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Abstract Programmed cell death systems are important for
an active type of cell deaths. Among them, a type of pro-
grammed cell death, autophagy is activated in cancer cells in
response to multiple stresses and has been demonstrated to
promote tumor cell survival and drug resistance. Thus, in the
area of cancer, over the time frame form around the 1940s to
date, of the 155 small molecules, 73% are other than
“synthetic”, with 47% actually being either “natural prod-
ucts” or “directly derived therefrom”. Autophagy has multiple
physiological functions in multicellular organisms, including
protein degradation and organelle turnover. Genes and pro-
teins that constitute the basic machinery of the autophagic
process were first identified in the yeast system and some of
their mammalian orthologues have been characterized as
well. Numerous oncogenes, including Aktl, Bel-2, NF1,
PDPKI, class I PI3K, PTEN, and Ras and oncosuppressors,
inculuding Bec-1, Bif-1, DAPK-1, p53 and UVRAG sup-
press or promote the autophagy pathway. Regulation of
autophagy in tumors is governed by similar principles of the
normal cells, only in a much more complicated manner,
given the frequently observed abnormal PI3K activation in
cancer and the multitude of interactions between the PI3K/
AKT/mTOR pathway and other cell signaling cascades,
often also deregulated in tumor cells. Autophagy induction
by some anticancer agents underlines the potential utility of
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its induction as a new cancer treatment modality of devel-
opment for natural medicines.
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(combmatl therapy)of] ©]
% Bl S A ER 7311_% IEL%EM
OOHFI AEo| FHiE o] gl 23EE (crude extract),
3 E (solvent fraction)S QJFEZ O =2 o] &3},
g 2eE ddAE E B ol HiE =
Hadste]l Mz oJofEol it 7ido] AlmE i
E3], 19815 E 2005 7FA] 7k =
ol oz, BAsEE 1A ook F 5%
oA 2eE AR 242 FE e ooF
, OF 27%7F HAEolA 2elE IgER —rE1 i
Aste] JEE gl on, U] 572709 AlE
2 A E oerZz o2 HEH 9ttt (Newman
and Cragg 2007).
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Table 1 Overview on major target molecules for early clinical trials

Therapeutic targets Target molecules

Locations

Growth factors and growth factor receptors
Signal transduction
Tumorassociated antigens/markers

Proteasome

Mechanisms of cell survival p53, Bel-2, TAPs

Angiogenesis

HER-family (EGF-R, ErbB-2), VEGF/R, c-kit/SCFR
Ras, Raf, Src, MAPK, MEK, ERK, PKC, P13K
Gangliosids, CEA, MAGE, CD20, CD22
Proteasome inhibitors

Cyclin-dependent kinases, mTOR, ¢cGMP, COX-2,

u-PA-System, MMPs, VEGF, integrins

Cell membrane
Cytosol
Cell membrane

Cytosol
Nucleus membrane

Extracelluar matrix

al. 2009). 2 PANAZE FAAE As] 913t Hp
7| (molecular marker)7} W= 7] 7|31 Qlow oju
A BACE o §H I AL, o § Aol Yk
© = growth factor, growth factor receptor, signal transduction
I THE AYAEA}, tumor-associated antigen, proteasome
inhibitor, cell cylcle T} cell death =&}, Z9F9] invasion,
metastasis 2 ARG Ay} I E 2} So] H1E g
t} (Green 2004; Green 2003; Jonathan and Green 2002; Rogers
et al. 2000; Liu et al. 2002; Festuccia et al. 2005).

