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3 (Ishige okamurae)™ ZZFZEA o] &H3th, T, &, BT Ate] R, Vet s A3,
wdajjel, AFE ekt uigjol] o] AAYEtd. = xanthopophyll, fucoxanthin 52 &f-3ke] th i
o AkEel lolA alginate B 5, dibstAlel F53 Fdo] HH, A ZHdE Loz 4#A
phlorotannin A& EAZ FEet=vl oA a3 4 kst &4o] vk RuHA. d= o =5
g AEEd A4S TSR @ Aol ek A

St A= vES AAFolg.

21 Agke] Wl T v AY sl Awrdor AFstya glow, wEstR Qlete] dyAge] dAe
A F7kskar k. AYXde FANAT Wiy, AR oA s Eo] wAshE o, 20159 VEL
2 oA AA g3 5 PY 2o duEY o 3 AEE 292 ez ok Syl e 20134
7o 2 o W E 59, AYES 79E AAska .

APALe A5e JuE2A 322 AA, WA 9 2 3y oS Hadshr|e kA v F28S s of
st te==7 HjojEy AHAMAY xte] B9 A mTF o] die HAEH Z2 AE IS o] &% Mx
A1 (apoptosis) F=® 7de] o Ado] giF3al rk

M EAFE (apoptosis)< ME oA dojus 203 © A1E 7AeR, S22 e 38 B4 e 2
M EAFE (apoptosis) BH AxFEo &) Z=dE =, ME AR necrosis®= FHEEE AR, o] Xz}
T AR #AVE 7] wzol geFe dMEE g o R g M XEAE (apoptosis) 29 #HHEE A7 Y

I glen, EXAHow I3 F=2nid sk Alze]l 4%, DNASl w3}, duldol Ad A,
apoptotic body &3 &2 dito] yepbdt). o] st M| EZAME (apoptosis)> AE W2l Bel2 family, caspase®
343}, poly (ADP-ribose) polymerase (PARP)S] ZAol <& LAatA ®v}. Htoll= A EAFE (apoptosis)©
reactive oxygen species (ROS)¢} W2 &o] vkl HiHal vk, ROSE M2 tiAF oA AdE 5
At E ARk 2bsl 3ol o] FUAAl HW, AEEAS JMAA "Bk olyE ROSE AEU A7)
daol A AE W AzAdeA F23 J&S AN, ROSE AsE AEAE Ao DNA &4, w39}
A (apoptosis) 5= ¥o71A ).

oo
i
(o
fr
o,
ol

(]

=

t
52 N
>,

Horlr

=,

7 Qe HE AER, AzF APMAY AlEFC PC3, DU145 Al FEo v x&= 3

2 AFA A &%
e (apoptosis) fatel] oJu3dl JFS

aake] Ak AEsh 7

A=A 2AFSESI T

[

ofy

2
=

()

w

N

)

=
b H
>~

>
ik}

= o2

Ay

N

=4
i

N
)

#5)2

]



[0008]

[0009]

[0011]

[0013]

[0015]

[0016]
[0018]

[0019]

S=50dl 10-1978077
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gige] g
S dst = HA

& 42 H(Ishige okamurae) FE=S FEHELRE sk o A 2 A58 24 E= o O 2
48 A7 e A FE B Aot

e s|Ed T
A3 918k, B w2 9(Ishige okamurae) F&ES FaAARE o= it o A 2 A
J = Al

€ A7 s HES AT,

9 FEE2 A AP AEFQA PC3, DUL45 Al3Eo) A ERK, p38 AtstE s& oEH oz FT/AI7|= AS
gelste], 3 FETo] MAPK pathwayS A 3A1# PC3, DU1459 A EAME (apoptosis)S FEdths AS &
AATE, o= ATF AHAML Ao e FAAEAZAM ] eSS AA S

EHo] 7l

% 12 Al¥xAME(apoptosis) A& AZE Yehlls =dHoz, dwd 7]y opA| A& Ag H =29} apoptotic
cascadeZ =A%}

= 25 9 FEE9 PC3, DU145 A& *§f%(c Ils viability)ell thsh ZEHJO]E} A EALe dY Bk BA
(One-way ANOVA)S AM&3laL Aol Al ®Heo] AFe) 7] x3te] & A}(++ @ p <0.01, ##x @ P <0.001).

