-
ctu omyxoau [32]. Myrauu xpomocombr 9 raasubiv 06-
pa30M CBSI3aHbI C HHBA3HBHBIM POCTOM MEHHHTHOM Bbl-
cokoii cremenn saokauectsennoctu (M III) [33, 34].
Yrpara kopotkoro naeda 9-it xpomocombl o6Hapy:KHBa-
ercst B 5% rtunmueckux menunruom, B 18% arunuueckux
u B 38% cayuaeB amanractuueckux memmrmom [35].
[Torepu CDKNZ2A (p16), p14 (ARF), u CDKN2B
(p15) npeacraBasOT cO60i OCHOBHBIE MOBPE:K/ACHHS KO-
potroro naeda 9-i xpomocombr (rokyc 9p21), koropbie
XapaKTepHbl JAsA aHAMAACTHYeCKHX MeHuHTHOM [36-39].
[ennr p16, p14 u p15, peryaupyror anonros yepes mozy-
asaumio (p14) u nporpecciio kaetounoro mukAa gepes G1
k S ase (pl15 u pl16) [40, 41], p14 peryrupyer aktus-
HOCTb OITyXOA€BOro 6GeAKa-cympeccopa pd3 myrtem cBs-
spiBanusa ¢ MDM2 u ero unru6uposanus Poab peryas-
topos G1/S-dasosoro nepexoza somoansior p3, pl15 u
p16, myTem HHrH6MPOBAHHS AKTHBHOCTH LIMKAHH-3aBHCH -
mbix kuaas CDK4 u CDKG6 [41]. T'oBops 06 akTusHO-
CTH TeAOMepasbl, CTOUT OTMeTHTb, uTo B 95 %0 caydaen
ATUITUYECKUX U aHAMAACTHYECKHX (POPM MEHHHTHOM OT-
MeYaeTcsi ee aKTHBHOCTb, HO MeXaHM3Mbl aKTUBALMU T10-
cAeaHeH 70 cux nop He ussecTHb [42].

BHyTpHK}\eTO‘-IHble CHUTHAAbHbBbIE IIYTH
B MEHHHIHOMaX

K nacrosimemy BpeMeHH H3yueHO 60ABIIOE KOAHYECT-
BO BHYTPHKAETOYHbIX CHTHAA-TPAHCAYKTOPHBIX CHCTEM
(puc. 2), KoTopble aKTHBHPYIOTCS PA3AHYHBIMU T'€HETH-
YeCKUMH (aKTOPaMH U TMPHUBOZJAT K Pa3BUTHIO IEPBHY-
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ubix omyxoreir [IHC, B tom uucre u menunrnom. Ha-
npumep, pRb/p53-curnarbupiii myTs oTBedaeT sa poct
OITyXOAEBOTO y3Aa U Mepexos; 406p0KaYeCTBeHHbIX (OPM
MEHHHTHOM B aTHITHYeCKHe M/HAM aHamAacTHYeckue. | e-
mor pl6 (INK4a), p15 (INK4b), u p14 (ARF), kax
y#e 6bIAO CKa3aHO, SBASIOTCS MOZYAATOPAMH CHUTHAAb-
HBIX IyTed U 06GecreynBaloT IPOYHylo cBssb Geaka Rb
(pRb) ¢ tpanckpunmonnbv gaxropom E2F [43]. [pu
MyTalMsX B yKasaHHbIX reHax, gakrop E2F ocoboxxaa-
ercst ot unrubupyromero BausHusi pRb, 4yro conposozx-
Jaetcss TepexozoM Kaetoynoro mukia B G1/S-gasy
[44]. Ten p53 obrazaeT BbIpazkeHHOH aHTHOHKOT€HHOH
aKTHBHOCTBIO 3a CYET HECKOADKHX MEXaHH3MOB: TOPMO-
»KEeHHs] KAETOYHOTO IHKAa, perapanuu kaerounon JHK,
MH/IyKIIMU arlonTo3a, a Takie 3a CYeT UHTHOMPYIOUIEro
Baustus Ha pRb/p53-curnarbubiit myts. [locae Toro,
KaK TIOBbIIAETCS PETYASLMS SKCIIPECCHH LMKAMHAa D
(nanpumep, NMPU MUTOrEHHOH CTMMYASIMH) OH CBS3bIBa-
ercss ¢ CDK4 uau CDK6 u gocpopurupyer pRb, uro
HHAYIMpyeT BbicBoboaenue aktusHoro E2F gaxropa,
M B KOHEYHOM UTOTe TPHBOAMUT K TPAHCKPUIIIHH T€HOB,
KOTOpbIe UMEIOT pellialolliee 3HaYeHHe NS TIepPexoza U3
G1/S-pasy.I'enn1 p16 u pl15 npezorspamaior nepexoz
B S-gasy nyrem unrubuposanuss CDK4/uukaun D
xommaekca [45]. B cBoo ouepean, p53 nytb zeiictyer
Kak uHrH6MTOp Oo6paTHOH cBsizu pRb/p53-mytu, unzy-
LMPYsl TOPMO:KEHHE KAETOYHOrO IIHKAA, BOCCTaHOBAEHHE
JHK wu anonros B cAyuae aHOMaAbHOH aKTHBalMH
pRb/p53-nytu. I'lyr pRb/p53 paboraer uepes pl4.
Boicso6osaenne (axropa tpanckpummu E2F, caexy-
romero 3a pRb gocopurnposanuem, Takie UHAYIHPY-
er Tpauckpunuuio pl4, uro crocobcTBYeT aKTHBHOCTH
p53 3a cuer orpunareabHoi peryasuua MDM2 (murine
double minute 2 protein) nmporoonxorenos. Jlucperyas-
M5l 3THX /JBYX MyTed B MEHMHTHOMAaX BbICOKOH CTENeHH
3AOKAYECTBEHHOCTH YacTO AaCCOLHMHPYEeTCsl C MoTeper
p16, p15 u pl4, ycurenumem mporudepalyu KAETOK H
nporpeccupoBaHus omyxoau [46].

