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Studies on the Anti-cancer Effect and the Mechanism of Apoptosis by Baekduong-tang
in Human Colon Cancer Cell Line HCT-116
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ABSTRACT

Objectives : To investigate the anti-cancer effect of Baekduong-tang(BDOT) against cancer cells, the signaling pathway
of apoptosis was explored in human colon cancer cells.

Materials and Methods : Human colon cancer cell lines, including HT-29 and HCT-116 cells, were used. Cell viability
was measured by MTT assay. Apoptosis was determined by DAPI nuclei staining and flow cytometry in HCT-116 cells
treated with 0.25 mg/ml Baekduong-tang for 48 hrs.

Results : Baekduong-tang induced the apoptosis of p53 positive HCT-116 cells with G2/M phase arrest. Treatment with
Baekduong-tang led to increased expression and phosphorylation of pb3 and decreased expression of CDK2 and CDK6 in
HCT-116 cells. It also activated caspase-3 through caspase-10 and caspase-9 activation. Finally, Baekduong-tang induced
production HsO», superoxide anion (O, ) and NO and modulated proteins expression including SOD, NOS, Bax and Bcl-2.

Conclusions : These results indicate Baekduong-tang induces apoptotic death of HCT-116 cells through G2/M phase
arrest and disturbance of intracellular redox status in a pS3-dependent manner.

Key words - Baekduong-tang(BDOT), colon cancer, HCT-116 cells, apoptosis

|, #& 2 e 4% A 99 198 AXs A

53] tgrel A4 Augel Avsel bek A3

e AT 28 23 YolA Bad A 2 AN Es) Solda glom, AAl Al ¢ F

2 DS BASe) ZAL sl uRs 4T o ere] HRE-S 20021 39(11.2%) 14 2005
TR0l 2(FH) T kS BN Ao 291(124%)2 md ZF7kske S0 AT

Wgske 1 F4o® o) dwrHel S 3

CEAAR ES AR AFA) 9T S5V} 59 7l BE A4 B w2z @ § oo

AR EC R A vebd oglent, A ob BruEAw

TEL: 063-220-8622  FAX: 063-220-8400 SAA QolRt} Ao] #AF golo] ZA 283

E-mail: jull10@hanmail.net



I+
kol
i |
N
Sid
1o
=
al
o
=
H
4
T
(@}
_|
>
OOI
k0|
i)
o
;
el
>
ng
Rl
=2
B
rek
re
-

o [o
r i
X
=2
Bl
i
M
ol
£
__)d,’
At
ol
=}

2l N oo

AEE] 0% Esld dupa Ao
3H~60%, Y7 Mol AHL= 10%

A% A3E nel FoudE 2779

fo it pE oox X oNE X mQ RIopx o

ox o
o

o
EU&O;IF—E

L 9
By S
T

>
2
2 9
ol
o2
10
i)

I,
o
i

(o]

o2
)
[t
-
(o
1o
re,
-
o
bl
= o
mw —
ok
£,
_{
2
A

! Hj gl &0 w2 ﬂVc}
FAbE g3 s Ha
3}%9_‘11, —8— e og gAY AEF
HCT-1169] Caspases EA3= /= 3+ A EAL
ol et Riuste § ot A7 AdEo]
LEE T ok wmE HE WS, Rk, @
TP 5 9 Fekge giggde dg ddase
Hyuga o

IS RS, w0, AR, #0io R 74

02 Lo
&
N ofl

ﬁ
wm o

#hgfio] sﬂﬂo}v%lg 7zt & % 2 A3 &)
-—,Ho] O]E]—M 18

(EESO) el (55D ", ClisgEE) YN E
F2 CBFITE O DI FRKEK S A
ote Aoz dAFEol 9t oy FHSA
HEEgnd B AFE Z2ASL gAYIME
Uehd & gon, A4 YA F 77 5o
Wz wel HEGHEIHNS ugde X8 A
o2 ANt Yok AT AR [
Folazte] B3 AT BuE REF Ao}

gt B ATME fEghe] $gaael
I 714E dR1sh] S8 AR oAt Al HCT

274

11601 FEAZile Aelste] A=A
caspase ©HAo] A W3l A4
NO9 AA 2 Bel-2 family @&
Y T BAst Fos dHE &

k= Hholtt,

i

&, NEF7],
2%(ROS)H
94 W W)