%= 3& PC3, DUl45 A|EES 40X 7F

microscopy 2.2 Tz 3}9t),

oft

oF &= o&EA W ow M FEHES Aestal, 400X wiEolA inverted

1= 48A17E B B FE
oJth(M : 1000bp ®FA).

g

FEE=Z vlekE PC3, DUL45 MEZZHF-E o] DNAQ] oprt==A4 A7|95 A

T 62 3 FZHEo] PC3, DUL45 A EZolA] caspase o] mx|&=

caspase-3,9 and PARPS] HWHS FAst 4= 9o B-actind HFRTLOZ ALRFFA T

T 72 3 FEE°] DUl4504] ROS AR S FHXskeE 2S UYeEhlle =HO R (a) PC39 ROS A%k (b) PC3oA]

o] NAC &3} (c) DUL459] ROS AJ4k; (d) DUL45eA1e] NAC &3S yehdu(delHE Hw + &5 BX(Z &

N n=3)%2 YEFHAL, * p <0.05, #* p <0.01, **x p <0.001 VS. A 15F).

= 82 ) FEE| 9% ROS Ao wE Cell viabiliy W3lE Ye U= EWolt}r. B4 AL 44

A1 (One-way ANOVA)S AR&stal Aok Al W] A 7]xsto] = th(++ : p <0.01, #=x @ P <0.001).
T o FEw % NACE AElste] PARP Wi E IS UEhle dla® 28 ARl p-odE e e o

S 2 AMREHAT.

X 102 PC3, DU145 A|FEA = FZ&=& 2o 93k Erk(extracellular-regulated protein kinase), p38<] ®
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phospho—p38 Cell Signaing Polyclonal Rabbit IgG
p38 Cell Signaing Polyclonal Rabbit IgG
Cleaved Caspase-3 Cell Signaing Polyclonal Rabbit IgG
Caspase-3 Cell Signaing Polyclonal Rabbit IgG
Cleaved Caspase-9 Cell Signaing Polyclonal Rabbit IgG
Caspase-9 Cell Signaing Polyclonal Rabbit IgG
Cleaved PARP Cell Signaing Polyclonal Rabbit IgG
PARP Cell Signaing Polyclonal Mouse IgG
Anti-mouse IgG Santa Cruz Polyclonal Rabbit IgG
Anti-rabbit IgG Santa Cruz Polyclonal Rabbit IgG

Al ﬁ' Ht%
<Cell culture>

17t AHEAY AEFQ PC3 MEE T MEFLPo| A FEoFdketon  RPMI #i#]e] 100 unit/ml penicillin,
100 n1g/ml streptomycin ¥ 10% fatal bovine serum= F7}sle] Abgslom, 5% C0,7F EgE 37T vld7]
Woll A wlFaldch. Iz AHAMY AEFQ DUI4S MEE 3= A|EF23 ol ok on] DMEM wix]ol 100
unit/ml penicillin, 100 pg/ml streptomycin = 10% fatal bovine serum #7}sfed Al&3How | 5% CO.7}
23E 37T widr] WollA mjFstsltt.

