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BOROE 2 EEE-
R BRI SRR 22 B, A 325005; K06 105 24 #U A H0 9000 =, M BRI, 1B 325005;
ST A N PG B At 7 oy, BT 325000)

8ZE A %(autophagy) &K A EFTA HILoh ) mIL s RAL S A EEhle) A2, AMAE
RBAE, BT REARESHEFIG T @OHRTA TRKERE. BILF, BEMNE T 091E
BN TR Kk, F HAEAINF 8 HAIE 57 I 07 ok €A T IS RaRI. 34T 8 e T
HIF A 6 KA LI T 2G4, FHRIT O AR AR RRE TR, 5T AEE
FETA . ZBAET P A, PR, §4 T RATGELAT A%, BRRA M7 5T,
$e 7 k015 KR 25 R

KB HURIRYT; EWRGR; SO 1S R AR B 1 LA R S TR AR

Role of Autophagy in Cancer Prevention, Development and Therapy

Gao Yuan', Wang Ying**, Huang Zhihui'*
('School of Basic Medical Sciences, Wenzhou Medical University, Wenzhou 325005, China; *Ministry of Education, Key Laboratory of
Laboratory Medicine, Wenzhou Medical University, Wenzhou 325005, China;
*Research Center of Blood Transfusion Medicine, Zhejiang Provincial People’s Hospital, Hangzhou 325000, China)

Abstract Autophagy is a process that ensures cellular homoeostasis and qualitycontrol in all mammalian
cells. Since the concept of autophagy is put forward, substantial progress has been made in understanding of the
molecular signaling mechanism underlying regulation of autophagy. Recently, many studies has focused on the
roles of autophagy in cancer and several treatments to cancers by regulating autophagy have been tested in clinical
trials. In this study, we give a brief overview of recent findings of the downstream signaling pathways of autophagy,
discuss the roles of autophagy in physiological conditions and diseases, and focus on the roles of autophagy
in cancer prevention, development and treatment. Meanwhile, we summarize the current clinical trials to treat
cancersby regulating autophagy alone or combination with radio-, chemo- or targeted therapy.

Keywords anticancer therapy; autophagosome; chloroquine; chronic myeloid leukaemia; haemopoietic

stem cell; hydroxychloroquine; tumorigenesis

2 i H W (autophagy ) A2 41 i i Jii N SRR 75 7T AR 5 1 H W (chaperone-mediated autophagy).
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AL N YD RE, 5 G35 2 40 i A B ARt AT
FEACA M AR I RRT AR B e — AN B AR i
T, XA A 2H 53 O AR AT DA 9 B AR RE

TEA AU s 7 BUHR IS (an A K PR /8 37 1 40 ) 4
FRAML ARSI AE AR . (E AW IR R, X2 IR
N H B & (autophagosomes), ‘& 7 Wik K 75 5 H A1 41 g
IR X B i s B B A (B BEE E R
AR BEAR B ) b, WA P BRI L) i — i
B g R I A . R RLE20TH Z0S04E AR, AT
1E HL T S T B 2R L3 0 4 i PN Y A, R

H R 53204, B H W AH S K K (autophagy-related
gene, ATG) K4 E, A B ATt 15 W KHER 23 10 1
BLRIM . 3% 6 15 WA O 25 D] B W) 2 A L 2 1 B
RPN, B 5 I [F) 5 R ) D Re AR AL Bh W & B4 3
BSE

1 WFLEh4 B R 7 T AL
TEIEHETRI LM R, FIME R K TR

fi€, B RAANEIK . AT LUBIS LU Bl s

B — R SEE e 3 e R L Bl

e
o
inhibited

ATG4 |+, +~ [N(ey
PN ATG10
LC3
p- ~
induced ATG5 ATG10

/ . ,_,\
e i
J | [ O Lysosome i
| ) | o @% {. (low pH) ;
\ | -
— o ={ofl={[of|
LC3 conjugation system I.\\\ 1". ;/' \ Ji
ATG12 conjugation system \\_—_? &t; o J
Phagophore ~ Autophagosome Autolysosome

TEIEWE IR AR N, B LR i), —FhoR B R M mTORC LB fL ULK I MATG13, 53— Fi il id Bel-24> T4 Bclinl
A . 2 A A RS2 B R ) RLERIN 5, RN AR I RS T 22 51 mTORC1 WULK1 2 & /& (B #EULK1/2. ATG3. FIP2007H
ATG101)H 43 ok . AMPKIE I SRR AL ULK 1 IRE PEAL AR R F M. VG ULK ] B2 L AMBRAL, BE8Bclinl 5 # MR 45 4. Belinl

