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Induction of Apoptosis and

Its Mechanism by Siegesbeckia

Glabrescens in HepG2 cells

Yoon Tae Kim, Heon Jae Lee, Gil Whon Kim, Heung Mook Shin*

Department of Physiology, College

This study was performed for the investigation of

of Oriental Medicine, Dongguk University

anticancer effects of Siegesbeckia glabrescens(SG) on HepG2

cells, a human hepatoma cell line. In the previous study, we examined the involvement of nitric oxide (NO) on
anti-proliferative and apoptotic efficacy of SG in vascular smooth muscle cells. The possible mechanism of the
apoptotic effects of SG was investigated in HepG2 cells. SG showed potent cytotoxic activity in HepG2 but not
chang cells, liver normal cells. SG treatment caused morphological change such as cell shrinkage, nuclei

condensation and cell blebbing in HepG2 cells. SG
dose-dependent manner. Furthermore, L-NNA treatme
SG decreased Bcl-2 but no affected on Bax. Western
procaspase-3 protein level or inhibition of COX-2 protei

also increased the nitrite production of HepG2 cells in a
nt inhibited the anti-proliferative effect of SG. From RT-PCR,
blot for procaspase-3 and COX-2 showed that degradation of
n expression by SG treatment. In addition, the apoptotic effect

of SG was also demonstrated by DNA laddering. In conclusion, SG-induced HepG2 cells death can occur via
apoptosis which was dose-dependent, and associated with apoptosis-related Bcl-2/Bax gene expressions, COX-2
inhibition, caspase-3 activation and NO pathway. These results suggest that SG is potentially useful as a
chemotherapeutic/chemopreventive agent in hepatocellular carcinoma.
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1. A
1) BloF 2529 AE

3] (Siegesbeckia glabrescens; SG) 200gE round flaskol] &
i, £/ L,000mlE 715lo] 718 ZE6 £ FFUE A Z
AW, 0] AN rotary evaporatorZ 21t S&51L 52 A
Zole 2228g9] BdE HAch

=

=
I

2. 8
1) AlEsiet

HaF T EFEQ! chang cell, TIIMEFO] HepG2 M ZE
95% 02/5% CO7} FAIS = humidity incubatoroiiA] 37T &
=2 10% fetal bovine serum3} 1% penicillin-streptomycing 2
gt DMEM HiX & o1 8a] mheksiSitt. 2t MEs 90% &
% & Wi, trypsin-EDTAE AEIsl] Aok viest & 28}
o AHZBIA

2) HMIE BEE 5F

96 wells plateol] cell (chang; 7.5x104cells/ml, HepG2;
2x10%ells/ml)S EFSIIL 24417 wiQE &, TFA] serum free
media® 244171 BHFSIACE BE E sEEE AEISHL ThA] 24
AZHS BHUSIZITE. Welle 50409] XTT(Roche, USA)E 7] &
4A17} B} A]73C} ELISA reader(Bio-tek instruments EL321¢)S
Ol &3d1Io] 490nmoll A SHTLL] HEE WEBINCE MZE W vl
A& #ol mesle] R A8 we &L vl - 85}
of ME BEGS MER(%)E FAIGIICH?.

3) Nitric Oxide &%

HZ sigalo] HHE NOQ BT Griess 8o wigh
ELISA reader (Bio-tek instruments EL312¢)2 EBLTE &3}
A}, 6wells plateci celio] 1x10° cells/ml E)A BFFLT, 244]
7} ik T2, serum free media® THA| 24A171S vRQISISE
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JEE BsTEE MEIGHL 244170 ¢t il &, 7} sampleR R
Bl HiAIE ubi] E-tubeoll &ZIiTh 22 wiXE 96wells plateo]
5004 BF5F & 5049} 1% sulfanilamide in phosphoric acid
£ TISIICh ShakerollA] 1027} BEZA17] &, TRA] 50449] 0.1%
napthyl-ethylendiamine dihydrochlorideE =gtgld 2204
10827} viz Al7] & ELISA readeri2 AS700A] &
Ak NO9] ZT & sodium nitrite®] & 71E2 2 2Hdsh
AU O R Bl Ak o, 2t dEoA] 7
MEE W M E sigtg AESIS

