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[leab 0630pa — aHaAM3 COBPEMEHHBIX JAHHBIX AMTEPAaTyPbl O HAPYIIEHMH BHYTPHKACTOUHBIX CHTHAABHBIX MyTel, MIPAIOILHX
BEe/IYILyIO POAb B PA3BHTHH MEHHHTHOM, TeHETHUECKMX M MOAEKYAAPHBIX MPOPHASIX JAHHOH IpyTbl ormyxoael. K Hactosmemy Bpe-
MEHH M3y4eHO MHOKECTBO abepPaHTHbIX CHIHAABHDIX BHYTPHKACTOUHBIX MyTel, KOTOPbIE HrPalOT BazKHEHIIYIO POAb B PA3BUTHH Me-
HHMHTHOM TOAOBHOTO Mo3ra. [eTkoe MOHMMaHHe TOBPEZKIeHHbIX BHYTPHKAETOYHBIX KACKa/I0B TIOMOKET M3YdHTb BAMSHHE TeHETHHe-
CKHX MyTalMii M HX 3())eKTOB Ha MeHHHrHoMoreHe3. | Jozpo6Hoe HccAez0BaHMe eHeTHYECKOTO M MOAKYAAPHONO HPO(HAS MEHHH-
THOM TIO3BOAMT CZI€AATb MePBbIH yBEPEHHbI IIar B paspaboTke 6oAee SPPEKTHBHBIX METOOB AeYeHHs JAHHOH TPyTIIbl HHTPAKPAHH-
anbHbIx omyxoaeit. Xpomocombr 1, 10, 14, 22 u cBAsaHHbIe ¢ HUMM reHHbIE MyTALIMH OTBETCTBEHHbI 38 POCT H IIPOTPECCHI0 MEHHHTH-
om. ['lpearoraraercsi, 4o TOABKO Yepes MOHMMaHME JAHHBIX TEHETHHECKHX MOBPESACHHHA GyZyT pearHsOBaHbl HOBEHIHE S(@PeK-
THBHbIE MeTOZbl AedeHusi. Dyayiuas Teparms 6yzeT BKAIOUATb B cefsi KOMOGHMHAIIMH TaPreTHbIX MOAGKYASPHBIX aleHTOB, B TOM YHCAE
TeHHyI0 Teparuio, Maable unTepdepupyiomue PHK, nporounyio Tepammo u apyrue Metozp! BoszeHCTBYS, KaKk pesyAbTaT ZaAbHe-
II1ET0 U3YHEHHS TeHETHYECKHMX M GHONOTHHYECKHX M3MEHEHHH, XapaKTEPHbIX JAS MEHHHTEAAbHbIX OIyXOACH.
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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.

Keywords: brain meningiomas, tumorigenesis, molecular biology, NF2 gene, merlin.

82



Pathological Physiology and Experimental Therapy, Russian journal. 2017; 61(21)

Reviews

For citation: Byvaltsev V.A., Stepanov [.A., Belykh E.G., Yarullina A.I. Molecular biology of brain meningiomas.
Patologicheskaya Fiziologiya i Eksperimental naya terapiya. (Pathological Physiology and Experimental Therapy, Rus-

sian Journal ). 2017; 61(2): 82—91. (in Russian). DOI: 10.25557/0031-2991.2017.02.82-91
For correspondence: Vadim A. Byvaltsev, Doctor of Medical Sciences, The Head of Neurosurgery Course of Irkutsk

State  Medical University, 1, Krasnoe Vosstanie

byval75vadim(@yandex.ru

str., Irkutsk,

664003, Russian Federation, e-mail:

Conflict of interest. The authors declare no conflict of interest

Acknowledgement. The study was supported by the Russian scientific fund (Ne 14-32-00006).

Information about authors:

Byvaltsev V.A., http:/ /orcid.org/0000-0003-4349-7101
Stepanov LA, http://0rcid.0rg/0000-0001-9039-9147
Belykh E.G., http:/ /orcid.org/ 0000-0003-2060-5739
Yarullina A.L, http://orcid.org/ 0000-0002-2085-5869

Received 11.10.2016

Beeaenne

Menunruombr — 310 106pOKaYECTBEHHbIE OITYXOAH,
HPOMCXOZSINNE U3 KAETOK MeHHHroTeAus (apaxHOZHI0-
TeAUs1), KOTOPbIH BbICTHAAET TIOBEPXHOCTH TBEPJOH U Ta-
YTHHHOH 060AOYEK MO3Tra, a TaK:Ke YYaCTKH COCYAHCTDIX
criaeTenui :xeayaoukon [1]. 3aboreBaemocTnb BHYTpHUE-
PEIHbIMH MEHHHTHOMAMH COCTaBASET B 3aBHCHMOCTH OT
BO3pacTa MalMeHTa B cpeaHeM oT 3 a0 8 caydaes Ha
100 000 nacerenus B rog [2], sanumas BTOpOE MecTo
IIOCA€ TAHOM II0 PACIIPOCTPAHEHHOCTH. paBBI/ITI/Ie MEHHH~
IHOM HHOTZIA COIIPOBOK/IAETCSI HHBA3HEH MO3ra, TBEP/IOH
MO3roBOH 060NOUKH MPHAE:KAIIeH KOCTH ¢ 06pasoBaHHeM
THIIEPOCTO30B U IKCTPAKPAHHAABHBIX Y3A0B, OCOOEHHO
MPU AOKAAM3AllMd MEHMHTHOM B OOAACTH OAb(AKTOPHOH
SIMKH, KPbIAbEB OCHOBHOM KOCTH M OCHOBAHHs CpEJHEH
yepenHol siMku. V13-3a yacToro BoAeueHust B omyxoae-
BbIH TPOLECC CHHYCOB TBEPZOH MO3rOBOH OBOAOYKM H
MarMcTpaAbHbIX COCYZOB MO3ra YacTOTa HHBA3HBHOTO
pocra menunruom coctaaster 45% [3, 4].

[IuToreneTnueckuM HCTOYHUKOM MEHHHTHOM SIBASIIOT-
cs TPaHC(POPMHUPOBAHHbIE MEHMHIOTEAHAAbHbIE KAETKH
HayTHHHOH O60AOYKH, CPEAH KOTOPbIX BazKHAs POAb OT-
BOJMTCSl HACAEJCTBEHHbIM (paKTopaM. | aK MyTalusi, Mo-
Tepsi MAM MHAKTHMBAlMsl CyIIpeccopa OIMyXOAeBOTO pOCTa
— rena NF2 nabarozaercsa 6oree uem B moroBHHE CAy-
YaeB MEHHHTHOM Y MAlMeHTOB ¢ HeHpogobpoMaTo30M
Il tuna [5, 6]. Ycranosrena cBsisb ¢ HOHMBHPYIOIIMM
H3Ay4EHHEM, B pe3yAbTaTe J0303aBHCHMOTO BO3ZEHCT-
BUsI KOTOPOTO MEHHHTHOMbI 06pasyloTCsl C AQTEHTHBIM
HepHOZOM B HECKOAbKO zecsTkoB Aet [7, 8]. O6cy:xaa-
eTcs POAb OPMOHaAbHbIX (PakTopoB [9], BAusxme mar-
HHUTHDBIX TIOAEH BBICOKOH CHAb! (IIPOMbBIIIAEHHDbIE yCTa-
HOBKH, MarHHTHO-pE30HAHCHbIE TOMOTpadbl).