5 LA T A UAMBRAL, G EUBEREVPS34(58 = KPI3K)MHGE, & MBGH A 7 W I AE A = CEE I /E M . Belinl 5UVRAG.
ATG14F1Rubicontf 4l £y, 5 AMKITRTE . H AR KRBT A FZ RIEZ R G (DLCIEE R L, IR T ATGIX LC3IC-A 3 (154
fift, BER, LC3 B ATG7CREL ) E, F18 45 ATG3(JRE2/), Iv& 5PELE & . ATG4IE I RAARLCI S5 PEZ W] I BEIZ R B H I E R . (2)
ATG12E R4, EUH T 10 ATGTHIATG10(ZEE2/) 45 &5 A2 R ATGSFIATG12. ATG12-ATGSHI B AR HSR G, 5ATG16JE M — AN 2KE3NF 2
B, ZE AW FERRLCIEE RGN . A1 WA R, Y0025 15 WA 7 I AR P S AN A 5 o 1 W R ) 7 P B 370 1 R A1 I 5 VA A
RIS T B WA A . P B S Y B A
Under normal nutrient-rich conditions, autophagy can be inhibited following phosphorylation of ULK1 and ATG13 by active mTORC1 or by Bcl-2-
mediated inhibition of Beclinl. Induction of autophagy can occur following cellular stress or starvation that leads to mTORCI dissociation from the
ULK1 complex (that involves ULK1/2, ATG13, FIP200 and ATG101). AMPK induces autophagy by phosphorylating ULK1 on active sites. Active
ULKI1 phosphorylates AMBRAI, freeing Beclinl to associate with membranes of the phagophore. Beclinl interacts with several cofactors, such as
AMBRAL, leading to activation of the lipid kinase VPS34, a class III PI3K that is critical for the expansion of phagophores. Beclinl is also associated
with UVRAG, ATG14L and Rubicon that are involved in the regulation of autophagy. Autophagosome maturation depends on two ubiquitin-like
conjugation systems. (1) the LC3-conjugation system that starts when ATG4 cleaves the C-terminal of LC3 that is then activated by ATG7 (El-like
enzyme), transferred to ATG3 (E2-like enzyme) and eventually conjugated to PE. ATG4 also cleaves the amide bond between LC3 and PE to release
the protein from membranes. (2) the ATG12-conjugation system that starts with conjugation of ATGS with ATG12 by ATG7 and ATG10 (E2-like
enzyme). ATG12-ATGS interacts then with ATG16 to form an E3-like complex that completes the LC3-conjugation reaction. During the autophagy
process, doublemembraned autophagosomes engulf proteins and organelles. Completion of the process involves fusion of the outer membrane of
autophagosomes with lysosomes to form autolysosomes, where the inner membrane, along with the cargo, is degraded.

Ell BRERSYFIEE
Fig.1 Molecular regulation of autophagy
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5 [ 1(mammalian target of rapamycin 1, mTORC1)
T IR 1L Polof¥ I8 1 (unc-51 like autophagy activating
kinase 1, ULK1)Al B I 4 5% 2 113 (autophagy-re-
lated protein 13, ATG13); 3 —Ff & LAB#Hk L 4H 5 -2
5 [ (B-cell lymphoma-2, Bel-2)24 £ 5 471 fil| Belin o
Wk 2> LE 40 i 52 31 1 ) BROVER IR B 15 ¢, 1% — ik 7%
IR TFRRGE A YULKIE SR K2, %2 &
Vit — P 2 AR 7 IR, B3 ULK1 . ULK2(#
BfArgl). ATG3. ZX & #H B AE B & H200(family
interactive protein 200, FIP200). — ™l FL 3 ¥ 1Y
Atg1 7T RE RIVEAAFIATG101. Horb, ULK12 [ b
TEME— Ha o s i B B . XL SR
TR o ) 24 5 YA

MR 2P 50 2 200 i 1 TR ) A o) 7 22 R
AR R B MBS E 5 ¥mTORC1. mTORCIFE IE#
ERFMCEFRFEE) T RAEER, &l B
Wikt 4 2 &%) EIULKIMIATGI3 8 F k] 2 &
VI RERE ) AP ML ECE BRI = 1R IT &
M H mTORCIHIE ¥, i H MULKIE &) |73 &,
AMP i 1) 25 [ 8% [adenosine 5-monophosphate
(AMP)-activated protein kinase, AMPK] "] DL B £ H
AR AL ULK L, (675 5 59 5 IR & (e 48 B kA
HILEPIHITE B o

I 1 2 F Beclin (9% £ Ag 61 [7] R4 2 B Wi
PRI R b AN B LR Y, e A i g ] 1 A L
1B I B00E Y8 49 1% & 1 34(vacuolar sorting protein
34, VPS34), VPS34/2& 5 — 35 % JI5 Bk UL BE-3- 34 iy
(phosphatidylinositol-3-hydroxy kinase, PI3K), X M
A IG5 Y B AR FRE A7 K ) I 022 T ) W A S 2 %
= 0, 7 1E % % #F T BeclinLifi 3 € (19Bel-2 A 5
45} 1% 3(Bcl-2 homology 3, BH3)5Bcl-28(Bcl-2 ]
[l Y5 AR Bel-x 45 & 1M AL T IR S {5 BH3 45
R ) 2 1 FHBH3 25 K 38 B0 23 1 7T LA 38 S 1% 3t
R Beclinl FBel-22 [ (i A LA F 1 75 i B W
Beclinl it # & I 2 5 T8 Bt 1 W/~ &3 1 45 B+
1(activating molecule in beclin 1 regulated autophagy,
AMBRA1)E &%), AMBRI /2 HiBeclinl i 45 () [ 1
L O 4, ULK L% R (L AMBRA 1 3L A
a1 B RS R E A B A 5T L 5 Beclinl 45
o, A RIE RS IR AR . JL At SBeclinl 45 & 1 &K
H, W UVAH IS K P2 #(UV radiation resistance-as
sociated gene, UVRAG). ATG14L 1 Rubicon, JHE