<Cell viability>

<Apoptosis assay>

PC3, DU145 A ¥ = 5x10° celld 10cm cell culture disholl EF3FaL 24A7F &<t SHASIAIZ] ) serum free
WA =2 0/NgF T2, ¥ FEES s=HZ Al 24413 wigssld. 1x10° cellsS& ®Oo3 PRSZ & H

3]
washing 85 %, annexin V/PI A|2F3} 1X binding bufferE AF&3le] taolA 2087 GAA7 & G

NEE F5AZASE(flow cytometry)< o]&3fo] #2489},
<DNA fragmentation assay>

PC3, DU145 cells< 10cm cell culture dishell 70~80% 7] % PC3 cell 10cm dishell celle] 70~80% A% 7]
& 3 24X 7F serum starvation 3 T o] LR oA HFYE I T 48X T cellB FHo] R I 1
mediag 15ml tubeol 713kl 2000 rpm 8% 57 AT, AAEE F media AA §F A A
lysis buffer 700 plE ¥ 4Co] 2A1F A2 g}, 4T 14000 rpm 208 LAEZ3tr 45N Phenol
chloroform : isoamyl alcohol &3r&M(25 : 24 : D& 700 plE #E7Fsta & 4L 3 30&3F rotater]?] &
4C 14000 rpm 20 A4Eedh. As ol FFoold FF] isopropanol @ 5M NaClE 10~15 plE FH7kgh
F 1243 EoF W E AT 4T 14000 rpm 204 AEEAIN F AAE AAG. 70% TS 500 nlE
Wi g W EEo] F F 4T 14000 rpm 5% AT E T 1 % air dryE 5% A% § ¥ RNase A (10mg/ml)
7 ulet TE buffer 70 plE Y1 =xoJFEr}h. 2% agarose gelES THE 3 6X loading dyeoll DNAS 4o 50V=E
Rk

<Measurement of ROS>
P%,WMS&E%SXNSWMVWM%6WMPH%?ﬂlZ“Hﬁ%ﬂﬂ@ﬂﬂﬂiFsamfmeﬂﬂiom
g o, FEES sEEE AYst 2443 mieislt. AxE EEske] PRBS®E O MIHE . 10 pMe
DCFH-DA(dichlorodihydrofluorescein diacetate)E& *2|ste] 37TColA 30237t A4 T flow cytometryE A&
sto]l S35kt

<Quantitative real-time PCR>
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PC3, DU145 A|*+= 5x10° cellS 6 wellol] FF3FaL 244)7F St kA3 A7 & serum free BIA| 2 O/N3F t}
5, FEES sEEE Ao 2443 Y }“EP Trizol& o]&3lo] RNAE FE3lo], cDNAE RwHEO]
SYBR Kit® RT-PCRE 3}it}. Glyceraldehyde 3-phosphate dehydrogenase(GAPDH)Z internal standard® A}-&
=

<Western blotting>

PC3, DU145 A|¥+= 2x10° cells/well% 6 wellol] E3atm 24A17F EoF <bgal A7 %, serum free HjX|Z
O/Ng o3, 3 FE2ES SEEE AHste] 24X W gsgltt. AxE #E8te] PBSE MFHE H, o]F 20 mM
Tris-HCl, PH7.4, 150 mM NaCl, 5 mM EDTA, 1%(W/V) IGEPAL® CA-630, 5 mM sodium pyrophoahate, 10mM B-
glycerophosphate, 1mM phenylmehylsulfonyl fluoride$} protease inhibitor mixture® A% lysis buffer
2 AHste] AxE Eaedu. 553 o] "S- 10%9] SDS-polyacrylamide gel electrophoresis (SDS-
PAGE)E ©o]&3dle] #&3le, polyvinylidene difluoride membrane®. 2 transferd}$Ith. Transfer® membrane
(PVDF)2 5% skim milkE ¥3Fsk 20 mM Tris-HCl buffer, pH7.4, 136 mM NaCl, 0.1% Tween 202] TBS-T buffer
2 1A% blocking 35 HF. I % primary antibodyE 4Col|A overnight ¥ % TBS-T buffer® 33 A3
%, secondary antibody® Aol 402 A 3ste] Fvh. Al TBS-T buuffer= 33| AlFg &, ECL A&
2] 5ke] Autometic X-RAY film processorE ©]&3to] #<l&tit}t. 2<% protein band: Image J& %3}
S48kt

