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ABSTRACT

Induction of Apoptosis by Dendropanax morbifera Lev.

Methanol Extract in KB Human Oral Cancer Cells

Cho, Seon-Ho
Advisor: Prof. Kim, Do Kyung, Ph.D.
Department of Biodental Engineering,

Graduate School of Chosun University

Dendropanax morbifera is evergreen broad-leaved arboreous tree belongs
to the araliaceae. The country of origin is mainly the South Korea. The
scientific name is Dendropanax morbifera that component is based compound
polyacetylenes. Recently, many researchs have been conducted about
anti-cancer effects using Dendropanax morbifera in liver cancer, lung cancer,
cervical cancer, and so on. However, the effects of Dendropanax morbifera
on oral cancer is not clearly established. Therefore, the main goal of this
study was to investigate the effect of Dendropanax morbifera extract on

cell growth and apoptosis induction in oral cancer cells.

To determine the effects of Dendropanax morbifera on cell growth and
apoptosis induction in oral cancer cells, it was examined by inhibition of
cell growth (MTT assay), nuclear staining with DAPI, DNA fragmentation
analysis determination of caspase activation and immunoblotting in KB

human oral cancer cells.

The results were as follows.
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1. Dendropanax morbifera methanol(DMME) extract induced the inhibition
of cell growth depended on the Dendropanax morbifera extract treatment
time and concentration in KB cells.

2. DMME observed the changing nuclear size and nuclear condensation
in KB cells.

3. DMME induced the DNA fragmentation in KB cells.

4. DMME promoted proteolytic cleavages of procaspase-3, -7, -8 and -9
with the increases in the amount of cleaved caspase-3, -7, -8 and -9.

5. Cleaved PARP was increased by DMME in KB cells.

These results suggest that Dendropanax morbifera can induce the suppression
of cell growth through the cell apoptosis pathways in KB human oral
cancer cells, and that it many have potential properties for anti-cancer

drug discovery.

KEY WORDS: Dendropanax morbifera, Anti-cancer therapy, Apoptosis,

Cell death, KB human oral cancer cells.
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1. A=

N-methylthiotetrazole(MTT)+= Sigma(St. Louis, MO, USA)elA i3k A}
43}91ar, ECL detection kit Amersham Biosciences Corp.(Piscataway,
NJ, USA)ollA Fdsted Alg3lgdct. Anti-cleaved caspase-3, -7, -8, -9}
anti-cleaved PARP &A= Cell Signaling Technology, Inc.(Danvers, MA,
USA)ollA Fsiste] ARS8, DAPI AE4-2 Simga(St. Louis, MO, USA)el
A Feiste] ARSsksih 71EF A A9 analytical graded T3t ARS-3FSITE

A 74 KB A2+ American Type Culture Collection(ATCC, Rockville,
MD, USA)ellA All-grto}l Aol o]8-3}3ict.
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2. A=A +
A et w2 94k Dendropanax morbifera Ao (l~ZHE thA | thgal=h)

S A3l Dendropanax morbifera A153& 1mm Z7|E 43 ¥ 94% weke-
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(NAsE, AlE, dighelan) S o]83te] Aol 24417 F9t FE3t. 282
whatman 34 (0.45um)E o]-&3ste] o378k 3 rvotary evaporator(N-1100, Eyela,
Japan)Z o]g3le] 40Ce AFAez ZHAATY, FAx F pa2E 255S A4

0CellA 19 F<t TAZx stglon], 4°Cellx] wItsln] ARg-sholc),

e

3. A|EF}; AlEulok

KB A*+x 5% fetal bovine serum(FBS, Invitrogen Co., Carlsbad, CA, USA)
2 1% Nonssential amino acids(NEAA, Gibco, Newyork, NY, USA)~7} &=
37°Ce] Minimum Essential Mediun(MEM, Invitrogen Co., Carlsbad, CA,
USA) AAeNA] stellA] wljefslda] Agdel o]-8-3}Act,

4. AFAA JAALE (MTT £4)
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5. DAPI <3~
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lysis buffer(1% Triton X-100, 0.5mM EDTA, 1mM phenylmethylsulfonyl
fluoride, 518/ml aprotinin 2 5ug/ml leupeptine] Z3% PBS)elA 30+& HH-Al
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1. AlZA A d8kS v|X = Dendropanax morbifera W8-& F&%
(DMME) 9] -9-57’]'