BepositHocTb  penanBa  MeHHMHTHOM — oNpezeAsieTcs
noaHoToH pesexuuu ormyxoau [10] u ee rucrorornueckum
BapuantoM [11] (Tabama).

[eav nacmosiwezo 0630pa — aHaAM3 COBPEMEHHBIX
JIaHHBIX AHUTEPATypPbl 0 PaboTe HAPYIIEHHbIX BHYTPHUKAE-
TOYHbIX CHUTHAABHBIX IIyTeH, WUIPAIOIIUX BEAYIIYIO POAb
B Pa3BUTHH MEHHHTHOM, a TaKKe FeHEeTHYeCKHX H MOAe-
KYMIPHBIX TPO(HUASX JAaHHOH Tpynmbl omyxoaed. [lo-
ZpobHOe U3ydeHHe STHX [IPOOAEM ITO3BOAUT pa3paboTaTh
HOBbIE TapreTHbIe TepareBTHYECKHe NIperapaTbl, KOTOPbIe
y:Ke B OAMzkauieM OyzyineM MOTYT GbITb TPaHCAHPOBa-
Hbl B HEHPOOHKOAOTHYECKYIO NIPAKTHKY.

FeHeTmca MEHHHI'HOM

HecmoTpst Ha OTKpbITHE pasAMYHBIX XPOMOCOMHbBIX
aHOMaAHH, abeppPaHTHBIX CHTHAA-TPAHCAYKTOPHBIX CHC-
TEM M KAETOYHbIX (AKTOPOB POCTA, ACCOLMHPOBAHHBIX
C pasBUTHEM MEHHHTHOM, O-TIpeKHEMY MHOTOE B IaTo-
reHese /JaHHOH TIPYIIIbI OMyXOAeH OCTaeTCsl HesCHbIM
[12]. Mmenno akTuBHOE pasBHTHE METOZOB MOAEKYASD-
HOH TEHETHKH TO3BOAHAO MAKCHMAAbHO MPHOAMBHTHCS
K KAIOYEBBIM OCHOBaM MeHHHTHOMoreHesa. HexoTopbie
reHbl 6bIAH ONpeZEeAeHbl, KaK MHIIEHH AAS aKTHBaLMH
UAH TopMozkeHHs omyxoaeBoro pocta [13]. O6mapyaxe-
HbI ZIOTIOAHHTEAbHbIE Y4aCTKH XPOMOCOM B KAETKaxX Me-
HHHIHOM, KOTOpbIE MOTYT MOZBEPTaTbCS JEAELHH HAH
AMITAU(HKALIMH, @ CAEZI0BATEAbHO HMETb TOTEHIIHAABHYIO
TYMOPCYTIPECCOPHYIO HAH, HAIIPOTUB, MPOTOOHKOTEHHYIO
¢yuxmmo [14, 15]. Tloapobuo paccmorpena remernka
MEHHHTHOM Pa3sAHYHOH CTelleHH 3AOKAaYeCTBEHHOCTH

(puc. 1).

MonekyAsipHasi TeHeTHKAa THIHYECKHX MEHHHTHOM
(M I). PasBurue MeHMHTHOM SIBASIETCSI CA€CTBHEM TeHe-
THYECKMX MyTaUMi M abeppaLyil reHoMa. | aK, GOAbIIMH-
CTBO MEHMHTeaAbHbIX omyXoAel | cTemenu snaokadecTBeH-
noctn (50—60%) cozepar myrawmo resa NF2, pac-
norozkenHoro Ha 22 xpomocome (Aokarusamma ql2.2)
[16]. Myrauuu, AokarusoBaHHbIE B JaHHOM Y4acTKe Xpo-
MOCOMBI CITIOCOOHBI MIPUBOJUTh K Pa3BUTHIO HEUPOPHOPO-
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Tabmmua

'mctonornyeckas knaccudpukaumsa medHnHrnom (WHO, 2007)

Tur MEHUHTMOMBI

‘ CreneHb 3710Ka4eCTBEHHOCTH

MeHHHTHOMBI ¢ HU3KHM PHCKOM peUMIUBHPOBAHUA U arpeCCHBHOr0 MOBEIACHUA

MeHUHTOTeIMOMAaTO3Hast

G=1

DubposHast

[lepexonHas

TTcamMomaTo3Hast

AHTHOMAaTO3HAas

MMKPOKUCTO3HAs

CekpeTopHast

C obmmmeM TuM@OLUTOB

Merariactuyeckas

MeHMHTHOMBI ¢ BBICOKOI BEPOATHOCTBHIO PEHUTUBHPOBAHUSA U arpeCCUBHOrO NMOBEIACHUA

ATHndyeckast

G=2

XopaouaHasi

CBeTJIOKJIETOUHAs

AHarmracTiyeckast

Pabnoumnas

[ManunsipHast

martosa 1l Tuma, ocHOBHBIM MpPOSBACHHEM KOTOPOro SIBASI-
ercst popmupopanue omyxoredt [IHC (ware mmsannom u
menunruom) [17].

['en NF2 koaupyer cunres 6eaka MepAuHa, KOTOPBIH
SBASIETCS. MOIIHBIM TYMOPCYTIPDECCOPHBIM areHTOM JAs
mHorux Turos kieTok. | Ipoaykr rena NF2 npunaare-
MKUT CeMEHCTBY CTPYKTYpHbIX 6eakos 4.1, kotopbie cpsi-
3aHbI C HHTETPAAbHBIMH MEMOPAHHbIMU GeAKaMU KAETOY-
Horo murockereta [18]. Ceoe nasBamme 6erok MepAuH
MOAYYHA 3a TIOPA3UTEAbBHOE CTPYKTYPHOE CXOJCTBO
¢ ERM-nporeunamu (moesin, ezrin and radixin-like
protein). /lokasaHo, 4TO ZASl PasAMYHBIX THCTOAOTHYE-
CKHX THIIOB MEHHHTHOM YPOBEHb MOTEPH MEpPAHHA 3HAYH-
MO OTAMYaeTcs. |aK, AAS MEHHHrOTEAMOMATO3HBIX Me-

MeHHHTOTe.THOIHT

-1p,-1q.-10.-14q,-18q; +1q.+9q,+12q.+15q,+17q.+20q; akTasanas Notch,
- WNT,IGF nyrei

cnpeccn 1
ATHnEvueckas meaaarnoma (M II)

9game Berpedaercs -6q,-10,-14q, NDRG2 ranepMeTnIHpOBaRHe, -
9p(CDKN2A/B p14ARF renenns), a ¢puranas 17q23(RPS6KB1

Apanaacrayeckas meanaraoma (M III)

Puc. 1. KnioyeBble MexaH13Mbl NaToreHesa pasinyHbiX TUMOB MEHWHIU-
om [no Winwand C. et al. 2011].

HUHTHOM XapaKTepeH HM3KHMH ypOBeHb YTpaTbl GeAka
MEepAMHA, B OTAHYHE OT OMyXOAeH (PUOPOBAACTHIEKOro U
cmemmanHoro Ttunos [19].