A70e B

m 2

. BEMH 3 HE

BAF

%

130 AME b= %%EHJF AF ?}t‘c}
A FAS ki

e (U i) ol & fﬂr
zﬂo}oq ARgs o™ 1] Pr%kfi =ecE
(Table 1).

e = m
W 1o %

%

orjz

Table 1. Composition and amount of Baekaliong-tang
(BDOT)

Herbal Crude drugs Scientific Dose
name name name (g)
IS Pulsat.illae Pulsatilla koreana 6
Radix NAKAL
= A Phellodendri Phellodendron 6
- Cortex amurense RUPR.
5 Fraxini  Fraxinus riynchophylla 5
Cortex HANCE.
W Coptidis Coptis chinensis 6
- Rhizoma FRANCH.
Total amount 24
2) N5

A ik Al EFQ HT-299F HCT-116& &
TAEZFEP(AEHT) S 2 HEH P8t A
HjFslHA AES AT

3) Aot g8 7)7]

Aol Za3d RPMIIGA0, YA, trypsin 2 $
glo} ¥ (FBS)E GIBCO BRLAKGrand Island,
NY, USA) AFE, 91 %E71(24 well plate$t 10cm



dish)= Falcon*HBecton Dickinson, San Jose, CA,
USA)ellA 43k ARE3IATE 3-(45-dimethylthiazol
-2-y1)-25-diphenyltetrazolium bromide (MTT), DAPL,
bicinchoninic acid (BCA), dimethyl sulfoxide (DMSO),
PI, DCF-DA % DAF-DAE SigmaAHSt. Louis,
Missouri, USA)oIA 438192 ™, HEE Molecular
ProbesAHEugene, OR, USA)olA Fstach A
#o] AMg-& p53, Bax, Bel-2, BelxL, Cyclin E,
CDK2, CDK4, CDK6 ¥ B-actin 9 antibodies
+ Santa CruzAHSan Joes, CA, USA)SIA +43t
At

o
>t

%
"]Eg} ZA)
Yo AHEHE e 55 B2 FE8h
%%% e gy 2 23S 2 1000
A k7ol A 2A1E ] A Rk 390
s AZZ 93sta 3200 rppmo2 2087 YA
22 & ¥=7)(Rotary evaporaton) & §=3 o
-T0C(Deep freezer)ol A 12417t o) FAA| 7|
Freeze Dryer® FZAAZ AlA 48 g9 N85S ¢
At
2) AEZF w2 A A
HT-29 ¥ HCT-116 AMx= CO, AE wj%r
(37T, 5% CO)IA 10% S-jo} FAo] 2%
RPMI1640 vjA| 2 v et om, 24413t 744
|
d

1

~

=]
=

ml

3«9' —W' HJZ',

B oo

HjoklS WA 5k log phasedl] UE AE
Sirs At & A EZAEAL @43 o]
Aslel ARE FPstATh AESES 200 ng/ml 5
T2 DMSOY =94 A1 5% AR Al DMSO
o] F=7t wjFA Y 1% olHolA AA FAoly

o
FI8A
o

Hr&ﬂ

£31E 18 F ASsAT:
3) NEAZE 274
AT HEE 2 MTT Ba¥oz 293

Aotk AE v 24-well plate)o] AMEZAx10° Al
EF/m)E 1 md B3] 12417 o4 CO, Al
Fufg7] QA b & AIRE 47 27

2ES -2 7 YA - o[FE - X3P

wret A sttt Z2he] wj A el wiekd o] 1/10
Z MTTEAG mg/ml in PBS)S A7t 44]
7t & wjddS A AS 1 M DMSOS H7fshed
AEE 81AZ] U, 2833 =A(THERMO max,
USA)E o]%g}oq 540 nm J}z}oﬂ/q :‘Qﬂr::—'—_ Z;G
ST ATAEEE 99 o2 sl o

B8(%) 2 EASH T

4) NEF7] EX(Flow cytometry)

MEF7] B AZAEAL] WX e GFs Yol
7] 913l propidium iodide (P)Z DNAE gAsH &
o Flow cytometry (FACSCalibur, BD Biosciences)
£ o]&st ¥ A7IE ST AE 1
Uigie Aglste] 48A7 Fo 235t PBSE
F A AFsAT AFHE AZ1x10°)9 DNAE

