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Abstract

Mammalian target of rapamycin (mTOR), a serine/threonine protein kinase, plays important roles

in regulating cell growth, proliferation, survival, angiogenesis, protein synthesis and cell cycle. The abnormality of

mTOR signaling pathway is closely related to tumor and aging, and has become a target for the treatment of related

diseases. This review summarizes the progress of mTOR in the regulation of tumor and senescence, which is of

great significance to the mechanism of tumor and aging-related diseases, and to provide new ideas and methods for

the development of anti-tumor and anti-aging therapeutic drugs targeting mTOR signaling pathway.
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AHEAE I ). mTORC1/E 5 ¥ %@ i Ras/Raf/
MEK/ERK# % FIPI3K/Akt/mTORIX P 4% i B I 17,
FEl ok H AN 32 R YIS6K (S63# ) F14E-BP1(4E-
binding protein 1)¥% il 40 f A K. f7 & ML A&
A AR B EY . mTORC24, & mTORZE .
Rictorx PROTOR. mLST8. Deptor. mSINI1Pl,
W5 R I, A K R 7 4n ik B 3R 15 5 ATl PI3KOE
mTORC2, mTORC2¥) izt JiZ ¥ 4k, <= @ ik 1 1R 1k
Akt Serd 7307 i S 15t G Akt, T BIPI3K/Akt/
mTORAE 5 3 B 0% . mTORC27E 40 i 773%, WL
B G0 E BT Rk, BERRET S R 2 IR BER
JE 03 45 5 THD A 45 B AR FU,

mTORTEA—NEEMRFESH T 0T, X B
I R P R DR ) B R L B R A
fiff 5% &K I, mTORC1 ¥ Tl B 1 =118 70% 1) N\ 2 Jif &g
Rt I B TR K, TE 3 S A DG R H R R A
5 0, IX BB R AR AE A5 mTOR B N Bk J8g AN 55 % Th iF 7T
[V TE 2P0 A

2 mTORXS A& RIS

IR I 2 TU0E Fi 46 Y, mTORYE 2 F g o
W AL, R R AE R R AT 4y 1 E
5 A6 35 B 3R I API3K/Akt/mTOR. Ras/MEK/ERK/
MNKsHIMAPK/MNKs/5 518 i 1)1 FE 0% . PTEN
IHRE MBI AN E Wi 42 %2 BH

AR, AME. TENERE. OPEE. §l
IR FFRE. B . e A o R
FHODR U e R I i 8 45 350 17 7EPIBK/AKt/mTORAE 5
i % A 2 A1, mTOR 3 2 3 i PI3K/Akt/mTOR
FIRas/Raf/MEK/ERKIX P 4% i8 B U&7 22 5
T ERKEF. BE. TS 2 25 (cytokines)if
i BOE Akt, HE T EOEMTOR, mTORYE AL J £ 42
4E-BP1. PDCD4WERAL!2, Frf, 4E-BP17E KB
FRAARASET, 5 BAZ AT G K F4E(eukaryotic initiation
factor 4E, elF4E)'% % 45 &, BH 1helF4F & & W)(HH =
ANV FEelF4E. eIF4AFIeIFAGAH i) it T i 3 4 i i
L) B B R 4R, 244E-BP 1 mTORC 1 2 1k,
i, 2515 S4E-BP LRl eIF4E; [A] ¥, PDCDA7EA A%
RAUCIRAS BT, HelF4AAR % 454, MPDCD4#mTOR
BRI, 2R EA TR elF4A, I elF4F
HERIIERL, a5 & A PR i, S8R &
K. %4b, RassMEK/ERK/MNKs F1 MAPK/MNKs i

6 e 18 % 1R 10 eIFAE ¥ Ser209/07 15 1 15 e IFAE 1) i
P, T 52 B PR R, eIFAE I I 5 v 6 ] LU i3F
U RS FEAE A R AL, PR, AN R — PR E
Fom R,

