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The anti-cancer activities of Rhus verniciflua Stokes (GC),

Ulmus davidiana var. japonica Nakai (UGP)

and arsenium sublimatum (SS) extracts, which have been used Oriental medicine therapy for various
diseases, were investigated. The treatment of GC, UGP and SS alone, and combined treatment with
GC, UGP and SS did not affect the cell viability in the mouse normal cell lines (RAW 264.7 macro-
phages and C2C12 myoblasts). However, co-treatment with GC, UGP and SS markedly induces apop-
tosis in human gastric cancer AGS cells, but not in other various cancer cell lines (human lung cancer
A549, colon cancer HCT116, liver cancer Hep3B and bladder T24 cells) as evidenced by formation of
apoptotic bodies, chromatin condensation, and accumulation of annexin-V positive cells. Co-treatment
with GC, UGP and SS effectively induced the expression levels of Fas and Fas ligand, and inhibited
the levels IAP family proteins such as XIAP, cIAP-1 and survivin, and anti-apoptotic Bcl-xL proteins
compared with treatment with either agent alone. Combined treatment also significantly induced the
loss of mitochondrial membrane potential, which was associated with the activation of caspases (-3,
-8, and -9) and degradation of poly (ADP-ribose) polymerase. However, the cytotoxic effects induced
by co-treatment with GC, UGP and SS were significantly attenuated by pan-caspases inhibitor,
z-VAD-fmk, indicating an important role for caspases. These results indicated that the caspases were
key regulators of apoptosis in response to co-treatment of GC, UGP and SS in human gastric cancer
AGS cells and further studies will be needed to identify the active compounds.

Key words : Arsenium sublimatum, apoptosis, caspases, Rhus verniciflua Stokes, Ulmus davidiana var.
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B Ao AHgE 23 (Geonchil, GC), #3 (Ugeunpi,
UGP) 2 414 (Shinsok, SS)& A B.gA| k] (7)ol A1 Al
Fgkon 32 FRTFE ol &35t 100 mg/mlo| FEE THE
O ols A4 s== wjAd 4t Agstglt. g
BE4& Y38l AHEE tumor necrosis factor (TNF)-related
apoptosis-inducing ligand (TRAIL), death receptor 4 (DR4),
DR5, Fas, Fas ligand (FasL), Bcl-2, Bcl-Xy, Bax, Bad, Bid,
X-linked inhibitor of apoptosis protein (XIAP), cellular in-
hibitor of apoptosis protein-1 (cIAP-1), cIAP-2, survivin, cas-
pase-3, caspase-8, caspase-9, poly (ADP-ribose) polymerase
(PARP), B-catenin, phospholipase C gamma-1 (PLCy-1) 2
actin &A= Santa Cruz Biotechnology Inc. (Santa Cruz, CA,
USA)ell Al 9138+ 2.1, immunoblottingS A3l 22 &4 &
AH-&-# horseradish peroxidase (HRP)-conjugated anti-mouse
9 anti-rabbit 4+ Amersham Life Science Corp. (Arling-
ton Heights, IL, USA)ol A FYotAth. E3 caspases? in
vitro &4 45 9 colorimetric assay kiti= R&D Systems
(Minneapolis, MN, USA)ol Al #1319 2. ™, caspases?] &4
< A7) $13te] AHEE pan-caspases inhibitor?l z-VAD-
fmk+ CalBiochem (San Diego, CA, USA)ol A F§) st % th.