Mepaun uepes mpouecchl (OCPOPUAHPOBAHUS B3aH-
MOJEHCTBYeT ¢ KOHLEBbIMH aMHHOBBIMH H KapOOKCHAb-
HbIMH ZOMEHaMH ero 3(@eKTopHbix 6erkoB. Mepaun
pacrioAaraeTcss B TeX y4acTKax LIHTOMAA3MaTHYECKOH
MeM6paHbl, KOTOPble OTBETCTBEHHbI 32 06ECIIEYEHHE KAE-
TOYHBIX KOHTAKTOB M Murpanmio. K Hacrosmemy Bpeme-
HH 06Hapy:KeHbl HECKOABKO KAQCCOB MepPAMH3aBHCHMbIX
6eaxos [20]. Kaace 1-i1 mpeacraBren 6erkamMu KAeTod-
HOH MeM6paHbl, KOTOpbIe B3aUMOZIEACTBYIOT
¢ FERM-nporeunamu (CD44 u B1-unrerpun). Beaku,
y4acTBYIOIIHE B IEPECTPOHKE KAETOYHOTO IMTOCKEAETa
(PB2-criexTpun, aKTHH, TAKCHAAMH, CHHTEHHH) — OTHO-
CATCA KO 2-My KAACCy MepAHH3aBHCHUMbIX 6Geakos. M,
HAKOHEL, IOCAeJHEH TPYIIOH MePAHHOIOCPELOBAHHbIX
6EAKOB SBASAIOTCS IPOTEHHOBbIE KOMIIAEKCHI, obecreyn-
BalOIIMe HOHHBIH TpaHCHOPT u 3HgoumTos [21].

Myrauus B rene NF2 npusoaut k cuuzxenuio cunre-
3a 6eAka MepAMHA. B OTBeT Ha 3TO MEHHHrOTEAHOLMTBI
HauMHAIOT aKTUBHO mpozyuuposaTb YAP-npotenn
(yes-associated protein), 4To MPUBOZUT K HEKOHTPOAH-
pyeMoll KaeTouHoH mpoauepauuu. JlokasaHo, uTo
B KAETKaX MEHHHTEAAbHbIX OIMyXOAeH TIHIlepaKCIIPECCHst
YAP accouunposana ¢ mnorepeir Mepauna (MyTauus
NF2). Mepaus KOHTpoAHMpYyeT ypoBeHb SKCIIPECCHH
YAP-nporerna u TeM caMbIM peryAHpyeT IpOAHQepa-
MO U HerlpeHaMePEeHHbIH BXOJ KAETKH B S-(pasy Kie-
TOYHOTO LIMKAA. B HezaBHeM MccAez0BaHMMH MOKa3aHO,
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YTO B PA3SBUTHH MEHHHTHOM TFOAOBHOTO MO3Ta HIPAlOT
poab u apyrue 6eaxu cemerictsa 4.1 [22]. K npuwmepy,
yrpara 6eaxa 4.1B (DAL-1) sBasercs eme oanum Bazk-
HbIM TIPM3HAKOM TUITMYECKHX MEHMHTHOM. YTpaTa Kak
DAL-1, Tak u mepauna o6uapyzxusaercs B 50% cayua-
eB no6pokadecTBeHHbix Menunruom. /leneuust rena
TSLC-1 (ren cynpeccop omyxoau paxa Aerkux-1), or-
BETCTBEHHbIH 3a CHHTE3 OeAKa, KOTOPbIH B3aHMOJEHCT-
syer ¢ DAL-1 obuapyxxusaerca B 30-85% cayuaen
criopazuyeckux MenuHruoM. Kpome Toro, B maToremese
MEHHHTHOM OTBOJHUTCSI 0C06asi POAb KAETOYHbIM (PaKTO-
paM pocTa (3MuzepMaAbHbIH, HHCYAHHONOZOOHDIH, QU6 -
pobaacTuueckuit u [3-TpombouuTaphbiil (axropnr) [23],
KOTOpble H36BITOYHO CHHTE3UPYIOTCSI B  OIYXOAEBbIX
KAETKaX M CMOCOOCTBYIOT aKTHBHOMY POCTY MEHHHIHOM
3a CYET HEOBACKYAPH3ALIMU H PA3BUTHIO TIEPHU(OKAABHO-
ro oTeKa.

Monekyasipnas reneruxa
saokauectBennbix menunruom (M II/1II)

Oxonro 60% wmenunruom Il cremenu sroxauectsen-
HOCTH MMEIOT TO4YedHble XPOMOCOMHble MyTauuu (uarie
aererun). Boaee toro, 75-90% wmenunruom 111 crenenn
3AOKAQYeCTBEHHOCTH TaKzi€ MMEIOT CXOKHE TOYeqHbIe
xpomocomHble abeppaunu [24]. Myrauuun B 1p u 14q
yJacTkax xpomocoM (rze pacrioAozseHbl TyMOPCYTIpec-
COpHbIE TeHbI) aCCOLMHPYIOTCS C HEGAATOIPHATHBIM KAM-
Huueckum nporsosoM [ 25]. Tlospexxaenus xpomocomnr 1
He SBASIOTCS] OOIIHM FeHEeTHYECKUM MIPU3HAKOM A BCEX
TUITMYECKHX MEHHHTHOM, OHH MOTYT MIpaTbh OTpeeAeH-
HYIO POAb B NIPOTPECCHPOBAHUH 3AOKAYeCTBEHHbIX (OPM
MeHHHTeaAbHbIX omyxoAred [25].

I'en PTEN, pacnoroxennpiit psgoMm ¢ ydacTkom
p23.3 xpomocombr 10 okasbiBaeT MOLIHBIH AHTHOHKOTEH-
ubiii agdexr [26, 27]. poaykrom rena PTEN sapas-
ercst 6eAoK (ocoTHaMAMHO3UTOADOCDAT. B HOpMarb-
HbIX KAETKax JlaHHbIH 6eroK TOPMOBHT
AKT /PKB-BuyTpukAeTouHbIH CHrHaAbHBIH HyTb, KO-
TOPBIA UMeET KAIOYeBOe 3HaYeHHE B PA3BUTHUU He TOABKO
MEHHMHTHOM, HO H JApyrux nepsuunbix omyxoiedr [JHC
[28]. AKT/PKB-nyrp axtusupyer mnporudeparmio
kretok B LIHC, ocobenno ramarbubix kaeTok, smeHzu-
Mbl U KAeTok Menunroteaus [29]. Hecmorps na To, uto
ren PTEN wurpaer poab B matorenese mMHorux omyxoaei
[ITHC, ero Bausinue Ha omyxoAeBblii pOCT MEHMHTHOM CH-
ABHO OTAMY@eTcs. | aK, AAs 706POKaueCTBEHHBIX MEHHH-
ruom (M ) res PTEN umeer ammb BTopocTenenHoe
3HaueHHe, OZHAKO, B PA3BHTHH M IPOTPECCUPOBAHHH
3AOKAQYeCTBEHHbIX (POPM MEHHHTEAAbHbIX OIMyXOAeH OH
UrpaeT nepBooYepesHyio poAb. Jlerermu B xpomocomax
10 u 14 xapakTepHBI AT MEHHHTHOM BbBICOKOH CTENEeHH
3A0OKa4ecTBEHHOCTH. JleAellMH B yKa3aHHBIX XpOMOCOMAaX
HPUBOJSAT K 9KCIIPECCHH I€HOB, AKTUBHUPYIOIIUX OHKOTEH-