i It 5 Beclinl AH HAT Y IE [m) B3 67 1) 18 15 15 0

W 6L (%) A i 0 B R A R R A4 1Y) s 2K
T AR RERZERG, XA RGN H 4R
VAT DR, BNREHLEHH N RZREN
ATGSHH 4 F% o U8 A 5% 8 1 18 4 3 (microtubules
association protein 1 light chain 3, LC3) fl ATG12
DL R = AN T 4 I B0 b 75 B (ATG3 ATG7 Al
ATG10) H . LCIEEZERSHIE T ATG3 Xf LC3
FC- iy 1 24 /iR, [A] RFLC3 8 ATG7(ZEE 1 )i i,
32 4y ATG3(CRE2M) I i 4 T 5 % I5 Ik & 1% i
(phosphatidylethanolamine, PE)4%5 . ATG4ibiE it
ZLRLC3EPE 2 1] 1 9 i B >k e T8 1 W J5 o 11
. ATGI2IEEAR &, 1A T ATGTIEH ATGS
MATG12, X — &AM R BT LCIERE MR T
ATG100E 1) ATG3 128 B2/ ThAE. ATG12-ATGS
HHEAEH, )5 5ATG16JE l— N RE3M M E &4,
ZEAM 5 RLCIIERE RGBS, K2 Bl
I S LC3 A W e e

H W R 1) 58 B3 B W AR AN I v T A 1
RiE, TERCE WA AR, BEE LA, BRI RS
PR B () N i S R A R OC R H R B G
B Befg . W FE CEuE B, X AN I A% 75 S0 A4 AH 5%
JI 25 11 -2(lysosome-associated membrane protein-2,
LAMP-2), /NGTPHfRasH 5% & 17 (ras-like protein in
rat brain7, RAB7)fIUVRAGP ',

2 EELEIBEERE S ATIBERE

—LBfE 5 BRI BRI R, WK E Sl
. BEEA. P M (endoplasmic reticulum, ER)
JEA7. RS EALE ST AR IR e A . AR SCRRAT
BE P RE 2R 4% B RE R AR K R R S S
A B AR Y [ WRREAT 1 18, WIRAS-RAF-MEK1/2,
(2 7 22 7 3% A6 B F 3 B (mitogen-activated protein
kinase, MAPK)/4fl g 4 1 77 & 1 33 B (extracellular-
signal-regulated kinase, ERK)1/2]-ERK1/2. PI3K-
Akt-mTORC1F1p53(2).
2.1 EKEFESES: RASFIPIBK-Akt-mTORC1
1

U L 3 9 5 0 A % ¥ 2K [ (mammalian target
of rapamycin, mTOR)¥& M ] 15 58 A~ {H X 5 (1) &
Joa WLER AR B 2, 1T LA B T 4 B o 5 v KT () A
M A KRS . mTORFELE TIRSFIIE H R E &
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E
ﬂﬂﬂﬁ ﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬁ E i
PI3K —~[P1p2 ] —» RAS
nductlo W L\
*
|mTORC [ A |MEK1/2|
\ATP/AMP|_LKBI AMPK ml_ M
} Nutrients pS3
RHEB
mTORC I_ Rapamycin
DNA damage | p53 | - | DRAM I_.Autophagci_ -
Nuclear Cytoplasm
NOXA |[BNIP3 | [ MCL-1 | BCL 2 | BCL-X(L)
}_| X BH3 mimetic/
bnutsimis
BH3-only protrins
A E R LAME S Sl R I A B R . A K I F (growth factor, GF) /5 (K & BRI 52 /4 (receptor tyrosine kinase, RTKs) %

