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Anticancer effect of Rheum Rhizoma

on human liver cancer HepG2 cells

Hyun-Joung Yun', Seong-Goo Hwang, Yun Hyung-Joong, Kim Chang-Hyun, Seo
Gyo-Soo, Won-Hwan Park, Sun-Dong Park’

Department of Prescriptionology, Collage of Oriental Medicine, Dongguk University

ABSTRACT
Objectives : This study was performed for the investigation of anticancer effects of methanol extract of
Rheumn Rhizoma (MeOH-RR) on a human liver cancer cell line (HepG2).
Methods : To study the cytotoxic effect of MeOH-RR on Hep(G2 cells, the cell viability was determined
by XTT reduction method and trypan blue exclusion assay. The cleavage of poly ADP-ribose
polvmerase (PARP), a substrate for caspase-3 and a typical sign of apoptosis, and the activation of
procaspase~3, -8 and -9 were examined by western Dblot analysis. Furthermore, MeOH~RR-induced
apoptosis was confirmed by DNA fragmentation. The release of cytochrome ¢ from mitochondria to
eytosol, the level of Bel-2 and Bax were examined by western blot analysis.
Results : MeOH-RR reduced proliferation of HepG2 cells in a dose~dependent manner at 24 h and 48 h
treatment. MeOH-RR induced the activation of caspase-3, -8 and -9 and the cleavage of poly
ADP-ribose polymerase (PARP), a substrate for caspase-3. Furthermore, treatment with MeOH-RR
resulted in internucleosomal DNA  fragmentation, evidenced by the formation of a DNA ladder on
agarose gel, a hallmark of cells undergoing apoptosis. MeOH-RR downregulated Bel-2, upregulated Bax,
and increased the release of cytochrome ¢ from the mitochondra into cytosol in a dose-dependent
manner. Moreover, MeOH~RP increased caspase-3 activity.
Conclusion s These results suggest that MeOH-BR induce apoptosis via mitochondrial pathway and
caspase-3-dependent pathway in HepG2 cells. These results suggest that MeOH-RR is potentially useful
as a chemothempeumc agent in human liver cancer.
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1. s

1) XY

2 Ao Al23t i3 (Rheum Rhizoma)e &=
tietw steladiel Hxd WAl A M=l AS |
Mata] ALg8liom, 500 g9 tidel 3uiEFe) 80%
methanol & 713+ E} 4BARE B FE
HHE 23] wiEg § At T35 A
Z8la] 9776 g (F& 1 1955%)8 Lok
A wferalgl Dulbecco s Modifide Eagle Mochum
(DMEM) 3] (MeOH-RR) Aol AR&-sh .

2) Alet

Dulbecco’s Modifide Eagle Medium (DMEM),
fetal bovine serum (FBS), streptomycin-penicillin
59 HZujekg AlkES Gibco BRLAF (Grand
Island, USA)HA, #i%z= Comningct (Rochester,
USAJelM st dde] A" Al &
sodium  dodesyl sulfate  (SDS), acrylamide¥
Bio-Rad A} (Hercules, USA)lA  F3tdx
NP-40, CAPS, protease inhibitors 52 SigmaAl
(St.  Louis, USA)OIA, caspases inhibitor$l

7-VAD-FMK$} Ac-DEVED-CHOE  Promegatol
A FgEkan. e AgE 1A gAd
anti-caspase-3,  anti~caspase-8,  anti-caspase-9,
anti-Bax¥  Santa Cruz BiotechnologyAb  (Santa
Cruz, USA)AA, anti-Bel-2%} anti-cytochrome ¢&
BD  PharMingenrt  (San  Jose,  USA)9|A,
anti-PARP,  anti-beta—actin®  Cell  Signaling
TechnologyAt (Beverly, USAYlM FA&Hch 23
g0l Anti-mouse IgG  horseradish peroxidase
(HRP)-conjugated  antibody,  anti-rabbit  I1gG
horseradish peroxidase (HRP)-conjugated antibody,
anti-goat 1lgG horseradish peroxidase
(HRP)-conjugated antihody Santa Cruz
BiotechnologyvAt (Santa Cruz, USA)olA FUsHGh



aheb AR HepG2el iy cig F32) Foast 29

XTT assayd kite Amersham  Pharmacia
Biotechnology+} (USA)elM sl
activity assay kiteE Santa Cruz BiotechnologyAh
(Santa Cruz, USA)olA,

