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A7FEA (autophagy) & FAA o= & HEH AL W o3} FEoz Axd
el 74 BAL olFw T2 AZA AZEAHLA (autophagosome)
d+rstel lysosomeel s Za|A7l= #FoIH ol 2@ 74 oy
EFE AE W 27 5 wellste] MR duAdeR olgd F 3 sk
dFo ALE AaEe gES s, thFTe Axeld S AT,
DI Ao, Astd AEUA, A EA o el d8 FE =H
(up—regulation) #rh. o] FAwA gl AtEAS FHAe] LS
dd ¢ S EdFE vEZELe & AAFeEM ke d4S dAlse=

A48 Atk Tet GAZANN AMEHES T ok dud 98 s,

g (protective action)$ A%, T AT A&HoALt

i
o

dagow Qlal Mo AMES dod|= MFEAIALSY FF R E 2E3t

A=A o7 QA (Panax ginseng C. A. Meyer, 272353} Araliaceae) >
ofalo} = 7boll A Aol mAom de| o]gEo grown, <4ke] Fd &4 AR
A =AO]| == dammarane =75 2zt triterpene Al AEUC®R tReFd
AggdS 2he o2 4 o JAlxAtolEs 1 v BEol A4

w2} protopanaxatriol (PPT) A9} protopanaxadiol (PPD) A FAi-Alol==



TFHEIL EE 200 el 2oldle FAI GASEE Fxel wek 2009 F2
20(R) —epimer®] F 74 YH|R EA|sk=dl, o] F 7k o]AdAA I+ &Ado]

et AT Addsol AlS s gl

K

2 AT e FH MEJ] HepG2 MEFE o] g8k, A4
FEeEiYH " 5 Fo AAlwAlel= FolA  autophagyE sk

A AL, autophagy & A9 FAlo MEAE a3 3 YEdl =

oty
ure)
G
o
o

—
(@)
ofN
1o
™

AHizAlol =5 Ao &2 71 F % ¥ autophagy 5 &3} A ¥AME

o)

2y e v dAE "@AE Bttt

PPD AlEe ZAMw=Ato]=9l ginsenoside Rg3, Rh29t 1 tARAIRD 20(S) -
protopanaxadiol (PPD)2] 20(S) —epimerE HepG2 Ao AHZFS w FEol
Hlglato] Al AbE 537 YR ew, 20(R) —epimer 2 &E¥= A2 glSlH
PPT AY9 &3tE oA = ginsenoside Rh4 2 7 thAFAISQl aglycone of Rh4,

20 (R) —ginsenoside Rh17} ¢tA Al 714 PPD Al 3 ERHTIE 28 FhojA

HepG2 AE2 AAS Ao 20(S) —ginsenoside Rh19 &3+ A9 gt}

3}3h= 2] autophagy % A4S HAE7] $I38l autophagy I & AEZ WA

¢

st 4= 9l¥ monodansylcadaverine (MDC)

ot
o,

AN

p

I
=
He AMAe AXAE Px
A

o3 Al
= 1

I LC3 I T LC3 II @Az WH3lel= AEE western blotoZ
=439, 1 A3 HepG2 AE APE @3¢} vpx7FA] 2 ginsenoside Rh2%}F
Rg3, PPD2] A$+= 20(S) —epimer®te] HFHZE ginsenoside Rhl& 20(R) —

epimer%ro] autophagyS &Aoo 2 FEd= oz Jehgth gl 209

___;rx_-l! E CI.'II

1_'_] |
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Etao o]dAA7F EASHA %= ginsenoside Rh4¢9} 1739 aglycone <A
autophagy & %538t 84S YERAT
T3l autophagy F% % AMXEANE §FHE Hol= F A APo] =9 autophagy

A AN S22 F (chloroquine) s A &lstal Axe] AE=EY A XAPE FAL9

H3tE MTT assay$t A2 4 (flow cytometry) S ©]-§3t0] vl 43k},

20(S) —gisenoside Rg3, Rh2, PPD2 4% HepG2 A|3Xe] t]dlo] apoptosisE
dorm SEEAS TAl AHYIS wl AEAE 537F o Frbskiv v E
PPT Al¥e 20(R)—ginsenoside Rh13¥} ginsenoside Rh4: AsjAS A7t
T MEAPE a7t ghcshe AE dEE 5 9l

S A Atel= F PPD Al9e] Rg3¢t Rh2E dide= 1 28 714
sl o #AAs] HAAde AT AFEANE &3E dEhd= 20(5 -Rg3¥
Rh2:= PARP cleavage %! Fas S F7HA7IW Bel-2 28e A2A7]=
A& Al apoptotic A ZAFEL] 9FAFS ®H Y o} 20(R) —epimers W37} gl
w3t AxEw) A 2 western blotd AF} 20(S) —epimer®ro] HepG2 A|XE 9]
nEFZE=gele] Y B O HHe &4 viHoew, I T 20(5—-Rg3¢ 20(9) -
Rh2 & mlEZ=gol #& Q1zkel OPA-1, UCP-2 ¥ ATPIF-19] W& Hrof
MZ o8 9FS F3oh. gEo] autophagy AdAL FZ2EZHAE 20(S) —Rg3 4
20(S) —Rh2ell FAlel Mgt A MIEAPE a7t g AXe @4 AE
Z o]0 ¥ #do] Slas I F UdTh

ojxrol Ax} At FEE A UL dammaraned AFEY Z ginsenosoide Rg3,

&

| &1



Rh22] 20(S) —epimer$} ginsenoside Rh12% 20(R) —epimer 18] 3 ginsenoside
Rh47} HepG2 %Fet Al Feof thslo] autophagy % A ZAlo] AE AbgE
ENE 2t ZS FgelEdrt. 1 F PPDA AFEWYQ 20(S) —ginsenoside Rg3 %
Rh2 & HepG2 A ¥l thdl apoptotic AlFA}E &3} EA]o] A¥ HES k3
protective autophagysS 2o 7]w, ditlE PPTAH A}Ed<¢l 20(R)—ginsenoside
Rh1l % Rh49 A$= A IAE @39 2] autophagic cell deathE o 7]+=
RO E Ueh JAM Aol Ee] F2-dA47F Solde I & ¢ QlSith oA
kel AAlwmAtel =7 etz 54wl BHu 5ol¥, AdspHow

TAEFE A5 &2 B A8AR fEdE 7hsAol 9le Ao® Ve

F92.0°] : autophagy, THAIES, A4, WAALO)E, epimer, HepG2

8k ¥ 2002—-22360
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I. Introduction

7HA3E9F (Hepatocellular carcinoma, HCC) o)k ZHA|E zFA| oA A EH= kS

wate] £5) eroleba slE @k 1S A BAsE Awy 7k

(primary liver cancer) ¥ A1AS] Th& F-oJolA ¢ro] TAgsto] 1+

c

Aol 3 (metastatic liver cancer) 22 Yz 4 Q=6 dwtz o=z 7Hebo|
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7] ol o4 F7 T shHE dAZMA WA AR, 4

AA% (surgical resection), A3 %A &k F% 2W¥W (percutaneous ethanol

d

infusion therapy, PEIT), Ft&™ 3}t <% (transarterial chemo—embolism,
w
-

o
X
o

2 AREE A

TACE), 3Fo]2] (liver transplantation) 5 ©]

9lovt Auka| gl

318+ Q¥ (classical chemotherapy) &2 2 X5 %A %+=t} (Carr et al, 2004;

A

ke

Llovet et al, 2008). #H AFg3st7] AlZsE A

P

therapy) & A7 Fo] €42 sorafenib (Nexavar®, Bayer) A

3L AEES Fol= d 8% ®o|th Sorafenib-> multikinase inhibitor®

&

| &1



SHAIE o] Alg ALS AMelx o2 zpuksle] (Raf kinase inhibitor) 59 A2

ZA3 g3 AYS A (Di Maio et al, 2009). 7FAZe] X85 = A

i3

=
=

2 70 % ©o]7do] ™, stage II 3+A}°2] 5—vyear survival rate 2F 50 % FJE<S1 dof

—

A mlFol & o e A5 A5 HEd MR A5Ae] o] v JQ It
o]t (Lee et al, 2013).

A FAFE-L TA A} (necrosis) F A EZA &AL (programmed cell death) 2]
74 He 2 BEHE ¢ Uk dutd o2 tfE Al programmed cell death (PCD)
ZA] apoptosis (MZAE, type I PCD) 7} 2 A5 o] gh=d o]= 7]50] &4
HAY ¢ ol B @ AEE AAR AAS x29 dAAHS FHEH
3tth. Apoptosise  A¥EC 4%  (shrinkage), ¢ 2% (condensation &
fragmentation), @2 3] (karyorrhexis) #Z< Hejehsd E#S zt=t}l HZ
So] 2L AEAIE thE 3t £HE autophagy (X7}FE2], autophagocytosis,
type II PCD)eh= FEi7F RaEo] SAlolA #4ls Wi glv (Boya et al,
2005). Autophagyt #l4F (lysosome) = &35t =33tAY Al 755 SHA *
e AE U FAAEAOY 271 (organelle) S AAE Bajdts AlE U thxZ
]l olstzkg-2] Sfitoltt. o] A RS AlFEolA V]EA R Aoyt gle
™ apoptosis®} @8] I} FT FE> A7FE2AAA (autophagosome) 7} AE U
oA AAE T A ¥ U cytoskeleton®] £4EHA 3 HEEHT autophagyE
FrdteE Qxzl AlERR S A$ down—regulation®E 7P A HArolt)

(Kroemer et al, 2005). Apoptosis®} v}zk7FA] 2 AM|3EZ 2] autophagy 7]& ©]A+9]

&

| &1



ot Ay Ao slvks Zlo] WA AL 3l=tl, ol autophagy”} 7HA| 9

WA MFEEH AHE 23 24 AP, T FA SOl BF A V] W%

f

ojtt. A A% Add HE, HIAY A¥, T A

o[\

LS U P B e e
therst Aslo A autophagy7t T3F Wi/ A}e] oghs s A o® LA A A=

ol 58 Ag Zx7 Ax F5 2y 9t} (Levine et al, 2008; Sridhar et

Mo

al., 2012). Autophagy %} apoptosise= ¢H3] 5HAH OS2 EAs= HAYFO] of

Yzt Ax | Alzdd AAE T3] A= AdEo] Qlt}h. AR apoptosis@+=

@] autophagy AMEZESY AP ofug} MEZo] Ao 7|dt= FHA V)E

o

stk Ao A zko]l7F Atk (Levine et al, 2004; Lum et al., 2005).



1. A7}EA (autophagy) & A2} 7%

1.1. Ap7pE 2ol H?

Z}7FE2] (autophagy)ol®k ~AFE (auto) H+=TF (phagein) 2= Ko Wol=
AEZ W g AEG A et FdAES A8 Skl AlE oA F2 o
2 doju= A7F &l Zaf ol thiiEe] W A= dof Aol Ao
U™ autophagyZt #FEHEH, o= AEH e wdEoly mEFZE=go}
(mitochondria) 5 =% 2£7]# (organelles) 5& ®alate] oluxgdoz =&

Mz 78sG48k v B olgste s s AEE AladelE & 4 Uk

A Al 2 A dojukal 3lew (basal autophagy) A 7]¥¥}

THEAY T Bl Aol #BES Ol FES o] AAY WA ¥ B3 wi
24 Aol woldth, ALEAS Budo] HaFe] £2eA it WAoo

2} microautophagy, chaperone—mediated autophagy, macroautophagyd A %

o

FE 7EE 5 A% BAHCE autophagydt T wFH WAL guow

1

o_>|:
olt

stw  autophagosomes #ASE 5HE&  Zb= macroautophagys A1 g
(Maria Cuervo et al., 2004; Klionsky et al., 2007).

Autophagy+ 1960ddle] Hx=Z Rye olglZ 1990dd] Tel P29 24m
(Ohsumi) BHAF 58 o] autophagydl #osts @ =S 48 WA <

T7F &4 3kE 7] AlAglen, 2000t FHE o] %ol autophagy”t W 1AIS] A

Ik A AAZE vk Slo] dEAEA i Y] Alske] HT s AL

___;rx_-l! E CI.'II

1_'_] |

el



A ofdet AxtaF, AbshA AEHA 3E A 5A|9 AR T AlE W thekst
AE# A Whgete] dojd 4= 9lew, o] Aol nivtolyt Fmryt g2 thAb

Zoll, w3t 2 7 4y d=slolH el B2 AAEHAAY AAES dov= ddo]
2 4 9t} w3 autophagy/F AlEUlF-] 7]AsH= vheglo}, blo]elAe YA

e ST2FH A AR dolEo] glom I dd A4, "o U

=

ol
il
¢
k)
o
&
e
12

¥ Ho whkSo] AEZo 93t Alo]EF}Cl (cytokine) HH|ES XgH
AlAE T 5ol d3S F= Ao®E Bt (Kundu ef al, 2008; Morselli et al.,

2009).



glucose

proteins @

Protein
Synthesus

/ amino acnds

6 —
Enmy W fatty \
@ ™ acids
triglycerides
cholesterol

U (/ W alycogen

Lipid Droplets ‘

Figure 1. Autophagy as a recycling system

Macroautophagy contributes to the delivery of proteins, lipid stores, and
glycogen for breakdown into lysosomes. The constituent components of these
macromolecules exit the lysosome and become available for production of
energy. In the case of protein breakdown, the resulting amino acids may have
less energetic value and be preferentially utilized for the synthesis of new
proteins. Levels of amino acids, free fatty acids, and sugars circulating in
blood or in the extracellular media have a direct impact on intracellular

macroautophagy (Singh et al, 2011).