Hble BHYTPHKAETOYHbIE KacKasbl, TaKHe Kak W nt-IyTb
(CTNNBI1, CDK5R1, ENC1, CCND1) u IGF-omo-
cpeaosannbie myta (IGF2, IGFBP3, AKT3) [30].
Kpowme Toro, myrauuu renra SUFU, pacriorozkennoro na
10 xpomocome (rokyc 10q24) Takaxe npucymu aTummye-
ckum MeHunruomam |[31]

He-NF2 wmyrauuu onkoreHoB Takxse o6Hapy:keHbI
B MEHHHTHOMAaX Pa3AMYHBIX CTEIeHeH 3AOKa4eCTBEHHO-
cru [31]. Myrauua Glul7Lys B aomene rema AKT-1
(rokarmzauus 14q32.32) aBasieTcs eAMHCTBEHHOH B 1I0-
MYASILIMM  OITyXOAEBbIX KAETOK, He HMEIOIIUX TeHeTH4e-
ckux nospezsgenuit B rene NF2. Takas myrauus npuso-
aut K axtuBaumu npotennkunasbl B (AKT-kunaser),
KoTopas 4ype3MePHO PocpopurnpyeT (PaKTOPbI
AKT/PKB-nytu u Brarouaer ero B pabory. Caeactsu-
€M ITOro SABAsIeTCSl yCHAeHHbIH cunTes YAP, koTopbiii
0/IaBASIET aKTHBHOCTD T1POAIIONTOTHYECKHX T€HOB, aKTH-
BHPyeMbIX rocAe mospexaenus kaerounon JHK [31].
[Tospexaenus rena GADD45A xkoraa-to cuuraruch
BazKHbIM STAllOM TATOreHe3a MEHHHTHOM H APYTHX OIly-
xoreit IJHC. Oguaxo, B Hacrosimee Bpemsi HHUKaKHX
y6eAUTeAbHBIX IOKa3aTeAbCTB ITOTO He OGHAPY?KEHO.
Ocoboe Buumanue yzeasercss reny IMP3, 6eaxosbrit
MPOZYKT KOTOPOTO SIBASIETCS GHOMapKepPOM arpecCHBHO-
cru omyxoau [32]. Myrauuu xpomocombr 9 raasubiv 06-
pa3oM CBsI3aHbI C HHBA3HBHBIM POCTOM MEHHMHTHOM Bbl-
cokoii cremenu 3aokavectsennoctu (M III) [33, 34].
Yrpara kopoTkoro naeda 9-it xpomocombl 06Hapy:KHBa-
ercst B 5% Tunmueckux menunruom, B 18% arumuuecknx
u B 38% cayuae amanaactuueckux memmurmom [35].
[Torepu CDKNZ2A (p16), p14 (ARF), u CDKNZ2B
(p15) npeacraBasizoT cO60H OCHOBHbIE MOBPE:KAECHUA KO-
porkoro naeda 9-i xpomocombr (rokyc 9p21), koropbie
XapaKTepHbI JAS aHAIAACTHYeCKHX MeHuHrHOM [36-39].
['ennr p16, p14 u p15, peryaupytor anontos yepes mozy-
Ao (p14) u nporpeccuio kaetounoro mukAa gepes G1
k S qase (p15 u p16) [40, 41], p14 peryrupyer axtus-
HOCTb OITyXOA€BOTO 6GeAka-cympeccopa pd3 myTem cBs-
spiBanusa ¢ MDM2 u ero unru6uposanus Poab peryas-
topos G1/S-¢pasosoro nepexoza somoansor p53, pl5 u
p16, nmyTem MHrH6MpOBaHUS AKTUBHOCTH LIMKAMH -3aBUCH-
mbix kunas CDK4 u CDKG6 [41]. T'osopst 06 akTusHoO-
CTH TeAOMepasbl, CTOMT OTMeTHTb, uto B 95 Y% cayuaen
ATHIMYECKUX U AHATIAACTHYECKUX (POPM MEHMHTHOM OT-
MeYaeTCsl €e AKTUBHOCTb, HO MEXaHU3Mbl aKTHBALMU TI0-
cAeaHelt 0 cux mop He ussecTHbl [42].

BHyTpl/lKJ\eTO'-lele CHTHaAbHbIE IIYTH
B MEHHHIHOMaX

K nacrosemy Bpemenu usyueno 60AbIoe KOAHYECT-
BO BHYTPHKAETOYHBIX CHTHAA-TPAHCAYKTOPHBIX CHCTEM
(puc. 2), xoTopble aKTUBHPYIOTCS Pa3AHYHBIMH T€HETH-
YeCKMMH (DAKTOPaMH M TPUBOJAT K Pa3BUTHIO IMepPBHY-
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ubix omyxoredt LJHC, B Tom uncre u menunrunom. Ha-
npumep, pRb/p53-curnarbupiii myTs oTBedaer 3a pocT
OIyXOAEBOTO y3Aa M Mepexo/ A06p0KauyecTBeHHbIX (OPM
MEHHHTHOM B aTHITHYeCKHe H/HAM aHanAacTHYecKHe. | e-
uor pl6 (INK4a), p15 (INK4b), u p14 (ARF), kax
yase 6bINO CKa3aHO, SIBASIOTCS MOZYAATOPAMH CHMTHAAb-
HbIX IyTeld U 06ecIleuMBaIOT MPOYHYIO CBsA3b Geaka Rb
(pRb) ¢ tpanckpunmonnbmvm paxropom E2F [43]. [1pu
MyTalMsX B yKasaHHbIX reHax, gpaktop E2F ocsobozkza-
ercs oT uHrubupytomero sausinus pRb, 4to conposozx-
aaetcsi TepexozoM KaetouHoro mukia B G1/S-gasy
[44]. Ten p53 obrazaeT BbIpazkeHHOH AHTHOHKOIEHHOH
AKTHBHOCTBIO 3a CYeT HECKOABKHX MEXaHH3MOB: TOPMO-
KeHUsI KAETOYHOTO LIHKAQ, perapaiuu kaetounoi JHK,
MH/yKLIMM arlonTo3a, a TaKie 3a CYeT UHTHOHPYIONIEro
Bausiust Ha pRb/p53-curnarbubiii myts. [locae Toro,
KaK IOBDBIIAETCS PETyASLMs IKCIPECCHM IMKAMHa D)
(Hanpumep, NMPHM MHTOT€HHOH CTHMYASIIMH) OH CBSI3bIBa-
ercsi ¢ CDK4 uau CDK6 u gocpopurupyer pRb, uro
MHZYLIHPYeT BbicBobozsaenue aktuHoro E2F (akropa,
M B KOHEYHOM HTOTE MPUBOJAMT K TPAHCKPHUIIIMH TeHOB,
KOTOpble HMEIOT pellaiollee 3HAaUeHHe ZAS Mepexoza U3
G1/S-pasy.I'ennt p16 u pl15 npeaorepamaror nepexoz
B S-pasy mnyrem wunrubuposanus CDK4/uukaun D
xommaekca [45]. B cBowo ouepeap, p53 nytb zelictByer
Kak uHrH6HTOp 0obpaTHOM cBsisu pRb/p53-mytu, unzy-
LMPYs TOPMOKEHHE KAETOYHOTO IIMKAA, BOCCTAHOBAEHHE
JHK u anontos B cAyuae anHoMaAbHOH aKTHBaUMu
pRb/p53-nytu. Ilyts pRb/p53 paboraer uepes pl4.
Boicsoboxsaenne (axropa Tpanckpunuun FE2F, caexy-
romero 3a pRb qocdopurnposanuem, Tax:xe uHAYIHPY-
et TpaHckpummio pl4, 4TO CrMOCO6CTBYET aKTHBHOCTH
p53 3a cuer orpunareabroi peryasuua MDM2 (murine
double minute 2 protein) nporoonxorenos. /ucperyas-
M5l 3TUX ABYX MyTeld B MEHHHTMOMaX BbICOKOH CTereHH
3AOKAQYeCTBEHHOCTH YacTO acCCOLMUPYETCsl ¢ MoTepei
p16, p15 u pl4, ycurenmem mporudepany KAETOK U
nporpeccuposanus onyxoau [46].