KB Al Zel4 DMMEe®) 28t A 244 AAZI}ES 24 98 MTT 248 A8)s)
k. DMMEZ 1, 3, 10, 30, 100, 300 = 1,00048/mle] tiefgh Fe=g 19, 2U%
o KB Alzell FeI3k & MTT ZAAHe A3 23, DMME A2 19, 29°] 7Z-$-llA
DMME 3tg/ml 7429 Fxolils x2da) vlwsielS uf Az A Afo]s =
T ¢k (Fig. 1). z2v DMME 2] 14, 29 7%, DMME 10, 30, 100, 300
] 1,00018/mlol| A= HETa vjasle] & uf g AZAAR JAEAE & 5 U3
own o] A AR FEel oEAHYUS 1T & 9ldrh(Fig. 1). KB AZ2A4% o
Aol g DMMES] ICs50(H ) A=) 50%5 A7+ 55)> DMME A2 14
AE <F 30018/ml o], 297 oF T0u8/mlolltk(Table 1).
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Table 1. Anti-proliferative effect of Dendropanax morbifera extract in KB

cells
Time ICsp (ng/mb)
24 hours 301.2 + 36.1
48 hours 69.3 7.9

The /Csp values represent the mean + SEM for three experiments.
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Fig. 1. Concentration- and time-dependent effects of Dendropanax morbifera
methanol extract(DMME) on the cell viability in KB cells. (A)
Concentration-dependent effect of DMME on the cell viability in KB
cells. The KB cells were treated with various concentrations of
DMME or without DMME for 24 (circle) and 48 (square). (B)
Time-dependent effect of DMME on the cell viability in KB cells.



The KB cells were treated with 3 (circle), 10 (square), 30 (triangle),
100 (diamond), 300 #g/mt (hexagon) and 1,000 #8/m¢ (inverted triangle)
DMME for 24 or 48 hours. The cell viabilities were determined by
the MTT assays. The percentage of cell viability was calculated as
a ratio of Ab70nms of DMME treated cells and untreated control cells.
Each data point represents the mean * SEM of four experiments.
"/X0.01 vs. control and ~ /X0.001 vs. control (the control cells
measured in the absence of DMME).

9. DAPI Aol o&t A|Ea] B2 Axt

Dendropanax morbifera W|&+2 F=5(DMME) AHzlo| wlE KB A|Ee] A=A
7} AIZ£9] apoptosis 2 Aol Al Ak $18ked 0, 30 2 10048/mle]
DMMEE A&|g nfA|ollA] 484|7F &<t wief & 5 DAPI A4S Fsl Ax239] e

sbd wisks Esigl. DAPL 94& AAsta FBAv S o|gste] At 7334,
Fig.2A¢] vtepd vle}l zro] DMMES AH2lshA] &8 2 KB AlZAEs i

A EA el Her) FEshA FAeR dAe] FHgloy DMMEE 30 ¥ IOONg/ml
S A2]3F Al ZoA= apoptosis Y AlFolA Aoz FAEE JAAE S 2
gk apoptotic body7} th #HA=AH(Fig. 2A). ApoptosisZ} AR o3 AAA|
X5 100%= 7153 apoptotic bodys H|E&=E vepHe] vl 243, DMMEE A
2l3HA] 2 U2 KB AlEoA= 2F 0.8%, DMMEES 303} 10048/mlE A=|3t Al
Eol| A= 2k oF 2 4/3} 57%%, DMME ¥%7} Z7}3tel ule} apoptotic body<] H]
o] TV AslcH(Fig. 2B).

rufl_t

3. DNA fragmentation &4

DMMES® &3+ KB AlZ2] AAAA 71-S &elslr] ¢)8) DNA fragmentation
A& A5ttt DMME 10048/mls 29 A3t KB A28 DNAE F=3te] 7]
Fo7 3elgt A¥, dFRTelrd= DNA fragmentation A4S 2 & e
DMME=ZE 100#8/ml 2|3k 29 Ao DNA fragmentation A4S S8
E 7 Al (Fig. 3).
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Fig. 2. Induction of apoptosis by Dendropanax morbifera methanol extract
(DMME) in KB cells. (A) Changes in nuclear morphology by
DMME. The cells were treated with 0, 30 or 100 #g/m¢ DMME for
48 hours. Representative fluorescence photomicrographs show the nuclei
morphology of KB cells. The arrows indicate chromatin condensation,
reduced nuclear size and nuclear fragmentation typically observed in
apoptotic cells. (B) The percentage of apoptotic cells was calculated
as the ratio of apoptotic cells to total cells.
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Fig. 3. Fragmentation of internucleosomal DNA by Dendropanax morbifera
methanol extract(DMME) in KB cells. The KB cells were treated
with 0 and 100 #g/mt DMME for 48 hours, and nuclear DNA (5#«g)
was subjected to agarose gel electrophoresis.



4. Dendropanax morbifera W§-& FZ=(DMME )l 2]3t caspase?] ZHA

Anti-cleaved caspase-3, -7, -8 ¥ caspase-97} AlE apoptosis®] A&7} ==
Z DMMEE Azt KB AlZel4] anti-cleaved caspase-3, -7, -8, -9 &3 xS
#13l immunoblottings A133FAtt. DMME 100¢g/ml-& =3k KB AEg 2%k
Aelgt & hlAs FEske] Flgt A3} A3’k 4714 anti-cleaved caspase°lA] w
W Zhedsl] dAde] vebde o & ek (Figs. 4-7).