4) Western blot

73 M EFQ! HepG2E serum-free DMEM O Z 244174 vl
St 7, S 8E MTISHL thA] 24X70E0 v A AR
HE] NP-402 E3H5H= RIPA buffer (20ug/m¢ NasVOs, 104/t
leupeptin, 10yg/né aprotinin, 1uM PM8F)Z thlE & &0 F
Lowery method (Bio-Rad ki)Z HZFsINCt”. B = SDS
PAGE(125%)oll 9ol THHEAE  E2I6LL  nitrocellulose
membrane2 2 transfer St &, TBSol| =¢1 3% non fat dry milk
2 1417} 302 91241730} 223l dry milkol] £¢1 procaspase-3
(Aalexis, 1:1000)0]) 1417} B}S A|ZiCh TBSTE A& (10minx3)
B+, horseradish peroxydase-conjugated secondary antibody%}
ECL kit (Amersharm Pharmacology)® YHHA[ZICE HREO)
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5) DNA fragmentation Z&"

UHS BLE (1x10° cells/ml) HALHE HepG2 A £oj 38
2 MElst F 48 AIRMEer tYSITt. iR E AASH &, PBSE
MZE ¥ B AAESIMCE ME Y Lysis buffer(10 mM
Tris-Cl(pH8.0), 10 mM EDTA, 0.1% Triton X-100) 400:0E TS}
5, g QoA 308 St uleksLL, scraper?} pipetting @ . Al
£ E0SIAUTE 4TolA] 12,000rpm S Z 30237+ 91 2eldled
3 A& Y phenol
(phenol/chloroform/isoamyl alcohol=25:24:1}& Wil vortex&
ot H 12,000rpmoilA] 12 S A 22 5ioirt. 19 EE Al
H alE SA@FIICE 45 ol 1/10 Hu]9) 3M sodium acetate
(pH 5.2)2 @11, FA 219 258 HE 100% ethanolS 5}
70T oA 3082 SOt siBIErt 12,000rpmol A 102 59 4C
oA AUELITH &, 45 HE HE| L pelletd 32 &9t air-dry
BI4T. 104 TE buffer(+RNase)E 2|3t % 37°ColA] 4A17HE
QF BlBEL, 1% agarose geloll 1044E loadingdle] F71¥ &S
% ethidium bromide(EtBr)Z @EAgla) ZEFIB L
6) RT-PCR

dgst 5%

D
fl

i

solution

(1x10° cells/ml) BIUR A Zo) FHE =5
HE Mgt T 244750 iYBINICE wAE AMASH £, 500
¢ TRI reagent(Molecular Research Center, Inc)& H7I5I9iT
% A2 2] pipetting ¥, E-tube® 31 THE 42004 587 gt
SAIZATE 100449) chloroformE Zh AZo] H713} L inverting
# vortexings 152 A& 8 8 F, 12,000rpmofl 4] 1587} 4T
oA il BEisid 45 H2(150u) FkNch HaE 4& o

ofl 2500 isopropanolg T8} 4 THA] invertingdl} vortexingS
prop & g
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B &, A2 1058 g FERZAIZTE 12,000rpmoli Al 887}
5 g wielal 500 75% EtOHE H
vortexmg% STt 7,500rpmotf 4]
Heg eI 48FT dAZAY & 2 Y
10408] DEPC-treated waterg TSI 1.0%8] gelol 2.5
sampleX} 0540 9] loading dyeE E§SH 3uE loadingdld &
ol

