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ABSTRACT

The present study examined the cytotoxicity of Scytosiphon lomentaria using
various cancer cell lines. The ethyl acetate (EtOAc) fraction of this alga showed
the cytotoxicity to leukemia cells including HL-60. When HL-60 cells were
treated with its EtOAc fraction, several apoptotic characteristics as DNA
fragmentation, chromatin condensation and increase of the population of sub-Gl
hypodiploid cells were observed. Moreover, the EtOAc fraction decreased c—Myc
expression in a dose-dependent manner. In order to understand the mechanism of
apoptosis induction by S. lomentaria, we examined the changes of Bcl-2 and Bax
protein expression levels. The EtOAc fraction reduced Bcl-2, an anti-apoptotic
protein, but increased Bax, a pro—apoptotic protein in a dose-dependent manner.
When we examined the activation of caspase-3, an effector of apoptosis, the
expression of active form (19-kDa) of caspase-3 increased and the increase of
their activities was demonstrated by the cleavage of poly (ADP-ribose)
polymerase, a substrate of caspase-3, to 85-kDa. The results suggest that the
inhibitory effect of S. lomentaria on the growth of HL-60 appears to arise from
the induction of apoptosis via the down-regulation of Bcl-2 and the activation of

caspase.

Keywords: Scytosiphon [lomentaria, HL-60, apoptosis, c-Myc, Bcl-2, Bax,

caspase—3
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AA 7 = FFA R, AA M E
of date] HAS UEtlrIe b mepd B s o] & 549 #ErA
S 93]7] $lete] Be A4E et Y (Yamazaki et al., 1992; Tompsonx et
al., 1966; Ellem et al., 1968). 53| &= Al vl 7|0l 543 dadd w

A &Aooz ANEEI Tt (John, 1996; Kelloff et al., 1996; Yang et al., 1993; Kast
et al., 1990).
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1-1. Cell death

AR AEe AEEGel oste] AEFT2 o] o]FofA i A T7|ZHEF Al
A FoAA 715 F35 F M EAF (cell death) (Trump et al., 1997)E <o 7=
o] 213l A EAFo = apoptosis (Williams, 1991)2} necrosis(Blagosklony, 2000)2] 27}
2 Fert EA8A Bk ApoptosisE Al HAF (“programmed cell death”)® 2 95
dolw SEA AIALRA AEE AL wFE 7lsd A7l A
A1 o] 7IZbEet V1es Fsta AlgE Al7]o AEZAFE Yot} Necrosise ¢

. QFaAY S o8 ok £EH ALy AX Bk,
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1-1-1. Apoptosis("programmed cell death”)
Apoptosis= BEZ Q37 AX e YA ge HAEE AASIE AAAHJA A
al

AAHo =z Aolrltel o3 o TEH HAol
i

necrosis®ti= FHE A, A3stz o g we AolHS e B 8} 2]
EAoRmE MAEY F4 AXHORERH AXY 7|7 =5 ste A4, AZWE=

)
H So] 9o apoptotic celld] AA Aoz Qlsle LS AFHSS FHHe=
necrosis®t= @8 IdTHES YEYA et (Wyllie, 1980). A3
GTPase 59| endonuclease, caspase®t #Z-2 protease?] #Al3}7} e (Hale et
al., 1996; Arends et al., 1990). ApoptosisE necrosis®}E= @@ ATPEE 9 oY=
A8 E st dUyA oEF 554 HAHoltt (Obeid et al., 1998).

1-1-2. Necrosis("accidental” cell death)

Necrosist= apoptosis®t= G224 SFEZARE, 540 e FTELA =&, 77
Al T4 22 AFeA EeE 54 AMEAAL & Ak Necrosis A A
WE extracellular ion¥ water’t 9% o] AlEe] F273F homeostasisS
NE® MEO TEHE £AAZIY. T A E9 plasma membraneo] 23 %o AEZ
o] ¥3}slal 9+ lysosomal enzymeo] AMEL]F Q] ZFozw Euj®Evy. 1 A

necrosis7} Lol celle] o F %z & =+ A gt} (Luster, 1998).
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Apoptosis7t W &= ofe] dAA et dApEe] BEHow A5 AEstd
A death signale] &4 3}g ).