1

N

5. DMMEe®l ¢]g PARPE %3t apoptosis =i7H
DMMEe°] KBAH|2ZeA4 apoptosisE fr=sh=A] &els 9lalA], =il Foll PARP

WS- =438 4= Q)= immunoblottings 331}, dE2Tol ¥ e} DMME A2+
oA cleaved PARP7} $7}s &<l&d 4= lsdch(Fig. 8).
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Fig. 4. Proteolytic cleavage of caspase-3 by Dendropanax morbifera methanol
extract(DMME) treatment in KB cells. (A) Activity of cleaved
caspase-3 by DMME was measured in KB cells. The cells were
treated with 0 or 100 #g/mt DMME for 48 hours. The cell lysate
was prepared and analyzed by immunoblotting as described in
"MATERIALS AND METHODS". (B) Quantitative data for (A) were
analyzed by using Imagegauge 3.12 software after A-actin
normalization.
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Fig. 5. Proteolytic cleavage of caspase-7 by Dendropanax morbifera methanol
extract(DMME) treatment in KB cells. (A) Activity of cleaved
caspase-7 by DMME was measured in KB cells. The cells were
treated with 0 or 100 #8/m¢t DMME for 48 hours. The cell lysate
was prepared and analyzed by immunoblotting as described in
"MATERIALS AND METHODS". (B) Quantitative data for (A) were
analyzed by using Imagegauge 3.12 software after A-actin normalization.
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Fig. 6. Proteolytic cleavage of caspase-8 by Dendropanax morbifera methanol
extract(DMME) treatment in KB cells.
caspase-8 by DMME was measured in KB cells. The cells were
treated with 0 or 100 #g&/mt DMME for 48 hours. The cell lysate
was prepared and analyzed by immunoblotting as described in
"MATERIALS AND METHODS".
were analyzed by using Imagegauge 3.12 software after B-actin

normalization.
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Fig. 7. Proteolytic cleavage of caspase-9 by Dendropanax morbifera
methanol extract(DMME) treatment in KB cells. (A) Activity of
cleaved caspase-9 by DMME was measured in KB cells. The cells
were treated with 0 or 100 #g/m¢ DMME for 48 hours. The cell
lysate was prepared and analyzed by immunoblotting as described
in "MATERIALS AND METHODS”. (B) Quantitative data for (A)
were analyzed by using Imagegauge 3.12 software after A-actin

normalization.
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Fig. 8. Activation of cleaved PARP by Dendropanax morbifera methanol
extract(DMME) treatment in KB cells. (A) The activity of cleaved
PARP by DMME was measured in KB cells. The KB cells were
stimulated with 0 or 100 #g&/m¢ DMME for 48 hours, harvested and
lyzed using a cell lysate buffer. (B) Quantitative data for (A)
were analyzed by using Imagegauge 3.12 software after B-actin

normalization.
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Exoz qHEe s JAXNTIE AEEHRE A A8 FEF=E5(Peucedanum
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morbifera W5+ FE=(DMME) 9§ KB Al AAA 713l apoptosis?} E§
H=A1E F]lsh] $18te], DAPT & A4S ef3toitt. KBAZe| DMMEE A#|3laL
A% 5, DAPI 945 Alsfatedct. v ow 3t 23 DMMEE A3
KBA|ZelA 48] 353 245 ERlg & qldch(Fig. 2). =3t DMMEE 24 A3t KB
A28 DNAE FZ3h] Ar|dso= & A3}, dlZz7elA+= DNA fragmentation
e 2 4 9lsley, DMME A 29 Aldiols+= DNA fragmentation A4S
gldk o qlsdeh(Fig. 3). ol shAlxe] AAE A= dtaaE Ad o= F
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ABSTRACT

Induction of Apoptosis by Dendropanax morbifera Lev.

Methanol Extract in KB Human Oral Cancer Cells

Cho, Seon-Ho
Advisor: Prof. Kim, Do Kyung, Ph.D.
Department of Biodental Engineering,

Graduate School of Chosun University

Dendropanax morbifera is evergreen broad-leaved arboreous tree belongs
to the araliaceae. The country of origin is mainly the South Korea. The
scientific name is Dendropanax morbifera that component is based compound
polyacetylenes. Recently, many researchs have been conducted about
anti-cancer effects using Dendropanax morbifera in liver cancer, lung cancer,
cervical cancer, and so on. However, the effects of Dendropanax morbifera
on oral cancer is not clearly established. Therefore, the main goal of this
study was to investigate the effect of Dendropanax morbifera extract on

cell growth and apoptosis induction in oral cancer cells.

