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O L - S ) A A A E 4
(autophagosome), Jf5 % i 4 (lysosomes) il 75 1 1
H 05 %5 1§ 1 (autophagolysosome), i ixf &5 [ /K il
ity B2 fe L P R0 SR I N R, DL SIE IR A i A B (AR
U SR O i 25 1 SR, AR R A 0 N I
NIRRT AR 3 MR MA
g AEE ST A R
(chaperone mediated autophagy, CMA). E H W
(macroautophagy)!". [ [ W BRI FRATT30 5 i U 11 191 1
(autophagy), HATHFFUE RIEM], g AT 3 EHE
WA ZS. ARSI SR LB E 2. MR
2L NS O e El S T N i
T, 38 S 1R 1 Myl A R 3 Mot e 4 i 7 A I IR
A NAEAE.
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L5 3 40 . [ Wi & 2E (induction of macroautophagy).
R T W ) 240 Y e R O U 2 R A 2
}J, FR 4 HT H B (preautophagosome) BX 43 [ i
(isolation membrane, IM). 43 bR HTaE 1, 15
B il 1R SR 1 0T B4 4 o8 A R SR E Rl B R AR
(autophagosome, AP). JCZA M H W44 5 41 i B 48
WE RFEMEAEH, #1251 2 % 14 (lysosome),
X — i FERR A 1F W AA 1) 4 12 5 il £ (autophagosome
docking and fusion). [ WR&SME 5w R AR RS
O QAN L I NI 1 A S A R N
(autolysosome). i 5 N B2 IR AL, W A4 N 1K1K
AR T P L TR JE K AR, AR B 1 K R i S AL
HETT 7K fift ) FEHLIR) N 254 (breakdown and recycling).
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1.2 BEMHAXEE (autophagy related gene, Atg)
/Z§1¢_n A’ %éﬁ
Z: 5 [P AR D R G — i 44 o F R AH DG AR
[Al (autophagy related gene, Atg), &R I
AT LR F R, Atg ZER S5 T 4100 A B
AR B, BT 31 /I\Atg BRI, FEN L
g, AWEAHCIERIE T ANZ B B R A S
ASPE L R(uFATSON =N
121 Atgl2 &5 R Atgl2 4545 i B (Atgl2
conjugation system) FH Atg3. Atg5. Atg7. Atgl0.
Atgl2 I, 2511 ARIEE IM FITESR(E 1), 1E
— ARG, Atg7 BAZ R Bl HERGTE, Atglo
1 Atg3 BAT E2 FEBGTE . 6 Atg7 fiE1b Atgl2
Witk ZJn¥s & E2 FElE Atglo, B Y Atgs.
Atgl6L 45, Bl — N =JuHE 59 Atgl2-Atg5-
Atgl6L. Atgl2-Atg5-Atgl 6L 454 i [ Wi AP I (2>

A2 ik

R is), (2 E AW R Rk, 2 T AR
ANFEVAE . PRE SR R e g 2R ERAR L FRR 4
e,

122 Atg8 4 & i . Atg8 45 & i FE (Atg8
conjugation system) X #5 A LC3 &AL RS 1).
FLEhY) LC3 S BE Atg8 FEE I [FJEIE R, X H
Wi Y2 (autophagosome) ¥ JE ji b A 1] 2. LC3 H/i 44
(ProLC3) E 56N T Mk vl i e B 0 LC3- 1, %
e R R o 1) H = R AL . 7E Atgd 25T,
Atg7 WAL LC3- T, Jf¥%ic & E2 #11f Atg3, frlL
AL, i 15 It £ 1 % (phosphatidylethanolamine,
PE) 5 LC3- [ iy, AR, B LC3-1.
LC3- T HAR& R, fefedbay A i i i &
LC3- I &7 11 B W AA A [ R A, 2 W AR &
7.
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Fig. 1 Schematic model of genetic regulation of autophagy
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KA L SRS A i TR S L 2
18 AR IR R AR, DRI A0 DG VA Se O A/ 1) A 2 B
BEATARHS. 7EIXF SO0, Bax”Bak - 4i il it [
Wk A B S DLAERF 7510 ATP (R0, X T 4E et
WS g+ 03 K8, AR KBk = O T RE4E
FrAEAr 8O, H A A AL RE i ZE T,
T Beclinl F 45 A7 Jk DA Bk 2% 3 S04 . 5 R Be ) B
I, EACEH ORI A7 5 AE ) 32 4009,
D, AW — H LR A2 — e A7 35 AL Al
(pro-survival mechanism)®.

AR, B R W A A T IEAE AR T A 4 . %)
TR BEAH IR AR WAL — R RN
XML G D] A I i R L A R A2 fe ), 4

il B YE R A AR R AE T S MO A
WAy WA 5 W] BE AL — R an B gE T AL,
LA, B WA CHE D AT R, A&
BN TR BN 3w an R T4, SR R
PRI A4 R . Shimizu SFRFFTR I, RIE T
Bax/Bak XUHE PRI B /) Bl ) Vi 1l 2T 44 400 P 48 0
TP AR, 2N AR AL T RS 5 T
KE AW, RAEAEF T R4 ML T (non-apoptotic
death). B /5 BFFCUE SEIX AR TR P PR 40 At
T E WA DG 1 APGS # Beclin 1 5. R
3- FA L R WAL 8 (3-methyl adenine, 3-MA)$ il 41 i
H W A A I R 40 B AR 02, B E T R
AL TN —. &AMk, ST AR
Jd ZE T~ (autophagy-mediated cell death) [¥] A1 ] i A&
.

