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Pestome. HecmoTps Ha peaKyo BCTpe4aeMoCTb, OMyXOMnn NO3BOHOYHWKA NPeACcTaBNAT cepbesHyto npobnemy ans
3APaBOOXPaHEHMS N0 NPUYMHE COXHOCTU UX ANArHOCTUKM U NeYveHns. HoBoobpa3oBaHMs N03BOHOYHOrO cTonba B
3aBUCUMOCTM OT NPOUCXOXAEHNS NOAPA3AENAOTCA Ha NePBUYHbIE U BTOPUYHBIE ONYX0NK, Unn MetacTtassbl. Cpeam
NepBUYHbIX OMyxorner 60MbLION MHTePEeC Bbi3biBAET OCTEOCAPKOMa, KOTopas NpeacTaBnsaeT cobon 3roka4yecTBEHHYHO
OCTEOTreHHYI0 ONyX0sib, COCTOALLYI0 U3 HEOMMACTUYECKUX KIETOK, KOTOpble NpoayLmpyoT octeond. OcTeocapkoma
NO3BOHOYHUKA pPa3BWUBaeTCs AOBOSIbHO peaKo, O4HAKO XapakTepu3yeTCs BbICOKON CTENEHbIO 3110Ka4eCTBEHHOCTH,
MECTHOWN arpeCcCcUBHOCTBIO, CKIIOHHOCTBIO K MeTacTa3upoBaHuIo, a Takxe ANUTeNbHbIM aCUMMTOMHbIM TEYEHUEM.
lMporHo3 npu octeocapkoMe NO3BOHOYHIMKA OCTAETCA KpaHe HebnaronpusTHbIM. Bce 370 roBopUT 0 He0bX0AMMOCTH
pa3paboTkn HOBbIX METOLOB U CXeM Tepanuu ocTeocapkoMbl. OOHUM U3 NepPCNeKTUBHbBIX HanpaBneHnn SBngeTcs
pa3paboTka npenapaToB, BO3AENCTBYOWMX HA BHYTPUKNETOYHbIA curHanbHbii nyTb mTOR. mTOR npegcraenset
coboi cepuH / TPEOHWMHOBYIO NPOTEMHKIMHASY, KOTOpas 06pasyeT KaTanuTUYeckyto cybbeanHuLy ABYX pasnuyHbixX
GenkoBbix komnnekcos: MTORC1 n mTORC2. YcTaHOBNEHO, YTO AaHHbIA CUTHAMbHbIA NyTb PerynupyeT npoLecchl
KU3HeLesATeNbHOCTW KNETKN U BCero opraHnama Ha rnybovaniiem ypoeHe. Ero runepaktusaums urpaet 6onbLuyio
POfib B KaHLeporeHe3e, B TOM YuCre B NaTOreHe3e 0CTe0CapkoMbl. B €BA3W ¢ 3TUM BbIno npeaiokeHo MCNonb3oBaTh
npenaparbl, BNusowme Ha curHanbHbin nyTs mTOR, Ans ee Tepanuu. K Takum npenapaTtam OTHOCATCS: panaMuLyH,
3BEpONMMYC, TEeMCUPONUMYC, kaTanuTtuyeckue nHrnbutopbl mTOR (MLNO128 n PP242), mukpo-PHK (miR-223 n miR-
101), oneaHonoBas KucnoTa, cnayTuH-1, meTdopmuH 1 T.4. MNpeanaraeTcs KOMBMHMPOBATL AaHHbIE Npenapartsl ¢
Krnaccumyeckon xumuoTtepanuen ana JOCTUXKEHUS NYULWMX pe3ynsTaToB B fIEYeHUN 0CTeocapkoMbl. B HacTosALWwmiA
MOMEHT Heobxoaum noabop paLMoHanbHbIX COYETaHUA 1 4O3MPOBOK NPenapaTos.

KntoyeBble cnoBa: octeocapkoMa no3BOHOYHMKA, curHanbHbii nyTb MTOR, mTORC1, mTORC2, panamuuuH,
WHrMBUTOPBLI ayTodharun, MeThopMmH, kaTanuTudeckue nHrnbutopsl mTOR, PP242, knaccudukalims HoBoobpasoBaHuit
NO3BOHOYHMKA
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Abstract. Despite their rare occurrence, spinal tumors pose a serious problem for public health due to the difficulty of
their diagnosis and treatment. Neoplasms of the spine are divided into primary and secondary tumors (metastases) by
origin. Osteosarcoma is of great interest among primary tumors. Osteosarcoma is a malignant osteogenic tumor consisting
of neoplastic cells that produce osteoid. Osteosarcoma of the spine develops quite rarely, however, it is characterized by
a high degree of malignancy, local aggressiveness, a tendency to metastasis, as well as a long asymptomatic course.
The prognosis for osteosarcoma of the spine remains extremely unfavorable. All this indicates the need to develop new
methods and treatment regimens for osteosarcoma. One of the promising areas is the development of drugs that affect
the intracellular signaling pathway mTOR. mTOR is a serine/threonine protein kinase that forms a catalytic subunit of
two different protein complexes: mTORC1 and mTORC2. It has been established that this signaling pathway regulates
the processes of vital activity of the cell and the entire organism at the deepest level. Its hyperactivation plays an
important role in carcinogenesis, including in the pathogenesis of osteosarcoma. In this regard, it was proposed to use
drugs that affect the mTOR signaling pathway for its therapy. Such drugs include: rapamycin, everolimus, temsirolimus,
catalytic inhibitors of mTOR (MLN0128 and PP242), micro-RNA (miR-223 and miR-101), oleanolic acid, spautin-1,
metformin and so on. It is proposed to combine these drugs with classical chemotherapy to achieve better results in
the treatment of osteosarcoma. At the moment, it is necessary to select rational combinations and dosages of drugs.

Keywords: osteosarcoma of the spine, mTOR signaling pathway, mTORC1, mTORC2, rapamycin, autophagy inhibitors,
metformin, catalytic inhibitors of mTOR, PP242, classification of spinal neoplasms
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AKTYAIIbHOCTb

CepbesHoit npobnemoit ans 3apaBoOXpaHEHNs OCTAKTCS Ony-
XOMnM MO3BOHOYHWKA, KOTOpblE, HECMOTPS Ha PEAKYl BCTpevae-
MOCTb, XapaKTepuayloTCs KpanHen CNOXHOCTbLIO UX AWNarHOCTUKK 1
neyeHus. Tak, HOBOOBPa30BaHWs MO3BOHOYHOTO CTONGA EXErofHo
AnarHoctupytotes B 2,5-8,5 criyyaes Ha 100 Tbic. HaceneHns, 4To,
€CTECTBEHHO, 3HAYUTENBHO PEXe, YeM JereHepaTMBHO-AUCTPOdH-
yeckue 3abonesaHus u Tpasmbl [1, 2]. B cBS3n ¢ 3TUM cneumranu-
CTbl 334aCTYI0 HE PacCMaTPUBAIOT X Kak BO3MOXHYIO MPUYMHY 06-
palLieHns naupeHTa. Takas He[oCTaToYHas OHKOHACTOPOXEHHOCTb
MOXET MPWUBOANTL K OTCPOYEHHOM MOCTAHOBKE MPaBWIbHOTO Aua-
rHO3a 11, COOTBETCTBEHHO, k Gonee nosgHemy Havany Tepanim [1].

OCHOBHbIM MeTOZOM NeyeHnst HoBOOOpa3oBaHW MO3BOHOY-
HWKa OCTaeTCs OnepaTMBHOE BMELIATENbCTBO, NPU NOATBEPXKAE-
HWW 310Ka4eCTBEHHOCTM OMYXONK LOMOMHAEMOE XUMUO- U fyye-
BoW Tepanweit [3, 4]. CnoxHoe aHaTOMUYECKOE CTPOEHIE AaHHOM
obnactv TpebyeT 0T ONEPUPYIOLLEro Bpaya Hanuumus 3HaHui He
TOMbKO B 0651aCTV TPABMATONOMM U OPTOMEANMU, HO U B 0bnacTy
HEeMpOXMpYprum, HEBPOMOTMM, OHKOMOTWKW 1 T.4. CMeXHbLIM BOMpO-
COM SIBMSHOTCS OMYXOMNM CMIMHHOTO Mo3ra [5].

Bce BbilenepeyncneHHoe roBOPUT O 3HAYMMOCTY U akTyasb-
HOCTM [aHHOW Npobnemsbl, a Takke 0 HeOBXOAMMOCTH Momcka Ho-
BbIX METOJOB Tepanuu HoBOOO6Pa30BaHMI NO3BOHOYHNKA.

KNACCUOUKALINA

HoBooOpa3oBaHWs MO3BOHOYHMKA NO MPOUCXOXKAEHMIO NOA-
pasfensTCcs Ha NEPBUYHbIE W MeTacTasbl (BTOPUYHbIE HOBO-
obpasoaHus). MepBuyHblE HennmgonponudepaTnBHble HOBO-
0Bpa3oBaHNs MO3BOHOYHMKA COCTABMSAT 0KoMo 5% Bcex omyxo-
nemn KocTeil (Mcknovas remaHrnombl) [4, 6], 1 B CBOKO 0Yepeab
nogpasgensoTcs Ha LoOpokayeCTBEHHbIE 1 3MOKAa4eCTBEHHbIE
HOBOOOpPa30BaHMS.

K noBpokayecTBeHHbIM HOBOOOPA30BaHMAM MO3BOHOYHMKA
OTHOCATCS: 9HOCTO3, OCTEOMA-0CTeOMa, octeobrnactoma, aHes-
prnaMaTyeckast KOCTHas Kucta, OCTEOXOHAPOMA, TMraHTOKNeTou-
Has onyxonb (ocTeobnactoknactoma), BepTebparnbHas remaHru-
OMa, HOTOXOPAHO-KMEeTO4Hast OMyxofib, MHEBMATOKWCTA, KUCTO3-
HbI y3en Wmopna [1, 7].

CragmpoBanue no Enneking xapakTepnayeT akTMBHOCTb [0-
OpokayecTBEHHbIX HOBOOOpa3oBaHwil. BoigenstoT 1-10 ctaguio —
NaTeHTHYI0, 2-10 CTaaMI0 — akTWUBHYIO W 3-10 CTaauo — arpec-
CuBHyto [8].

