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ABSTRACT

Objectives : The purpose of this study was to investigate the anticancer effects of Bodusan (BDS) on
SNU-1 cells, a human gastric cancer cell line.

Methods : To study the cytotoxic effect of BDS on SNU-1 cells, the cells were treated with various
concentrations of BDS and then cell viability was determined by XTT reduction method and trypan blue
exclusion assay. The typical signs of apoptosis, was examined by western blot analysis. BDS-induced
MAPK activation was also examined by Western blot for phosphorylated ERK and p38.

Results : BDS reduced proliferation of SNU-1 cells in a dose-dependent manner and  decreased
procaspase 3 level in a dose~dependent mamner and induced the clevage of PARP at concentration > 500
we/ml. BDS also triggered the mitochondrial apoptotic signaling by increasing the release of cytochrome C
from mitochondria to cvtosol and reducing the level of anfi-apoptotic Bel~2. BDS significantly decreased
ERK phosphorylation and increased p38 phosphorylation in a dose-dependent manner. Futhermore, BDS
treatment up-regulated O3 and p2lwal expression in a dose~dependent manner.

Conclusion : BDS-induced apopiosis is MAP kinase-dependent apoptoric pathway and arvested SNU-1
cells at the GO/G1 of cell cycle. These results suggest that BDS is potentially useful as a
chemotherapeutic agent in human gastric cancer.
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MAPKsv  serine/threonine  kinase2A  extracellular
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Figure 1. Mitogen-activated protein kinase
conserved class of proline-directed serine/threonine kinases, which
include Erkl/2, p38 Hog, JNK/SAPK, Erk3 and Erk5. This family
has been implicated in a myriad of biological events including cell
proliferation,  differentiation  and  metabolism.  Furthermore,
(epi)-genetic aberrations of these enzymes or of the signaling
cascades that regulate them have heen implicated in a variety of
human diseases including cancer, inflammation and cardiovascular

disease.
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“Table 1, Composition and contents of Bodusan
o 3 e g)
RE Strychnos ignatti Bergius 100
xz Glyeyrrhiza uralensis Fisch 400
Total
2) Alet
RPMI-1640, fetal bovire serum streptomycin-penicillin
Y AFEugE A%ELE Gibco BRL  (Grand

Island, USA)AFA, wjdzxe=
USAAPA sl Agel AMg" Al F
HEPES, sodium dodesyl sulfate (SDS), NP-40,
CAPS, protease inhibitors 52 SIGMA (St. Lous,
USA)APIA 7d8tden, AEel AMgd A
anti-caspase 3, anti~p53, anti-pZlWaf-2 Santa Cruz
Biotechnology  (Santa Cruz, USAMAOlA, anti-PARP,
anfi-P-ERK1/2, anti-P-p382 Cell signalingAtofl A},
Bcl-29 cytochrome C¥ BD BioscienceAtol A 1+
Sk =3 ¥ AR E A S p38 MAPKY
A& A¢l SB2035803+ RNase A, proteinase K&
Sigma (St. Louis, USAYf A U3k ch Enhanced
chemiluminescence (ECL) detection kit Oxford,
UKWA, protein assay reagent™ Bio-Rad (Hercules,
USAATN T-dstgom, Ag¢ AMRE BE A%
2 BHE B5Fo)PoR ALIIET.

Corning (Rochester,
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2) MZEHHQt

A ¢el AEFQ SNU-1  (human  gastric
cancer cell, KCLB)YE, 10% fetal bovine serum
(FBS)™ 1% penicillin-streptomycin® L83+
RPMI-1640 si=jol A} CO, , 37T wiokzolA alds}
At

3) XTT assay

BEA] o5 ME AIEAS Dol K3
XTT assay #HHg o834k Weld 1x10°749)
cell& 96 well platedl] ¥F38l3 serum free media®
16A17F B9t starvation A7l ¥, BEE FREE
Aelate] 24A17F w3t Well'd 100 W &} XTT
(Roche, USA) labeling mixture (5 ol XTT labeling
reagent + 0.1 nl electron coupling reagent)& A &]
sl 4AIzr ¥REAIZ] %, micro plate  reader
(DYNEX, Opsys MR)Z o|&3} 450 nmol Al F3
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4) Trypan blue exclusion assay