AA FLA A2 2000 71 5] 47%, ofAlof, of
7k, T3 26%, 7ol 26%5 AR st glom, Al
A A AAFEE 20001 18% 0 4] vl 8~10%, =+
FUA AATFEE 20004 900 A AHAE 20%0]4
AAskaL Ak AdE FAHFAAIS taxolo] 7P AR
FE7F 2, dA DA QefE Aol A= ks

paus o.?i’._ﬁ

>i_x

2 HAEG oJofEo] oF 60%E AA| i e AL
AetstH AdE FAAL A A&H o2 WS A
o7 ZigEch weba] 7]Eof g E o] Aol AHE-E]
A Qe targetsr O R HAESEFE FoA 7ol
94 WD AL HolAu, o F AT S50 A4
7170l Hhe] A 5 Q& AR 7| Eh A /el A
SO AZA S FQ target> Table 17} o, &gt
2 o ohj3 QAo TEL Folo ] B
&AL AP F= zoledronic acid 5= Z3tE 4 9t

—_

Allgayer and Fulda 2008).

AAE FUAY target EFF Tablel o] 7] FA| 9
targeto] TRt AFZ A[ZFE O] HA7IA A AA}
A ALE o sk ek a2y, o] ks
W2 A2 2] apoptosiseF WA A AAE o lHt (Fulda
and Debatin 2004). - A E0] d/FelAl A+ of
apoptosis program¥} I+ & target moleculeS A S 7
ol FaE FHAF Mze Alez WY o
Ao thst A7t AdPE L T}t (Johnstone et al. 2002).
3 apoptosisE EFA O 25h= FF Aokl A= Tk
Tk oJofFo] AEEI glow, E3] alehH aFeta i
WA AL A = G2 R We A7t dA X

%3 T} (Fulda and Debatin 2006). ©] 23t Programmed
cell death®} PHE FhAI2] A= apopotise} HHEH
signal transduction®]] ¥ofsk= QAo thgh A7} of 7
o], Programmed cell death 4G50 T c}2 HA 2}
& 714 ¢l autophagy system& ©]-&3F FeFd= 2L
MEA =8 E o] FUdAl A7 2L ooz of
53 gl

7R FAA NEe] A Q- target S 2 autophagy
system¥} A E A8-7] A3} target moleculeo]| B}a] 2]l
9oL} o) o] 3 A AEOJoFE Hof E3], §o1A )
Tt BAE AT o] FolAA gL len, M
= T3¢ autophagy inducible compound7} H 1 H H} ¢l
o mebA, B Aol A= autophagy 2t ¥l thefRt &
oFA| kol that A=} FA7}A] H L target molecule
of thstof MEA 28kl FA Aol Slol 53], A
AEAIOFQ] A 22 target O 2 autophagy systemof ofj gt 3}
AA ANEE] The/doll ekl dofR Al it

Programmed cell death?| H|®

1960t ol Al ZAFE gt Al 22 M &) 2ol 7}
2% o] Programmed cell death®] -80]7} necrosisQ} F+E ]
o] AlgEo] ot} 1972 Kerr 5 (1972)0] 2J3}o] Pro-
grammed cell death®] §-AFH S & apoptosis 2] 8017} A<t
%] o] Programmed cell deathS E A 5}o] AFEE] o] ¢} 1
2}, 1990 Clarke (1990)0f 2]5}ko] AJZAFH | )3t mor-
phologyE 7|& 2. &2 3} 4714 type2] cell death7} A Q1]
o] FA7}A] Programmed cell deathS A &3} ALE 1l
91t} (Gozuacik and Kimchi 2004).

HAHA type O 2 type [ E+= apoptosis= Lz o] X1 Q)
= AL Z cell shrinkage, chromatin condensation, nucleosomal
DNA degradation & fragmentation®] T 2] Q1 A& €7}
UElL+= o] 21} ‘apoptotic bodies’?] A O 2 capase family
of oste] 2HEE AoZ HuFHIA §)

FHA typeS 2 type I T+ autophagic cell death®
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Table 2 Comparison of apoptosis and autophagy of programmed cell death

Apoptosis

Autophagy

Chromatin condensation

Nucleus morphology Pyknosis of nucleus

Cytoplasmic condensation
Ribosome loss from RER
Fragmentation to apoptotic bodies
Cytolasmic phenomenon
involved

