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Abstract

The purpose of this study was to elucidate the anti-proliferative effect and the mechanisms underlying apopto-
sis induced by a methanol extracts from Ishige sinicola (ISE) in HeLa cells. ISE treatment for 24 hr significantly
inhibited cell viability in a dose-dependent manner. Apoptosis was detected by Hoechst 33258 staining and an
annexin V/PI assay after 24 hr treatment. Moreover, ISE treatment triggered the cleavage of caspase-8, -9,
-3, and poly(ADP-ribose) polymerase (PARP) in dose-dependent and time-dependent manners. In addition,
z-VAD-fmk, a general caspase inhibitor, blocked ISE-induced cell death. Taken together, these results suggest
that ISE-induced apoptosis is mediated by the activation of a caspase cascade in Hela cells.
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1x} antibody(caspase-3, caspase-8, cleaved caspase-3,
cleaved caspase-8, cleaved caspase-9)= Cell Signaling
Technology(Danvers, MA, USA)| A, B-tubulin® Santa
Cruz Biotechnology(Santa Cruz, CA, USA)o| A 434
©. ™, poly(ADP-ribose) polymerase(PARP)+= BD Phar-
mingen(San Diego, CA, USA)ol A 743ttt 23} anti-
body anti-mouse IgG HRP-conjugated®} anti-rabbit IgG
HRP-conjugated antibody+ Zymed(San Francisco, CA,
USA)¢} Invitrogen(Carlsbad, CA, USA)ol| A Z+z} +£938}
At

M HHQF

2 AR A AFES JIA] AU ET HeLas SFHA4E
T3 (KCLB, Seoul)oll Al £eFrtol 10% fetal bovine se—
rum(FBS; Hyclone, Logan, UT, USA)¢} 100 units/mL
penicillin, 100 pg/mL streptomycins 3 7}3F RPMI-1640
8] A (Invitrogen) & AF&-3}e] 37°C, 5% CO: incubatorol] A
st om, AX et FobAW trypsin-EDTAE A
gate] Ahuf st APl A&t

MEEAL EZ-Cytox cell viability assay kit(DAEIL
lab, Seoul, Korea)E AF&-31o], A ZAM A AR 8= AW
Hell web SAstATh WA, A3d AEE HEFFE
1x10° cells/mL7} S| == 96 well plated] 33 & 37°C,
5% COs incubatorel| A} 24A17F vj k3t th2 o 55
(ISE)-2 25, 50, 100, 150, 200 ng/mLe] T2 7}l Hj
sttt 242 7k0] At & EZ-Cytox Al¢F 10 tLE ¥ 1L
4AZF B2t v 9F3F & microplate reader(Benchmark Plus,
Bio-Rad, Hercules, CA, USA)Z o] &3} 480 nmol A &
FEE FAAoH, NEFAAL gz g AEEE
e A

slio| HEls} oHa
Hela A2 AXE F25 % 2x<10° cells/mL7} 5 =&

3243l 6 well platedl] £F3F & 37°C 5% CO- incubator
oA 24A17F B3t T, W FEES 50, 100, 200 pg/mL
o] T2 welld] A|ste] 24A)17F vl F3FH T 244]7to]

Wt F welll A MEE 3]735te] PBSE 23] A 3taL w &
S 2 343¥ Y. 1™ o, 200 ulL9] Hoechst 33258(1 pg/
mL)& 7}t HedA 158 FoF 93 & tpA] PBSE
A Hstel 8381 4 (ECLIPSE TE2000-E, Nikon, Tokyo,
Japan) 2.2 AEZE #ZE AT