AT BLIE I B PI3K-Akt-mTORC1 2 # RAS-RAF-MEK-ERKGE B RAM ] FIE . A5 P KA 2 PIP2BERR L B PIP3, 1X 2 — 4510
Syt A b e R R I R I R 5K ) R 11 IR R4 (phosphatase and tensin homologue deleted on chromosome 10, PTEN)&7 1l & (14101 (i
o PIP3BANAKt AR ZEEE, IX 2 HIH| TSC1-TSC2 5 A 4(Rheb 11— AN GTPEE AT 2 1) M T #GHFmTORC . 4545 1 4L 2% 14 1 (tuberous sclerosis
complex protein 1, TSC1)-TSC2H AL HHERK /240 S EmTORC I I FT - 7F AR ATP/AMPI Lb 3R 53 AT & BE LR IE R, LKB 134Gk
HpS32 BTG AMPK, SETSCI-TSC2HE A IEAL, 4 HRheb. mTORCHMHI S E H WERI A A . mTORC 1 2> i 75 W18 2697 ol LM,
FREE. AR, 0 b pS3n] LU S K ADRAM- 1 E W, 10 40 53 A9 pS3 2 ) (5 Wi o X 3R B, pS3E 1 Wit PR 422 P A U 1Y
SAIIER . BFTEW, Bel-28 A 50T F MR A #E B A W EAEH], ST T & ABcl-2. Bel-xLAIMCL-1, 23 FRBeclinl 45 & - 1) e (0 7 14 i 410
i W, 117 XA BH3ZE I ALV 18 A (Noxa. PUMA. BIM. BNIP3AIBIK) £l it T30 128 (H/Beclinl [a] {2 K15 & E W . 1 FIBH3
mimeticsal & kb B FE A R 24 Bel-2/Beclin L[| (1% 2170 5 4 1 W
Autophagy is tightly controlled by several signalling pathways. GF (growth factor)-mediated stimulation of RTKs can inhibit autophagy through
activation of the PI3K-Akt-mTORCI1 or the RAS-RAF-MEK-ERK pathways. Active PI3K phosphorylates membrane-bound PIP2 to form PIP3, a
process that can be inhibited by the PTEN (phosphatase and tensin homologue deleted on chromosome 10) tumour suppressor protein. PIP3 increases
membrane recruitment of Akt that activates mTORC]1 by inhibiting the TSC1-TSC2 complex (a GTPase-activating protein for Rheb). The TSCI-
TSC2 complex can also be inhibited by ERK1/2 resulting in mTORCI activation. Decreased ATP/AMP ratio or glucose starvation can lead to AMPK
activation via LKB1 kinase or p53, leading to activation of the TSC1-TSC2 complex and through Rheb, inhibition of mMTORCI, resulting in autophagy
induction. mTORCI can also be directly inhibited by rapamycin treatment, leading to autophagy induction. Nuclear p53 has been shown to induce
DRAM-1-dependent autophagy, whereas cytoplasmic p53 has been shown to inhibit autophagy, indicating a dual and complex role of p53 in autophagy
control. The Bcl-2 family proteins have also been shown to play a dual role in autophagy regulation; the anti-apoptotic proteins Bcl-2, Bel-xL and
MCL-1, can inhibit autophagy by binding to and inhibiting Beclinl, whereas the pro-apoptotic BH3-only proteins (Noxa, PUMA, BIM, BNIP3, BAD
and BIK) can induce autophagy by interfering with the antiapoptotic protein/Beclinl association. BH3 mimetics or reduction in nutrients has also been
shown to induce autophagy through inhibition of the Bcl-2/Beclinl association.
E2 BEMNESES
Fig.2 Signaling regulation of autophagy

H, ' A3 FEmTORC1AImTORC2. mTORC1X i i
WA — = Thee, M EE RARBNME,
T E B2 W 1 = B T 280, mTORC 1) _F i
FETRPI3K AT ALt i, mTORC L4 i80% Jo <= #1041 [
Wi o N FJeRt o i o] WLRBIPI3K I RAR, PI3KAE i i
AL Y i = 19 % 5 IR 19 JUL I (phosphatidylinositol
-(3,4,5)-trisphosphate, PIP3), PIP3 J i >k 1 jin Akt(¥]
JESLEE . HIEMERAKR SR FIFEARE &Y
TSCI-TSC2, 7 tmTORCI1. TSCI-TSC2E & ¥ &

Rheb(Ras [F] Y5 14, 7 K Rk & &, g — Mo

GTP4: & & H, Re4s & HHUEMTORC) FIGTPHE %
PO . TSCI-TSC2E & W)t B8 8% HoAh (3

53 PR AL SR B0 5 5 (INERK1/2). B 78 % B, AktE},
ERK12F S TSC2BE IR b 2 M E G4, T s
mTORCI1!", [K t, RASKE [ W i =5 /E H & & 24
[, A AR ; e BE AT T S ERK /2853 PI3K-
Akt-mTORC 1@ B [ W, AT i@ i S RAF-
MEK1/2-ERK1/2i# #% T #Getl I 1E H & H(Go-
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interacting protein, GIAP) 1% 14 4% 1M 75 & H Wil
Xt JEOR, NI A &R PR AR TS AL RAS
AR, B8 51T R KT IR B W, T 4 RE AR K
SR R A R R A TR 1
2.2 REERHIRER: AMPKIEE)ET B

AMPK {8 5 R A 1 s, o 70 S 7R 5l BE T #E
(ATP/AMP ) Lt 3 B 0B, R AT 2 (1 BB 1 (liver
kinase B1, LKB1)¥# if. 5 AKtFIERK /23 B 8 i
FH R, I A T AMPK fE B 2 A4 JF S TSC1-TSC2
SEY), HaeilidRasE H 64 23 [F JE S ALY (Ras
homolog enriched in brain, Rheb) #ifil mTORCI1.
AMPKIE 8 i i 3 B2 6.Ser317F1Ser77 78 i ULK 1
MO BE G W, R, AMPKGR H W R OE i
o mTORCUIE fig i i W BR AL ULK 1 /) Ser757, MM
Pt HLAMPKAIULK 12 [8] (A B A, FH 1EAMPK
X ULK 1R BOE . AMPK £ i B % 0 e 1k
raptor(mTOR Y 5 #H 5% 81 H, s&mTORCIH — > L.
ARSI HImTORC L E M, LB RR AL A FH AT B XS
mTORC 4] 22 5 B 20,
2.3 MR RMIRE: pS3HIWNEIER