Mitochondrial permeability transition is often invoved

Caspases are active

Electron microscopy

Nuclear/cellular fragmentation detection

Caspase activation tests
Caspase substrate cleavage tests
DNA laddering detection

Detection methods TUNEL staining

Increase in sub G1 cell population assessed FACS

analysis
Annexin Vstaining

DNA laddering and nuclear fagmentation

Lysosomal protease release to cytosol may be

Partial chromatin condensation

Somethmes pyknosis of nucleus
Nucleus intact until late srages
No DNA laddering

Increased autophagic vesicle number
Increased autolysosme number

Increased lysosmal activity

Enlarged Golgi, sometimes dilatation of ER
Mitochondrial permeability transition may
be invoved

Caspase-independent

Electron micro scopy

Test of increased long-lived protein degradation
Tests of increased lysosomal activity

(MDC, acridine orange or ltsotracker staining, etc)
Test of increased cytoplasmic sequestration
(LDH or sucrose sequestration tests)

Detection of LC3 recruitment to autophagic
membranes

(protein band shift or change in intracellular
localization)

Modified from Gozuacik and Kimchi 2004.

Aol AL 9o, MEUo|A] autophagic vesicle2 &4
5o lysosomal system} -3-AFSFA] Al 3EUY macromolecule
2 degradationd}= EA-& UEFHTE A ZZ o] autophagic
vesicle (autophagosome)2] A o] A EH FE2 9] chro-
matin condensation®| apoptosis@} -FAFSHA L EFLLE, DNA
fragmentaionS W2 X QO HA HEZALE L8} self-
eating®] =& YEU = autophagy®] foj= A HE it

MHA typeLZE type II7} 1S ™ o] nonlysosomal
vesiculate degradation® = A9 E 1 It} Type II pro-
grammed cell deatht= T}A] type IIAS} type MIBE FLE &
=14 nonlysosomal degradation®}- cytoplasmic type of degener-
ation©® 2 UEFH 4 Qlth (Clarke 1990).

o] 7+&H type IJ—]- type 1191 apoptosis®} autophagy 2]
nucleus ¥ cytoplasm®] FejH3 L A F2 AFEEH L
Q1= Al o] Table 20 WElL; Qth Nucleus®] EA
Aol xFo] -2 apoptosis®] 7 DNA laddering?} nuclear
fragmentation 2 chromatin condensation®] &&= Wk
autophagy | 4] += DNA laddering©] 3% %] &S chromatin
9] AL KB A ] condensation®] W& E= A0 R HIL]
o] T} (Gozuacik and Kimchi 2004). & A 7}A] autophagy
system B7het7] Q3 W OE du|HE F3 ALy
e o] T2 H| 55} long-lived protein®] t] 3} degradation
assay, monodencylcadaverine (MDC) 52 #sjo] 7)dtE A
O, o] assayH O 2 FE AAXYAE2] autophagy system
FrEds 49T 5 s 202 AHRHT (Table 2).

Autophagy@l A=

1970 Aol A1 1980 A th 71 %] autophagy 31} AL 2]
malignant transformation@}2] A -AJof et A7 A
ek 53] A szo] H|slo] AL of A= autophagy
o] gigo] mje- oFstA WHEI 9= AR HiEL
Ao, otMZe] AT F Ax7t ufe- WHEAY
serum X ofn|i-Aito] AYE QS %9 autophagy ] 2
o] F7tE[o] MZAE =T 5 Y& ACR HuE v}
Qlth. = transformed cell®] 7% nutrient % serum 2] 23
AE ol A autophagy”} &A= o] protein©] degradation]
o NJZA} Uehhe Ao® We dAFAte] oste]
ZE AT} (Gunn et al. 1977; Lockwood and Minassian 1982;
Cockle and Dean 1984; Gronostajski and Pardee 1984; Knecht
et al. 1984).