Az (C elegans)d ATE E3to] apoptosisE: do7)|E #AHA FHA ced-3,
ced-4 So] BHAHNIL o5 F FAA 2EE JASE ced-9%= EAHJT. AL
ol A= ced-37 AE5Ao] A= IL-1HS &4 (IL-1 converting enzyme : ICE)7}
WAL o o] ICE protease family: apoptosisd] ko] d4-How ot}
3t ced-9¢ AEAS z2tE o §H1A Bel-27F apoptosis GA FHAE ZALEa Q)
U= AR o] BuEdth (Metzstein et al., 1998). Glucocorticoid Al EW =84 =
wi7f e @A ¥ glucocorticoid &A HA Ol oa Lo ofFHo] FHEA A
HE L Agtalo] apoptosisol]l #e]dt= ‘Death domain’®] &S # =3ttt (Nazareth
et al, 1991). o]¢t= ] WALA, A A oAl 58 ICE family proteaseE &

A0 E apoptosis® FETT}F (Schmitt et al., 1997). T3 TNFg =7}
Fas &dEAe Agste] 33AE A FasEAe] AEXW 999 ‘Death

=}t A Aol AE=

r>~1

domain’S wi7§ = ICE family cascade®] apoptosis %4137}
FEAE R AEE HAEsH, Bel-2, Bel-xLE W& A7 apoptosise] &dS o
A gk,

1-2-1. Bcl-2 family

Bcl-2 family: apoptosisel & %% o2 o] (Korsmeyer et al, 19953t 1 F
ol we}l apoptosisg AlsHE AF FEdh= AoE yrolXIth Apoptosise
T3t A2 Bax, Bak, Bad F°] A3 JASE A2 Bel-24 Bel-xL 5°] 9
Bel-2& A& <el% apoptosis 9 AIIAZH cytochrome C7F PlEZ =g oboll A A
AR o)lFst= AL wol A caspase-3 A4 E JASTE (Kluck et al., 1997).
a2lal Baxe VEZEZEOLRHRE  cytosolZ  cytochrome Co] frElE F3181e]

caspase-3& &/d3tal= #H&o] o AFNA SR apoptosisE FHoke AE&S ¢

1-2-2. pb53
po3< tE A2l tumor suppressor genel 2 A& A o c-Mycd S GI/S
Ao A BFe] ApH O Z apoptosisE FEEE Aoz LdH A )



(Yonish-Rouach et al., 1991). =3} Baxe] &¢dE& Z=21A17]1 Bel-2¢9 28-S 94
AlZITh ARk o w ph3o] B&A st HAY EAE glon dom W= A9t
ol "y}, ph39]E4 9l apoptosis fr= Al o] p53<] target proteine] ™
po3el mAEHE AE 4 Ao FH FEEA p21Me] f v destx @
t} (Wagner et al, 1994). Atk7F M2 7 As)7F glol=

ghe}. o= pb32 AlEo] ANt apoptosis fr=ell lo] A9A 2

T Qow ph3o] wisfslE AL A A9 apoptosis FrEE A= FHEE J[HS

= Ag@s LS suga.

(ot

1-2-3. ICE-like protease

Interleukin—1 beta-converting enzyme (ICE) family protease: apoptosis] 73}
HAo] do] wj¢ Fa3A #-&3c}h (Zhivotovsky et al., 1996). A%+ apoptosis?)
HAge QlojA e RE AETIHE obA WestAl wHAAE FAuTh A FFe
ICE-like protease cascadeE ©|F1 A& A5 283 A ). caspase-3 proteaset™
C. elegans® cell death gene product %l ced-33 A& H]<23}F sequences} 7] @ E o]
AL 7HA L ot ofgl dAte] olsle] &Al3tzF HW thokdl cell death signalS A
34l =3 2 712921 poly-(ADP-ribose) polymerase(PARP, 116-kDa)E 85-kDa
o Fl2EAYd fragment®t 28-kDa®ol olnl:x= LYk fragment®E A2 A At}
(Kaufmann et al., 1993). 7|22l PARPS] W3slE &3} caspase-3 protease?] &4

Metg 8913 5 Itk caspase-3 protease™ ATl 54 wmdg msje] 23

1-3. S. lomentaria

sl aeufatel] EHabm, P GEIAT) o] wbelel Zojitth Zo] 156~
60cm, A& °F 15 mm=zZ FHYL Y75 Edolt) o we sl A EfolH t
At ST d 25 FEe] FulsA vebhdnh o w5 Aol B °
of YA ol floj 81242 w45 W 24 wddls | 4 g2 44 5
ol HAMH IS 22 Hibolth. FEE olFo M 53 AH & AEth

S-S W53 d A AL bl EEST
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2. A+ 54