58 &Q
7y AR
}

(i F,d

10 o e

Eow

U RNAE HE5I9th RNARHE] c(DNAE THE7) 96
29} RTE FSINCE YE & 14 oligo dTS} 2 D.W HISE

ofl 2442} RNAE B3} L2 65°Col A 551, 8Tl 58 ¥
A7l &, BE o 0540 RT, 05u¢ RI, 10 10mM dNTP, 40
5xReaction Buffer, 9 D.W.E H3IGCE 42704l 1417} 95¢C
o &) Heat inactivation A]7] &, PCR I8 & 4$3519rk PCRE
Fa5l7] AW thE9) primerE M ABIICE Bel-2-[forward;
gacaaccgggagatagtgat reward;actcaaagaaggccacaatee] ™, Bax-[forward;
accaagaagetgagegagigte, reward;acaaagatggteacggtetgec]”. GAPDH-
[forward;ccatggagaaggctggeg, reward; caaagttgtcatggatgace]. 0.5
9 RT producto] 0244 taq, 2.54¢ 10xReaction Buffer, 1u¢
10mM dNTP, 24 primer, 18.8yf D.WE H$} v, 129 =7
O F PCRE 4¥3I¥ct 95C 2min, 95C 20sec, AT [Bcl-2=4
5T, Bax=52C, GAPDH=59TC] 45sec, 72C 1min, 72C 10min.
1.0%9] geloll 5104 % loadinggl ¥, EtBrzZ @i & Z0)
loading$} standard Markerol] )8} EXIZFg 201513t
7) BN B

6 wells plateo] 1x10° cells/miQ] MEZ S BFF1T 2447}
BHFSE THE, serum free media® CHA] 24417+ vHQFSI9C). 3
H FEEg sTEE AUIskL 24417 59

(]
F &, inverted
i

microscope (Olympus CK40, Japan)S ©]1&38kd A Z9 HefH

38 BETYC

&G

64

Cell viability (% of control)

0.1 0.3 Y
SG concentration (mg/ml)

Fig. 1 Effect of SG on cell viability of liver normal chang cells.

5(75x

10" cels/mh was incubated in the presence of  different
lor 24hrs. Cet viabtlity was measured by XT7 assay as described
Aethods. Values are mean+SD. 1=7.
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off theh =4 g1

B7V6E7] 218 HHAE 07 HepG2ol]
st Sigol dxAtE aTg BEsIE slge ?J 2 zzof o
Bt 0.1mg/mle] SEolA] 18+4%, 03mg/ml 0] 49] FLolA
OF 47%9] MZAEES EeNSIQICHFig. 2).
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Fig. 2. Effect of SG on cell viabilities of liver cancer cells
(HepG2). Each cell tinetHepG2: 5.0x10° cells/ml) was incubated in the presence of
different concentrations of SG for 24hrs. Cell viabilty was measured by XTT assay as
described in Materials and Methods. Values are meantSD., n=7. *p¢005, ™n¢0.001 as
compared with control group.

3. Slgol 93t 2k MEFY HebH
slgo] Mx9] FeRd ol WX l
0.3, 0.5mg/ml)Z BEBIGCE HA AT Qj chang cellofi A &
G2 PIRA BU2HFig. 3A), T MEZFQ HepG2oliAl =
w3 HEDel 55 £S AEO 28 5 FuE wsh) B

E)RACHFig. 3B).

=59 (0, 01,

A

control 01 0.3

0.5 (mg/ml)
Fig. 3. Morphological changes of chang cells(A) and HepG2 cells

(B) by SG. Fach cell line(10x10° cells/m) was incubated in the presence of
different concentrations of SG for 24 hr. n=3 =200

4. 3|Ho| 9ot 7R} M EF9] DNA fragmentation

BlEO] 71t Ml Foll theh AlFEAYE F3/} apoptosisol] Q|

AKX E 20IBE] 3l apoptosis®] 211 internucleosomal
DNA fragmentationS 015191C) 1 A3 &) gt 55

&4 ladderg 9] DNA 22g #&g = RAc) (Fig. 4).
5. 31E0] Bcl-2, BaxQ| wdlof njx]z I3k
QoI+ ¥ HE %7—] Z apoptosisS A5 A]