HeManoBazkHbIM KAETOYHBIM CHTHAABHBIM ITyTEM SIB-
asercst Hh-nytp (hedgehog), umerommit B coem apce-
Hare 60AbmIoe KoAmdecTBo reHos. | enpt Hh-mytu orse-
YalOT 3a TaKHe BarkHEHIMe KAETOYHbIE MPOLECChl, Kak
POCT U TIPOAM]EpalIHsl, aHTHOTeHes, MaTPHYHOE PEMOJE-
AHpOBaHMe M ToAzep2kaHue roMeoctasa. Pabora Hh-my-
TH BbITAAAUT caeaytomum obpasom. Hh-renbr skcnpec-
cupyIOT 6eAKH, MozaBasiomue aktuHocTh rena PTCH.
B cBoro ouepeap ren PTCH axrusupyer pabory Tpac-
membpannoro CMO-6eaka, 4TO MPUBOAMT K pearsa-
1uu Kaetousoro curHana u cuntesy GLI-tpanckpurmu-
ounbix  gaxropos (GLI1, GLIZ u GLI3) [47].
Notch-BayTpukaerounbiii kackaz npeacTaBasieT co60l
OCHOBHOM MyTb Iepe/lauu CHTHAAOB OT LIMTONAA3MaTHYe-
CKOH MeM6paHbl K KAETOYHOMY $/Ipy € TIOMOIIBIO LIEAOTO

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

Hapy:KeHa TMPaKTHYECKH BO BCEX TUIIAX MEHUHIeaAbHbIX
ONMyXoAeHl M 4acTO COMpszKeHa C KO3KCIIpeccued Jag-
ged-Auranza, Notchl u Notch2 [40].
TLEZ2/TLE3-curnarbubiii myTh 06AaaeT aKTHBHPYIO-
muM BAMsiHMEeM Ha Split-rpymnmy kopenpeccopos, KOTO-
poie moayaupytor HES1. Tlocaeanue wuccaezosanus
y6eauTeAbHO [0KAa3aAM, YTO AAHHBIA CUTHAAbHBIH IIyTh
HrpaeT CyIEeCTBEHHYIO POAb B Pa3BUTHH MEHHHTHOM Bbl-
cokoi crenenu 3aokadectsenHoctH [48]. Laurendeau u
coasT. [49] npoanarusuposaru axcrpeccuo MPHK me-
HuHTHOM B 32 06pasuax reHos, oTHocsmuxca Kk Hh-mytu
1 06Hapy:KMAM TOBbIIIeHHble YpoBHU 16 reHoB, yuacTBy-
romux B aktuBauu Hh-nytu (takwme, kax GLI1, GLIZ,
CMO, FOXMI1, IGF2 u SPP1) u pocre xaetok, a
TaK:ke yMEHbIIEHHH 3KCIIPECCHH / TeHOB, Y4aCTBYIOIIUX
B unrubuposanuu Hh-nytu. Jaa nexortopbix renos xa-
paKTEePHbI pPasAUYHbIE TIPOPUAU DKCIPECCHU TIPH OITYXO-
ASIX Pa3AMYHOTO THCTOAOTHYecKoro Tuma. [VIHorue aBTo-
pbI TIPEATIOAATAIOT, YTO PE3KO M3MEHEHHbIE MPOPUAU Ha
PaHHMX CTaZHUsIX OHKOreHes3a CIOCOOCTBYIOT MPOTPECCHH
U TpaHC(OPMAlIMU B GOAee 3AOKA4ECTBEHHbIE (DOPMBIL.