HeManoBazkHbIM KAETOUHBIM CHTHAABHBIM IyTEM SIB-
asercst Hh-nyts (hedgehog), umerommit B coem apce-
Hare 60AbIIoe KoAmdecTso reHoB. | enpr Hh-mytn otse-
YalOT 3a TaKHe BaKHEHIMe KAETOYHbIE IIPOLECChHI, KaK
POCT U TIPOAM(EpALIHs, aHTHOTeHEe3, MaTPHYHOE PEMOJIe-
AHpOBaHME U ToAzep:iaHue romeoctasa. Pabora Hh-ny-
TH BBITAAZUT cAeaytommuM obpasom. Hh-renbr skcrpec-
cupyloT 6eAkH, nozapasiomue aktusHoctbh rena PTCH.
B cBoro ouepeap ren PTCH axrusupyer pabory Tpac-
membpannoro CMO-6eaka, uTo mpuBoauT K pearnsa-
1uu Kaetousoro curHana u cuntesy GLI-tpanckpurmm-
omnpix @akropos (GLI1, GLIZ u GLI3) [47].
Notch-BuyTpukaeTounblii Kackaz npeacTaBAseT co6om
OCHOBHOH MyTb MepeZlayd CUTHAAOB OT IIMTOIAA3MaTH4e-
CKOH MeM6paHbl K KAETOYHOMY spy C TIOMOIIbIO LIEAOTO