PI £94(0.1% Triton X-100, 20 gg/m¢ PL, 200 pg/m
RNase)2 600 u=Z 205 1-8-5}1t). Flow cytometry
o] 7+ B8 9 qub GO/GIE 2o}z AHE CellQuest
software (Becton Dickinson)E o]-&3te] Al¥atd
b AEFVE BASST

5) DAPI &4

FEESS A28 MEE 4% formaldehyde &
o] 143k F PBSE AlH3}ta, 10 uM DAPIZ
1087F 44 & oAl PBSE AlF st g3dn|
7 (Leica MPS60, Germany) 2.2 o] dejsha ¥
55 A

6) Western blot analysis

HiFE HT-29 2 HCT-116 Alxe X3,
W PBSE 23] AFaich 2ol AEe g
A(50 mM HEPES, pH74, 150 mM NaCl, 1%
deoxycholate, 1 mM EDTA, 1 mM PMSF, 1 pg/m{
aprotinin)@} 4Col|A 308 wH-5t¥th BCAZ ©
uﬂx] okO Z%aka]. 3'7_ Eak,] H]J_J}Jﬂo_q 200 ﬂg)l/}
2x sample bufferE &3l 100TAA 38 71¥E
sto] @] MAS FEF Fo 125% R 15%
SDS-polyacrylamide gel electrophoresis (SDS-
PAGE)E A8ttt 71950 2 geld] o
A2 electrotransfer system (Ellard Inc, Seattle, WA,
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HESSC HEY MEF HCT-116 Lot MEXIHA 25k o7

USA)E ©]4(0.8 mA/em)3+e] nitrocellulose membrane
© 7 o]%EA7)aL blocking buffer (5% skim milk)
9} Ao A 2417k W83}tk phospho-p53, po3,
Bcl-2, Bel-xL, Bax, NOS1, NOS2, NOS3 ¥ B
—actind] gk A= 005% (v/v)2] tween-200]
-5 Tris-buffered saline (TBS-T)ell 1:1,0002
2 3]48}] nitrocellulose membrane®} -0l 4] 2
AIZE HEget o, 7 akAlel gk o] AF&HA] anti-
rabbit IgG conjugated horse radish peroxidase (HRP)
9} anti-mouse IgG conjugated HRP+= TBS-TE 3]
A(1:3000)810] 2ol 1A17F ¥Hg-3F & enhanced
chemilluminescence (ECL) kit (Amersham, England)
£ o]&ato dAs

7 AEY 292 FROS)T NO BAY 374

FEgel ofeh Al 849:HF(ROS) hydrogen
peroxide(H:0y), superoxide anion (O )@} NO A4S
27317 218l 42 &34 probe 2',7'~dichlorofluorescein
diacetate (DCF-DA; Sigma), hydroethidium (HE;
Molecular probe)@} 2’7’ -diaminofluorescein diacetate
(DAF-DA; Sigma)g o]&3tth HIFFEZH<
DCF-DAE AW hydrogen peroxide®?} ##EH
peroxides &4 Al Z4¢] o= WaE 1 HE
+ AEW superoxide anion (Qy) &4 A] ZA Y
Yoz WaEn DAF-DA= AXU NO &4
Al 839 DAFE W3te]o] HA o] 333wkt
AZe “(EES A & AEE 8317 A
o 5 uM DCF-DAS} 5 uM HES AHgste] 37T
oA 30% wistHTh wikst A= PBS (pH
742 AH3 1% trypsin-EDTA €948 %23}
o NEE 3311, OA] PBSE AF 3t Flow
cytometry (FACSCalibur, BD Biosciences)2 &3-S
=738} CellQuest software (Becton Dickinson)E
o]-g-3fo] A3t

8) BAIAE

FAIE A 3W oo H59H A dT o
o, 48439 A28+ Origin 759 one way
ANOVA©] 3l As¥ AL, p-value7t Hthz|
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005 (p 0.05) v¥el 455 Fold Aoz A4
s
. BEHER