2R 2 H Mg i N b, 4 BE Rp53 2 R AR
1. BFFLCEUE B, BAE E R A R A
. p53i15 5 HWRAESEFh & S AR T & i — N4
B, A3 B 3 R - 1(damage-regulated
autophagy modulator-1, DRAM-1)!"), DRAM-1%
5ps53if SN RAL T, Xt — 5 R T 4HpRAtT: .
pS3FN W 2 (8] 5% &R . pS3TT LAAE A 2 K 1L Tk
it AMPK 5 L/mTORC 1 #5475 & E gL
ST 5 P (1 S AR RN SRR I p S3# A ) W, AH R e
A7 4 AZ FrpS 3 3k F W Uel,
2.4 HRUETIRTR: B 2ERARKE

Bel-272 A 7 & /b — A Bel-2 [ Y5 45 #) 38(Bcl-2
homology, BH) [ £ [ 5 J& /1 (1) 38 84, F 408 Xt 48
FRL R T 2 i 3 B i A FEBHES K4 35 AT P4 Bel-2
FEE AR =AW EE: (D)PLE T2 2, 2K
Bel-285 i, #1Bcl-2. Bel-xL Al1E & 41 i 15 155
J¥ %1 -1(myeloid cell leukemia-1, Mcl-1), 18
PUANBHES #4 15(BH1~BH4); ()1 I8 T £ 45 /) 1, 2%
Bel-24H ¢ & H(Bcl-2 Assaciated X protein, BAX) £
F1 5 (MBAXABAK) &A1 10 AL 75 DU ANBHES #4458 (3)
fEVE T2H HAABH3 IR i K, WIBH3SE M7 12
753 % 1 (Bel-2 homology 3 interacting-domain death

agonist, BID). 5Bcl-24H T {E H i) 4 il 48 T 3 77 1
(Bcl-2-interacting mediator of cell death, BIM). Bcl-2/
Bel-xL4H fitd . T 52 44 5 $t 771(Bcl-2/Bel-xL-antagonist,
causing cell death, BAD). #1755 F1NoxaFlp53_ - 1
T 14 15 Kl ¥ (recombinant p53 upregulated modulator of
apoptosis, PUMA). W& BH3[H 2 A il 5464 i
PR T2 Bel-2 8 F B ELAE 2 e e i s, %5k
FA — B /K 1924 (5 BH3AE 1 [ 48), 5@ A1
HAEH 40 S8 Bel-2 48 H 1 Dy A A/l o B 84E H
WiE KBAXEE FI(BAXFIBAK) ) M fg. T5 1k LS,
BAXMIBAK 5 4 4 i 25 & 51 A2 A1 5 1) 32 AL 1
FH, X1 FH 5 3 40 i € 3 ORI A PR 4 0 T P A
LERAAR TP BRI, 58 Caspasel i A4l 1. Bel-2
A SO B TR 40 R T AR B R Y Ry
OO ff 1. UM TIBel-2. Bel-xIFIMCL-16g 41
i B Wk, T JE TS A AT BH3 M £ FIBNIP3. BAD.

BIK. Noxa. PUMAMIBIMAE %% & H M. i
&, 5 Beclinl 45 & ¥ Bel-2 35 Beclinl 15 VPS34 ]
g, BEARVPS34 53 PR AT H ] B . BF 7R B,
Beclinl 5 VPS34 A A A AT BLs /> L ATBH3 S
A 259697 F &, B iBeclinl 2575 & H B,

3 EWEFEETErR RN E

B — RIRIE B W ARIE 2 (8] R B R R T
19994, fiiH &7~ Beclinl G # | 8 & 28 F HAEN
7L B B KT R BRI ), X R B ek b AR
H ()3 IE 7T Be 2 5 BN M 1) e i ik 0,
B 5 I FC SR, Beclind 7 m /N R IG & B F- 1t
SHUTL, BelinI™ G /I8 B R SR8 1) Ak 2 1
b — 80 2 AR R, £ NS EERE R B
T Atg2B. Atg5. Atg9BRIAtgl2(HERS 534502 I H.
70N B 25 Bk 1 W ) DX B e T 4 R 3R 2 (i e 4 i ) o8
PEAEEARI,
3.1 BREEAMEATIEER