MEP S 247 FFodA EAste 4F 7 2AAEEEFHE S, A9 3
H4 gy, dag, o 2 d9h)9 sturl o WstE doAA SRS §
S BA IV FAY v 9 dIde] vdE dodle EFYE A
Aoz B A¥S human leukemia cellQl HL-60 AlXE tjioz uzuie] &3}
= xR T vl FEE EiA A

>

B A A ] FEE Aol o AEe] T4
2,5-diphenyltetrazolium bromide (MTT) assayS ©]-&3} A
#o43F= proto-oncogene c-Mycel & HEE FA3HUY. ol T 1
HL-60 Al3E9] digt F2] oA &7} apoptosis fr=ell gk ANA, o] Fefsh
W3l DNA ©¥#3} a4 DNA contentE LolH gkt E3F apoptosisE

W AsAYg 7]14¢ Bel-2¢9 A&, Baxel Z71¢F oo wE caspase-3, -9
protease®] A 3}E ZAlste] apoptosisd] FE$} olo] HTosE 7|AE we|a, 1
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o
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0 A% 2 44
1L A8 &9

Aol AbEE g 20039 2€0] HAFO FA AFoA AE wf, 3
= 7

2. Ag9 F&
el 113 g v AT A 2o 80% WEHE S A|ZF A9 3ule] Pt & shet

=
S8ttt 28a nyv) MEs FEE 8 g8 TR 140 dAEgAzl Fof, 747 9
A (12 x3), AdEotAHOE (14 x3), F&= (14x3), & 2= 4] ¥ &
HE FAlo] ¥ &1 o £x¥or g 3 s} 4z RIYES AF
Azxste], v &) EFEZ ALE319 T (Scheme 1). 3 A A 5+ phosphate-

buffered saline (PBS) =& ol&2 &ufjo] o] Ao AL&3Ft)

3. Al &

HL-60 (human promyelocytic leukemia), KG-1 (human myeloid cells), SNU-16
(human stomach cancer), HCT-15 (human colon cancer), MCF-7 (human-breast
cancer), A549 (human lung cancer), A498 (human kidney cancer), SK-OV-3
(human ovary cancer) L@ il AAF MEFe HEL 2999 9%& 3% AXF 23
(Korean Cell Line Bank) S 2 F-E ¢ ol A3 AFE3stAth wiA]:= 100 units/
m¢ 2] penicillin-streptomycin (GIBCO Inc, NY, USA)3} 10%2] fetal bovine serum
(FBS; GIBCO Inc, NY, USA)e] 3% RPMI 1640 wj# ¢} DMEM (GIBCO Inc,
NY, USA)E AF&3te] 37T, 5% CO: &=7]oA vt om, Ad g2 3~4Y
of A A5kl



| Scytosiphohn lormentaria powder (11 3g;||

1 e ractban wiih B9 Wsiil
Iy atiiading Pod 240 @1 jda ki Viin jos Amiiid
B e oo [l al®ain

| B0 MeOH Ext, [Bg) |

wiiiggeninban writl vl mi [11)

Ewtractian with Hesane (1L =3 | Extraciion wikh E108c (IL= 1) Extraciinn with n-Hipmal (1LxT)
L ] Y

| Hexans Ext | EtQAc Est | |n-EuD+IEﬂ. H.0 Ext. |
{I0Em | 1805 3mgl | 4ddmyg) | [B.Tg

Scheme 1. Systematic purification by using solvent partitioning from

Scytosiphon lomentaria

4. Cytotoxicity tests

agw) FE= Aol o Az T4 A= 3-(4,5-dimethylthiazol)-2,5-diphenyl
tetrazolium bromide (MTT) assay& ©]-& 3% th (Carmichael et al.,, 1987). oj& AxZ
Z (1.0 - 25%10°/m)Z 48 well plate == 96 well plate®] Z wello]l 21, g w] wE
s FEE 2 & TIES wREE HeATh olE 4 It wjde o
MTT(Sigma, MO, USA) 100 gg (2 mg/m)< H7FskaL 4A13F S of wjgatgict. Plate
£ 1000 rpmoll A 587 AR ZAAHA wAE AAS 1S, dimethylsulfoxide

(DMSO; Sigma, MO, USA) 150 wE 7}ste] MTTe 3ol os] MA%E formazan %

AES &322 T microplate reader (Amersham Pharmacia Biotech, NY, USA)Z A}-&
sto] 540 nmoll A FFEE S 24 Alsdd dig HAd FHE @GS FIgen,
e S35 gt nluste] T4 oA s FAFSH T