paza 6eaxkos (Notch1-4) [41]. Dkenpeccus HEST 06-

Hapy:KeHa TPaKTHYeCKH BO BCEX THIIAX MEHHHTeaAbHbIX
OIyXOA€H H YacTO COIpPs:KeHa C KOIdKCIpeccued Jag-
ged-Auranza, Notch1 u Notch2 [40].
TLEZ2/TLE3-curnarbubiii myTb 0o6AazaeT akTHBHPYIO-
muM BAMsiHMeM Ha Split-rpynmy kopenpeccopoB, KOTO-
poie moayaupytor HES1. Tlocreanue wuccreaosanus
y6eAUTEABHO JOKA3aAH, YTO JAHHBIA CUTHAABHBIA IyTb
WIPAeT CyIECTBEHHYIO POAb B Da3BUTUM MEHUHTHOM Bbl-
cokofl crenenu 3aokadectBennoct [48]. Laurendeau u
coasT. [49] npoanarusuposaru axcrpeccmo MPHK me-
HuHTHOM B 32 06pasuax reHos, otHocsauxcsa k Hh-nyu
¥ 06HAPY?KMAM TIOBbIIeHHbIe YpoBHU 16 reHoB, yuacTBy-
romux B aktuBauuu Hh-nytu (taxwme, kax GLI1, GLIZ,
CMO, FOXM1, IGF2 u SPP1) u pocre kaerok, a
TaK:Ke yMEHbIIIEHUH 3KCIIPeCCUH / TeHOB, Y4acTBYIOIIUX
B unrubuposanuy Hh-nytu. laa nexoTopbix renos xa-
PAKTEePHbI pasAHYHbIE TIPOPUAH IKCIPECCHH TIPH OIYyXO-
AIX Pa3AMYHOTO THCTOAOTHYeckoro tuma. [VIHorme aBTo-
pbI MIPEATIONAralOT, YTO Pe3KO M3MEHEeHHble MPOPUAU Ha
PAHHMX CTaZUsIX OHKOTeHe3a CIOCOOCTBYIOT MPOTPECCHH
U TpaHcopMaluu B OoAee 3AOKaYeCTBEHHbIE ()OPMbI.

PIBK/Akt  ((pocpatuaurunosutor-3-kunasa) u
MAPK  (mMuToreHakTMBHpOBaHHAs ~ MPOTEHHKHMHA3a)
BHYTPHKAETOYHbIE CUTHAAbHbIE ITyTH — 9TO /IBA CAOZK-
HbIX KacKaza, KOTOpble aKTUBHbI BO MHOTHMX THCTOAOTH-
yeckux (popmax Menunruom. Kmenno yepes zannbie my-
TH OCYILECTBASIETCS] POCT M TIPOTPECCHsl OMyXOAeBOH TKa-
HH, 3a CYET JeHCTBHS KAETOYHBbIX (paKTOPOB pocTa. Ak-
tuBaumua PI3K-kackaza seaer k Akt ¢ocpopuruposa-
HHUIO, 4TO conpoBozkaaercs: BkArodenrem m | OR-curua-
ABHOTO TyTH PETYAHMPYIOIIEr0 MHOTHE TPOLIECChI B OITy-
XOAeBbIX KAeTKax MAekormramomux. CTouT oTmeTHTs,
YTO BBICOKHE YPOBHH (POCHOPHAHPOBAHHOIO Akt XapakK-~
TEPHbI JA 3AOKAYECTBEHHbIX (OPM MEHHHI€AAbHbIX
onyxoreir (M II/III) [50]. Cumxenue axtusHOCTH
MAPK B MeHHHTHOMaX acCOLMHPOBAHO C BHICOKHM PH-
CKOM HX PeLMZHBHPOBAHHS, a POCT OIYXOAEBOTO y3Aa
6oapmre cessan ¢ PI3K/Akt-kaeTounbm  kackazom.
PI3K npeacraBasior co60i ceMeHCTBO BHYTPHKAETOU-
HbIX CHTHAA-IIPe06Pa30BaTEAbHbIX (DEPMEHTOB, KOTOPbIE
(POCHOPUAMPYIOT HHOBHTHOCPOAMNHAbL. B pesyabrarte
BrAloyenust B paboty PI3K npoucxoaur gocpopurupo-
Bauue u axrupauus PKB/Akt u Bnocaeacrsun p7050K,
KOTOpbIE SBASIIOTCS KAKOUEBBIMU (DAKTOPAMH CTHMYASLIMU
kaetounoro pocta [51, 52]. HeazaBuue uccaezosanus
nokasaAH, yro aktuBuposanubie myTauun AKT Taxeke
umeroT Mecto B noarpymnne menuuruoM. MAPK ssas-
I0TCSI BHYTPHKAETOYHbIMH CEepHH / TPEOHHH-CIIelu(HYe-
CKUMH TMPOTEHHKHHA3aMH, KOTOpPbIE aKTHBUPYIOTCSI BHE-
KAETOYHbIMHM CTHMYAAMH, YTO MPUBOJMUT K TOCAE0BATE-
AbHOH aKTHBALMM KMHA3HOTO KacKaza, HHULMHPOBAHHOTO
Ras-, Raf-1-, MEK-1-, MAPK- u ERK-nyTsmu, ko-
TOPbIE B TIOCAE/CTBUH aKTHBHPYIOT (PaKTOPbI TPAHCKPHII-
muu B aape [53].
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WNT/B-kaTenun — BHYTPHKAETOYHBIH MMyTh, KO-
TOPOMY TaK:ke TMPHU/AIOT BazKHOE 3HAYEHHE B MaTOreHese
MeHUHTHOM. B 6eAkax ZaHHOrO BHYTPHKAETOYHOTO Kac-
Kaga obHapy:xenbl myTauuu reda APC (adenomatous
polyposis coli) u E-kagrepuna. [Tokasano, uro ara 106-
POKa4eCTBEHHbIX (DOPM MEHHHTHOM, B OTAUYHE OT 3AOKa-
yecTBeHHbIX, xapakTepHa gereuuss APC [54]. Oanaxo,
yrpara rena CDH1, koaupyromero cunres mem6pannoro
6erka E-kaarepuna — xapaxtepHa aas 60AbIIMHCTBa
3A0Ka4eCTBEHHbIX (DOPM MEHHMHTeaAbHbIX omyxored [54].
Janubiit paxt obbsicusercs Tem, urto rer CDH1 umeer
MOTEHIIHAABHYIO CYNPECCOPHYIO POAb B KAETOUHOH MHBa-
3MH, TaK Kak F.-KazrepHH BbITOAHSET (DYHKIMIO KOHTPO-
ASl PETYAMPOBKH MEKKAETOYHOH azre3dd U TOJBUIKHOC-
. [lpu gerenun rema CDH1 , mapymaercs cunres
6eaka E-kaarepuna u kak caezcTBHe KAeTKa yTpauMBaeT
CIIOCOBHOCTD K Me:KKAeTOuHOH azresu. | [pu saokagect-
BEHHbIX OIYXOASIX, B TOM YHCAE M TPH MEHHHTHOMAax
[I-1II crenenn sTOT MexaHuUBM SIBASIETCSI KAKOYEBbHIM
B AUPPY3HOM POCTE W METACTA3HPOBAHHH OIYXOAEBOH
tkanu [55]. I'en APC B xaeTKe peryAupyer akTHBHOCTb
WNT /B-kaTenunoBoro xackaza u TeM CaMbIM BbITIOA-
HSET TYMOPCYTIPECCOPHYIO (YHKIHMIO, a E.-kagrepun
B CBOIO OYepe/ib 3HAYUMO CHUZKAET OITyXOAEBYI0 HHBA3HIO
u poct [56].