60 mm wWiokze] 1x10° cellym 2 AMEE Ax
serum free media® 16A7FESH starvation A7 %,
REAS wedg X2y 4N afdEtArh
Trypsin-EDTAS A3tz 9ARess AESES
HolA) trypan Hlue (0422 B3} hematocytometerS
o) &dld MEF HEL FE ZPIHH

5) Western blot analysis

A719%E % wd Az F&& AHE Al
718 E AEE jce-cold tris buffered saline (TBS ;
20 mM Tris-HCl, pH 80, 137 mM NaCl)e.g 33
FAIT & lysis buffer (TBS, 1% NP-40, 1 mM
sodium orthovanadata, 10 wg/ml aprotinin, 10 wg/ml
leupeptin 2 1 mM PMSF)E ol 4ClA 2083t
HESAlF] DL 12000xgol Al 1087 4Rt 43
Ag worth Y3k ool TS sodium dodecyl
sulfate-polyacrylaride gel electrophoresis (SDS-PAGE)E
Bzl & galde pigocellulose  membrane®
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(Figure 2).
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Figure 1. Effect of BDS on cell viability of the SNU-1 cells.
SNU-1 cells were incubated in the absence or presence of the
various concentrations of BDS for 24 hrs. Cell viability was
measured by XTT assay as described in materials and method.
Data were chosen from six independent triplicate experiments.
Values are meanS.D. , *, p{(0.06 compared with control.
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Figure 2. Effect of BDS on cell viability of the SNU-1 cells. Cell
viability was determined by trypan blue exclusion assay as
described in Materials and Method. Data were chosen from six
independent triplicate experiments. Values are meantS.D. *, p<{0.05
compared with control.
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SNU-1 MlEe] BFAS 28R AEso A
AFE (apoptosis ; programmed cell death)e] 23 A
S5 dolrstth AXE HEAME HFFG IV 7]
52 AEA "Hen, 97 $23 polymerase”}
poly(ADP-ribose) polymerase (PARP)e|th o] PARP2]
Adke] F AZAPE S BT 4 e st AR7
Ho}t. &3 PARPY] upstream regulator$! caspase 3
9] o]¢ western blot& 53] PARPS] Hdg A3}
Ak oL AF 500 w/ul )Y RN AFEANE
o] fEHE AL AL F AN (Figire 3). FT
PARP2] upstream regulator?] caspase 3¢ 2394k
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Figure 3. BDS-induced apoptosis. SNU-1 cells were incubated in
the absence or presence of various concentrations of BDS for 24
hrs. The cleavages of PARP and the reduction of procaspase 3
were detected by Westemn blot.
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BEabo] o fEge AZAMEe] HE U o
H AsAgE B3 dojueA] goprEgith B A
oMz, 2 giAd AEAEY AR F sl
mitochodrial apoptosisel] TreddtE Bel-29) W3 kA
3} cytochrome C release AEE Yottty 1 3
I}, Meldt BEAbe] FRo] oFEFog Bol-29
Ho| AxHoz 7AEH, MEAD W9 cytochrome
C7t F7hske A& RIS (Figure 4). °]&H
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Figure 4. Effects of BDS on cytochrome C release and expression
of Bel-2. SNU-1 cells were incubated in the absence or presence of
various corcentrations of BDS for 24 hrs. Release of cytochrome C

from mitochodria and Bel-2 were detected by Western blot,

4. RFAb)l 23k Mitogen-activated protein
kinase (MAPK)9 A w3}

Mitogen—activated protein kinase (MAPK)= A
Xo FA Rz aglm AXe AEd AFAbES
Eshe et AETH Jee 2T A
ek BEAE A2l Al MAP kinase®] @40 w3k
W7 gl gotwry] $18te]  anti-P-ERK1/29
anti-P-p38< o} 43 western blot2 F8atgrt 1
A3 P-JNKe detection® ] &stm, 8§k B5A
9 Fre 9g&xHog P-ERK/27} #4dte AL
E 4 Ik v, P-p38 MAP kinase® % &
Ao g Zrlehe AL Fostdtt (Figure b).
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Figure 5 Changes of the activities of ERK1/2 and p38 MAP kinase
during BDS-induced apoptosis. SNU-1 cells were incubated in the
absence or presence of various concentrations of BDS for 24 hrs.