3nokayecTBeHHble HOBOOOPA30BaHMs! MO3BOHOYHWKA LeEnsT-
cA Ha HemwenonponmudgepaTuBHble — XxoHapocapkoma (7-12%
obLlero ymncna 3nokavyecTBeHHbIX HOBOOOPa30BaHW MO3BOHOY-
Huka), capkoma HOuHra (8%), octeocapkoma (3-14%), xopgoma
(20%), n muenonponudepaTBHble — MHOXECTBEHHAs MUENOMA,
conuTapHas nnasmauutoma, numdoma [4, 9].

CteneHb 310Ka4eCTBEHHOCTM, PacnpOCTPaHEHNE U Hammume
MeTacTasoB onpefensieT CTaauio 3MoKayecTBEHHbIX HOBOOOpa-
30BaHuit No Enneking. B cooTBeTCTBUM CO cTaaueil BbibupaeTcs
BMA 1 0ObeM neveHus [1, 8].

BTopuyHble HOBOOOpa3oBaHust cocTaBnsoT okono 96% ob-
LLLEro Yncna OMmyxonem No3BOHOYHMKA. YacToTa BCTPe4YaeMocTu
METacTaTM4ecKoro nopaxeHns NO3BOHOYHMKA NPU ANCCEMUHU-
POBaHHbIX 3MOKAa4YeCTBEHHbIX HOBOOOpA30BaHMAX BECbMa Bbl-
coka. [lng paka MOMOYHOW xenesbl oHa cocTaBnser 68—74%,
npeacratenbHon xeneabl — 60-68%, nerkoro — 40-50%, wu-
TOBUAHOM xenesbl — 36-42%, noukn — 35%, CRIOHHbIX XKenes
n NTOP-opraHoB — 12-22%, mo4eBoro ny3bips — 16%, nuwe-
Bofa u xenyaka — 13%, nogxenygoyHon xenessl — 6-12%,
Toncton knwku — 9%, wewnkn n Tena matkn — 9%. Pexe meTa-
CTasbl B MO3BOHOYHUK AAKOT MeflaHOMbl, MMMGOMbI 1 CapKOMbI
[10, 11].

Knaccudmkaums HoBoobpasoBaHuin MO3BOHOYHMKA MO MPOMC-
XOXAEHMIO U 1X CTagupoBaHue no Enneking npegctaeneHb! Ha
pucyHke 1.

Jlokanusaumio 1 cTeneHb pacnpoCTPaHEHWs OMyXomnu Omu-
CbIBaET «CUCTEMA XMpYypryeckoro ctagupoBaHus no Weinstein-
Boriani-Biagini» [12], a Takke «xupypriyeckas knaccuduka-
LMs OMyXoneBbIX MOpaxeHWin no3BoHouHWKa no K. Tomitay [13]
(puc. 2).

OTOenbHOro BHWUMaHUS 3acryXuBaloT OMyXONW  CMIMHHOTO
moa3ra. 10 OTHOLIEHWIO K CMMHHOMY MO3ry 1 ero obonoykam ony-
XONW BeNATCS Ha TpU rpynnbl;

*  WHTpagypanbHble UHTpaMeaynnsapHble, pacnonaralowmecs B

TONLLE CMUHHOTO MO3ra;

*  WHTpagypanbHble 9KCTPaMERyNNsipHble — nexawye BHE

CMMHHOTO MO3ra W KHYTpM OT ero TBepAoi 060m0uky;
¢ 9KCTpagypanbHble OnyXomnu, HaXOASLLMeCs KHapyXu OT TBep-

[0 MO3roBo obonoyku [14].

WHorga onyxonu, pacTylyme 13 06pa3oBaHuMii MO3BOHOYHOTO
cTonba Wnn OKpyXarLLux ero TKaHeml, MPK MPOHUKHOBEHUN X B
MO3BOHOYHbIN KaHan W COABMEHWN CMIMHHOTO MO3ra Takke OTHO-
CAT K 9KCTpaZypanbHbIM OMyXOMsM CrIMHHOTO Mo3ra [5).

M0 OTHOLUEHMIO K AMWMHHUKY CMIMHHOTO MO3ra pasrnuyatoT Ho-
B00Opa30BaHusi LUEHOTO, FPYAHOr0, MOSICHNYHOMO M KPECTL0BO-
konunkoBoro otaenoB. OTAeNbHO BbIAENAKT KpaHUOCTMHAMbHBIE
OMyXOMK 1 OMyXOMN KOHCKOrO XBoCTa [5] (puc. 3).

NEPBUYHbLIE HOBOOBPA30BAHUA
NO3BOHOYHUKA

MepBuyYHbIE HOBOODPA30BaHWS MO3BOHOYHMKA MMEIOT pas-
NWYHBIA rucToreHe3. BCTpeyatoTcs onyxonn KOCTHOW, XUPOBOM,
(bnbpPO3HON, HEPBHON TKaHMU, HEPBHBLIX 000MOYEK, CMEXKHBIX Ma-
paBepTebpanbHbIX MAMKUX TKaHem W NUMAaTUYECKMX COCYA0B
[4, 15].

Kak ynomuHanocb Bbille, nepBuyHble HOBOOBpa3oBaHMs
NO3BOHOYHMKA JOCTATOMHO PefKu N0 CPaBHEHUID C BTOPUYHbI-
MU 1 coCTaBnsAT Bcero 4% obwero yncna onyxonei no3so-
HOYHMKA, OAHAKO AOOPOKAYECTBEHHbIE MEPBMYHbIE OMYXONM
4acTo pasBuBawTCA OECCUMNTOMHO, MOSTOMY MCTUHHAsA UX
pacnpoCTpaHeHHOCTb HensBecTHa. 3r0KayYeCTBEHHbIE Xe nep-
BWYHble HOBOODPa30BaHMs XapaKTepU3ytoTCs BbICOKOA MECTHOIA
arpeccyBHOCTbI W MMEKT MOTeHUMan K MeTacTasupoBaHUIo,
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HoBoo6pa3oBaHuA NO3BOHOYHMKA NO npoucxoxaeHuto / Neoplasms of the spine by origin

«—

o~

MNepBuuHble / Primary (4%)

BropuuHble (MmeTactasbl B NO3BOHOUYHUK) /
Secondary (metastases to the spine)(96%)

/

~

v

[Do6pokauectBeHHble / Benign

3noKauectBeHHble / Malignant

v

v

e 3HocTo3 / Enostosis;

e Ocrteoug-octeoma / Osteoid-
osteoma;
Octeobnactoma / Osteoblastoma;
AHeBpU3MaTUYe CKas KOCTHas
Kucra / Aneurysmal bone cyst;

e OcTeoxoHapoma /
Osteochondroma;

e [UraHTOK/NETOYHas onyXonb

(octeobnacroknacroma) / Giant
cell tumor (osteoblastoclastoma);
e BeprebpanbHaa remaHrmoma /
Vertebral hemangioma;
e HoTOXOpPAHO-KNETOYHaA

onyxonb / Notochordal cell
tumor;
MHeBmaTokmMcTa / Pneumatocyst;

KuctosHbit  ysen LWmopna /
Schmorl's cystic node.

HemuenonponudeparmsHoie [

Non-myeloproliferative:

e XoHAapocapKkoma /
Chondrosarcoma (7-12%);

e Capkoma tOuHra / Ewing's
sarcoma (8%);

e (Ocreocapkoma /
Osteosarcoma (3-14%);

e Xopaoma / Chordoma (20%).

MwuenonponndeparusHbie /

Myeloproliferative diseases:

e MHoOXecTBeHHasa muenoma /
Multiple myeloma;

e CosnvTapHasa niasmauuToma /
Solitary plasmacytoma;

e Jlumpoma / Lymphoma.

MeTacTasbl npu pake / Metastases in

cancer:

e Mono4Hoi enesbl / Breast CA (68-
74%);

e [peacraTenbHom x. / Prostate CA (60-
68%);
Nerkoro / Lung CA (40-50%);
LWuntosmaHoi . / Thyroid CA (36-
42%);
Mouku / Kidney CA (35%);
CnoHHbIX Kene3 u JIOP-opraHos /
Cancer of the salivary glands and ENT
organs (12-22%);

e Mouesoro ny3bipa / Bladder CA

(16%);

e [uuwesoaa u kenyaxka / Esophageal
and stomach CA (13%);

e [omxenyaodHon . / Pancreatic CA
(6-12%);

ToncTtoro KuweyHuka / Colon CA (9%);
LWewkn n Tena matkm / cervical and
uterine body CA (9%);
A Takxe npu MmenaHome, numdomax,
capkomax / As well as for melanoma,
lymphomas, sarcomas.

v

v

CraguposaHue no Enneking /

Staging by Enneking:

e 1-acr. /Stage 1 — nateHTHas /
latent;

e 2-a cr. / Stage 2 — aKtuBHaA /
active;

e 3-a cr. /[ Stage
arpeccusHas / aggressive.

3 =

Puc. 1.
Fig. 1.

yTO elle pa3 noayepkuBaeT akTyanbHOCTb mpobnems [1, 4,

10, 11].

CraguposaHue no Enneking / Staging by Enneking:
e IA cr. / Stage IA — HM3Kas CTeneHb 3/10KaYeCTBEHHOCTU, HOBOOGpPa3oBaHWE He BbIXOAMUT 3a
npeaenbl nopaxeHHon koctu / low degree of malignancy, the neoplasm does not extend beyond

the affected bone;

o IB cT. / Stage IB — HW3KasA CTeMeH b 3/10Ka4 eCTBEHHOCTU, HOBOO6PA30Ba HME BbIXOAMT 3a Npeaensbl
nopaxeHHol koctu / low degree of malignancy, the neoplasm extends beyond the affected bone;
e |IA cr. / Stage IIA — BbiCOKas CTeneHb 3/10Ka4eCTBEHHOCTU, HOBOOBPa3oBaHMe He BbIXOAUT 3a
npeaenbl nopaxeHHoM Koctu 6e3 meractasos / a high degree of malignancy, the neoplasm does
not go beyond the affected bone without metastases;

e |IB cr. / Stage IIB — BbicOoKas CTeMEHb 3/10KaYeCTBEHHOCTU, HOBOO6pasoBaHMe BLIXOAMUT 3a
npeaenbl nopaxeHHoW Koctu 6e3 meracta3osB / a high degree of malignancy, the neoplasm
extends beyond the affected bone without metastases;

e lll cT. / Stage lll — HoBoO6pa3oBaHUe KOCTU ¢ MeTacTaszamu / bone neoplasm with metastases.