5. Analysis for DNA fragmentation

HL-60 AIX (25%107/m0)ell aejml wWes 55 2 &9 BI85 AL o
24 A7+ Zob wmgadnt. AEE $£73 F Promega Wizard® Genomic DNA
Purification Kit (Promega, WI, USA)E A}&3}o] DNAE &3t #23 DNA
£ 1.2% agarose geldlA] 30 (100 V)59t A7) 5 S 3 3 ethidium bromide®
o M3t UV transilluminator (Spectronics Corporation Westbury, NY, USA)3}el A

_7_



DNA©H 3 &S #2edtt (Purohit et al., 2000).

6. Morphological changes (DAPI stain)

HL-60 A% (25x10°/m0)el 50, 75 2 100 pg/me] == guj o DolAH o] E
EYES I8 gS 2423 FoF sttt MEE 48353l phosphate-buffered
saline (PBS; Sigma, MO, USA)& o2 23] A3t o 20x10° M M Ed 2%
paraformaldehyde 1 mE 7}slo] A2o| A 1A7F Sk nAAT. AES TAHAZ
oS, PBS= 23] MAH3 25 ug/mb 9] 4,6-diamidino-2-phenylindole (DAPIL; Sigma
, MO, USA)& & 7hato] A2 datol A 307 AAatdlth o] & thAl PBSE 23]
A= $ v (BX-50, Olympus, Japan)stoll A 2] Qejstz Wsts vda}

[ox]
AR

7. Cell cycle analysis

HL-60 AX (25x10°/m)ell 50, 75 2 100 pg/me] %= agu) o eolagolE
T8 ES AHEd ohF 24A7F 5 S = HL-60 Al2E 535t PBSE A3
gtk HL-60 AXE -20CelA 70% olgh&= 302 &<k 124 Azl §, PBS®E Al
Z3lal, RNase A (1 mg/ml)E A&+ thol propidium iodide(PI; Sigma, MO,
USA)Z 94435} 3, COULTER"EPICS®XL™ Flow Cytometer(Coulter, Miami, FL,
USA)E AXF71E 243899 (Nicoletti et al., 1991).

8. Western blot analysis

HL-60 A% (25x10°/m)ell a]u] oeolrgo]E B3 ES 25 50, 75 2 100 ug
/mee) TR AR thg 24417 ok wjgFetsinh. 3 oEotAlHClE £ 8= 75
pg/me] FEE A e § 3AIZE 6A17E 9AIZE, 12417 B 24A17E St v ke & A
XE Fg35lo] PBSE 2~33] A" 3 500 w09 lysis buffer® #H7lste] 141759t
lysis A1F 2™, 14,000 rpmol Al 2023F 94 st Azt A& 5 AASAT
Gl s == Bradford WHS o83t AR AT (Bradford et al., 1976). 40 ug
9] lysateE® 10% % 12% mini gel SDS-PAGE(Poly Acrylamide Gel
Electrophoresis) 2 A 23}, 0|2 PVDF membrane(BIO-RAD, USA)e] 200

ol
-



mAZ 2A17F E9ot transferstth. 221 Membrane?] blocking< 5% skim milk7}
& TTBS (TBS + 0.1% Tween 20) &ollA oA 2413k 5t A&t

c-Myc9] &d

Ab (1:1000) (Santa-Cruz, USA), Bcl-29] #3d <& HES7] §3 A ZE mouse

monoclonal anti-human Bel-2 Ab (1:1000) (Santa-Cruz, USA), Baxe] @& %S 7

E3}7] ¢33k A Z+E= rabbit polyclonal anti-human Bax Ab (1:1000) (SantaCruz,

s HEF Y] 93 A EE mouse monoclonal anti-human c-Myc

USA), PARP9 ¥d 4& HESZ] 93 SAZ rabbit polyclonal anti-human
PARP Ab (1:1000) (Santa-Cruz, USA), caspase-9¢ W& 4S8 #HES7] Y3 A
= rabbit polyclonal anti-human caspase-9 Ab (1:1000) (Cell Signaling, USA) ¢}
caspase-39] W& &S HESHZ] 3 AR rabbit polyclonal anti-human
caspase-3 Ab (1:1000) (Cell Signaling, USA)S TTBS &0 3|4 35te] AL&5}S
ow wkE AEoA 2A7F Eob XAt 23 &FAZ= HRP (HorseRadish
Peroxidase)”} A% ¥ anti-rabbit IgG (Amersham Pharmacia Biotech, NY, USA)¥}
anti-mouse IgG (Amersham Pharmacia Biotech, NY, USA)S 1: 500022 3] 3}«
ol-gston, w2 oA 30 Fk AAskArt- L F membranes TTBSE
33] MAste] ECL 7124 (Amersham Pharmacia Biotech, UK, USA)¥ 1~3%7F 9%