1.2. A7t 2] A2 714

A7 AL ZstA o7 z HEHE v olF (membrane trafficking) o=
autophagy”} dojvbd AlXE eof o]=F9 F-% (isolation membrane) 7} FAxH
A AEAYE #aEd 248 =8 429 (double—membraned vesicle) & ©]
FA Hed ol AUVFEAA4A] (autophagosome) o]t dtch olEAl HAH
autophagosome<> A|¥ u ®E3j7|# FHAFH FTHA ATFE LS A4AA
(autolysosome) = ©FiL #&F Wl A 7hyeal] adel oJal o]statgo] o]
FOIA A frh (Mizushima, 2007). ©]92} 22 autophagy #7dol @AWt} #ofs)

= ok 30 o /l9 4=} (autophagy-—related gene, Atg) 7} &% (yeast) Z5-E|

g om o] F 16 & humanolA % 1=t

R
s
@;“@lﬂi&w iy

W

%% » oLc3 lysosome ATP
L@i\ B Isolation Auto- Auto-

\\% membrane K'phagosome ___ lysosome
b P

54

1. Induction 2. Maturation 3. Turnover

Constituent parts of
degraded cargoes

Biosynthesis

Nucleus

Figure 2. The pathways of macroautophagy in mammalian cells (Ryan, 2011).



Table 1. Key Proteins in Mammalian Autophagosome Formation

Nucleation Step Mammalian Protein Yeast Ortholog Feature
ULK/Atg1 complex® ULK1, ULK2 Atg1 Protein kinase, phosphorylated by mTORC1
Atg13 Atg13 Phosphorylated by mTORC1
FIP200 - Scaffold for ULK1/2 and Atg13
Atg101 - Interacts with Atg13
= Atg17, 29, 31 Interacts with Atg13
Class Il PI3-kinase complex® Vps34 Vps34 PI3-kinase
p150 Vps15 Myristoylated
Beclin 1 Vps30/Atgb BH3-only protein, interacts with Bcl-2
Atg14 Atg14 Autophagy-specific subunit
Ambrat - Interacts with Beclin 1
Others® Atg2 Atg2 Interacts with Atg18 in yeast
Atg9 Atg9 Transmembrane protein
WIPI1-4 Atg18 PI(3)P-binding proteins
DFCP1 - PI(3)P-binding ER protein
VMP1 - Transmembrane protein
Elongation Step
Atg12-conjugation system® Atg12 Atg12 Ubiquitin-like, conjugates to Atg5
Atg7 Atg7 E1-like enzyme
Atg10 Atg10 E2-like enzyme
Atgs Atgb Conjugated by Atg12
Atg16L1 Atg16 Homodimer, interacts with Atg5
LC3/Atg8-conjugation system® LC3 (GATE-16, GABARAP) Atgs Ubiquitin-like, conjugates to PE
Atg4A-D Atg4 LC3/Atg8 C-terminal hydrolase, deconjugating enzyme
Atg7 Atg7 E1-like enzyme
Atg3 Atg3 E2-like enzyme

Figure 3. Key proteins in autophagosome formation (Mizushima et al. 2010)



M Z oA starvation©] €8] mammalian target of rapamycin (mTOR) 2] &4 o]
AA o]  Atgl3e] EelAF3l  (dephosphorylation) ¥, ULK19} ULK2

(uncoordinatedfamily member—51—1like kinase) 2} Ag3ste] FIP200 (focal

o

adhesion kinase family—interacting protein of 200 kD) 2} &4 &3S A
t}. ULKs—Atgl3—FIP200 complex <2Jo|% PI3K (beclin—1 class III
phosphoinositide ~ 3—kinase) complex, Atgl2—-Atgb/Atglé % LC3
(microtubule—associated protein 1 light chain 3—phosphatidyl ethanolamine)
conjugation system®] autophagosome©] &/J ==t Lo} FFAQl Ao,
o]% LC3-119 A4 %W A7pE2 449 (autophagosomal membrane) ol o g -
Zro] gttt LC3 (k& Atgd) FHIFIEE (ubiquitination—like) w2l o]
A Gz LC3E W Balaa Atgdol 98 C—termination UHF$I7F A
dxo] LC3-Io] i o] QI3 C—termination® =4l 2t7]  (glycine—

residue) 7} =Z&% " ©]7]<] phosphatidylethanolamine (PE)©¢] Agrslo] LC3—11I

>

2 Wygen o]8 3k LC3 system= autophagosome?] #4WF 4 A &0 =93 o

i

stS 933Et A ¥, isolation membrane®] A& E = EoF membraneo] HZ o]

=2
=

UTH7} autophagosome= ©]F¥H "ol Urh= Atgl2—-Atgb/Atgl6 complex$}

2] LC3 Il autolysosome®l A Fall#t-g-o] dojd wj7}#] A A9 membrane
of FZxo] 9lo] autopahgosome membrane® marker® ©|&HTh p62
(SQSTM1, sequestosome 1) T FH]FE A9 (ubiquitin—associated

domain, UBA)E 7F<1 dom ol& E3] Fv|FAEstye @z (ubiquitinated



protein) @} A¥& 4 Qlt}.  Ubiquitinated protein—p62 complex+
autophagosome©®] F2&¥ o] Q= LC3 19 ATsle] HEAH O Z ph2sS EdHst=

gaFo o9& Eal¥tt (Pankiv et al,

flo
il

X,

| 327

r

autophagosome W2 whaiz u}

2007; Hale et al., 2013).
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TOR —— Atg10 E240 10 K16 arg1
7/”—’(&@19\ O\ (antCapabep G
- V-ATPase
fTE Bcl-2/X, — — Vps34 E1 Ags A
(Aﬂ'_sﬂ Beclinl PE Al Atgl2 Atgl2 SKD1
Ty -, UVRAG ﬁH@_. o
@tgltg” @D 2 D @\ Bif-1 LAMP1
| Atgh (W78 UvRAG Becl
\ Active / .4 ) PIBKCII

Rubicon
9

Stimuli A
Starvation, Metabolic ————3» | ISolation >
stress, etc

. membrane

Y

Induction Nucleation - Docking and fusion
Elongation and completion

Degradation
and

Figure 4. Multiple stages of autophagy flow and the molecular regulators (Liu et al, 2010).
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1.3. A7t 3 <o

otel 2lo1A autophagys= F 7HA Awte o9&

AdH A Uk -4
GA ] 9le] A autophagy+

of\

F B4

peroxisome®|t H|EZEgo}E A AT O ZH
A7

of Atg 6)9 4

A ek o]t} Autophagy ## F@xZ 2 4#) 7 Beclin—1 (ortholog

oA A&xo] 3lom, Beclin

kv

- “ o I

49 ThrEt ohAl

o] oF o] yEbsith 1 9] A5 Atg
Rz PR )

%718k0] o] So] %

o] 92

Aiel7h o
o]+ autophagy oA

g FA5)

il

<

A 7E ey

o= ot 7

oA AR 752

= AT Aot
(Kondo et al., 2005; Chen et al., 2010; kung et al., 2011)

olu] Foko 7 A3HE A ELof Qo]A autophagys FHAS Helt} (Hippert et

3
al., 2006; Matthew et al., 2006; Apel et al,, 2009). Autophagy+

A Firol
=3 el Qi Aol HAEL WA 1w, st eA AH T 23 43
AN osle AE BEL w9 <

o Azl Qlo] EEst #&E& sirh ey
oA Lo %= autophagy’} A&A oz Aax|o] ojo] Haztgo)

to}. o] A autophagys 9Fe wA 9} autophagy?]

ol §A 52 FA4H A4S o= dow Sl
tf 3k autophagy @] 35k 248 tjal] ofA7bA BEEsAY ==t A7 QA
1 oko] X1 =8} ool Qlo] autophagy’F A AT 7kA= JldiE) & uk &)
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c

ARz AR W F o5 7F autophagyE frEshe A8 shedl, FEY
M EZe thall tamoxifen©]tt TFE antiestrogen agentZ=, -FHeF, il dAHA
olo] th&ll ionizing radiations, 2Hd ¥ W %F (malignant glioma)©l © 3l arsenic

trioxide, temozolomide, rapamycins, WA %] 3] resveratrols, Aa AHS

rlr
olr
1o
£
)
30

o tJ3l]l histone deacetylase (HDAC) SAAE AHwatar Sl t}
(Kondo et al, 2006). T3t autophagy’} &tz Zol st AEH XA 23]
U

A

e

o] AES wthes Aol #REIA autopohagy inhibitorg 71E2] A

Tk A5 ewlo] BEeto] ARgelke R EE dATrH o Sl thkst o F
OFoll A AMEAE QW (cytotoxic  therapy)¥}  autophagy  &AA<l
hydroxychloroquines %W-&3sl= 7Zlo] #AAl ¢4 phase I/II X3 Fol7|% 3ttt

(Solomon et al., 2009; Amaravadi et al., 2011; Swampillai et al., 2012).
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1.4. A7k 9] SA3WH (Monitoring of autophagy)

Autophagy”} A9 A&y} wde) FQdk g gt ol A2 M EAE

VMo w F&E o

.

Al

B

=2 A YolA autophagy”’} up—regulation =2
down—regulation ¥ Q+=AE =% (monitoring or detecting) 3h+= oI 7}#] W
HEo] MLt (Eskelinen et al, 2011; Klionsky et al., 2012).

324 7 autophagy ¥4 T ¥4 ¥+ acidic vesicle organelle (AVO)E &4
k= "W o] ¢l lysosomal marker?l monodansylcadaverine (MDC) 9] 7%

acidicd 879 autolysosome¥} autophagosomes &30 7 oJMslo] &4

r.l.l_lz

"7 (ex. 365 nm, em. 525 nm) oA 42 AMHE dot FES AVOE #& &
4 9ttt (Martinet et al, 2006; Vazquez et al, 2009). Z3&}A A|Eo)A]
autophagy & #F'#A17]= ofrlalt Aoyt ghutvlo] il (rapamycin) Al 2o ]3|
MDC-stained dot®] A7\ MEF EAsk= N7 S7lskes 3le & & o
(Fig. 5), d¥td o7 33&ES A3t AEdA AlE T MDC—stained dot®] 7H
T 52 MDC-stained dots Z&3st= MEZS 7l4E Ao controlel] vl €A 3]
Z7}ék9 S o, autophagy’} f 5% Ao 2 #AAZIE MDC £ e acridine orange,
LysoTracker S©°] H]Z23F gl 98] autopohagic vesicles < 23&l= marker

2 AREET|E

14



Control Starvation

Figure 5. MDC —staining for detecting autophagy (Vazquez et al., 2009).

T+ WAZ autophagosome®| FAFH+=d HFZF<2l LC3 (Atg 89 mammalian
homolog) Wz o] W&S western blot 2% =% 3sl= HHHol 9t (Fig. 6).
Unconjugated LC3 1} conjugated form@! LC3 II+= SDS—PAGE®] 93l A #
g ¥ =d, 78 LC3 119 oFo] & A ¥ autophagosome? ¢} H|# ==
autophagy®l 7Pg¢ HEZQl &4 wWhHo] Ht}y shAwk LC3 II vz A=

autophagy 7} dojubi= &<k AEsNA FallE 7] wmel o™ 3 A8 LC3 1T ¢

oL

WO % autophagy flux 9F-= F&s| 39S & gl webA goaFe] 28 &

A& JA8t= lysosomotropic agent?l bafilmycin A1, NH,Cl, chloroquine$<
AF&-3ske] (Fig. 7) autolysosome membrane W3¢ ¥-&5 o] 9li= 1L.C3 112 3

£ wol Ht} AEstA F7Fst LC3 119 U%s =% 4 %= LC3 turnover

sk

assay B3 AFE3¥ 1 9t} (Mizushima et al, 2007).
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. Lysosome

N

Preautophagosomal Phagophore or

structure (PAS) isolation membrane Autophagosome

Starvation ©

©
Rapamycin ——| mTOR —
Torin1

Lithium / T
Trehalose

ULK1 dominant negative

Presence of
marker proteins

Autolysosome

(]
SMERs Knockout/knockdown Knockout/knockdown of Bafilomycin A1 .. BatilQuuGiteAleeunnny
BH3 mimetics of ATG genes ATG genes Vinblastine . NH.CL Chloroguine =
gluﬂeaﬂon step) {eiongzgior‘lq step) Nocodazole Protease inhibitors
3K inhibitors Atg4BCT74 i
(wortmannin, 3-MA) Atg16L1 dominant negative (ER peistain 2ok

LYSOSOMAL PROTEINS

—s Amino acid

etc.

S

Figure 6. Autophagy inhibitors (Mizushima et al., 2010).
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o]

|

green fluorescent protein (GFP) &

W LC3 9ol autophagy ¢

o

o] 83t LC32 ¢ A (localization) & 2+

ol A dAwBo® o]F 72| autophagosome®] =& ¥ESAL

R

A 91zkel Beclin—1, p62, Atgd 59 AXE u o

S western bloto. &2 A3 Wo] AFEE I Ut}

treatment (-) treatment (+)

treatment (-) treatment (+) treatment (+)

Inhibitors (+)

LC3| | e

LC3-lI =

— upregulation

degradation block

Figure 7. How to interpret LC3 immunoblotting data (Mizushima et al., 2007).