Carcinogenesiso]| Tjgt SEA] 3o A] B3} autophagy 5
Ho| oA = o] Fol= 9t} Chemical carcmogenfli T+

2o A B2 ¥ N3 U primary hepato-
celluar carcinomas©f| A A AFA| L o] H|5}o] autophagy & A
o] AAHo] H11% O, hepatocelluar carcinomas=
E] £2]% autophagic vesicleo|| 4] lysosomal enzyme 2] €43
o] AA o] 9&o] B E I}t (Schwarze and Seglen 1985;
Canuto et al. 1993; Kisen et al. 1993; Ahlberg et al. 1987,
Yucel et al. 1989). o]AF9] 1K 10| A autophagy ZH4 9]
N Al= o] WE g ol A ulf- At QAR HekE o]

%l Preneoplastic 7F%
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Aw, Azl 3 Aol E AAAlEo] Hsto
QFA|Z o) A autophagy&Ad W autophagic vesicle®] & A 0]
A Ho] HAE It} (Schwarze and Seglen 1985).

ol A&

OncogenesisO|A{2] autophagy

229 oA 7|Eo] B A 9= oncogened}
tumor suppressor &5 2E A o] whe} autophagy -

£3], QAMZA autophagy A HAL= 2 el A
¢l+= mTOR (mammalian target of rapamycin) kinase+= auto-
phaglc cascade o] 7)A|EHA o T Q31 Thall2lof| hyperphosphoryla-
tiong AR 2= autophagy BdS A5t Wit =
FUE A Y 2EH A 27004 mTOR HEo| 24|
%] o] autophagy&d o] S71E o] Bt} (Galluzzi et al.
2008). ©] gt mTOR & X A3}+= oncogene > 2 PI3K,
Ras, PDPKI1, NF15©] & A <Qlt} (Table 3).
Oncogene ©. & 2 & A Q1= Aktl-2 in vivo X in vitro
L Ao

ol 2 Eo] o] EEY fAFe] HiE A

Table 3 Examples of autophagy regulation by oncoproteins and tumor sumor suppressor proteins

A# A autophagy S o A|5he] ohirE e 2

Name Link(s) to tumorigenesis Link(s) to autophagy Ref.
Oncogenes
Gain-of-function mutations or Constitutively active Shaw et al. 2006
Aktl amplifications found in a Akrtlfunctions as an autophagy
high fraction of human cancers Inhibitor in vitro and in vivo
Downregulated in more than 60%  Induces autophagy by blocking Lu et al. 2008
of ovarian cancers PI3K signaling, thereby
ARHI/DIRAS3 Inhibiting mTOR, Upregulates
Atg4C Colocalizes with
Cleaved LC3 in autophagosomes
Overxpressed in a relevant Negatively regulate autophagy by  Levine et al. 2008
proportion of human cacers, sequestering Bec-1 Pattingre et al. 2006
Bel-2 Bel-X, and notably in hematological
malignancies
Germline mutations cause Activates AMPK and hence Ramsey et al. 2007
Peutz-Jecgher’s syndrome. TSC2 May also stimulate Liang et al. 2007
LKBI/STKII Somatic mutations observed in Autophagy by stabilizing
NSCLS. p27KIP1
Loss-of-function mutations cause  Ras antagonist, negatively Shaw et al. 2006
NF1 type I neurofibromatosis regulates the RTK-mTOR
Pathway
Gain-of-function or Positive signal transducer of the = Shaw et al. 2006
amplifications of PDPK1 RTK-mTOR pathway
PHPKI1 characterize
Several human tumors
Gain-of-function mutations or mTOR activating kinase Cully et al. 2006
PI3K amplifications of PI3K are
Common to many human cancers
Germline mutations cause Phosphatase that antagonizes the  Cully et al. 2006
PTEN Cowden’s disease. Mutated or activity of PI3K, thereby Shaw et al. 2006
Silenced in several tumors Inhibiting mTOR
Hyperactivated in most human Signal transducer of the Shaw et al. 2006
Ras cancers RTK-mTOR pathway
Germline mutations cause TSC-1 and -2 form a functional = Schwartz et al. 2007
TSC-1 TSC-2 tuberous sclerosis complex inhibiting
mTOR-mediated phosphorylation
Oncosuppressors
Implicated in the development of  Cysteine protease required for a ~ Marino et al. 2007
chemically-induced proper autophagic
Atgde Fibrosarcomas response under stressful

conditions
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Table 3 Examples of autophagy regulation by oncoproteins and tumor sumor suppressor proteins (continued)

