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Study on Apoptosis Effect and Mechanism by Bojungikki-tang
on Human Cancer Cell Line H460

Seung-Fon Lee, Jae-Eui Hong, Si-Hyeong Lee*, Jo-Young Shin, Seung-Seok Ro

Department of Internal Medicine, College of Oriental Medicine, Wonkwang University,
Professional Graduate School of Oriental Medicine, Wonkwang University™*

Objectives : This study was designed to evaluate the effect on cytotoxicity of Bojungikki-tang(BIT) in human lung cancer
H460 cells.

Methods : BIT-induced cell death was confirmed as apoptosis characterized by chromatin condensation and increase of the
sub-Gr DNA content. It was tested whether the water extract of BIT affects the cell cycle regulators such as, p21/Cipl,
p27/Kipl, cyclin Bi.

Results : The data showed that treatment of BIT decreased the viability of H460 cells in a dose-dependent manner.
p21/Cipl is gradually decreased by the addition of the cells with BIT extract. Interestingly, p27/Kipl is not detected for 24
hr after the addition of BIT extract, however, after 24 hr, p27/Kipl markedly increased. In addition, cyclin B; decreased in
a time dependent manner after the addition of the water extract.

The activation of caspase -3 protease was further confirmed by degradation of procaspase-8 protease andpoly(ADP-ribose)
polymerase(PARP) by BIT in H460 cells. Moreover, BIT induced the increase of Bak expression.

Conclusion : These results suggest that the extract of BIT exerts anticancer effects to induce the death of human lung
cancer H460 cells via down regulation of cell cycle regulators such as p21/Cipl, and cyclin BI or up regulation of cell cycle
regulators such as p27/Kipl. Moerover results suggest that BIT induces an apoptosis in H460 cells via activation of intrinsic
caspase cascades.

Key Words: Bojungikki-tang(BIT), human lung cancer H460 cells, apoptosis
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a A=Y o HAE ANEEE HER T
(cyclin A, B, C, D, E )7} 5o]&<l dujAdol ut
& Toll MImEE a8t =9 e
< i 9 G AR olug £4HE DNA
B9k MRFa st(apoptosis)ol] 9ol w]->
go )\sg_a_r/]_lz-ls
AL S (apoptosis) ™= A /Eapizo A adA

Zad o

QA e B MRS R el war
AMBIL Sl MR S (programmed  cell

deathyE Z3h= ZolW’, MmO M E S
< WE MIEKAKRE R 23 Miae) NeiE, Mt
o] &k Bl%(blebbing), MiFE M) ZH4r(calcium)
PERES] HEn, chromatin®] %fE, endonuclease®] 1%
Pefbel o3k DNAS] Althe] Biksel /@ (ladder
pattern of DNA fragmentation)f/f, transglutaminase
of (L 3 %9 UIETY} o} E¥] 44 (apoptotic
body)o} & MR Aol BYHoz &
S S-S AAAY, MilEE s (programmed
cell death), = Hlffifsste] 2197} g X8l 4
i o] BmRNC R s dehe Asi7h olFE o
Ak

S B SR ] (Mo kit oE
githe Abde] WEA B Mkt A AeA
7S HEE B FUEke HHES Holele BiYE
of #alo] BolAs 9tk 53] HiaHtE e Al

3 = UNETE, MR, (LEak
B RIEHRE) fRfe] whe A, Wk %9 A
2o} GlfERIol 247) vhan olo)] we g FAY

Table 1. Prescription of Bojungikki-tang (BIT)
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o] Jlol, Mikke] AE Y &
geel T&*U‘O] HolAaL Stk

ATALR firaiol] ARSEol WagH ol A
st AsdeAs &8 Nd + e BE
] saeTt WiE BT gaiiol dids] 5839

o] 45 © RN EREzel £ A
= RG-S AFEY] fEdl A el E HA605 4T
faell AElste] ofe] MiELENG o= S(cyclin
B, p21/Cipl, p27/Kipl)e] wislobare wa3190.
o, fHEE AZARA A X FES 5EHE)
3, caspase family cysteine protease—8 2 Bak “d’
WA 9E PFe P 49 RS A
o s Holh