M| ZHH2F

£ A7l AHEE mouse A EFS RAW 264.7 T4 Al
X 9 C2C127okA 9} H 9H(A549), g %HHCT116), T+
(Hep3B), ¥33%(T24) 2 9$H(AGS)M EE American Type
Culture Collection (ATCC, Rockville, MD, USA)ol A &%
Wokom 90%¢] RPMI1640 2 DMEM A (Gibco-BRL,
Grand Island, NY, USA)ell 10%<] o} 8 A (fetal bovine
serum, FBS, Gibco-BRL), 2 mM glutamine, 100 U/ml pen-
icillin ¥ 100 pg/ml streptomycin (Gibco BRL)©] E 3% H] 7]
€ A83ke 5% CO, 37T 28t A W Fat it A=
ol 4841 3tutth WS F AL, A F4o] e HEE
ddE dast7]) A5t 0.05% trypsin-ethylenediamine tet-
raacetic acid (EDTA, Gibco-BRL)E A g3te] MZE F-fA
A vs Ao ALE EFsto] Au el

MTT assayOfl oI5t MIZE SAAH ZAL
=3 gAY = 5 EAe]d o3 F4 A
37 913t MTT assayg ©] 835t o

=
=
=4 29§29 9

J&?L l‘

o M
b
i 2

of EHlE A4 3 Azl A44F
Ae &5 3 5 Aot 2443 5 v A

My > 40 to
ol

2
)
(e

stal =24 9] soluble substrateq! tetrazolium bro-
mide salt (MTT, Sigma-Aldrich)E 05 mg/ml ¥ == 343}
o 2 mi¥ B35 37CA A A7 F vESAI AT HEg-o
4 o3 MIT A %S A AT DMSOE 1 ml¥ 33149
welle]l A4 H insolubled R 2}A ] MTT formazang R
=2 % 96 well plated] 200 pl® &7 A ELISA reader
(Molecular Devices, Sunnyvale, CA, USA)E ©| &34 540
oA FRFEE AT S BT A HE e,
Jof e Fdgd £F 2 AE Microsoft EXCEL program
= AH8stel BT

L=
A4, 29 g Ad g E}—‘ % %UJHEM] o2 A E
FelHsls =9 @v A (inverted microscope, Carl Zeiss,
Germany)& ©]§3to] AlZtAl o= &Q1s 3t o] & ¢lsto]
Kﬂ Hj & 6 well plated] FHZE 1x107) /ml B = l‘,i:-’é
T A2 §29 9 AN AHETE FMET
%ifﬂﬂo}‘# Hj st gl 48X 7 A3 & A ZAQl A L A
Jzo Feug =5 200019 M2 FES O Axio
Vision Z2I1H & o] &3tof A EF<& 3T

DAPI stainingOil oI5t M|Z=Ho| HEf 2H&

Apoptosis 574 F 32l apoptotic body 9] #41-E& ¢35t
ZHlE AEZE EL B35 37% formaldehyde €93 PBSE
1:99] HI& & 412 fixing SO]uthl’la Aglste] g4 102

S 1. 10l £ F fixing solutions A A3k



PBSY A%l B cytospin (SHANDON, UK)<& o] &3}
slide glassoll A|Z£5 F&atith Al 27 F249 slide glassE
PBSE A 43}1 0.2%<] Triton X-100 (Amresco, Solon, OH,
USA)& H7bste] delA 1082 -&AZ $ 25 png/ml
F 59 4 6-diamidino-2-phenylindole (DAPI, Sigma-Aldrich)
LHE A st FLodA 1580 A AT G B
T 34 @v) A (fluorescene microscope, Carl Zeiss, Ger-
many)< ©]-&3te] 40081 ] W& 2 YA L o] FE W3}
3 th2 Axio Vision ZEIHE o] &3l AR &Y

%1._
A

o
2=

ol
-

Annexin V-Fluorescein Isothiocyanate (FITC) staining
Ol I8t apoptosis £8

Apoptosis & A= AFARA £4817] Hetel AlzE
S 2 0 2,000 rpml 2 587 YA RS AF AL
A7 A PBSE o] &3] 2~33 A= AHdL 10 mM
HEPES/NaOH, pH 7.4, 140 mM NaCl and 2.5 mM CaCl,7}
234 annexin V binding buffer (Becton Dickinson, San
Jose, CA, USA)ell FA1Zl ths annexin V-FITC ¥ propi-
dium iodide (PI, Becton Dickinson)& # 2|3te] A oA 15
T 5% S AT #eo] € F 35mm meshE ©]-8-3}
of dYAHERE £33 FACS Calibur (Becton Dickinson)E
Z &M A apoptosis7t FEE AEV/PL)E 3o o
2t 243 42 CellQuest software ¥ ModiFit LT ZZ 1%
< ol &ste EAsT