MaxTopb! KAETOUHOrO POCTa 3aHUMAIOT OCO60E MECTO
B pPasBUTHUU MeHMHTHOM. B HacTosimee Bpemst 60AbIIOE
BHUMAaHHe yAeAsieTcsl (JaKTOpy POCTa SHAOTEAHs] COCYZIOB
A (VEGF A), xotopbiii Takze HasbiBaeTcsi (paKTOPOM
cocyauctoit nponunaemoctu. Jlokasano, yro mPHK
VEGF A skcnpeccupyeTcsi KAeTKaMH MEHMHTHOMBbI
[57]. Cuuraerca, uro VEGF A sBasgercsa karoueBbm
PETYASTOPOM aHTHOTeHe3a W (POPMHPOBAHHUs TEPHUTYMO-
posHnoro oteka [57]. Mccaezosanusa mokasaau, uto axc-
npeccuss mPHK VEGF A mozxer koppeauposatb ¢ Ba-
ckyAsipusanyeit menunruombl. OzHako, HpH ompezeae-
uun 6eaxosbix ypoeuen VEGE A B cpaBuureabno 60-
ABIIIOM YHCAE MEHMHTHOM He YZaAOCh MOATBEPJHTb CBS-
3U CO CTEMNeHbIO BACKYASIPH3AlIMH, KOTOPasi, B OTAMYHE OT
TAMOM He KOPPEAUPYET CO CTENeHbIO 3A0KAaUeCTBEHHOCTH.
Tem ne menee, yposan VEGEF A 6biau nosbiuensr
B aTUITMYECKHX MEHHHIHOMAaX MPH CPaBHEHUHU C A06pOKa-
yecTBeHHbIMM. HezaBHee HccaezoBaHHe TOKasao KOp-
peasuuio Mexxzy axcrpeccuer 6eaxka VEGE A u peru-
aumBaMu J06poKavecTBeHHbIX MeHunruoM [58]. Anaau-
3HMPYIOTCS U ApyrHe PakTopbl pocta, Bkatodas VEGE B,
MAALIEHTapHbIH (PAKTOP POCTa, (PAKTOP POCTA TemNaToLH-
TOB U (aktop pocta pubpobractoB 2. Oanako, a0 cux
HOp He GbIAO YCTAaHOBAEHO HETKOH KOPPEASLIMH ME/y
KaKHUM-AH60 U3 3THX (PAKTOPOB U aHTHOTEHE30M HAH CTe-
IeHbI0 3AOKAaueCTBEHHOCTH MeHMHTHOMbL. Poab apyrux
(PaKTOPOB poOCTa (anHaepMaJ\bﬂoro, TPaHC(POPMHPYIOILIe~
o, MHCYAHHOIOZOGHOTO M Jp.) TPOTHBOPEYHBA U MAAO
usydena. OHaKO H3BECTHO, YTO PELENTOPDI IMH/EPMA-