MZANE B

A ZATE-& MEBCYTO apoptosis kit(MBL International,
Nagoya, Japan)E AH&-ate], Al ZAL A Bdss AW
o Wk =43t Hela A3¢ AZE HEFE 2x10°
cells/mL7F E =& 31X 38l 6 well platedl] £F3F &, 37°C,
5% COs incubatoroll A i 3} AT 24217Fe] At 3 H o)
FEES 50, 100, 200 yg/mLe] F=Z wellol] X2 3l 24
Azt v gl v ol FREH welldl A AZE 3431
PBSE A& 3s}ar, kitol]l 38 85 plLel binding buffer®
Al E53F & 10 ple annexin V-FITC9} 5 ulL9] propi-
dium iodideS u7}°]-°4 A2 A 158 5 ¥HAI AT 1
A o2 400 pL¢] binding bufferE #7138} flow cytome-
try(Cytomics FC500, Beckman, Miami, FL, USA)E o] &
ste] A AT

Caspase inhibitor =

Yo FE2E9 23 HelLa A3 Al E 2] APE 0] caspase
o oj&ste] dojUueAE &3] 93] z-VAD-fmk(R&
D Systems, Minneapolis, MN, USA)S A}-8-3}a] 3+213}]
o} HeLa A8 AlIZE HF 55 1x10° celly/mL7} S ==
335l 96 well plateo] £F3 &, 37°C, 5% CO; in-
cubatoroll A} Bl 3R T 24A17F0] AF & 25 uMe] z-
VAD-fmkE A glsta 1A12F Fo Yo F2ES 200 pg/
mLe] FEE welldl] Hel5he] 24A7F v FaFATH 24,\]7}01
At & EZ-Cytox A2 10 uLE ¥al 4A7F F<F v k3l
& microplate reader(Bio-Rad)Z ©]-&3}<] 480 nmol A %7—
IEE ZA45d EAsATh
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HeLa ZAHg¢F AIZEE AE5 5 2x10° cells/mL7}t 5%
3 A3t 100 mm disholl E‘Z@ % 37°C, 5% COz in-
cubatorell A 24A17F ¥l g o5, 50, 100, 200 pg/mLe] H
FEES AP st 2447 St wlY == 200 pg/mL«]
550,24, 8 16, 24412t T A3t viFstct wi ¢
T dishollM MEE 3]43}e] PBSE A2 3} 1 mM PMSF
¢} proteinase inhibitorE 7} NP40 cell lysis buffer
(Sigma-Aldrich, St. Louis, MO, USA)E #7}38le &S
9 30-‘?—7]- MEE £33 3 4°C, 12,000 rpmo- 2 30E3F
AAEY gk AE g Aol sample buffers 41o] 5%

7+ #2 &, SDS-polyacrylamide gel o] &3l #7949 %
o7 ®Ed & @ AS nitrocellulose membranel Z

transfer 3}{ . 218 S membraneS 5% skim milk



Yol F+E&0°] HeLa A5 GAIES] AZAPE] 7]

Ao A 127+ T2 blocking3}al 12} antibody S ] 2] 3}
o] 4°Cell A 3} ¥ F2t ¥-3A17] B, TBS-T buffer®
1087 39 Al H3kaL 23} antibody S *] 2l 5ke] A 204 2
AIZE §EE A F T ¥hg-o] E & TBS-T buffer® 10#7F
3¥ A 2]8}3L enhanced chemiluminescence detection sys-
tem(Amersham Pharmacia, Bucks, UK)S A}-&3te] &3
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HA G fee FEE9] Hela celld] th3k A XEZ2]
AAEHE A H8te] 84 tetrazolium salte] st
U2l WST-1& Ahg3te] WST-19] goll o AAH=
formazan®] §3 =2 ZA3IAth Hela celld] &3 W&
2239 95 50, 100, 150, 200 pg/mLe] FE 2 2] ste]
24717k0] A = FQl A7 Ho AgE FE59 Hela
cellol] tigh MxF2 A&7+ 100 pg/mLoll A 10.42%,
150 pg/mLell A 33.12%, 200 pg/mLol A 41.96%<2] = &3
7b % 9EH o Z YEEthFig. 1A). Kim (159 A+
AlA A 714 x2F detE FEES Hela A3 HAHZE,
MCF-7 4 4AIEZ, SNU-638 9141 0.02~1 mg/as-
say FEZE T2A17F et A AS W HEFAE 79
Ao g AAetes AR Rusifed, & A2 w54
A GE2ANE S 2F/F e FEFERT AFgA AT
7} =& A0 2 Ytk %8 Ham 5(16)2 HelLa A3
Ao Fdf 28 2 £IEE5S 250 pg/mL F=2 484