17



2. AT FE7} AZEA

2.1. M[EE=gotg} AlEAME

A ME D HAEAAM rlEZEY ot oA A, Abst-3td (redox) 3
4 7% B AT (signaling) 8 §9 7S s AXE AFEo Al A&
A= AAstes 9dgS gk wEFZ=ol WiolA Ax AEA (electronic
transport chain, ETOE AA+= dd9  Akstd  Akst (oxidative
phosphorylation) #7g¢ ¢3] ATP (adenosine 5 —triphosphate)”} A3/,
of wj At AEAE BFetA 92 dF-9 A= vEIZ=gol YeolA A Aba
< (reactive oxygen species, ROS)& AAdstA ok dAx dgdA 2L ATP
synthaseQ} "7 2 nfEZ =g ol Y¥ (inner mitochondrial membrane) ¢
EA18F= uncoupling protein (UCP) el 9J3&ll 44 o] 9] matrix S+ 2o Fi}
T7F molAWA de WAsHA Hed, ol® Qld mEFZZgol R w9
(mitochondrial membrane potential) 7} B3-=% o] ATP synthase©] 2% ATP

st o7 AAY R EEA Hrt (Baffy et al, 2011, Brondani et al., 2012).
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H+ H+’ H+

Electron transport chain

) ATP
\ y synthase
A w | Id S g
0, H,0
S gt Heat ADPHﬂTP
ROS . ROS
NADH )
1 Matrix
Intermembrane space ANT
Substrates
Cytosol ADP ATP
COUPLING UNCOUPLING
Oxidative phosphorylation Proton leak
H* pe oy Heat
H* H ‘l/?‘
H* H* H* H+ '
Intermembrane H* H* i
space ]
Mitochondrial | mn
inner ATP thase
] \"
membrane
Matrix Electron transport chain . ~
ADP+PiZZ[f.,> ATP
H+ H+
ATP synthesis

Figure 8. Oxidative phosphorylation and mitochondrial uncoupling (Baffy et al,

2011, Brondani et al., 2012).
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nEFZ=goloA o] ATP /o] 2159 54 =4 Tol gl 1 7lss %A =
HoAlE W ATP B2 Al o] g 28 (glycolysis)oll ofal] A= ofof
st=dl, glycolysis® 7]& (substrate)® 2*°]= EZZ glucose, fructose,
glycogen “s°| St} Glycolysisell 2Jal T2 + U= ATP 2 vEFZE=2o}
of gk ATP A= dFol =3stAw, ATP F-Foll o3t A FEAE S 9oy
W HAA 9] ok 15-20% FE2 ATP <ko] "dedtr =z, Awdlt 9k glycolytic

3k Zlo] mEEEgol ATP A oAE Hx=

=

Al

B

=4

%)
o
o
%)
v
=
[ab)
&
1)
il
o}l
d
o

EARE AEZE B3t Fe s
Al AZAFE 7]179Ql apoptosist= 1 #H T ATPE AW|st:s 554 28
ol M Z necrosis® autophagys AXE W ATP7F 2Z2ES W 1 A=

2 dojip gt} v EFZE=g o} matrix WHQ Zg o] F& W ROS HE7}

i

obA™ permeability transition pore”b @l B F3A W3} (mitochondrial
permeability transition, MPT) @7e] dojtrt. 7z Ae] MPTE <lef nEF
tlot= &35 AY uncoupling ¥ ATPase o &437F dojytA =Ho] ATP
7F 543] 14Ea o]2 23 necrosis’F AlZHE T 18y MPTE BolA B+
AshA Aoz dojupr] wlito] ATP 1ndo] €3] XA ¢al, glycolysiss
of 2J3] ATP7} thA] HF=E 79 apoptosis® &= 4 Qlt}. ®EJE apoptotic
cello|q] mlEZEgfo} &4o] ol doju ATP 7} A4 A9l 10-15%7H+ 2
o] A5 224Ql necrosis7t Ao 4 Atk MPTel 23t nlEZ =g o} o]

W3St autophagyell o3t w|E&Z=gole] el A A (mitophagy) 7} dojy+=

P
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GAZE H71E shed, 4% A9 T

M X2 autophagy”’} &dojuvb= A A

MPT= <ol vwEZEgopt i1 Zi= & vEIZELopt Al
autophagosome Wiz &9dct o7|q xHo #E3d MPT7F dojubd
autophagy ®.th= apoptosis’} +5%7] A|Z3sl+=d|, autophagys 55+ &2

Z U7} FAlel apoptosisE® €O 7]+ dANS H

1998, 2002; Rodriguez—Enriquez et al.,

Death Signals
Toxic Stress
Reperfusion
4Ca?,, 4ROS

v \/CsA

Sequestration

vﬁAy \y

Apoptosis

MPT
F.F, ATPase Glycolysis RNS Autophagy
Activation l \ Oligomycin NAD(P)H @
ROS
YATP AATP

HkA sl =t} (Lemasters et al.,

Autophagosome

Plasma Cytochrome ¢
Membrane  Caspases Fusion .
Failure Endonucleases Primary
SR Lysosome
VATP /
\y V v Necrosis v Autolysosome
Necrosis Apoptosis

Figure 9. Schematic model of the role of the mitochondrial permeability

transition in autophagy and cell death (Lemasters et al, 2002;

Enriquez et al., 2004).
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2.2. Zg o3 MEAME

i)
iy
o
ro
flo

ME Yol o] F7H Ca’ —binding 183 Ca®"—regulatory

v
1%
i
1o
ofl
=
o
e
o,
o
BN
i
_C:Lt
rlr
\]
)
=
e

=74 (secondary messenger)? &

e

S . AE YR ZE ol FLEE Ca’*—ATPase #&  AxEuko
translocaset} Ca®"—binding protein 181 w|EZ=go}, A% (endoplasmic

reticulum), A 72& 27]% (Ca**—sequestering organelle) &) #8072 <435}

A A H}, o)yt g o] AE W FAA (intracellular homeostasis) 2]
ol AMojx= Aol MEE stola HAdS HESE thekdt ®Heldd AHel o=

A sk, 53] ME U ZE ol FLUF AHHOE #S w apoptosisth

aw

necrosiss H7F A AlE &4 (injury) % AME (cytotoxic) ©] E3HA Lo
t}. Ca”'—dependent protease”} #/43} =W AL 7 (cytoskeleton)©] &4
of ZWe]l Z&® ol Fx (blebE FASA Hi, Ca*"—mediated
phospholipase”} &3} =W uvlEZ=gol 7|5 A3tZ v A$ (membrane
potential) 7} B EH i ATP AAo] Fw¥™, Ca®" —dependent nuclear
endonuclease®] &/J3}i= chromatin cleavage®} ¥## 3] apoptosisel HF4 <l
A5kS stt; (Orrenius et al, 1992). T3t Mxd U =olxl 24 5% (free
cytosolic calcium, [Ca®"]l¢) E 28] macroautphagy’} %2 4 9t} (Hoyer—

Hansen et al., 2006).

22

&

| &1



Ca+ Cal+ Ca+

Extracellular space

[Ca2+] PMCA

(1.3 mM) Voltage- | Store- Receptor-
sensitive | operated” operated

Agonist-stimulated ca2+ channels | channel  channels

NCX receptor

Ca2+ y _
- ~yDAG | Y
—¥ Ptdins(4,5)P :
PLCY Ll -FS)EnFjlgA
Nat \ 5
"ER
‘[ Natspye (1463 I
Calreticulin/ " RYR
calsequestrin|
Ca2+
al+
Ins(1,4,5)PgR

Mitochondria

Figure 10. The regulation of intracellular Ca®* compartmentalization (Orrenius

et al.,, 2003).

A ARAR Vs g Stk dE =0, AlEAFE R eA FAFE cystein
protease®! calpain¥} caspasetr A2 7+ 9IS v XM apoptosis FFS FH 3
7t= Ao a4 09 (Orrenius et al, 2003), Hela cellol A calpain®] <]
3 autophagy-related gene (Atg) 5 9| cleavageZ} dojutn olgA #&xl

Atgb (truncated Atgbh)7} AXAZFEE vEZE=golz o]F3te] Bel—x,
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cytochrome C release, caspase activation®] %4 &2 w3 apoptotic deatho] ©]
2 dte A A3E AAqT (Yousefi et al, 2006).

Zg ol AxE U #3%7F (overload) o] AXEANEe wx&= TS HEs]
984 extracellular Ca?*E A AsFAY, intracellular Ca?* chelatorE o] &3 24
o] 1ol ot Quin—2 =& BAPTA % Ca?" chelatorZ A3x8} 37 A
sto] ol o] a<le] o] ok A W ZF ol ¥%2F F3 (buffering) Al

Fe 5 SHETYH AE APES 9AY AJAT= WRe] Bl olgH

Pro-caspase-12
Actlvatlon

Inactivation

Caspase 3 —> Cal pastatm

Figure 11. Crosstalk between calpain and caspases during apoptosis.

Cleavage of the endogenous calpain inhibitor calpastatin by caspase—3 (or by
calpain itself) is essential for activation of the Ca®'—dependent protease
calpain. This can lead to cleavage of several pro—caspases, which can either

activate or inactivate their function (Orrenius et al., 2003).
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3.1. JAA Al =S FZ2-847 A

rJ

QA AFEULS O A oA s E AMEHIE o8 5olsh sletxE 7HA
1 glor okg T E Eolsle] oAb (ginseng) WIBAl (glycoside) @ 2Jujz A
M =AFOl = (ginsenoside) 8F =T FA| Ao == QAo FF9F AALR], =&

a7 A A1z ookl dp fgel Yl e =3kt syl osko]

o

ZA, R or zol7t A7, dE =] A4 HYE MA (steaming) A
ot Tatelle 7k A9 AtelA = B E A k= 20(R) —ginsenoside Rhl,
ginsenoside Rh2, 20(S) —ginsenoside Rg3 5 A& Eo] & ¥}t (Yoon et al,
2010).

DammaraneZ| triterpene 739 ZA|xAlolEE T F79 /49 A4 95
(linkage position), FAH71Y W2 fx, EH 20 EAoA 9
stereoisomerism¥} side chain®ll W&t 7 F+Z7F w9 geFstA SAEH 1 v)g
B (aglycone)? F+xol w} 3 A TR EIFJHACIO] S (protopanaxadiol, PPD)
¥ T2 E9YALEY S (protopanaxatriol, PPT) 9 F+ 72 Y= 4 3t} PPD
AL AA Aol = 3H ) 208 &9 p-OHel, PPT A4 WA Aol =& 69
&40 ¢ —OH9} 209 9] g —-0OHe| Fo] Eofth

o] F 7FA HAxAtolE== A4 del dAsE vlEE EAsk=dl, 2005 -
protopanaxadiol®} 20(S) —protopanaxatriol®] H]& 2k 3:10] Hglo] % F

AET J7HA Hom AeEF T vEo] 12 Jo® 4 A (Lee et al,
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2009). PPT9} PPD A ALl =E A ZE AHEAO)AY W] 758 3t AL
2 484 9l PPD A JAAxAOl B T2 $F7]5 1F84S, PPT A4
A Al EE F57]6 S52485 vebdn gdeadte] daix s PPD/PPT 7
Ak 2ol 7h Ve, A Zel| et MEANE &3 2 PPD ZA At =
oA, FAMEL HolE Alst= EAolvt & anglogenesis &4 PPDef| B3|
PPT XA w=Ato] =X F=2 B ¥ 3l Qlth (Christensen et al, 2008). FH]|9F &
Hgate] glojx= PPD Aol PPTel vl £ A4S Blvka &b (Kim et
al, 2009), o] yrel= wel w3 Ak Ao #3t 2g L V)oY AH A olA
% PPD$&} PPTE &/4%+ xbo] =2 PPD/PPT H|&9 ol #et A+7p &itst

A o] Fo] X1 At} (Jin et al, 1999; Leung et al., 2009; Sun et al., 2007).

27



20(9)-PPD

Figure 12. Chemical structure of PPT/PPD ginsenoside

DA A = B3 77 20 © 49 chiralityell wheb 20(S)¢F 20(R) F 7HA
F79Y epimer® &A= o). 20 ®A°9] #AH7]  (hydroxyl group) &
20(R) Bt} 20(S) —epimer T-FolA FtF o 129 &40 A7k A7t 7}
7h5-1, o] epimere A E thE Y A& 2 dH (Qi et al, 2010). 20(5) -
ginsenoside Rg3* dose— and voltage—dependant d+A Ca®?*, K*, Na* channel
current= A 8f3tA 9 20(R) —Rg3E 19 3= vl A ¢on (Jeong et al,
2004; Kang et al, 2005), hydroxyl radical scavenging &3} =3t 20(S) —Rg3°]
ARk dojudrtt (Kang et al, 2006). Human fecal florael &3] 20(S) —
ginsenoside Rg37} 20(S) —ginsenoside Rh2Z Aty += S5+ 20(R) —epimer
7} Wehs Sxel vld 199y w29 (Bae et al, 2002), SMEF] 43 oA

22 MEAE 735 7HA+= PPDAl AAM Al F tfHES 20(S) —epimer
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ol A7} Wt (Popovich et al, 2002; Liu et al, 2010; Gu et al, 2009).
Ginsenoside—Rh2¢] 7% 91%&% FF&cl A QAo #APAE HE HE
membrane permeabilityE 7F4 20(R) —epimer”7} 20(S) —epimerel H]al ¥4 3]
S FrEe BAY (Gu et al, 2010).