PIBK/Akt  (pocpaTuauaunosuTor-3-kuHasa) u
MAPK  (murorenaktuBupoBaHHasi —HPOTEMHKHHA3a)
BHYTPUKAETOYHbIE CHTHAAbHbIE yTH — 3TO /JiBa CAOK-
HbIX KacKaza, KOTOpble aKTHBHbI BO MHOTHX THCTOAOTH-
yeckux (popMax MeHuHTHOM. VImenno yepes ganmbIe my-
TH OCYILECTBASIETCS POCT M MPOIPECCHsT OMyXOAEBOH TKa-
HH, 3a CYET JeHCTBHsl KAETOYHbIX (paKTOpPOB pocTa. Ak-
tuBaiua PI3K-kackaza Beger k Akt docdopurupona-
HHUIO, 4TO comnpoBozkaaercs: Bkarodenrem m | OR-curna-
ABHOTO TMyTH PEryAHPYIOLIEro MHOTHE IPOLECcChl B OIy-
XOAEBBIX KAETKaX MAekomuTaromux. CTOUT OTMETHTD,
YTO BBICOKHE YPOBHH (POCHOPHAHPOBAHHOIO Akt XapakK-~
TEePHBI JAA 3BAOKAYECTBEHHbIX (OPM MEHHHTEAAbHbIX
onyxored (M II/III) [50]. Cumxenune axrusHOCTH
MAPK B MeHuHTHOMaX acCOLMUPOBAHO C BHICOKHM pPH-
CKOM HX PeLHIMBHPOBAHHs, a POCT OMyXOAEBOTO y3Aa
6oabmre cesasan ¢ PI3K/Akt-kaeTounbmm  kackazom.
PI3K npeacrapasior cob0oii cemeHCTBO BHYTPHKAETOY-
HbIX CHTHAA-TIPe06pasoBaTEAbHbIX (DEPMEHTOB, KOTOPbIE
(POCPOPUAMPYIOT HHO3UT(OCHOAMTHABL. B pesyabrate
BKAtouenus B paboty PI3K mpoucxoaut pocopurnpo-
anue u axruagus PKB/Akt u Brocaegersun p7056K,
KOTOpbIE SBASIOTCS KAIOUEBBIMH (DAKTOPAMH CTHMYASILIMH
kaetoudoro pocra [51, 52]. HeazaBuue wnccaezosanus
nokasaau, 4yto axtusupoBanHble MyTauun AK'T Takae
umeroT mMecto B noarpymne Menunraom. MAPK asas-
I0TCA BHYTPUKACTOYHBIMH CEPHH / TPEOHHH- CIIeL(pHye-
CKHUMHU TIPOTEHHKHHA3aMH, KOTOPblE aKTHBHPYIOTCS BHE-
KAETOYHbIMH CTHMYAAQMH, 4TO HPUBOJAMT K TOCAEJ0BaTe-
AbHOH aKTHBALMH KHHA3HOTO KacKaZla, HHHIIMHPOBAHHOTO
Ras-, Raf-1-, MEK-1-, MAPK- u ERK-nyrsamu, ko-
TOpbIE B MOCAECTBHH aKTUBUPYIOT (DAKTOPbI TPAHCKPHIT-
uuu B azpe [53].
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WNT/B-kaTenun — BHYTPUKAETOYHBIA MyTb, KO-
TOPOMY TaK:ke MPUAIOT BazKHOE 3HAUYEHHE B MaTOTeHese
MeHUHTHOM. B 6eAkax ZaHHOrO BHYTPHKAETOYHOTO Kac-
kaza obHapy:xenbl MyTauuu resa APC (adenomatous
polyposis coli) u E-kagrepuna. [Tokasano, uro ara 106-
POKA4eCTBEHHBIX (DOPM MEHHHTHOM, B OTAUYHE OT 3AOKa-
yecTBeHHbIX, xapakTepHa aeretusa APC [54]. Oanaxo,
yrpara resa CDH1, koaupyromiero cuares mem6pansoro
6erka E-xaarepuna — xapakrtepHa aas 60AbIIMHCTBA
3A0Ka4eCTBEHHDBIX ()OPM MEHHHTeaAbHbIX omyxoaed [54].
Janubiit pakt ob6bsicuserca Tem, uto rer CDH1 umeer
MOTEHIHAAbHYIO CYIPECCOPHYIO POAb B KAETOUHOH MHBa-
3MHM, TaK Kak F.-KagrepuH BbIMOAHSET (DYHKIMIO KOHTPO-
ASl PETYAMPOBKH MEKKAETOYHOH aAre3suH M T10ZBHKHOC-
. [lpu aerenuu rema CDH1 , wapymaercs cunres
6eaka E-kaarepuna u kak caescTBue KAeTKa yTpauuBaeT
CIIOCOBHOCTD K Me*KKAeTOuHOH aaresu. | [pu srokagect-
BEHHbIX OIYXOAsIX, B TOM YHUCAE M TPH MEHHHIHOMAax
[I-III cremenu sTOT MexaHHM3M SBASIETCS KAIOYEBbIM
B ZU(P(PY3HOM POCTE U METACTA3HPOBAHHH OILyXOAEBOH
tkanu [55]. I'en APC B kaeTke peryAupyeT akTHBHOCTD
WNT /B-kaTennnosoro xackaza u TeM caMbIM BbITOA-
HET TYMOPCYIIPECCOPHYIO (yHKLHMIO, a F.-kaarepun
B CBOIO OYepe/ib 3HAYUMO CHHKAET OITyXOAEBYIO HHBA3HIO
u poct [56].

MaxTopb! KAETOUHOTO PoCTa 3aHUMAIOT OCO60E MECTO
B pasBUTUM MeHMHTHOM. B Hacrosimee Bpemst 60AbIIOE
BHUMAaHHe yZAeAsieTcs (JaKTOPy POCTa SHAOTEAHs COCY/IOB
A (VEGF A), xotopbiii Tak:e HasbiBaeTcsi (paKTOPOM
cocyaucroit nponumaemocty. Jlokasano, yro mPHK
VEGF A skcnpeccupyercss KAeTKaMM  MEHMHTHOMBI
[57]. Cuuraerca, uro VEGF A sBasercs xarouesbiM
PETYASTOPOM aHTHOTeHe3a W (POPMHPOBAHHUsL TIEPUTYMO-
posnoro oteka [57]. Mccaegosanus nokasaau, uro akc-
npeccuss mPHK VEGF A mozxxer xoppeauposats ¢ Ba-
ckyAsipusanmedi Menunruombl. OzHako, TpU ompezee-
uuu 6eaxosbix ypoueit VEGFE A B cpasaureabno 60-
ABIIIOM YHCAE MEHHHTHOM He YZAAOCh MOATBEP/UTb CBS-
3M CO CTEIeHbIO BACKYASPH3AlIHH, KOTOpasi, B OTAHYHE OT
TAMOM He KOPPEAUPYET CO CTENEHbI0 3A0KA4YeCTBEHHOCTH.
Tem ne menee, yposuu VEGFEF A 6biau nosbiutens
B aTUITMYECKHUX MEHHHIHOMAaX MPH CPaBHEHUHU C Z06pOKa-
yecTBeHHbIMH. HezaBHee HccaezoBaHHMe TOKa3an0 KOp-
peasimio Mexkzy axcrpeccuer 6eaxka VEGE A u peru-
auBamu 106pokadecTBeHHbix MenunruoM [58]. Awnanu-
3UPYIOTCS U ApyrHe GakTopbl pocta, BKkAodas VEGE B,
MAALIEHTapHbIA (PaKTOP POCTa, (PAaKTOP POCTA TeraTOLH-
TOB U (aktop pocta pubpobracto 2. Oanaxo, 10 cux
0P He GbIAO YCTAaHOBAEHO HYETKOH KOPPEAALMH MEK/y
KaKUM-AH60 U3 3THX (JAKTOPOB U aHTHOTEHE30M HAH CTe-
IeHbIO 3AOKAaYeCTBEHHOCTH MeHMHTHOMbL. Poab apyrux
(PaKTOPOB poOCTa (QHPI;l,epMaJ\bHOFO, TpaHC(HOoPMHPYIOLIIEe-~
o, MHCYAHHOIOZOGHOTO M /p.) TPOTUBOPEYHBA U MAAO
usyyena. O1HaKO UBBECTHO, YTO PEIIENTOPbI SITHAEpMa-

abHoro gaxtopa pocta (EGFR) yuacteytor B 3nrokave-
CTBEHHOH TPaHCQPOPMALMH MEHHHTOTEAMOLMTOB, JKCII-
peccusi TpaHcopMHUpYyIOIIEro pakTopa pocTa-f} B Kaet-
Kax MEHMHTHOMbI aCCOILIMHPOBAHA C €€ MPOTrPecCHPOBAHH-

em [59].