abHoro daxtopa pocta (EGFR) yuactsyror B 3rokaue-
CTBEHHOH TPAHC(POPMALMH MEHHHIOTEAHOUMTOB, SKCII-
peccusi TpaHcOpMHUpYIoIIero gaktopa pocta-f} B Kaet-
KaX MEHHHTHOMbI aCCOLMHPOBAHA C €€ MPOrPeCCHPOBAHH -

em [59].

Conpemem—lble BO3MOZKHOCTH Tapl‘eTHOl?l TE€PAITHH
MEHHHI'HOM

M=uorue uccaezoBaHust IPOAMAH CBET Ha TIOHHUMaHHe
MOAEKYASIpHOH GHOAOTHMH H TaTOreHe3a PasAHYHbIX 3A0-
kauectennbix omyxoaeit [IHC, B wactHocTH ravom Bbi-
COKOH CTeleHM 3AOKAYeCTBEHHOCTH, B TO BpeMs Kak
0 MOAEKYASIDHBIX MeXaHH3MaX Pa3BUTHSI MEHHHTHOM H3-
BECTHO HEMHOTO. BbICOKHIl ypOBEHb 3KCIIPECCHM pasAHH-
HbIX KAETOUHbIX (PAKTOPOB POCTA, HX PELENTOPOB, a TaK-
K€ aKTHBAlMs PsAZla BHYTPHKAETOYHbIX CUTHAAbHBIX ITy-
Tell B OIYXOAEBbIX KAETKaX — HIPaloT 3HAYHTEAbHYIO
POAb B pasBUTHH MeHHHTHOM. /[Ast 60AbIIEH YacTH Maly-
€HTOB C TUITMYECKUMH U aTUITMYECKUMH MEHMHTHOMAaMH,
XMPYPTHsl, paJiHOTepanusl U CTepeOTaKCHYeCKasl paIuOXH-
PYPTHsl ABASIIOTCS BecbMa 3((PEKTHBHbIMH METOJaMHU Ae-
genns [60]. Oznako, AAq NaLMEHTOB ¢ aHANAACTHYECKHU -
MH (OPMaMH MEHHHTHOM XapaKTepeH BbICOKMH MPOIEHT
PEIUNBA, YTO CBA3AHO C HEGAATOMPUATHBIM TIPOTHO30M.
A 1oTOMY MOHCK aAbTepPHATHBHBIX METOZOB AEUEHHS! IS
ZlaHHOH TPYIIIbI TIALMEHTOB SIBASIETCS] aKTyaAbHOH MPO6-
aremoin [60, 61].