% X-ray &l 1434

9. AA



L AT 24 A%
1) NxE 54 A8 &3

o) WegE: FEE =9 MxE S e E¥+= tetrazolium salt
o] 3l MTTE AH&3te] MTTO el ofs] A=+ formazand] FEE=E =
AstArt. o MxEFeo] gl 80% WEE FE=S 100 pg/ml v=5 A
F}, human leukemia cell line®l HL-60, KG-1lM+= Z+7 43.7%, 42%, human
stomach cancer?l SNU-1694+ 5%, human colon cancerdl HCT-159A+

=
9 g B3

ihd

19.76%, human breast cancer®l MCF-7°l| 4+ 21.4%, human lung cancer?l A5499]
A= 13.3%, human ovary cancer?l SK-OV-39] A= 133% & AXE ZF2o] AdA489&

golstAtt (Figure 1). 24 7F S4 9A 237 £ HL-60 AEFE 2 A
Tl AFgsh = HL-60 AEe] 1w 80 % WEE F&FE, 100 pg/mle %
AP Al oF 437%9 AMEFA AAEIHE BHom, I FHE ofste] 74.8%, o
golAHlo]E F & oot 92.0%, FEe FE & 9sto] 325%9 HL-60 AlE
2 oA 235 Flstdn 1 5 oA BV L ool HE E9ES o
H T2 AYstds W, 50 pg/ml FEANA 465%, 75 pg/m 100 pg/mle] F ol
Aok 90% o] ME S A &35 Bt (Table D).

=

(2) 2w FEE I3 c-Myc 23 g9 Wl

c-Myc 4fdzb= A2 AEEstzde] #ojditta 483 3t} (Henri
ksson et al., 1996). o] e TaAe] o] MEFA L o 9 nEsE g
ot o) o HolMElolE 8 E8 25 pg/ml, 50 pg/ml, 75 pg/ml, 100 pg/mee
W2 24 A7F A dke] c-Mycd 2HaS A A3 50 pg/ml SEHEH T= ¢

Aeowm o wd At dAs Hade 49T o AT (Figure 2).

Moo

X

2. 18 wfe] HL-60 Al¥ Apoptosis &= F&

_10_



(1) DNA fragmentation &¢1
ne Wge FE2E 2 v EIE 9% HL-60 A% F4A zgo
apoptosis fri=ell € RAAA 2 7]dE& Ldotr7] 9]3te], apoptosis fri=ell ]38t
UElE DNA @3t d4s drgses azadr. v e FE55 2
S HL-60 Alxel Zt2F 100 pg/ml == 24 AIZF &<t A2st
FE5, A BPE 2 o oAHolE EE &M DNAGWAS &4
= #EEY. 2 F d oA EIclE #8955 A2 g HL-60 Al*EeA DNAWHA3}
s 7 FeletA #9E = Ak w3 o EolAHolE 23 ES HL-60 A%
ol 25 pg/mb, 50 pe/mé, 75 pe/ml, 100 pg/mbel FEEE 24 AzF A s, 50 ue/
m ©]’%del F=5H DNAGHS A4S ##T &+ AUt (Figure 3).

o
o

b

(2) 3¢ Fejstz w3t

Apoptosis®] HEIEHA 5 F ] stuiel slo] WstE ¥y 918 DNAC o4
o2 Agsts ¥4 AN DAPIE AHEdte] DNAES dAsta JFdvEd oz 3
Zatgleh. A dizaro] nld], e ol ElolE EEES 50 wy/ml, 75 ug/ml,
100 pg/mbe] FE=Z 24417 A2 & HL-60 AXNAM= 5% gEHoz N X
7 SaEn, de] mokol EqfFeta FEAQ o FHANES #EFIT & AT

(Figure 4).

N

(3) Cell cycle analysis

aFu) FEE] 93 apoptosis = 9ste] sub-Gl hypodiploid A %7} Z7}s}t
=4 DNAdl Z¥sle] g3s veflle 22 PIE AHstd fFAXZEA7Z2 4
stk el oldelAlglo]E &S 50 pg/ml, 75 wg/ml, 100 pg/mlo] FEE 24
AlZE Eet A2Eel S W, sub-Gl hypodiploid AME7F 5% &L oz Frtsts A
< dEHAY (Figure 5).

