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Natural Compounds: Targeting Pathways of Autophagy as Anticancer Agents
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Abstract: Conventional chemotherapeutic agents are often toxic not only to tumor cells, but also to normal cells,
limiting their therapeutic efficiency in clinical application. Novel natural anticancer compounds present an attractive
alternative to synthetic compounds, based on their favorable safety and efficacy profiles. Pre-clinical and clinical
studies have demonstrated that several representative natural compounds such as resveratrol, curcumin, and
ginsenosides have anticancer potential. In this review, we summarize how natural compounds target autophagy to
lead to cell death. We also discuss some involved core autophagic pathways. Recent advances in the discovery and
evaluation of natural compounds as anticancer agents support future pre-clinical and clinical development of these
agents for the treatment of primary and metastatic tumors.
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F W3 2 — i R 3 B AR AT B P S2 B AR M B
2R 5T DA A 2 R AT B AR 1 7 AR I A . IER
AFELN, WA T EERIKSE, T2 20 A T I S R sk
Z . DNA AREAH Al A7, B R 3 14 4 E
W B WRAEJy—MHLAA GRS B BETH B 2 & B2 45 1) 41
2%, A5 B OSSR IR T . AR 4 i N i
Wiz ik BV Bk N 7 NEAN R, 48 B3 R AT 5 3 FhoT
X KRAW. DEBAG TN TR E R, 85T
2 L 5 Wk B K R

H W B 2t 3 WA S EE ] Cautophagy related
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kinase 1, UlkD) , s&—Fhe /I 2N, ©XT AW
I0b7 SRy G S A S R 4o b SRR R 8 SR | | Bt v
Mk ALEE-3-3 5 (phosphatidylinositol 3-kinase, PI3K) %
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Fig.1 Development and progression of autophagy"’
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Fig.2  Chemical structures of representative natural products
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TR, WK T ARSI IE R 2 o™,
RSVHXPHERE K A3 BB G4 HHE. KA i
NGRS UL S Sy NE 2§ L i O v )i s
AT TR RS VLR 208 1 £ ZEHLH], WRSVAES T A
FLARIE AN SR T47D R AT, T IE 5 40 1 7k 2 4
VU A e AE o )P S8 5l R R A il e s B AR R
B, RSV JEHIA A MFEHL-6040 M, 40 Py R
HH BB AR (0 S G AR IE FIDNA T BEf R, HR I — &
IR BEAR MM . BF ALK BARS Vi S I HL-6041 AL T 5
CDI515 5 A& FARH I VA T4 1. i il A 78 R BIRSV
REiE It % 5 BRI 4TI e SR TSR L AR KUY, A
o %8 BN VR 5 45 SRR B, RSVIlid /- FBcl-2A1Bcl-x, #
5K 51 K 5P B9 A278041 i I . RSV AL J5 IFIMCE-74H
M, W2 R FBeclin {235 1A KA 038,
KPR, 5HALRRY TR T Beclinl E6WHES A
W AN R, RSV IE FL MR 240 i o5 5 R 75 52 A T
Beclinl ("', #E#RkiE, PI3K/Akt/mTOR(E 55 St 2
96 4 A7 478 B R T DA B R AR U A M5 5 I R, Akt
A p- AKEE g B AR SR 7R F SR ] AMPK ¥ 75 4L,
SPLTEAIHITSC2, ANHITSC23E — DA% 315 B IS
mTOR, MRSVid | & H#EB (protein kinase B,
PKBI{Akt) MR, HOH] T IR 2L 3h 4 5 A 5 25 H
(mammalian target of rapamycin, mTOR) [JJE#Ip70S6K
(p70 ribosomal protein S6 kinase) FIREERIL, M0
T mTORME S k"™, ik, RSVH] LLE i %PKB I
AMPK TGRS T B WEY . R 3 240 A A % B,
RSVAE/NR AT 4N (hepatoma 22, H22) SHIAKH
W, NG TR FEKEELE (fluorouradl, 5-FU) BT HIE =
7, [ A A PR S-FU I R
32 EWEK