1. HEE%50| HEL M= HT-29 3 HCT-1162]
HzZMZE=0| 0|X= G

HESES FUadE 2Ae] S8t gt
T3 HT-29 ¥ HCT-116 AEo Aiigins
zt Agste] gl A A 2 w9
Al A ERYEE2 H3lE MTT assay = =43}
o WA ESES 9SS 22 4749 X
o 48X7F Ag]ste] v gst A7 HT-29 A|Eo A
= 0125 mg/mie] FEAA 87%, 0.25 mg/ml FE
A 69%, 05 mg/mlelA 28%, 1 mg/mbelA 31%, 1
212l 2 mgy/mlol A 6% MENEES HYoH,
HCT-116 AZAAE 0125 mg/mle] x4 63%,
025 mg/ml FEANA 25%, 05 mg/mlolA 23%, 1
mg/mbo A 24%, 18] 2 mg/mloll A 5% AEA
EEE FY3 v JEH AEEHE B
(Fig. 1A). HESHS 025 mg/ml TEE kst
AJ7F FeF HT-29 2 HCT-116 A=) 22+ g
S A9 HT-29 ATXE 6A17H] 99%, 12
A7Vl 949, 24717kl 70%, 36417kol| 55%, L8]al
48717kl 51%9] A ZAEES HYow HCT-116
AZAAE 6217 100%, 1247kl 64%, 24A1%F
o] 33%, 36A17Fel 18%, 1&]i 48|17t 12%]
AZAEER o AF JEHA AEE4S

H 3 Fig. 1B).
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Fig. 1. Dose and time dependent effects of Aagkdlorng
—#angBDOT) on viability of human colon
cancer cells.

Cells were treated with various concentrations of
Baekduong tang(BDOT) for indicated periods. Then
cell viahility was measured by MTT assay. A.
Dose and B. Time dependent manner. The data
represent the mean + S.D. of three independent
experiments. * p<0.01, ** p<0.001.

CT-1160{M p53 &t

=
HCT-116¢14 © W78t erz ps3 v
o H3}ol QJAkELE Western blot £
A¥etglth HCT-116 Mo 025 mg/ml
FHES T AT Bk A A pb3
Aol Qxsh= (g AEl 6A17HH l }
E£H07 F7ksto] 36A7t Hie wEE B

2ES -2 7 YA - o[FE - X3P

on p53 YMAT g A 6A17F FRE
A7 dE2H o Z7l3ke] AN 7IEE A 2
Colu) gl Aoke B-acting E3}

& ZlstsikFig. 2).

BDOT (0.25 mg/ml)
0 6 12 24 36 48 (hr)
| - e S -|<- phospho-p53

B T

- e > ap @ @ |« [acin
Fig. 2. Expression of p53 and phospholylated p53
protein in BDOT treated HCT-116 cells.

The expression of po3 was measured by Western
blotting. Cell lysates were quantified in protein
concentration and subjected on 10% SDS-PAGE.
The transferred membrane was immunoblotted
with anti—pb3, anti-phospho—pb3 and anti-B-actin
antibodies. The immumoreactive bands were visualized
by enhanced chemiluminescence Kkit.
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HESSC HEY MEF HCT-116 Lot MEXIHA 25k o7
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Fig. 3. BDOT induced cell cycle arrest at G2/M phase in HCT-116 cells.

Cells were treated with BDOT (0.25 mg/m{) for indicated periods. After PI staining, the fluorescence intensity of
more than 10,000 cells was analyzed using a flow cytometry.

4. %\FZ‘ |g|_|. EH;(()[.%I- A‘“;‘T‘; HCT-11 6°| Aﬂ BDOT (0.25 mg/ml)
it-|—7| HEJ ':._Ft'—h'é!ﬂ HEI-; t'._;l' 0 6 12 24 36 48 (hr)
HEEE o3 Y AEF HCT-1169) Al
FAPEOM A 2F7] 42 G2M 99 arrest
7 ZHEgonE Bty WaE x
AYat7] $1ake] Western blot2 423333tk CDK2

|- - @ - --|<-CDK2
|— ---——ié CyclinE
|---- --’<—CDK4
|- D - = |<—CDK6

RALE (A A 640 I 218 ——er e e
1 919 oo Cus e a4 S00T ot e ot o o
50l U Zotstel 4 0 ok e yele requaton’ P '
LEE A, Cells were treated with 0.25 mg/mé BDOT for
[e] Hﬂ ]}2_ PaNNIE]
7k #A=A. Cyclin B w4z AEE A2 indicated time periods. Cell lysates were separated
6A17E Foll F7hste] 12412744 FA =T} 244] on 125% SDS-PAGE and immunoblotted with