Name

Link(s) to tumorigenesis

Link(s) to autophagy

Ref.

Bec-1

BH3-only proteins

Bif-1

DAPK-1

P14°%F

p150(?)

pS3

Rab7

SmARF

Deleted in a relevant fraction of
human breast, ovarian and
Prostate tumors. Brain tumors are
characterized by

Reduced expression of Bec-1

Loss of expression due to
inactivating mutations has been
Recorded in multiple human
tumors (e,g., melanoma, enal cell
carcinoma)

Knockout of bif-1 significantly
enhances the development
Of spontaneous tumors in mice

Frequently silenced in human
tumors by epigenetic
Mechanisms

Mutated or lost in multiple types
of human cancer

Including leukemia, lymphoma,
breast carcinoma and NSCLC

Overexpressed in a large fraction
of gastric and esophageal
Carcinomas. Expression inversely
correlates with clinical

grade

Mutated in>50% of all human
tumors

Rearranged in several types of
leukemia

Mutated or lost in multiple types
of human cancer

Including leukemia, lymphoma,
breast carcinoma and

NSCLS

Monoallelically deleted at high
frequency in human colon
cancers

Essential modulator of autophagy

BH3-only proteins promote
autophagy by freeing Bec 1
From inhibitory interactions with
anti-apoptotic members of the
Bcl-2 protein family

Interacts with Bec-1 through
UVRAC and functions as a
positivie regulator of the class III
PI3K

Induces autophagy by interaction
with the microtubule-assocciated
factor MAP1B. May promote
autophagy via

Activation of p53

Full length p14ARFpromotes
autophagy by interacting with
MDM2, thereby de-inhibiting the
transcriptional functions

Of p53

Favors autophagy by interacting
with Bec-1 and hVps34,
Forming a functional PI3K
complex

Nuclear p53 transactivates
autophagy-promoting factors
(e.g.
DAPK-1,DRAM).Cytoplasmic
p53 exerts a tonic

Inhibition of autophagy

Participates in the mauturation of
autophagosomes

Promotes autophagy
independently of p53,
presumably by releasing Bex-1
by Bcl-Xi-mediated inhibition

Interacts with Bec-1 to from a
class III PI3K signaling
complex

Liang et al. 1999
Liang et al. 2008

Maiuri et al. 2007; Rashmi et al.
2008

Daido et al. 2004; Hamacher et al.
2007

Abedin et al. 2007

Takahashi et al. 2007

Harrison et al. 2008

Abida et al. 2008

Chen et al. 2004
Chen et al. 1999

Tasdemir et al. 2008
Morselli et al. 2008

Liang et al. 2008; Edinger et al.,
2003

Reef et al. 2006
Pimkina et al. 2009
Reef et al. 2008

Liang et al. 2008

2 R Eglom, tagko) 60% o)/l AAlE U=
Ao 2 XI5 Ras-related protein®] ARHI/DIRAS3-S PI3K
signaling2 ¢} #|5}o] mTOR-E negatived} A 4 3}] auto-
phagyE A3l & 7102 B E o] It} (Shaw et al. 2006;
Lu et al. 2008). i FE9] QAo A =A A= Q=
Rast= RTK-mTOR pathway 2] signal transducer= autophagy