To determine the effects of Dendropanax morbifera on cell growth and
apoptosis induction in oral cancer cells, it was examined by inhibition of
cell growth (MTT assay), nuclear staining with DAPI, DNA fragmentation
analysis determination of caspase activation and immunoblotting in KB

human oral cancer cells.

The results were as follows.

_iV_



1. Dendropanax morbifera methanol(DMME) extract induced the inhibition
of cell growth depended on the Dendropanax morbifera extract treatment
time and concentration in KB cells.

2. DMME observed the changing nuclear size and nuclear condensation
in KB cells.

3. DMME induced the DNA fragmentation in KB cells.

4. DMME promoted proteolytic cleavages of procaspase-3, -7, -8 and -9
with the increases in the amount of cleaved caspase-3, -7, -8 and -9.

5. Cleaved PARP was increased by DMME in KB cells.

These results suggest that Dendropanax morbifera can induce the suppression
of cell growth through the cell apoptosis pathways in KB human oral
cancer cells, and that it many have potential properties for anti-cancer

drug discovery.

KEY WORDS: Dendropanax morbifera, Anti-cancer therapy, Apoptosis,

Cell death, KB human oral cancer cells.
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1. A=

N-methylthiotetrazole(MTT)+= Sigma(St. Louis, MO, USA)elA i3k A}
43}91ar, ECL detection kit Amersham Biosciences Corp.(Piscataway,
NJ, USA)ollA Fdsted Alg3lgdct. Anti-cleaved caspase-3, -7, -8, -9}
anti-cleaved PARP &A= Cell Signaling Technology, Inc.(Danvers, MA,
USA)ollA Fsiste] ARS8, DAPI AE4-2 Simga(St. Louis, MO, USA)el
A Feiste] ARSsksih 71EF A A9 analytical graded T3t ARS-3FSITE

A 74 KB A2+ American Type Culture Collection(ATCC, Rockville,
MD, USA)ellA All-grto}l Aol o]8-3}3ict.

e

kr
L

2. A=A +
A et w2 94k Dendropanax morbifera Ao (l~ZHE thA | thgal=h)

S A3l Dendropanax morbifera A153& 1mm Z7|E 43 ¥ 94% weke-

e

r

(NAsE, AlE, dighelan) S o]83te] Aol 24417 F9t FE3t. 282
whatman 34 (0.45um)E o]-&3ste] o378k 3 rvotary evaporator(N-1100, Eyela,
Japan)Z o]g3le] 40Ce AFAez ZHAATY, FAx F pa2E 255S A4

0CellA 19 F<t TAZx stglon], 4°Cellx] wItsln] ARg-sholc),

e

3. A|EF}; AlEulok

KB A*+x 5% fetal bovine serum(FBS, Invitrogen Co., Carlsbad, CA, USA)
2 1% Nonssential amino acids(NEAA, Gibco, Newyork, NY, USA)~7} &=
37°Ce] Minimum Essential Mediun(MEM, Invitrogen Co., Carlsbad, CA,
USA) AAeNA] stellA] wljefslda] Agdel o]-8-3}Act,

4. AFAA JAALE (MTT £4)

Dendropanax morbifera "I&+% F==(DMME)l| &8t A% A a5 o2



317] 98, 24well platee] 5 x 10%cells/well®] KBAIZE HZsldc}t. 244 7F wijoFat
%, DMMEE thekst sxe}l Akl AHejsle] 37 CollM vb-e-A17] 5 AlZAA A&
s MTT #4222 S MTT #423 KB AlZe MTT A4 (MTT HEs=
0.518/ul)& 37ColA 4247k A3t F MTT &d& AAs 0.04N HCle] %
isopropanol® o] 570nmeollA] FFES ZA3sle] A Pstict.

5. DAPI <3~

DMME-®] €& KB Al 5424407} apoptosis f%=2} Qddide] J=A1E AR $15}d
DAPI 942 A8 & A2 selct. WA 24well plateol 5 x 10°cells/wellel
KB AZE AHEste] 24417 viekat ¥, DMME 30u8/03} 100u8/1be] FE= k7 A
gato] 48417 ot 37CelA mjekslsict. wiekdk KB A% 37% formaldehyde &
N3} PBSE 1:99] v]&=Z 41 fixing solutiong o]&3le] ArdlA 108 Fot w4
g % 4 6-Diamidino-2-phenylindole dihydrochloride(DAPI)&4< o] &3}
5% FoF st A% KB AlZE 333774 (IX71, Olympus, Japan)< ©|

gale] dlo] Hejsta wists PR

—

6. DNA fragmentation #4

AEAPEL] 7]H % apoptosis?] A %7} &= DNA fragmentation #48 A3§s}
Atk DMMEe®] €3 Al DNA fragmentation &35 #33}7] 9], 10cm wiFH
Aol 5 X 107719 KB AZ5 AFEsisict. 2447 viekat ¥ DMME(1004g/ml) & A
glste] 19 me 29 ot 37CelA wjkdt 3 AZEE $A3ke] lysis buffer(0.1M
NaCl, 0.001M EDTA, 0.3M Tris-HCl(pH, 7.5), 0.2M sucrose)S °]&3F FAl9]
phenol-chloroform FEW o2 DNAE FZF39tt. %3 DNAE 2% agarose gel

oAl #7195 (50volts, 90%) 3tslen, ethidium bromide® | sle] Fs}dct.