Knaccudmkauua HoBoobpazoBaHWit NO3BOHOYHUKA NO MPOUCXOXKAEHUIO
Classification of spinal neoplasms by origin. CA — cancer

TENbHOW 3agaven XNpPyproe ABNAETCA BOCCTaHOBEHUE cTabunb-

HOCTM NOpaxeHHbIX NO3BOHOYHO-ABUraTENbHbIX CErMeHToB [18].

Tem He meHee COBEpLUEHCTBOBaHNE METOAMK BU3yannsaumm u

pasBUTME XMPYPrAYECKIX TEXHOMOMIA NMO3BONUIN BOOUTLCS 3HAYM-
TerbHbIX YCMEXOB B WX AWarHoCTUKe W neyveHuu [16, 17]. B vact-
HOCTW, OMepaTVBHbIE BMELLATENbCTBA Ha MO3BOHOYHMKe, Oyab TO
pagukanbHoe yAarneHue Onyxonu Ui nanivaTuBHbIE OmepaLyu,
[OCTOBEPHO YMEHbLUAIOT BbIPAXEHHOCTb GOMEBOro cvHapoma 1
HEeBPOOrMYECKOro AeduLnTa, BbI3BaHHbIX KOMMPECCHUEN CMIMHHOTO
MO3ra U KOpELUKOB CIMHHOMO3IOBbIX HEPBOB, YTO B 3HAYNTEMLHOI
Mepe ynyyllaeT Ka4yecTBO Xu3HU nauneHToB. Kpome Toro, obssa-

OCTEOCAPKOMA

OcTeocapkoMoi HasbIBaeTCst 3M10Ka4eCTBEHHAs OCTEOrEHHas!
OMyXofb, COCTOSALLAs U3 HEOMMACTUYECKNX KIETOK, KOTOPbIE Mpo-
LYUMPYIOT 0CTeon unn cybcTaHLmIo, TMCTONOTMYECKN HEOTNYY-
MYH OT Hero, X0Ts Obl B 04HOM none 3peHus [19].

Mopdonornyeckas KnaccudgukaLus 0CTeocapkoM B COOT-
BeTCTBUM ¢ «MexayHapoaHon knaccudmkaumen bonesHein —
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Cuctema xupypruyeckoro ctaguposaHua no Weinstein-Boriani-Biagini / Weinstein-Boriani-
Biagini Surgical Staging System

Mo3BOHOK, pasfeneH Ha 12 30H N0 4acoBOW CTPENKe B aKCMasibHOW Npoekuum /

The vertebra is divided into 12 zones clockwise in the axial projection.

Bbiaenserca 5 ypoBHeit BoBnedYeHUs OKpyKatowmx TkaHei / There are 5 levels

of involvement of surrounding tissues:

® A — BHEKOCTHbI# MATKOTKaHHbI KOMNOHEHT / extraosseous soft tissue;

® B — BHYTPUKOCTHbI (NOBepXHOCTHbIN) / intraosseous (superficial);

e C— BHYTPUKOCTHbIN (rybokuit) / intraosseous (deep);

[ ]

]

D — BHEKOCTHbI (3KCTpaaypanbHbii) / extraosseous (extradural);
E — BHEKOCTHbI (MHTpaaypanbHblit) / extraosseous (intradural).

MpogonbHOE pacnpocTpaHeHWe onyxoaeBoro npouecca 0603Ha4yaeTca YMCIom
BOBJ/IeYeHHbIX no3BoHKoB / The longitudinal spread of the tumor process is
indicated by the number of vertebrae involved.

WMHTpaoccanbHoe nopamenune /

nossoxka f Type 1.
Vertebral body or arch.

Tun 3. Nopamenne
TEna, oA, Ay [
Type 3. Lesion of the
body, pedicle, arches,

Tun &,

W

eighboring
segments.

XupypruuecKkasa KnaccudpuKaumua onyxonesbiX NopayKeHuii no3BoHouHUKa no K. Tomita /
Surgical classification of tumor lesions of the spine according to K. Tomita

Qﬁﬂpﬂmﬂhl\lbl nopameadie i

Intra-compartmental Extra-compartmental nopawenne u skip-
metacrase / multiple
Tun 4,
Tun 1. Teno unn gyra InuaypanuHoe Tun7 f Type 7
pacnpocTpamenwe |

Typee 4. Epidueral
extension.

Tun 2.

PacnpocTpadenqe Ha T s,

HOMWKY NO3BOHKE [/ NapaseprefpanoHos

Type 2. Pedicle pacnpocTpaseHue f

extension. i . Type 5. Paravertebra
extension,

PAcnpOCTPAHEHwE H
COCEAHWE CRIMBHT |
Typee 6. EXtension 1o

Puc. 2.
Fig. 2.

oHkonorusa (BO3, 2017)» fOBONBHO CNOXHa W NpeacTaBneHa B
Tabnuue 1 [20].

B cootBeTcTBUM ¢ MexayHapoaHoi knaccudmkauum Gones-
Hen — oHkonornsa (MKB-0), kaxgomy HoBOOGpa3oBaHMIO NprcBau-
BaETCA Takxke Tonorpadmyecknii MHAEKC, Npu 3TOM NS 0CTeocap-
koM ucnonbaytotcs Aea: C40 — KocTu, cycTasbl U CycTaBHbIE Xpsi-
Wy KoHeyHocTen 1 C41 — KocTu, cycTaBbl U CyCTaBHblE XpsLLM
APYrMX 1 HEYTOYHEHHbIX JTokanuaaumii. Hanpumep, HoBoo6pa3sosa-
HWto BonbLuebepLi0BOii KOCTH cooTBeTCTBYET MHAeke C40.2.

Bonee ynobHom ans KNMHULMCTOB SBNSAETCA Knaccudukauns,
KOTOPY0 NPUBOAMT B CBOMX paboTax [.M.H., YNeH-KOPPECTOHAEHT
PAH 3.P. MycaeB. B cooTBeTCTBUM C HE BbILENSIOT CriedytoLme

Knaccudukauus HoBoobpa3oBaHUii NO3BOHOYHMKA NO NIOKAaNW3aLWUK U CTENEHU PacnpocTpaHeHuUs
Classification of spinal neoplasms by localization and degree of spread

nofBapuaHTbl OCTEOCAPKOM: MO CTENEHU 3M10Ka4eCTBEHHOCTU —
BbICOKAsi M HW3Kas; MO Nokanu3auuy — LeHTpanbHble, napa-
OCTanbHble M NepuocTanbHble; MO KNETOYHOMY TUMy — OCTeo-
Bnactunyeckas, xoHgpobnactuieckas, Gpubpobnactuyeckas n Tak
Janee; no 3TMONOTMM pasnuyaloT paguouHAYLUMPOBaHHbIE OCTEO-
CapKkoMbl, 0CTeocapkoMbl Ha hoHe BonesHu lNemxeTa, a Takke
0CTE0CapKOMbI HeyCTaHOBMEHHOI aTuosnoruu [4] (puc. 4).
OcTeocapkoma xapaKTepnayeTcsl BbICOKOA CTEeNeHb 3roka-
YECTBEHHOCTW U HebNaronpusTHLIM MPOrHO30M, OAHAKO pasBi-
BaeTCs [OBOMbHO peako. B cTpykType Bcex 3mokayeCTBEHHbIX
HOBOOOpa3oBaHWil, Pa3BMBAIOLMXCS Yy HACENeHWs, ocTeocap-
koma nobon nokanusauum coctaenset meHee 0,001% [19, 21].
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HOBOOGpaSOBaHMﬂ CMWUHHOINo Mmo3ra U N0O3BOHOYHUKA NO ZIOKa/1n3auynmn /

Neoplasms of the spinal cord and spine by localization

Mo OTHOLW eHWNIO K CMIMHHOMY MO3Ty U ero o6o104Kkam /
In relation to the spinal cord and its membranes

M0 OTHOLLEHWNIO K AMHHMKY CMIMHHOIO Mo3ra /
In relation to the length of the spinal cord

/

"

—

WHTpagypanbHaa
MHTpaMeayNspHan
onyxonb / Intradural
intramedullary tumor

UHTpagypanbHan
3KCTpameaynnapHas
onyxons / Intradural
extramedullary tumor

JKCTpaaypanbHan
onyxonb / An
extradural tumor

*

Onyxonu / Tumors:

1- KpaHuocnuHanbHblie / Craniospinal;

2- lWewHoro oTtaena / Cervical spine;

3- IpyaHoro otaena / Thoracic spine;

4- MoAacHuyHoro oTaena / Lumbar spine;

5- KpecTuoBO-KOMYMKOBOro oTaena (Mo3rosoro
KoHyca) / Sacrococcygeal spine (cerebral cone);
6- KoHckoro xsocTa / Cauda equina.

Puc. 3.
Fig. 3.

OcTeocapkoma MO3BOHOYHWKA, B CBOW O4epedb, COCTaBAseT
okorno 2% Bcex octeocapkoM U oT 3 00 14% 3nokavyeCTBEHHbIX
onyxonel no3BoHouHMKa [1, 4].

Yawe aTa onyxonb NokanuayeTtcs B NOSICHUYHO-KPECTLOBOM
oTpene u B 90% BoBnekaeT Teno no3soHka [22]. OcTeocapko-
Ma B Lienom uveeT GumopanbHoe BO3pacTHOE pacrnpepernexue.
MepBbiii NuK Habnogaetcs B BospacTHoi rpynne 10-14 ner,
BTOpO — B Bo3pacTte ctapwe 40 net [19]. OaHako, B oTIn4me
0T OCTe0CapKOMbl KOHEYHOCTEW, OCTeocapkoma MO3BOHOYHMKA
BCTpeyaeTcs B 6onee crapliem Bo3pacte [4].

B cBA3M C BLICOKOI CTEneHblo 3roKa4yecTBEHHOCTM 0bLLe-
MPUHATLIM CTAHLAPTOM XWMPYPTUYECKOTO NEeYeHUs 0CTe0CapkoMbl
cynTaeTcs ee pagnkanbHoe yaaneHue en bloc (egnHbim 6riokom),
obecneumBaroLLee JOCTOBEPHO NyYLLNIA TOKaMbHBIA KOHTPOMb MO
CPaBHEHMIO C BHYTPUONYXOMEBbLIM yaaneHuem [23].