I dtele gghE rx Wel 3o TR A, 6% Aol Jo] dFE dH,

FAE719) Threl f1A BERE A Aol =] e gde] IS Vv Qi et al,

3.2. Autophagyell &2 v|A = A|Atol =

AAN7HA] autophagyel whate] &k =2 A9 &S Hols XA|mAto] =
3t A= Wol o] Foj xR ¢kl It HepG2 celle]l tidte] ginsenoside Rk19]
(Ko et al, 2009), glutamate—induced neuron®l*] Rbl¢] (Chen et al, 2010),
breast cancer stem cellelA F27} (Mai et al., 2012), H9c2 cardiomyocyte®] 4|
Re”} (Zhang et al, 2012), A549 cellolA] Rh27} (Gao et al., 2013), Sprague
Dawley (SD) rats® cardiac muscle tissuel*] Rg37F (Sun et al, 2013),
HCT—116 colon cancer cells ° ths}o] Z A =Alo]=2] thAlA|Ql compound K7}
(Kim et al, 2013) autophagy % 4L Yediy, CD4 T cellselA
ginsenoside Re”} (Son et al, 2010), H9¢c2 cardiomyocyte®l4 Rgle] (Zhang

et al., 2012) autophagyE &Asttba By wp Qlo)
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II. Materials and Methods

1. Materials

1.1. Equipments

Autoclave (Sanyo MLS 3000, Japan)

Bio image analyzer (GE Healthcare, ImageQuant LAS 4000, Sweden)
Centrifuge (Eppendorf Centrifuge 58 10R, Germany)

Clean bench (Hanbacek scientific Co. HB-402, Korea)

CO; incubator (SANYO CO2 incubator MCO-15AC, Japan)

ELISA microplate reader (Molecular Devices Spectra Max 340PC, USA)
Flow cytometer (BD Bioscience, BD FACSCaliburTM, USA)
Fluorescence Microscope (Olympus 1X-70; U-RFL-T, Japan)
Microbalance (Mettler AE 50, Switzerland)

Microcentrifuge (Gyrogen GyroSpin, Korea)

Microscope (Olympus CK-2, Tokyo, Japan)

Transmission electron microscope (JEM-1010, JEOL, Tokyo, Japan)
Twister shaker (BioFree BF-300, Korea)

Water bath (EYELA SBC-16, Japan)

Western blot system (BIO-RAD Mini-PROTEIN® Tetra system, USA; BIO-RAD PowerPacTM

HC, USA; BIO-RAD TRANS-BLOTTM Semi-Dry transfer, USA)
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1.2. Reagents

Ammonium persulfate (Bio-Rad, USA)

ATPIF-1 antibody (rabbit, Santa Cruz, USA)

BAPTA-AM  (1,2-Bis(2-aminophenoxy) ethane-N,N,N" N’ -tetraacetic acid tetrakis
(acetoxymethyl ester)), (= 95%, Sigma-Aldrich)

Bcl-2 antibody (rabbit, Santa Cruz, USA)

f-actin antibody (rabbit, Abfrontier, Korea)

Bovine Serum Albumin (Santa Cruz, USA)

Chloroquine diphosphate salt (Sigma-Aldrich, USA)

Cleaved-PARP antibody (Cell Signaling, USA)

Dansylcadaverine (Sigma-Aldrich, USA)

DMEM/high glucose medium (ThermoScientific HyClone, USA)

DMSO (>99.9%, Sigma-Aldrich, USA)

Donkey anti-goat peroxidase-conjugated IgG secondary antibody (Santa Cruz Biotechnology,
USA)

ECL solution (SuperSignal® West Femto Maximum sensitivity substrate, ThermoScientific,
USA)

ECL solution (WestSave UpTM, AbFrontier, Korea)

EtOH (=99.9%, Duksan, Korea)

Fas antibody (rabbit, Santa Cruz, USA)

FBS (ThermoScientific HyClone, USA)
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FITC Annexin V Apoptosis Detection Kit I (BD Pharmingen, USA)

Glycine for electrophresis (Sigma-Aldrich, USA)

Goat anti-rabbit peroxidase-conjugated IgG secondary antibody (ImmunoPure®,
ThermoScientific, USA)

HO-1 antibody (rabbit, Santa Cruz, USA)

HP-20 resin (Diaion HP-20 resin, Mitsubishi Chemical, Japan)

Krebs-Henseleit Buffer Modified (Sigma-Aldrich, USA)

LC3B antibody (rabbit, Sigma, USA)

MeOH (99.85%, Hayman, England)

Mounting medium (Fluoroshield, ImmunoBioScience, Korea)

MTT  (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl  tetrazolium bromide) (thiazol Blue
Tetrazolium Bromide, Sigma-Aldrich, USA)

N,N'-methylene-bis-acrylamide (30% Acrylamide/Bis solution, 29:1, Bio-Rad, USA)

NH.4CI (Sigma-Aldrich, USA)

PVDF membrane (Immobilon-P, Millipore, USA)

Nonfat dry milk (DifcoTM Skim Milk, BD, France)

PBS (ThermoScientific HyClone, USA)

Penicillin (100units/mL) streptomycin (100ug/mL) (Pen Strep, Gibco, USA)

PI/Rnase Staining Buffer (BD Pharmingen, USA)

Polyacrylamide

Protease inhibitor cocktail (HaltTM protease & phosphatase inhibitor Single use cocktail,

EDTA-free, ThermoScientific, USA)
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Protein assay reagent (Pierce® 660nm Protein assay, ThermoScientific, USA)
Protein marker (PageRulerTM Plus Presteined Protein Ladder, ThermoScientific, USA)
Rapamycin (Sigma-Aldrich, USA)

RIPA Buffer (ThermoScientific, USA)

Rubicon antibody (rabbit, Cell Signaling, USA)

5X SDS PAGE loading buffer (GelPilot DNA Loading Dye, Qiagen, German)
SDS solution (10%, Bio-Rad, USA)

Sodium Azide (Sigma-Aldrich, USA)

Tamoxifen citrate (Chromadex, USA)

TBS containing 0.1 % Tween 20 (BioRad, USA)

TEMED (Bio-Rad, USA)

0.25% trypsin-EDTA (Gibco, USA)

TFEB antibody (rabbit, Santa Cruz, USA)

Tris/Glycine/SDS buffer (Bio-Rad, USA)

Tris-HCI buffer (pH 8.8, Bio-Rad, USA)

Tris base (Trizma" base, Sigma-Aldrich, USA)

UCP-2 antibody (goat, Santa Cruz, USA)
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2. Methods

2.1. Cell culture

HepG2 7FFA ¥ (Human hepatocellular carcinoma cell line) 3t= A3
=3 (KCLB, #88065, Seoul, Korea) 2 F¥ T-93st] 10% FBS, 100 units/mL
penicillin, 100 pg/mL streptomycin = 323%$F DMEMS& HjF o2 slo] 37 °C
N 5% CO; 7} AFAC R FH s wld7lolA vttt A7 vk 8719
Hieko]l 80-90% confluent 3tAl ™ trypsin—EDTAE A& sto] At wjeF 31

.

2.2. Cell viability test

HepG2 cellel st A=Al =8 F29 A (growth inhibition) &4 MTT
(3—(4,5—dimethylthiazol-2—yl) —2,5—diphenyl tetrazolium bromide)
colorimetric assay & ©|&3Fo] S35ttt HepG2 celle 48—well wjFtef 5 x

10* cells/mL %2 EFsto] 24 A7+ %<F CO, incubatorol] A Hjeks}

R

serum—free media® ZolE ¥ SgES FEHEE AHsto] 24, 48 AF F<h
wjok3titt. o] Wl vehicle control®% ginsenoside A& ¥ YU FX2 DMSO
= Adeglon, oo wet Zg ol AdolEed 10 xM BAPTA-AM
((1,2—Bis(2—aminophenoxy) ethane—N,N,N,N—tetraacetic acid tetrakis

(acetoxymethyl ester)= 1 At A7 3dFAY, autophagy inhibitor®!

34



chloroquine (20 ¢ M chloroquine diphosphate salt, = 98 %, Sigma—Aldrich) &
Aol Akt e A AIE vl & 77 welld]l MTT &5 7

3t (HZ E% 0.5 mg/mL) ©A 37 °ColA 4 A7+ =

2
(=
olo
>,
N
%_.

=
oQ
1%
o

25 AAgE & AdE MTT formazans DMSOE 7hsto] 73] &350 =1 &

MAEABEE (cell viability) = T2 A4k 1& o] &35t AAksA

(A2 1]

Cell viability (%) = Asionm (sample) / Asqonm (control) X 100

2.3. Fluorescence microscopy (MDC staining)

=S ATFEA FR AR5 S5 Slete], AvkEA #Ee] dA T AA
%= acidic autophagic vacuole (AVO)el 2= i= autofluorescent marker<!
MDC (monodansylcadaverine) & ©]-833tt (Munafo et al, 2001; Mizushima,
2004; Vazquez et al., 2009).

HepG2 cell& 6-well o] 5 x 10 cells/mL $EE F3te] 2443 &<t

CO; incubatorol Al vj&Fst & XA A =5 10-50 uM == AHElsto] 24 A

F el wiekEt9itl. o] wl vehicle controlZ2E FFeE Aoy A FE9

35



DMSO= Attt shah& wiekst & wjkels A|Ast 50 pM s%== PBSY
%9l MDC solutiong 7}sFo] thA] 37 °CollAl 30 3+ Fo] 9MA|7l & PBS®
33] A oJylil mounting solutione $F ®g "Hojrty HPFdHun|F o=z Azttt
Image= 400 #l& =2 #2353 01 excitation = 330—385 nm, emission = 420
nm 3739 fliters ©]&3l3ith. AlEZ 10071 MDCell ol&ll green color® XHo|+=
MDC-stained dot®] 7H+E AlINo™ 2k Age tis) 33 A st 1 4

gk REe s HFTHUOE ARSI,

2.4. Western blot analysis

HepG2 celle]l 10-50 pM &%9 ZAxAtlEE @5OCFE 52 autophagy
inhibitor?l ammonium chloride (NH,Cl, 10mM), E=Z=% (chloroquine
diphosphate salt, 20 uM) @} &7 A 2]3to] (Mizushima et al, 2007) 24 A7t =
Qb wjeket F AR PBSE ol&ske] AHEal s % cells
protease inhibitor cocktail® 3233l SDS lysis buffer (RIPA buffer) 2 ©]-8&3}¢]

SeAlZIaL F2el (13,000 rpm, 10 min)&te] A es FHskal, FE 42 o

i

BS

h
A F=

71 ©° 2 3 Bradford protein assayel W&} (Kruger et al,

i

>
i

1994) AEFetaitt. 4% 5 @] @i 5= (20 pg) © 5X SDS PAGE

Al
™

ro,

Z]

ol
M

loading buffer® SH{HFE 7}ate] 95 °CollA] 5 B3+ HEEA7l & Ag

(13,000 rpm, 1 min) 3t samples WS 2 western blot analysisE A3} t}.
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il E samples 12% SDS-polyacrylamide gels AFE-3le] SDS—-PAGEE A3
st & PVDF membrane® 2 %A 5% 4|+ (5% skim milk in TBST buffer)
Z blockingA| #H Tt} Blocking®] % membranes TBST buffer® Az 3t & 13}
FAZ 4 °CollA 12 AIZE F<F WHEAI7]aL TBST buffer® 33 A& s & oA
Ao Al 2k Ao 2 AIZE FF vESAIZITE 2xF @A 7FA] F-ZAIZ] membrane
S UtA] TBST buffer® 33 Az % ECL solutione 7}8t¢] bio—image

analyzer (LAS 4000) % =43}t

2.5. Flow cytometry

A=Al =0 25 HepG2 cell®] AFANE 9 A|ZF7]o] mX= T2 B
138l FACSE ©] 833tk HepG2 cell& 60 mm dishe] 5 x 10* cells/mL ==
=75te] 24A)17F &2k CO, incubatore| 4] #jeFst & ginsenosides 20—100 uM
FTEE APste] 24-48 AJZF FRF kel o] W vehicle controlZ+ 33E
A+ T 559 DMSOS #3921 autophagy inhibitor$! chloroquine

(chloroquine diphosphate, 20 uM) = ginsenoside 2} F Al A gs71 %

2.5.1. Analysis of cell cycle
sh3tE A7t € ¢ $ PBSE o] &3ste] celle AlASHAL trypsin EDTAE ©] &

1A

3to] cellS WolWll 3= —20 °CollA 80 % EtOHe] 12 A1zF e Fo] Al

Fl
i
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AT AE 14 $ oA PBSE EtOHE AHojulal hdElelx 30%3F PI
(PI/RNase Staining Buffer)® @23l flow cytometerE ©]8-3}o] A|EF7]
(cell cycle) & w4383t

2.5.2. Measurement of cell apoptosis

e A7t € W § PBSE ©|&38to] celle A8l trypsin EDTAE °]&
3l cellE Wl ¥ FITC Annexin V Apoptosis Detection Kit I (BD

Pharmingen, USA) protocol®] Wz} cellE PI ¥ Annexin V dye® A3}

flow cytometer& ©]g-38F MEANE FdS =483

2.6. Transmission electron microscopy (TEM)

A ALl = A2l 9§ HepG2 AlE A4 ®stE B Alds] #str] ¢
gt TEMS Abgste] #2383tk HepG2 cells 100 mm dishel 5 x 10!
cells/mL %= #F3F9] 24 AZF F<F CO; incubatorolA wiekd <
ginsenosides 20—-100 yM sE=2 AHgsto] 16 A|ZF F<F wdstddoh. 27k
PBSZ A% % trypsin—EDTAE AHzsle dishollA wojwa, Karnovsky's
fixation reagent® ©]&3lo] 2AIZF primary fixationst3ith. 0.05M  sodium

cacodylate buffer® 33] A& % t}A] 0.1M cacodylate—buffered 0.2% osmium

tetroxide® 2A|3F post fixationdtal TFF=Z A& ¥ 0.5% uranyl acetates ©]

o

<
T

&8kl dAp FAslh ©]F 30 > 100% EtOH=Z 24 #4& 7
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propylene oxide® transitiond}al, spurr’s resin ©. 2 embedding $ HB}H3}35}o]

