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Activation of a Caspase Cascade and Reactive Oxygen Species Production
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Abstract —

The aim of this study was to investigate the mechanisms underlying apoptosis induced by a broussochalcone B

(BCB) from Broussonetia papyrifera in HepG2 cells. The results showed that BCB treatment for 24 hr significantly inhibited
cell viability in a dose-dependent manner, and induced apoptosis in HepG2 cells. More so, BCB treatment triggered the cleav-
age of caspase-8, -9, -3, poly (ADP-ribose) polymerase (PARP), increase of Bax level, and decrease of Bcl-2 expression. A general
caspase inhibitor (z-VAD-fmk) blocked BCB-induced cell death. Furthermore, BCB treatment caused reactive oxygen species
(ROS) production in a dose-dependent manner. In addition, an antioxidant N-acetylcysteine (NAC) blocked BCB-induced ROS
production and cell death. Therefore, these results indicate that BCB-induced apoptosis is mediated by a caspase dependent

pathway and ROS production in HepG2 cells.
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ATEo] Zrela k) U ZeawAslE AlE Apdo)
2} E2]& apoptosise= A 2] fg P fA0A w0
g TS s, MEd 2 GAE S5, Al xst |
g, el TSt A4, apoptotic bodye] B4 2 caspase &
33t T3 22 FelE e AsteEQl WSy RkE of
AH, ol gk HF- AlZ W] Hagh As gl ofs)

ZA- o>

A Y5 (Broussonetia papyrifera, paper mulberry)= 8
VR (Moraceae family)ol]l <ab, Sejuiel, 25, S
HIZGE oprlo}, W= Foll & HA & 35101 9lt}. AE9]
Stol| A X9 FrfE v E3) B, ] 72 So] A}
&Ho] Jlom, T, HF, o, WA, & S 22 o
oFst Aslo] X7 AMgEo] Yt AL 9 A
P EA2E HEe SE, UexE, dZ2os F
o] 44 glon,)” o5 7(]70_1,]-/\}35,]_ o)A, 4, 8
s}, 31 aromatase 49 A, PTPIB &4 @4 qu A,
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Fig. 1. Chemical structure of Broussochalcone B (BCB).

At 9 Aol e &3 Fol BuE ek £ o)
A Aol mEH, FAUT YA el HE sietEol
|2~2E2 A% 4 A 3 datsl S gigk &
Fol e Aog vepgon ¥ A2 Age) ojshd 14|
U f2ll 3F5HE9) kazinol A7} W Al L] Al EAPH
ettty Ry s ek a2y AU e sheEsl
Broussochalcone B(BCB, Fig. 1)9] &<t 2Hg-o o3t 4=
Ao gle Aol

IeEE & A PR PR 2eE sgEl]
BCBE o= ¢ ot X|8AZ ARE-eH7] 918 7124t

£ Al&3t7] 915t BCB7F HepG2 fAHIEe] F2] <A
9 apoptosisell HIX= FEFS AN A3 vlg- SRS

AFHE A7) Bzsl= vlo|oh,

2

Tz 2

M= - ¥ 2304 A]8-3F broussochalcone B(BCB)= ©]
A A7l Bug A, dAETEITY HAE]
FATFAE FRHY HAPE AT oA el ekl aL
214 8] Algeaint. Alx5A B Al ZAPE 4 kite Y
2 (Seoul, Korea)®} MBL International*l(Nagoya, Japan)©ll
A 732 -4 SIAT). 121 3l (caspase-3, caspase-9, caspase-8,
cleaved caspase-3, cleaved caspase-8)+ Cell Signaling
TechnologyAH(Danvers, MA, USA)%| 4], B-tubulin Santa
Cruz Biotechnology*H(Santa Cruz, CA, USAPIA 4315
S 1, poly(ADP-ribose) polymerase(PARP)= BD Pharmingen
AKSan Diego, CA, USAPIA 13133t Caspase Aaf|l|<1
z-VAD-fimki= R&D systemesAH(Minneapolis, MN, USA)Z
FE 743Kt 221 @A anti-mouse IgG HRP-conjugated
= ZymedAK(San Francisco, CA, USA)IA F+13H3 L,
anti-rabbit IgG HRP-conjugated &3] 2} 5-(and-6)-carboxy-
2'7"-dichlorodihydrofluorescein diacetate(carboxy-H,DCFDA )+
InvitrogenAH(Carlsbad, CA, USAYIA Y34}, Caspase-
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3 14 kit} N-acetyleysteine(NAC) & 7]e} 45 Aok
Sigma-AldrichAH(St. Louis, MO, USA)ZH-E] Y313t