MAPKs aclivation was analyzed by Western blot.

5. p38 MAP kinases] Aol wh&
A FAPE o] w35}

BT Ae] A p38 MAP kinase®] ¢l4t3l7h &
7V Aog Hol, ojwf F7HgF P-p3Ro] B4t
9J3 apoptosis9t #Ho] Y& Ao AZH p3R
MAP kinase®] 5o}3 A4 SB203380E BF4AF
7} cotreat3t ¥, apoptosis’t frol olwdt WEr}
UeheER dotisgitt. 1 A}, SB2035800 <3|
p389) A3l 7} AAEAE 73 PARPY cleavage
7t BEEA GYT procaspase 3¢ FEE UEHEA]
gt (Figure 6). ©|2M, HFA o3 F7id
p38 MAP kinase®] Aol 3] SNU-1 Al:e]
apoptosis7t FFEHE AoE & 4 i)

P-p38
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Tigure 6. Inhibition of P-p38 by a specific inhibitor, SB203580, lead
o inhibit the fragmentations of PARP and procaspase 3. SNU-1
cells were cotreated with BDS and 5 uM SB203580 for 24 hrs. The
cleavages of PARP and the expression of procaspase 3 were

analyzed by Western blot.

6. BE¥Ao] SNU-1 Alx9 cell cycledl]
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p53L tumor suppressor genel B 9% 2o
o}s] DNA damage’t A3 7%, ph3el @do] &7}
A Hok 2719 b3 cell cycle arrest$} apoptosis 2]
% 7}A pathwayol] #ostAl @) (Figure. 8). 57
b A7) A] SNU-19] cell cyclesll oiw]g 3o} ol
2 #1eh7] 915k cell cycle 2 sk &
el pa3sk p21™ e WE el Bale] Lolr gk
o} 2 As AEd AFAte] Frof oEAHOF ph3
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SNU-1 M E2} cell cycle 2™ Bedle] AlEe] =
Ao ke vjAte AL 4 5 U Figure 7).
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Figure 7. Effects of BDS on p53 and p21 expression. SNU-1 cells
were incubated in the absence or presence of various concentrations

of BDS for 24 hrs. p53 and p21 were detected by Western blot,
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Figurc 8. The roles of p53. Cellular stresses such as genotoxic
injury and oxidative stress, viral proteins such as SV40 T antigen
and adenovirus Ela, and conditional expression of ceflular factors
such as myc and ras all induce p53 expression. pS3 accumulation is
likely to be mediated via multiple pathways. pb3 acting as a
sequence-specific and DNA binding protein is known to activate
P2IWAF/CIP, Bax, and MDM2, which are linked to cell cycle arrest
and apoptosis.
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kinase©l®™ extracellular signal-regulated kinase
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(ERK), p38 MAPK, c~jun N-terminal kinase (JNK)
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2. RFAY AERAos Qs SNU-1 A¥o
apoptosis’t FEHEA #3187 3t western
blotg 8e A, AP BT Fr oEH
o2 H¥APE9) {7} == PARP cleavages7t
detectionF| 7. PARP9] upstream regulator?l
caspase 3& #&AF A, procaspase 37} Fadt
T AT E 5 AU o]ZH BHFA] g AT
A7} apoptosisel] &g AYE &+ ANUTh

3. BEA) 9% apoptosis?t oju)& mechanism®l
g8 fEHeA  geirrs] A3l Bcl-29)
cytochrome Co H@& ZARE 29, A3 BT
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Figure 9, The effects of BDS in SNU-1 cells.
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