(4) Bcl-2/Bax &3 44 W3l

ApoptosisE ZAst=d #FAst= o8 7HA] F1AF AR FolA AY WA 4
A g FAA AR el Bel-2& tE o #3dx gl s gy xS



= ol a1 MIENE FAH, = apoptosisE A= 7]%o] Utk A
Bcl-2 Aol £3lE Bax proteine apoptosis® £ZA|7]E= protein®. 2 93 5 o
Bcl-29+¢] hetero- 32 homodimerE A& Z M apoptosis®] X4 Zdo] 3olg
3 A+ (Korsmeyer et al, 1995). wepAl 2 AdolA aglw) FEE Azl Aol
Bel-2 3 Bax®] WA Gt WstE Ak A3 Bel-29 @d2 aEln) o oA g
oJE EIFE 50 pg/ml TE O)FHEH HAA = aL (Figure 6),
ol¢b= & apoptosisE FHA7IE 7l5S T Bax protein® THL 75 pug/
L

B
m & H Tk o&Edoz FrtE ol vElyt (Figure 6).

i&

EHog 72

{0

O

b

(5) caspase-3 ¥ caspase-9¢ &4 3}

aymf FEEel o3 F4 AIzed wEW gAlA fFHidt HL-60 AlE9]

off

apoptosis A A A A caspased FA S E3 PARP FHZ apoptosisE: €&
7145 ZAMSITE PARP 4o A%
Aol wj &d3tE o] apoptosis®] JAAEA A4S st vt (Widmann et
, 1998). 1w o EolAEolE EEES 25 ug/ml, 50 pg/ml, 75 pg/ml, 100 ug/ml
o] FEEE 24 A7+ A 2l8ke] caspase-3, 99 FAAWEE ZALR AF 50 ug/ml
EHE R oEHom Aol Tty o] YEWTE (Figure 7). 123l 75 pg/ml F %
Z AHg T AP A mE caspase-39 FAWMIE FALSE AF caspase-32 64
b o] HE AIZF Ao w2 &4 WstE JElgt (Figure 8). Western bloto =2
gtolal caspase-3 7] @9 3dluel poly(ADP-ribose)polymerase (PARP, 116-kDa)&
T 2 AT oFEH O T caspase-3, 99 Ao} W #EHFte] PARP I wulA
(85-kDa)® Y= AE &elatslrt (Figure 7, 8).

72| 2¥ caspase-3, 9% apoptosis’}t
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Table 1. Inhibitory effect of MeOH extract or solvent fractions of
S. lomentaria on the growth of HL-60 cells.

Inhibition [%)
i i el
50 23,3447 376133 0 465159 104152 1.6 13.0
75 27.047.0°  431+4.0° 001308 241445 14412
100 43,7425 T48149 920405 3254414 16417

HL-60 cells (25x10°/m¢) were treated with various concentrations of MeOH
extract or solvent fractions from S. lomentaria and measured for wviability by
MTT assay for 4 days. All experiments were performed in triplicate. Data were
presented as means =SD. * p < 0.05 compared with the control.
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Figure 1. Effect of S. lomentaria on the growth of cancer cells.

Cancer cells were treated with 100 pg/mé of 80% MeOH extract from S.
lomentaria and measured for viability by MTT assay for 4 days. A: HL-60
(leukemia), B: KG-1 (leukemia), C: SNU-16 (stomach cancer), D: HCT-15 (colon
cancer), E: MCF-7 (breast cancer), F: A549 (lung cancer), G: A498 (kidney
cancer), H: SK-OV-3 (ovary cancer). All experiments were performed in
triplicate. Data were presented as means *SD. * p < 0.05 compared with the
control.
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S. lomentaria
CTL 25 50 75 100 (ug/mé)

c-Myc | o o 67 kDa

B-ACtin | g = cme e e 42 kDa

Figure 2. Western blot analysis of c—-Myc expression.

HL-60 cells (25x10°/ml) were treated with various concentrations of EtOAc
fraction from S. lomentaria for 24 hours. Western blots were performed as
described in Materials and methods.
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Figure 3. DNA fragmentation by MeOH extract or solvent fractions from S.
lomentaria in HL-60 cells.