MZHHQF - 2 Aol AR AlEe A el ZRHE
<l HepG2 MXE=ZE American Type Culture Collection
(ATCC)(Manassas, VA, USA)I A G4 84T} 10% FBS
(fetal bovine serum, Life Technology, Carlsbad, CA, USA)<}
100 units/mL FUA, 100 pg/mL 2EZ Ento]Al S H7}3at
Dulbecco’s modified Eagle’s medium(DMEM, Life Technology)
HIX|E ARSI 37°C, 5% CO, Qlfl|olE ol wiksisiTt.

MZESM 58 - ME5/43 EZ-Cytox cell viability assay
kit(DAEIL labyg A&-3te], AlzAtoA Agshe A
wepr] st WA, 1 AES HEEE 5x10° cells/
mL7} %= 96 well platec] 53+ %, 37°C, 5% CO,
incubatorol| A 24417F Wi et The, FAVEE 2 skehES]
BCBZ 0, 5, 10, 20, 40, 60 pMe] F=2 H7lsle] vjekst
ATH 241 7F0] At & EZ-Cytox A2 10 uLs 23l 44
7k &<t #]Yet & microplate reader(Benchmark Plus, Bio-
Rad, Hercules, CA, USA)E ©]€35}¢] 480 nmollA] S4=5
243 on, AxEde izl sk ASEE eh
ATt

MZAKE 24 — A]ZAPES MEBCYTO apoptosis kit(MBL
International}& ARE-31], A|ZALIA A5 AFHHA
whebd 2481tk HepG2 7+ Al 2E HFE% 1x10°
cellsymL7t E=5 84354 6 well plated] £535F &, 37°C,
5% CO, incubatorol|A] BT, 24A17k0] Atk -, BCB
20 pM=- welloll A 2] aked 241171 w8t vl ko] S5
H welloll A Al 2E 2lFslo] PBSE A X8l kitell 23
85 uL®] binding buffer® ThA H-73F & 10 ple] annexin
V-FITCS} 5 uLe| propidium iodideS 3 7}ale] AL A
15% &< ESAIZ T 29 v 400 pL®] binding buffers
718k flow cytome-try(Cytomics FC500, Beckman, Miami,
FL, USA)E ©]&3lo] &4siitt.

Caspase-3 &4 &4 - Caspase-3 &4 caspase-3
colorimetric assay kit(Sigma-AldrichyS AF&-3}], A|ZA}
A Arske Aol mEl Sgsisith. WA, HepG2 719t
AEZE AFEE 1x10° cellsymL7} H =2 34 3}o] 100
mm disholl 53 ¥, 37°C, 5% CO, incubatorl|x] Bl Ysk
ATk 24417k0] At F BCB 10, 20 uM2- #]2]sle] 244
7¢ vjeFe 3 AIEE 3473l PBSE A 1AL cell lysis
buffers H7tste] daolx 2087 AZE &3Sk 5, 4°C,
16,000 rpm©2 2077 YAlEE] sIth M2 8slEel 2 mM
9] Ac-DEVD-pNAE &35} 37°ColA] 2417 &<t W8t
< microplate readerg ©]-8-3t°] 405 nmol|A FEEE =
sl

Western blotg 0|88+ CHHEE W5 24 - HepG2 7+t
AEZE HAFEE 1x10° cellymL7} == 343}k] 100