7. Immunoblotting

M|E apoptosis®] A%} F+= anti-cleaved caspase-3, -7, -8, -92} anti-cleaved
PARP 34 £4< $13] immunoblottingg Al&¥3leict. 10cm #eFgd Aol 5 X 10°
N KB AZE HEsta 24417F vkt 3 DMME(10048/ml)E AHelsle] 1Y w=+=



290 F3F 37CoA mlokt 3 AZE Aslsleh. AEE 4Ce] PBSE 23] A1Fg 5 4T
lysis buffer(1% Triton X-100, 0.5mM EDTA, 1mM phenylmethylsulfonyl
fluoride, 518/ml aprotinin 2 5ug/ml leupeptine] Z3% PBS)elA 30+& HH-Al
Zok AE S85S 12.500 x gollA 2087 AR & il A g & Assid)
il X g5 ZBH«] SDS sample buffer(60mM Tris-HCI(pH, 6.8), 4% SDS,
25% glycerol, 14.4mM 2-mercaptoethanol, 0.1% bromophenol blue)el ¥
100CellA] 587F WA A7 3 12% SDS-polyacrylamide gelell 120voltell#] 2417}
A71%5 g o5, @A transfers ©]8-3ke] nitrocellulose membrane(Millipore
Co., Billerica, MA, USA)2=2 o]5AIFH}t. Membranes 5% fat-free dry
milk-PBST buffer(PBS, 0.2% Tween-20)°l4 27t <t blocking3tsda, PBST
buffer= 1547t 33] AA3ksict. YA8A 2 anti-cleaved caspase-3, -7, -8, -9
9} anti-cleaved PARP A2 1,0000) 3]4slo] ARg3sls]ow | anti-B-actin A=
2,0000) 3]A3le] AREsc). o]xFekAlZ horseradish peroxidase conjugated
anti-rabbit IgG(Cell Signaling Technology, Inc., Danvers, MA, USA)E&
5.0008] 3Aste] ARgslglen | ECL detection kitE AREsle] X-ray Zgol At
5 Akl

4 73

8.

>
i

Age] EA

5]
“

<

h
i
o_>|1

A2 mean + SEMoE vehfigly, 7 Al ko] 94 44> ANOVA
Foll Student’s t-test® 351, p value7} 0.05 "I9H(p<0.05)] Z-5-¢lA EAH
froAdo] e Alow zhFsigdrh. mgk B oo EAA AAE SPSS ver. 12.0
(SPSS Inc., Chicago, 1L, USA)L o]&3l] EAlsldrt.

RnE



m. 223

1. AlZA A d8kS v|X = Dendropanax morbifera W8-& F&%
(DMME) 9] -9-57’]'

KB Al Zel4 DMMEe®) 28t A 244 AAZI}ES 24 98 MTT 248 A8)s)
k. DMMEZ 1, 3, 10, 30, 100, 300 = 1,00048/mle] tiefgh Fe=g 19, 2U%
o KB Alzell FeI3k & MTT ZAAHe A3 23, DMME A2 19, 29°] 7Z-$-llA
DMME 3tg/ml 7429 Fxolils x2da) vlwsielS uf Az A Afo]s =
T ¢k (Fig. 1). z2v DMME 2] 14, 29 7%, DMME 10, 30, 100, 300
] 1,00018/mlol| A= HETa vjasle] & uf g AZAAR JAEAE & 5 U3
own o] A AR FEel oEAHYUS 1T & 9ldrh(Fig. 1). KB AZ2A4% o
Aol g DMMES] ICs50(H ) A=) 50%5 A7+ 55)> DMME A2 14
AE <F 30018/ml o], 297 oF T0u8/mlolltk(Table 1).

=1

f

Table 1. Anti-proliferative effect of Dendropanax morbifera extract in KB

cells
Time ICsp (ng/mb)
24 hours 301.2 + 36.1
48 hours 69.3 7.9

The /Csp values represent the mean + SEM for three experiments.
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Fig. 1. Concentration- and time-dependent effects of Dendropanax morbifera
methanol extract(DMME) on the cell viability in KB cells. (A)
Concentration-dependent effect of DMME on the cell viability in KB
cells. The KB cells were treated with various concentrations of
DMME or without DMME for 24 (circle) and 48 (square). (B)
Time-dependent effect of DMME on the cell viability in KB cells.