= Ao EQ3% o

ApoptosisE
FIALE BXAT1E
anti-apoptotic FAX}0] Bcl-2@} proapoptotic FHAI] Bax<)
mRNA §HA W3 & RT-PCRE o] &8lo] HEBICE Fig. 50
A HEHie) 2ol 31E & Bol29] 98l1g A7 OLHA), Bax

5+g 3k Bel-2 family=
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Fig. 4. DNA ladder pattern formation in HepG2 cells after treatment
with SG. Cells were treated with SG at indicated doses for 48 hr and the formation

of oligonucleosomal fragments was determined by 1% agarose gel electrophoresis,
n=3

Bel2 —

GAPDH — (mg/ml)
Con 0.1 0.5 Con 0.1 0.5

Fig. 5. Analysis of Bcl-2 and Bax mRNA expression in SG-

treated HepG2 cells. Total RNA was isolated from HepG2 cells treated with SG

(0 01, 05 mg/mi) for 24 hr and analyzed by RT-PCR to measure mRNA for Bax and
Bel-2 and glyceraldehyde-3-phosphate dehydrgenase(GPADH) as described in Methods,
n=3

GAPDH —

6. sl&ol 93} procaspase-32] degradation S5

E apoptosisQ] ZZ0] caspase-3 43517} BAEOF g
A2l MZEAEO] apoptosisoll 9ISt AQIAIE western blot F4
g 0183} procaspase3 4 SRE BISINCE 5EL HepG2
9l dZZFofl th5ld 0.5mg/me&] SOl A procaspase-39] &H S
TS ZAA3ACHFig. 6).
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120 ¢
LO0
&0 F
S0 F
40 F

20 r

Band Intensity (% of control)

0.5
SG concentration {(mg/ml)

Fig. 6. Effects of SG on procaspase-3 degradation in HepG2 cells.

Cells were treated with SG for 24 hr at the indicated doses. The cells were washed with

PES, lysed, and Western bict analysis was performed to detect intact procaspase-3,
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7. Blgoll gt COX-29] wHAA

Mz A9 LSimA] @291 mitogen, cytokine,
growth factor 3! tumor promoter S0 Q& {EHE
cyclooyxgenase (COX)-2= E2 @ollAd i erSgT) wlgiid
COX-29) 53 WA UUHOE U9] RFES} ool /lojA
Q3 G2 TP, COX-29) Tz wel g BEs 23 3
2 1 AEF9 COX-28 AalstArt (Fig. 7).
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Fig. 7. Effect of SG on the expression of COX-2 protein in HepG2

cells. HepG2 cells were treated with SG(0.1, 05 mg/mi) for 24 hr. Expression of
COX-2 was determined by Western biot analysis. n=4.

8. HepG20l419] 3l&ol 9J$} Nitrite 4§49

Y Az et SHF S NOQ| BN & utolsly]
sl =5 nitrite YHHE BETINCE 3]E 2 HepG2ol th
Sld 0.3mg/me, 0.5mg/me] SZONA] nitrite®] M E FIBIA
(p<0.05) &7IA)73CHFig. 8).
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Fig. 8. Nitrite production of SG on HepG2 cells. HepGe (1x1(F

cells/m) was incubated in the presence of different concentration of SG for 24 hr.

Values are mean £ 5D, n=3 * (005 as compared with the normal group.