AN 3 FEEY Az

BoAdoA Ae3 W= AF% ool AFH e, AHstn AEE L 80% WELS R 33 2Edlo] ompx 7t
o FEEe T F eddx e A F S} sko] 80T deep freezero] SRt FHE WHE oA
85% 1,3-Butylene glycoldll =<1 ¥, &8s A ste], AT AR &A AT

A 1. 3 FEE A BE MAE AES(Cell Viability) & AEHEY wis}

PC3, DU145 A3E9] Cell viability rated #13}7] flste] 3 FE2E2 w58 st WST-1& G333t
fxat B gdS o PC3 A EANAE 0.5 mg/mL 0] FXoA ME =40 UrEMm], DU145 M EA A= 0.5
mg/mL o)/l A MEZ=Ado] YEPSS ERISATHE 2)

=}
=
=
o
oL
oL
D
1

PC3, DU145 AlEel o FE5E(0, Img/ml)S TE=EZ = A7195E 3l
= #Eslg k. A EAPE (apoptosis) o] FolubAl E™H genomic DNA7P —E‘@Qﬂ] ). o —%‘%% FE7F oA
of m} DNA ladder”F AaF ZalA= A& AT 5 AAT(E 4).

A 3. I 2229 M¥EAH(apoptosis) FE wE Annexin VO PI¢] stainning

PC3, DUL45 Mo o) FEE= <3k A ZAME (apoptosis)S T183F7] 918, Annexin V&} P19 QA1S o] &3&}o]
ZAYSI Y. PC3, DU145 Alazel 3 F&E(0, 0.5, Img/mL)S FE=HEZ A she] 24A17F wids &, 10 ulLe
annexin V-FITC, 5 pLe] PIZ 153t HbS AlF Y. o] % flow cytometer 2 A3} T}.

ddd A F5=00, 0.5, Ing/ml) &= oJEH O annexin Vo] GMFo] F71skglar, PIete] 4= 1
slelA] eFkth. PC3 MEZA diZa"2 4.37%%13L, Img/mL= 46.38%= | ZAME (apoptosis)e] T7Fshe A& &
o1k = AL, DUI45 A EolA hETS 5.62%% 1, Img/mLE 18.62%= A FEAFE (apoptosis)o] Z7teteE A
S sl F gy, AddnE 9 FEER Q8] early AEAVE (apoptosis)FHE AHMGAEZ F994 o
A F74eHe HolFtH(E 5).

Add 4. I FZ2E4 93 MFEAMH(apoptosis) FEH GMAQ  caspase-3.9 Z  ADP-ribose polymerase
(PARP) %3 W3] 4

PC3, DU145 A|FEoA 3 FZFEo] 93 A FEAFH(apoptosis)S Yo7|E= vy FAE dolHr] )
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[0090]
[0091]

[0092]

[0093]

[0095]

[0096]

[0097]

[0099]

[0100]

[0102]

[0103]

[0105]
[0106]

[0107]

[0108]

[0109]

Western blot analysisZ A3 % tt.

PC3, DU145 A XEol| 3 F=E(0, 0.5, Img/ml)S 242 A8] ¥, caspase-3, 99 W3}= A& h. PC3,
DU145 A|Eo] 3] Z2Z2(0, 0.5, Img/ml)S 8] A] caspase-3,9%= Cleaved o] 4 3h¥ Q).
e} vl@|she] caspase-3,99] FAEE FolH PC3, DUMS AEE AEAE(apoptosis)el ol =A &
AT PC3, DULS AES 3] 580, 0.5, Ing/ml) & A2l A PARPE cleaved £lo] ©1Al%l3)

o] %<} Hl#3te] PARP(poly-ADP ribose polymerase)® JA|¥ o] AMZANE (apoptosis)® & /ﬁ,%
& AdAdtk. B-acting HERTOE AFEEATHE 6)