A. HL-60 cell (25x10°/ml) were treated with 100 gg/ml of MeOH extract or
solvent fractions from S. lomentaria for 24 hours. Lane M: 100 bp DNA ladder
size marker, Lane 1: control, Lane 2: 80% MeOH extract, Lane 3: Hexane fraction,
Lane 4: EtOAc fraction, Lane 5: n-Butanol fraction, Lane 6: H»O fraction. B.
HL-60 cell (25x10°/m¢) were treated with various concentrations of EtOAc
fraction from S. lomentaria for 24 hours. Lane M: 100 bp DNA ladder size
marker, Lane 1: control, Lane 2: 25 pg/m¢, Lane 3. 50 pg/ml, Lane 4: 75 pug/ml,
Lane 5: 100 pg/ml.
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Figure 4. The photographs showing cells with highly condensed nuclei
stained with DAPL

HL-60 cells (25x10°/ml) were treated with various concentrations (50, 75 and
100 pg/ml) of EtOAc fraction from S. lomentaria for 24 hours.
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Figure 5. The degree of apoptosis represented as the DNA content
measured by flow cytometric analysis.

HL-60 cells (2.5x10°/ml) were treated with various concentrations (50, 75 and
100 pg/ml) of EtOAc fraction from S. lomentaria for 24 hours.
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S. lomentaria
CTL 25 50 75 100 (uxglme)

ECI'E “- —— s EE knﬂ
Bax __--‘ 21 kDa

B-AcCtin | s e c— e e 12 kDa

Figure 6. Western blot analysis of Bcl-2 and Bax proteins.

HL-60 cells (25x10°/ml) were treated with various concentrations of EtOAc
fraction from S. lomentaria for 24 hours. Western blots were performed as
described in Materials and methods.
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S. lomentaria

CTL 25 50 75 100 (Lg/mb)

Caspase-9 = ®= | 35.D;
Caspase-3 e | 19 kDa
1 116 kDa

— —
PARP - — - | 85 kDa
B-Actin aEs T e aame s 42 kDa

Figure 7. Western blot analysis of caspase-9, caspase-3 and cleavage of
PARP.

Dose-dependent induction of caspase-9, caspase 3 activation and poly(ADP-
ribose) polymerase (PARP) cleavage in EtOAc fraction of S. lomentaria treated
HL-60 cells. HL-60 cells (25x10°/m¢) were treated with various concentrations
(25, 50, 75 and 100 pg/ml) of EtOAc fraction from S. lomentaria for 24 hours,
and caspase-3, 9 and PARP cleavage were analyzed by western blotting using
specific antibodies.
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S. Lomentaria (75 1g/m¢)
0 3 6 9 12 24h

Caspase-3 — a4 | 19 kDa

— % 116 kDa
PARP ? E — —— o — 85 kDa
B-Actin IS S T S e 42 kDa

Figure 8. Western blot analysis of caspase-3 and cleavage of PARP.
Time-dependent induction of caspase-3 activation and poly(ADP-ribose)
polymerase (PARP) cleavage in EtOAc fraction of S. lomentaria treated HL-60
cells. HL-60 cells (2.5x10°/m¢) were treated with EtOAc fraction of S. lomentaria
(each at 75 pg/ml) for different times (3, 6, 9, 12 and 24 h), and caspase-3 and
PARP cleavage were analyzed by Western blotting using specific anti bodies
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Ao s 34 AFsA w"8y AEF HL-60 AEE o] &3te] mem +
ZEo] HL-60 Axe F4& A=A ZAbsta, Ax F2 A &
apoptosis %ol 23t AX Lolr gt mEu] FEFE| 23 HL-60 W EH A
Eo T2 A &= tetrazolium salt®] el MTTE AE3te] MTTO] 2<lol
o3 A5+ formazan FHE==2 SAsAT nEw Wee FE5F 100 pg/ml F
T2 o] dAlzF AHEd Ay HL-60 AMEAA Ax 52 A a37F 7H =
A vebeth (Figure 1). 28]a wgv) wgs FEE53% &9 28955 5524
HL-604 320 A 2jd A3 i 53 o EolAeo]lE Fd=oA AE 54
A 27 M E=A JEweH, %