BEME 3 5

1. M5

1) 4t

bz Rl ke <>
of {kiEsldom, Gigol AL&3F #kfE Table 19
LreRdl vhe} o] 8744 #H 2 98 g ol [H
JOER: K ailmi Rl A FASAT

B

2) R R

Hhaol (HHE #H = & #itH® (H0 extrach &
R WlihiiEl 100gs & 129} 9 massE
F-3ek fAFAAA AT B9 U Az

4y F 8L i)
T Radix Astragali 6.0
N Raodix Ginseng 4.0
Fft Rhizoma Atractylodis Mactrocephalae 4.0
i Radix Glycyrrhizae 4.0
fatis Racix Angelicae Glgantis 20
;94 Pericarpium Citri Nobilis 2.0
THiR Rhizoma Cimicifugae 12
e Radix Bupleuri 12
Total amount 244 ¢
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fisfEsRfat: Hi60ol #ot MRl MRAEAR & HERR

JEA3IAL 3,200pm o2 20827 Sl HE 3 1B
(Rotary evaporater)® &8t oS -70°C(Deep
Freezer)o| A 12417t o)A} HikkA] 7)1, Freeze Dryer
2 R A RS AR S

3) g 4 Bas

RPMI 1640, A4, 2 trypsing Gibco BRLit
(Grand Island, NY, US.A)IA, R 4L
Hyclonesjit(Logan, Utah, USA)|A 38t AR:-
3tk Aok &7](48-well plate, 10 cm dish)=
Falconjit(Becton Dickinson, San Jose, CA, U.S.A.)
oA 7dste] AH2-slgth. Bak, caspase-8, 8 p20,
PARP, cycline B, p21, p27 9] th3l &%)+ Santa
Cruzjit(San Diego, CA, U.S.A)%) A, anti-rabbit IgG
conjugated horse-radish peroxidase$} enchanced
chemiluminescence . kit(ELC kit)= Amershamiit
(Buckinghamshine, England)el| A 7§18} A&}
t}. Tetrazolium bromide(MTT) & Hoechst 333422
Sigmajit(St. Louis, Missouri, U.S.A)ZHE FI3}
of AFgshct.

4) Hnpark

Abe] fiigg o 2R izt HA60#iM= ATCC
it(USA)Il A 7943t Ald) sfdslar] A7) A
3ot

2. ik

1) H460 figs sk JRiliats 35

A filEC2RE HizkE ERAINEEQ B460=
COAREHN F71 o M(37C, 5% COy) 10% 4-fa5 &
Ho] £3E RPMI- 1640 H =)o A] ujekslgeh. oF
48X 7k 712 RPMI-1640 vl FH-& WA 3he] S,
log phasee] Sl< Mifel thdst T=9 WEERIE
AR g T fMiRY F5& B, o)) AR 4
L&Y BRS Tdst4Th

2) iR AfFE WE

MRS A7 MIT assay -2 ©]-&31%th
a0 3HH A EulFuk48-well plate)ol] MfE 1x10°
A Impe] wjFde] ol H3et &, Ao a3
7t 2719 mEEh & AT o, MITE H5¥F
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= 100 pg/mt7}t HEF FolFHrt. Ak W
& MTT A F 4x)7F Fof ool el <)
AP Bebd BgA el formazand 100 400] 10%
SDS7} £3E 0.01 N HCl f940 8 24A7F FSt
37T 5% CO, ffulF71ol A Wxlete] 5l o
B350 = A(ELISA reader, Molecular Devices Co.,
Sunnyvale, CA, USA)Z o]&-&e] 540 nme| 31733}
AN FAEE ZASA.