Bio—RadA} (Hercules, USA)
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caspase-3

protein assay reagente
oA st g

SHoldoz e

2. ¥

1) M|ZHHSE

Hep(G2 (human liver cancer cell line, KCLB)%}
Chang (human liver cell fine)&, 10% fetal bovine
serum (FBS)# 19% penicillin-streptomycing ¥ 33}
= DMEM #iA oA 5% COs, 37C i krlol A of 4
Ea=s

2) XTT Assay

gte] 2&Eo

HepG28t Chang AE 2] £219)

o]
ke FEA dolir] #Hshd XTT Assay Kitg
A-g-3ho] /‘é‘@% Z8lg At 96 well plated] 1x10"
e} MEE BFEbn 37C wjokEola 24A17F B9t
viokel thE, serum frec media® A &k 16X47F
B¢ starvation A7l F, ¥ FEES %‘E‘ﬁi 2

4~48A1 L B¢t ZﬁﬂO}ﬁiH, Welld 50 wel X
labeling mixture (5 m XTT labeling reagent + Ol
nl electron coupling reagent® #71ehe] 4471 9kg
A7 & microplate reader (DYNEX, Opsys MR,
USAYE o] &3l 450 nmollAl &3 59] wsles 24
gl el gid JEMEES WERE FAFY
o ok A7l Ze F3nE Ry 93 =3
wt WA E o] wikste dizey YT %
= N

=
N RS AE HEES R

;;Lmimr

3) Trypan blue exclusion assay

60 mm R 1x10° cells/mE MEE AT
serum free media® 16A17+E¢h starvation A7l F,
3 228 FE9E Hste 24A17 48A7 9
ksl Trypsin-EDTAZ A3t & f4l¥elsio
HNEEE BokM trypan blue dye (04908 @aéto]
hematocytometer® AREEIA A& Hxes FE
counting 83t}

AL
]

4) #0142

6 well wj¥ze] 05<10° cellsy/MZ AT serum
free media® 164170 < swarvation A7 F, g
222 ¥58E AHlsle] 24417, 483§t HH
orstsdrh 38k #w|Z (Nicon, Japan)& AH&-8hed
7o ¥y W B Ack

5) Caspase-3 activity assay

Caspase-3  activity assay kit®  AME-3ho]
caspase-3 activity® At Ui $2EE F
zHEz #gg HepG2 AEE ZolA lysis bufferg
He ug gdgolA 08T wsAll F 4T,
13000xgell A 1587 fa2sly AFde vt
96 well platedl] caspase-3 A3 (Ac-DEVD-CHO)
9} caspase~3 substrate (acetyl-Asp-Glu-Val-Asp
p-Nitroanilide ; Ac-DVED-pNA), assay bufferg %
7¥alal 37T oAl 12A17F o whgAlZl & 406 nm
AN FA=E SAsAT

6) Western blot analysis

A1 Eg A3 2d AR FEL g A
HHE MEE jee-cold tris buffered saline (TBS ;
20 mM Trs-HCI, pH 80, 137 mM NaChog 33
A8 F lysis buffer (TBS, 1% NP-40, 1 mM
sodium orthovanadata, 10 weg/ml aproptinin, 10 ue/nl
leupeptin 2 1 mM PMSE)E Yol 4TolA 3087
HR2-A)7) 5 12,000xgo A 1087 94 B8k 45
AL motty FAG ko] DA S sodium dodecyl
sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)Z #2AI71 3, A S nitrocellulose
membraned] transferdt3th ©] membraned A 2]
HEold AFE Aelr] 98l blocking buffer
(5% non-fat milkk®} 0.1% Tween 202 T3 TBS
Fayolla 1AM WA 7 HE A
i3t AE shele 1~2A7HESE REEAAEG. o)
A 0.1% Tween 208 E#% TBST €908 4%
¥ A8 o2, peroxidase-conjugated anti-mouse

IgG && anti-rabbit IgGE secondary antibody®
gk Al ATk o]l ECL system©® ¥HE A]al k-4
X-ray filmAola] @dge A=yt 2zt g9
thala Aeke pradford protein assay kit® /\}%o}

o 55 nmeld FHEE 235 dAjsidnh
2

L g 228 og Alxe] 34 A &z}
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93 F2Eo] 719 ATFY Hop(2 AESH 44
GAZS Chang AT 240 olmjs dske Fi
A kot 7] Sisk D EE (001~1 ng/n))E