3 0]

3

3 Az} 7asls S Byl CDK4 © antibodies for CDK2, Cyclin E, CDK4, CDK6
S A UA7He] BEo] AA|H o and B-actin. The immunoreactive signals were
ATV S

AT

2 visualized by ECL detection kit,
2aske A% Beom CDK6 Bde

1_. E[
s A2 6A17 S718lE Al EH o w 5. AEFHH0| AL MEF HCT-1169] MZAH
AastAtHFig. 4). ol B AeE Bacting F OlAl sub GO/G1 22 H5lof O|x|= det
slo] AT FIS Felstsh FEgEO] <k A AlEFE HCT-1169 Al

FAPEOA PI 945 53 Flow cytometry 4]
< &3l sub GO/GL £99 ®gtE ZARHAT Al
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Fig. 5. BDOT induced apoptosis in HT-116 cells in a time-dependent manner.

Cells were treated with 0.25 mg/m{ BDOT for indicated periods. After PI staing, the fluorescence intensity of
more than 10,000 cells was analyzed using a flow cytometry.

6. aFEBHO o3t Chnet
EMDE*OW HEZS 47
sl % A2

MZZ HCT-11629] M|

e

ol AEAEAL 71730

40}04 NEE FAstaat HEAEAL dide
et 54 % S Ak ?ﬂi*u DAPI
S FaPstiey. HCT-116 AMEo] HEgh<S
Z+7F 0125, 025 2 05 mg/mle] FEE 4317 A
2gt & DAPL 94s Alsst 47, A4 gz
e elgdge 243 ?ﬂﬂu TA3 G 98 S
el o (Fig. 6A), A AT 32

2] 2Zto g RBAHY 3 AWo| vx oEZ O
Z71E0] #AFE oY ojuf AE 49 7HAe}
oke] W37} FuE AtH(Fig. 6B, C and D).

1-nl-m_9_

Fig. 6. BDOT induced the morphological change in
HCT-116 cells in a dose-dependent manner.

Cells were treated with BDOT for 48 hrs. Then,
cells stained with DAPI and observed under
fluorescence microscopy. A. control, B. 0.125 mg/m,
C. 025 mg/ml and D. 0.5 mg/m¢ of BDOT.

279



HESZS et MEF HCT-116 getamtet MEAfHAL| 2ot o7

7. AEESH0| A MEF HCT-1162] M=XIH
AMO[A caspase CHHEIS] EHM HISLY| O|X[=

>,
B oo
R
=}
>~
>
lo,
A
o,
S
ol

AAS 2= AEY

SAY ]Xd‘)ﬂ/‘i caspase?] 52732 oln| & 4H
Smoll 23t ulget NEF HCT-1169]
Ex}ﬂé/\} ?_8%01 caspase T Ao &3t} &
A7} A=A S 3elstr] 93t Western blot #4]
%‘—Q S8 ARG HCT-116 AEel 0.25 mg/ml
FEO RSy T AIZE A2le & 29 Al

3, gste] AE F-frH o ZHE procaspase-3
Iy RS }_*}6}9&1‘/}. 7 A3} procaspase-3
< A¥Sn Mg 12A7HRE A A
ARk «l:‘éxﬁﬂ a7t A2 At (Fig. 7).
, caspase-32] g1 Tl A9l caspase-8 T A
S AE] At e Hle Ay
otout BA31E caspase-10, caspase-9 T
de [Esn Al 6A1ZF o] 843 F7}
BAA WE F7F FAHATHFig. 7).
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Fig. 7. Expression of Procaspase-3 proteins in
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BDOT-treated HCT-116 cells.

Cells were treated with 0.25 mg/m{ BDOT for
indicated time periods. Cell lysates were quantified
in protein concentration and subjected on 10%
SDS-PAGE. The transferred membrane was
immunoblotted with anti-procaspase-3, anti-
activecaspase-8, 10, -9 and anti-B-actin antibodies.
The immunoreactive bands were visualized by
enhanced chemiluminescence Kkit.