3) Hoechst <41

Mra%e] Beld wisks 2ARS] $18ke] H460
fiol #gEME A2)3k & #ilgE PBS(phosphate
buffered saline, pH 7.9 23] A|Z3sl9t)y. fiEe
paraformaldehyde £M(3.7%)2.2 A L4 1087F
1A% 3, 10uM Hoechst 33342 &4 0 2 A Q-0
202 G45kn A PBSZ AAsHch Q4
fae 833 v Z(Leica MPS 60, Germany)2o. 2 &
230

4) Flow cytometry©l] 2|3} sub-G0/G1E3¢] £4

MmiEksEe] A4S A3 fste A
propidium iodide(PI)Z DNAE ¢35+ 3.0 FACS
Vantage flow cytometryE ©]-&3le] &3e] AVE
=233t} H460 ol wEHE M & 44
AZF Zo| I8 PBSE F ¥ A H3Ych A
9 #ifE PBS 300ulZ 231, fiffse] DNA: PIL §
a1(0.1% Triton X-100, 20¢/n¢ PL, 200u/nt RNase)
600ulZ Qo] 2057 WA ¥ 1 x 10° HifE
FACS Vantage flow cytometryZ sub-GyGi o2 U}
Ehs AIEASEE A8t 27 HRe £4
£ Cell Quest software(Becton Dickinson)S ©]8-3}
SERLYCS

5) Western blotting

Wi HA60RRMS] RIS X3 @8 A
3o IS #Z3)e, cold Hank's balancedsalt
solution(HBSS)E 23} A&slgct 4 flla=
total cell lysateS €7] 9)5le] RIPA £H(50 mM
HEPES pH 7.4, 150 mM NaCl, 1% deoxy-cholate, 1

‘mM EDTA, | mM PMSH, 1 pg/ml aprotinin) 2.
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sample buffers} 44o] 98 C oA} 587F &9l &, 125
% sodum dodesyl sulfate-polyacrylamide  gel
electrophoresis(SDS-PAGEYE A3ttt A7 9%
o] Eut gele] @ A-E nitrocellulose membrane S
2 47T, 30 VA 1647 ZF<t transferst &
blocking(5% skim mitk)Z AF-&o A 1A B¢t b
&8t HISo)H FAAFE odEHTh. PARP,
Bak, caspase-8, 8 p20, ¥ p-actin 5o 3t 3}
€ Tris-buffered salineo] 1:10000.2 3)X3}o
nitrocellulose membrane¥} Aol A 4A]7F ¥H-8-A]7]
F, o]x}gHAQl anti-rabbit IgG conjugated horse-
radish peroxidase(TBSE. 1:30000.8 3]4))9} A}
A 2A17F ¥k8-AlZA T} Nitrocellulose membrane-&
TBSZ 3*H A& 3 enhanced chemiluminescence
kit(ECL kity& AMg-3te] BEo] =EAFh

6) Nuclear extract 58]

¥ fhili#(nuclear extract)el] U+ MAEHL B
Q1 AHcyclin By), p21, 9 p279] waoEAtel wW3le

Z74317] Aste] WA g7t A2 HA60 filffol
A Jeong” 5] WE(1997)0] w} ¥ fhiiHe o
Atk Q.oFshd, HA60MlE 200 uM PMSF, 10 pg/
mé aprotinin, 20 UM pepstatin A, 100 pM leupeptin
3 100 uM antipapaino] £o] Y= ATt &34
it 1057 Lol BFAIZ 3 NP-405 0.1%
HEZ A7) T 2,500 pmolA 94 s}

0/52! - ZH2 - OJAE - MZEY - =54

of MEERYS W

7) SAAE

FEAE AR 39 oY EHA 2P Ao
o, 48 dze] A2l Student's t-testol] T35
At aL, p-value7t HhA| 0.05(p <0.05)0] 312!
AYE Frog AR AABATH

v o

. EEs =R

1. R ARS0| M % HA60 FEmlnel Wit

xol| alx= RE

WhaRE thilite] MsEhsk H460 MifEe) £
frzcol) oGS W=7t Golr ] fste] A
A @rhaEREe TEE WA IIEA MRt FE
S MTTHo R 298 3th Firkaaine) 50uy
ml ©]8te] oA H460 fHfEe] 4R = &
o3k Wl QAo Tsug/mle] FihmRES A
93 o2 48A1 F Mg ARol 20% 7HAEA
T, 150pg/m A A ol 35%, 300ug/ml A A o=
38%, 600 ug/mé AEAE 40%, 1200 yg/ml =] A]
o= 55% o) ZrarstglthFig 1). o|% #& H
ZRE g el Mgk HA604H <]
AR WRES 2 BEE 600 pgmlYS & S