24717, 4RAIZY ok Mgk XTT assay 2 trypan
blue exclusion assay® FastHch XIVI assay 2
3} HepGZ AEe] A% 14X A A, 5% <&EH
o2 MExel Falo] AA=EHIAN 03 mg/ml«] %EO?]H
565%7A Falo] AAEHAC whH Chang A E9]
Aol 03 me/m o] FEAA 91.4%71A] F2o] o
AT 05 me/m 2 }“EZ’}K Z4 oA 5avb A
4 LA grgheh 48417F A Elgh A9 0.3 ng/unl 9
Tol A HepG2 ME9} Chang Al ZF2o] Zr7p
12.1%9} 2.3% A AsiEidd (Figure 1. Trypan
blue 945 B3l AL AEES Yo} ¥ Ha, 44
7+ A2 Al HepG2 Al Agde % gEHom
A48t 48A7F ZeE Alele 01 me/ml Y FEolA
50% 05 m/mel Eweld 155747 Akt
(Figure 2).
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Figure 1. Effects of McOH-RR on the cell proliferation of the
epG2 colls and Chang cclls. TepG2 ecll
incubated in the absonce or presence of the various concentrations
of McOII-RR for 24 hrs and 48 hrs. Cell viability was measured by
XTT

s and Chang cells were

assay as described in materials and methods. Data were

chosen from six independent wiplicate experiments.
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Figure 2. Effccts of McOI-RE on the cell viabilities of the Hep(32
cells. Cell viability was determined by trvpan blue exclusion assay
Data were chosen from six

as described in materials and methods.

independent triplicate experiments. Yalues are mean=SD.

2. s 35 5ol o HepG2 A=z
el st

3 28 X2 Al Hep(2 AEY Fejol ot

Hsbrh vehdea] Babkdch 00505 ng/nl FEE
UAT AT AR T RAS B AEE BEY
A 24 AzF A7l A g &= oo gEyor
Aol #7b Zadta, Azel FeH wskE
&l xﬂgwg T 4 JAT Figure 3(A)). 4871
HY] Aol 01 ng/nl 8] FEollA AEARPE 7]
AlZBIEAL 11 o] wRolA iRy AEe g
£ a5 AT (Figure 3B).

2=,

89

(A) 24 hrs

(B) 48 hrs

Figure 3. Morphelogical changes of 1Iep(i2 cells. Hep(G2 cells were
incubated in the absence or presence of the varlous coneentrations
0, 005, 0.1, 02, 03, 04, 05 mg/mD) of MeOI-RR for 24 hrs (A)
and 48 hrs (B). MeOI-RR exposed cells undergoing apoptosis are
shown by their characteristically  shrunken  evipsol,  nuclear
condensation. MeOII-RR treated colls showed more apoptotic cells
with condensed and fragmented nuclel. Morphological changes were

observed by microscopy at *400 magnification.
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g2 Agsled AFAlde] dy HE dopuit) A
FAES fdhe AFo] sle A$ AlE W signaling
cascadesoll 2J31 PARP] cleavage?t ViERATE wheba]
PARPY] cleavage’} MZAPES 3918 5 Qe shvtel
Ax7E gk ojd blotZ E& PARPe
cleavageSt PARPS] upstream®! proocaspase=3, -8 -9
o} wrEorE #Eslgdct o A3 Figir@ 4ol 4 HE
o] g ZFEL 2447 Mgt AR 02 me/nlo}de]
Ex oA PARPY cleavage”} BEHAT, 3 27| F
Lol 9)&Z O E procaspase-3, -8 -9t 74Aads
gk 4= 9t} 48AIE AHegk Aol 006 m/nl 8
o | BE}] PARP?] cleavage’} WY, gt &
o] Bro 9FEAOE procaspase-3, 8 971 FATS
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Figure 4. MeOlI-RR-induced apoptosis. TepG2 cells were  treated
with various concentrations (0, 0.05, 0.1, 02 03, 04, 05 mg/ml) of
MeOI-RR for 24 brs and 48 hrs. Egual protein of the wtal cell
lysates were analyzed by 10% SDS-PAGE. The cleavages of PARP
and the reduction of procaspase-3, -8, -9 were detected by Western
blot. b-actin levels were used as internal markers for Joading

