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Abstract mTOR (mammalian target of rapamycin) is an evolutionary protein kinase that senses multi-
ple upstream stimuli to regulate cell growth, proliferation, metabolism and many other vital activities. The in-
activation and abnormal activation of mTOR regulatory functions will lead to the occurrence of related tumors
and diseases. In recent years, a variety of mTOR inhibitors have been used to treat tumors caused by abnormal
regulation of this signaling transduction pathway. The latest advances in mTOR inhibitors for tumor treatment
are listed, and the potential mechanisms by which tumor cells develop resistance to mTOR inhibitors are also
explored. Therefore, in-depth study of the mTOR signal transduction pathway and its regulatory mechanism
contributes to the development of new tumor treatment technologies.
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H AR IEAAEAE , mTORC 1 3= S 75 40 i A4 K AR
i, 1 mTORC2 3= B4 i) 4 f 34 5 A 735 e mTOR
I R T L B A AR AR AR S B R B
REAEA, H 58 W KT 2 s A BR L, 51 4n
W BRIRUEERI « BE PRI . N JRERE A0 25
JEFLAE g e A i3 A v b B AR P

mTORA G738 5 7E A T Ze MR, St ite
3697 NS R . 0 & S AL RYRY A
HHlmTORC L& 1%, 1M k7 A A 24 mTORC2iE 4.
mTORE v a2 Fp 7 2R e g AR K, fdE R
BEAE KR T2 AR5 S m . M AR i, WA I
BIACH . IR A T ER, K, mTORZIEH
A AT SR VAT HE 5, JEIH mTORFN Iz N H
TR L AR TT « 2 B A L IR R IT.
TX ST B AR FCAE SE T e AT TR RUE 1 41 i
AR ANIETE . SR, mTORPIHIFI I E B A I PR
IS EE RIEA T, 75 a6 YT HEmE LU /N
A IR . mTORIMHIF W 7487 1
AT 28 1, W] 5] R HABMST T mTORFIALHI K
HMZE mTORIEPESZIH , AT rfRs 40 B 3R 158 7% LA
HEHARKFIIEE . REZR TN T mTORMZ5 14
RAEYEEThRE, DA RE 40 B X mTORAM ) 771 7= A= iy
2P TR AR LA AN RS TR 24 1 A RS

1 mTORRHE&HASR
1.1 mTORZE B

NUE m TORIE IR 9 % 4 28 BT A 2 2 54915
R, I RAT A4S, T E A N-HEAT(NH2-
terminal HEAT). M-HEAT(middle HEAT).
FAT(FRAP-ATM-TTRAP). FRB(FKBP12-rapamy-
cin-binding)Z5 #438 LL A G A5 130 AR S
mTOR_EHJFRBZS &, AT i RV TR N5 L AL
s, AT mTOR B P, T ATPSE4+E mTOR
57 Torin 1, W ELHEHE 5] mTORME AL A7 55 I 4101
mTOR S P .
1.2 mTORAJLEE

HArWF 7 KM, mTORCIE & & R E il A
o IV i [0 45 A% O i AL T2 HE mTOR L 15 A&
Raptor(regulatory-associated protein of mTOR). %%
FA I3 mLST8(mammalian lethal with SEC13 protein
8). 4%V 3 PRAS40(40 kDa proline-rich Akt
substrate) A1 Deptor(DEP domain-containing protein

6)]4H A ¥, mTORC1 i iC#) 4E-BPs(eukaryotic
translation initiation factor 4E binding proteins)#/
S6K 1(ribosomal protein S6 kinase B-1)IBEEZ 1t 7K -
SR s PE R FR S P AL m ORI 45
%k Raptor {7 7F 2 M R (A7 28, W mTORM) S1261 .
T2164F1Raptorft]S696. TOOSZEA s, iX Eu A7 fii [
AL e F2 mTORC1KVE P . mTORC1IiE 1
MR, mTOR i 4% V. % PRAS404 Deptor £ 4 5%
£ F mTORCIE &4 b, ifi i mTORC 175 # 1),
mTORCI & BRI, BEWAIHT B S i i 1
KA BR A 67 4% 1.3 PRAS401 Deptor, M iy 55 1
TP HE AR, ATTE— 25 5 58 mTORC1H]
PR

mTORC2 K & & H1 7S Tl & [ A4 15 mTOR
& 4037 2 Rictor(rapamycin-insensitive companion of
mTOR). 1E 4% I 2EmSin1 (mammalian stress-activated
protein kinase-interacting protein 1), mLST8(mammalian
lethal with SEC13 protein 8)#1 Protor1/2(protein ob-
served with Rictor 1/2), PAA 971145 V% Deptor] 2
B, AGCHEF (cAMP-dependent protein kinase A/
c¢GMP-dependent protein kinase G/protein kinase C)/&
mTORC2/¥) P . mTORC2AHIEAK i T mSIN1
) PH(pleckstrin homology)# #4315 i i - i 5 i 1t
JUURE 3,4,5- = IR 45 &, JF H RictorM mLST8_F A7 7E
Z MR AL S LT mTORC2 i £