3 BREHINEER

WS ARIN, s IR T JE e 40 B 1 s AP T
TE WA M0, g B A R PR A
K H T Beclin 1 % M5 B /) Bl . Beclin 1 2 P&
Atg6/Vps30 FImfi FLE ) R Y5, A S oAb A
Wik £ 1 8 AT AT E RV I OCEE R 7. Beclin 1 &[]
IR R/ B AT B ELRE R AR R B S
1 g B AT SR A e LR AU 2 — 04, Bl
s EVREA S A0 T T A 0 R A A
M. BRI TR, WA 0 H I EA 2
A7 B bt o R bR A RSB TR S, AR, FEM
FEAN NPT 2B W) BEAE R T S B 4 AR AT
B, AT AR AN AR . X
SR TRIBR I PEAE F S AN BB 13 B b U DRI T 1 et & i
AET, TR 2 MR 2RISR ST .

31 BEERESEBEREET R E M (genome
instability)1& /N

FELR 20 ANFEE 1 (genome instability) /2 i i AR
ARFE, 2 R A0 M AR P ALEROS. 5 WRAE A R
SR “HZK” (house keeping) ML, IH L F W 5
AT A A IS 5T 52 407 140 4 8 (a2 s A R P J ) ) e
T2 AN MRS ) SRR, nT LA R A 0. i
IR A0 LA AR IR T, RPN e PR .
Beclinl .55 47 5 K it 2k (monoallelically deletion)™
VAR AR, AR 40 A AR RO A
AR, ARANIN A T MR R AERL HH Beclin 1
BE DRIk 2% 3 350 400 AT 1 0 PR R i 98 i A A
BmAE R — MR, S EIHLEELE T Beclin 1
BEPR ik A v 1 A0 A AR S BCIRAS T B SRR A
faE tE. Mathew SEURFSTAESE, T Beclin 1 3%
DRI, g ooyl o |k 4 RF B S A0, S35
DNA #1475+ FEK 14 (gene amplification) Fl JF 2 £
A (aneuploidy) A 34 0, FH BT 80 S I 4L AN FR
SE PRGN MR A A B SRR T AE . PRk, A )
TSR AU IO 40 B IR R 0, 977 1 e bl = A 1) ik
PRI B, AR, H AT 3 R s A ] 5 S0k
DRLZH AN RS PR3 I ML R SE A0 T, WFSL R
L, Beclin 1 FRLAEA7 PRk 2 (1) 40 Ji Al /0 v o0 A
e, RIAOARECE BN, XA AR S B
T ARANTRE I i Rl 22— 07,
3.2 BRERERPAEH KB SR

SERE RN R IR IR 2 -COCREAE DS, 8 1 i
TUEASE AT DLGE I e 40 B e . I8 T AR 22 %
FEUS. A f i T2 5 1 P40 B A6 T (autophagic cell
death) 737l & T T Z4F0 1T AR P R4 st #207
PEAMUAET & A AET ., AAEEA R A
PIREIR, DR AN 2 51 F B A0 20 0. 5 Al
o IR FE (necrosis) Ji 41 i P 2290k T80 22 JA) [ EA
55, S5ERE. MR TR AR | IE R
SIS T SR SV SR 2 ) N 1) A i R R L A
FITR 52, A0 MR & B3R BE. 5845 I8 4l SR o o 3
E B X €N R i el Ib @ W N T T ) ON R
B #0190, Degenhardt 25 KL, FER TS
SRR R A e, FRSEOE ) Akt S AT LA
S Y, (R REACH NS R Al iU SR o, 51
AN R, S pSO NF-kB, Rl ¥ 48 vk N 1
IL-6 B MIX—MFERE,  F W] LU R 45211
PLRAEH.
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M AR R SRR TR B8 SRS AR
NECIRAS . 4 B R ) fe i B T 25000 41 i A A1
I, FOREAN Mt B R b BFs e B
M T3S IR TS AN R 2. 40 5 By 1B IR AR
5 D A JE R M ZRE AN B AR LR, ANCAT LA PRI
PR A A A, RISt T DL b e R 2 e A 22,
3.3 HESBUBMMEYRE. BInkNE

bR T AERF AR ShA A AR BE D RE, AR A
P AP T i £ A I AR, HAESE R S e Fld
I G 92 I 225 v R A FH A28 A AT . SR 5
KL, LSRG T LARIUA R G 2 0 B R R
BT, ik e v, DU TsE A & =61
ARAFAEAF T2,

331 JAB T vBel-2 KRR A ) 8w AE
M. IR SRS, B2 3 96 2 i B (gamma
herpesvirus) £ 45 -~ ¢ [G A 983 AH G i B (Kaposi” s
sarcoma-associated herpesvirus, KSHV) A yHV68
96 25 Bel-2 [m] Y5 3 K (vBel-2) A ] BLAR $7 52 6 75
S IR A0 S sz T, (RN R DU Rk R A S
Beclin 1 4 141l B W& (1) & AR P92, §2 90092 i 75
vBel-2 fIIAE T E W, WS R AR AL N
PR R 23 AH OC 8 2B i R P Al ok R 4
495 Wi ML FE /77 (host immune surveillance program).
vBcl-2 t A R, AT REAT AT R R AR
%[24].