£ A 5}R| Tt Ras 2] antagonist®] NF-1 (neurofibromin 1)+
RTK-mTOR pathwayE & A|3}¢] autophagyE 57HA17|+=
AOR A ZH, o] Fi
A Hi1Eo] QlA| ot} (Shaw et al. 2006).
Oncosupperssor@l Bec-1-> autophagy 2] 38 3t modulator
Z Bec-19] #@o] SZEW smARFo| p33S 2H3}o

of gt gaet 713 A7
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RTK-mTOR pathway@}= =2 02 autophagy s &3}
A7l Aoz oAl Qlth (Ling et al. 1999; Liang et
al. 2008; Tasdemir et al. 2008; Reef and Kimchi 2008). E3t,
do7|= Bifl,
UVRAG (UV radiation resistance associated gene) 5+ autophagy
9] modulatorQ] Bec-17} AF & &850 class 11T PI3K signaling
complex®] 9]5}o] p53, RTK-mTOR pathway?} A2 2
22 autophagyS ZHs= A0 R HE 1 9t} (Liang
et al. 2008; Edinger et al. 2003; Takahashi et al. 2007). w2}
A], oncogeneX} oncosupperssors< p53, mTOR % class III
PI3K signaling 5-°f ©]35}o] autophagyE 43} Q= A
o= gofd 5 glom, o5 f e
9 signaling®] o} 3t inhibitor T+= activatoro]] tgt A
&0Fo] autophagy & = HIOZH 2L FPEES
WE 4 908 Ao ARHL (Table 3)

knockout %S W mouse tumorE

Cancer cell0fA{Q] autophagy?| Z&7|H

ollA drg ¥l kel o] mTOR®| W& of whe} autophagy
Aol 2HE o] ALY NEAZL 2EH T &, mTOR
o] Wdlo] F7Ha 735 autophagic cascadeo] ¥Hojsh=
2 2 9] phosphorylationo] =LA 57} autophagy7} ] A]
], Bt 2 g o] AAE %5 phosphorylationo] 74
5ol autophagy system©o] 5-7hEof QAL O] AlELALZL
T H} o] 33 mTORY downstreamo] A nutrient®] sensor
chull 2] o] PI3K 9] phosphorylation©] 2 E o] AL 9] ok
F3} growth factor®] AF8-0] A& 0] cancer?] proliferation
o] %=1 autophagy systemo] A El Tt webAl, of 2
3t 24 u7YZ&L2 PIBK/AKT/mTOR pathwayo] 2|5}
AUA| Az o] dnkaQl 24 27O = Bra XAl 9l
t} (LoPiccolo et al. 2008). Fig. 1= PI3K/AKT/mTOR path-
wayo]] WE A, = AKTY overexpression, PI3K 2] 23]

: GPCR * Perifostine,

CompP N
: |
L

1 [ClassTPI3K ‘
e,
-

1 RAF1
1
L

G
3-MA = AN
— [Class Il PI3! ~ . il l
AN G
~ [Bapmycn] —(mTom) ERK12
EANE I
+ Stmvation ~ | CaMEK CabIK NN _—
* ER stress SN _—

Autophagy

Fig. 1 Autophagy regulation pathway. lilustration was modifided
from Chen and Karantza-Wadsworth, 2009

e

280 w2 oAy W b o]k of o] k= oncogene
T} autophagy system %A &}Fol| o sl YEF 3L LT} (Arico
et al. 2001; Ueno et al. 2008).

2., growth factor signaling PI3K/AKT/mTOR pathway 2]
YL 20NN ABHOR avophagyE AT
t}. o} 7)o ojE= ol A Jigand 5 GPCR (G-protein
coupled receptor) antagonistS-2 growth factor receptorE <
A5k, lithium¥} carbamazepine2 class 1 PIBKE A,
perifostine™} AKT/PKB signaling inhibitor-2 (API-2)+= AKT
AL A s}t £33, rapamycine A A S 2 mTOR
complexE ¢} A|5to] AMA O 2 autophagyE FAI5ko] ¢
M2 APEE Lol A2 By df Qlt} (Degenbardt
et al. 2006; Karantza-Wadsworth et al. 2007; Mathew et al.
2007). ©]&} =& o =2 class Il PI3K+ autophagyE 7%=
5h, whElA] class I PI3K 9] inhibitor2 &2 A Q)= 3-MA
(methyl-adenine), worthmannin 52 autophagyE A 3}+=
Ao e (Fig 1).