9. L-NNA7} 5]#9] apoptosisoll 1]+ HEk

NO= a8l AAHE 8§ M MEAl| [y x}
A dgn g Z4Ee AR SH4EEE A8k, NOE
Gy ol Wt apoptosis® FXAITIAL AASHE A8 o
oP*®. g@ol 5% 9EX NOY 4§40] HepG29| apoptosis
o] #grE 20IGL7] Yai L-NNA Helo Qg Mz BESS
ZH6I9Ct LNNAE 3ldol Qg MZ 4E] XBHE GASH
ATHFig. 9).
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Fig. 9. Inhibiton of SG-induced apoptosis by L-NNA (10“‘M)
treatment. n=3 **p0.001.
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CIEF 4 U, HENSHH O R a3 HIAEZFO] m&, Ei Hie
B & Halg a8 4 ek
HEo] HepG2oll th§} oleigh M EAIHEO] apoptosisel] QI
AQIXIE #R15}7] 91510 apoptosis HHE n]EZErjotet 2t
HE thlZiol Bax®} Bel-2, procaspase-39] &4 L ladder®
DNA BEZ ZABINCE Apoptosis®] Fatoll= apoptosisE Al
& ZEGh= Bal2 W Bax®} 22 FHADL Boigichs ARo| Bt
SIAIHA] apoptosis@t e BAMY 71F0] Zl< Bol B6iAL
Uct. Bel-2i= apoptosisE A Sh= UIH Baxe= apoptosisE %
SV, £ chlEe MR dimerE PAERIA n)EEEEol)
A cytochrome c@t ZH2 apoptosis QIAFES] FHofl BITICh
2 HgolA ¥ Baxd] Wao] & FEE VIRA AUS
L} Bal29] wielg EF JEHOE ZHARZCE Wk
£E Xglo] 93 HepG2 2 apoptosis Foll= Baxg] wt
7HErHE Bol2 wEo) Zact dedol Yl AR 47
Apoptosis®] ZE % mitochondria 9J&£4 204 Bcl-27} A5}
FW 1 Z3 cytochrome cQ HIZE Ul [FLOE g
caspase-93} caspase-37} &35} =0, caspase-3& apoptosis
i AE0] 5338 £EAUAEA XS LedZ] caspase %
apoptosis7} FEE M EZoH 22 EHE HAF = caspase-38]
UHEEE S48l procaspase-3 THNZ wido)] 7] &5k
ZFIT). 3)E S procaspase-3 THUZ WEE AT O
O] caspase-3 E& 315 Auidict wizhy slEoll Q8 HepG2
9] apoptosis T2 caspase-3 E40] THEL] AFE U 4= U
L} g SlEol 9ok 7t M EFE] A ZEAPHO] necrosis7} OF
apoptosisoll Q&S T 9IFEH DNA fragmentationg Zdf 2t
ol & & YUCE FHAAZoME AY wEEA Eoul
mitogen, cytokine, growth factor % tumor promoter Eof Q|dll
e COX-28 B2 oli] il W En) uh2is] COX-29)
281 U GUAoE o9 X7 ool Joid 52¢
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-3 E4 3= apoptosis FEE &6 7RO X EQk our
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o9 8&71s8e MAldke Aow Yzt

BHA nitric oxide(NO)= E#Hehal & AFWYE 5 AEQ
AIZAR)O] HEANZA GEk) g7 A3 A E 24 E8AE A
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sh= dze St Ee 5L JEXHOE NOY 84S &
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A LU, e M ZES0) HepG2oll thdld e 0.1mg/mle] 5
TEE 7% MEAMEE Zel 5Kd 0.5mg/miollA] oF 47%<)
MZAFES VIERHITE & HERsE o8 £2 A2o) 2], ¢
=& g T 4 S IS BAE o ovﬁr/}.

gHEoll 9t 71 A EFY] apoptosis
o2 498 f3c 8™ % Bax9] HLOﬂoﬂ & %E% 7]
BRA2LE Ba28] WBHE 5E JEFOE LA
COX-28 Wal g AaBhL, procaspase—S_J 2iE o
HE =& 9&EXN DNA fragmentations FT81

3HE & HepG2ol thalode= 0.5mg/mle) Lol FA5HA
NO9 44& S7RIZTE gFoll 9ot M ZAIE2 NOS oH|Al
21 L-NNAZ Aol glgle] /ASHA AR HAC.

ol4le] AU FEY| HepGloll thsh FUETE solsr 4
USICE. & 51E 9] HepG2ol thsh SUa = Bl-29) Wbl 7
oll 9)¢t caspase-39) 438}, COX-2 A & NO AZ7} Boid}
£ apoptosisoll e & 4= JYRUCt
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