Conpemem—lble BO3MOZKHOCTH Tapl‘eTHOﬁ TE€PpAIIHH
MEHHHI'HOM

M=uorue uccAezoBaHUs IPOAHAHM CBET Ha TIOHHMaHHe
MOAEKYAPHOH GHOAOTHH M TIaTOTeHe3a Pa3AMYHbBIX 3A0-
kagectennbix omyxoaeit [JHC, B wactHocTH ranom BbI-
COKOH CTereHH 3AOKaueCTBEHHOCTH, B TO BPeMs Kak
0 MOAEKYASIDHBIX MeXaHM3MaX PasBUTHs MEHHHTHOM H3-
BECTHO HeMHOTO. BbICOKHIT ypOoBeHb 9KCIIPECCHH pasAMY-
HBIX KAETOYHbIX (PAKTOPOB POCTA, UX PELIeNTOPOB, a TaK-
»Ke aKTHBAaLMsA PsAZla BHYTPUKAETOUHBIX CHUIHAAbHBIX ITy-
Tell B OIyXOAEBBIX KAETKaX — HrPalOT 3HAYHTEAbBHYIO
POAb B pasBuUTHH MeHHHTHOM. /JlAst 60AbIIeH yacTH maiu-
€HTOB C THIIMYECKUMH W ATUIIHYECKUMH MEHHHTHOMAMH,
XMPYPIHUsl, paIHOTEPAIUs U CTepeoTaKCHYeCKas paJHOXH-
PYPrHs IBASIIOTCS BeCcbMa 3(P(EeKTHBHbIMH METOZAMH Ae-
genus [60]. Oznaxo, aAa NaLHEHTOB ¢ aHANAACTHYECKH-
MH (POPMaMH MEHHHTHOM XapaKTepeH BbICOKHH IMPOLEHT
PELMZMBA, YTO CBA3aHO C HEOAArOIPHUATHBIM MPOTHO30M.
A 1oToMy HOHCK aAbTepHATHBHBIX METOZOB ACUEHHS JAS
JaHHOH TIPYNITbl MALMEHTOB SBASETCS aKTyaAbHOH Mpo6-
Aemoit [60, 61].

Ha cerogusmmuii zenb xumuoTepaneBTHYeCKOe Aede-
HHe NIPY MEHMHTHOMAaX HOCHT OTPaHMYeHHbIH XapakKTep.
ZJlaHHble MyAbTHLIEHTPOBBIX KAHHHYECKHX HCCAEZOBAHHUT
YKasbIBaIOT Ha TO, YTO GOABIIHHCTBO XMMHOTEpaIleBTHYe -
CKHX TIpernapaToB MMeIOT MMHHMAAbHYIO HPOTHBOOITYXO-
A€BYI0 aKTHBHOCTb B OTHOLIEHHH MeHMHTHMoM. Psz uc-

pRb/p53-
CUMrHanbHbI
nnNyTh

Hh-nyTs WNT/B-
(hedgehog)

KaTeHUMHOBbIW
Kackan

Notch-
BHYTPUKNETO
YHbIW Kackagn

PISK/Akt »
MAPK-
Kackagwbl

Puc. 2. OCHOBHble BHYTPUK/IETOYHbIE CUrHasbHbIE NYTWU, CBA3AHHbIE
C pa3BuTneM MeHuHrom [no Arabinda et al., 2014].
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CA€/I0BaHHH OTMEYalOT PasAHMYHbIE MO AAHTEABHOCTH Iie-
puozbI cTabuansanuu ormyxoaesoro pocta [62]. Oznako
CAOKHO PACLIEHHTDb 3TO KaK yAydllleHHe, Tak Kak Z06po-
KauecTBeHHble (POPMbI MEHHHTHOM PACTYT FOZAMH U MO-
IYT 6bITb CTaGUABHBIMH B T€YeHHe JAUTEABHOTO Mepuo/a
BpEMEHH.

Takue npenapatbl, kak zakapbasuH U azpPUAMHIIUH,
o6.AazaonIue MPOTHBOOIYXOAEBOH aKTHBHOCTBIO B OTHO-
IIEHUH psiZia OMyXOAeH MSTKHUX TKaHed He TOKasaAH
YZOBAETBOPUTEADHBIX PE3YABTATOB Y HOABHBIX C MEHHH-
ruomamu [63]. Ilpenapatbr ruapoxcumoueBHHbI, ocTa-
HaBAHMBAIOIIHE POCT KAETOK B S-(pase KAETOYHOTO LIMKAA
¥ BbI3bIBAIOIIHME aTlONTO3, 0OECIIEYUAH YMEHbIIIEHHE Pa3-
MepOB OIYXOAH y MAlMEHTOB C PELUAWBHPYIOIMMH 7106-
POKa4yeCTBEHHbIMH MeHMHTrHoMaMH. Habarogarcs oaun
cAydait 6es3pelMAMBHOTO Tepuoza B Tedenue 24 mec.
y 6OABHOrO C MOAHOCTbIO PE3EIHPOBAHHON 3AOKAYeCT-
BEHHOH MEHHHTHOMOH. Doiee Mo3gHME HCCAeZOBaHHS
MOKa3aAH, YTO THAPOKCHMOYEBMHA 0OAAZIaeT yMepeHHOH
AKTHBHOCTBIO C PEJIKUMH OTBETaMH Ha TEPAIIUIO, HO Y He-
KOTOPBIX MAallMEHTOB MPOHCXOAHT CTAOMAM3ALMS POCTa
menunriombl [64]. Temosoramua — arkuaupyromuii
areHT, BAMSIIOIIMA Ha POCT 3AOKAQYECTBEHHDbIX TAMOM, He
OKa3bIBaeT 3HAYUTEABHOTO 3(P(QEKTa Ha MEHHHTHOMbI.
[lpu wuccregoBanum wuHru6uTopa TOMOM3OMEpaAsbl —
HPUHOTEKAaHa,  BbUSIBAGHbI ~ TOKCHYECKHE  (PMEKThI
y 16 nmauuenTos ¢ 106poKkauecTBEHHBIMH MEHHHTHOMAMH,
HO aKTHBHOCTb B OTHOIIEHHH POCTa MEHMHTHOM OTCYTCT-
BoBara [65, 66]. [IposoasaTca ucnbrranus ueroro psza
LIUTOTOKCHYECKUX TPerapaToB B OTHONIEHMM CapKOM H
APYTHX CHCTEMHbIX OITyXOAeH, BO3MOKHO, YTO HEKOTO-
pble U3 HHUX OKamKyTCsl 3()PEKTUBHbIMH M B OTHOIIEHHH
MEHHHTHOM.

[Ipeamnonaraercsi, uto mpenapaT UMaTHHHOG Me3HAAT
06.Aa1aeT TIPOTUBOOIYXOAEBbIM JI€HCTBHEM B OTHOIIEHHH
PELMAMBUPYIOIIUX MEHHHTHOM. |aK, B HCCAeJOBaHHH
NABTC 01-08 us 19 nauuenTos, oTBeT KOTOPbIX MOz~
HO 6bin0 ouenutb, y 10 6pIA oTMewen pernmzus,
B OCTaAbHbIX 9 cAy4asix poCT OIMYXOAM CTaGHAMBHPOBAA-
csa. Pentrenorpaguyeckux 0TBeTOB He HabAIOAAOCD.
Murepec Tak:xe npezacraBaser BosMo:kHass KOMOGHHALIHs
ZlaHHOTO TIperapaTa C TpernapaTamMd I'HPOKCUMOYEBHHbI
[67].