Ha ceroansimuuii enp xumuoTtepaneBTHIeCKOE Aeye-
HHEe TIPH MEHHHTHOMaX HOCHT OTPaHHYEHHbIH XapaKTep.
ZlaHHble MyAbTHIIEHTPOBBIX KAHHHYECKHUX HCCAEZOBaHHH
YKasbIBalOT Ha TO, YTO GOABIIHHCTBO XMMHOTEpareBTHYE -
CKHX TpernapaToB MMEIOT MMHHUMAAbHYIO MPOTHBOOIYXO-
AEBYIO aKTHBHOCTb B OTHOIIEHMM MeHMHTHOM. Psz uc-

pPRb/p53-
CUrHanbHbI
M NyTh

WNTIB-
KAaTEHWHOBbIW
Kackan

Hh-nyTb
(hedgehog)

Notch-
BHYTPUKNEeTo
YHbIM Kackan

PI3K/Akt w»
MAPK-
Kackagbl

Puc. 2. OCHOBHble BHYTPUK/IETOYHbIE CUrHANIbHLIE MYTWU, CBA3AHHbLIE
C pa3BuTMeM MeHuHrom [no Arabinda et al., 2014].
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CA€/IOBaHMH OTMEYalOT PasAMYHbIE TI0 JAUTEABHOCTH Tie-
puozbI cTabuamsanuu omyxoaesoro pocta [62]. Ozgnako
CAOKHO PAaCLIEHHTb 3TO KaK yAydllleHHe, Tak Kak Z06po-
KauecTBeHHble (POPMbI MEHHHTHOM PACTYT FOZAMH H MO-
YT 6bITb CTaGUABHBIMU B T€YEHHEe JAUTEABHOTO Mepuoza
BPEMEHH.

Takue npenapatel, kak zakapbasuH U ajpPUAMHIIUH,
o6AaaoNye MPOTHBOOITYXOAEBOH aKTHBHOCTBIO B OTHO-
IIEHUH PsiZla OIlyXOAeH MSITKMX TKaHed He II0Ka3aAH
YZIOBAETBOPUTEABHBIX PE3YAbTATOB Y HOABHBIX C MEHHH-
ruomamu [63]. Tlpenapatsr ruapoxkcumoueBHHbI, OCTa-
HaBAHMBAIOIIHE POCT KAETOK B S-(pase KAETOYHOIO LIMKAA
¥ BbI3bIBAIOILME aTlONTO3, 06ECTIEYHAH yMEHbIIEHHE pas-
MePOB OIYXOAH y MAlMEHTOB C PeLHANBHPYIOIIUMU 706-
POKa4eCTBEHHbIMH MeHMHrHoMaMH. Habarozarcs oaun
cAydall 6espeuuaMBHOrO mepuosa B Tedenne 24 mec.
y 6GOABHOrO C MOAHOCTBIO PE3EIHPOBAHHON 3AOKAYeCT-
BEHHOH MeHHHrHOMOH. Donee moszume wuccaegoBanus
MOKa3aAH, YTO THAPOKCHMOYEBMHA 0OAAZIaeT yMepeHHOH
aKTMBHOCTBIO C PEJIKHMH OTBETaMH Ha TEpPAIluio, HO Y He-
KOTOPbIX MALMEHTOB MPOMCXOAUT CTAaOUAMBALMS POCTA
menunruombl [64]. Temosoramua — arkuaupyrommii
areHT, BAMSIOIIMA Ha POCT 3AOKAYECTBEHHDbIX TAMOM, He
OKa3bIBaeT 3HAYUTEAbHOTO 3(PPEKTa Ha MEHHHTHOMbI.
[lpu wuccregoBanuu uHrH6HTOpa TOMOM3OMEpAsbhl —
MPHHOTEKaHa,  BbIABAEHbl  TOKCHYECKHE  3(PQEKTbI
y 16 nauuenTos ¢ 106pokadecTBEHHPIMH MEHUHTHOMAMH,
HO aKTHBHOCTb B OTHOIIEHMH POCTa MEHMHTHOM OTCYTCT-
BoBara |65, 66]. IlposoasaTcs ucnbrranus ueroro psaza
IIUTOTOKCHYECKHX TPEeNapaToB B OTHONIEHHH CapKOM H
APYTHX CHCTEMHbBIX OITyXOAeH, BO3MO2KHO, YTO HEKOTO-
pble U3 HUX OKaxKyTCs1 (PPEKTHBHbIMH H B OTHOILLIEHHH
MEHHHTHOM.