B9 < B, PTENHR] PLXTPI3K/Akt/mTORAE 5
B HEAT U T . PTEN(phosphatase and tensin
homolog deleted onchromosome 10, 105 %4 & & |-
Sl 55 7k ) B 1 (R ) B I T R R ) — b e
[, f2PI3K/Akt/mTOR:HE #% 1) — A 55 2 (1) H 5 15 1
T AL, PTEN [ 2 e i 25 A HL A B 17 XTPI3K/Akt/
mTOR(E 5 I B% i #0011 I, fEPI3K [z Akty™ #) 1
I VEYERG o, GRS R AT AMPKAT LB RS
Raptorfif BRAL!®), #1HmTORCI 35 14, M et 5
Wik (1) R AR, 9/ JRE R £ 1 7= AR ) JF HPTEN AT 41
HHIAMPK A (5 5 4 T4, AT 00 1) 200 Jf A=
e,

MmTORC I G AL, Bt BT DL aa i #0 i] [5 e
T (R 422 St (1 32 g 110 R A 000 8 W g F 41 i
WS HEAE ), SCHF R I B 4 A i BRI IE
¥ SR V5 T W 2 A BeclinfIATGACHL A 1) /N iR, 31X
PN BRUER 25 5y Az Jivggg 20210,

mTORJ! 3 ) 82 B TR 6 92 . PTENIZ)fig 3
LR I A1 0 g PR A A A e S 3 A T AR A
FH, B AE X 52 22 W 1 428 v e & At 4y e 4 o oth B
BRI e ?

3 mTORSFREZHEIE

TR B I TR, 2R WA (1 25 F RHL BB
e, EIRMERAEYELRE, tEHE ST 4
FRIZH 23 38 B R840, S0 B FE RS M3 R & T
FUEMRIBET. . IR, IR E LK N
g B 77 iy BN AE P 22t 9T B AR, B B AE D)
S R BIASWT 20 R A5 A0 M 5y KT B SR AR
Wi R N, ANATTR I T 2 ol 5 e 40 i 32 52 1) 4y F
HIr2 51015585, HHmTORE S EEAERE
HHRIT RS 1A AE R AR 2 B NATT IR O3 . I 98 R,
mRNAF 6. 7 A KA5 5. PTENSGR KA H g A
B R AR KR,

20034, Vellai%s®1k B, B& lkmTORC13E £ fig
B R S K F5 TN B AT 2k e (0 5 i A D e, B R R T
mTORTESH M 2 2 IVE - 5k, AF 73R B,
3 I 3 AL 5 08D mRNARH 3 AT DURE K BERE . 0 1R



X PHEE: B mTORKIFUIE 5 P2 25 WmT Je itk Jit

627

A1 08 () 75 . mTORC 13 i1 S6K 1 M14E-BP17E
BRI RSB E . BERE. TN FRAT 2k AN
L SR (1 S B6AIE B, SEK 1k 2k ZE K T METE /N B 1)
F3fi, M4B-BP 1 BE L 7 1 i 1 75 iy 2B 424

T AR K AT T BN S S R A
MR . TR &L MRS H, Wntfs 57> F17E/)
B3R R A 1 R S 3R A 5 B b R T A T R
RASFECEANIERZD), HE M RGPk ®
IR Wnt ) 2 1 4H M )ik FE R S A R 2, 1
/)N BR 3 I T 41 Bid (hepatic stellate cells, HSCs)H, 6l
FImTORC I M 52 AR WO 1S i, 3@ i Bk 2R TsCl,
BIEmMTORCL, S #pl6. plOFIp21 k8 N, &
HHsCsITHFE, LK IMNE RGBT HHSCsIRFFES
GREEIEY/ VPN S

PTEN ) 6k 2% 1 B2 UG T PBKIR 12t S 8 1
HSCsfid EE1h5E . st b, HHEMERBITIRE T
PTEN-HSCsf¥ E i 58 /7, DLE /MRS R, &
2, XK IR, mTORC 12 i3k ik I 14 g M 5
TEARAS B H A KAS 5 I B R 15 711