7 A A% Ge FEEL 1643%, AN LIFL
KN

J

20.14%, S22 E B3I B2 2412%, o€ oM H o E &3
B2 3660%, FES RIELS [375% 11 B RIEES
25.14%9] AZAQA EH}E HYvy Hustged, B A7

ol A= 200 pg/mLoll A 41.96%%] AAEHE B Zo F
EERG AFAA G =& Ao Yegth HT AT
o] oJslH 2418 ZZF = polysaccharides(e.g., fucoidan,
laminaran), phlorotanins(e.g., phloroglucinol, eckol, die-
ckol, diphlorethohydroxycarmalol), diterpenes(e.g., dictyo-
dial, dictyol C, dicytol H), pigments(e.g., fucoxanthin) 53}
Ze gt A9 2 FadE vedle 4% 5ol
S0 17), Halet 2& A2l 9 ([shige okamurae)
o)l - &= phloroglucinol, dieckol, diphlorethohydroxycarmalol,
fucoxanthine] £o]9le] &4ksl 9 4 aaE Yepdtia
HEREATG18). £ AFdA "l g FE2E9 A
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Fig. 1. Effect of Ishige sinicola extracts (ISE) on the cell via-
bility and the morphological changes in HeLa cells. (A) Cells
were treated with various concentrations of ISE for 24 hr, and
cell viability was assessed using the EZ-Cytox cell viability assay
kit. Error bars represent the mean+SD. Significant differences
were compared with the control at "p<0.01 and “p<0.001 using
the Student’s f-test. (B) Morphological changes. Cells were
treated with 50, 100 and 200 pg/mL of ISE for 24 hr. The nuclear
morphology of the cells was observed under a fluorescence mi—
croscope after Hoechst 33258 staining (200xmagnification).
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Fig. 2. Effect of Ishige sinicola extracts (ISE) on the apopto-
sis induction in HeLa cells. Cells were treated with 50, 100 and
200 pg/mL of ISE for 24 hr. Apoptotic cells were detected by
flow cytometry with annexin V FITC in combination with PI
staining. Significant differences were compared with the control
at p<0.01 using the Student’s ¢test.
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Fig. 3. Effect of Ishige sinicola extracts (ISE) on the degra-
dation of PARP in HeLa cells. (A) Cells were treated with 50,
100 and 200 pg/mL of ISE for 24 hr. (B) Cells were treated with
200 pg/mL of ISE for the indicated times. Cells were harvested
and samples were prepared for analysis of the cleavage of PARP
using western blot analysis. B—Tubulin was used as a loading
control.
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Fig. 4. Effect of Ishige sinicola extracts (ISE) on the activa-
tion of caspases in HeLa cells. (A) Cells were treated with 50,
100 and 200 pg/mL of ISE for 24 hr. (B) Cells were treated with
200 pg/mL of ISE for the indicated times. Cells were harvested
and samples were prepared for analysis of the caspase activation
using western blot analysis. B-Tubulin was used as a loading
control.
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Fig. 5. Effect of caspase inhibitor (z-VAD-fmk) on the Ishige
sinicola extracts (ISE)-induced cell death in HeLa cells. Cells
were pretreated with 25 pM of z-VAD-fmk for 1 hr and then
treated with 200 pg/mL of ISE for an additional 24 hr. Cell via-
bility was assessed using the EZ-Cytox cell viability assay Kit.
Error bars represent the mean+SD. Significant differences were
compared with the control at 'p<0.01 and the ISE alone at p<0.05
using the Student’s f-test.
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