JEM—-1010 (JEOL, Japan) Aztdn| 4oz #2349},

2.7. Statistical analysis

SAA wode] AEs SEkel o dxgezREe WEss “one—way

W, P gl 0.05 vntd wf FAHOZE Fejido] 3

PR
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ITI. Results

1. Screening of autophagy—inducing ginsenosides in HepG2

cell

A=Al =9 autophagy = &= AM8H7] 918kl 6%4¢] epimers HIXd}
o F 26 T AA Al =E o ® HepG2 AEo] 2 A& 50 Mo %
2 2447 &9 Aol MDC ¢4 4 LC3 ©A Sl western blote AAISHA
o 7 7HA A REFeolA autophagyE -EdkE Hhes B A :Alol ==
protopanaxatriol (PPT) A9 ginsenoside Rh4 ¢} 1 aglycone, Rg6, 20(R) —
Rhl, 20(R)-F1% 1 (Fig. 13), protopanaxadiol (PPD) A¥ ginsenoside Rkl1,
20(S) —Rg3, 20(S) —Rh2, 20(S)—PPD 1o (Fig. 14), ©] ¥ ginsenoside Rkl
ko] HepG2 Al¥oA autophagyE FE3h= Ao 2 oju] Bud vt Qi1 (Ko et
al, 2009), U= x] AEEL liver cancer cellelA autophagy @ ZAJo &l
KB vprb opA gl

Autophagy #% #45 Zte WA= T ¢fo] SR EY epimers ©]F7]
v FrAor AAAAT 9= PPD A9 9 ginsenoside Rg3, Rh29t PPT AlE
°] Rhl, Rh4E Wi o= HepG2 AlFEol thadto] autophagy 9 o]¢} #=ddh &<t

a¥E AHE7] 98] MTT assay, flow cytometrys tE 28-S P s3ith
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R1 R2

R1 R2
20(R)-ginsenoside Rhl -0Glc -OH ginsenoside Rh4 -OH -0Glc
20(R)-ginsenoside F1 -OH -0Glc ginsenoside Rgé -OH -0OGIlcRha

Figure 13. Autophagy —inducing ginsenosides (PPT type).

R1 R2 ginsenoside Rkl
20(8)-ginsenoside Rg3 -0GleGle -OH
20(5)-ginsenoside Rh2 -0Gle -OH
20(5)-PPD -OH -OH

Figure 14. Autophagy—inducing ginsenosides (PPD type).
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2. Ginsenoside Rg3, Rh2, PPD9] protective autophagy &4

Protopanaxadiol (PPD) type X A|x=Alo]=¢l Rg39 Rh2:& Qlitol+= EA5H4]
dom A 5/F9 AEoz # dHA vl Ginsenoside Rh2+ Rg3olA Fo|
shvh AARE FES Fxolm, of7]A steamingoltt 9174 W BrE|gotel] <3|
Fol st o AAEHE Rh2E B]EE PPD AlY AcAte]=9] HFE tfabAQd

PPD7} ®t} (Fig. 15). Ginsenoside Rg3¢} Rh2 181 PPD2] 20 (R)—epimer©l

R

Hl& 20(S) —epimer7} HepG2E H|E3 th=9 o A EFA et ANEAE &

H}E Jehfs Ao® RusE1 9t (Liu et al., 2010; Dong et al., 2011).

Steam or

Intestinal bacteria

Rg3 Rh2 PPD
MW 784 MW 622 MW 460

Figure 15. Metabolic cascade of PPD—type ginsenoside Rg3 and Rh2.
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2.1. Ginsenoside Rg3, Rh2, PPD&] A ¥AE w3}

AL 29 HepG2 AEel et AEAE  E3E Qolns]  9aol

ginsenoside Rg3, Rh28} tjAAIQl PPD A 7}A| epimers= 24417 &<k A

=

T MTT assayS AAIF A3 o]do Ruty dxes 23S 4S5 U
Al 74 shekE B 20(S) —epimerdl A& w5 EX O R A AEEC] A
HAA T 20(R) —epimers< F94 v 2945 YebA gokew (Fig. 16) 1
= stgE x99 3o i g os AL PPDe 20(S) —ginsenoside Rh2

(LDsp < 10 pM)7F Rg3 (LDsg > 40 pM) ©f H]3] A FEoxe ayso=z

pol

HepG29] 7472 A8t
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o h] O [
£ =0 > & =0 %
ol o o N
= 5 ] \
3 50 i --+--2005)-Rg3 B & Y 4= 20(5)-Rh2
F i LY —=—20R)-Re2 2 4 | —8—20(R)-Rh2
20 20 o
\i “-‘\.‘
o T T T 1 1] T T »
0 10 20 50 100 (UM) 0 10 20 o (HM)
100
‘\

. .\ \'\i\l
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.éh “\

s = % --4-- 20(3)-PPD

- £y

e o [ —=— 20(R)-PPD

] BN

3 |

20 g
0 ; . e
0 10 20 50 100 (HM)

Figure 16. Cytotoxicity of ginsenoside Rg3, Rh2 and PPD in HepG2 cell. Cells
were treated with ginsenosides for 24 h in serum free media, and the cell
viability was analyzed by MTT assay. Values represent the mean £SD of

three independent experiments.
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2.2. Ginsenoside Rg3, Rh2, PPD9] autophagy +% &4

AM ARl =8 HepG2  Al3ze]]l thsh autophagy % 24 AME <l
ginsenoside Rg3, Rh2 18] PPD2 ¥+ 7}A] epimerE<S 24 A7t EoF A3}
I MDC fAste] gFdv g oz aZedls W, A 7H4 3EE EF 2009 -
epimero| A+ MDC-stained dot® 7§57} controlell ®|&] & A3A Z=7Fst Hbd

20(R) —epimer&< F94 U= &35 YeRA] Lt} (Fig. 17A, B).

-
3

=

(=]

S 600 600 600

g 500 500 500 T

3 00 1 400 400

E 300 300 300

g 200 200 200

g 100 T 100 100

=

“ ) 0 T T | 0+ T T —
* control 20(5)-Rg3  20(R)-Rg3 control 20(S)-Rh2  20(R)-Rh2 control 20(S)-PPD  20(R)-PPD

Figure 17A. Autophagy—inducing effect of ginsenoside Rg3, Rh2 and PPD in
HepG2 cell. Cells were treated with 25 uM ginsenosides for 24 h in serum free
media, stained with MDC and observed under fluorescence microscope. The
numbers of MDC—labeled autophagic vacuoles per 100 cells compared with
DMSO control were presented in the histogram. Values represent the mean =+

SD of three independent experiments.
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control

20(R)-Rg3

20(5)-Rg3

Tamoxifen}

20(R)-PPD

20(R)-Rh2

20(S)-Rh2
o

20(S)-PPD

¢

. ‘%

L
LY
A

Figure 17B. Autophagy—inducing effect of ginsenoside Rg3, Rh2 and PPD in

HepG2 cell. Tamoxifen 10 uM was used as a positive control in MDC staining.
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LC3 wwae] W3S =43l western blotolA% 20(S) —ginsenoside Rg3,
Rh2 18]3 PPD + LC3 119 %Fo| controlel B3] F7FsFA A7, 20 (R) —epimer
o= WHE7E ALY o™, lysosomotripic agentQ! NH,ClE ZA|-Alo] =2}

Aol A skl kol

N

g2 gAlste] LC3 17} Z&llH= 2= 9ob LC3

turnover assays AAISIA S W Ayt sLdskA vERSTE (Fig. 18).
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Boactin | S— — —| | ————

£ 08
(4]
o
Lcan->  — o 0.6
= m -NH,CI
= = - . 0.4 . NH,CI
NH,CI - + + 3 ANH,
control Rg3(S) Rg3(R) control Rg3(S) Rg3(R) = — S NN =
- N
control Rg3(5) Rg3(R)
s
B-actin l“.l [ —— —
E 08
T
T e — L]
Lc3n—> — L.- & 108
~ B -NHCI
= - - + + + L
NH,CI o +NH,CI
control Rh2(S) Rh2(R) control Rh2(S) Rh2(R) ~— 02 —— L
o | N ’ .
control Rh2(S) Rh2(R)
]Gfactin | |
LC3 11 =>| S -
NH,4Cl

control PPD(S) PPD(R)

Figure 18. Autophagy—inducing effect of ginsenoside Rg3, Rh2 and PPD in
HepG2 cell. LC3 and expression levels were analyzed by Western blotting.
Cells were treated with 25 uM ginsenoside for 24h in serum free media with
or without 10 mM NH4Cl then harvested. f—actin was used as the internal

control.
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2.3. Autophagy inhibitor7} 20(S) —ginsenoside Rg3, Rh22]

AZAPE B3] R FF

rk AlEFQ HepG2 Aol thall 20(S) —ginsenoside Rg3, Rh27F A3 ARE
a9} Ao autophagy % A4S HolPE o] F 7HA ZA|w=Alo] =2 AlE

AtE - @yt autophagyZb olH HFFES v X=X Lolr 7] 9l8te] autophagy
inhibitor¢! chloroquine (CQ)<S X AM|Alo]=9} Ao AHglst & MTT assay®
cell viability 5 =733 Tt

I Ay F 7R 3EEC 20(S) —epimer EFolA chloroquines ]33 S
W 2 AEANE 537 o Sobge dEE Ao, 20(R) —epimerol A=
chloroquine 2] off-o oaf {22l W37t dojup#] vk (Fig. 19). thA
2all, PPD Al& <l 20(S) —ginsenoside Rg3, Rh2Z %8 2% = autophagys 3}
=0 MZAFE aHEFY AEY HEES ol protective (F2 defensive)

autophagy 9= ¢ 4 UATH
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Figure 19. Effects of autophagy inhibitor on ginsenoside Rg3 and Rh2 inducing
cytotoxicity in HepGZ2 cells. Cells were exposed to 10—-50 uM of ginsenoside
alone or combined with chloroquine (CQ), the autophagy inhibitor, in serum—
free DMEM media (CQ: 20 uM of chloroquine, control: 0.05 % DMSO). After
24 h of incubation, the wviability of cells was measured by MTT. Values

represent the mean £ SD of three independent experiments
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20(S) —ginsenoside Rg3, Rh2° 2J3F HepG2 A|¥ALHo] o]jH £/ cell
death type= 7d+3t™ autophagyel 9lal oW d&Fa LA ¥ AAS] Lotr
71 f18te] flow cytometryE AAISTH 912 MTT assay$} PR7FA = XA =
Atol =8} FAlell chloroquines A 2lstke] XAwAbolE w502 Ak A3}
Al ZAFE Fd-2 w sl

3h3HE A7 AEFVIS WsE #FE] flste]l AE 14 § PI staining
35S wl, 20(S) —ginsenoside Rg3E A8 dt oA+ controlel H]&| 2 AlE
of sidshz sub—G1 7]l L2 A2e] WEo] T7F (4.6 > 14.0 %) st 2H,
20(S)—Rg3¢} chloroquines FAlol AHst TFellA= 2 vl&o] ¥ AA S7F
(73.8 %) sttt Sub—G1 7] ]l th& MEZF7]el thall A= cell cycle arrest®
do7A &t (Fig. 20A).

A APE RS #EsE] 918Fe] annexin V@ PIZ double—staining 33 &
W, 20(S) —Rg3E A st oA+ controlol] B3] apoptotic (lower/right side)
regione 13 % S7FekS a2 20(S) —Rg3¢} F Aol chloroquines 23323 wjal
necrotic (upper/left side) region®. & A|EAPEo] o]dKHT} ] IyPA AL &2 &

ATt (Fig. 20B). =, olde] Bad wpel o] 20(S) —Rg3+ HepG2 AlEofA
apoptotic cell deathE Yo7 (Jiang et al, 2011), o] A¥AIE FI+=

protective autophagy®l 93] ZA¥th= S 24 5 St
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DMSO
£
283
333 4.6%
g ™ (E}) e
R A M A A~
4 DMS0+CQ
'.“.31
323 5.0%
;_ M =
g %o P . P 7.
FL2-a
. Rg3(S)
£21 14.0%
. =
e 20 P s o 0
FL2-A
g4
:: Rg3(5)+CQ
£21 73.8%
..;H v W —at—
& '_’-_ L) L L
o 200 BOO 1000

FL2-A

Figure Z20A. Effects of autophagy inhibitor on ginsenoside Rg3 inducing
cytotoxicity in HepG2 cells. Cells were treated in 50 pM of 20(S) —Rg3 with or
without 20 uM CQ in serum free media for 24 h, then cell cycle distribution

was measured by flow cytometry after cell fixation and PI staining.



A DMSO DMSO + CQ

10¢

0.42% 5.24% 0.91%

Propodium lodide

Annexin-V

Figure 20B. Effects of autophagy inhibitor on ginsenoside Rg3 inducing
cytotoxicity in HepG2 cells. Cells were treated in 50 pM of 20(S) —Rg3 with or
without 20 uM CQ in serum free media for 24 h, then harvested and double—
stained with annexin V and PI followed by analyzing with flow cytometer

(FL1 : annexin V, FL2 : PI).
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20(S) —ginsenoside Rh22] ¢ PI staininglZ AEXF7|E A3 A},
20(S) —Rh2E #83t ol += controlel H|&| =2 A3 dlEst= sub—G1l 7]

ol

B

sk Azl HlEo]l =7 (7.2 > 384 %) st9oem, 20(S) —Rh29}

s

chloroquines Aol gt Felx= 2 vl &o] w9 AA F7F (85.6 %) 33
ok Sub—G1 7] gl t& AMEF7]el el = cell cycle arrestE Yo7 A 9k
ot (Fig. 21A).