i T, kT H Wi 7E i I 41 il (hematopoietic
stem cell, HSC) I 2E /- M Th I LA 78 o, B
TEYERFHSCOy HAT HEZAEH, Jf B AT ek bt B L%
R AR 55— ANIESE HILE20104F, &K BLFIP200
XT i L BYHSCHY £ 5 4E 357 F1 Th g /2 4 75 1, JIF B
FIP200F= K] (i bk o 5 B R A4 B (R 18 22 F s K-
9 M % (reactive oxygen species, ROS)4k 1fij 5 25 /™
B FT AN B = A0 T, AE S — A 5, AR
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RGN Atg7 1) A R 2 R EBURE R A3
A2, ROSF=AFIDNAAE 5, SR 5 A2 HSC I RER %
Ko DRI, hR EE RO BE AH 41 B A0 2E R AE Atg 78 5k
/N BR R BB IR I, T LN B2 R AR B I A M
PR LR NET: . X RR], E R YraEry
AE LI ) R A o A B A ) e R e A= P 3
— GRSk B — R W EIWE T, S AR T Atgs
B Atg7 5 SR RN J IR AL 3545 s S 77 U F AR
B9 5 RV e ()9 BT AR R R, gk BT
R, 7E 1E 5 20 B = T 40 B P 0 A W AR O
), R E VR DR IR N —FF, 7538 ¥k 13 85%
A/E ) 3 A RS R RE ), 4R AR /4N
A5 10 0 B A AT R, DL Sap62 ff HEAR, 1
25 S AR E WL AR I B g, DAJRE 56 3 72 ZEROSFIDNA %2
1, M E I8 i 1Y
3.2 BIE{EAMBEHEER

AR BR 22 R UE 4 22 B, Wk 9 s A 4 ) A
AW o L5 40 A7 7E T B A0 JF Ath e i 41
HH R SR T SRR A O B AT PR, 0 2015 IR AN ) 4%
i, USRI B (0388 2% A e 2134 I /N PR 8 FF3R

HUCE FRYJ5T, BT AR RE LU IE 55 4 i 58 A0 4 ) e
I R AE R ) R VR I 25 AT R R s 20 PR A2 A7
HEE., BRI, /S5 5% Jé(imatinib,
IM)Hl | Ber-Abl ) 1 7%, fE 18 i #iEBIMATBADIK
FEIRFNTE A RAR P T, AT AR 3518 P4 R 40 e 1 1
J9 (chronic myelocytic leukemia, CML)4H ity ' 1) {&
ProvE | AR YRS S A, G0 A R
Bt ERAtg 78k Atg5, 803 & F 245%) & ¥ (chloroquine,
CQ), AeiE I HM| B Wz, (2 IM 3] 40 i R ACML
TAHIRIZET: . HeAb, B FTIER, F0] B W RECEBOT
JEPOL pS3 U A A R T O AR (e A RN
BH3ZE WY HVE T J5 2 & G g e -0 X
R T AT /R W) V6 9T I DG S ASE FH 1 A ) 7
I RIS AL 7 BRI AR . X LRI H B g4 ] 7N
2 25T e RS S AE AT (R 1AIER2)
3.3 BT AR L0 X i O

PRAE FRATT e B A B WO IRk e A AU AR H,
EAERF R A I Dh e BRI 7 R R A 404 kAR, T IR
TR R A AR, e Bk AR A Y s )
e 2 bR i g o B 2 DAL D B0 AN A eg PR I B 25 412

#*1 BRIEANSHCQ-NMSHIE BB R E SN AMETRN NG E TS FHEIR

Table 1 Drugs used in intervention combinated with HCQ-mediated autophagy inhibition in currently active

clinical trials

IO 24 LIy
Intervention Drug Target
Chemotherapy 5-Fluorouracil Thymidylate synthase
Capecitabine DNA synthesis
Carboplatin DNA
Gemcitabine DNA replication
Leucovorin Chemoprotectant
Oxaliplatin DNA synthesis
Paclitaxel Microtubules
Temozolomide DNA (alkylating agent)
Cyclophosphamide DNA (alkylating agent)
Targeted therapy Bevacizumab Angiogenesis
Bortezomib Proteasome
Erlotinib TK
Gefitinib EGFR
Imatinib TK
MK?2206 Akt
RADO001 mTOR
Sirolimus/rapamycin mTOR
Sorafenib TK
Sunitinib malate RTK
Temsirolimus mTOR
Vorinostat HDAC

