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Abstract

In the present study, twenty eight marine algae species were evaluated for their antiproliferative effect on
HT-29 human colon cancer cells. Among these, the methanolic extract of Symphyocladia latiuscula (SL Ex)
showed the highest inhibitory activity on HT-29 cell growth. In this study, we examined the mechanism by
which SL Ex inhibited the HT-29 cell growth. Cells were cultured with various concentrations of (0~20 pg/mL)
SL Ex. The SL Ex substantially decreased the viable cell numbers and induced apoptosis of HT-29 cells in
a dose-dependent manner. Western blot analyses of total cell lysates revealed that SL Ex increased the levels
of cleaved caspase-8, -9, -7, and -3, and poly (ADP-ribose) polymerase in HT-29 cells. In addition, SL Ex
increased truncated Bid levels but moderately decreased Bax levels at only 20 ng/mL. Furthermore, SL Ex
did not affect Bcl-2 protein levels but increased the levels of Fas in HT-29 cells. The present results indicate
that SL Ex inhibits cell growth via inducing apoptosis in human colon cancer cells. The mechanism of apoptosis
induction by SL Ex involves caspase-8 activation leading to changes in mitochondrial events and subsequent
activation of the caspase-7/caspase-3 cascade. Our finding may lead to the development of new therapeutic

strategies for the treatment of colon cancer.
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it AlxZmjekel AFE-3 Dulbecco’s Modified Eagle’s
Medium: Nutrient Mixture Ham’s F12(DMEM/F12)+=
Gibco/BRL(Gaitherburg, MD, USA)ellA )39l c}. Fetal
bovine serum(FBS), penicillin-streptomycin 5= Cambrex
Bio Technology(Walkersville, MD, USA)*| A T3} o}
Bovine serum albumin(BSA), 3-(4,5-dimethylthiazol-2-
v1)-2 5-diphenyltetrazolium bromide(MTT), anti-B-actin
Ao} £ odtel] AMg-gE ARk el A2k Sigma Chemical
Co.(St. Louis, MO, USA)el| 4] F-8]3lsit}. Bel-2, Bax, Fas
3} A = Santa Cruz Biotechnology Inc.(Santa Cruz, CA,
USA)ell A F-433t9 2, cleaved caspase-3, cleaved cas-
pase—8, cleaved caspase-9, cleaved poly(ADP-ribose) pol-
ymerase(PARP), Bidell @&} 34]& Cell Signaling(Beverly,
MA, USA)el| A F-¢)ste] AF-&8}¢d vt Horse radish perox-
idase-linked anti-rabbit IgG®} horse radish peroxidase-
linked anti-mouse IgG+ Amersham(Bukinghamshire,
England)ell 4] 74} 38led AH-8-3ksd o
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HT-29 Al Z+= DMEM/F12 #l| =]l 109% FBS, 100 units/
mL penicillin?} 100 pg/mL streptomycing & 718k A% =)
oFN g ALg-ste] 37°C H8T COp wMF71(6% CO¥95% air)
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Pharmingen, Franklin Lakes, NJ, USA)E @9o] 15% ZgF
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Dell 93 A% AETE FACScan™(Becton Dickinson,
Franklin Lake, NJ, USA)2 A}-&-3}¢3 flow cytometry 3
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Western blot analysis

A ZE 100 mm disholl A $12} S-Ag W o2 A Z v
Foio] Bebg-F vRh&2EHES Hrlste] 487 vkt
% cell lysateZ =9t} Cell lysate® wHE7] 98] Al %S
2718 PBSE 11, lysis buffer(20 mM Hepes, pH 7.5,
150 mM NaCl, 1% Triton X-100, 1 mM EDTA, 1 mM
EGTA, 100 mM NaF, 10 mM sodium pyrophosphate, 1 mM
NasVO)E A7Fste] 4°Coll A 4087 wukstsict, o] uf =
wizl o] Baf & "hx]3}r] 984l protease inhibitor cocktail
tablets(Roche, Mannheim, Germany)$} 0.2 mM phenyl-
methylsufonyl fluoride & A 7F5Fdt}. 13,000 % goll A 105
A 2elEte AAEE AAS L AFAE AN cell ly -
sate® A&t} Cell lysate?] w914 =%+ BCA pro-
tein assay kit(Pierce, Rockford, IL, USA)& AF&-3}e] &4
sttt Cell lysate(50 ng ¥+ 100 pg protein)s 4~20%
= 10~20% sodium dodecyl sulfate polyacrylamide gel
electrophoresis(SDS-PAGE)Z #2]8 & polyvinylidene
difluoride membrane(Millipore, Bedford, MA, USA)e]| o}
%A1 Z v}, Membrane 5% skim milk-TBST(20 mM Tris
‘HCI, pH 7.5, 150 mM NaCl, 0.1% Tween 20)e4 1A%}
=4k blocking 3} 3L, anti-bel-2 34 (1:1000 3 A1), anti-bax
g} A (1:1000 & A), anti-Fas &#(1:1000 3]4}), anti-Bid &
A (1:1000 3 4), anti-cleaved caspase-3 3#(1:1000 3] 4),
anti-cleaved caspase-8 3+A(1:1000 3]43), anti-cleaved
caspase-9 3A1(1:1000, 34]), anti-cleaved PARP 5]
(1:1000 3)14)), anti-B-actin 3FA(1:2000 314) 5 A sln
A} 3t FAS b Arlsle] 4°CollA] 1641 7) e AR
A 1A17F FoF wubslec}h 2 & horse radish peroxidase-
linked anti-rabbit IgG T+ horse radish peroxidase—linked
anti-mouse IgGE & 7}sle] 1412 wukslgic}. 2+ protein
band+ SuperSignaI(R> West Dura Extended Duration Sub-
strate(Pierce)2 AF-8-38}o] enhanced chemiluminescence "
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Table 1. Effect of the methanolic extracts of various sea—
weeds on viable cell numbers of HT-29 cells