ObsizaTenbHbIM KOMMOHEHTOM fleYeHust ABNseTCs npegone-
pauuoHHas xumuoTepanus [24]. Octeocapkoma cunuTaercs ony-
XOMbK) YCIMOBHO YYBCTBUTEMBHOW K xummoTepanuu [25]. Paguo-

Knaccudmkauus HoBoobpa3oBaHUiA CIMHHOTO MO3ra W NO3BOHOYHMKA MO UX JIOKanm3auum
Classification of tumors of the spinal cord and spine by their localization

UyBCTBUTENBHOCTb OMYyXONM HWU3Kas, OAHAKO nydyeBas Tepanns
MOXeET BbITb Ha3HaYeHa B CNyvae HENOMNHOTO yAaneHus unu yaa-
NeHMs Onyxonu KyckoBaHuem [4, 23).

[MporHo3 0CTE0CapKOMbI 3aBUCMT OT BOIbLIOMO KONMYECTBa
(hakTopoB, B TOM YMCMe OT BO3pacTa M nona nauueHTa, pasme-
pa onyxomnu, HamMyns MeTacTas3oB, paguKkanbHOCTW onepauuu,
cTaguu, OT ypoBHe: PepMeHTOB LLENoYHoI docdaTtasbl 1 nak-
TaTAEraporeHassbl, OT OTBETA OMYXONM Ha NpefonepaLyoHHY0
XumuoTepanuio 1 7.4. [19, 24].

B oueHb 60bLLIO CTENEHM MPOrHO3 3aBMCHT OT JTOKanu3awuum
OMyxonu, Tak, eChn Npu Nokanu3oBaHHOM AUCTaNIbHOM Mopaxe-
HWW SVHHBIX TPYBYaTbIX KOCTEN B COYETAHWUN C PaguKanbHON pe-
3eKumen 5-neTHsas BbhkmBaeMocTb coctaBnsieT Bonee 80% [19],
TO MpW OCTEOCapKOMe MO3BOHOYHMKA MPOrHO3 OCTAETCs KpaiHe
HeraTMBHbIM B CBSI3W CO CMOXHOCTBbK pafykanbHOro BMeELUa-
TenbCcTBa. 10 HEKOTOPbIM AaHHbIM, B pynne U3 22 nauueHToB
C 0CTE0CapKOMOIi NO3BOHOYHNKA CPEAHSISt BEIKMBAEMOCTb COCTa-
Buna Bcero 23 mecsua [4, 19, 24].
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Tabnuua 1
Mopdhonormuyeckue BapuaHTbl 0CTECAPKOM B COOTBETCTBUM ¢ MexxayHapogHou knaccudmkaumum donesHen —
oHkonorus (BO3, 2017) [20]
Table 1

Morphological variants of ostesarkom in accordance with the International Classification of Diseases —
Oncology (WHO, 2017) [20]

HoBoobpasosaHue / Neoplasm Mopcbonormqec.:mv! upeKc/
Morphological index
Octeocapkoma, B[1Y / Osteosarcoma, NOS 9180/3
OcteoreHHas capkoma, BAY / Osteogenic sarcoma, NOS
Octeobnactnyeckas capkoma / Osteoblastic sarcoma
Octeoxonapocapkoma / Osteochondrosarcoma
Xonppobnactuueckas octeocapkoma / Chondroblastic osteosarcoma 9181/3
®ubpobnactuyeckas ocreocapkoma / Fibroblastic osteosarcoma 9182/3
Octeodubpocapkoma / Osteofibrosarcoma
TeneaHrnaktatuyeckas octeocapkoma / Telangiectatic osteosarcoma 9183/3
OcTteocapkoma npu 6onesnu MegxeTa kocTeid / 9184/3
Osteosarcoma in Paget's disease of bones
MenkokneToyHas octeocapkoma / Small cell osteosarcoma 9185/3
KpyrnoknetouHas octeocapkoma / Round-cell osteosarcoma
LleHTpanbHas octeocapkoma / Central osteosarcoma 9186/3
O6blyHas LeHTpanbHas octeocapkoma / Common central osteosarcoma
MegynnsipHas octeocapkoma / Medullary osteosarcoma
BHyTpukocTHas BbicokoanddepeHUMpoBaHHas ocTeocapkoma / 9187/3
Intraosseous highly differentiated osteosarcoma
BHyTpuKoCTHast ocTeocapkoma HU3KOM CTEMEHH 3NI0Ka4eCTBEHHOCTH |
Low grade intraosseous osteosarcoma
MapocTtanbHas octeocapkoma / Parosteal osteosarcoma 9192/3
FOkcTakopTukansHas octeocapkoma / Juxtacortical osteosarcoma
MepuocTanbHas octeocapkoma / Periosteal osteosarcoma 9193/3
MNoBepxHocTHas ocTeocapkoma BLICOKOW CTeNeHU 3n0KkauecTBeHHOCTH / 9194/3
Superficial osteosarcoma of high malignancy
WHTpakopTukanbHasa octeocapkoma / Intracortical osteosarcoma 9195/3

MpumeyaHue: BL1Y — 6e3 LONONHUTENbHBIX YTOUHEHWIA.
Note: NOS — not otherwise specified.

B cBA3M C 3TUM BO3HMKaeT NOTPEOHOCTb B pa3paboTke HOBbLIX
npenapaTtoB 1 CXeM NeYeHnst 0CTE0CaPKOMbI, KOTOPbIE YNyyLlanm
Obl NPOrHO3 1 NoBbILWany bbl BbXMBAEMOCTb NaLMeHTOB. OHUM
13 NEepCrneKkTUBHbIX HanpaBneHun sBnseTcs paspaboTka npe-
napaToB, BO3AEACTBYIOLWMX Ha BHYTPUKIETOYHBIA CUrHambHbIA
nyT mTOR.

CUrHANBHbIA MYTb mTOR

mTOR (Mechanistic, panee mammalian, target of rapamycin),
kak cregyeT M3 Ha3BaHWs, SBMAETCA HenocpeaCTBEHHON MULLe-
HbKO [eiAcTBUS panamuumHa. PanmamuuwH (cuponmmyc) — Be-
LeCTBO, BMepBble MNOMyYeHHOE U3 KynbTypbl HakTepuin BuAa
Streptomyces hygroscopicus, obHapyxeHHbIX Ha ocTpose [lac-
xu (Pana-Hyw). Bbino yctaHoBMEHO, 4TO panamulmH, NoAaBnss

curHanbHbIv myTe MTOR, AEMOHCTPUPYET YHUKaNbHbIE NPOTHBO-
rpubkoBble, MMYHOCYMPECCHBHbIE M MPOTUBOOMYXOMNEBbLIE CBOM-
cTBa [26-28].

mTOR npegcTaBnsietT coboit CepuH / TPEOHMHOBYK NPOTENH-
knHasy cemeiicTBa PI3K-poacTBeHHbIX kiHas, koTopas obpasyeT
KaTanuTuyeckylo CyObeanHIULY OBYX PasiuyHbIX DENKoBbIX KOM-
nnekcoB: mTORC1 nu mTORC2 [26, 28].

YctaHoBneHo, uto mTORC1 wrpaeT LeHTpanbHyl ponb B
koHTpone OanaHca Mexay aHabonuamom v katabonmamom B OT-
BET Ha YCMOBMS OKPYXXaloLLen cpefbl, PerynupyeT CBA3b MeXay
nuTaHWeM n pocToM knetku, a mTORC2 B cBot oyepeab OTBe-
yaeT 3a BbIXWBaHME KNETOK W nponudepaunto TkaHei. Takum
obpasom, o4eBuaHo, 4To mTOR perynupyeT npoueccsl xnsHege-
ATENBHOCTM KNETKW W BCETO OpraHmama Ha rnyboyaiiuem ypoBHe
[26, 29, 30].
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MopBapunaHTbl ocTeocapkom / Subvariants of osteosarcoma:
Mo crenexu _| Mo nokanusauum / _| Mo kneToyHomy N Mo stnonorum /
By localization: Tuny / By cell : i .
| 3nokauecrseHHocTM / y localizatio y /By cell type By etiology:
According t‘o the R LeHTpanbHble / R OcTeobnacTnyeckas PagnonHayumpoBaHHas
degree of malignancy: Central / Osteoblastic / Radio-induced
MapaocTanbHble Ha ¢poHe 6onesHn Meaxerta /
) BbicoKkas / High K P K XOHp,poﬁnacmqu:Kaﬂ —|  Against the background of
/ Paraosteal / Chondroblastic Paget's disease
NepuocTtanbHble dubpobacTuieckan u HeycraHoBAeHHOI
- Huskas / Low — . — ; . LY stnonorum / Unidentified
/ / Periosteal T.4. / Fibroblastic, etc. etiology
Puc. 4. TMoaTtunbl octeocapkom (no Mycaesy 3.P.)
Fig.4. Subtypes of osteosarcomas (according to Musaev E.R.)

ViccnepoBaTensmu 6bino BbIABUMHYTO MPeAnoNnoXeHne, 4To
runepakT1Bauns [JaHHOrO CUrHanbHOrO NyTU MOXET MPUBOAUTH
K pa3BuTMO HOMBLIOTO KOMMYECTBA aCCOLMMPOBAHHbIX CO CTape-
Hem 3aboneBaHuii, B TOM YUCTe CTUMYNMPOBAaTh KaHLEporeHes.
[aHHas runoTesa Obina nogTBEpXAEHa U SKCnepuMeHTansHo [26,
31, 32].

MoppobHee ocTaHOBUMCS Ha CBS3U runepakTmBaun mTOR u
naToreHe3a 0CTeoapkombl.

POJlb CUrHANIBHOI O MYTU mTOR
B MATOMEHE3E OCTEOCAPKOMbI

YcraHoBneHo, 4yto mTORC1 aktmBupyeT epmeHT S6K
(pnbocomarnbHas NpOTEUHKMHA3a), KOTOpbIA B CBOKW O4Yepedb
ochopunupyeT 1 akTUBUPYET HECKONbKO CyGCTpaToB, Cnocob-
cTByrowmx TpaHcnauuum MPHK, Bkniovas elF4B (nonoxutens-
HbI perynsaTop cesA3biBaHust 5'cap komnnekca). S6K nosbiwaeT
TaKkke 3PEEKTUBHOCTL TpaHCnAUMM cnnaicupoBaHHbix MPHK
(EJK) 3a cuet ee Bsammopenctans co SKAR (KOMNOHEHTOM
9K30H-nepexoaHbix komnnekcos) [33]. Kpome Toro, S6K no-
[aBnseT feicteue Oenka 3anporpaMMMpPOBAHHON KNETOYHON
cmeptn (PDCD4 — wuHrnbutopa elF4B) [34]. B posepluenve,
cam mTORC1 uHrnbupyet geiicteue komnnekca 4EBP (benka,
CBSI3bIBAOLLETO SYKAPUOTUYECKMA (HAKTOP MHULMALMM TpaHCNs-
umm elF4E) [35]. Bce BbienepeyncneHHoe NHAYLMUPYET CUHTES
Benka n pocT OnyxoneBbIX KIETOK.