Vol. 48, No. 4, 2017

mm disholl &F3F &, 37°C, 5% CO, incubatorol| 4] 24A]
7k iR T, 10, 20 uMe] BCBE #|2fsto] 244171 51t
s gstoict. vl = disholl Al MEE 3]53te] PBSE Al
Z3}aL 1 mM PMSF@} proteinase inhibitors 3 71gF NP40
cell lysis buffer(Sigma-Aldrich)E 3 7}Fsle] d-gollA] 3087
AEE &85 T, 4°C, 12,000 rpm O 2 205-7F A4 2
ATt Al g8l 2oll sample buffers 410] 527+ 29 %
SDS-polyacrylamide gel ©]-8-ste] X171952& g+ &
oA S nitrocellulose membrane(Hybond ECL Nitrocellulose,
Amersham, Bucks, UK)2 2 transfer 3}t 238 o
membrane2- 5% skim milkZ 4214 1417} &<F blocking
S 12} FAE A5k 4°CollA sFF W 9 HRSAIR
T}-S, TBS-T(10 mM Tris-HCl pH 7.4, 150 mM NaCl, and
0.1% Tween 20) buffer® 1027+ 3 AlF st 22} A S
Ao ALolr 2A17F WEEAIZATE Whgo] £ & TBS-T
buffer® 1057F 33 A|H3}L enhanced chemiluminescence
detection system(Amersham Pharmacia, Bucks, UK)E A}
&t ST ] IS FA s

Caspase inhibitor {2[0f 2|8t M=ZMZEE £ -BCB
2]l 2$F HepG2 7+ Ml2Ee] APHo] caspaseol] 2]<E3}¢]
dojE=A2 &0l5l7] 8)l z-VAD-fimk(R&D Systems)=
ARgale] g1ttt HepG2 7+t XS HEEFE 5x10°
cellsmL7} ¥ == 32X 3}o] 96 well plateo] #5-3F 5,
37°C, 5% CO, incubatorl| ] Bl F3IATE 244 7ke] At &,
20 pM®] zVAD-finkE A 2]skaL 14]7F $o] BCBE 20 uM
o] FEE welloll 22]ste] 24x]7F wjgsiGiTh. 24x710] A
W 3 EZ-Cytox Al9F 10 uLS ¥ 477k Bk wjsl &
microplate reader(Bio-Rad)E ©18-311 480 nmelX S-3=&
A5t A6kl

ROS &8 - ROS 4732 carboxy-H,DCFDA(Invitrogen)&
ARgEle] AZEITh HepG2 719t Al Z2E AEEE 1x10°
cells/mL7} === 3]43}] 6 well platel] 253+ -, 37°C,
5% CO, incubatorol|X] BT, 24A1710] At -, BCB
5,10, 20 uM E= 1 mM9] H,0,Z wellel]l 2]2]alo] vk
STk vl 1417 3ol wellel] 10 uM2] carboxy-H,DCFDA
£ Aste] 2087 w ekt =8 NAC Ao 9t
ROS A4 SAIE gRIsh ] f18l, HepG2 Wt AlEE #E
% 1x10° cells/mL7} H%=2 3]4]31o] 6 well plateo]
3 &, 37°C, 5% CO, incubatoroll A vl SISt} 2441 7F0]
Ak £, 2 mMe] NACE ZAElskal 1117+ Fof| BCB 20 uM
< wellell Agate] viFatdnt. viF 1A17F o 10 Mol
carboxy-H,DCFDAE 2] ate] 2087+ v 3159 t). w5
PBSZ M| 3}3L welldl A MAEE 347351 flow cytome-
try(Cytomics FC500)5 ©]-&3l] =743}t

NAC X2[of 2|8t MEUEE & - HepG2 11t HZE
HAZEE 5x10" cellsmL7} E == 3481 96 well plated]
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58k &, 37°C, 5% CO, incubatorol| A Hl ST 244]
7kl At £, 2 mMe] NACE Hxj2lsal 1A17F $l BCBS:
20 uM2] TEZ wellell A2]sle] 244 7F v SISt} 244]
7¥o] Ak 3 EZ-Cytox A12F 10 pL= B3l 447 5<t v)
%3+ 3 microplate reader(Bio-Rad)Z ©]-&-3}o] 480 nmeoll
A FREE A6k E486181