Viable cell

Seaweeds m(l%lbg% s
control)

Callophyllis japonica (RE-&%) 92.0+15
Caposiphon fulvescens (1A ©]) 97.8109
Chondrus ocellatus holmes (ﬂ—?%} 99.5+2.0
Codium fragile (suringar) hariot (X 7Z}) 103.6+25
Corallina officinalis (XF3.%) 93.6£3.3
Ecklonia stolonifera ckamura (&3) 1176+3.0
Enteromorpha linza (<} =h)) 86.4%2.0
Enteromorpha prolifera (3+) 985+1.3
Gelidium amansii lamouroux ($-%71A18]) 90.9+2.0
Gigatina tenella (E71419]) 91.8=%1.1
Gloiopeltis furcata (&% 71AH) 923+1.8
Gracilaria verrucosa (hudson) papenfuss (A 2]7])  102.0+2.4
Gymnogongrus flabelliformis (5] 4}) 943+24
Hiatula boeddinghausi (lischke) () 97.3%£3.0
Hizikia fuziformis (%) 783+1.2
Kjellmaniella crassifolia (ThX]wa}) 098.3+2.7
Laminaria japonica areschon (i) 884123
Pachymeniopsis (aeodes) Inaceolata (7} =3}) 101.1+1.8
Pelvetia siliquosa (5%7]) 99.0+19
Porphyra tenera kjellman (3) 105.9+27
Punctaria latifolia (M'4) 90.0£35
Sargassum fulvellum (turner) cagardh (E2pEFE)  114.9+1.8
Sargassum fulvellum (3FE=2Fwk) 753+1.2
Sargassum hornerii (3§ 2 o] X.x}pal) 1009=£1.9
Sargassum thunbergii (A% °}) 871+13
Seuflos schizonepetae tenuifolia labiatae (A4) 989+1.2
Symphyocladia latiuscula (B.2$-%) 498+1.1
Ulva pertusa (73233 94.3+4.1

Cells were plated in 24-well plates at 50,000 cells/well in
DMEM/F12 supplemented with 10% FBS. One day later, the
monolayers were serum-deprived with serum-deprivation
DMEM/F12 supplemented 196 FBS for 24 hr. After serum dep-
rivation, cells were incubated in serum-deprivation medium
with or without 20 pg/mL the methanol extracts of seaweeds.
Cell numbers were estimated by the MTT assay. Values repre-
sents the mean®=SEM (n=6).
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Fig. 1. Effect of the methanolic extract of Symphyocladia
latiuscula (SL Ex) on viable cell numbers of HT-29 cells.
Cells were plated in 24-well plates at 50,000 cells/well in
DMEM/F12 supplemented with 10% FBS. One day later, the
monolayers were serum-deprived with serum-deprivation
DMEM/F12 supplemented 1% FBS for 24 hr. After serum depri-
vation, cells were incubated in serum-deprivation medium in the
absence or presence of various concentrations of SL Ex. Cell
numbers were estimated by the MTT assay. Each bar represents
the mean £SEM (n=6). Values with different letters above each
bar are significantly different (p<0.05) between concentrations of
SL Ex.
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FA| 2] apoptosis F-Ev SFAIE Z4] A 71A F
shfolth(18). Meh-F wiwh&-F&Fo] HT-29 A28 &
21& # A3 JAslG e 2 2 (Fig. 1) Ral$-F WS
Eo] HT-29 A %] apoptosisell 7=
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Fig. 2. Effect of the methanolic extract of Symphyocladia
latiuscula (SL Ex) on apoptotic cell numbers in HT-29 cells.
Cells were cultured and treated with SL Ex for 48 hr as described
in Fig. 1. Cells were trypsinzed, stained with 7-amino-actino-
mycin D and Annexin V, and then analyzed by flow cytometry.
The number of living cells and early apoptotic cells is expressed
as a percentage of total cell number. Each bar represents the
mean =SEM (n=6). Values with different letters above each bar
are significantly different (p<0.05) between concentrations of SL
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2.2 apoptotic cell -5 A 2 A3E Fig.
29 ‘/]-E}‘/H“")r Repet e 3EE Ay 27t £71
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Az = A2 2 935 cytochrome ¢ apoptosis
protease-activating factor-1(Apaf-1)3} &7 caspase-92
&4 #31e] apoptosisE f-=TTH25). HT-29 Al Z oA B
-5 v g2 250 Ja f =% apoptosis’} cell death
receptor®] A3 35lel o8| vl == 2 B2 23 A
A& zAel7) 98 Fas® Fas ligand(FasL)®] gz 4%
o] MEh-F RS FEEf old Walsle A& A
o} HT-29 AlEolA Azetol] ZAtE o] 9l FasL& &
Atell A ALEg W o R AEsA] 3oy FA 43
kDa?l Fas =i d-& HA&d 4 ot Lepe-F w3