Kpome Toro, mTORC1 nogaBnsieT geiicTBue METUNTPaHCGeE-
pasbl MGMT u perynsitopHoro 6enka NDRG1, yto cnocobeTyeT
HaKoMnneHno oWwnbok B reHOMe, W Takke CnocobCTBYET KaHLepo-
reHesy [36].

AyTtocharmus — 310 PU3NONOTMYECKUI NPOLIECC, B XOA4e KOTO-
POro LMTONNa3MaTNyeckuii MatTepuan JOCTaBsSeTcs B N30COMY
Ans obecneyeHuns KNeTkn SHeprei N nuTaTenbHbIMY BELecTBa-
MU, ITO ABNSAETCS CTPATErMyeckM MEXaHU3MOM BbIKVMBaHMS Kne-
TOK, KOTOPbIV NO3BONSET UM MOBTOPHO MCMOMbL30BaTL SHEPTUO U
nuTaTenNbHbIE BELLECTBA B 3KCTPEMAnbHbIX ycroBusx. K Tomy xe,

B npoLecce ayTodarun yTUnn3npyroTcs NOBPeXAeHHbIE OpraHen-
nbl 1 Benkn. ITo AaeT BO3MOXHOCTb KNeTkaM BCEro opraHunama
B LIENYIOM M KneTkaM KOCTHOW TKaHM B YaCTHOCTW CMpaBnsiTbCs C
OKMUCIUTENbHBIM CTPECCOM, YTO OKa3biBaeT aHTUKaHLEPOreHHoe
penctaue [37, 38].

mTORC1 6nokupyet atoT npouecc. OH noaaenseT AencTame
TakUX BaXHbIX akTWBaTopoB aytodaruu, kak ULK1 (kuHasza) u
komnnekc ATG14L [37], a Takke hakTopa TPaHCKpUMLMKM I30CO-
MarbHbIX rnaponas v membpanHbix 6enkos (TFEB) [38].

Takum obpasom, npenapatsl, nogasnsiowe mTORC1 B aTom
OTHOLLEHUN UMEKT CROXHbI £0303aBUCUMbIN 9 dekT. B dusno-
NOTNYECKIX YCMOBUAX aKkTUBaLmMs ayTodarum NpensTcTByeT KaH-
LieporeHe3y, OfHAKO OHa e MOXET ynyylwaTb BbIKMBAEMOCTb
KNeToK OCTeOCapkOMbl B YCMOBUSX Jeduunuta nuTaTenbHbIX
BELLECTB M XMMMOTEpanuu MpouMMK LuTOCcTaTukamu. [aHHoe
SIBNEHMe MOXeT ObiTb HMBENMPOBAHO MyTeM KOMOMHWMPOBaHWS
panaroroB ¢ MHrnouTopamu aytodaruu, o yem 6ygeT ynomsHyTo
panee [28, 30, 31].

B ToXe Bpems kaHueporeHesy cnocobCcTByeT runepakTuey-
poBaHHbIt komnnekc mTORC2. O akTuupyet SGK (kuHasy) —
nHrnbutop cybetpata FoxO1/3a, 4to npegoTepalyaeT anonTo3
kneTok octeocapkombl [39-41]. BmecTe ¢ 3Tum mTORC2 akTu-
BupyeT Akt (kmoueBon 3GheKTop CUrHaNMM3aLuWM MHCYNnHa),
KOTOpbI JononHWUTENbHO nopgaenset cyberpat FoxO1/3a, a
TaKkke cTumynupyet nponudepauuio [39, 41, 42]. Kpome Toro,
mTORC2 cnocobctByeT cekpeunn uHtepneiikua-1 (AJ1-1), ko-
TOPbIA aKTUBMPYET aHr1oreHes B pactywen onyxomm [39, 41,
43]. TwnepaktvBaums mTOR KOCBEHHbIM 00pa3oM MOXET Takke
cnocobcTBOBaTL METACTa3MpoBaHN0 octeocapkombl [39, 41].

Heobxogumo otMetutb, YT0 MTORC1 n mTORC2 coctosT B
CMOXHbIX OTHOLLEeHMsAX B3aumoperynsauuu. Tak, mTORC1 cocdo-
punupyet S6K, koTopasi nogaenseT aktueHocTb MTORC2, B TO
Bpems kak mTORC2 B cBot ouepegp ctumynupyeT mTORC1 no
nytu Akt-TSC—-Rheb [28, 30].

Bce nepeuncrneHHble Bble B3aMMOCBSA3W HarnsigHO npeg-
CTaBreHbl Ha obobuyatolen cxeme (puc. 5).
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mTORC1 [©
l | NDRG1 [ MGMT |
ATG14L; ULKL; TFEB| | 4EBP | [ seK | H mTorRC2 Mospexaexna OHK /
l DNA damage
| skAarR ||| pocp4 |
T \ 4
| elFae ||| elFaB | [ L1 || sek || Akt
\ 4 * A 4 *
AyTodarus / CTumynauma cuHTesa benka / FoxO1/3a
Autophagy Stimulation of protein synthesis
v v T
[ 0303aBucumbliit adpdekT / AHrvoreHes / Anontos / Mponundepaums /
Dose-dependent effect Poct knetkn / Cell growth Angiogenesis Apoptosis Proliferation
| Octeocapkoma / Osteosarcoma
O603HaueHus / npamas csasb / obpaTHas cBA3b / MHble CBA3N /
symbols: enhance or increase inhibit or decrease other interactions
Puc.5. Ponb runepaktuauum curiansHoro nytu mTOR B npouecce pa3Butua octeocapkombl: mMTORC1 — muweHb panamuumHa mne-

Fig. 5

KonuTawwmx komnnekc 1; mTORC2 — mMuweHb panamuuMHa MieKonuTalowWwmx komnnekc 2; S6K — pubocomanbHas S6-kuHa3a;
4EBP — Genok, cBsi3biBaOwWMil hakTop MHMLMaLmMK TpaHcnauum aykapuoT 4E; SKAR — KOMNOHEHT 3K30H-NepexoAHbIX KOMNeK-
coB; PDCD4 — Genok nporpaMmmupyemoii knetouyHoi ruéenu 4; elF4B — cpaktop MHULMaumK TpaHensaumm aykapuot 4B; elF4E —
¢hakTop MHUUMauMK TpaHcnsumK aykapuot 4E; ATG14L — cBsisaHHbIh ¢ ayTodarneit komnnekc 14; ULK1 — unc-51-nogo6Has
KWHa3a, akTuBupytowwas aytodparuio 1; TFEB — cpakrop TpaHckpunuuu EB; MGMT — O6-ankunryaHuHoBas [HK-ankuntpaHcde-
pa3a; NDRG1 — N-myc, perynupyembliit Huxke no TedeHmio 1; p53 — cBsizaHHbIN ¢ TpaHcdopmaumen 6enok 53; TSC — komnnekc
Ty6epo3Horo cknepo3a; Rheb — romonor Ras, o6oraweHHblit B Mo3re; IL-1 — uHTtepnenkun-1; SGK — kuHasza, perynupyemas
cbiBopoTKon/rnokokopTukongamm; Akt — RAC-anba cepun/TpeoHUH-NpoTenHknHasa; Fox01/3a — pasgBoeHHbIn 6nok 01/3a

The role of hyperactivation of the mTOR signaling pathway in the development of osteosarcoma: mTORC1 — mammalian target
of rapamycin complex 1; mTORC2 — mammalian target of rapamycin complex 2; S6K — ribosomal S6 Kinase; 4EBP — eukaryotic
translation initiation factor 4E binding protein; SKAR — a component of exon-junction complexes; PDCD4 — programmed cell
death protein 4; elF4B — eukaryotic translation initiation factor 4B; elF4E — eukaryotic translation initiation factor 4E; ATG14L —
autophagy related 14; ULK1 — unc-51 like autophagy activating kinase 1; TFEB — transcription factor EB; MGMT — O6-alkylguanine
DNA alkyltransferase; NDRG1 — N-myc downstream regulated 1; p53 — transformation-related protein 53; TSC — tuberous
sclerosis complex; Rheb — Ras homolog enriched in brain; IL-1 — interleukin-1; SGK — serum/glucocorticoid regulated kinase;

Akt — RAC-alpha serine/threonine-protein kinase; Fox01/3a — forkhead box protein 01/3a

MPEMAPATbI, BNUAIOLWME HA CUTHANBHBIA NYTb mTOR,
B TEPAMWN OCTEOCAPKOMbI

Mcnonb3oBatb panamuunMH M €ro NPoM3BOAHbIE, TakuMe Kak
9BEPONUMYC W TEMCUPONUMYC, ANS NEYEeHUs OMyXoren, B TOM
yMcne 0CcTeocapkoMbl, OblNo NPeanoXeHo Yxe A0CTaToOuYHO AaB-
Ho. OfHaKo, HECMOTPS Ha XOpoLUWe pesynbTaTthbl in Vitro, cylle-
CTBEHHOrO YNyYLUEHUs BbIKUBAEMOCTH NALMEHTOB JOCTUIHYTO HE
Bbino. Kak 66110 ynomsiHyTO BbIlle, 3TO BO MHOrOM 06BACHSETCS
TEM (DaKTOM, 4YTO panarnoru, akTUBUpys ayTodaryio B Onyxonesbix
KneTKax, NOBbILLAOT UX BbKMBAEMOCTb B IKCTPEMAIbHbIX YCNOBU-
sx. Kpome Toro, 6bin0 AokasaHo, YTO AaHHas rpynna npenapaTos
nHrnbmpyet komnnekc mTORC1, Ho He mTORC2, yTo Takxe orpa-
HWYMBAET MX TepaneBTUYeckuin apdekT [28, 31, 39, 41].

B cBs3u ¢ aTum 6binn paspaboTaHbl HOBble npenapatbl, no-
pasnstowme oba komnnekca. Cpean HUX KatanuTUyeckue UHrm-

outopbl mTOR, Takune kak MLN0128 [44] n PP242 [45] — AT®-
KOHKYpeHTHble MHrMBuTop MTOR-kuHa3bl; Mukpo-PHK (miR-101
[46] n miR-223 [47]) — nepcneKkTUBHbIN Knacc npenapaTos, BO3-
LEeNCTBYIOLLMX HA reHeTUYECKNA annapart KNeTku U NoAaBnsoLLnX
akcnpeccito 6enka mTOR u HekoTopbIX APYruX. AKTUBHOCTb B
OTHOLLEeHMM 06onx KOMMNeKcoB Obia nokasaHa Takxe Ans onea-
HOMOBOM KMCNOTbI [48].