2 mTOR{ESEERAYIEIE
2.1 mTORCILEMAIEIE
mTORCIHEEZ A KK 7. iR M
BORE RV R 5 2 FiE 5T (B ). REE5E
AP 18 mTORC &, —Fh 2 LT
JE T 1) /)N GTP Rheb(Ras homolog enriched in the
brain) Wi B _FJEE S WAKRE T AlEEE. N
&, I 454 GTPE GDP /il ik TiE A B AR T IRES
15 mTORC UAH BAE I LA T Hoad it , 7Rt f
TSC(tuberous sclerosis protein complex) & 4% 5 L[]
AT DRe, HAEARhebBRE 10 5 212 S5 RhebZt &1
GTP/Kfi, {45 Rhebsi , EASEHIX mTORCIIEE)
YT 0 — MR AR E SR s R R e R SRR T
/N GEE I Rags#i 80 , 454 mTORC1H-WhBhH e i T
TSR R 1, E S H AT s R Y,
I FE fH RagA/RagBFl RagC/DFRE — A4 F, GTP
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454 1) RagA/RagB 1 GDPZE 7 [ RagC/D S & W 1
TP RV B AR L 3510 5 RaptorAH BAEH , K
mTORC 1 534 37 g (A IR 1T LA 5 H 0,

A KR 7 BOE mTORC 12 il i A 1 1
4 LY Rheb5 mTOR YA ELAF F AT #F mTOR
07, A K T2 4R 4 EGFR(epidermal growth
factor receptor)fll IGFR(insulin-like growth factor
receptor) 73 7 Rl AE K R -7 EGF AT IGF M 4 30
12— 0 % PI3K (phosphatidylinositol-3-kinase)/
PDK1(pyruvate dehydrogenase kinase 1)/Akt(protein
kinase B)5 5@, L mTORCIHIEME S, K
T 524K GPCR(G protein-coupled receptor) 7 ]
MAPK (mitogen-activated protein kinase)t 7] I
mTORC1 i,

mTORCIAMI AL KN AL AR 7, -t 58N 20 fify
RE AR N . FEAHI IR RE KT i A
AMP/ATPELHI, 32 11 57 g T A% SR AMPK (AMP-
dependent kinase), 751 HT AMPK R L TSC, Ml F
T mTORCFHE P, 41 il e Bk = 3 1 25 30N it
WX N384, T ATF6(activating transcription factor 6)H] i
1175 F Rheb 1A K E I mTORC & 14, i
BEANAAFE P, b4, mTORC 1A AN P <K
A DNASAT A5 N AE 5 IR I B . FEBRAE 2%
R, ATP/KF (B AIR2230% AMPK, 3544 () AMPK
fre it TSC21 3 , AT mTORC i 4 22 fIR4
1 n] LLisd REDD] (regulated in development and DNA
damage response 1)#i% TSC, 21 FH K mTORC1 1)
5P, DNA# ) B2 A% AT LUl 153 ps 3R]
AMPKB(AMPK {1135 W) M TSCHI R IE, SETSCE
BPHEVERG 3, T HIHImTORCLE MR,

RAAER VA4 mTORC I 75 14 =2 £H V4 Bl 44 1
W E A Rags/t F 1. RagsHIiGHEZWif &Y
GATORI(GAP activity toward the Rag GTPases 1)#/l
GATOR2[{J 142 . GATOR 1@ i #1| RagA/Bf) GTP
BEvEYE, AT #0H] mTORC 1WA ; GATOR2iE I 175
5 DEPDC5(DEP domain-containing protein 5)F#fif K
1 AIEGATOR1™!, SESN2(sestrin2){F A7 2l 14 K
S mTORCI i, SRR A% 5 SESN24G 7,
7 HUSESN2M\ GATOR2 L fi# 5, BE/ GATOR2, MIfij
EIHmTORCIE TR, Oy 1 BRI ZHE BN mTORC1
[ FEWOE | E312 2% 4% RNF152(ring finger pro-
tein 152)#1 SKP2(S-phase kinase-associated protein 2)