3.3.2 EBV RIS .

EB Ji 5 (epstein-barr virus, EBV)H J& —F g
ZWisE. EBV KW ARIEGL ES 75 310 K bk L2081
SR AR T vk R A 2 b L A P
L B 0 Y5 )R R 7 AR RS, BBV 4 Y
(¥ 2598 2 (1 LMP1 /& EBV %5 B ik (40 fig 38 414
P @iy, LMPL J2 H AveiA v s 5508, AR
RIS LMP1 212 380 140 Mo kg b te )y T .
SR I 857K LMP1 8 e b 40 i e, i
fe KA LMPL U5 DR 40 R A8 Vi (cytostasis), 1]
M A LMPL R RUAS TRy 207 18 40 i B
Wg: LMP1 BAR/KF-RIL G B k40 i A A= i
RAWE; LMP1 8 H /KRS B 40k AR
RAEWE: {E EBV FHMER) Bk & 4i g b i i B
W, 5l LMP1 &2 E SRR, sole e iae ) b
6. BBV A 40 EGHLAL, SRV 3
EHR A LMP1 g R0E, DAk fd 5 40 i (1 15 5
HEAL.

EBV &4 i3 A Bel-2 [R5 K . BHRF1 Al

BALF. BHRF1 Fl BALF Xf T EBV 7k 4: 1t B #kE2
a1 A ). BHRF1 fil BALF ki ) EBV
TEMRSANBEAL B Wk 41 A ARk AR, H AR
J. BHRF1 F1 BALF JE XU 15 HAT R80T Ho At g 2
i EE vBel-2 KPR 1 3= 40 i F W R A P 4.
EBNAI & EBV 4 4% & 1, BT EBV
FEDRI R S, o i R R D B ok, IR REARAIE
EBV LUBH AR T ARS8 A7 70 T4 Sk 4% (1) 40 i 29,
EBNA1 & & H A CD4 Puli £/ (epitopes),
LLJE it MHC 1184220 CD4*T 4 i8], X —Pi)i
PR R IE &k [ R SE L. X EBV
FH 1 1 B Ibk (40 i D8R 4 e e ik LMPL 55
W R BLHB  KP 1) EB WETE PERY, 1T EBNAL
HEEA TN, WHHMELLHE B WGRARTTHTR
PR XA e EBV 19 L2 S ARG TE 1
SR AE.
3.3.3  FAWRS AT R R 1R (Helicobacter
pylori) BG4 2 B e IR AL i T AT R R G mf
PLis 2 N YE b 40 g (human-derived gastric
epithelial cells, AGS) &K= HWE. H. pylori '3 H
W A 7 AR AT L B B (1) 7 i B¢ 3R (vacuolating
cytotoxin, VacA). WFFREI, MWK VacA 5 H
Wi b5 & GFP-LC3 AFAESLE A, i 40 i A W 322 vy
Wi VacA AR tE. Atk F WA LLRR 40 B
BEPEST O B R A IR A . AR SRER. SR,
WABFRY, 75 H. pyloriB 4% 1) 1 52 40 15 W A4
v g2 B A T R W H. pylori, X R
H. pylorifi A BEAE HWRAA N AF0E, ] HESE W BT Js 52
5, IFREH. pylori UM EYNG YT P AR
34 EMEREHFEEANESEEN BREmEN
H1ER
341  WERRVLEE -3- WG (PI3K)/Akt(PKB) & 12 .
[ % (Class [ )5 I % (Class I )X 9 21 PIBK = 5 i
gl Mo B gL (B 1), Class [ PI3K/PKB 15 5 i&
FRAE 22 b I b TS, 0 B AT SO T AR
M. AR 25 G B AR K R 7324, 0 Class 1
PI3K, HE— D WEmR AL 3- 1 1 JUL I A0k i 1 2 11 9%
M -1 (phosphoinositide-dependent kinase-1, PDKI)
1 Akt(PKB)ZE 1, {21 PDK1 f1 Akt i51k,
H 5 111 5 2EPS. PTEN(phosphatase and tensin homolog
deleted on chromosome ten) i [ Iif§ /& Class I PI3K
BACANE 1, R0 AR AR F e, &5
i A4 AE (tuberous sclerosis complex, TSC)Ex [ 1
F12(TSC1 F1 TSC2) nJ i i #iil /h G £ 11 Rheb,
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5] mTOR g (% %, 2k W T i Ak 1Y
Akt/PKB 1] L] TSC1 A1 TSC2 MG, X4 i
E W R AEFHIE IR, 5 Class [ PI3K #J¢, Classl
PI3K/hVps34 AJ LAIE [m] 35 [ . Class I PI3K 5
Beclin 1 4545 JE U A5, A2 3- 5 IR 5 IR 19 UL 1
(PI3P), A LA 17 W (e A TR A WAk, et
OB R AR, 4R LI R A 3- RO
JIR L 04 (3-MA) A o 4] Class T PISK [ 3% 12 41 461
EL#