A 5. 3 FEE9 reactive oxygen species (R0S) MA HX%
Gl

reactive oxygen species (ROS)= MEA S22 F3he} o] lon s ROSE AXAIE S FEdh),

welA ] FEF Ao whE DU145 AlES] AlFEAFHe] ROS A e o] %%X] g13l7] $3llAl DCFH-DA
o] 83l 96 well black plate® plate reader ¥213}3it}t. DCFH-DA:= A% <F o7}, ROSS} H 80P°q
DCFE H3tyo] FFS el oza ROS A HS 4T 4 g},

=

Hﬂ

21gith. ROS AT o

v yo

=3 15w ROS A Fo] s= oEHow FUtetheE AL IR0

3 3 FEE(Img/ml)S °F 2d] B3 ROS7F A AT ol=fgk o) —’F%%Oﬂ °]& ROS A/d°] ROS

scavenger <1 N-acetylcysteine (NAC)Ol oJa|A AAE =R &sttt. WA, S 5 mM 1A A HEs &

24X 7 Feh 9 FEE(Img/mL)& A EkelS #l ROSS Aol AAHE A& f%.]’?_?_éL T UATE. o AFrellA

%, dAlEelA ROSO F7HE MIEAFE(apoptosis)S FESTIL HiEo] ¥ FEES RISE % oFEHo=
= 7)

A7) 31 o] 3 A EALE (apoptosis) ¥ #TEHo] dS Ao R AzZbATH(

A3 6. I FEE4 23} reactive oxygen species (ROS) Ao wlE Cell viabiliy 3}

—

o]gk ROS A/do] AlFEAFH (apoptosis) ¥ Axke]l Hol A=A &Rlet7] $18ke] ROS scavenger ¢
WST-12.2 cell viabilityE <&ttt

& "oz AT i} cell viabilitye] H]
= oF 1.54) ~7}H0% LEbsk o], NACS] A 2|7} ROS

g AATH(E 8

AF) 7. I FEE9 93 reactive oxygen species (ROS) AAo] Al FAME (apoptosis)dl] H|X &= AE

WA, PC3, DUL45 AIEo]AM NACE 1AIZE AAEdt § 24A7F 59t o) FEE (Ing/ml)S A o), o
o oF 2u) F7hElo] YEbgtew | DU145 Al
a

o}
S AAE MEAME (apoptosis) S A= AS &

r2 el e

O

NACE A AHalste] A XEALE(apoptosis) & wild WH3lE #zst Za}b, PARPSF £ Al EAMH (apoptosis) &
A duld s whg o] FHES 1T S ATt wEkA ol s A3 AHRE T3 d FEEo] AE GA
e}

~ gl

XolA ROSE AAtE o2 A EZAME (apoptosis) S 23t A

AFd) 8. I FEE4 93 MAPKs pathway’l M EAPE (apoptosis)dl mlX& 93

PC3, DU145 A EoA = FEFEo| <3 MEAFH(apoptosis)s Yo7 wildy g4E dolHr
Western blot analysisZ Al&&}3th. PC3, DU145 Al FEol 3 FEE(0, 0.5, 1lmg/ml)S 2423F A
Erk(extracellular-regulated protein kinase), p38¢] W3}E #z3}dc}t. PC3, DU145 A Fol| 3
0.5, Img/m)S HEA F= oEXoZ BA4s=HAT. o =5 o} Hl#&lo] ERK, P38¢] EAHE
# PC3, DU145 A ZE M EZAVE (apoptosis)ell o2 & 4 4= ATH = 10).

o w
rl ﬁn _yg
s ™

i
1o
off
k

<AHAZE 9 33>

o

T

A zF¢ gt JAES 7FX 3 PC3, DUL45 A A ZAME (apoptosis)S 418},

PC3, DU145 Ao 3 FE5ES AR S ] WST-1& A5t sXol EH 07 cell viability/} Eol=+

s FAd =+ A0

AnnexinVe} PI stanning2 E3) TEo&EX o2 A FANE (apoptosis)o] Yojubs= AL &els)
blottingS F3lA PARP, Caspase-3,97} #4ste= AL FdA4 AlEAVE (apoptosis)©] oS A
DCFH-DA €M& &3l s=o&d o= ROS7T S8k o138} %1ar, ROS scavenger$] NACS *
o} AZAMH (apoptosis)o] FEHS FAs3ict.