SAHRN - 2 AF A= B3 U1AE eI,
et At 7He] SAA fFoldol ek A2 SPSS
statistics program(version 22 SPSS Inc., Chicago, IL, USA)
9] one-way ANOVAE ©]&-3 F4R&4] & Duncan AR 4
BE AAsI o, Z2AL FEE 7he] frel AR p<0.05

FEolA s

dn o o
tMIZ Z4| AN ST} - HA HepG2 7+ A EE
S8 BCB7I AlZZ2e] vAe 835 ZARH| 218t
44 tetrazolium salt®] WST-1S AR&3le] ZAFSHA
HepG2 7+t Ml %o BCBZ 5-60 pMe] &% 2 283}
24 AZF Fol] 1% A3 BCBS] HepG2 Ao thgh F2
A 3= 5 pMellA 98.02%, 10 uMol A 85.81%, 20 M
ol A 42.28%, 40 WMol A 24.76%, 60 tMOl A 18.85% =
S oA o7 AEFA oA a3t UJTKFig. 24). T
AU 44 20 prenylflavone A€ 3}3HE-2 F19 AlaLe]
A7 A7 st AU Gull G2 alkaloid 434S
ek, 709k, A AlEe] A4 oAl oy,
of AT B 2 SFHER] kazinol A= WREAIE 9]
37 Aol Hojutta RyEd” B A7 A w3
TRV f2l 3320 BCB7F HepG2 7+ Alaze] A%
A7} S-FElE 79k X8 FH A §8T 5 3
Ao g AlgE
BCBO|| 2|8t HepG2 MIZ2| apoptosis &= —BCBdI|
o135+ HepG2 MEZ2] oAl G317} apoptosis -Fr=ol 2]
ZAAE ol 7] $131ed annexin V/PI ©]5 AAS 3]
FAIE 4712 2AFSITE 2 23 BCBell €] apoptosis
Faks Beldk = 90, BCB 20 pME A 2)31S uf o)
2] 2 2.8% ¥lE)] 173%= S71Ee AE glst
CHFig. 2B and 2C). T3}, apoptosise] 54 52| 3h-=Z DNA
E-Fof] e sh= ©@ul A 2l poly(ADP-ribose) polymerase
(PARP) A& go] & L&A 2A2H, apoptosis 4 Z
caspaspe-3°1 ¢J&ll 116 kDa®] Ti&o] 89 kDa® = Achel
T} ole]l BCBel 2]l PARP Wi do] Ats=xE 3
18k A3} Fig. 3A914 Hi=nfel 7] BCB 20 uM %2
Al PARP ©hd et o] HF5istA] vttt ol gt
AL BCB| 23+ HepG2 71 MAEL] APHO] apoptosis
e} Ao LS e

A o
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Fig. 2. BCB induces cell cytotoxicity and apoptosis in HepG2 cells. (A) Cells were treated with various concentrations of BCB for 24 hr,
and cell viability was assessed using the EZ-Cytox cell viability assay kit. (B and C) Apoptosis induction. Cells were treated with
20 uM of BCB for 24 hr. Apoptotic cells were detected by flow cytometry with annexin V FITC in combination with PI staining.

Data are presented as the meant+SD. *p<0.001 vs. control.
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e ] " € Pro-caspase-8
S wew | € Cleaved caspase-8
—— S €~ Pro-caspase-9
"y Wl <€ Pro-caspase-3
e | < Cleaved caspase-3
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Fig. 3. BCB induces caspases activation and PARP cleavage in HepG2 cells. (A) Cells were treated with 10 or 20 uM of BCB for
24 hr. The levels of caspase-8, caspase-9, caspase-3, and cleaved PARP were analyzed by western blotting. B-Tubulin was used as a
loading control. (B) BCB-induced caspase-3 activation. Caspase-3 activity was measured spectrophotometrically using a caspase-3
assay kit. Data are presented as the mean+SD. *p<0.001 vs. control.