3.4.2 mTOR(mammalian target of rapamycin) i i .
mTOR P f& R FE M2 . ATP R 0K A2 2%, fir
T PI3K/AKt 3t % FUiF, 708 3R I8 B AR I
IEPE SRS, mTOR {5538 B30 o7 LA 1 s vs
PERIE 1), W FLBh Ulkl L[R2 BB ATG1 [ [H)
R, A BV IR, 1EE
F% Gl Z (glucose starvation) [ 1% UL &, T IR JiR 7
(AMP) ¥ 35 1) & 1 ¥ % (AMP-activated protein
kinase, AMPK) MR Ulkl & Ser 317, Ser
777 A RO UKL, Rk B kA, EE IRy
)45 F, mTOR ¥R 1k Ulkl & [ Ser 757
755, FFPHIE Ulkl 5 AMPK 4545, F056140 A 1 e,
K H mTOR £ [ 0 400 1 71 87 00 %% % (rapamycin)
AEFRAN A, 0] mTOR 38 ¥ (35, B 7eE 77
PERY 784 I L B AR n] BATS 3 [ WRE,

3.5 MEATRESEEMNR AT

3.5.1 Bel-2 k. 2 8 NS MR 40 il Bel-2
TR 53 F IR =, A NEA/N R AR A B Beclin 1
B S HURATIN Bel-2 KK R 456, B4 Bel-2.
Bcl-XL. Bel-w Al Mcl-1. X %855 1 & 5 (1) 17
TR, B4 Beclin 1 454, a LU 0H] 15
(R P, e 2R SEAR 4 43 BT 2 7 Beclin 1 5 A1)
112~ 159aa [X 1/ Beclin 1 5 Bcl-2. Bel-xL 45 &
(PIAE R, AR, AT F WY Beclin 1 J& FIAC
Al Re 8 T & A — > BH3 45 £ 1 (domain)
1) Bel-2 K01 . 7 51 43 #t & B Beclin 1 (1)
112~ 123aa ¥ il —> BH3 45441, Beclin 1 3&
¥] BH3 domain 5 {&£H T-4> F Bak. Bad. Bim
] BH3 domain /= J& [ Y8 . & #0950 &K L,
Beclin 1 £ [ /& caspase MK, caspase ¥ B9 V)
Beclin 1 & HJE 8 C i J Bl BUBCK ZeRi i 5
PN LR T 4%, 1T A BH3 domain (1) N i JU) A
HLA R AN 08 1 R FH 47,

3.5.2 P53 5 AWM. P53 A E BT IR 2
—, TEZF MR s, PS3 L HAT I A

(P4 B0, — 2 )87 38 G i 92 193 18 (oncogenic stress)
S DNA $ii545, Br 1 v LGS p53 82 A5
T2, fEFF O T IRREWE 4L p53 U5 3 A W K
S p53 S H R 2 — el AL R
1F (AMP) 30 35 11 25 1 3 B (AMP-activated protein
kinase, AMPK)(I& 1). AMPK H 15 fit B A K52
axVERT, 32 p53 Wok 2 Ja AT LUAUPE R Y mTOR
FO I, TR A R A AR, ps3 i
H W o5 — AR e B s OB g 12, el b i
mTOR 4K PTEN F1 TSC1 JEKEE 1), BR
BEZ Ah, p53 3 A BT B 5 S A ) T
(damage-regulated autophagy modulator, DRAM) %
1%, DRAM [AFER] LA mTOR 15 5 G 46, fie
beia i NS LEN

4 BIESHERTT

BT IR 4 L T AR SC IR Sl g 2L, 24k
Ji 98 40 Pt s 38 T 7= AR K 9T (apoptosis resistance),
M0 P 20 A T A 8 I S TP AR g 41 P ol oy
Al HE. mTOR 15 ‘5 i i 1) K48 10 il 7] 75 b %% 3=
(rapamycin) AJ LLi%5 5 Jes 40 1 R, 400560 e 1)
KBS SRR — R AL, B R ] DA E
i Ie 20 B A A ORI AR . R e Ol
N AT TS R B RS R AL TR 4 L 24
KAPRAT. ER LI 40 Mo - 4% 4-OHT ¥897
If 2 L RS PR . % 4-OHT fiif 24 (1) ER* (1)
FLMRE A0 B L B B 255 5 B VR, (R TF
A1 caspase MR A0 MO AE T3 . AH B, 4
SR A WG A 4-OHT ALFE 4-OHT i 2511
4B, Wl LAS1E ERY, 4-OHT iR 245 1 40 Mo & 259
t[52*53]'

JRVE F WG PE RO T 4 f el 4k, (1
AR ZA B 1 b g 1 Wk vl AN ). ) o 9 S
e S IR TR LA B B A 2, Beclin 1
HERIEFK, FEULRIA M B wRiE PR, A
S AT 7R, Beclin 1 3208 B ) 58 5 15 A6 T
Beclin 1 [ 35045, 8K & W (nasopharyngeal
carcinoma, NPC)ZlZ{H Beclin 1 & 1K A&,
BARE T S 1 HIF-1a KX 2 EAH <. Beclin 1
R e I IR S WA S AR 2 BT W B AT 2 R
T 5 48 Beclin 1 2 [ B PR 25 2208 3K n] g A
SRy e R 380 5 SR ADUBCTY 0y 9 1) e 20 2R it A
2 & (tumor microvascular density, MVD) [# i 5 £t
H VA, SR AEE I S 40 R B R R, 2
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HE IR AR MR AR S R S, PRI 3 SO 0T B
TP RRAG. e AR P D e g 4 T A 5 I
o A BRI A A S, AT RV T AR kS .
DRLE, A Db BEAR AR o R A s A5 A5 RARFAE %
W ¥ PR A PR F B MR V) 7 Bl 1 W o SRk A T
BREVRTT . EANFE R B th I R LR ],
FHESIDE T 15 W 30y 790 52 e 400 o1 750060 ) 4t v e g
BITIHCR. U RA 7565 B W) 7R B
TR bR YR T T R H