7% F RagA iz # L H 123 RagA 5 GATOR1 145
&, M mTORCIIE 1 . Ak, 12 %4
TRAF6(TNF receptor associated factor 6)f# {1t Akt#ll
mTORIVK637Z AL, LME i 2 LW AktFImTORC1
(S,
2.2 mTORC2EMERYIFIE

mTORC2 3 £ 2 A K 7= (B ). &
M SIS Y PISK #4140 B PIP3, PIP3 -5 mSIN1 ¥ PH
SERIRSE S, DABH M mSIN 1% mTORJEPEIHIH], A
TG mTORC2P, [ PI3KGA AT 3E i g #E mTORC2
SRR LE A, K BB mTORC2IE 1 B, s Y
mTORC2A T bR Py R BRI Fp BY, Ak,
IKKa(lkappaB kinase-alpha) "] 5 mTORC24H E.AF FH IF
R ARG TS PR

mTORC27 14 11 52 41 i fig & A1 8 7= 1 4% .

RE AL I A AMPKAH] mTORC 13514, it — 25k
55 mTORC X mTORC2H 4], MM #E mTORC2,
[A1fi mTORC2 7] f Bh 40 & MAR AE fE/KF, IF
B A B AL 3 2 2 mTORC2 B HE ™

mTORC2E &R 45 M) Z Wi ARIR 1) A 4%, H PARE
Ry HAE R R e P . mTORC2HIH IR Z mLS TS
ZFZE . 312 R IEHE TRAF2(tumor necrosis
factor receptor associated factor 2)1F [ i 15 mLST8 1]
ZFEMNABE, B35 mLSTS mSINT A ELAEH -4 3
mTORC2 ) 5E 4%, MITHIH|mTORC2 (5 PR

3 mTORSMEERFHIX R
mTORTE 5 1# % Z 5 40 i N 1) 2 1 AF B 75 31,
FLOR I 23 R A0 R PR IE AR B D) R T T BN e g%
Dhesz 24 F w5 kg . N8 - mTORM 5
WO B2 U A T mTORIE B4 3075 €48 . mTORE
EYVA I Y1 B B2 2k DA K& mTOR ) 4 ik =1 (K]
THIRAENER.
3.1 mTORLiHES BB EHE
RTKs(receptor tyrosine kinases)/ 5 PI3K A
4% mTORC1 M mTORC2[1)E . RTKsE mTOR
Fofth 137 A% 51 0 PIK3CA L RAS. Akt 54 80
PL & PTEN(phosphatase and tensin homolog deleted
on chromosome 10)[ 58748 F1 F 2% 34 B8 57 & IS
mTORP. £ NI R o 22 8 K L EGFREE IR 2
KA 5 £IE . EGFREAFLE 25%~82% 45 H
e~ 30%~50% H 11 J53 BF 40 i 983 A1 5%~20% H 3F
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.
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Sestrin2 S6K  4E-BPs —» Activation
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Protein synthesis
Cell growth

RTKs: BEREMARZ 7k, PI3K: BEIREENLEE — ¥R IE A PIP,: BEIREBLULEE —BERR; PIPy: BEIRBLALEE =512, PTEN: BERRERAE 55K /1 82 A RIS,

Akt: B EMEEB; TSC: 4515 MEREALIE 8 B 5 444 MAPK: f 2270 24 J57% 1 5 1 i, AMPK: IHF IR A6 M & 1059, REDDL: K & S DNA# )i
SN HEE 1, mTORC1/2: M FLAN YIS A 3R #E E B 54K 1/2; SOK: M MH IR S6K 2R F1Ul; 4E-BPs: HAXTH PELIA A T4ELE & HE 1
RTKSs: receptor tyrosine kinases; PI3K: phosphatidylinositol 3-kinase; PIP,: phospholipid phosphatidylinositol 4,5-bisphosphate; PIPs: phosphatidylinositol

3,4,5-trisphosphate; PTEN: phosphatase and tensin homolog deleted on chromosome 10; Akt: protein kinase B; TSC: tuberous sclerosis complex; MAPK:

mitogen-activated protein kinase; AMPK: AMP-activated protein kinase; REDD1: regulated in development and DNA damage response 1; mTORC1/2:

mammalian target of rapamycin complex 1/2; S6K: ribosomal protein S6 kinase B-1; 4E-BPs: eukaryotic translation initiation factor 4E binding proteins.
El1l mTOR{ES¥ B
Fig.1 mTOR signal transduction pathway