A

H460 (48 hr)

Cell Viability (%)

300 600 1200

BIT({g/ml)

Fig. 1. The Effects of BIT on the viability of H460 cells in a dose dependent manner.
H460 cells were treated with various concentrations(from 75 to 1200ug/mé) of HO
extract of BIT. After 48 hr later, the cells were testedfor viability by MTT assay. The
data represented mean + S. D. of triplicates.
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FiEsRiatk HAB00] ot RN MPMTTAR ¥ BEHRE

2. WHhARRS mEyol olF HAB0 RN MIER: H460 #iffe] DNAE-4-S Hoechestd M o2 915}

il S5el 44 1Y Atk H460fES] HrPESE 600 pg/nl)E
WRERS it 2% Ml F-5o] Mt 48417447 & Hoechest HAL A3 Ax}, e

o) osto) WA 7Aool A HAN, i BEE HhiEE AR &2 HAGONERES] %2
Mgt Ao Feiets SAS BEsy] fsko B 248 Feje] w43 g3 gL et

A) B)

H460 control

H460 +BIT

Fig. 2. BIT induced the nuclear fragmentation of H460 cells.
Cells were treated with 600 xg/mé BIT for 48 hr, stained with Hoechst 33342 dye and observed by
fluorescence microscope.
A, B ; Control cells (H460 cells)., C, D; H460 +BIT.
C, D : Cells were stained with Hoechst 33342 dye and visualized under a fluorescence microscope.

_Marker | STotal
ALL 100,00
g M aub GG} | 187
MH(G1) 55,22
M2(S) 25,75
MGEAY 14,93
M arker % Total
AL 100,00
E MAmbGI-G1 Y| Rag
MG 1) 18,15
M2(S) 14,36
MAHG2A) 22,37
Marker %Total
ALL 100,00
! HAsubGI-GIE | 0T
M1(G1) 46,83
M2(S) 6,06
WAHG2AD 42,36

Fig. 3. BIT increased sub-Go/G fraction in H460 cells
Cells were treated with 600ug/mt BIT for 48 hr. Then, cellular DNA were stained
with Pl staining solution and analyzed by flow cytomery.
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et SRR fdgs il Aelde Milel
HelME WAHE RolAw, o] o 27ow ¥
Ad d 298 Vel chFig. 2). w3, H4604H

Mol A REH600u/nl) S H8) Shal Al
PIZ G438 % flow cytometryE o] 83} sub-Gl
o

DNA #3& =iyt xie sub-GO/Gl
DNA #8219 %Mﬁ% 600ug/mé 2] Hirha: 7is
S AyE AT 10.87%2 Z7)5FATHFig. 3).

ol2igt afﬂri‘jﬂ firhasizel o3 HA60A
P2 MHEAGT Himd] o)ale] wi)E-S AlALsloh

3. WHhAFS Mol 2lst HA60 fEamlE AHTERE
p21/CiptEnEe ##H #rol o|xl= &
P2ICipl/WAF1 AR o] fAAd o8 ws

o7 dudo] cyclin dependent kinase 2(CDK2)%}h

0/z01 - BHOf . OfA]E - HES « 254

% it el 6AI7HEE MM
Fam, 36417 ¥ 2
7519 h(Fig, 4).