MAPK pathway: AE9] M EAE (apoptosis), growth, proliferation % matastsis 9 FL7|5E5S 283

Y ml
mlo
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= U3 signaling cascaded] #oJste Aoz Ly th. MAPKsoli= ERK, p38 o] ¥3gr=o] 2dt}l. MAPK

pathway:™ oxidative stress, cytotoxic chemical agent& X33 cell stress—inducings A3}sttiar
ghoh. meEbA PC3, DUL4S cellelAl Erk, p38 QIAEE A9 £ ZHy, FEo&EHo=m JF7ishes Zlo=
gkolsle] | 3 F=ZEo] MAPK pathwayS A 3AA PC3, DU1459] AEATE (apoptosis)S FE3HE AS o 4
AATE.
uebA | I FEE ROS S Folo] AXEAME(apoptosis)e] FEEUE AS & & AL, ol AHAYL
off gt FAAA AR TH5dE AAIS.
=g
E9]
o g Growth factor & Collagen 2
0000055052000 005)
>
+ j
&= A\poPTOSIS
ERH2
PC3 DU145
120
120
100 - [ =
Erid 1u[]
a0 i — *kE
g5 - £3 0 -
Ex -g ol FTE
25 60 s =9 80
28 e e
=0 A 0=
3§, 40 = A0 -
20:- 20 4
0- b
0 005 02 05 0T 1 0 005 01 02 05 07 1

Concentration{mgimi) Concentration(mg/ml)

_11_



o@smgm) || 10(mgmiy.

ol b w0 DU145

7 |[ owosmgmy) - |f 1o(tmgimL) (’-}; 1

| 6!
NG | Al 008," 507 | pes
N | 2 R [ SRS

-

)
[—
\
}
s
.

DNA
.. fragmentation

PC3 DU145
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Ed5
. PC3 Control PC3 10({0.05mg/mL) — PC3 lQIlllmgf'mL_l_
? 10.85% 1.82% " 18,385 2.98% TR 21,07%)
|
10 m!i
1
o 1o o 10 a

|n:-7 19:_!.7—
i

81,564 2.55% {8152 4.36% 40.83% 15.31%
1w 14" 10* 10! 10° 0’ 0: g W W o n
AnnexinV FITC AnnexinV FITC AnnexinV FITC
: DU145 Contral 5 DU145 (10 0.5mg/mL) 5 DU145(10 1mg/mL)
s T 0.085 Taam | e 2.91% 1.57%
1044 104 | 10
- | "
a o ‘ oo ‘
4 p 1004 ! 104
| 8907 5535 79.64% 6.6%% 70.16% 17.05%
' .'.El:' "'!. |Iul e 1w o 10 19 e 0’ 10 1!
AnnexinV-FITC AnnexinV-FITC AnnexinV-FITC
EH6
1.O (mg/mL): 0 0.05 1 0 05 1
Caspase-9 — — —
—
Cleaved caspase-9 - - -
—-— — — - _—
Caspase-3
e~ e~ — e =
Cleaved caspase-3
- -— — —— —
PARP
— ”
Cleaved PARP .
p-actin Eas it 2} e e

PC3 DU145
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EH9
PC3 DU145
10 (mg/mL) - - 05 05 - - 05 05
NAC (mh) : - = B B - - 5 5
WP | emm——
Cleaved PARP -—— -
B-actin |  o————— —— -
EHI0
PC3 DU145
[IO(mg/mL): 0 005 1 0 G5 1
P-Erk - S

T-Erk — o . .

P-p38 - e

P-38 e —— - — D S
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