/INHH i it e S R B LBV E 2 5% 1 1 3 TR
e vh R B T PDGFRa(platelet-derived growth factor
receptor alpha) RA%, {EE . T A3
Jik PR R1JEE R R B T 5%~10% 1K PDGFRad) 18 81,
FGFR(fibroblast growth factor receptor) 548 ¥z 17
ET N, $ERE FGFRI1/2/3 1) %A 1E 3k 30l
e e S Th &% kA, I H FGFRI/2
TEFNE P Ry 1 B, FGFREEN K Bt g hith &
Fow (G 2 K VB BRI, iR R PTENT] 4 17]
4% PI3K. MAPK K& FAKZ:(5 5@ 8% , 1 76 A\ J50%
PEPRT (B S SR DR PR A ) h A
PTEN T REE KBRS, F 46, mTORK:N 25 KA
R, 3B PR (0 R S I A AR
3.2 mTORESEE i RIBIHE

mTOR FU#ZM T S6K1. 4EBP 1M elF4%5 “2i
TR AT AR AR AE TS AR T 72 iR i
R R EEMEH . NAKAMURAZE WL, Sk H
LR 40 B 2 R0 iR 1 R 1Y SeK L s FE I R IA, 5
BB, SOK1ZITE 8% 1 i & 1 FL IR 4™

W, 2B AR FU M AR 1 i Rg R AR AN T Hh B A
SRR, T H., S6K1 T UE 52 15 10 248 i Joi 441 it %
A RN fRRE A 9% . JAFARIZSE MR B, S6K 1451
PIPK (phosphatidylinositol phosphate kinase )i li& . X}
TR R A PR 22 0 R T B R B, L FE
1R RHFENLH . SEGATTOR: % Bl S6K 1 /£ 41 ity
ZEREEE FAEH, X HIT A SOK 1/ )14l
FUIIE IR B, 1246 A 90 0T 6 78 78 H 400 1) 7L A
e 210 L P S VT2 SR A AR 0 N R 1) A G, 3R A
SOK 1l 7T AT 241 Ll ) ey 3B A2 R N %
XTp-4EBP1#AT I 43 HT K B, p4EBP L ik 5%
PR (T % B3 AH 5%, I H p-4EBP1 1] ReAF A 80
55 BTN PR R R S e D I B AR B,
RE AR TE SO R ) AR E B (S S S5 T 4 thAb,
CUR I AEBP /K1 1] LS [ 40 %) PI3K/Akt S
I A T A AR B T . TICHTYANAGIZEH R 3,
AEBP 1/elFAE IS 7K ¥ ] TR0 5 200 A s 1 7 01 g,
WS R i HEa i AR, p-4EBP1 W] e N S5
BTG 7 E AR T PR AR B
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4 T MEIEFT B9 mTORANHF

YT mTORAE M8 i3 J|& v R ¥ 55 SR AE
mTORP A B H T o8 S5 5 a7 . S iH %
2 I (rapalogs) i AEHE I T IR R VAT, 1M
H#FFEN R CEwt R T V2 BA A FVE R BT
mTORHPHIF (R 1), o —L8IE7E 4 T 2 Fh g
I3 PRI PR
4.1 EWHERREEM

A R B NP R A,
HFUAIBTIGTE . BT S 0 R VA A 2 3)
D152, I IE F T N R ri6y7 . Hil, &
TP H TR LR 7K I 1 A 35 SRR, G v % B
(Sirolimus) F K 2 5 7] (Everolimus)7¢ I H 83 #1711
TER, ¥ O EIRIR BT B4 ey, R OH
I PR AR 36 &5 5L 2 Wlrapalogs ] T-7697 B . B/ 40
Y e R PN I S 2 WA BRR B0 AR IR PR
TS H R I, AN TR A A B R RE R Sl B TR T
SEAAIR, A T R AR 2R BN A X g ) 0 A FH
A PR R, M H X mTOR A A 58 4= J i 7l fE 5 3
BRI PRIRGE R Th %
4.2 ATPZ%MEmTORANHF