Murubutoppr anruorenesa okasbIBalOT MPSMOE MPO-
TUBOOITYXOAEBOE BO3ZEHCTBHE, 06ECIIEYHBAIOT PaIUOCEH-
CUOUAMBALMIO SHOTEAHAABHBIX KAETOK U TOBPE:K/eHHe
COCYZIMCTOH CETH OMYyXOAH. 3a CYET PeAYKLHH COCYZH-
CTOTO pyCAa OIMYyXOAEBOIO y3Aa IPOMCXOAMT CHHKEHHE
MHTEPCTULIMAADHOTO /IaBAEHHSI U YAy4llleHHe OKCHIeHa-
UMM OKPY2KalOILIEro BellecTBa TOAOBHOro Mosra |68,
69]. Cheuuduueckumu HHrHOUTOPAMH —aHIHOTeHe3a
C TOTEHIIHAAbHBIM PaJHOCEHCHOUAUBUPYIOMINM d(PPeK-
ToM siBAsitoTcs BauzeTunu6 — wunruburop VEGEFR u

EGFR; Batarann6 — unruéurop VEGFR u PDGFR;

susactaypun — unruburop PKC-b2 u PI3K/Akt; u
6eBalu3yMab — MOHOKAOHAAbHOE AHTHTEAO IIPOTUB
VEGEF [70]. PerpocnexTuBHbIH aHAAN3 HCIIOAb30BAHHS
6eBanusyMaba y MALMEHTOB C PEMAMBHPYIOIIMMH / IPO-
IPECCHPYIONMMHU MEHHHTHOMAMH, MPOBE/IeHHbIH Ha Gase
YuuBepcurerckoro  meauumnckoro  uenrtpa  /lproka
(CILA), mnokasar, uro 6GeBauusymab, HCIIOAb3YebIH
B Ka4yecTBe MOHOTEePAITHH HAH B KOMOHHAIIMH C XUMHOTE-
pareBTHYECKUMHU TIperapaTamMy, ob6AazaeT BblparKeHHOH
POTUBOOIYXOAEBOH aKTHBHOCTDBIO M 6€30MaceH ZAS IMa-
nuentos [71]. Tem He menee, pesyAbTaThl gaHHOrO HC-
CA€/I0BaHMsI OIpaHUYeHbl HEGOABIIUM YHCAOM TALIMEHTOB
M PETPOCTIEKTUBHbIM XapaKTepPOM aHAAM3a.

Kak yzxe 6bin0 oTMeueHo panee, aedeKTbl B Mexa-
HH3Max MPOTPAMMHUPOBAHHOH KAETOYHOH CMEPTH HMEIOT
GOADIIIOE 3HAYEHHE B OITYyXOAEBOM MATOTEHE3E H YCTOHYH-
BOCTH K TPOTHBOOMyXoAeBoi Tepamuu. [Voayasuus
arionTo3a MO2KeT MPOMCXOAMTh 3a CUYET HHIHOMPOBAHMS
takux curHaibubix myTed, kak Akt u MAPK, uau za
CYeT HHAYKLIUH arloITo3a. 3(p(peKTI/IBHOCTb TaKHX IIpera-
paTOB, KaKk MOHOKAOHaAbHble aHTHTeAa K | RAIL-pe-
1IeNITOpaM — OLIEHHBAIOTCSI B KauecTBe MOHOTEpANuM H
B KOMOMHAIIMU C XMMHOTepalleBTUYECKHMH TpenapaTaMH
[72]. B paspa6oTke HaxozsTcst 9HZOreHHbIE CYTIPECCOPDI
aronTo3a — OHH TPEJACTAaBAAIOT CO60H MepCreKTUBHbIH
KAACC TPENapaToB € MPOTHBOOIYXOAEBOH aKTUBHOCTBIO U
MOTYT CTaTb ZOTIOAHEHHEM He TOABKO K CTaHZAPTHOH LIH-
TOTOKCHYECKOH Teparuu, HO U K JPyTHM TapreTHbIM MO-
AeKyAdpHBIM Tipenapatam [73].

3awuoqeﬂne

Takum 06pasom, AAT MEHMHTHOM HPHUCYII IMIHPOKHH
CIIEKTP MOAEKYASIDHO-TeHETUYECKHX TOBPezi/IeHHH, KO-
TOpPbIE TPOSIBASIIOTCSI MIOTEPEH UAM MIPHOOPETEHHEM TeHe-
THYECKOTO MaTepHaAa C MOCAEAYIOIIUM PasBHTHEM OITy-
x0AeBoro mpotecca. B nporecce omyxoaeBoii mporpeccuu
AKTUBHPYIOTCS Pa3AMYHbIE KAETOUHbIE CHTHAAbHbIE TTYTH.
[Tperkae Bcero, A MEHMHIHOM XapaKTepHO HapyIIEHHe
pa6oter pRb/p53-, Hh- u WNT /p-karenun curnarn-
HbIX MyTeH, OTBEYAIOIIMX 3a PETYAALMIO KAETOYHOTO
1MKAa U anontos. Kpome Toro, B maToreHes MeHHHIHOM
BOBAEYEHbI KaCKaZbl, CBSI3aHHbIE C PELETITOPAMH Pa3AHY-
ubix (axropos pocra (VEGFEF A, EGF, TGF, IGF u
ap.). OHu BbI3BIBAIOT MHOrOYHCACHHbIE 3(PEKTbl, Ha-
TIpaBAEHHbIE HAa YCHAEHHE TIPOAH(Eepallii, HHBAa3HH H He-
oBackyAsipusanuu. Vcroabsosanue HoBefimel TexHOAO-
ruu Cre-peKoM6HHA3HI TO3BOAUT OTKPbITb BO3MOZKHOCTH
ZASL MCCAEZIOBaHMSI MEHHHIeaAbHbIX OfyxoAeH. | eHoTH-
MHPOBaHKe TAlMEHTOB ¢ MEHHHTHOMAMH MOKET TaK rKe
HMeTb 3Ha4YeHHe B JAU(PdepeHIMpPOBaHHOM MoA60pe Ma-
IIMEHTOB /Sl y4acCTHsl B KAMHHYECKHX MCIIbITAHHSX Tap-
reTHbIX TIperapaToB. DHOAOTHYECKHE acTeKTbl pasBHTHUs
MEHHHTHOM SIBASIOTCSL TIPHOPHTETHbIM —HarpaBAEHHEM
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B H3YYEHHH MEXaHHW3MOB [aTOreHe3a JAaHHOM TPYIIIbl U
MOUCKE MUIIIEHEH ZIASl TAPTETHOU TEPAIMU C YYE€TOM MO-
AEKYASIPHO-TEeHETHYECKUX MOBPEKACHUH. SHAYUTEeAbHbIH
Iporpecc B ZIAaHHOM HAaIpaBAE€HUH IPUOAMKAeT Hac Ko
BPEMEHH, KOT/la TapreTHOE BO3JEHCTBHE HA MOAEKYASIP-
Hble 3BeHbsl Pa3BUTHs He TOABKO MEHHHIHMOM, HO U ApY-
rux nepsuunbix onyxoaed [ IHC nossoast zobutbes cy-
II[ECTBEHHOTO YBEAHYEHHs] BbI2KMBAa€MOCTH MAllHEHTOB.
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