3T npenapartbl, B CBOK 04epefb, ObINo MpeaniokeHo cove-
TaTb C MHrMGUTOPaMn ayTtodbariu, Takumm kak cnaytut-1. Takas
kOoMOWHaLMs NO3BONMMA B 3HAYUTESBHO MEpe YCUMNTL anonTo3
KIneTok ocTeocapkombl [49].

Kpome Toro, ans neveHus u npogunakTuku 3M0Ka4eCTBEH-
HbIX HOBOODpa3oBaHWil, B TOM 4uCrE OCTeO0CapKoMbl, 6bino
NPeayioKeHO WUCMOMNb30BaTh MeT(OPMUH, KOTOPbIA aKTUBUPYET
TSC — BaxHenwmin narnéutop mTORC1 [50]. MNMpenapaT akoHo-
MWUYECKM BbITOEH, KPOME TOr0, BOMbLLON MHTEPEC NPEACTaBASET
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NHrMbuTopsl Katanutuyeckue nHrnbmutopol mTOR
ayTodarum PanamunuyH / Rapamycin; (MLN0128; PP242) / Catalytic inhibitors of
(cnaytuH-1) / 3sepoaunmyc / Everolimus; MeTtpopmuH / mTOR (MLN0128; PP242);
Autophagy Temcupoanmyc / Metformin Mukpo-PHK (miR-223; miR-101) / micro-RNA
inhibitors Temsirolimus, etc. (miR-223; miR-101);
(spautin-1) OneaHonoBas kucnora / Oleanolic acid
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Mpenapatbl, BAvsAWMe Ha curHanbHbIi NyTe MTOR, B Tepanun octeocapkoMbl: mMTORC1 — muweHb panamuumHa MnekonuTato-

wmx komnnekc 1; mTORC2 — muweHb panamuumHa Mnekonurtarwwmx komnneke 2; Rheb — romonor Ras, o6oralueHHbI B MO3re;
TSC — komnnekc Ty6epo3Horo cknepo3sa; Akt — RAC-anba cepuH/TpeoHUH-NpoTeMHKkMHa3a; S6K — pubocomanbHas S6-kmHa3a;

PP242 - cenektuBHbIi MHrM6utop mTORC2
Fig. 6.

Drugs affecting the mTOR signaling pathway in the treatment of osteosarcoma: mTORC1 — mammalian target of rapamycin

complex 1; mTORC2 — mammalian target of rapamycin complex 2; Rheb — Ras homolog enriched in brain; TSC — tuberous
sclerosis complex; Akt — RAC-alpha serine/threonine-protein kinase; S6K — ribosomal S6 Kinase; PP242 — selective mTORC2

inhibitor

€ro cnocobHOCTb NPeoaoneBaTh HEraTMBHOE 4ENCTBUE BbICOKOM
KOHLEHTpaLuu rKo3bl Ha ocTeoreHes [51].

TouKW NpUNOXeHUs AeNCTBIS ONCaHHbIX NpenapaTos npea-
CcTaBreHbl Ha obobLyatollen cxeme (puc. 6).

Heo6xoaumo 0TMETUTb, 4TO 6OMBLUMHCTBO U3 3TUX Npenapa-
TOB SIBNSOTCS AOMOSTHEHWEM K KMaccu4eckon xumuotepanum. Vx
npegnaraeTcs KOMOMHMPOBATL, B YACTHOCTH, C JOKCOPYBULMHOM,
LMCnnaTUHOM, agpaMnLMHOM, BbICOKUMU J03aMKU MeTOTpekcaTa
C NEeNKOBOPUHOM W T.4. [39, 41]

YXe NpogeMOHCTpUpoBani CBOW 3G(EKTUBHOCTL Ha MO-
JEensx OCTEOCapKOMbl Takie KOMOWHaLMKM, Kak TeMCUPONNMYC
W umMcnnaTuH; Tememponumyc 1 Besaumsymab; katanuTuyeckue
nHrMbutopel mTOR (PP242 wnn mukpo-PHK) B coyeTannm ¢ uu-
cnnatuHoMm; Kykypbutaumd B (uHrubutop ERK, Akt n mTOR) B
CoveTaHuu C HU3KUMK Jo3amn MeToTpekcaTa [39, 41].

3AKNIOYEHUE

BPEMEHU kakasi-bo 13 onMcaHHbIX Bbille KOMOMHaLWIA NpenapaToB
ByneT ogobpeHa ANs NieYeHist MaLMEHTOB C 0CTEOCAPKOMOM.

AOMONHUTENBbHAA UHOOPMALIUA

Bknap aBTOpoB. Bce aBTOPbI BHECAM CYLLECTBEHHbIN BKNaa
B pa3paboTky KOHLENLuKM, NpoBeaeHne UCCneaoBaHns 1 Noaro-
TOBKY CTaTb, MPOYnu 1 ogobpunn duHanbHylo BEpCUo nepea
nybrukaymen.

KoHdpnukt uHTEpecoB. ABTOpbl AeKnapupyloT OTCYTCTBUE
SIBHbIX ¥ MOTEHLMANbHbIX KOH(IMKTOB UHTEPECOB, CBA3aHHbIX C
ny6nmKkaLmen HacTosLLEN CTaTbMm.

WUcTounuk dmHaHcupoBaHus. ABTOpbI 3asBnstoT 06 OTCyT-
CTBUM BHELUHEro (PUHAHCUPOBaHUS MpU NPOBEEHUU WUccneno-
BaHus.

ADDITIONAL INFORMATION

Takum 00pa3om, HECMOTPS Ha 3HAUMTENLHOE PasBUTUE XMpYp-
MAYECKIX W KOHCEPBATWBHBLIX METOAOB JIEYeHNs, OCTeOcapkoma, W, B
YaCTHOCTU OCTeOCapKoMa MO3BOHOYHMKA, OCTAETCS YPOXKALOLLEN HO-
3o1ormeit ¢ HebnaronpusTHBIM MPOTHO30M. MccrneaoBaHns curHanb-
Horo nytv mTOR no3BONSOT He TONBKO MPOMNUTL CBET Ha acnekTbl
naToreHesa AaHHOro 3aboreBaHws, HO W cnocobCTBYIOT paspaboTke
COBEPLLEHHO HOBbIX CXeM Tepamun. He WCKMHYEHO, YTO B CKOPOM

Author contribution. Thereby, all authors made a substantial
contribution to the conception of the study, acquisition, analysis,
interpretation of data for the work, drafting and revising the article,
final approval of the version to be published and agree to be
accountable for all aspects of the study.

Competing interests. The authors declare that they have no
competing interests.

& RUSSIAN BIOMEDICAL RESEARCH

VOLUME 10 N1 2025

ISSN 2658-6584 (Print)




0B30PbI

67

Funding source. This study was not supported by any
external sources of funding.

NNTEPATYPA

1. 3akoHgbipuH O.E., TpuHb A.A. Onyxonu no3BoHOYHWKaA: 0630p nu-
Tepatypbl. Heipoxupyprus. 2022;24(2):94-104.

2. Dreghorn C.R., Newman R.J., Hardy G.J., Dickson R.A. Primary
tumours of the axial skeleton. Experience of the Leeds Regional
Bone Tumour Registry. Spine (Phila Pa 1976). 1990;15(2):137-140.

3. EsctotuHa E.M., OuHukuHa H0.B., Benoryposa M.B., AnekcaHgpo-
Buy 0.C. MpodmnakTika TOKCUYHOCTW MPW XMMUOTEPANUM BbICO-
KuMn Josamm meToTpekcata y aeteit. Meamatp. 2019;10(2):89-98.
DOI: 10.17816/PED10289-98.

4. Mycaes 3.P., Annes M.O., WunaxuH C.A. lMepBuyHble onyxonu
N03BOHOYHMKA. CapKOMbl KOCTEN, MATKUX TKAHER M OMyXomnu KOXU.
2012;3:3-10.

5. Moruna B.B., Bonkogas O.B., ®ypcos 1.B. Obwwas xapakrepuctu-
ka Onyxonen CMWHHOTO MO3ra y B3pOCMbIX. TaBpUYECKUn MEeaUKo-
6uonoruyeckuin BectHuk. 2017;3-1(20):120-124.

6. Masaryk T.J. Neoplastic disease of the spine. Radiol. Clin. North
Am. 1991;29:829-845.

7. Ropper A.E., Cahill K.S., Hanna J.W. et al. Primary vertebral tu-
mors: a review of epidemiologic, histological, and imaging findings,
Part I: benign tumors. Neurosurgery. 2011;69(6):1171-80.

8. Enneking W.E., Spanier S.S., Goodman M.A. A System for the sur-
gical staging of musculoskeletal sarcoma. Clin Orthop Relat Res.
1980;153:106-120.

9.  Ropper A.E., Cahill K.S., Hanna J.W. et al. Primary vertebral tu-
mors: a review of epidemiologic, histological and imaging findings,
part II: locally aggressive and malignant tumors. Neurosurgery.
2012;70(1):211-219.

10. BeHuwon .M., lWaxHoBuy M.B., YyamHosckux B.A. n ap. OpgHo-
(bpaKUMOHHas 3KCTpakpaHWambHasi CTepeoTakcuyeckas pagmo-
Tepanus Npyu MeTacTasax B NO3BOHOYHWK. COOPHWK TE3UCOB 2-T0
Bcepoccuitckoro cbesna no pagmoxvpypruv U CTepeoTakcuYeckoi
paguotepanuu. 2016:16-17.

11. Tnymos E.3., Nonbgwmunat M.P., Oxabapos ©.P., LWenexos K.K.
OnbIT UCNOMNb30BaHMs Pa3nUUYHbIX BapMaHTOB (DpakLMOHNPOBaHUS
paguoTepanuv Npy MeTactasax B KocTu. naBHbli Bpay Kra Poc-
cum. 2018;2(60):53-55.

12. Boriani S., Weinstein J.N., Biagini R. Primary bone tumours of the
spine. Terminology and surgical staging. Spine. 1997;22:1036-1044.

13. Tomita K., Kawahara N., Kobayashi T. et al. Surgical strategy for
spinal metastases. Spine (Phila Pa 1976). 2001;26(3):298-306.