M APE GAFS BESH] 9l8te] annexin Ve PIZ double—staining 3} &
o], 20(S) —Rh2E AH2ld Tol|Ai= controlell B3l necrotic (upper/left side)

region® cell®] 14.95 % <718 S 4 apoptotic (lower/right side) region®] Al

B

B &2 A9 WH3l7F glloer, 20(S) —Rh28}F EA]ef chloroquines *]2]sF3 <
el necrotic region®} apoptotic region®] A|X X7} Z4ZF oF 5 9 A F7F5FS
o} (Fig. 21B).

olgjgt dloleE Fa & wl, 20(S) —Rh2e] 2 AZAPELS 20(S5) —Rg3e]
vl Rt necrotic 3t S #HH, 20(S)—-Rh2 %3 autophagy® <13l

-

apoptotic cell death7} A ¥+ protective autophagy s H 53 &

2 SAslth

o
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8

8] DMSO
284
384

: o P o
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8] DMSO+CQ
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FL2-A

2

2] Rh2(S)
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EE

- 800 HI;G 1000
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Figure 21A. Effects of autophagy inhibitor on ginsenoside RhZ inducing
cytotoxicity in HepG2 cells. Cells were treated in 20 pM of 20(S) —Rh2 with or
without 20 uM CQ in serum free media for 24 h, then cell cycle distribution

was measured by flow cytometry after cell fixation and PI staining.
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DMSO DMSO +CQ

A %y Ty
.1 0.46% 3.31%
21
i -'-: : ':_‘E_%‘.
2 *}
,ei
| i 5.45%
T | %]
Q
TE FLIH
=2
2
Q
j= 1
o
(a8

Annexin-V

Fiqure 21B. Effects of autophagy inhibitor on ginsenoside RhZ2 inducing
cytotoxicity in HepG2 cells. Cells were treated in 20 pM of 20(S) —Rh2 with or
without 20 uM CQ in serum free media for 24 h, then harvested and double—
stained with annexin V and PI followed by analyzing with flow cytometer

(FL1 : annexin V, FL2 : PI).
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3. Ginsenoside Rh1, Rh49]| €3t autophagic cell death ZH&

Protopanaxatriol (PPT) type X A|x=Alo]=2l Rh12] 20(R)—epimer®} Rh4d &=

Qatell= EAsHA] o steaming® 7FeHgS AR Fof s = Aol

=

t}. Ginsenoside Rh1 71 AAE @2 PPT AlE M Aol =9 tiAbA| o] 7| &=
s, A Aol ol HF AE<Ql PPTE tAl¥th Ginsenoside Rh4: 20W
gae] o]FAeE o] F Qo] chiralityE ZEi A 9= T xolth (Fig. 22).
20(R)—Rhle] HepG2 A3 sz ZAIRE Aestis 45 AxdE oA &
Hg Btk A ARsE AdRem (Toh er al, 2011), Rhde] #stir = A
7FA] HepG2 A3 th3t viability testy} autophagy ## &Aool Hw uprp ¢l

.

A0 Rh4
MW 621
steamind
“ 0OGIc i el
ntesrina} {,aﬂe o2
Rh1
MW 639
PPT
MW 517

Figure 22. Transformation of PPT—type ginsenoside Rh1l and Rh4.
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3.1. Ginsenoside Rh1, Rh4¢] M ¥AE 73

M EZAE gyE dolr 7] 93} ginsenoside Rh49 Rh12 F 7}A] epimers
& 243 sk A3 F MTT assays AAIE A3 20(R) —Rh13 RhdolA Al
X AEES WFe Z%E Hion, ckeA AFs PPD AY HAAbel=
20(S) —Rg34 Rh29l Hla|-= %2 x4 (LDs > 50 pM) &3E et
(Fig. 23). o]+ 9F 400 pM9 FE2 7247 AeldS wjo] 20(R) —Rh1%Ho]
HepG2 Al3e] thal]l 50% F=e] 474 oA &35 Holw 20(S)—-Rhle Eo&
a37F Qlukar 3 o]de Bl (Toh et al, 2011) ¢ FU3t wWete] Axjtojn,

Rh4°] HepG2 Ala£el @3t Al a3t oba7bx] Had nprh it
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Figure 23. Cytotoxicity of ginsenoside Rh1l and Rh4 in HepGZ2 cell. Cells were
treated with ginsenosides for 24 h in serum free media, and the cell viability
was analyzed by MTT assay. Values represent the mean £SD of three

independent experiments.
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3.2. Ginsenoside Rh1, Rh49] autophagy #% &4

AAM Aol =2l HepG2 Al¥e] W3t autophagy % &4 AAMS 98
ginsenoside Rh19 S+ 7}A] epimer, Rh4, aglycon of Rh4E 24 A7t &<t A2}
aL MDC @Adsto] gFgdvdor ##stelS wl, 20(5) —Rhl1& Algst F 5o

MDC—stained dot® 7157} controle]l H]& #A A3 Z=7}sts #=3 = 99t

(Fig. 24A, B).
an
o
w2
8 600 600
z |
& 500 500
o
o 400 400
-
T 300 300
£
I 200 200 ——————
T
] 100 100 ————————
“E_ 0 | — : : —_‘ 0 | we—sbe—
[5)
* control 20(R)-Rh1 20(S)-Rh1 control Aglycon of Rh4

Figure 24A. Autophagy—inducing effect of ginsenoside Rhl, Rh4, aglycon of
Rh4 in HepGZ2 cell. Cells were treated with 25 uM ginsenosides for 24 h in
serum free media, stained with MDC and observed under fluorescence
microscope. The numbers of MDC—labeled autophagic vacuoles per 100 cells
compared with DMSO control were presented in the histogram. Values

represent the mean *SD of three independent experiments.
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20(S)-Rh1

Tamoxifen § : Aglycon of Rh4

Figure 24B. Autophagy—inducing effect of ginsenoside Rh1l, Rh4, aglycon of
Rh4 in HepG2 cell. Tamoxifen 10 uM was used as a positive control in MDC

staining.

LC3 wde] wads

v

A3t western bloto]l A% ginsenoside 20(S)—Rhl1<
ALlst 20(R)—Rhl, Rh4, aglycone of Rh4 Hz oA EF LC3 119 <ol
controlel] H|&] S7}8}$% 9™, lysosomotripic agent?] NH,ClE& ZA|-Alo] =9}

Aol A esko] kol

N

g4 gAlste] LC3 II7F Z&llH= 2= 9ob LC3

turnover assay s AAISA S wox A= LAY (Fig. 25).
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m NH.CI
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control Rh1(R) Rh1(S)
= -NHCI
+NH,CI
control Rh4

Figure 25. Autophagy—inducing effect of ginsenoside Rhl, Rh4, aglycon of

Rh4 in HepG2 cell. LC3 and expression levels were analyzed by Western

blotting. Cells were treated with 25 pM ginsenoside for 24h in serum free

media with or without 10 mM NH,Cl (autophagy inhibitor) then harvested. f—

actin was used as the internal control.
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3.3. Autophagy inhibitor”’} ginsenoside Rh4 % 20(R) — Rh19]
MEAE g3 nx= F&&

ket A EFQ HepG2 A9 thdll ginsenoside Rh4 %! 20(R) —Rhlo] A3 A}
Ha el gAlel autophagy % A4S Hol|EE, o] F 7HA| XA Ao =9 A
EAPE @] autophagy’b oW Q&S m|A A Lot 7] 2Q)ste] autophagy
inhibitor¢! chloroquine (CQ)<S XA wAlo]=9} Ao AHlst & MTT assay®
cell viabilityE =743} c}.

1 A% ginsenoside Rh4 % 20(R)—-Rhl F 7F4 3aE HEFA

chloroquines #2|st& o =L AlxEAME 37 ¥ 48k HepG2o AEE]

r

M

=0k

e glen, 20(S) —RhlelA+ chloroquine A& oo 2]zl

o

oAl M3yt dojubA ¢kgktt (Fig. 26). thA] @&, PPT A€Ql ginsenoside
Rh4 % 20(R)—Rhl1Z4% ¥ 525 += autophagy+s 3}8HE 2] A ZAPE & fof offsf

A5 a¥9E Ao 7]+ autophagic cell deathEs S & 4 ST
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Figure 26. Effects of autophagy inhibitor on ginsenoside Rh4 and 20(R) —Rhl
inducing cytotoxicity in HepG2 cells. Cells were exposed to 50—200 uM of
ginsenoside alone or combined with chloroquine (CQ), the autophagy inhibitor,
in serum—free DMEM media (CQ: 20 pM of chloroquine, control: 0.05 %
DMSO). After 24 h of incubation, the viability of cells was measured by MTT.

Values represent the mean £ SD of three independent experiments.
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Ginsenoside Rh4 % 20(R)—Rhl1e] 23t HepG2 M 3EARHO] oWl F/2 cell
death types 7{r3t™ autophagyell &3] ol JF& WA o A6 golr
7] $13F] flow cytometryES AAIEATE 218 MTT assay9t PR 2 A =

Aol =9} E Ao chloroquines X @ dte] A w-AlolE =0z st AT}

A X APE S #EE7] $15F9] annexin VO PIZ double—staining 3% &
uj, Rh4E A elst el A= controlell Hl& apoptotic (lower/right side) region?]
celle] 15.8% =7}8F} 1., Rhd 8} EA]o] chloroquines 8]3-S wjdl Rh4vk
Aget Rt 8.6 % sttt (Fig. 27). ©vlolEE T & w, Rhde
HepG2 A3 A apoptotic cell deathE ¥ °7]9, autophagyel 28] ©] &3&

A& Al171+ autophaic cell death #8485 T3 do7]= AS & 5 U
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Annexin-V

Fiqure 27. Effects of autophagy inhibitor on ginsenoside Rh4 inducing
cytotoxicity in HepGZ2 cells. Cells were treated in 100 uyM of Rh4 with or
without 20 uM CQ in serum free media for 24 h, then harvested and double—
stained with annexin V and PI followed by analyzing with flow cytometer

(FL1 : annexin V, FL2 : PI).
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M AFE S BESH] 9l8te] annexin Ve PIZ double—staining 3} &
o, 20(R) —Rh1S A g3t +ollA = controlel] B3] apoptotic (lower/right side)
regions 22.4 % =7} 11, 20(R) —Rh18} &A]9 chloroquines *#3l3 S uj
d 20(R)—Rh1%F 283t *H.t} apoptotic region® AMEZEEL7} 13.2 % 7423
ot (Fig. 28). dlolel& F&3 & w, 20(R) -RhlE Rh4gk wk7HA 2 HepG2
M 3o A apoptotic cell deaths U °.7|w, autophagyell &3l ©] &3E A7

+ autophaic cell death® € °o7|= A& & 4 UL
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A DMSO

DMSO +CQ
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Annexin-V

Fiqure 28. Effects of autophagy inhibitor on ginsenoside 20 (R) —Rhl inducing

cytotoxicity in HepG2 cells. Cells were treated in 200 uM of 20 (R) —Rh1 with

or without 20 pM CQ in serum free media for 24 h, then harvested and

double—stained with annexin V and PI followed by analyzing with flow

cytometer (FL1 : annexin V, FL2 : PI)
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4. 20(S) —ginsenoside Rg3, Rh29] A ZEAIE &3 9 autophagy
5 44 dist 71d dF

Al o4 ginsenoside Rg3 % Rh2°] 20(S) —epimer”’} AM¥>AFE @39}

HS
10

rir

Z Ao HepG2 Al3E2] A& protectivedt &S 3F+= autophagys L3t}

©

A#S A9t} o]# 3t &37} ginsenoside Rg3, Rh29 20(R) —epimer? 23}

t2the= Ao dia Bk FAF o R 1 71[9 Zfo]E g H kT
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4.1. 20(S) —ginsenoside Rg3, Rh29] apoptosis &

HepG2 A X Atd g5 ol MTT assay oA AE BEE 50% ©]3tod

4] autophagyE 5F3°] YEl+= 3% 55 E ginsenoside Rg39 A% 50 M

2 Rh29 4% 20 oMz 2435k, dld =2 A W Ax 42 29

4
d

dnj7 W dxdn] g (TEM) o= #2331, apoptosis & 1z Wy A&
western blot &2 H| w3l &.qkT}.