(Table 1). c-Myc< proto-oncogene?] 3stUZ B AT GoA TdHo] F7)x
g Aoz a#A Adrvt (Henriksson et al, 1996). HL-60 MEFoE= A4 Wy
A3 Bl c-Myc SFA27F 15-308) A% SF o] glo] mRNAS] ¢ g
7F= o] 9tk (Collin, 1987). Figure 2014 R &= Hf9} o] mz|w] o|HolAH ol E
g w2 Agr o T AT 348 HAES S0 = AT oo 2
aElufe] HL-60 Aol tidt 52 oA 37} apoptosis fri=ol <3 <17
2t} Apoptosist= Z45 24 endonuclease’} &4 3}E o] Y DNA EZHo]
wo}h, =3 transglutaminase’} &4 3ts o] AW @A 9] cross-linking®] ¥ o]
ok a8l NEE F5o] dojun Fde] ME groz whHuUrFHA apoptotic
bodiesE FAste Aoz A dvd (Wyllie, 1992; Fesus et al, 1991). ZL&]A,
apoptosis = ¢o]3te] UElUE @4 shubql DNA @ st dAs #Esks
Figure 3o4 R npe} o] agln] wWets F5&, St £3&5 2 o oA HolE
g Zo A DNAYAS d4ds & 5 Aok 28 AE 524 oA a37F 74
= v dEolAHCIE R¥E FEE AHA 50 pg/ml FE o]dHH
o} Apoptosis®] FEISHZ 54T shul o
N3lS BEsl7] 9ldl DNAO| Sold oz Agsts g3 A9 DAPIE A-&3)o
DNAE M8t gFdn 4oz A@siqiet. A4 tizxatel Hla) agnf o dopA

HolE 5SS wrd¥aE A3 HL-60 AlZoAE =9 chromatine] &%
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A Ao} a1, nuclear fragmentation©] YojvtsE AANS #&HS 4
T3k DNACl Agtste d4& depll= =41l PIE o
o 93 apoptotic A¥E F sub-Gl hypodiploid Al3E2] F71E5 FAXEA7]=Z &
etk 1 Ay wEluf odolAlHolE FF =] Aol ot k= JEHo®
apoptotic A|X7} S/l &= AES #FFS 4 AT (Figure 5). Apoptosise] A4
714& 93]7] 98] anti-apoptosis protein®Z  4# 3z Bel-29  pro—apoptosis
protein®] Bax?] d-S H kTl Apoptosis’t 4oy A S Bel-2 @A A
4 Bax @¥ Aol Z7h7F ##EE 497 Bk Bel-2& EAE 26-kDad] ©@ A=
4] chemoresistance®] 23 9GS Gdsted g8 F/He A= 3] apoptosisE
AAsl=E Bol7lsg 7R v & A Utk Baxte ©]9= WFHE apoptosis®
friete] cell deaths F3 et 7]5°ol At Baxe Bel-2¢9 heterodimers &4 &
o 24 Bcel-29] anti-apoptotic effects (Kroemer, 1997). Figure 6°1 4
B vkel o] nguf o dolAlHOlE R ES FEHEE HYA FE TR

Bel-2 #@e] 723tk olg W Bax wuld w@e Hi Z/18S g9l

zz
32
o
e
Q
o
=
@]
=

d

il
ol
:.OL_',
=
i)

]

Ao vz Ea 3492 caspase’t WA A apoptosis 7]1He FAACA Q42
o AX 32 At} (Alnemri et al., 1996). Caspase: terapeptide motifS <12 3}e] 7]4
S Adsl= cystein proteaseO]Uﬂ], 1 912 peptide®] E-o]A -2 caspase isoformol] uw}
et ApolE yEbdlith. @A7HA 14F 7<) caspase isoformEo] B Ii¥gl=d, ol T
caspase-3¢| A|XALE Fofo| A 71 HH Al A4S wolght) caspase-32 TS
apoptosis At=roll esjA FTEAow @Astd = glom, &3t caspase-32
g TF AXY dldES A = Av}; (Lazenik et al., 1994). caspase-3¢] &
A3tE 7] Y= procaspase-32 A= caspase-97F 2lo]oFsl™, procaspase-9
7F gAstE7] e rEZ=or2EEH M EAUE cytochrome C7F 2] 5 o]
of 3ttt PARP= o] EAsle &4 9 stU=zA, 2 39+ apoptosisE
2= o] A FoA E3A O 7 caspase-3S F 3 o] 2| caspaseo] 93 DNA-
Ast B9 2RY HAuayol EaHt) (Hideki et al, 1998). Figure 794 H3i= wpg}
2ol mElw] oHolAHlE EIFEHE] <ste] caspase-9 43 (35-kDa)%}

caspase-3 A3 (19-kDa)e] =5 &g 4= %l om 3 caspase-32 &4 3}

)
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