[Ipeanoraraercs, 4To mpemapaT MMAaTHHHO Me3HAAT
06Aaz1aeT MPOTHBOOITYXOAEBbIM ZIHCTBHEM B OTHOIIEHHH
PELMAMBUPYIOIINX MEHHHTHOM. |aK, B HCCAeJOBaHHH
NABTC 01-08 us 19 nauuenTos, oTBeT KOTOPbIX MOz~
HOo 6bin0 ouenutb, y 10 6bin  oTMeuen peuwmaus,
B OCTaAbHbIX 9 cAydasix poCT OIMYXOAM CTaGMAM3BHPOBAA-
csi.  PentreHorpauyeckux OTBETOB He HabBAIOZAAOCD.
Hurepec Taxzke mpeactaBaseT Bo3MO:KHas KOMOHHALMS
JIAHHOTO TIperapaTa C TperapaTaMH THPOKCHMOYEBHHbI
[67].

HMurubutoppr anrnoreHesa OkasbIBalOT MPSAMOE MPO-
THUBOOITYXOAEBOE BO3/EHCTBHE, 06ECIIEYHBAIOT PaIUOCEH-
CHOUAMBALMIO SH/IOTEAHAABHBIX KAETOK M TOBpEz/IeHHe
COCYZMCTOH CETH OIMYXOAH. -3a CHET PeAYKLMH COCYIM-
CTOr0 pycAa OIMyXOAEBOTO y3Aa MPOHCXOJUT CHH2KEHHE
MHTEPCTHIIHAABHOTO ZABAEHHSI U yAyYIIEHHe OKCHIeHa-
MM OKPY:KaloIIero BellecTBa TOAOBHOro Mosra |68,
69]. Creuuguyeckumua HMHrUOUTOpaMH — AHTHOTEHE3a
C TIOTEHIHAAbHBIM PaZHOCEHCHOUAMBHPYIOMINM 3PdeK-
ToM siBAsIoTcst BaHzeTHHn6 — wumruburop VEGEFR u

EGFR; sataranun6 — unrn6urop VEGFR u PDGFR,;

susactaypun — uaruburop PKC-b2 u PI3K/Akt; u
6eBalu3yMab — MOHOKAOHAABHOE AHTHTEAO TIPOTHB
VEGEF [70]. Perpocnexktusnbiit aHaAH3 HCIIOAb30BAHHUS
6eBaiusyMaba y MalMEHTOB C PELHAWBHPYIONIUMH / TIpO-
IPECCHPYIOIMMH MEHHMHTHOMAMH, MPOBeZeHHbIH Ha Gase
Yuusepcurerckoro  meauumnHckoro uentpa  /lproka
(CIIIA), mnokasaa, uto 6eBauusyMab, HCIIOAb3YeEbIH
B Ka4eCTBe MOHOTEPAIIHH UAH B KOMOGHHALIMH C XUMHUOTE -
pareBTHYECKUMH TIperapaTtamMH, ob6AazaeT BblpazKeHHOH
IPOTHBOOITYXOAEBOH aKTHBHOCTBIO M 6€30MaceH ZAS Ma-
uuentos [71]. Tem ne menee, pesyabTaThl zaHHOTO HC-
CA€ZIOBaHUsI OrpaHUYeHbl HEGOABIITHM YHCAOM TALIMEHTOB
M PETPOCTIEKTUBHBIM XapaKTepOM aHAAH3a.