DNA EHHz} 24

Apoptosis & 3t ELE DNA ©3 8 E 2Qls)
7] Sigte] FHlE AZES BE& thy lysis buffer [5 mM
Tris-HCI (pH 7.5), 5 mM EDTA, 05% Triton X-100]& % 7}3}
of &AM 143 T lysis A7 v FA R st 4S5
< et Agd S5l 05 mg/ml FE9 protei-
nase K solution (Sigma-Aldrich) # 2] 3to] 50T ol A 3AI3t
& ¢ ¥ A1 7] 3L phenol : chloroform : isoamyl alcohol &%
49 (25:24:1, Sigma-Aldrich)& #7h3ted A auk A7 oh&
AR E A8t A 35S Egstdt 288 A%
Hof isopropanol (Sigma-Aldrich)¥ 5 M NaClE #7}3}o]
4TCAA 24/ ¢ F3AN F AAEGst 133E
DNA pellet® FZ3 % RNA AAE 93t 1¥3d
DNA pellete] RNase A7} 43 50|31+ TE bufferg ©]-&
3kl =2l T 6X gel loading dye (Bioneer, Daejeon, Korea)
€ H718HAL 1.6% agarose geloll HE&AAH 50 VE A7 G52
AAsAn d719E0 €d § £eld DNAS EFste
agarose gel= ethidium bromide (EtBr, Sigma-Aldrich)Z @
A3a UV st A DNA ©#3st @S Selstain.
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Mitochondrial membrane potential (MMP, Aym)2|
=M

A EO MMP M3t BEE ZA37] A5t 719 5
g goE HYd AEES 22 o5 10 M9 557,66 -
tetrachloro-1,1 *,3,3 ” -tetraethyl-imidacarbocyanine iodide
(JC-1, Sigma-Aldrich) &°1-& A3t 208 F<F 2ol A
WA AT Hhgo] B & YARYs S 45 AS AAS L
71 PBSE A7bete] MEE HEHAZ T 35 mm meshs
ojgst] TAAMERE F sttt ol¥A FuHlE AZE
FACS Calibure]l Z&AA MMPS H3Es A o
CellQuest software % ModiFit LT ZZ1%g o] &3} &4
sttt

Western blot analysisOil 2|8t EMHE 39| 24

Lysis buffer [25 mM Tris-Cl (pH 7.5), 250 mM NaCl, 5
mM EDTA, 1% NP-40, 1 mM phenymethylsulfonyl fluoride
(PMSF), 5 mM dithiothreitol (DTT)[E A Ze] H7}ste] 4Tel
A AZE S AR &, 94 EeEste] A5 A Sle F
gds Eein. 459 @A F X< Bio-Rad T
A A% A<k (Bio-Rad, Hercules, CA, USA)< o] &3to] A &
3t1 5 F 9 Laemmli sample buffer (Bio-Rad)& 41 A o
A samples ¥ T sodium dodecyl sulphate (SDS)-poly-
acrylamide gel& o3| B AS Fapgkol| wet Eejstu
nitrocellulose membrane (Schleicher and Schuell, Keene,
NH, USA)o. & Aol Atk &g @ido] Hold nitro-
cellulose membranes 5% skim milkE ©]&-3}o] H]50]# <l
A Sof i3 blockinge AAStAL 12} A S A g shof
4Tl A 1243 o) Whe A2l T PBSTE Al 43kl A2
9 12 FA g 22 FAE AHEste] F2AA 1A T
EAZ T whgo] Ed & AHlA enhanced chem-
iluminoesence (ECL) slution (Amersham Life Science Corp.)
< A8 AN 5 Xeray filmol Z3AA S4Tdo] By