ERGF: % K /BRI T34 HDAC: JIt LBt A6 RTK: R BRI Z 4 TK: Bt 2 BRI .
EGFR: epidermal growth factor receptor; HDAC: histone deacetylase; RTK: tyrosine kinase receptor; TK: tyrosine kinase.
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Table 2 Selective active clinical trials where autophagy inhibition is being tested
ZAF F BBt B, i ETRS
Condition Intervention Phase Sponsor, collaborator Identifier
Adult solid tumour HCQ-+radiotherapy 1 VCU, NCI NCT01417403
HCQ+temsirolimus 1 Upenn, NCI NCT00909831
Advanced cancers HCQ+sirolimus or vorinostat 1 M.D.Anderson Cancer Center NCT01266057
Advanced solid tumours HCQ + temozolomide 1 UPenn, NCI NCT00714181
HCQ+MK2206 1 NCI NCT01480154
HCQ+ vorinostat 1 DM, Merck NCT01023737
HCQ+sunitinib malate 1 NCI NCT00813423
Breast cancer HCQ 1I Radboud University NCT01292408
CML HCQ+IM mesylate 1 LM, MRC, CRUK Trials unit NCTO01227135
Glasgow
Colorectal cancer HCQ+bevacizumab, 11 UMDNIJ, NCI NCT01006369
capecitabine, oxaliplatin
HCQ+oxaliplatin, leucovorin, /1 Upenn NCT01206530
5-fluorouracil, bevacizumab
Glioblastoma multiforme HCQ+radiotherapy 1 UCL, CRUK NCT01602588
HCQ+temozolomi /1 SKCCC, NCI NCT00486603
Metastatic pancreatic cancer HCQ 11 DFCI, BWH, MGH NCT01273805
Multiple myeloma HCQ-+bortezomib /1L UPenn, NCI NCTO00568880
HCQ+rapamycin 1 OHSU Knight Cancer Institute NCT01689987
CQ+cyclophosphamide, 1I NYU School of Medicine, MP NCT01438177
bortezomib
Non-small-cell lung cancer HCQ+gefitinib 1/ NUH, MGH, AstraZeneca NCT00809237
HCQ+paclitaxel, carboplatin, /11 UMDNIJ, NCI NCT00933803
bevacizumab
HCQ+erlotinib 11 MGH, Stanford University, Yale NCT00977470
University, University of Maryland,
Genentech
HCQ+paclitaxel, carboplatin, 11 UMDNJ, NCI NCT01649947
bevacizumab
Pancreatic cancer HCQ-+capecitabine, 11 MGH NCT01494155
radiotherapy
HCQ+gemcitabine 4 Upenn NCT01506973
HCQ+gemcitabine /11 University of Pittsburgh, NIH NCT01128296
Prostate cancer HCQ 1T UMDNJ, NCI NCT00726596
Renal cell carcinoma HC 1 University of Pittsburgh, NIH NCTO01144169
Small-cell lung cancer HCQ+RADO001 sl Upenn NCTO01510119
Small-cell lung cancer CcQ 1 MAASTRO, MUMC, NCI NCT00969306
Solid tumours HCQ+sorafenib 1 Tyler Curiel NCT01634893

BWH: A7 3R 11 4 2 B¢ ; CRUK: % [H Ji 4 #F ¢ o oL»; DFCI: Dana Farberdii it #F 4 T; DM: Devalingam Mahalingam; LM: #k J& 2% 7 1 it
MAASTRO: MaastrichtHUH 8 RL MGH: B4 2 Bi; MP: T4 611 25; MRC: 95 2 %4 7123 MUMC: fif 22 T Hir e 5 KA 8 5% p oty NCIL: £
[ SRR ST AT; NIH: SEIE [E 2 PAERFFCBT NYU: A20R%; NYU: BRRBRISIEZ ; SKCCC: 28 S /R 5 A h ol TKI: s U BRI 1)
#I77); UCL: 16 #05 Ft K%, UMDNI: B o L BE R R UPenn: 564735 JE W0 K% VCU: 95 JE IR

BWH: Brigham and Women’s Hospital; CRUK: Cancer Research UK; DFCI: Dana Farber Cancer Institute; DM: Devalingam Mahalingam; LM: Lynn
McMahon; MAASTRO: Maastricht Radiation Oncology; MGH: Massachusetts General Hospital; MP: Millennium Pharmaceuticals; MRC: Medical Research
Council; MUMC: Maastricht University Medical Center; NCI: National Cancer Institute; NITH: National Institutes of Health; NYU: New York University;
RTK: receptor tyrosine kinase; SKCCC: Sidney Kimmel Comprehensive Cancer Center; TKI: tyrosine kinase inhibitor; UCL: University College, London;

UMDNI: University of Medicine and Dentistry New Jersey; UPenn: University of Pennsylvania; VCU: Virginia Commonwealth University.
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T FRIARIT 8 R 1 B 0 et e TR O BRI ) 0
e 4 AT 2 R AW Th RE AR . FERR G T 3L
Jig I Harvery B, A 98 93 25 i 2 [K](V-ha-ras harveyrat
sarcoma viral oncogene homolog, HRAS) 1 MDA-
MB-231 N\ 3| i i 200 10 e Bk 21 24 40 g 2 8] (mouse
embryonic fibroblasts, MEFs), 1% J& 41 ffo b AL 5
S0 I Kirsten B RIJRT 95 25968 25 [A] (V-Ki-ras2 Kirsten
rat sarcoma viral oncogene homolog, KRAS), H M %t
PRI 5 A 8 AN A, DRI T B M

W fiR . 7F FH % J8 9% 2 T(polyoma middle T, PyMT)£(
P DR 175 1) L e e B DR AR rp R B T ARABA R 25
B E VR 4E R 0 75 FE I FIP2005) M B 25 35 3 44 4
JIF e 270 L ) P AR A A i 2 A R 7L e ) AR
e 20 A Hh 1 Wk G T 3K — IR B S A
RasHe PRI T HRasAs 7% (1) %)) 5 ' JJE (immortalized
baby mouse kidney epithelial cells, iBMK)4H A 1 i
Ji &7 9% (pancreatic ductal adenocarcinoma, PDAC)
UM R . IX LR FE R R, Rask R (1) B0E 25 1
InE R, X2 W RR LI B R Lk Ras’e 4L 16 iR 4 i
RE % N0 1y K BOARES o [R Ik, 7 X e ABE Y v 417 )
H W 3 B AR A ) 2 F BRI, (055 =R IRAIE
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(tricaprintricarboxylic acid cycle, TCA)H [a] =¥ 11
b P> BRLAR TR Dy g, ATPP=issb . R IX 4k
KN EFE IO T Rash YL (W Fe 67~ 1 BRI fR N B
Mg X SR AR AU 1) () AN [ 75 22, [RIRE L, e AT 14T 1 B
T, BT AEREAS [FYR AL 2 FE AR R AR F 2