Kak yzxe 6bin0 oTMeueHo panee, zeeKTbl B Mexa-
HH3MaxX MPOTPAMMHUPOBAHHON KAETOYHOH CMEPTH HMEIOT
6OADIIIOE 3HAYEHHE B OITyXOAEBOM MaTOreHe3e H YCTOHYH-
BOCTH K TpPOTHBOOIyXoAeBoH Tepamuu. [Voayasums
aronTo3a MOKET MPOUCXOJAUTb 3a CYET HUHIHOUPOBAHHs
takux curHarbubix myTed, kak Akt u MAPK, uan sa
CYeT HHAYKLHH arlorTo3a. 3q)q)eKTI/IBHOCTb TaKHX Ipera-
paToB, Kak MOHOKAOHaAbHble antHTera K | RAIL-pe-
IIeNITOpaM — OIIEHMBAIOTCSI B KauecTBe MOHOTEPAIrluH H
B KOMOHHAIIMU C XHMMHOTEpaNeBTUIECKUMH TpenapaTaMH
[72]. B paspaboTke HaxozsTcs aHAOreHHbIE CYTIPECCOPBI
aronTosa — OHH TIPEJACTABASIOT CO60H MepCreKTUBHbIH
KAacc TPenaparoB ¢ MPOTHBOOIYXOAEBOH aKTUBHOCTbIO U
MOTYT CTaTb ZOTIOAHEHHEM He TOAbKO K CTaHZAPTHOH LIH-
TOTOKCHUYECKOH TepariH, HO U K /IPyTHM TapreTHbIM MO-
AeKyAsipHBIM miperiapatam [73].

3akawuenue

Takum 06pazom, AA MEHMHTHOM HPHUCYII MIMPOKUH
CIHIEKTP MOAEKYASIPHO-TeHETHUECKHX TOBPEKAEHHH, KO-
TOpbIe MPOSBASIOTCS TOTepe UAM TIPHOOPETEHHEM TeHe -
THYECKOTO MaTepHaAd C MOCAEAYIOIIMM PAa3BHTHEM OITy-
xoAeBoro mpouecca. B npouecce omyxoaeBoit nporpeccun
AKTHBUPYIOTCS] Pa3AUYHbIE KAETOYHbIE CUTHAAbHbIE TTyTH.
[lpexzae Bcero, Ans MEHHMHIHOM XapaKTepHO HapyllIeHHe
paboter pRb/p53-, Hh- u WNT /B-karenun curnarn-
HbIX MyTeH, OTBEYAIOIIMX 3a PETYAALMIO KAETOYHOIO
IMKAA U anontos. Kpome Toro, B maToreHes MeHMHIHOM
BOBA€YEeHbI KaCKazbl, CBSI3aHHbIE C PELIETITOPAMH Pa3AHY -
ubix ¢axropos pocta (VEGFEF A, EGF, TGF, IGF u
ap.). OHH BbI3HIBAIOT MHOTOYHCAEHHbIE 3PQEKTbI, Ha-
TpaBAEHHbIE Ha YCHAEHHE TPOAU(]EPALIH, HHBA3HH U He-
oBackyAdpusauuy. FlcnoabsoBanue HoBelmed TexHOAO-
ruu Cre-pekoM6HHa3bl IO3BOAUT OTKPBITb BO3MOZKHOCTH
ZASL MCCAEJIOBaHHMSl MEHHHIeaAbHbIX oryxoAiedl. | enoru-
MHPOBaHHE TALMEHTOB C MEHMHTHOMaMH MOZKET TaK zKe
UMeTb 3HaueHHe B AUPQePeHLIHPOBaHHOM MoAbOpe Ma-
IIMEHTOB ZASl y4acTHsl B KAMHUYECKHX MCIIbITAHUAX Tap-
TEeTHDbIX TPENapaToB. DHOAOTHYECKHE acTIeKTbl PasBHTHUs
MEHHHTHOM SIBASIOTCSL TIPHOPHTETHBIM —HAIPaBAEHHEM
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B H3Yy4YEHMM MEXaHM3MOB IaTOTeHe3a JAHHOH TPYIIIbI U
[OMCKE MHIIEHEH JAS TAPTETHOH TEPAIMH C YYE€TOM MO-
AeKYASPHO-TeHeTHYECKUX MOBPEKACHHH. SHAYHTeAbHbIA
Hporpecc B JAHHOM HAalPaBACHHH NPHOAMKAET HAC KO
BPEMEHH, KOrJa TapreTHOe BO3JEeHCTBHE Ha MOAEKYASD-
Hble 3BEHbS] Pa3BUTHS HEe TOABKO MEHMHTHOM, HO M JpY-
rux nepsuunbix onyxored [IHC nossoasr zo6utncst cy-
IIECTBEHHOrO YBEAMYEHHS! BbIKUBAEMOCTH IMallUEHTOB.
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