=
e B,

In vitro caspases activity S8

Apoptosis Tl oA T FE& ste AOE ¢
7 caspases®] BH JEE FA3}] 9)3te] 4719 5L

o s dd s FEaha AFE o 150 pge) @A o]
3% 50 plel sampled] 712 100 pM©] ¥ reaction buf-
fer [40 mM HEPES (pH 7.4), 20% glycerol (v/v), 1 mM
EDTA, 0.2% NP-40 and 10 mM DL-DTT] 50 & & 33}]
7t sample & % volume©] 100 ul7} = Al 3ttt 719 cas-
pases Z ol W& 7] (caspase-3 : Asp-Glu-Val-Asp (DEVD)-
p-nitroaniline (pNA), caspase-8 : Ile-Glu-Thr-Asp (IETD)-
pNA, caspase-9 : Leu-Glu-His-Asp (LEHD)-pNA)& 717+ 5
ul A A7kste] 37C, Ao A A F FHEAIZ F ELISA
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EEAASD)RE YEFAT 7 A3

o 4 F54 $A9 A4 ASS 4L (Analysis of
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Fig. 1. Effects of geonchil (GC), ugeunpi (UGP) and shinsok (SS) extracts, and co-treatment with GC, UGP and SS on the cell
viability in human gastric cancer AGS cells. Cells were seeded at 2X10° cells/ml in a 6-well plate and treated with variable
concentrations of GC, UGP and SS alone, and co-treatment of GC, UGP and SS for 24 hr. The growth inhibition was measured
by the metabolic-dye-based MTT assay. The data shown are means + SD of three independent experiments. The statistical

significance of the results was analyzed by Student’s t-test (*

, p<0.05 vs. untreated control).



A. Mouse Macrophage RAW264.7 Cells
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C. Human lung adenocarcinoma A549 cells
120

£ 100

2 a0

5 &

T
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E. Human hepatocellular carcinoma Hep3B cells
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2w 2 *

5 60
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B. Mouse skeletal muscle C2C12 cells
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2w

S 60

> a0

S 20

[l 1 1 1 1

- + = - + GC (24 pg/ml)
= = + - +  UGP (4 pg/ml)
- - - . + S5 0.6 pg/ml)

D. Human colon carcinoma HCT116 cells
120

£ 100
£ a0
E 60
i ]
&
0 . . . .
- + - - + GC (24 py/ml)
- - + - +  UGP (24 pg/ml)
- - - + + S5 (0.6 py/ml)
F. Human bladder cancer T24 cells
120
\“? 100
e £ &
2w
g 60
= 40
S
l] 1 1 1
i * = - + GC 24 py/ml)
- - + - +  UGP {24 pg/ml)
- - - + +  S5(0.6 py/ml)

Fig. 2. Effects of GC, UGP and SS extracts, and co-treatment with GC, UGP and SS on the cell viability in various mouse normal
and cancer cell lines. The mouse normal cell lines (RAW 264.7 macrophages and C2C12 myoblasts) and human cancer cell
lines (A549, HCT116, Hep3B, T24 and AGS cells) after treatment with GC, UGP and SS alone, and co-treatment of GC,
UGP and SS for 24 hr. The growth inhibition was measured by the metabolic-dye-based MTT assay. The data shown are
means * SD of three independent experiments. The statistical significance of the results was analyzed by Student’s t-test

(*, p<0.05 vs. untreated control).
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Fig. 3. Morphological changes of human gastric cancer AGS cells
32;“&;’?20 by treatment with GC, UGP and SS, and co-treatment with
SS ug/mi) GC, UGP and SS. Cells were seeded at 2x10°/ml in a 6-well
plate and treated with the indicated concentrations of GC,
UGP and SS alone, and co-treatment of GC, UGP and SS
for 24 hr. Cell morphology was visualized by inverted

microscope. Magnification, X200.