N T EA R HADH mTOR, WFFE AN R R T
% Ffi 4 5] mTORC 1 A1 mTORC2[f] ATP3% 4+ mTOR
. KIS T mTORAE 538 #% 1) I8 ] 8 % 1
FAMHI B UK, 5 HEMNE R BLDAE, ATP
% 4 1 mT ORI il 71 AN B 40 il 40 2B K, 38 mT LA
7 FYHIE T, MLNO128(Sapanisertib) & —Ff pan-
mTORAMN 5], 744 & Fk Py 35 B AT 58 20T ks
ER, FF H MLNO1287E /)N AR AP b 4t X i
R 2R PIR LI 55 SR AT T S B
FRICKE%S P LR W, 1E PIK3CARAF 45 H g

T, MLNO128 7] L5 [IR 8 % Everolimus i 24
0 ik 8 /N> £920% . CHAMBERLAINZE S
MR I, T 55 PP RS A 1) B AR st 28 1N 3 6 988 1) £
=, B§i7E Everolimusiiif 24 [ /183 #1, MLNO128H 7]
IR/

A —Fl ATP 3% 4+ P mTOR i 771 PP242(Tokinib),
xof e 0 45 P e 4 2 BlOTR I R 2 L R AF Bt
FHOREVE PR B4 ZEAR IS T Akt-mTORAE 538 B8 (1 4A i
Zys A b, BTN SRR I PP242 ] LATE R AP AN
A PO A BT 245 D SRR 200 B T R AU Y, ik
4b, AZD2014(Vistusertib) & HIAIE S ATP 3 4 14
mTORC /2307, 761697 MEBER 32 7 BH v SR 7
AR R, 38 0] DUAIHIGT rapalogs F1EE A2 B H A Tiif
2yt SRR
4.3 $R[EPI3K/mTORAIINEIF

L5 B ] mTORAH LL:, #117) PI3KAN mTOR 47
HIFIATRE LA AT PR TE . % PRBKAIMTORKY)
FRACLYE, — 2k 2= mT [R5 PBKFImTOR. NVP-
BEZ235(Dactolisib) il 2 il PI3K 7 #4{A 1 mTOR, Jf
AP E T, 7553 M bEE , FHTRI7T I
JOURE R0 Jsz oIR8 o B (muzolimine) (TR 2414, H.
XTI H PIBK/mTORYEME ER A —E B, NVP-
BEZ235 RNl X RAZBE = AR i 245 PR R PR

SAR245409(Voxtalisib) & — Flt PI3K 1 1] 71 ,
5 22 Pl N 28 i 98 S P R AR ARE R ey S0 2 00 ] e 3G 2
£, SAR2454095 MEK(mitogen-activated protein
kinase kinase)##il| 71 Pimasertib nJ 5 [7] $1 fil] 3 £ -
BT P FERE 41 A 1) A2 KB, GSK2126458(Omipalisib)
J&— R A IR A PI3K AT mTORAM# 7, RE A R4k 55
NS IR 20 BT 3, R4 4 i SOV L AR 1
K,

F1 A TBhEETTAImTORANHIF

Table 1 mTOR inhibitors for tumor treatment

mTORHI ] e st

mTOR inhibitor Category Tumor type

Sirolimus Rapalog Renal cell carcinoma

Everolimus Rapalog Gastric cancer, non-small cell lung cancer
Sapanisertib ATP-competitive Bone and soft tissue sarcoma, breast cancer
Tokinib ATP-competitive Stomach and colon cancer

Vistusertib ATP-competitive ER-positive breast cancer

Dactolisib Targeting PI3K and mTOR Glioma, gastric cancer

Voxtalisib Targeting PI3K and mTOR Endometrioma

Omipalisib Targeting PI3K and mTOR Rhabdomyosarcoma
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5 BRIE X mTORHNGIF =4 i 25 1 R AL
Tl KA T R A%

i 245 14 A BOE T R I R 2 —.
TR IR P, — SRR X A e A R R
IS 7o = N A b A b PARALL IR A RO Eii
P2 Bl IR TR 24 (1) 5 DAL o H 15 5 X 4% 1 5 2
P, J R 4 i T B 238 B R 45 5 S Sl R, R
e FE A A 5 38 B (0, 3 1T 3 B — b B 2 4 )
o DRI, ffR 6t mT ORI T = Az i 26 1 1 78 7
BUEIR AT A B BB . W0 R A48 T gt
mTORFHI T 7= Az i 24 14 AL (E12) o
5.1 ABCHEZEANSMAIING