73 A W2 5 KA O I mTORIM i) it —
RI2 . BWRIER ) RERD TR 23 R
e FUVF A IR S 7R 2 R 2R T AR AR I B L Rl
LA FEE IR L BT, mTORME IR
A ) AT A P U LK L AT i 3 3 228

[Alt, mTORYE N —ANEHEE 557 F KT, 18
P I8 AN e 30 2 R A e A DGR L, B L e
mTORWF AL H 258 A, FEAImTOR G YT 2590 A
W7 b RN 5 3, AR AR T R IR RO T
(1)) LAAmTOREE [A1 V59T 254

4 mTORESEEFTIFI
4.1 mTORI&HIF

B IH T 2R AR I 5 — S mTORF il 771,
‘B CHFDARE FH T AE R A TR S5 FHAE S B #0155
A T6EIT S g0, I H o2 AR RS K S EE M)
RN T bk EVE I VR0 A B B S5 0 i
IVE 2 I PR B0 b6 3 B 78 IR N, BFFE N 7
RI, EHERGEASENHI RSO R R
MM, BRI, ROEB R, BAI MK E
JE. NANBE AT R . AR . FURE A
PRS0, BFFE RN, RS RE IS S SN %
RFKBP12, JE B4 & 54, 585 —iE 45 5 FRB

45 M TORER [ 1 C-ii [X 35, 3@ i #1 flmTOR 5
raptor ) A H.AE F R HImTOR I GE, #AmTORCI
5HRP AR, AT S mTORAE 5 XF T i #Ax
() e R 4% FL gl i AR KA A g s A E BT, R
i}, KaeberleinZE!" % ¥, mTORGE % N JiF [IS6K A fE
HiEK A Ok, EReEE I HmTORC, i #i i
mTORC1 V7 2% B Rl F-S6K, A T 2 21 4E K 75 iy [
YER . X3 BH, mTORC 1) il X - i 988 41 ffd A 1E
i A A A R A 5o e, SOK AR fa, 40
AU Dok 2%, i 98 24 i R] G S5 A 184 B ) AR5 12 T -
A IR, e 2k BT MR B H B, T I 4E B
E B IE Y B Re = A H 2B 2P 2 B W, B At
WGP N ESAA A ) B AEmTORC 11
PR AT LOR B, FEAT AP

BANVEME R BEA LR RER S, HBfFE
—URIER . B, Ham R RIE 2 ms] e R
G DIRE. BEFURIN, B R T A R A
R, 34% 858 2 W FE IR Y, 16% 5 BA 5w
RGP HOR, RS R WA T 5 R 22 A A
K, FEEBEEE PRI, FINER FE60%M EE
K P AI55% 1) 83 AL FDE R Y. 3, &
WA EE 2R I6 T 5 Sk A N8 FRE AH O, 90% 1) f6 3
TR B, I HLAE NA/N B H B S8 L D gz 2k
AIHENE A F S R B IE BLPS, [RIIE, 85 iA %5 &= A
7 F B AR Ak, 91 G AR R S 2508 5 2 BusivE
FERAG S 80 260 Bl T 52 AN R RHT R0 PRI 1R 9 2R 4
hneesn, SRR RIAIT S 20l K — 2 B il R,
BLFEREYE 50,

ETHEMERNOEER JFRMFREE
R E MmN E KA EMB N AR S, B
B I & JF W 50 80 R M R PR AT AR B
RADOO1(Everolimus). # 7% 5L 5] (Temsirolimus,
CCL-779). AP23573(Deforolimus). SAR943(32deoxy-
rapamycin). AB7-578(Zotarolimus) A Ridaforolimus .
o, & 4E 22 FJRADO01(Everolimus) £ FDA#E 1 H
TFABIT e RAERR G Py 23 WA B JRgo, FL g O
20 M 958 LA S FETSCURITSC24% i Fh R RAZ ) i
)RR G AR TR 4 i REEY . Temsirolimust
FDAL#E H T 6 97 B 300 B 48 ™. B 78 2 5w
Vi D9 8 P BOHE V6 1 240 AR Ak E2 88 1) B — 25 1) YT
WigR R O ATk, &R T LHREFS
BF 78 & 1 ik 896 97™). Ridaforolimus#E ITTHH Iifs
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PR AR 56 A BT R, AP23573(Deforolimus) B
ML JURRE 3R 97 FI 2 A 24 B R Ak
A0S [R] T2 200 B 2R 1) 3G 5 A i i VR L, R LR
o R R A RN R RS S MR E IR, 5
A % = M H, Deforolimus L A5 55 47 1 25 ) F1 24
P PEF*SAR943(32deoxy-rapamycin)fIAB7-
578(Zotarolimus) & H A 54T 1 250 REE 1 R Fh E e
F B, TR, 0 i A S 2R 1)
ol P PR B JORE IR SR, IX SR AT AR 2
Tt AP 2 E RS — Dt s .