+  GC {24 pg/ml)

A - 2 - -
= i + = + UGP 24 pg/ml)
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Fig. 4. Effects of GC, UGP and SS extracts, and co-treatment with GC, UGP and SS on the induction of apoptosis in AGS cells.
Cells were seeded at 2x10°/ml in a 6-well plate and treated with the indicated concentrations of GC, UGP and SS alone,
and co-treatment of GC, UGP and SS for 24 hr. (A) To investigate the morphological changes of nuclei and apoptotic body
formation, cells were stained with DAPI solution. Stained nuclei were then observed under fluorescent microscope using
a blue filter. Magnification, X400. (B) The cells were collected and DNA was extracted. The DNA fragmentations were sepa-
rated on 1.6% agarose gel electrophoresis and visualized under UV light after staining with EtBr. (C) Cells were stained
with FITC-conjugated Annexin V and PI for DNA flow cytometry analysis. Apoptotic cells are determined by counting
the % of annexin V'/PI  cells and the percent of annexin V'/PI  cells. Results shown are expressed as the mean of three
independent experiments. The statistical significance of the results was analyzed by Student’s t-test (*, p<0.05 vs. untreated

control).
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Fig. 5. Effects of GC, UGP and SS extracts, and co-treatment
with GC, UGP and SS on the MMP (A,) values in AGS
cells. Cells were treated with the indicated concen-
trations of GC, UGP and SS alone, and co-treatment of
GC, UGP and SS for 24 hr. Then cells were incubated
with JC-1 dye (10 uM) for 30 min in the dark and the
loss of MMP was measured by flow cytometry. The data
shown are means + SD of three independent experi-
ments. The statistical significance of the results was ana-
lyzed by Student’s t-test (¥, p<0.05 vs. untreated control).
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Fig. 6. Effects of GC, UGP and SS extracts, and co-treatment
with GC, UGP and SS on the expression levels of apop-
tosis-related proteins in AGS cells. Cells were treated
with the indicated concentrations of GC, UGP and SS
alone, and co-treatment of GC, UGP and SS for 24 hr.
The cells were lysed and then equal amounts of cell ly-
sates were separated on SDS-polyacrylamide gels and
transferred to nitrocellulose membranes. The mem-
branes were probed with the indicated antibodies and
the proteins were visualized using an ECL detection
system. Actin was used as an internal control.
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Fig. 7. Effects of GC, UGP and SS extracts, and co-treatment
with GC, UGP and SS on the activation of caspases and
the degradation of PARP protein in AGS cells for 24
hr. (A) The cells were lysed and then equal amounts
of cell lysates were separated by SDS-polyacrylamide
gels and transferred to nitrocellulose membranes. The
membranes were probed with the indicated antibodies
and the proteins were visualized using an ECL detection
system. Actin was used as an internal control. (B)
Aliquots (150 pg protein) were incubated with sub-
strates, DEVD-pNA, IETD-pNA and LEHD-pNA, for in
vitro caspase-3, -8 and -9 activity, respectively, at 37T
for 3 hr. The released fluorescent products were meas-
ured. Results shown are expressed as the mean of three
independent experiments. The statistical significance of
the results was analyzed by Student’s t-test (*, p<0.05
vs. untreated control).
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Fig. 8. Effects of pan caspases inhibitor, z-VAD-fmk, on the induction of apoptosis by the treatment of co-treatment of GC, UGP
and SS in AGS cells. Cells were pretreated with z-VAD-fmk for 1 hr, and then treated with co-treatment GC, UGP and
SS for 24 hr. (A) The cells were stained with DAPI for 10 min and photographed with a fluorescence microscope using
a blue filter. Magnification, x400. (B) DNA fragmentation was analyzed by extracting the fragmented DNA and separating
it by electrophoresis in a 1.6% agarose gel containing EtBr. (C) The growth inhibition was measured by the metabolic-dye-based
MTT assay. The data shown are means + SD of three independent experiments. The statistical significance of the results
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