BCBOIl 2/8t HepG2 MZ<Q| caspase &4 — Apoptotic
processol|A] vl F25 TS wde o
&3t isoform®] E=A)|3FH, initiator caspase®} effector caspase
2 FEHt) Caspase-82 death 2150 2J3)] €43} ¥+=
initiator caspase® 2|5 effector caspase! caspase-35 /43}
SEAY E= Bel-2 family T EQ1 Bids ddsie] mlER
E2]ok(mitochondria)®] 7150l frgatal nEZ=g ok
ell EA8k= cytochrome ¢& HIZZZE WE31od apoptosome
S PYAHTOZM caspase-93} caspase-35 EJSIAIZICH &
’d3Fe caspase-37} Al 2] 213} Aol FR7 TS sk

3h= caspase

PARPE AWatAY Z32 02 o] §53 DNAE At
a}o] apoptosisE FEshs Ao g g ek uleba
BCBel| ¢J3l] Yol apoptosis’t caspase cascade®} T =
o] J=ATE western blotS F3l ERISIAT}. 2 A3} caspase-
g Ao w3ly} vw| kYA T}, caspase-9, -32] protein
levels> BCB 20 uM F =o)X 2= Qon, S43te
cleavead caspase-8, caspase-32] protein levelse BCB 20 uM
FrolM F7keke AS FRlaIiTH(Fig. 3A). B3 caspase-
39] 4S5 2ARsE A3} BCB A $oll ZA $7khk=s A

3elg 4= A tKFig. 3B). ©]= BCB A&l 213t HepG2
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Fig. 4. Effect of caspase inhibitor (z-VAD-fmk) on BCB-induced
cell death in HepG2 cells. Cells were pretreated with 20 uM
of z-VAD-fimk for 1 hr and then treated with 20 uM of BCB
for an additional 24 hr. Cell viability was assessed using the EZ-
Cytox cell viability assay kit. Data are presented as the mean+SD.
#p<0.001 vs. control, *p<0.001 vs. BCB alone.

AJ3Z2] apoptosis =01 caspase2] /37T A= A2
R} B3t BCBO| 93t AlaZATEO] caspase-2]& HZE
F5le] AoJU=A] general caspase inhibitor?] z-VAD-fimkE
Folsle] BCBOl 213 HepG2 HIES] MlZEAPEC] A= EA]
A ZAEES SA ] gRIsth. L 23} Fig. 49 YEk
9wk} o] BCB A1) Aol 20 uM@] z-VAD-fimkE 14]
7+ A e - BCB @5 A2] 3} H]aLste] HepG2
Aol MEBEE] fFrolFor F7HES ERld = AU
THp<0.001). ©]&f gt A3}=2 BCBO| 2] apoptosis 2782
caspase-2|& 729} AAE] AUSS HoFErh

Bclk-2! Bax W@l k&l B8} - Bcl-2 family T E &

500
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Fig. 5. Effect of BCB on Bcl-2 and Bax expression in HepG2
cells. Cells were treated with 10 or 20 uM of BCB for 24 hr. (A)
The levels of Bel-2 and Bax protein were analyzed by western
blotting. f-Tubulin was used as a loading control. (B) Ratio of Bax
to Bcl-2 protein. Data are presented as the mean+=SD. *p<0.001
vs. control.