I VAR BB R R I, B B 3R RO AN B AR R
73 7% HH T S6K/IRS-1 R B A H 4], ix ey 7 e
S A T E 5 R S Akt Serd 7307 HBEER 1L, M
TG Akt ), TF IR RN T AR T B 2 5
WA %5 2 S H R AE R v W %% 21 1) 0 e 9 AR
S5 1) R Rl o I — 7] B, mTOR 1) BUHE 5 4101 1)
I ATATP % 4+ P 400 1) 5510 s o 25 W0 F e i) S8 i . 49l
1, NVP-BEZ235(NCT00620594) & mTOR 1] X 4
7). Bk B 22 B IR AR 2 B, NVP-BEZ23538 i
45 A PIBK FImTOR L B [ ATPSS A 24 11, M1 4441 il
HOE M, RS T MrmTORC 1/218) R 95 25 S 41 S6k Al
AE-BP1HIGE, 5 215 # PI3K/mTORGHE 2% 3 J& v
A, WNTTTTE V2 R 8 41 B 28 R0 SI2 6 iy A 284 o = A
A R PG FE AN B R g MRS, LR R I 5T g
TEWEL,

[F B, & X5 A& = S AR 5
mTORC2 1| &, ATP5& P67 FFF AR AR KFERE E
fil e 7IXANGREE . SRR R AL, PP30. PP24241
Torin I /E R KAR FE B 1 JFARHH M iy 36 4, PP242
FE P /N BRASEAY o LEER IR 85 25 B 20, ATP a4+
PRSI AR W 5T v LR L.

4.2 HABFTFI

HOOUIAE R B 259 £ 05 A8 FH 602 4, (H
T AR RAT 0 2 A 4 SR PR TR T ORUICA B g
WS fa, = OB i 988 (4 AT 98 A58 R R BT 9 4
Mo BEJRRESE R B, —F A LR . T
JE UNEUE. AUBIRRNE . FRARAE . HUIRARAR . b
Jars W 55 22 i TR 25 e A AR s S XU
WEFL R I, — OB AT DL i 3% AMPKAS 5 5% 5
T I RN I F B 2R A AE K Rl T~ 1 (insulin-like growth
factor-1, IGF-1 )55 47 1 428 i e 40 A rr 1 G4

F 5 R B, — BOSUIT AR a] DL i 0% AMPK (S

i

5L S, i 2L Bh A A R HE AL H (mTOR)
KT UAH R F IR E 2 H e K ar. KEIE
LW, OO R A (R ki . dedu, Wik sh A
NEKFRI T EEPY . IX L2 e 7 Tk & = A5 il
B, BRI T AMPK DA K S8 A0 B3RS i R -7 SKIN-1/
NRF2, — FOUINRE K [ 5 A5 s g By R M)
HER2/neu/)™ B AIHEMESHR /I R (4 7 A7, Xt gh
RARE R T ZHXUICA 1 v bus 25 sl 2 25
RIS 2T = UG 5 e O PR A 2
(R EL R R 2, 10 75 etk — P o