1

blotting S A &iateh. p21/Cipl ¥l 2 Ffihiix
3] 748
]’11' ﬂ =1 F

4. FFRES Yol 2lsh HA60 fmiEfE fhIEE
p27/Kipl &E B %3 #tol o[xX= BE

p27Kipl @ulAe. HEAA|(contact inhibition)e]
ofsted FA7I U it transforming growth
factor(TGF)-BE A3+ flell ] negative growth
regulatorZA]9] AL sl Aoz wEH’. B
*‘fﬂoﬂ/ﬂ": il ity Azl o sk p279]
8 g okl W3lE ZAsto gy olso] #ih
R ol AelE HA60 ffifEe] AEMER W
] FolAe) ATS KW A SHTE W

r\l

P2 >
- £ 5

o

of

Sk E4E A ¥ Ak o]#d p21/Cipl& BR dhite Oet At HEEte MilEE
AREIES] negative regulatorA] et olUIE @ ERW F M AWLMTHES A o F A7)
fetigtol = Q38 dxdo] vkn Rudx ¢k a2 nitrocellulose membrane 4} 0 29 T3 =& A
metA B AP E W EEY Ml Al Z1 F p279] g FAE AHE-3te] western blotting
o3 p21/Cipl&] A|7HE WE YA Wl Z4go & APk SHEAE p21ge @ p27 ©Y
2H oo g JemistaAl stk it RE He P RS Wiy el 1242 3K @
S g AbEet ATty fius L3 Wgol ZA7F x2TH A9 WEE HolR gt
T ¥ T A1 o] & oArdE o 7} 2407 & AAE] FTIe o, B F
nitrocellulose membrane A0 29 &2 F& A 3 WS Ho|x tiFig 3).

I p21/Ciplo] that S A3l western
BIT(600 pg/ml)
control 12hrs 24hrs 36hrs 48hrs
P21/Cip 1
B-actin

Fig. 4. BIT markedly decreased the level of p21/Cip1

in a time dependent manner.

The H460 celis were treated with 600 xg/mé of water extract for the indicated periods. The nuclear
extract were prepared and analyzed by western blotting using anti-p21 antibody.
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Bi9] Al7h8 wdcp} WEE ZHFO M oS0l
AR Mol AEE 460N HiNEY
W3 74 AN d8e Emstud gk

ok #2)3}ed s

| RRTER ¥ HERR
% fhibyte ATk o] ¥ W79

T
hERRE S OdI At
nitrocellulose membrane A2 29 & &
AR 3 cyclin Bio) 3 FAE 218314 western
blottingS Al&)3}3th. Cyclin BieH A& &R
B il A2 2442 FRE MA 8] R4 A
Azl om, 36X Fole dF g LA
50% otz BASHA FrastirhFig. 6).

iRt HAe00 S Hd
shibyoll 2|5t H460 JEHEHE MR
=z
Ashe <l
= 749 &

5 YRS
cyclin B1 ZBES 2R 24kol oixl
Cyclin& CDK$} B £ iiffAHE
ZA2A A 309F9 cyclin F+HAES] sequence
7} 88 A Qo Bl e 8FR9 cyclin &,
cyclin A, Bl, B2, C, D1, D2, D3, E7} ¥3A SQlth =
Gl ¥ G2fiol A S 2 M=o} A
ZFe1212 4 Gl cyclin, G2 cyclin®.
Foshe A il
= H =

ol
YL sk
2 8285 o|& cyclin
Bl Jo2 3= CDK vEo] SH &
MiZ A== A AAE F388i dd
a Ao} FUH cyclin® E3iso] §loidn. &
APANME #itRFE ity A g cyclin
BIT (600 pg/ml)
12hrs 24hrs 36hrs 48hrs
P27/Kip1l
B-actin

control

48hr
cyclin B,

Fig. 5. BIT markedly increased the level of p27/Kipl in a time dependent manner
The H460 cells were treated with 600 ug/mf of the extract for the indicated periods. The nuclear
extract were prepared and analyzed by western blotting using anti-p27 antibody

BIT (600 pg/ml)
36hr

24hr
B-actin

12hr

control

Fig. 6. BIT markedly decreased the level of cyclin By in a time dependent manner.
The H460 cells were treated with 600 zg/mf of water extract for the indicated periods. The nuclear

extract were prepared and analyzed by westem blotting using anti-cyclin B antibody

280



6. PR E MHYO| caspase protease? EA
0” D|I|'_ [of ko1

WP RS HiliPel o3 H460 MlFLIE R o)
M sE A Ao 2 a3 B39 caspase family
cysteine protein BXA3te}l AV I=AE Felst
7] $18}e] procaspase-8, caspase-8 p20 A W3
AEE AR WrhERY Mty Mg 247
%ol procaspase-8 protease] & A§ H3)7} BE L