B w A dujd e #AEFS wow A BT MTT assay Z flow
cytometry 2} E43FA 20(S) —ginsenoside Rg3, Rh2%+o] controlol H]3f A|3E

AbE R0 WIS P AE U lysosomel 75 9 F717F A3 5ot AS

BN

it

wE F 4 ool 53] 20(5) —ginsenoside Rg3°] -5 o] F 27} o]do

2 ol
ZetA= d¥ 22 apoptosis?] Eeus Hols AXES B £ QdAow, 20089 -
Rg39l vl3l] ATEE AHYPSo%E 20(S) —ginsenoside Rh2 Aol AXE A}
H g3t ¥ FEE B3k v lysosomeo] AA| AMEZY 1EWI o] EA)
SFS lsk = QIY; (Fig. 29A and B). X3 lysosomal biogenesis® ¥ <l
ZQl TFEB @ z%E=  20(S) —ginsenoside Rg3¥ 8 h A tolA, 20(S) —

ginsenoside Rh22 16 h A @ dol A E7tE o] 25 24A7F o] o autolysosome

o] Z7lsk= ok MDC A9} dA8FIt (Fig. 30)
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Figure 29A. Microscopic images after ginsenoside Rg3 and RhZ treatment.
Cells were treated with 50 uM Rg3 and 20 uM Rh2 for 16 h in serum free

media, then observed in magnification X400.
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Figure 29B. TEM images after ginsenoside Rg3 and Rh2 treatment. Cells were

treated with 50 uM Rg3 and 20 uM Rh2 for 16 h in serum free media.
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8hr 16hr

f I
control Rg3(S) Rg3(R) Rh2(S) Rh2(R) control Rg3(S) Rg3(R) Rh2(S) Rh2(R)

TFEB/ B-actin

control  Rg3(5) Rg3(R) Rh2(S) Rh2(R) | control Rg3(S) Rg3(R) Rh2(S) Rh2(R)
8hr 16hr

Figure 30. Expression levels of TFEB after ginsenoside Rg3 and Rh2
treatment. Cells were treated with 50 uM Rg3 and 20 uM RhZ2 for 8 or 16 h in

serum free media then harvested. f—actin was used as the internal control.

73



32242l apoptosis T& w@alz olxjel PARP, Fas, HO—1 % Blc—22] 23 o
3t v 7FA] ZA Aol = epimer? 9 &S western bloto® Ay E A3} (Fig.
31), 20(S) —ginsenoside Rg3, Rh2 A @ oA % PARP cleavageZ death
receptor®! Fas® wadlo] F=7}8F3 11, anti—apoptotic oncogene?l Bel-2& 74
339t} 20 (R) —ginsenoside Rg3, Rh2 Aol A+= EF control®} 23t =}o]
7} 19l o1, cytoprotective enzymeQl HO—12 Y] 7}A] ZA|Alo] = FIFof A
oot M3lE do7|A ekttt o] AyeA 20(S) —ginsenoside Rg3, Rh2-
HepG2 A|3E|A stereoisomer—selectived}Al apoptosisE FE3= Ao =2 &<l

& Ui
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Figure 31. Expression levels of bcl—2, Fas, HO—1 and cleaved PARP after

ginsenoside Rg3 and Rh2 treatment. Cells were treated with 50 uM Rg3 and

20 uM RhZ2 for 16 h in serum free media then harvested. f—actin was used as

the internal control.
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4.2. 20(S) —ginsenoside Rg3, Rh2¢] 23t n|EZ =g o} &4

g AAAw R dolEelA, 20(R) —epimer A2l control¥ o] A4
Qldouble—membrane?] "|EZE=go}lE HAAT 20(S) —ginsenoside Rg3 # g
79 A% lysosome W& mlEE=golr} dHE 5 o7k= mitophagy 9 e B
S #EFT 5 9o 20(9) —ginsenoside Rh22] A4t wEZ =g o7}

A #ZR FHE (fragmented or petit mitochondria) 2 #2% 9t} (Fig. 32)
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Figure 32A. Magnified TEM images after ginsenoside Rg3 and Rh2 treatment.
Cells were treated with 50 uM Rg3 and 20 uM Rh2 for 16 h in serum free
media. Mitochondrial abnormality by 20(S)—ginsenoside Rg3 and Rh2

treatment are indicated with black arrows.

Rh2(S)
H0~0.5pm
Rg3(S
B #0.5~1.0pm
m1.0~1.5pm
control
0% 25% 50% 75% 100%

Figure 32B. Numbers of mitochondria in HepG2 cell assorted by size.
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nEZEg ol 7lse] ddet i wd o)A, 20(S) —ginsenoside Rh2 A&

32

A

of|A= mEZE= o} fusion¥d protein?] OPA—19] o] dA 3] 7hast o

)
bl

mitochondrial uncoupling protein?! UCP—2 % ATPIF-1<& <7}slar, |
20(S) —ginsenoside Rg3 g FolA = nEZE=goloA ¥ ATPS Hal=

S e 2 Aslt (Fig. 33).
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o]ZM, 20(S) —ginsenoside Rg3, Rh2Z Q3 HepG2 A FAIE gi= mEZEZCE
glole] F+x 49 fusion/fission ¥&, ATP tAl 59 7le& A= RS A7

stel Clolub Rlow 2% 5 Uglth

50uM 20uM

[ 1 I |

control  Rg3(5) Rg3(R) Rh2(5) Rh2(R)

f-actin comm— o o o ==

o+ | 0 U S T

UCP-2 e S e OO

ATPIE-1 | i —

Figure 33. Expression levels of OPA-1, UCP—-2 and ATPIF—1 after
ginsenoside Rg3 and Rh2 treatment. Cells were treated with 50 uM Rg3 and
20 uM RhZ2 for 16 h in serum free media then harvested. f—actin was used as

the internal control.
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4.3. Autophagy inhibition®.Z 13t A EAIH F7} axet 24
ole B AnA

20(S) —ginsenoside Rg3 % Rh2% <23 FAld HFE¥+ apoptosis®
autophagy®] F##AE o A CRE ¥s]7] 913l autophagy A o Fof W&
apoptosis & whilA ol wE W3IE western blotlE FA3 Ay PARP

cleavage’} Y F718ta, Fas w@#Ae 7]k A4 (post—translational

modification) ¢F 2~3 kD A% down-sized® 7S #&3 = vt (Fig. 34).

BN | — — —

Fas----

cleaved pare [ S S RN

Bel-2 — —
chloroquine - + - p 3
| I |
Rg3(S) Rh2(S)

Figure 34. Changes of bcl—2, Fas and cleaved PARP expression level by
autophagy inhibition were estimated by immunoblotting. Cells were treated in
50 uM Rg3(S) and 20 uM Rh2(S) with and without 20 uM CQ in serum—free
DMEM media for 16 h then harvested. B—actin was used as the internal

control.

79



A 3E vho] £ Y9 receptorg3 PFEFA 2 death receptor?] Fas T
St endosomes Zfste] AEX U2 FYEH = 548 post—tramslational
modification ZH & AX&= A2 d#HA Ut} (Tollefson et al, 1998). whelA|
Ca’"—dependent cysteine protease$l calpain®] ]3] Fas W do] Zo]x]= A
S GPS—CCD (calpain cleavage detector) program= ©]&3}o] o=g] ¥ 4
I 7HE A7 AR 1A+ Fas ©@WAL] opmial Ad T 24WARQ] Asn
(24N) vk= Ho] A3l (Fig. 35). ofvlAt 1708 4 Ql A=l oF 110
dalton?l AFAS w#s] BS uwl, calpainel] o8] Zo]R o]Z oAty Fas
Mo sizeo] ztol= oF 2.3 kDO E 9] A¥ 2 western blot Hlo]E 2} UA| e}
th ok HYW mEET=gol U UCP-2 Wz =3k 20(S) —ginsenoside Rh2

o] 93] 1 Wdo] =7}E+= E Al mobility shift7} ¢k W= AS

e

T 33l
=4 (Fig. 33) o]+ ddbAl wuiz o] phosphorylation & A3} {-AFstc}. v
EIZ=gol Yo Zg o] FHo] UCP-2% H|E3% nEE=glo} U whulH 9
phosphorylation®l] Fo3t 9&S 3 Aolegt= K7t A=l (Graier et al,
2009) old A= EF AP S W, autophagy A7} 20(S) —ginsenoside

L &

g oL wasel 9

m{m
ol
o
Oft
il
rlr
r I
03

Rg3, Rh2°] 23t apoptosis

Aeke HaE A% & Aslth
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Position Peptide Score Cutoff
19 LVLTSVARLS/ SKSV 0.837 0.654
22 TSVARLSSKS/VNAQ 0.747 0.654
24 VARLSSKSVN/S AQVT 1.299%* 0.654
25 ARLSSKSVNA/QVTD 0.731 0.654
39 INSKGLELRK/ TVTT 0.698 0.654
45 ELRKTVTTVES TQNL 0.851 0.654
46 LRKTVTTVET/ QNLE 0.66 0.654

199 VKRKEVQKTC/ RKHR 0.837 0.654
243 TTIAGVMTLS/ QVKG 0.761 0.654
271 IKNDNVQDTAS EQKV 0.766 0.654
276 VQDTAEQKVQ/ LLRN 0.655 0.654
328 TSDSENSNFR/ NEIQ 0.668 0.654

Figure 35. Predicted calpain cleavage site in Fas receptor (software, GPS—

CCD 1.0).

webaA] 20(S) —ginsenoside Rg3, Rh2 % autophagy A& A¢l SF22HS A
al7] A, 24 o] ZAdolEl¢l BAPTA-AMS Axe] sto] AE AFE G 3o of

o

=

<

ogk
o

v 2 E=A] MTT assay® =745ttt (Fig. 36). 1 A3}, autophagy
A= Q& v TAHJWE ME AJEEC] BAPTA-AMO=E Q& Zg o] &
Aol Asl®El Ag o]de nvlE o 50% HE FHEHEHNOH, olF T 2005 -

ginsenoside Rg3, Rh2°l 2]% apoptosis®} autophagy? A3 #go] Z+g o] 29

X

23 Blo) YT &+ Utk
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Figure 36. Effects of Ca2+ chelator on HepG2 cell co—treated with 20(S) —
ginsenoside Rg3, Rh2 and autopahgy inhibiotr. Cells were pre—incubated with
10 uM BAPTA—AM for 1h, then exposed to 20 uM Rg3(S) and 10 uM Rh2(S)
with or without 20 uM chloroquine in serum—free DMEM media (control: 0.02%
DMSO). After 24 h of incubation, the viability of cells was measured by MTT.
Values represent the mean = SD of three independent experiments (¥p <

0.05).
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IV. Discussion

AAS) G FA Y nvkoly Byt e AR el w3F Bl Z4F ok

L
rlo
I
o

orzstolriel 2o APHBY A% Fol Ul autophagydl ThFsn Hy
o] WHAWMA autophagy® FYBFe] AZe 4 L AW AR ol g3un
Sz AlE7E 7 oon mmr welw gk T 71Ee AW mdeld B4E
woldl oFEEC MEE F2 7|WORA autophagyZt T AAH I Ylek. o]

b oly} ojn] & ‘AEAE (apoptosis)’ oY} ‘I A} (necrosis)’ 5 Al

B

AA ] Abdelnt #ojsk= 7] 5ol W, autophagyt AUl &7]3#e] A
1 QS Bl AE AAE APEAN B R S AXHA AFER FE5H]
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=5 UAC® autophagyel whall zbe= 24 o459 7 3 S vla ATk,

53] AxAPEel] d&= VA= AAEA autophagy®] A& EIF BB aLAl &3

A3 A3 autophagys FEdH= A4S HolE ginsenoside Rh4 9F 1
aglycone, 20(S) —Rg3, Rh2, PPD ¥ 20(R) —Rhl1<2 FAlo Al¥AE a3 % e
o autophagy = /o] §l= 20(R)—Rg3, Rh2, PPD ¥ 20(S)—-Rh1Z 3
AAbol = AIZARE 53 S Bolx 9Fgtth. ESE autophagy$} Al FEAME S
& 6 7]= A Aol =o] autophagy inhibitorE Aol *2l8Fe] autophagyE &
Astis o, AZAFE E37F JA & AstEs WEE dojuith o= Al
A ojE QQlef 9]&] up-regulation® autophagy’} &% apoptosis® &R}
YElY ™, autophagy @ apoptosisE FA3sl+= T2 regulators°] A=Z AHFZH O
2 positive =< negativedts] 9FS Fi¥ol autophagy, apoptosis 1E]1L
necrosis & AEAFE 7]Ho] Zbzb b HEAolA dvhe FHLY AT wFH
(Edinger et al., 2004; Fimia et al, 2010; Shen et al., 2011) dX|gt= Ar}o|t}.

AAZ AAE 7l el autophagy Bl A= dFe AT v
Aol Hux Ut} o] 5 W2 Aol autophagys FEdhs stEE0] A
of hAlzzel thafl AlZAFE &3S HEbd=dl, o] 3489 autophagy €4S 9
A= W 2 AFEAE G347 AeEHAY Al T 7R AR ot
Evodiamine®] LLC (Lewis lung carcinoma) celll4], EGCG (epigallocatechin—

3—gallate) 7} mesothelioma cell®ll4], timosaponin A-III7} Hela -cell°]A,

&4

___;rx_-l! E CI.'II

1_'_] |

el



quercetin®| gastric cancer cell®l4], p—elemene®] A549 lung cancer cellolA],
caffeic acid phenethyl ester”} C6 glioma cellolA Axt2] AxE vehdy 4
of# gt g5 AlZAFE th&Ste] protective autophagy”b ¥ Tkl A dth
(Liu et al., 2012; Sato et al., 2013; Sy et al., 2008; Tu et al., 2013; Wang et al.,
2011; Yu et al, 2011). %3t p—lapachone®] U887 MG cell®l 4], areca nut
extract”} CMT 415 cellell 4], berberine®] liver cancer cell®l4], a—mangostin©]
glioblastoma cell®ll A, curcumin®] HepG2 cell®ll A, silibinin®] HT1080 cellol A,
oridonin®] MCF—7 cell®l 4], bufalin®] HepG2 cell*llA] autophagyE A5 S
] AZAFE g37F Fdaste] AlES] gEo] FolAl= FARS] A foll sdshes

ZE!

i

E A} o]H A9 autophaic cell death”7} F2E v} 3AY apoptosis
9] up-regulation®] &S WA= proapoptotic activityE ztE=tha AW sict
(Chao et al, 2011; Cui et al., 2007; Duan et al., 2010; Lin et al, 2010; Miao et
al., 2013; Park et al., 2011; Qian et al., 2011; Wang et al., 2010).