R Z Bt LR, — S a AT A R A
72%) (diet-derived natural products), B35 ZH 2
(curcumin). [ %% /% i (resveratrol). KK E T LA
B T PR I8 (epigallocatechin gallate, EGCG). %%
BERZ . 3,3- e 4 (3,3-diindolylmethane,
DIM) A HE [l (caffeine), &A1 e 8 i B 2 Bl [A] #
HIHImTORAE 5k I g A M 3G 5l . Horhr, 223
ZAEH #imTOR-Raptor E A1k, HE P . EGCG
F YL RL AR 2 BE #0 # PI3K/Akt/mTORAE 5 3@ #4154,
VAT B R IR =) 6 N KB MEEUN, AT
TEAR N SEBIEIT AR, A DB R — ST R
RERT= WA AR W) B A 2 1) 25 0 Ve o IR A6 AR
mTORI 7

5 RE

mTOREANA A S5 AR RN I 2E il %
1 H RX 42 i 7). BE TR W, mTORME 5@ MM VF £
75 T 2 5 Iy AR 3 22 T A 8 FH 2005 1R R A2 e
7 fRmTORC 1 FImTORC2 A 4% ) H.# 4> T HL, I
1y 72 K5 2 FmTORY 1115 5 # F 45mTORCs {5
HP ) A A AR 7T () B AT . BAR BT & TR
H 22 PP TORF ) 710 &2 Jgg A 3. 32 (1 4
BAAERZEIEM . HNERENBE F ERH
PE N FH 697 32 28 OSB8I 20 750 o6 2 35 i 5=,
B2 7B — B0 7t AR =& 75 A AT A4 )
mTOR 1 55 1 5z 2846155 I8 1 52 22 AH S i # A —
SE RT3 . Bl A TR B, TEEhP i, 8
Tk 4 2R S e ) e TRl ok 55 ) R R A5 BRI 9 7
%, BEMSIRN T fRmTORIE B 4L 4V S Thig, A
FERAREE R PR R B 2 25 BRI 29
BT 2, TN ST mTORE 45 (9 4% B AIF 70K 189 o 3%
AIRE R 3 38 T 3 S8 A SR8 AR ML 1 T i,
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Table 1 mTOR pathway modulators

mTOR 157
mTOR inhibitor

1E LY

Mechanism

R SEBLR

Development status

Rapamycin and rapalogs

Rapamycin

Temsirolimus (CCI-779)

Everolimus (RAD001)

Deforolimus (AP23573)

Ridaforolimus

32 deoxy-rapamycin (SAR943)

Zotarolimus (ABT-578)

Dual PI3K-mTOR inhibitors

NVP-BEZ235

PI-103

XL765

NVP-BGT226

GNE477

WID008

GSK2126458

mTORC1/2 inhibitors
MLNO0128

AZD8055

Torinl

PpP242
PP30

WYE-354

WAY-600

WYE-687

Complex with FKBP12 and then
combined with the FRB domain of
mTOR to inhibit mTOR function

mTORCI inhibitor

Cell-type specific mTORC2
inhibitor

Cell-type specific mTORC2
inhibitor

Allosteric inhibition of mMTORC1

Complex with FKBP12 and then
combined with the FRB domain of
mTOR to inhibit mTOR function

Complex with FKBP12 and then
combined with the FRB domain of
mTOR to inhibit mTOR function

mTOR and PI3K dual specificity
inhibitor
mTOR and PI3K dual specificity
inhibitor
mTOR and PI3K dual specificity
inhibitor
mTOR and PI3K dual specificity
inhibitor
mTOR and PI3K dual specificity
inhibitor
mTOR and PI3K dual specificity
inhibitor

mTOR and PI3K dual specificity
inhibitor

Active-site mTOR inhibition

Active-site mTOR inhibition

mTOR kinase inhibitor

mTOR Kkinase inhibitor
mTOR kinase inhibitor

ATP competitive inhibitor of
mTOR

ATP competitive inhibitor of
mTOR

ATP competitive inhibitor of
mTOR

Rapamycin is approved by the FDA for use as an immunosuppressant
after transplantation surgery and for the treatment of renal cell carcinoma,
And has been used as a coating for coronary stents and for many clinical
trials such as lymphangioleiomyomatosis and autoimmune disorders