4.1 BEHENF

4.1.1 HMAE R MIHATAEY). H A (rapamycin,
RAPA) & Flop BRI N R 2R S e d il f),  HoAT 9
il mTOR JHARAN 5 540 i F WEFR VR TS, RAPA )
2 T 21 SRR IR e 40 B A HRIE R, R FERESL
L A 9% (rhabdomyosarcoma). ff & R 41 fd J&
(neuroblastoma)~ fi Jit BF 4l Jfd I8 (glioblastoma) />
41 B Bl 9% (small-cell lung carcinoma). ‘B W J&
(osteosarcoma)~ i JIf Ji (pancreatic carcinoma). ¥
41 i (RCC) 1T 41 iR Ji (prostate cancer) A1 F Jif Ji
(breast cancer)%™.  Ah, —LEHR A R AT
A ) (rapamycin analogs), 41 CCI-779/temsirolimus
F1 RAD-001/everolimus, A H 7K S AEH W 11)
FaE MW 4, b RAPA W& T I IR W H .
CCI-779/temsirolimus #& 2 [ ] 24 (Wyeth) i & [f) H7
WAEE RATED, BT I (1) 22 10— H I R S
4 (phase 11 study) 4 B &1, CCI-779/temsirolimus
XPMEVE P B A Mg . SRR I I REA MR . A
AN H ATV T AE @2, RAD-001/everolimus &
Wi At 24 (Novartis) B & (1) 87 WA 55 = ATAY),
i mTOR WM is 1, -5 HIE, 1998 PTEN $k
SR P A0 R g 4 PR B VR 9T IR RO SR
3-methyladenine 3-MA 1 i 4 ffg H Wi 3 2 Bax Al
Bak UL DR g [ 1 1 21 24 40 oo T80 vy 7 #8501
K RADOO1 755 [ Wik I P 52 G TRCE s k1o,
4.1.2 BSEHIME. B R M (omeprazole, OMP)J2
— 2K 5T+ % il 71 (proton pump inhibitors, PPI),
WHTHERIBYT, BRI AT b e 4 i
A RS, S B U I, OMP LA & 4K
ok X% B MiaPaCa-2 R ASPC-1 41 il &
B EWE, B 5E 5- R WE IE (5-fluorouracile, 5-FU)
1 74 Ath 5% (gemcitabine, GEM) [ 6 37 2 W 9,
SR AW TR I, 54— B PPI 1% 2 56 v M
(esomeprazole) &b P J8 (4 32987 41 il 2 5 J AE 1) 41 g
R 23 959 35 28 S B (R BT 4 7, 3T R A2

EH AN [ Jo e P 2 A 8 55 2 5 P 3.
4.2 BEEHIFIFY

S (chloroquine, CQ)IH ik F1 Hl] ¥ W 4 1R 1k
(lysosomal acidification) & ¥4 il 40 g 151 Wik (¥ 4 FH 9,
1E B3k % £ 4 BH M (Philadelphia chromosome-positive
cells) [ 12 4 fif 1" (1 1199 (chronic myeloid leukemia,
CML)4 it 1B CQ 25 & i T 1 2 IR Vi fg 41
7 %% JE (imatinib mesylate, IM)FJIT 0.
Ah, AE— B mye KB 1)/ R ERE A S, CQ
FOHI A0 M A, B0 pS3 HOBU 4 T, CQ Bk
B IR 9% 1 (cyclophosphamide) ¥ 77 /)N B bk B2 987
IR AL NG S0 B2, HIEiR&E R, i
7% B % Al(Bafilomycin A1)J2: 7 — i 4 g [ k40 1
FIN, [FRE AT DL R imtinib X} CML {197 2500

5 & &

FWR 2 — ORI 4l M B AL, SO2 4 e
PR T T N2 —. AR 2 NZRSAR R 474
W 3% 1 PR S . e R R R T R ) A A R
JRE AR ) M AT [ WS AN [ S A R e AT
FHER], PRI, AR PG 2 IR ) A1 R
TELL R M8 151 5 B B AT 1 1 iy 1k SR e B 1 Wk i)y
A EE B R H TG 7. AR T macrophagy,
BT I, Z ML o 1A T K
41l 2 B W (chaperone-mediated autophagy, CMA)7K
SPEG . CMA 3 97 R 245 i eg 4 i i A5
A, Rk A, i CMA W5 1P SO
MR AR AR g . e, Ayl
v CAFAE R R AR . X R W T A A ) B
PE, B AN B 7 2O R e A2 BAT AN 1)
ER, ATl — 2 AT