8. HEEHH0| CHERt Aﬂ_

AN M ZL] 2ty

g

HEg el oe uget AES HCT-1169 Al
FAEA A A EZU S48 F(ROS)Y AAEE
FRAANS B3 ZABIAT WA AZW H0.9
AL DCF-DAZ 943t Flow cytometryS &
sto] ARSI M1 #he2 ®ASTh 1 23,
025 mg/ml FEO] FEHY A Al 2Tt ¥
st 6A17F A2l e 15%, 12417 X 2]TtollA]
T 19%, 24713 AFAXE 7%, 36AZF A
ANME 21%, 283l 48417 ATl E 36%7}F
74 s BATHFig. 8A). oW thxte] H]
3 S7HE Ho0po] e 3|2Eafor RG]
tHFig. 8B). BEa A ¥ superoxide anion (Oy )<

HEZ gAst9s 74F dxTs 7IEe 2 6X7
ATt A= 22%, 1277 Aol E 25%, 24
A7 AR ME 2%, 36417 Al A= 17%,
T3 BARE ARl 3%7F 71 RS B
ATHFig. 9A). o]uf thzztdl] HIs] =7} superoxide
anion (0;)9] & 3l2E10F TN Fg IB).
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Fig. 8. Production of HO. in BDOT treated HCT-116 cells.

Cells were treated with 0.25 mg/m¢ BDOT for various periods. Then, cells were incubated with the dye DCF-DA
(5 pM) and the fluorescence intensity of more than 10,000 cells was analyzed using a flow cytometry.
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Fig. 9. Production of superoxide anion (O.) in BDOT treated HCT-116 cells.

Cells were treated with 0.25 mg/m¢ BDOT for various periods. Then, cells were incubated with the dye HE (5 M)
and the fluorescence intensity of more than 10,000 cells was analyzed using a flow cytometry.

o, WSS SIF TI¥Y MER HOT-11691 A Ciggel 9 ek AEF HCT-1169) Al
EXZAOIA BASH CoEo] s Hal] 0] ZARAN $RNLE AASE A wud
Xl g8 B9 Au4S 2ASNA FUS AT B

281



BHEZ S et MxF HCT-1

W32 Western blot —1‘?: Hoz sty 025
ngml F=2 HIESLS t}hokel
AIZE A8tis A SO 1 gulde Higw
A2l 6A17 dlRTRT wdo] Aty or A
F AIZE JEHO R FUVEY] ARt MBS
A2l 48217kl xR 35T SOD2
AL Sl AT 6AZHRE Tdo] At
JzAoZ Z/1eta, GSS ©HlAe ESY
A2l 24AZHTE AIZE EH SR Wio] Frtet
= WS HYY) T3 catalase B AL (S
% AE 12A7HE A7 9EFH o7 FU)sh7] Al
23} 36A17P°ﬂ Hojo] WS Holtr} 434
Fastdeh 28y HO-1 vlde 4sts
35 #Fs7|7F ol sick(Fig. 10). o]

‘ﬂi AFE Bacting T3t TIF FIde AQ

il

LorfloE
(ol
rE n

BDOT (0.25 mg/ml)
0 6 12 24 36 48 ()

|— —-1—4——-|*‘SOD1

e e — | < 5()]))

| - -—d|<'GSS

|---.-- | < B-actin
Fig. 10. Expression of antioxidant enzymes in BDOT
—treated HCT-116 cells.

Cells were treated with 0.25 mg/m¢ BDOT for
indicated time periods. Cell lysates were quantified
in protein concentration and subjected on 12%
SDS-PAGE. The transferred membrane was
immunoblotted with anti-SOD1, -2, anti-GSS,
anti—catalase, anti-HO-1 and anti-B-actin antibodies.
The immunoreactive bands were visualized by
enhanced chemiluminescence Kkit.
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Fig. 12. Production of NO and expression of NOS proteins in BDOT treated HCT-116 cells.

Cells were treated with 0.25 mg/m{ BDOT for various periods. A, B. Then, cells were incubated with the dye
DAF-DA (5 pM) and the fluorescence intensity of more than 10,000 cells was analyzed using a flow
cytometry. C. Cell lysates were quantified in protein concentration and subjected on 10% SDS-PAGE. The
transferred membrane was immunoblotted with anti-NOS1, anti-NOS2, anti-NOS3 and anti-B-actin antibodies.
The immunoreactive bands were visualized by enhanced chemiluminescence Kkit.
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