## % (curcumin) e NERHEMEF . LA, #8
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WIIZ AR, FEle L hUB e &2 0. #
T F AT CAHD ) R A0 B G 5, 5 5 22 Al e e 4 A 1) Ak A
BT, ARERROERY . BARED . wAER . e
P ARSI IR IESE, B AT Ry S A T
T B REY. Kim&SE PR T 2 20 KR
FLARIE AT, 240100, 200 me/kg M7 & HEATIE
ST, 2R BN W AR IR AN M 1 B, R
25 I POk 57 ik 0 o Wl M 0 2 B s . B IR R
B, FHERBEN YD IR F I R, N R
MRS dJE, AEIR T ALY T SR AR B AR, i
MR1% 2R )G, 21%/N BB A HIEAS . Hong %0
W FCUE SE, /N BB R T S L T T B A ) i A
RO an e fE, XA D AR 2B, StIGH N REE R

5 mg/kg, 10 J&J5, S50/ B AR AL B 2 kb, [\
BEORE T BRI E N, HikE, ZHRETHFH
I 0 G DT 0 ) 52 P 200 i 1 I 1 o R A R
a8 1) g 4 PRI 2 0 22 2 B AR I 40 i R K562
YL 71, fEKS6240 J HLC3- 1T FBeclinl & ik /K-
Fm, XERYIEREREBEIRSEERENIER. FHAE
WEADH A S ERALS, SHHZEE R HFHKS62
AMMAET . XEELRERN], ELHRIFT HWAKS624
MBET, TR R Al M, R I ZE T K nT LA
Akt/p70S6Ki& 1% L K IIEERK /2 (extracellular signal-
regulated kinases) , MII%ES AW, £ KAEH TS
PE4 (reactive oxygen species, ROS) M4, i
Beclin 1MIp53RIE K-, WS H R IF & FHANE W
I 4 M BE TR0 R R IR R (I BERR S 1 (serine/
threonine protein phosphatases type-1, PP1) FIPP2A &7
FRAAE F I B 280 bR, 2R M HIPP1, HIBERK
MR ERALDY . B TR B W Ah, FE R EMHIKS6241
fuAd K, ERILE — 2 W AR B AR . ek
WERERBFWMMC TS HTEEWNTER. SRk
fi #47 (mitochondrial membrane potential, MMP) LA
J:Caspase-3MiGE LA K, AN, ZERIIAITESTIE
K56241 i F1Bcl-28 H#i4 FiH™. Qian HaoranZ&P" W 5%
TR SMERBARIT N AMEG2 (hepatoma G2,
HepG2) MR AER, RN EHAGRIT SRR
JTAHEL, HepG2iuh 4 il )£ B2 T . Z R M5
FIAIT)5, HoechstZL thBEM 22 B HepG2 4 LA T- L4,
(] ) Az Wl 2 Bel-2/Bax 85 1) EL A3 R i Al Caspase-3 /7
. A, LI ERIEHE T B Hep G240 i 2k KL 14 1) i
FEAR LRI AR B B A DL S B W A0S X el g SR I 2
TR T R I O AR AR, S R R R
X HepG24H A A5 % o
33 AZETH

NSHE TR RAAEFRE CET L TEMT R,
RARFZ) —FIEMNBTNSH AR ZFEH.
ERME . B BRATR. HHEIFORE . ARBSIE
7 BT, NS REH (ginsenoside) s& NS R 253
EYERY . REREFTEW], NS A ) e 40
MoK PUKST . L. BEOmRMUR R . R AR
PR Z IS 1= (1 AT S R ES TS P =2 G
N R TSI A A iR AR FHEAT T IR NIAIT TS, &5
R, NZ 2R (Lt Mg 40 i o, (246 iR
YRR A3 A IG5, % v 8 AT B AT 24 4 T U
o) e 96 BT A L R TR s, A o e R ) AR A RN e 78 4R
R AEEERY. BT EIASBEE LAY
40 P, NZRE BT H AL S50 2 7 0l fe 22 i o2 3
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Rg3. F2. RAFIRh1. CHRIERg3FIRN2X & Ff e 20 Ffd (1)
AKA B R IHEERY Y, NS BRI REN I AE (L
JTITAL, ZVMhaE. B2, . Z2RIESMR3
A VR IT BE I B 45 M i 0 P s A7 2 i SRR MY . 2
AR I8 R AEAETT S B A, Re3H1 2 75 A2 I
24 & N FH B 58 A 250 5 T 400 I 0 R 4 i S G L ) P
T AR A BRI e 5 R g3 F it 90 il e g Al It 2 F
Ak, WHE RERE T HRARRKZERY, AzR
P09 1R F T RE S Ho BRI E A 05, Ko™
MR, N2 BHRKIIERIMEHepG24H & 77 F %,
I HepG2 A a8 4 . FI A FIK EE Rk 1LAR B 5, Ak
T-G1#f HepG241 B A 53.3% - T+ £191.9% . Rk1fEW %
S A, JLREDMBE N E AR EYLCIRILHY
s FRRHIRLC3-T#mE, NS 2HRk1E B Wi
FIH A, AEbERK PR ER .. Mai%™W BT T A
2 EAFF20] 3 i 40 M 4 5 5 1 4 R A . F2id
WO P LE PR T2 AR AN SR A4 T B i 5] N 7L g T 48
MFET . FE, ANSR2EF20 LLESBMETE LR,
SHEGFP-LC3- 11 2| B WA, I HAE Atg7T IR IE KT F+
m, XRHASBEF2E 3 T FLIRE T 20 f b 1 B vk
T, FIA BRI 50 AT DA SRF215 5 A AE T .
34 JLEKE