2 % x W

[1] Mizushima N, Komatsu M. Autophagy: Renovation of Cells and
Tissues. Cell, 2011, 147(4): 728-741

[2] Klionsky D J. Autophagy: from phenomenology to molecular
understanding in less than a decade. Nat Rev Mol Cell Biol, 2007,
8(11): 931-937

[3] Mizushima N, Noda T, Yoshimori T, ez al. A protein conjugation
system essential for autophagy. Nature, 1998, 395(6700): 395-398

[4] Mizushima N, Sugita H, Yoshimori T, et al. A new protein
conjugation system in human. J Biol Chem, 1998, 273(51): 33889—
33892

[5] Sou Y, Waguri S, Iwata J, et al. The Atg8 conjugation system is
indispensable for proper development of autophagic isolation

membranes in mice. Mol Biol Cell, 2008, 19(11): 4762-4775



2012; 39 (3)

i, % AREEEMELEARDIIER

-247-

[6] Geng J, Klionsky D J. The Atg8 and Atgl2 ubiquitin-like
conjugation systems in macroautophagy. EMBO reports, 2008,
9(9): 859-864

[71 Lum J J, Bauer D E, Kong M, et al. Growth factor regulation of
autophagy and cell survival in the absence of apoptosis. Cell, 2005,
120(2): 237-248

[8] Karantza-Wadsworth V, Patel S, Kravchuk O, et al. Autophagy
mitigates metabolic stress and genome damage in mammary
tumorigenesis. Genes Dev, 2007, 21(13): 1621-1635

[91 Yu L, Strandberg L, Lenardo M J. The selectivity of autophagy and
its role in cell death and survival. Autophagy, 2008, 4(5): 567-573

[10] Hendy R, Grasso P. Autophagy in acute liver damage produced in
the rat by dimethylnitrosamine. Chem Biol Interact, 1972, 5(6):
401-413

[11] Levine B, Yuan J. Autophagy in cell death: an innocent convict?.
J Clin Invest, 2005, 115(10): 2679-2688

[12] Shimizu S, Kanaseki T, Mizushima N, et al. Role of Bcl-2 family
proteins in a non-apoptotic programmed cell death dependent on
autophagy genes. Nat Cell Biol, 2004, 6(12): 1221-1228

[13] Ding Z B, Shi Y H, Zhou J, et al. Association of autophagy defect
with a malignant phenotype and poor prognosis of hepatocellular
carcinoma. Cancer Res, 2008, 68(22): 9167-9175

[14] Liang X H, Jackson S, Seaman M, et al. Induction of autophagy and
inhibition of tumorigenesis by beclin 1. Nature, 1999, 402 (6762):
672-675

[15] Negrini S, Gorgoulis V G, Halazonetis T D. Genomic instability-an
evolving hallmark of cancer. Nat Rev Mol Cell Biol, 2010, 11(3):
220-228

[16] Rosenfeldt M T, Ryan K M. The multiple roles of autophagy in
cancer. Carcinogenesis, 2011, 32(7): 955-963

[17] Mathew R, Kongara S, Beaudoin B, et al. Autophagy suppresses
tumor progression by limiting chromosomal instability. Genes Dev,
2007, 21(11): 1367-1381

[18] Colotta F, Allavena P, Sica A, et al. Cancer-related inflammation,
the seventh hallmark of cancer: links to genetic instability.
Carcinogenesis, 2009, 30(7): 1073-1081

[19] Degenhardt K, Mathew R, Beaudoin B, et al. Autophagy promotes
tumor cell survival and restricts necrosis, inflammation, and
tumorigenesis. Cancer cell, 2006, 10(1): 51-64

[20] Feésis L D M, Petrovski G. Autophagy shapes inflammation.
Antioxid Redox Signal, 2011, 14(11): 2233-2243

[21] Bingle L, Brown N J, Lewis C E. The role of tumour-ssociated
macrophages in tumour progression: implications for new
anticancer therapies. J Pathol, 2002, 196(3): 254-265

[22] DeNardo D G, Johansson M, Coussens L M. Immune cells as
mediators of solid tumor metastasis. Cancer Metastasis Rev, 2008,
27(1): 11-18

[23] Lee H K, Iwasaki A. Autophagy and antiviral immunity. Curr Opin
Immunol, 2008, 20(1): 23-29

[24] Liang C, Xiaofei E, Jung J U. Downregulation of autophagy by
herpesvirus Bcl-2 homologs. Autophagy, 2008, 4(3): 268-272

[25] Pattingre S, Tassa A, Qu X, et al. Bcl-2 antiapoptotic proteins

inhibit Beclin 1-dependent autophagy. Cell, 2005, 122(6): 927-939

[26] Liang C, Feng P, Ku B, et al. Autophagic and tumour suppressor
activity of a novel Beclinl-binding protein UVRAG. Nat Cell Biol,
2006, 8(7): 688-698

[27] Sinha S, Colbert C L, Becker N, et al. Molecular basis of the
regulation of Beclin 1-dependent autophagy by the vy-herpesvirus
68 Bcl-2 homolog M11. Autophagy, 2008, 4(8): 989-997

[28] Altmann M, Hammerschmidt W. Epstein-Barr virus provides a new
paradigm: a requirement for the immediate inhibition of apoptosis.
PLoS Biology, 2005, 3(12): e404