ABC(ATP-binding cassette)$% 1z & [ 15 & K 1A
F& 2 R R G M L 2 — . ABCHEIZEE A
AR RLEIAMEEE , M AR A0 P I 25K F | 52
M) PR 5 095 (R T R R . 3552 |, mTORNHIF H
85 25 F1 NVP-BEZ23 543 7l 2 4 £ 11 A0 7L i e i 2
EAKEY ), HURVITZZ: CURIHTE 5 KB, FLIRE
i 24 £ 4 £ % Everolimusiiiy 24 FY 45 s L AR 41 i 2 A
W EERIE, I H ABCG2I AR T 1 i 4 Bt
PI3K 1|71 PF-49892161) 2. & Hi M4, 1 ABCG24i 5]
BRI RE I L S R . X ABCHEIZ B A ()38
F73 FIAS [ mTORFIH1 770 i 7, PRI BRI X ABC
FEIE TR AR A ] ABCHS 12 B (I TS PE TT g
SIEBEmTORINHIF I T K, A G e -

Drug efflux

mediated by

ABC transporter

~ o
Interactive regulation e o ©
between mTORC1 and
mTORC2 ¢ o
®

/ @
Tumor stem cell

renewability and
expansion capability

Drug resistance

5.2 BhET4A

Ji IR T4 (tumor stem cell, TSC) 2 iei b Fh )
— AR, R v T BAA R HRHT /). mTOR
2 1 o e TR T 24 1 B A A AR K TR 7 -BAE Sl R A
R o BT BRI T b TR BT AL, A
TR e T Ar i A i . A B iR, —Lik
e TORH I 751 A7 0F Jev 8 =48 B4 FH, nPI3KY
mTORNHI T VS-558423 FEAL 2 Fb A 5 g 7) bl S A
TR (1) CSCAKF 1, VENKATESANZS 1t
LR, TP53(tumor suppressor p53)548 fl BCL2(B-
cell lymphoma 284 & {4 50 J12 57 BE2H 1 Je % mTOR
I B BURE | 10 B TPS535878 i i i BEYH k8
T A MAH b, TPS3ET A Y i Jot BR2H 6 2 i v 1)
BCL2B AL T BB 57 BRI 83 % mTORC /24 57
PIRBUBE PR o PRI, SR NI 5 e R 8t A% 1 S A e
JE TP R, A F TR SE A R mTORAM | 7541
NG A E P AR U R T 2412k
5.3 mTORZKZE

FER RV Re 2 Y R . CF 2
i mTOR B0 98 A48 451 21 mTOR i 25 #4485 11 5 4%
M23271. $2215Y. L2230V. E2388QF1V2046A% (7
7T NJEME A BEXT ATPSE 4P 4011 57 MLN0128
FEAEGUE, R O BT, 10T EdE— IR
FT LA B 7ERaptor  RictorFIRHEB A BR &6 2 1 ) g
FHICRAE ] B 5 mTORH I I 25144 K

The decreased effect
of mTOR mutations
on drug sensitivity

A

The attenuated impact

on drug sensitivity regulated
by abnormalities of metabolic
pathways

®

® Tumor stem cell

{ ) Tumor cell

mTOR inhibitor

E2 B X mTORIDHIF =4 i 254 A9 AL

Fig.2 Mechanisms of tumor resistance to mTOR inhibitors



280

54 MERFSEENREE

mTOR 1 1] 551 1) B J P 52 JEL A Jieb 983 3% 422 1140 18
F1 o F#H mTOR A fE 5 # MEK/ERKGE I 1305 , i
I CDK4/6(cyclin dependent kinase 4/6)#11l|7]palboci-
clin] #15 ERK, [XlTfi] CDK4/6 A1 mTORA 1|51 7] 13 [+
FOVf] g A K 000, RS S e 4 I 2 (transglutaminase
)R—MZINRERE, 25 2 KBRS, AT,
55 A TS LG 20T A 8 mTORCI
S5 T 1 bR 4 X T A B U T A, 2R
AT KT A A KA B OCE B 2Rk i
Rl 2 X mTORFP G (13 BLE Je B, 17iX —id FE 4
FEPTA AR T, AR A0S LIRS . DRI, s
ARGHIE AR 1) 578 JAE L Y 2 S BUM R 7 AR i 24
PEo RN T IIR AR A2 1 = A WL 25 T4
SR PRIGTT HFmTORM 75 ) v 2805 F o
5.5 mTORC15mTORC2HI3Z E {EH

mTORC 15 mTORC2/# 58 . 45t 2= & 0 [y
XF mTORHN 77 A BB . mTORC238 i PI3K I v
A K PR T B 0, SE0E Y mTORC2 1 R 14 Akt, |
Y mTORC [P , A8 g 4 B 1) A= 47 66 A3 4
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