The KB cells were treated with 3 (circle), 10 (square), 30 (triangle),
100 (diamond), 300 #g/mt (hexagon) and 1,000 #8/m¢ (inverted triangle)
DMME for 24 or 48 hours. The cell viabilities were determined by
the MTT assays. The percentage of cell viability was calculated as
a ratio of Ab70nms of DMME treated cells and untreated control cells.
Each data point represents the mean * SEM of four experiments.
"/X0.01 vs. control and ~ /X0.001 vs. control (the control cells
measured in the absence of DMME).

9. DAPI Aol o&t A|Ea] B2 Axt

Dendropanax morbifera W|&+2 F=5(DMME) AHzlo| wlE KB A|Ee] A=A
7} AIZ£9] apoptosis 2 Aol Al Ak $18ked 0, 30 2 10048/mle]
DMMEE A&|g nfA|ollA] 484|7F &<t wief & 5 DAPI A4S Fsl Ax239] e

sbd wisks Esigl. DAPL 94& AAsta FBAv S o|gste] At 7334,
Fig.2A¢] vtepd vle}l zro] DMMES AH2lshA] &8 2 KB AlZAEs i

A EA el Her) FEshA FAeR dAe] FHgloy DMMEE 30 ¥ IOONg/ml
S A2]3F Al ZoA= apoptosis Y AlFolA Aoz FAEE JAAE S 2
gk apoptotic body7} th #HA=AH(Fig. 2A). ApoptosisZ} AR o3 AAA|
X5 100%= 7153 apoptotic bodys H|E&=E vepHe] vl 243, DMMEE A
2l3HA] 2 U2 KB AlEoA= 2F 0.8%, DMMEES 303} 10048/mlE A=|3t Al
Eol| A= 2k oF 2 4/3} 57%%, DMME ¥%7} Z7}3tel ule} apoptotic body<] H]
o] TV AslcH(Fig. 2B).

rufl_t

3. DNA fragmentation &4

DMMES® &3+ KB AlZ2] AAAA 71-S &elslr] ¢)8) DNA fragmentation
A& A5ttt DMME 10048/mls 29 A3t KB A28 DNAE F=3te] 7]
Fo7 3elgt A¥, dFRTelrd= DNA fragmentation A4S 2 & e
DMME=ZE 100#8/ml 2|3k 29 Ao DNA fragmentation A4S S8
E 7 Al (Fig. 3).
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Fig. 2. Induction of apoptosis by Dendropanax morbifera methanol extract
(DMME) in KB cells. (A) Changes in nuclear morphology by
DMME. The cells were treated with 0, 30 or 100 #g/m¢ DMME for
48 hours. Representative fluorescence photomicrographs show the nuclei
morphology of KB cells. The arrows indicate chromatin condensation,
reduced nuclear size and nuclear fragmentation typically observed in
apoptotic cells. (B) The percentage of apoptotic cells was calculated
as the ratio of apoptotic cells to total cells.
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Fig. 3. Fragmentation of internucleosomal DNA by Dendropanax morbifera
methanol extract(DMME) in KB cells. The KB cells were treated
with 0 and 100 #g/mt DMME for 48 hours, and nuclear DNA (5#«g)
was subjected to agarose gel electrophoresis.



4. Dendropanax morbifera W§-& FZ=(DMME )l 2]3t caspase?] ZHA

Anti-cleaved caspase-3, -7, -8 ¥ caspase-97} AlE apoptosis®] A&7} ==
Z DMMEE Azt KB AlZel4] anti-cleaved caspase-3, -7, -8, -9 &3 xS
#13l immunoblottings A133FAtt. DMME 100¢g/ml-& =3k KB AEg 2%k
Aelgt & hlAs FEske] Flgt A3} A3’k 4714 anti-cleaved caspase°lA] w
W Zhedsl] dAde] vebde o & ek (Figs. 4-7).