PlEFEEe]olE §3 apoptosisol] 83 IS spe P
71 % anti-apoptosis protein?] Bcl-2¢} pro-apoptosis protein$!
Bax®] S ZAFIGTE L A3 HepG2 Al2Ee] BCBE
Aejshd Bel-29] Td FAdi3laL, Baxo] B2 S5k
A& RIS THFig. 5A). T3 apoptosisolAl Baxe} Bel-22]
HE-2 Alx2e] IS Ueille T8 AR e 3
o2 wEb 1 ueS AR B 23 Bax/Bel-29] 2
H|-&o] BCB A|2lell 93] a4 S7teh= 2s & + AU
thFig. 5B). ©]&13F A3+ BCBoY| 2|3} apoptosis #H4 ©]
nEFZ=gole}t BdEo] 9IS AoR AlRHTh

BCBOIl 2|8t ROS & &8t apoptosis = —ROS=
HEZEg]ole] 753l E FdebH, caspase9, 3 SASHE
&l PARPO] AthE flketo] A=l Al 20 55
FpP H 2 gre Aol ojahH Zahricol=e) 2k A
2l slgt=o] ROS-FIEZE=E]0) ¢JE2? apoptosis
=30 B E ok webd ROS A4 o] BCB

i e
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Fig. 6. Effect of BCB on intracellular ROS production in HepG2 cells. Cells were treated with 5, 10, 20 uM of BCB and/or 1 mM
of H,0, for 1 hr. And then the cells were incubated with 10 pM carboxy-H,DCFDA for 20 min. ROS production was detected by
flow cytometer. Data are presented as the mean+SD. *p<0.001 vs. control.
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Fig. 7. Effect of NAC on BCB-induced ROS production and cell death in HepG2 cells. (A) Cells were pretreated with 2 mM of
NAC for 1 hr and then treated with 20 pM of BCB for an additional 1 hr. And then the cells were incubated with 10 pM carboxy-
H,DCFDA for 20 min. ROS production was detected by flow cytometer. (B) Cells were pretreated with 2 mM of NAC for 1 hr
and then treated with 20 uM of BCB for an additional 24 hr. Cell viability was assessed using the EZ-Cytox cell viability assay kit.
Data are presented as the meantSD. #p<0.001 vs. control, *p<0.001 vs. BCB alone.

o ©]gt apoptosis =2} #HHAE o] A=A ST H8t
o:l WA BCBE =2 A2fslal A3 ROS 84 <

olatATh 2 A Fig. 60l YR vkl 720] ROS *E gl
BCB Ag] §=o&H o2 T4 S71hS RIS, X
2o 2 AR FIsEA | mM A E tﬂﬂ%‘ o
n-9- B FEolA ROSE Fehs &+ ATt 22y
ROS 2=AAIR1 NACE HAE]8l31< 739 BCBOll ¢Jaf A
¥ ROST} 4TS 018 5 AUTHFig. TA). AT
BCBoll ]38+ Al ZAPHE o] ROS A3 AAE ] JEA=

gelalr] $Jsted, ROS 24491 NACE A 2)sle] BCBY)
/Pﬂ HepG2 Al 9] AlFAPE 0] A=A A ZAEES
Z7g3te] glaiitt. 2 At Fig. 7Bol| YeRH upe} o]
BCB 2] Aol 2 mM2] NACE 147+ A A3 +&
BCB T 2] 3} B]w35le] HepG2 A|EL] Ml EAEE0]
ux%_i RS ER1E 5 AATHp<0.001). olHe A

IME-S BCBoY| 23 ROS A4 o] caspase &S F3t
apoptosis g7+ s AHE ] & AR AlEE

4 =

e

A 7HE MEZQ] HepG2ollA AU -2l 3k9t
=21 BCBY| A2 52 A 2 22 71HS ARSI
BCB= HepG2 MlZ9] 237¢E A8 AL, caspase-8, -9, -3¢]
g4d3), PARPS] A, Bel-29] W& o), Baxel 28 &
7kl &3 apoptosisE FE=S Feld 4 dATh =
BCB®l| ]38} apoptosis =+ ROS A4} #AE o] 93-S
RIS olde] AxE F9lslE Wl BCBE HepG2 7+

o r_?L

o Al Z2] apoptosisE FE5H= A2 Uehd BCBY &
HBH TFeAE AR, oF A Vs TR AR
A Ego] 7 Ao g AlsHh
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