14. TlponuH W.H. OnarHoctnka HOBOOGPa30BaHW CMMHHOTO MO3ra 1
no3soHouHuka. BectH. POHL wum. H.H. Broxusa PAMH. 2004;1-
2:31-37.

15. Missenard G., Bouthors C., Fadel E., Court C. Surgical strategies
for primary malignant tumors of the thoracic and lumbar spine. Or-
thop Traumatol Surg Res. 2020;106(1S):S53-S62.

16. CambinuHa [1.A. CpaBHuTenbHas OLgHKa METOAOB Ny4yeBon auma-
THOCTWKM TEMAHMMOMbl MO3BOHOYHWKA. BronneTeHb MeAUUMHCKMX
WHTEpHeT-KoHdepeHumir. 2021;9(11):211.

17.

18.

19.

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Smith E., Hegde G., Czyz M. et al. A Radiologists' Guide to En Bloc
Resection of Primary Tumors in the Spine: What Does the Surgeon
Want to Know? Indian J Radiol Imaging. 2022;32(2):205-212.
®apees E.M., Ycukos B.B., Xaitgapos B.M., ®dununnos K.B., Kyna-
pagse V.M. Xupyprudeckoe neyeHue 6onbHbIX NpK 3noKa4yecTBEH-
HbIX OMYyXOMNEeBbIX NOPAXeHUsX NO3BOHOYHUKA. 300pOBLE W 06pa3o-
BaHue B XXI Beke. 2020;12(22):97-101.

PoroxuH [.B., bynbivea M.B., Koxosanos O.M. n gp. Knaccu-
yeckast ocTeocapkoma y AeTeil M nogpocTkoB. ApXvB naTonoruu.
2015;77(5):68 74.

MexayHapogHas knaccudvkaums donesHeit — oxkonorus (MKB-0),
3-e uapaHve, 1-i nepecmotp. Coct. 3. dputu, K. Mepey, 3. ek
w ap.; nep. ¢ aHrn. A.B. ®unoukuHon; nop pea. A.M. Bensesa,
0.0. Yenuka, A.C. Aptembeoir, A.A. bapuyka, t0.11. Komaposa.
C6.: Bonpock! oHkonoruu; 2017.

Anves M.[., CyweHuos E.A. CoBpemeHHas oHkoopToneaus. Cap-
KOMbI KOCTEMN, MArKUX TKaHer n onyxonu koxu. 2012;4:3-10.
Sunderasan N., Schiller A.L., Rosenthal D.l. Osteosarcoma of the
spine. In: Sunderasan N., Schmidek H.H., Schiller A.L., Rosen-
thal D.1., eds. Tumors of the Spine: Diagnosis and Clinical Manage-
ment. Philadelphia, PA: W.B. Saunders Company. 1990;128-145.
Dekutoski M.B., Clarke M.J., Rose P. et al. Osteosarcoma of the
spine: prognostic variables for local recurrence and overall survival, a
multicenter ambispective study. J Neurosurg Spine. 2016;25:59-68.
Arnves M.[., BoxsH A.lO., MeaHos C.M. v ap. KnuHudeckue pekomeH-
JaLuv N0 AMarHoCTVKe W feyeHnto 60MbHBIX C NEPBUYHBIMM 310KaYECT-
BEHHbIMM OnyXxonsmMm kocTu. Accoumavim oHkororos Poccun. M.; 2014,
Krakoff I.H. Cancer chemotherapeutic agents. CA Cancer J Clin.
1977;27(3):130-143.

Bapa+os W.A., TnaguH [.11., Koanoea H.C. B3anmocssiab runepak-
TUBauuu curHanbHoro nyt mTOR, npoueccoB cTapeHust u naro-
reHe3a COVID-19 (063op nutepatypsl). Poccuiickue 6nomeamumnt-
ckue uccneposanus. 2023;8(2):64-77.

Powell J.D., Pollizzi K.N., Heikamp E.B., Horton M.R. Regulation of
immune responses by mTOR. Annu Rev Immunol. 2012;30:39-68.
Saxton R.A., Sabatini D.M. mTOR Signaling in Growth, Metabolism,
and Disease. Cell. 2017;168(6):960-976.

Bange J., Cheburkin Y., Knyazeva T. et al. Cancer progression and
tumor cell motility are associated with the FGFR4 Arg388 allele.
Cancer Research. 2002;62(3):840-847. EDN: YVPVKD.

Weichhart T. mTOR as Regulator of Lifespan, Aging, and Cellular
Senescence: A Mini-Review. Gerontology. 2018;64(2):127-134.
bapanos W.A., Mnagux [.11., Kosnosa H.C. PaumoHansHoe coveta-
HWe OHKOMUTWYECKWUX BUPYCOB W aHaNoroB panamuuumHa B Tepanum
paka (nuTepatypHbIit 0630p). Poccuiickne bruomeanumHekme ucene-
posaHus. 2024;9(1):65-77.

Huang S. mTOR Signaling in Metabolism and Cancer. Cells.
2020;9(10):2278.

Ma X.M., Yoon S.0., Richardson C.J. et al. SKAR links pre-mRNA
splicing to mTOR/S6K1-mediated enhanced translation efficiency of
spliced mRNAs. Cell. 2008;133(2):303-313.

Dorrello N.V., Peschiaroli A., Guardavaccaro D. et al. S6K1- and
betaTRCP-mediated degradation of PDCD4 promotes protein trans-
lation and cell growth. Science. 2006;314(5798):467-471.

@ POCCHIICKME BUOMEJINIIMHCKUE UCCIETOBAHIA  TOM 10 No1 2025 ISSN 2658-6576 ( Online)




68

REVIEWS

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Holz M.K., Ballif B.A., Gygi S.P., Blenis J. mTOR and S6K1 medi-
ate assembly of the translation preinitiation complex through dyna-
mic protein interchange and ordered phosphorylation events. Cell.
2005;123(4):569-580.

Dominick G., Bowman J., Li X. et al. mTOR regulates the expres-
sion of DNA damage response enzymes in long-lived Snell dwarf,
GHRKO, and PAPPA-KO mice. Aging Cell. 2017;16(1):52-60.

Kim J., Kundu M., Viollet B., Guan K.L. AMPK and mTOR regulate
autophagy through direct phosphorylation of Ulk1. Nat Cell Biol.
2011;13(2):132-141.

Martina J.A., Chen Y., Gucek M., Puertollano R. MTORC1 functions
as a transcriptional regulator of autophagy by preventing nuclear
transport of TFEB. Autophagy. 2012;8(6):903-914.

Ding L., Congwei L., Bei Q. et al. mTOR: An attractive therapeutic
target for osteosarcoma? Oncotarget. 2016;7:50805-50813.
Garcia-Martinez J.M., Alessi D.R. mTOR complex 2 (mTORC2)
controls hydrophobic motif phosphorylation and activation of seru-
mand glucocorticoid-induced protein kinase 1 (SGK1). Biochem J.
2008;416(3):375-385.

Hu, K., Dai, H., Qiu, Z. mTOR signaling in osteosarcoma: Oncoge-
nesis and therapeutic aspects (Review). Oncol Rep. 2016;36:1219-
1225.

Sarbassov D.D., Guertin D.A., Ali S.M., Sabatini D.M. Phosphory-
lation and regulation of Akt/PKB by the rictor-mTOR complex. Sci-
ence. 2005;307(5712):1098-1101.

Laberge R.M., Sun Y., Orjalo A.V. et al. MTOR regulates the protu-
morigenic senescence-associated secretory phenotype by promo-
ting IL1A translation. Nat Cell Biol. 2015;17(8):1049-1061.

Slotkin E.K., Patwardhan P.P., Vasudeva S.D. et al. MLN0128, an
ATP-competitive mTOR kinase inhibitor with potent in vitro and in
vivo antitumor activity, as potential therapy for bone and soft-tissue
sarcoma. Mol Cancer Ther. 2015;14:395-406.

Wang X., Lai P., Zhang Z. et al. Targeted inhibition of mTORC2 pre-
vents osteosarcoma cell migration and promotes apoptosis. Oncol
Rep. 2014;32:382-388.

Lin S., Shao N.N., Fan L. et al. Effect of microRNA-101 on proli-
feration and apoptosis of human osteosarcoma cells by targeting
mTOR. J Huazhong Univ Sci Technolog Med Sci. 2014;34:889-895.
Li G., Cai M., Fu D. et al. Heat shock protein 90B1 plays an onco-
genic role and is a target of microRNA-223 in human osteosarcoma.
Cell Physiol Biochem. 2012;30:1481-1490.

Zhou R., Zhang Z., Zhao L. et al. Inhibition of mTOR signaling by
oleanolic acid contributes to its anti-tumor activity in osteosarcoma
cells. J Orthop Res. 2011;29(6):846-852.

Horie R., Nakamura O., Yamagami Y. et al. Apoptosis and antitumor
effects induced by the combination of an mTOR inhibitor and an au-
tophagy inhibitor in human osteosarcoma MG63 cells. Int J Oncol.
2016;48:37-44.

Chen X., Hu C., Zhang W. et al. Metformin inhibits the proliferation,
metastasis, and cancer stem-like sphere formation in osteosarcoma
MG63 cells in vitro. Tumour Biol. 2015;36:9873-9883.

Zhou R., Ma Y., Qiu S. et al. Metformin promotes cell proliferation
and osteogenesis under high glucose condition by regulating the
ROS AKT mTOR axis. Mol Med Rep. 2020;22(4):3387-3395.

REFERENCES

Zakondyrin D.E., Grin’ A.A. Spinal tumors: a literature review. Nejro-
hirurgiya. 2022;24(2):94-104. (In Russian).

Dreghorn C.R., Newman R.J., Hardy G.J., Dickson R.A. Primary
tumours of the axial skeleton. Experience of the Leeds Regional
Bone Tumour Registry. Spine (Phila Pa 1976). 1990;15(2):137-140.
Evsyutina E.P., Dinikina Yu.V., Belogurova M.B., Aleksand-
rovich Yu.S. Prevention of toxicity during chemotherapy with high
doses of methotrexate in children. Pediatr. 2019;10(2):89-98. (In
Russian). DOI: 10.17816/PED10289-98.

Musaev E.R., Aliev M.D., Shchipahin S.A. Primary tumors of the
spine. Sarkomy kostej, myagkih tkanej i opuholi kozhi. 2012;3:3-10.
(In Russian).

Mogila V.V., Volkodav O.V., Fursov I.V. General characteristics of
spinal cord tumors in adults. Tavricheskiy mediko-biologicheskiy
vestnik. 2017;3-1(20):120-124. (In Russian).