1

N

5. DMMEe®l ¢]g PARPE %3t apoptosis =i7H
DMMEe°] KBAH|2ZeA4 apoptosisE fr=sh=A] &els 9lalA], =il Foll PARP

WS- =438 4= Q)= immunoblottings 331}, dE2Tol ¥ e} DMME A2+
oA cleaved PARP7} $7}s &<l&d 4= lsdch(Fig. 8).
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Fig. 4. Proteolytic cleavage of caspase-3 by Dendropanax morbifera methanol
extract(DMME) treatment in KB cells. (A) Activity of cleaved
caspase-3 by DMME was measured in KB cells. The cells were
treated with 0 or 100 #g/mt DMME for 48 hours. The cell lysate
was prepared and analyzed by immunoblotting as described in
"MATERIALS AND METHODS". (B) Quantitative data for (A) were
analyzed by using Imagegauge 3.12 software after A-actin
normalization.
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Fig. 5. Proteolytic cleavage of caspase-7 by Dendropanax morbifera methanol
extract(DMME) treatment in KB cells. (A) Activity of cleaved
caspase-7 by DMME was measured in KB cells. The cells were
treated with 0 or 100 #8/m¢t DMME for 48 hours. The cell lysate
was prepared and analyzed by immunoblotting as described in
"MATERIALS AND METHODS". (B) Quantitative data for (A) were
analyzed by using Imagegauge 3.12 software after A-actin normalization.
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Fig. 6. Proteolytic cleavage of caspase-8 by Dendropanax morbifera methanol
extract(DMME) treatment in KB cells.
caspase-8 by DMME was measured in KB cells. The cells were
treated with 0 or 100 #g&/mt DMME for 48 hours. The cell lysate
was prepared and analyzed by immunoblotting as described in
"MATERIALS AND METHODS".
were analyzed by using Imagegauge 3.12 software after B-actin

normalization.

(A) Activity of cleaved

(B) Quantitative data for (A)
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Fig. 7. Proteolytic cleavage of caspase-9 by Dendropanax morbifera
methanol extract(DMME) treatment in KB cells. (A) Activity of
cleaved caspase-9 by DMME was measured in KB cells. The cells
were treated with 0 or 100 #g/m¢ DMME for 48 hours. The cell
lysate was prepared and analyzed by immunoblotting as described
in "MATERIALS AND METHODS”. (B) Quantitative data for (A)
were analyzed by using Imagegauge 3.12 software after A-actin

normalization.
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Fig. 8. Activation of cleaved PARP by Dendropanax morbifera methanol
extract(DMME) treatment in KB cells. (A) The activity of cleaved
PARP by DMME was measured in KB cells. The KB cells were
stimulated with 0 or 100 #g&/m¢ DMME for 48 hours, harvested and
lyzed using a cell lysate buffer. (B) Quantitative data for (A)
were analyzed by using Imagegauge 3.12 software after B-actin

normalization.
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Al A= el FdA S A AR dFA] P4 Fokelth. 1 o & v
== National Cancer Institute(NCI)¢ FXx3}el 1,550%, 3,39059] Al EZHE
114,000 FE+=5 W2 kAl S 918 AAS skl om, 53] wga ddx
(Vinca rosea) 25 vinca alkaloid®] - §Adl| A-g3}l>] vincristine, vinblastine,
leurosine, leurosidine 3 72 vl9] dMEAS /BUsleict(12). L % vincristine
= Zofel Alel A HEaAd YR sqtsistaiA s ke R ARSE, 1A Al
Fagdzlel wWEAb HAS Wkl AxE: FH’eb13). F53 el Taxus
brevifoliaclA &3 diterpene7xE 7} Taxol FA A&l A=A b=t
Lol gt A Az} o Busw oi14).  olX7 YA oF 78%<} t3igtE

o) o}74%7t RAFIAY T FEAL ACE HelwA AdF 2JeFE] Faie] 4

|

S48 Sheran ekl U gekae] Adslel kol Amse FPHgIot, YAE
AR 24e B BAR WA sl DAL 4] AL Asidel whe} Adslol &
gaye] ofF

TH15). oleqt ol kAl APAEE AL gl

=
slefol sb, qhAlERE BolH o2 apoptosisE FEste] AZAMES = sk o] 7}

= TR GRS Sl ASEeER, AP g, shx, B
o] Adael Ao 2 AFrEe etk Aol AL ole Hlew oA gl 3
FAE-2 polyacetylenesZl &4 A& eatel] &3] A5-S whonl FH]
B Al Ao g BIEUCH6-T7). HT YT FE55 o83t 7t H
3 & bR s gt Aot Al E AL QQAIRE, ksl A SAG
o Egol gk A= v FF53(8-11). wER B Aol ARE s AlE
sl KBE ol43ted AT (Dendropanax morbitera)5Zw2] SAE A A o w1
2e Ao} AZAA AA71AE 9ks] At sk
ANZAA JAZHE 24187] 918 MTT A&elA, Dendropanax morbifera= A
713 e ojEAow KB AlEe] AAE A Fig. 1). ole A7k} skel 9

f
oX,
i

@ ok



Exoz qHEe s JAXNTIE AEEHRE A A8 FEF=E5(Peucedanum
Japonicum Thunb. Roots, Ginsenoside Rg3, Sasa quelpaertensis Nakai)ell
28] AFA e} A sz Aot 16-18). Dendropanax morbifera Wwg FE%5
& 2 FEEEY 153 FRA KB AlEL] AA-S oJAlstech(16-18). ol=3 A3}
= Dendropanax morbifera’t SHAIE 7S At A FAZA Al 71
= 7 AL Slvke AS AxkE