[29] Lee D Y, Sugden B. The latent membrane protein 1 oncogene
modifies B-cell physiology by regulating autophagy. Oncogene,
2007, 27(20): 2833-2842

[30] Paludan C, Schmid D, Landthaler M, et al. Endogenous MHC class Il
processing of a viral nuclear antigen after autophagy. Science,
2005, 307(5709): 593-596

[31] Leung C S, Taylor G S. Nuclear shelter. Autophagy, 2010, 6 (4):
560-561

[32] Leung C S, Haigh T A, Mackay L K, et al. Nuclear location of an
endogenously expressed antigen, EBNAI, restricts access to
macroautophagy and the range of CD4 epitope display. Proc Natl
Acad Sci USA, 2010, 107(5): 2165-2170

[33] Terebiznik M R, Raju D, Vazquez C L, et al. Effect of Helicobacter
pylori’s vacuolating cytotoxin on the autophagy pathway in gastric
epithelial cells. Autophagy, 2009, 5(3): 370-379

[34] Wang Y H, Wu J J, Lei H Y. When Helicobacter pylori invades and
replicates in the cells. Autophagy, 2009, 5(4): 540-542

[35] Mathew R, Karantza-Wadsworth V, White E. Role of autophagy in
cancer. Nat Rev Cancer, 2007, 7(12): 961-967

[36] Maiuri M C, Tasdemir E, Criollo A, et al. Control of autophagy by
oncogenes and tumor suppressor genes. Cell Death Differ, 2008,
16(1): 87-93

[37] Kihara A, Kabeya Y, Ohsumi Y, et al. Beclin-phosphatidylinositol
3-kinase complex functions at the trans-Golgi network. EMBO Rep
2001, 2(4): 330-335

[38] Easton J B, Houghton P J. mTOR and cancer therapy. Oncogene,
2006, 25(48): 6436-6446

[39] Jung C H, Ro S H, Cao J, et al. mTOR regulation of autophagy.
FEBS Lett, 2010, 584(7): 1287-1295

[40] Kim J, Kundu M, Viollet B, et al. AMPK and mTOR regulate
autophagy through direct phosphorylation of Ulkl. Nat Cell Biol,
2011, 13(2): 132-141

[41] Noda T, Ohsumi Y. Tor, a phosphatidylinositol kinase homologue,
controls autophagy in yeast. J Biol Chem, 1998, 273(7): 3963-3966

[42] Yip K W, Reed J C. Bcl-2 family proteins and cancer. Oncogene,
2008, 27(50): 6398-6406

[43] Maiuri M C, Le Toumelin G, Criollo A, et al. Functional and
physical interaction between Bcl-XL and a BH3-like domain in
Beclin-1. EMBO J, 2007, 26(10): 2527-2539

[44] Maiuri M C, Criollo A, Tasdemir E, et a/. BH3-Only proteins and
BH3 mimetics induce autophagy by competitively disrupting the
interaction between Beclin 1 and Bcl-2/Bcl-XL. Autophagy, 2007,



+248 SN FESE YRR

Prog. Biochem. Biophys. 2012; 39 (3)

3(4): 374-376

[45] Sinha S, Levine B. The autophagy effector Beclin 1: A novel
BH3-only protein. Oncogene, 2008, 27: S137-S148

[46] Cho D H, Jo Y K, Hwang J J, et al. Caspase-mediated cleavage of
ATG6/Beclin-1 links apoptosis to autophagy in HeLa cells. Cancer
Lett, 2009, 274(1): 95-100

[47] Djavaheri-Mergny M, Maiuri M C, Kroemer G. Cross talk between
apoptosis and autophagy by caspase-mediated cleavage of Beclin 1.
Oncogene, 2010, 29(12): 1717-1719

[48] Tasdemir E, Maiuri M C, Galluzzi L, et al. Regulation of autophagy
by cytoplasmic p53. Nat Cell Biol, 2008, 10(6): 676-687

[49] Tasdemir E C M M, Morselli E, Criollo A, et al. A dual role of p53
in the control of autophagy. Autophagy, 2008, 4(6): 810-814

[50] Levine B, Abrams J. p53: The Janus of autophagy?. Nat Cell Biol,
2008, 10(6): 637-639

[51] Crighton D, Wilkinson S, O'Prey J, et al. DRAM, a p53-induced
modulator of autophagy, is critical for apoptosis. Cell, 2006,
126(1): 121-134

[52] Samaddar J S, Gaddy V T, Duplantier J, et al. A role for
macroautophagy in protection against 4-hydroxytamoxifen-induced
cell death and the development of antiestrogen resistance. Mol
Cancer Ther, 2008, 7(9): 2977-2987

[53] Schoenlein P V, Periyasamy-Thandavan S, Samaddar J S, et al.
Autophagy facilitates the progression of ERalpha-positive breast
cancer cells to antiestrogen resistance. Autophagy, 2009, 5(3): 400—
403

[54] Pirtoli L, Cevenini G, Tini P, et al. The prognostic role of Beclin 1
protein expression in high-grade gliomas. Autophagy, 2009, 5(7):
930-936

[55] Shen Y, Li D D, Wang L L, et al. Decreased expression of
autophagy-related proteins in malignant epithelial ovarian cancer.
Autophagy, 2008, 4(8): 1067-1068