LR R RGN EER S, HA BN o R
KETFILERBEE FIEE (epigallocatechin-3-gallate,
EGCG) . fE—EMEIEE A, EGCGTEAFLIE]EH
RIS OL T, RRWESZ MmN T, I B
P2k JE HE R . EGCGRIBR A A B - 240 1 U BE & va T
5 A R e 4 e AR K . B Caspases 175 59 4]
JE VA T AN NF-xB 136 P . EGCGHUAL L 5 2 4m ig st T
S SRR N AEF R 2%, W X E|FastHRE 1 (Fas-
associated protein with death domain, FADD) FIFLICE#I#
WA EGCGIE I M1 PS53 (K115 5 3 i f [7] 3 K &R 411
() A=A R S 2, [R] B 35 5 i A e 4 R R
EGCGKRIEMEH A EAMDae% VA G: p21F1Bax,
HAp R —ANE A R EEA R T B K,

T FH 7l 4 i A BATE 5 A B0, EGCGREF 1 i I8 14
M B IREHTRE ST, EGCG5 T 11 il I8 40 it 7 12 a3k
i Caspase-3 LA K i Bel -2 R IA L™, EGCGHE R %
N FLHR S MCE-740 /3 4K 81 T Fas mRNARIFas 8 H
FESHNHEIE A Cheregulin, HRG) -PlIKEIL, B4b,
L REPEARAKCRIErK 12 BERRAL™ . 7E N SR F R B A431
M, BEGCGHE I3 15 A43 141 )0 F Caspases 175 1
TN Caspases-3. Caspase-8F1Caspase-9f1#ik. Caspase
M &S TEMEGCG Y F M4l i T 175 2 KB B R
b, BGCGHEIFH FILT MR E A M2 Fashiik.
FasflCaspase-3 (13 ak, #4101 26 4 K i 5 i

BN T fE NIRRT, EGCGif K Baxk:
DRGSR . 2Rk i 25 W A DA 3E 40 G £ 3 B T 1) 40 i I
. Caspase M ¥ 21 M T3 5
3.5 Kmzm

Kiw (garlic) 2Bk NEHMHEEY, BoH
BAEJE, HFERKMEHNME. KHEZR (allicin) & Kzt
A E ISy o RasH R AEVE F B s it 4@ A MU AL &
Vi, WFRERR. p- 1AW =R DL AT AR .
BT XA ST, KReghiEEAFEENMETE
ey B8R WL . BD | RAR. BEELYE. 4R It
WM Z . KasH THRIT R IS (EFR, JRYLE
PR CeHAER IS A . SR, B R20MH LS04 )E 1]
Weisberger S M 78 A4 RIMM A 54 PRI BA IV AT L AT
PUMRAREE. BT RERIET TV AR AT H AR 1 et
SRR TIRZ B A IGRIE AN H AT CAIUESE,
KonBEEXT P FhE A AL, b a4 ™. 1 o 8 4
PR AVRD I e A Y K A W R B, KRR B U R
PES QR T LA DG, SR, R4 B A R LK AR T
e gl KAWL . flin, KRR LK Sp53 $1
S A W, N EE g A AR 0 A AT R . A
B 325 W00 52 1) K 7% % BE MR Hep G241 M 5t 1 p53 19 ik
HIPI3SK/mTORAS 5 iH # . IRIIBCl-2 (I F£ LK. 1
HIAMPK/TSC2AIBeclin 15 5 # & 12 1) £ &P,
3.6 ALK

AT — S A R AR 7= i i R 45 W S A R AT
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PR E S At T R RN —EERR, B R
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