Cancer therapeutic target®2A{2| autophagy

Autophagy @] oFx} A E 87| -y} qe2 Qrof 4F
g wpel o] mie gt A mo ofstH, oA 7hA|
autophagy & target®. 2 3+ QJoFZ o] /| ER] k2 AFgH
ol A ATFERA T Aol et 7P A4S Baeioha
HhE o) Autophagy= F=2 9] hypoxia AYE] 2 stress
Aol S45E D2 chab aelAloh autophagy 24
o242 Wgstel A8 % wit Soish A Ao
2 o &%t} (Degenhardt et al. 2006; Karantza-Wadsworth et
al. 2007). whetbA], A vl=roll A= et obA ¢l HCQ
9] autophagy A4S ©]8-3}o] HCQL} bortezomib, temozolo-
mide, ixabepilone, carboplatin, paclitaxel ¥ bevacizumab 2} 2]
HEaRe AR dolA A=stal 1ot (Chen and
Karantza-Wadsworth 2009). &2 = A7 Ao A% cisplatin
T 71EY MEzsA FUAR FEEH A stress
e ol A] autophagyE ZA3} A7l HAAEFEES A
gotole o AAEZY AEZAY A7 24 ST =
=QIgk BF Qlt} (data not shown).

E3), 94 714 autophagy system S ||} 2%

%

o th g inhibitor o] 43 79 choydt Fekn A9l A
wol 15E A0R BEEn 39 A7z g

M class Il PI3K 9] inhibitor2 ¥ A Q1= chloroquine|
313HE, 3-methyladenine (3-MA)¥} histone deacetylase inhibitor
9] SAHA (suberoylanilide hydroxamic acid)®] ZgFo=2
013t CML (chronic myelogenous leukemia) Al|3Zof A <] ¢
A3z A AL7F BarE vF @Ik (Carew et al. 2007).
ESH 7129 Y A=A Q] tamoxifen E+= 4-hydroxy-



J Plant Biotechnol (2010) 37:57-66

63

>
=3
=
5 x
@
[S ]
=3
@ 2
-
a
o
o}
I
L]
L]
=
=
o
L]
[i's

825

(ug/ml)

Fig. 2 Sample of autophagy inducible a natural product. A. MDC
(monodencylcadaverine) staining. B. Relative autophagy activity by
n-hexnae layer of 80% EtOH extract of a natural medicine resources

tamoxifen (4-OH-T)S o] &3t AjLoA AT EE 418
A FAMEQ MCF-7 2 T-47D A ZZ=0] A autophagy©]
Ao Z7hdo] Bagn} glth (Qadir et al. 2008; Sama-
ddar et al. 2008). Lo HFARA ZAFY WAL UERY
L OFA| o) A] autophagy7} A E| o] 9l-So] LbEFLE WA}
A AJetol = autophagy S SA 3} A7 SEELS A
2ld B WY JAEI7E 71 ATt (Apel et al.
2008).

Autophagy R AlSXtal2] BM I e e

Auophagy 4 $ESAL ©l 7120l qelAe] o
g wah o9 elo] UEi 9 QA A el
gletaH shobA| W HFALA ZALo|| 9]3) stress -9-HF W
autophagy A A} )3l inhibitor assayS E3}o] ¢}
Gt autophagy©] FHetH A ol feld 9l A28} o
Tolle EFskar AA7HA] A AL A= 2 E autophagy
248 F7HY1E SaARe] FHATA ol gE A4
olch. ofof £ AR St fEHT U Topy o
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