BIT (600ng/ml)

050l - BN - OME - HEY - £

QtHFig. 7). o]H3t ZAd= initiator caspase?!
caspase -82 pro-formo] HHEo] &AF o
AJAFgHTE

caspase -3 protease®] A4S FEFLS

7. #hERS MYl 2 H460 EiRRE RRIERE
PARP &HEel Xl o|xl&= g
HWrhERE MYl 93 MiEHE S d4do

st Az ALA ] FQ38 caspase-3 protease?)

12hr 24hr

control

36hr 48hr

caspase-8

B-actin

Fig. 7. BIT cleaved procaspase-8 protease in H460 cells
Cells were treated with 600 «g/mf BIT for various periods. The equal amounts of protein from
cell lysate were subjected on 12.5% SDS-PAGE, transferred onto nitrocellulose membrane
and immunoblotted with anti-procaspase-8 protease, anti-caspase-8 p20 protease antibodies.
The immunoreactive signals were visualized by ECL.

BIT (600 ng/ml)

control 12hrs 24hrs

36hrs 48hrs

PARP

Fig. 8. BIT cleaved PARP in H460 celis

B-actin

Cells were treated with 600 «g/mé BIT for various periods. The equal amounts of protein from
cell lysate were subjected on 12.5% SDS-PAGE, transferred onto nitrocellulose membrane an
immunoblotted with anti-PARP antibody. The immunoreactive signals were visualized by ECL.
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TEfiatk Hao0o] HE BhRRAS MR ¥ BERE

2 E#HAH¢] PARPY Het B2 H460 fif
PRl X 2AEIATE HihARE 600 pwg/mts A2
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on, o] AZRZ st fl PARP Tl del &
Ao| Y=o HA6OMES] MMakiste] 718t e.
2zt daE.
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woiol o|x|= gt

MR EE 2dste Boshe T2 FAA A
Eo| Bel2 Yl dtolt. 2 Ao e fHaER
5 iAol )3k HA60 utakisEel 1ol Bak Ty
Ao Wd WstE ZAISIATE HA60MEE 600ug/
md #HFPERES 124171 24A17E, 36417 18] 48
AIZE ARG &, #iiEE T8t sy Bak ©
Wl a8 Western blotting HPH 0.2 2Alslsith
71 A3} Bak @A e Wrhaine A&
Hog F7MHE A FUAsAthFig 9). ol
A= Hihag#©] pro-apoptoticdt 715 2.2 i

of¥

BIT (600 pg/ml)

SRS EA5H: Bak e 3718 fEslel,
HAGO filffatistel 7133kl elet Bagrt.

V. & #

fEolel REvs BiEEe MRS FASE EF
M g AR Aol o EMET) E kR
o] doju} AESH Aol T HIRAHS Hil
7b dAste] A 2d7)50l AME wx ¥
AW Yoz Aol Ao EastL EE 7
e AL Tach ANAT BAEFEDL HEol
RN E HEs LA G Aol

e BEERELO| A LGP, B, T, AR RE
U ABAE %o FHOE Aol pimsme] %
HEo] TRED, TN, FAER 2 AR
o)y 7} Jehda o syl Bl 5
fadol sl HoR WmEE 4 A

A7) [EREHS ke 228 M ER|
s, o) PR A o] REFHEEE ol
O B 4 ok GEsse Eidee) ETFEW
Ml BT s AL prikaa 2
o, FEEe] WS MHskA SakA Hed), ol
B A “IESUERE ) AT — KT
2 % 9ok

control 12hr

24hr

36hr 48hr

Bak
(28kDa)

B-actin

Fig. 9. BIT induced the expression of Bak protein in H460 celis.
Cells were treated with 600 xg/mé BIT for the indicated periods. The same amounts of protein from
lysates were subjected on 12.5% SDS-PAGE. The membrane was immunoblotted with Bak antibody.
The immunoreactive bands were visualized by ECL kit.
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