Masaryk T.J. Neoplastic disease of the spine. Radiol. Clin. North
Am. 1991;29:829-845.

Ropper A.E., Cahill K.S., Hanna J.W. et al. Primary vertebral tu-
mors: a review of epidemiologic, histological, and imaging findings,
Part I: benign tumors. Neurosurgery. 2011;69(6):1171-80.
Enneking W.E., Spanier S.S., Goodman M.A. A System for the sur-
gical staging of musculoskeletal sarcoma. Clin Orthop Relat Res.
1980;153:106-120.

Ropper A.E., Cahill K.S., Hanna J.W. et al. Primary vertebral tu-
mors: a review of epidemiologic, histological and imaging findings,
part II: locally aggressive and malignant tumors. Neurosurgery.
2012;70(1):211-219.

Bencion D.L., Shahnovich M.V., Chudinovskih V.A. i dr. Single-fac-
tional extracranial stereotactic radiotherapy for spinal metastases.
Sbornik tezisov 2-go Vserossijskogo s»ezda po radiohirurgii i ste-
reotaksicheskoj radioterapii. 2016:16-17. (In Russian).

Glumov E.E., Gol'dshmidt P.R., Dzhabarov F.R., Shelekhov K.K.
Experience in using various options for fractionation of radiotherapy
in bone metastases. Glavnyj vrach Yuga Rossii. 2018;2(60):53-55.
(In Russian).

Boriani S., Weinstein J.N., Biagini R. Primary bone tumours of the
spine. Terminology and surgical staging. Spine. 1997;22:1036-1044.
Tomita K., Kawahara N., Kobayashi T. et al. Surgical strategy for
spinal metastases. Spine (Phila Pa 1976). 2001;26(3):298-306.
Pronin I.N. Diagnosis of tumors of the spinal cord and spine. Vestn.
RONC im. N.N. Blohina RAMN. 2004;1-2:31-37. (In Russian).
Missenard G., Bouthors C., Fadel E., Court C. Surgical strategies
for primary malignant tumors of the thoracic and lumbar spine. Or-
thop Traumatol Surg Res. 2020;106(1S):S53-S62.

Samylina D.A. Comparative evaluation of methods of radiological
diagnosis of spinal hemangioma. Byulleten’ meditsinskikh inter-
net-konferentsiy. 2021;9(11):211. (In Russian).

Smith E., Hegde G., Czyz M. et al. A Radiologists' Guide to En Bloc
Resection of Primary Tumors in the Spine: What Does the Surgeon
Want to Know? Indian J Radiol Imaging. 2022;32(2):205-212.
Fadeev E.M., Usikov V.V., Hajdarov V.M., Filippov K.V., Kupa-
radze |.M. Surgical treatment of patients with malignant tu-

& RUSSIAN BIOMEDICAL RESFARCH

VOLUME 10 N1 2025

ISSN 2658-6584 (Print)




0B30PbI

69

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

mor lesions of the spine. Zdorov'e i obrazovanie v XXI veke.
2020;12(22):97-101. (In Russian).

Rogozhin D.V., Bulycheva I.V., Konovalov D.M. i dr. Classi-
cal osteosarcoma in children and adolescents. Arhiv patologii.
2015;77(5):68-74. (In Russian).

International Classification of Diseases — Oncology (ICD-O).
3 izdanie, 1 peresmotr. Sost. E. Fritc, K. Persi, E. Dzhek i dr., per.
s angl. A.V. Filochkinoj; pod red. A.M. Belyaeva, O.F. Chepika,
A.S. Artem'evoj, A.A. Barchuka, Yu.l. Komarova. Saint Petersburg:
Voprosy onkologii; 2017. (In Russian).

Aliev M.D., Sushencov E.A. Sarcomas of bones, soft tissues and
skin tumors. 2012;4:3-10. (In Russian).

Sunderasan N., Schiller A.L., Rosenthal D.l. Osteosarcoma of the
spine. In: Sunderasan N., Schmidek H.H., Schiller A.L., Rosen-
thal D.1., eds. Tumors of the Spine: Diagnosis and Clinical Manage-
ment. Philadelphia, PA: W.B. Saunders Company. 1990;128-145.
Dekutoski M.B., Clarke M.J., Rose P. et al. Osteosarcoma of the
spine: prognostic variables for local recurrence and overall survival, a
multicenter ambispective study. J Neurosurg Spine. 2016;25:59-68.
Aliev M.D., Bohyan A.Yu., Ivanov S.M. i dr. Clinical recommenda-
tions for the diagnosis and treatment of patients with primary malig-
nant bone tumors. Associacii onkologov Rossii. Moscow; 2014. (In
Russian).

Krakoff I.H. Cancer chemotherapeutic agents. CA Cancer J Clin.
1977;27(3):130-143.

Baranov I.A., Gladin D.P., Kozlova N.S. The relationship of hyper-
activation of the mTOR signaling pathway, aging processes and the
pathogenesis of COVID-19 (literature review). Russian Biomedical
Research. 2023;8(2):64-77. (In Russian).

Powell J.D., Pollizzi K.N., Heikamp E.B., Horton M.R. Regulation of
immune responses by mTOR. Annu Rev Immunol. 2012;30:39-68.
Saxton R.A., Sabatini D.M. mTOR Signaling in Growth, Metabolism,
and Disease. Cell. 2017;168(6):960-976.

Bange J., Cheburkin Y., Knyazeva T. et al. Cancer progression and
tumor cell motility are associated with the FGFR4 Arg388 allele.
Cancer Research. 2002;62(3):840-847. EDN: YVPVKD.

Weichhart . mTOR as Regulator of Lifespan, Aging, and Cellular
Senescence: A Mini-Review. Gerontology. 2018;64(2):127-134.
Baranov I.A., Gladin D.P., Kozlova N.S. Rational combination of
oncolytic viruses and rapamycin analogues in cancer therapy (lite-
rature review). Russian Biomedical Research. 2024;9(1):65-77. (In
Russian).

Huang S. mTOR Signaling in Metabolism and Cancer. Cells.
2020;9(10):2278.

Ma X.M., Yoon S.0., Richardson C.J. et al. SKAR links pre-mRNA
splicing to mTOR/S6K1-mediated enhanced translation efficiency of
spliced mRNAs. Cell. 2008;133(2):303-313.

Dorrello N.V., Peschiaroli A., Guardavaccaro D. et al. S6K1- and
betaTRCP-mediated degradation of PDCD4 promotes protein trans-
lation and cell growth. Science. 2006;314(5798):467-471.

Holz M.K., Ballif B.A., Gygi S.P., Blenis J. nTOR and S6K1 mediate
assembly of the translation preinitiation complex through dynamic

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

protein interchange and ordered phosphorylation events. Cell.
2005;123(4):569-580.

Dominick G., Bowman J., Li X. et al. mTOR regulates the expres-
sion of DNA damage response enzymes in long-lived Snell dwarf,
GHRKO, and PAPPA-KO mice. Aging Cell. 2017;16(1):52-60.

Kim J., Kundu M., Viollet B., Guan K.L. AMPK and mTOR regulate
autophagy through direct phosphorylation of Ulk1. Nat Cell Biol.
2011;13(2):132-141.

Martina J.A., Chen Y., Gucek M., Puertollano R. MTORC1 functions
as a transcriptional regulator of autophagy by preventing nuclear
transport of TFEB. Autophagy. 2012;8(6):903-914.

Ding L., Congwei L., Bei Q. et al. mTOR: An attractive therapeutic
target for osteosarcoma? Oncotarget. 2016;7:50805-50813.
Garcia-Martinez J.M., Alessi D.R. mTOR complex 2 (mTORC2)
controls hydrophobic motif phosphorylation and activation of seru-
mand glucocorticoid-induced protein kinase 1 (SGK1). Biochem J.
2008;416(3):375-385.

Hu, K., Dai, H., Qiu, Z. mTOR signaling in osteosarcoma: Oncoge-
nesis and therapeutic aspects (Review). Oncol Rep. 2016;36:1219-
1225.

Sarbassov D.D., Guertin D.A., Ali S.M., Sabatini D.M. Phosphory-
lation and regulation of Akt/PKB by the rictor-mTOR complex. Sci-
ence. 2005;307(5712):1098-1101.

Laberge R.M., Sun Y., Orjalo A.V. et al. MTOR regulates the protu-
morigenic senescence-associated secretory phenotype by promo-
ting IL1A translation. Nat Cell Biol. 2015;17(8):1049-1061.

Slotkin E.K., Patwardhan P.P., Vasudeva S.D. et al. MLN0128, an
ATP-competitive mTOR kinase inhibitor with potent in vitro and in
vivo antitumor activity, as potential therapy for bone and soft-tissue
sarcoma. Mol Cancer Ther. 2015;14:395-406.

Wang X., Lai P, Zhang Z. et al. Targeted inhibition of mnTORC2 pre-
vents osteosarcoma cell migration and promotes apoptosis. Oncol
Rep. 2014;32:382-388.

Lin S., Shao N.N., Fan L. et al. Effect of microRNA-101 on proli-
feration and apoptosis of human osteosarcoma cells by targeting
mTOR. J Huazhong Univ Sci Technolog Med Sci. 2014;34:889-895.
Li G., Cai M., Fu D. et al. Heat shock protein 90B1 plays an onco-
genic role and is a target of microRNA-223 in human osteosarcoma.
Cell Physiol Biochem. 2012;30:1481-1490.

Zhou R., Zhang Z., Zhao L. et al. Inhibition of mTOR signaling by
oleanolic acid contributes to its anti-tumor activity in osteosarcoma
cells. J Orthop Res. 2011;29(6):846-852.

Horie R., Nakamura O., Yamagami Y. et al. Apoptosis and antitumor
effects induced by the combination of an mTOR inhibitor and an au-
tophagy inhibitor in human osteosarcoma MG63 cells. Int J Oncol.
2016;48:37-44.

Chen X., Hu C., Zhang W. et al. Metformin inhibits the proliferation,
metastasis, and cancer stem-like sphere formation in osteosarcoma
MGB63 cells in vitro. Tumour Biol. 2015;36:9873-9883.

Zhou R., Ma Y., Qiu S. et al. Metformin promotes cell proliferation
and osteogenesis under high glucose condition by regulating the
ROS AKT mTOR axis. Mol Med Rep. 2020;22(4):3387-3395.

@ POCCHIICKME BUOMEJINIIMHCKUE UCCIETOBAHIA  TOM 10 No1 2025

ISSN 2658-6576 ( Online)