Tesirolimus has been approved by the FDA for the treatment of advanced
renal cell carcinoma, and its phase III clinical trial as a single agent for
relapsed or refractory cell lymphomas has been completed, significantly
improving survival

Everolimus approved by the FDA for the treatment of congenital
neuroendocrine tumors, breast cancer, and subrenal giant cell astrocytoma

The phase IT combination study is underway

Ridaforolimus is conducting phase 111 clinical trials in sarcoma

Has been developed to prevent chronic allergic inflammation

Has been developed for cardiovascular stent implantation

NVP-BEZ235 is in phase I/II of renal cell carcinoma, stage I/II of breast
cancer, stage | of prostate cancer, and stage II clinical trial of pancreatic
neuroendocrine tumors

PI-103 did not enter clinical trials due to problems associated with rapid
metabolism in the body

XL765 is in phase I clinical trial of breast cancer and glioblastoma

NVP-BGT226 in phase I/II breast cancer clinical trial

GNE477 shows stagnation in studies of tumor growth inhibition in MCF7
and PC3

WIJDO008 significantly prevents cell proliferation in prostate cancer PC-3
cell phase I trials

GSK2126458 is undergoing human breast ductal tumor I/II clinical trial

INK 128 has anti-metastatic properties, selectively targeting cancer cells
while retaining normal bone marrow cells in animal models

AZDS8O055 is effective in xenograft models

Torin1 is effective in killing tumor cells and controlling mouse tumors in
tissue culture and preclinical animal models

PP242 is more effective than rapamycin in a mouse model of leukemia

PP30 can inhibit PIKK family related kinase activity, but also inhibit
mTOR and PKC, RET, JAK2 and other protein kinases

WYE-354 can inhibit the proliferation of MDA361 and US7MG cells and
induce cell death. It can stagnate tumor growth in the mouse model of
U87MG xenograft tumors.

WAY-600 inhibits cell proliferation and induces G cell cycle arrest in
different cancer cell lines

WYE-687 inhibits cell proliferation and induces G, cell cycle arrest in
different cancer cell lines
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Ku-0063794 Specific mMTORC1 and mTORC2 Ku-0063794 inhibits cell proliferation and induces G, cell cycle arrest in

inhibitor
Indirect mTOR inhibitors

Metformin Indirect mTOR inhibition

Phenformin Indirect mTOR inhibition

Diet-derived natural products

. Disrupts the mTOR Raptor
Curcumin
Complex
Resveratrol Inhibits PI3K/Akt/mTOR signaling

pathway

epigallocatechin gallate
(EGCG)

Inhibits PI3K/Akt/mTOR signaling
pathway

. Inhibits PI3K/Akt/mTOR signaling

Genistein

pathway

3,3-diindolylmethane (DIM) Inh.lb.lts both mTOR and Akt
activity

Caffeine Inhibits TORC1

different cancer cell lines

Metformin reduces cancer incidence in patients with type 2 diabetes and
inhibits tumor growth in mouse and hamster models

Phenformin has been used to treat type 2 diabetes and inhibits tumor
growth in mouse and hamster models

Curcumin has entered early clinical trials as a novel anticancer agent and
can inhibit the proliferation of rhabdomyosarcoma cells.

Resveratrol has anti-inflammatory, antioxidant, neuroprotective and anti-
cancer properties and inhibits cell proliferation in human glioma cells and
breast cancer cells

Epigallocatechin gallate (EGCG) inhibits proliferation of hepatoma cells
by inhibiting protein translation

Long-term low-dose genistein treatment with genistein inhibits estradiol-
stimulated MCF-7 cell growth by down-regulating PI3K/Akt signaling
pathway

3,3-diindolylmethane (DIM) inhibits cell proliferation by inducing
autophagy in prostate, breast cancer, and xenograft mouse models

It has been shown that theophylline and related compounds theophylline
inhibit the phosphorylation of mTOR-dependent substrates in vitro as
well as in vivo
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