[56] Shi Y H, Ding Z B, Zhou J, et al. Prognostic significance of Beclin
I-dependent apoptotic activity in hepatocellular carcinoma.
Autophagy, 2009, 5(3): 380-382

[57] Chen Y, Lu Y, Lu C, et al. Beclin-1 expression is a predictor of
clinical outcome in patients with esophageal squamous cell
carcinoma and correlated to hypoxia-inducible factor (HIF)-1alpha
expression. Pathol Oncol Res, 2009, 15(3): 487-493

[58] Wan X B, Fan X J, Chen M Y, et al. Elevated Beclin 1 expression is
correlated with HIF-lalpha in predicting poor prognosis of
nasopharyngeal carcinoma. Autophagy, 2010, 6(3): 395-404

[59] Bjornsti M A, Houghton P J. The TOR pathway: a target for cancer
therapy. Nat Rev Cancer, 2004, 4(5): 335-348

[60] Chan S, Scheulen M E, Johnston S, et al. Phase Il study of
temsirolimus (CCI-779), a novel inhibitor of mTOR, in heavily

pretreated patients with locally advanced or metastatic breast
cancer. J Clin Oncol, 2005, 23(23): 5314-5322

[61] Atkins M B, Hidalgo M, Stadler W M, et al. Randomized phase Il
study of multiple dose levels of CCI-779, a novel mammalian target
of rapamycin kinase inhibitor, in patients with advanced refractory
renal cell carcinoma. J Clin Oncol, 2004, 22(5): 909-918

[62] Galanis E, Buckner J C, Maurer M J, et al. Phase Il trial of
temsirolimus (CCI-779) in recurrent glioblastoma multiforme: A
north central cancer treatment group study. J Clin Oncol, 2005,
23(23): 5294-5304

[63] Cao C, Subhawong T, Albert J M, et al. Inhibition of mammalian
target of rapamycin or apoptotic pathway induces autophagy and
radiosensitizes PTEN null prostate cancer cells. Cancer Res, 2006,
66(20): 10040-10047

[64] Kim K W, Mutter R W, Cao C, et al. Autophagy for cancer therapy
through inhibition of pro-apoptotic proteins and mammalian target
of rapamycin signaling. J Biol Chem, 2006, 281(48): 36883-36890

[65] Luciani F, Spada M, De Milito A, et al. Effect of proton pump
inhibitor pretreatment on resistance of solid tumors to cytotoxic
drugs. J Natl Cancer Inst, 2004, 96(22): 1702-1713

[66] Udelnow A, Kreyes A, Ellinger S, et al. Omeprazole inhibits
proliferation and modulates autophagy in pancreatic cancer cells.
PloS one, 2011, 6(5): e20143

[67] Marino M L, Fais S, Djavaheri-Mergny M, et al. Proton pump
inhibition induces autophagy as a survival mechanism following
oxidative stress in human melanoma cells. Cell Death Dis, 2010,
1(10): e87

[68] Solomon V R, Lee H. Chloroquine and its analogs: A new promise
of an old drug for effective and safe cancer therapies. Eur J
Pharmacol, 2009, 625(1-3): 220-233

[69] Bellodi C, Lidonnici M R, Hamilton A, et al. Targeting autophagy
potentiates tyrosine kinase inhibitor-induced cell death in
Philadelphia chromosome-positive cells, including primary CML
stem cells. J Clin Invest, 2009, 119(5): 1109-1123

[70] Amaravadi R K, Yu D, Lum J J, et al. Autophagy inhibition
enhances therapy-induced apoptosis in a Myc-induced model of
lymphoma. J Clin Invest, 2007, 117(2): 326-336

[71] Yamamoto A, Tagawa Y, Yoshimori T, et al. Bafilomycin Al
prevents maturation of autophagic vacuoles by inhibiting fusion
between autophagosomes and lysosomes in rat hepatoma cell line,
H-4- I -E cells. Cell Struct Funct, 1998, 23(1): 33-42

[72] White E, Karp C, Strohecker A M, et al. Role of autophagy in
suppression of inflammation and cancer. Curr Opin Cell Biol, 2010,
22(2): 212-217

[73] Kon M, Kiffin R, Koga H, et al. Chaperone-mediated autophagy is
required for tumor growth. Sci Transl Med, 2011, 3(109): 109ral17



2012; 39 (3) [, & HRERENEEEEZRPIEA *249-

Progress on Role of Autophagy in Cancer”

XIANG Bo", YI Mei?, LI Xiao-Ling", LI Gui-Yuan"”
(" Cancer Research Institute of Central South University, Changsha 410078, China;
? Department of Dermatology, Xiangya Hospital of Central South University, Changsha 410078, China)

Abstract Autophagy is an evolutionarily conserved catabolic process crucial for development, differentiation,
survival, and homeostasis. However, if it proceeds to completion, autophagy can lead to cell death. Changes in
macroautophagy activity have been described in cancer cells and in solid tumors, and inhibition of macroautophagy
promotes tumorigenesis. The review focuses on the importance of autophagy in tumour development and cancer
therapy. We summarize what is currently known about autophagy, and discuss its role in cell death and survival.
We discuss possible mechanisms underlying the anti-tumor activity of autophagy. We also discuss the effect of
autophagy modulation in cancer therapy.
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