Apoptosis© AEFD3} A EZAPE AlolelA FUAAE FAANATE T8 o
oh(16-17]). sHA|Ee A apoptosis®] frEe AAEEETE SgAZ] 7tk 714
43 A=feloh(19]). wetA B2 A7Abse] e FEES IR B2 HAEE E-TE']
I ZE52] apoptosisE frEdhe A7E5L Aldsta gl 2 QAo % Dendropanax
morbifera W5+ FE=(DMME) 9§ KB Al AAA 713l apoptosis?} E§
H=A1E F]lsh] $18te], DAPT & A4S ef3toitt. KBAZe| DMMEE A#|3laL
A% 5, DAPI 945 Alsfatedct. v ow 3t 23 DMMEE A3
KBA|ZelA 48] 353 245 ERlg & qldch(Fig. 2). =3t DMMEE 24 A3t KB
A28 DNAE FZ3h] Ar|dso= & A3}, dlZz7elA+= DNA fragmentation
e 2 4 9lsley, DMME A 29 Aldiols+= DNA fragmentation A4S
gldk o qlsdeh(Fig. 3). ol shAlxe] AAE A= dtaaE Ad o= F
EE°| DNA fragmentations f=3l= apoptosis E'Jr24°ﬂ e HAEES A ]er%
= A7A7(16-18)9} LA|3k= ZHeZ4, DMMEC o3l X%+ KB Al AAdA)
Aol = apoptosis 71He] 2§=E= o= AlmElr)

Caspase@} 22|+ AlE U cysteine proteaseE2| &AL cfakdt A5l o3 fx=
=l apoptosisE MAlsla AdPsted] F23 IS sl ETHEE AFolA FHelH
caspase z°l| caspase-3, caspase-7, caspase-8 ¥ caspase-9 5°| apoptosisel
olgk MZAPE effector caspase® U#A 9Ith(20-22). Caspase-3, caspase-7,
caspase-8 ¥ caspase-9 77t 17kDa, 20kDa, 43kDa % 37kDa®] =34
proenzymel.Z A= tleFst 25l €8] apoptosis7t deld w proteolytic
cleavage dAto] dodr}i(20-22). £ adtolA proenzymeEe] & EAS 218 immu-

A& o

ok
ot o
do o

Fd
oX,

noblottingS A3+ A3} Dendropanax morbifera *% Hroll 4] caspase-3,
caspase-7, caspase-8 ¥ caspase-99 proteolytic cleavage 32 2 4 23t}

(Fig. 4-7). PARPx= A|Z apoptosis(death receptor-mediatied extrinsic apoptotic



pathway)®] F8& =HIA F2 shte|vrk(23). & d7°lA  Dendropanax
morbifera %% FZF5(DMME) Az A4 PARP2 proteolytic cleavage
s B slsdeh (fig. 8). ¢l8dt A3E52 DMME-] o3 fr=¥+= KB Alx2] A4
A Al #A el caspase-3, caspase-7, caspase-8, caspase-9 ¥ PARPel| ¢&3<l
apoptosis7h 3= IS AxRRIE 22y DMMEZL feste Al Ao Aol
a3k Az 2 B2 7| A o Fstoiof 3 AR Az

AEH o2 Dendropanax morbifera= P 774 KB A|2£2] apoptosisE =
slod SHAE S JAA 7= AL E AtgEe} wik B Q19 A3 Dendropanax

morbiferas {AE Qg Alel B3 = shte] Wk AAE 5 ole AR AR

)



A kel AlEgl KBE ©]831] Dendropanax morbifera *|§+e 355 (DMME) 2]
ohA|E A Ao vl Fke} A|EAA o A|7]1AS uks]7] 98, KB AlZ4 DMME
= o]&3l] MTT 4, DAPI & 4 DNA fragmentation #4 % immu-

noblotting 5& Al&isle] th&3 2o Ax=s Qgic)

1. DMME+«= KB A28 AAS A7 s o|&- o2 A3k

2. DMMEE AHe|gt KB AlxZ Agdwels do] 33} & gl 4 sl

3. DMMEE A3t KB Al A3gel4 DNA fragmentation &S & +
Uik,

4. DMMEZE 2]gt KB AlE AgellA] procaspase-3, procaspase—7, procaspase-8
3 procaspase-99] proteolytic cleavage 84S Fald 4= glsict.

5. DMMEE AH&|gt KB HZ AlgTol4 PARP9 proteolytic cleavage dAHS
gl & = it

£ Qo] Ashea Ak s KB AlZ
T frest] AlE ARE AATle ZleR Abssnh w3 2 e A
Dendropanax morbiferas ©1-4% HAEZ AAqAl A3t = shte] wpeks AAE

F 9% AoE ART

oA Dendropanax morbiferas apoptosis
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