variation,

4. Mitochondrial pathway& 3%
Al EAE

UE F5E4 o8l AREHE AZAPEe] AE W
ojugt MEHES B doffeA] Pokrr] St
AFEAYE] HZ F 3Rl mitochodrial  apoptotic
pathwayel #eddh=  Bel-29F Baxe R
mitochodna258 HEAZ cytochrome ¢} 9
AL dolygrct 1 A} Figure 4o A BEo] 244]
3 AR A5 o $58) 550l SEdes AE
A el cytochrome o7} F7FFAT, cytochrome ¢

L5 HepGoll oi st gk

=HE

Bmge] A9 E 31
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- 8 pro-apoptotic regulator?] Bax ¥¥EE TL
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9 2 Z7sk= AL doldt & gl

g Aol UAIZE sk A9 e eob}jl__i Aur}
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Figure 5 Effcct of MeOI-RR on cviochrome ¢ release from
mitochondria o cvtosol and the expression of Bel-2 and Bax in
1epG2 cells, Cells were treated with various coneentrations (0, 0.05,
0.1, 0.2, 03, 04, 05 mg/mb) of McOI-RR for 24 hrs and 48 hrs.
Equal protein of the total cell lysates were analvzed by 12.5%
SDS-PAGE. Western blotting  analvsis was used 10 assess  the
protein expressions. Cytosolic fractions were isolated and analyzed
by Western blot using an ami-cytochrome ¢ antibody. bruacln

levels were used as internal markers for Joading vaniations.

5. Caspases® w2 3k AlzApd

e FE5E 93] HepG2ol MIAME fF& A
procaspases®] HAE E’Jrﬂ?'i}‘ii‘?} ole]l caspasesZ
oj7) & 8} apoptosisSlA] <18}z #18] caspase-3
activity & &4 3} Th EH% FEES FREE 4N
7 Fob AHEd ZY B 0%3102 caspase 3
activityZ7V &7 AS

Caspase-3¢] &o]%9) ZJEH%‘]]?] Ac-DEVD-CHO$}
pan caspases A&}A<] Z-VAD-FMKE t|g #&E

o FA A HE Eﬂﬂ FE2E] 23k Mz A
& a0t A=A Figure T(A)), PARPY &
Hebdg dol B A7 Eﬁﬂoﬂ o8t MIEApdoel A3
He AS #Fag 5 Ut Figure 7(B). &3

1< 7%}1%11 o 2§ AEAPE ¢
olg} e AY Az

cas 3&13@-39] %01
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Figure 6 Analysis of caspase-3 acuvity. Caspasc-3  substrale,

acetyl-Asp - Glu - Val - Asp prnitroanilide (Ac-DEVD-pNA) cleaved by
caspagse-3 was measwred at 4056 nm. Cells were treated  with
varlous concentrations (0, 008, 01, 02, 03, 04, 05 mg/ml) of
MeOH-RR for 24 hrs, Caspase-3 and Ac-DEVD-CIIO (caspase-3
inhibitor) were used as a positive conirol and a negative control,
respectively. Four separate  experiments  were  done. Results  are

presented as meantS.D.

[ RR 5" Ritr Ac-DEVD-CHO —— RR+Z VAD-FMK|
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g I e
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McOH-RR (mg/ml)

PARY

Con 005 0.} 0.2 6.3 B4 0.5
MeOH-RR {mgim)
+

TG pM Ae-DEVE-CHO

PARP

Con 0,05 0.1 0.2 0.3 0.4 0.5

MeOH :m (mgiml)
S0 WM Z-VADFMK
Figure 7. Effect of inhibition of caspases activation by the caspasce
inhibitors. 1lepG2 cells were pretreated  with  caspase~3-specific
inhibitor  Ac-DEVD-CIIO and the nonspecific caspase  inhibitor
Z-VAD-FMK and then treated with various concentrations (0, 0.05,
0.1, 02, 03, 04, 05 mg/ml} of MeOIT-RR for 24 hrs. Cell viahility
was measured by XTT assay (A). The cleavages of PARP were

detected by Western blot (B).
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