AA ALl = FollA A F7kA] sbAlsEel] i AlEAFE mael FAlel
autophagy = A4S zte 3FES Y SR autophagy SAIE AAL A=
+ breast cancer cellelA4 ginsenoside F27F 18] HepG2 cellolA
ginsenoside Rk1¢] protective autophagys YEW F+ 714 A7} Atk (Ko et
al., 2009; Mai et al, 2012). & Ao A At A3} PPD AlE ZA|mAbe] =41
20(S)—Rg3, Rh2 18311 PPD X5 protective autophagys, PPT A4 A=A}

o]l=9l Rh49} 20(R)—Rh1& autophagic cell deathE d07)|= HAOZ ey

&5



g, 7]1£9 Ao A protective autophagy A4S E.$ Y ginsenoside Rkl13} F2
7b 924 PPD AlDe XAwmAbol =2k o] Wi Fvlsth 183l protective
autophagy 8t A ZAPES FAll do7l= 3§ES A9 chloroquined #2
autophagy inhibitorg W& Folsh= Zlo] 11 ok a3E Sdstd = = Wi
olg} & 4 g Foln

A Aol & 5 de B A 5AAJ] AR A Al =8] 20(R) -
813 20(S) —epimerd] Aol A2 A3 tf=vh= HFolt}. Epimer &= °o]F
+= ginsenoside Rhl, Rg3, Rh2 Z18]31 PPD 25 3t 7}A] epimero A%t HepG2
M EZef thst MEAFE 9 autophagy % Ao] Vel thE FEH 2] epimerel

M= 240 AW BR AL A

o
s
)
o

32,

B ol 7129 WA|mAlel=

epimer’} M= U2 @45 Bt @ Aldlsd 1 #Es 2ol st &

X

ATH.

A=Al = epimer?] &/do] O E olfFE AW & & e 2% A dHd=
o] ¢l&=dl, ginsenoside Rg3° 7% human fecal microflora®l ¢]s] Rh2 =&
PPDE thAlE = &% 71 20(S) —epimer?} 20(R) —epimer®l] B3] ¢k 1981} w3t
o (Bae et al., 2002), 20(S)—Rh22] Caco—2 celle]l W3t cellular uptake &%
© 20(R)—Rh2el vla] 953 Et (Gu et al, 2010). =, A ALO] = epimer

o] AlEute] 3t permeability’} AZE ttEtE AL 9wt} T3 R A ALo]

[t

walo 209 B0 FA717F 129§ $A7) ¢ FRHOR o] F A

20(R) —epimer Xt} 20(S) —epimer? %o ¢ 7i7pksd, o]=Z <& lipid
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membrane ¥} stereoselectivestAl & 28 & Zolek= A3l7F Aok (Qi et al,
2010). = AZ W Al oF&E %A (drug transporter)?l P—glycoprotein
< stereoselectivityd]l ™} ligandE TFEHE & o dHA Atk 2009 -
ginsenoside Rg3, Rh2, PPD EF tAA (MDR, multi—drug resistant) $FAl3E
o] P—glycoproteing & A|sl= ZAOo=2 Hud wvF 10w 1 T ginsenoside
Rh27} P—glycoprotein®] stereoselectived}A Z&3ttt= LHEE At (Zhang
et al, 2012). Ginsenoside Rg32] 20(S) —epimer”} 20 (R) —epimer®l] H|3[ A3
uho] Ca®" 9 K' channel& &3 o] &9 442 o 9 AsA A8 o7 A
Al mAafol =9 32414 g8 %4 chiral center F-FollA 20(S) —epimer”Z} H.th

Al

f
fd

E e

s

s

hydrophobic packing 7+Z%& ©]F7] W&d ZHolgl=
A Aol = Al EAd 9] stereoselectivity S SRR &=t (Jeong et al, 2004).

g

Ol‘i

Al Mlazt 7hs e HepG2 Aol widt AlxAbE g 3tels PPD Al

MiAtolE ol AL 20(S) —Rg3el vl&] 20(S)—PPD, Rh2 7}, 20(R) —Rh1el B3|

PPT7}, Rh4el H]3] Rhd aglycon® PPT7} Ht} AL swox 73 AL ®HY
ok ol Ayt Fo T A A Ao B FERAFE GAE sk Af

d a7t Ava g 719 A9l dAS} (Christensen, 2008). ©] X3t B16
cellef W3t uptake’} Rh2XH.t} PPDoA t©] w24 dojuti= A2 (Ota et al,
1991) el 9af A% ° + A& Aol

nEFZE o} Y= tubular networks ¥/4d3™ fusion—fission machinery ]

ol 1 FEjek Ax Wl ATt ASSH 28EE 9gEA] aTlEoln AEd
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W Zge vEZ=gor Wi EE olF W fusion?] FA, fission? F7bel wE
) EFZ =g o}l fragmentationS apoptosise] thE A<l A} F dltoln] (Lee et
al., 2004), nEZE=g]o}9] fission< mitophagy & "EZE=2]o}e] autophagy©l
positive regulator?] Aoz d#A ot (Twig et al, 2008). & Adox 23
s 71 A7 9 AR dlojElelA], 20(S) —ginsenoside Rh2& At
HepG2 AlXoM+= nEZE=8 oL fragmentation ¥ autophagy”’} FAlo 524
AE B £ ddsd, OPA-12 down-regulation®® wEZE=go} fusion—
fission & °] fissionZOS. % 7|21, UCP—27} up—regulation HHA nEZ=g
o YoM FAom ATPE 4T = glA €o® ATPY 4= #AH] ¢
st HebRl o g ATP F3l& W ATPIF—19] up—regulation ¥ Zo=z F=&
T Stk 28a o] Ee HolHE g & W, ZEol&o] HepG2 AlE WfelA
20(S) —ginsenoside Rg3, Rh2°l ¢J& ¥ojyb= mitochondrial damage, apoptosis

4l aqutophagy @AY FQ23F cross—talking regulator? &9ge & 7o 7 HlTH

Apoptosis®l] &3t o AEAPES FES= 7

hN

A5 Wl Wds Hole ¢

3

ofN

F= A=) S8l Al F2Q! autophagy dZell o% eFAlE A =mUH A

-
rir

o)A A7} AFE = Ao 9o oA 7lA autophagic cell deathE £ 3t

odt
12

A5A = AAE v7E ek wEb ARl A apoptosis 5 AlEANE &}

I

&4lell autophagy +% A= Zte sges Zohdol 1 AE 79 5ol4

S|
~
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1.

V. Conclusion

674 2] epimers X3St F 26 T TS M AtolBE HAE Ay, PPT
AL ginsenoside Rh4 ¢ 1 aglycone, Rg6, 20(R)—Rhl, 20(R)—-F1 %
PPD Al¥<¢ ginsenoside Rkl, 20(S)—Rg3, 20(S)—Rh2, 20(S)—-PPD &

9 9 XM Aol =7F 7HQE M ATl HepG2 M)A autophagy s %38k

32

T} (o] = Rklw9to] o]u] HepG2 A|3Ee ths] autophagy F% FHAS

P

32

al

BuE vF 9la Um A= HepG2 AEo] thdt autophagy % &

o,

HepG2 Ao thd|A ginsenoside Rh4 ¢} aglycone, 20(S)—ginsenoside
Rg3, Rh2, PPD % 20(R)—Rhlo] AXAE 739} E4Wel+= autophagy %

A4S YJeon, 7 o2 epimer? 20(R) —Rg3, Rh2, PPD % 20(S) —Rhl

rlo

M Aol B = MEZEANE &39$F autophagy % 4 EF Ho|A ¢

=2

.

HepG2 Ao tisir AMEAPE &S Holi= A xAlo]= F ginsenoside

Rh4 9] apoptotic cell death F% &4 dAA7HA] AFE vl7F §itt
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4.

HepG2 Mol tfsl] A¥xAPE 39 autophagy F5% A4S 2t A wAF
o]=¢} autophagy inhibitors ®W-& Azl s A3, PPD AlDe 20(5 -
ginsenoside Rg3, Rh2, PPD A& AEAME &3/t o] F7hsto]
protective autophagy & 3%, PPT A¥9 ginsenoside Rh4 ¥ 20(R) —Rhl

2 AlES] AEES] Eo]H 2 Z autophagic cell death® S YeERIT

20(S) —ginsenoside Rg3, Rh2 + 20(R)—epimer® 8 HepG2 A|3Eo]A
PARP cleavage ¥ Fas® #d& S7HA17]13, Bel-29 WS HTAA7|= A
&g 2Q1 apoptotic MEAES] 7|AS e OoH, )z Hlg] nEZ =g}
o] 7z 4 7ls& W¥A7]a OPA-1, UCP-2, ATPIF-1 & mEZ=go}

=4 g e gre] WEg shAge

20(S) —ginsenoside Rg3, Rh2°l o3t M¥AE § 3= autophagy A Al
S7tE R o, FAl ZE o] A4S T ASAIZS W AX AEE

o
=
ChA] ol =d o]24 20(S) —Rg3, Rh29 ¢J3t apoptosis % autophagy

N

o AsAEe AL U 2E oL Balo] Yee & Uitk

AMmAtol=e shst 72 E4e] met HepG2 AEel tist AlxAbdst
autophagy S GEste= @Alo] gdabxr, MxAbE 714 71 n|x= gk sk

Aol 7+ 9)9lek.
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Abstract

Autophagy is an evolutionarily conserved intracellular degradation system that
delivers cytoplasmic constituents to lysosomes via double-membrane vesicles termed
autophagosomes. It contributes to the turnover of long-lived proteins and organelles to
maintain cell homeostasis, and is also up-regulated under cellular stressful conditions
such as nutrient deprivation, hypoxia, oxidative damage and anticancer treatment. In
tumorigenesis, autophagy suppresses the progression of normal cell to tumor cell by
disposal of damaged mitochondria which is threatening to maintain the chromosomal
stability. However, autophagy shows dual roles in tumor cells. It can promote survival
of cancer cell by protective action to apoptotic death from cancer therapy or can induce
cell death when excessively triggered.

Ginseng is the root of Panax ginseng C.A. Meyer (Araliaceae), and has been widely
used in Asian countries as a tonic medicine. Its major bioactive components,
ginsenosides, are saponins with dammarane skeleton showed diverse biological
activities. Depending on their aglycone content, ginsenosides are divided into
protopanaxadiol (PPD)-type and protopanaxatriol (PPT)-type ginsenoside. And also, it
is well known that stereoisomerism at C-20 influences biological activity of each
ginsenoside.

In this study, I screened diverse type of ginsenosides from ginseng extract which
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showed autophagy-inducing effect accompanied by cytotoxicity and compared the
activities depending upon the chemical structure of ginsenosides.

Among PPD-type ginsenosides, 20(S)-Rg3, Rh2 and their metabolite 20(S)-PPD
increased HepG2 cell death in a dose-dependent manner, but their 20(R)-epimers
showed no cytotoxic effect. PPT-type ginsenoside Rh4 and its aglycone, 20(R)-Rh1 also
decreased the cell viability and the 20(S)-epimer of Rh1 had no cytotoxic activity.

Autophay-inducing effect was evaluated using MDC (monodansylcadaverine) which
stains acidic autophagic vacuole and western blotting of autophagy marker protein LC3.
20(S)-Rg3, Rh2, PPD and 20(R)-Rhl increased the number of MDC-stained dot and
amount of LC3 II protein, but their other type of epimers showed no effect. PPT-type
ginsenoside Rh4 and its aglycon also induced autophagy in HepG2 cell.

In order to further investigate the effect of autophagy onto the cytotoxicity, autophagy
inhibitor, chloroquine was co-treated with ginsenosides and then analyzed the alteration
of cell death extent by MTT assay and flow cytometry method. Inhibition of autophagy
with chloroquine enhanced the cytotoxic effect of PPD-type 20(S)-ginsenoside Rg3,
Rh2 and PPD, whereas autophagy inhibition increased cell survival against to apoptotic
death of PPT-type 20(R)-Rh1 and Rh4.

In molecular study, 20(S)-ginsenoside Rg3, Rh2 decreased the expression level of Bcl-
2 and up-regulated PARP cleavage and Fas accompanied with mitochondrial damage, in

that typical apoptotic cell death were occurred by only their 20(S)-epimers. Moreover,
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blocking intracellular calcium by BAPTA-AM restored the enforced cell death induced
by autophagy inhibition, which means that the interaction between the cytotoxicity and
autophagy induced by 20(S)-ginsenoside Rg3, Rh2 is related with intracellular Ca*"
activity.

Taken together, 20(S)-ginsenoside Rg3, Rh2 and ginsenoside Rh4, 20(R)-Rhl
triggered autophagy and cytotoxicity simultaneously in HepG2 hepatocarcinoma cell.
Among them, PPD-type 20(S)-ginsenoside Rg3, Rh2 induced cytotoxicity accompanied
by protective autophagy, while PPT-type ginsenoside Rh4 and 20(R)-Rhl showed
apoptotic and autophagic cell death.

Therefore, in the aspects of the usage of ginsenoside as a biologically active agent
against HepG2 liver cancer cell, it might be useful to investigate the structure-activity

relationship of cytotoxicity and autophagy-inducing ginsenosides.

keywords : autophagy, liver cancer, Panax ginseng, ginsenoside, epimer, HepG2
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