MMITCEIRE T A WEAEGEMMsH 7E 4 #Ras
VAT AR 7 T H 20 S I KRas B 4 Ras 3 B 2%
Braf i J& 1 it A0 g s 004 FH(3R3). B E M2 A
ATT T 9 i % B R /)N BRL A5 2 (genetically engineered
mouse models, GEMMs) it 55 CL22 [ B 1 6 11X
YL 5 DhAe, 18250 3 K K RasiFs & 110 e 152 78 v i
FrAtg5FIArg 743 ol i B A it e 161 s 70, JCH R AEH
Wi fife = 1 b e v I HH ) B IR M 4 R AN [, bR
T A A TR 4 L A S R AR 1 BRARDA0T A
i g 100 k1) 5 TR p 5 3R = I e s A B 2 1 s 2K 3 T

U7 B2 E A SR T A g 785k 2 B e 4 R IR AR 43 495 . LA
bR EE ROyFEA, WETCE A, b B A
S P T B W D R 4 AL B SR R R B RE T
TEBrafifs 2 0 T e 155 50 0 A rg 7100 6% 175 5 1140 fieb 988 1D e
JUR AR DU . pS3ER Z 40 il R o2 ok 5 T
BE 2R A S B, O X S A0 i £ L kLR AN
A R "R EE S =, X R B bR i
F Jif 6 240 L e T R = K B R AR A I B A A )
[[IRES2 2 TR uS AW i0E b N NN a2 ) UXe S SR
B I R KRas 3 IR Y Jifi i 2 1) i gk s s, (H
FEIX LW FUIA R RE UL, RSz S B B
LR AR Th RE X R AU AR A A F Y, ity HL B g
1t 2 2D Braf i R vh A A 22 1 e o 78 240 L ) A=
KAESE . BAR, IEEAITTT A WA IR, H
7 Brafk R R ot R (K F e 45 R s 7 — MR
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Table 3 Effects of Azg deletion on cancer progression and metabolism in GEMM:s of cancer

P LE A i DR A Y Atgiii e Xof I R ) ] 2 275 R
GEMMs Phenotype upon autophagy inhibition
JERESE Y 2t Atg deletion* iR 4 Fe® it JRE 4 AR 3 Reference
Cancer type Genotype Tumor progression® Tumor cell metabolism®
Mammary MMTV-PyMT FIP200 Decreased initiation Impaired glycolysis 38
carcinoma (MMTV-Cre) progression
Non-small cell lung  lox-stop-lox-Kras“'*”; Atg7 Decreased progression,  Impaired mitochondrial 39
cancer Tp53ov/flox (intranasal adenoviral ~ oncocytoma formation metabolism and fatty
Cre) acid oxidation, lipid
accumulation
Non-small cell lung ~ lox-stop-lox-Kras®'*” Atg5 Increased initiation, Impaired mitochondrial 34
cancer (intranasal adenoviral ~ decreased progression, metabolism
Cre) oncocytoma formation
Non-small cell lung  frt-stop-frt-Kras®'?; Atg7 Decreased progression,  Lipid accumulation 40
cancer Tp53fi (Ubc-CreERT2) oncocytoma formation
Non-small cell lung ~ Braf"*"%; Tp531/flex Atg7 Increased initiation, Impaired mitochondrial 37
cancer (intranasal adenoviral ~ decreased progression, glutamine metabolism
Cre) oncocytoma formation
Pancreatic cancer lox-stop-lox-Kras®'?; Atg5 or Atg7 Increased initiation, ND 35
Pdx-cre (Pdx-Cre) decreased progression
Pancreatic cancer lox-stop-lox-Kras®'?; Atg5 or Atg7 Increased progression Increased glycolysis 35
Tp531¥ex: Pdx-cre (Pdx-Cre)
Pancreatic cancer lox-stop-lox-Kras“'?; Atg5 Increased initiation, ND 36
Tp53™*;Pdx-cre (Pdx-Cre) decreased progression

a: Cre LM T MINBR T VEFE S WA 4. MMTV-Creik 2 FUIR b A0 45, Ubc-Cre ERT23IA & 3 47 7T 1) HAth 5535 25 7] 15 5, Pdx-
Cres& A3 HA R (R /43 o b Xof JJg A2 4 () B2 5 e 0 P8 R U R R R 5% e R R 8 RIS i 5 I AR A 9% 0 o2 NDZRR AR

R Arg Ry SR IR PR E 1 R E o

a: the method of Cre recombinase-mediated deletion is indicated in parentheses. MMTV-Cre expression is mammary epithelial cell specific, Ubc-

CreERT2 expression is ubiquitous and tamoxifen-inducible, and Pdx-Cre is exocrine and endocrine pancreatic specific. b: effects on tumor initiation

are related to tumor onset and development of early-stage tumors. Effects on progression are related to advanced tumorigenesis. ¢: ND indicates that the

metabolic phenotype was not determined in the context of Atg deletion.
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