by
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ZEol 23 Fas @A $52 F7ksd L, —;F% < A2
BFA] o2 ol H] 3] W5 deeEEHE-S 20 ng/mL
TEZ A % 1.9} F7hskalek(Fig. 3). °] A= B
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Fig. 3. Effect of the methanolic extract of Symphyocladia
latiuscula (SL Ex) on the protein levels of Fas in HT-29
cells.

Cells were cultured and treated with SL Ex for 48 hr as described
in Fig. 1. Cell lysates were analyzed by immunoblotting with an
antibody against Fas or B-actin. Photograph of chemiluminescent
detection of the blots, which are representative of 3 independent
experiments, are shown. The relative abundance of each band to
thelr own B-actin was quantified and the control levels were set
at 1. The adjusted mean+SEM, n=3, of each band is shown above
each blot. Means without a common letter differ, p<0.05.
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totic ©rwA' 3} pro-apoptotic ¥, 2.2 37 Bel-2 homol-
ogy domain(BH)-3 only %A 2 F¥-gkcH(26). Pro-apop-
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cytochrome c&] W&8 Z71A7] 224 apoptosisE %
gt} vbA | anti-apoptotic W &2 pro-apoptotic Huf A
3} heterodimer3 341 3to] pro—apoptotic TR 2] A&
oy 2] sle] apoptosisE Y+=rH(27). BH3 only w42 an-
ti-apoptotic Tl A o] A 3t3}e] anti-apoptotic ¥H A 2
g} zk8-3}o] apoptosisE F7}A Z1eH28). 53], BH3 only
il o] shbel Bide Al EA oA caspase-8ll 23 &
&= truncated-Bid(t-Bid)® HFHch Az 9w
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Fgotd 7 FRA FUHE
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R F vl gh-&3% Eo] caspase A vlAE= o
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2 ste] apoptosisE -‘r’rE'

caspase-83} caspase-9-2 death-inducing signalell ]3| &
A 3l= o] effector caspaseE-S &4 A Z1c}. Initiator cas-
pase?! caspase-8% caspase-92> A Z o} E A 22 5 &
A 8= oH(12,30). Al Ee)] &8} cell death receptorel]
cell death ligands”} 2233} caspase-80] &4 35 &= vl
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Fig. 4. Effect of the methanolic extract of Symphyocladia
latiuscula (SL Ex) on the protein levels of Bcl-2, Bax, Bid,
t-Bid in HT-29 cells.

Cells were cultured and treated with SL Ex for 48 hr as described
in Fig. 1. Cell lysates were analyzed by immunoblotting with an
antibody against Bcl-2, Bax, t-Bid or B-actin. Photograph of
chemiluminescent detection of the blots, which is representative
of 3 independent experiments, are shown. The relative abundance
of each band to their own B-actin was quantified and the control
levels were set at 1. The adjusted mean+SEM, n=3, of each band
is shown above each blot. Means without a common letter differ,
p<0.05.
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Fig. 5. Effect of the methanolic extract of Symphyocladia
latiuscula (SL Ex) on the protein levels of various cleaved
caspases in HT-29 cells.

Cells were cultured and treated with SL Ex for 48 hr as described
in Fig. 1. Cell lysates were analyzed by immunoblotting with an
antibody against cleaved caspase-3, cleaved caspase-7, cleaved
casapse-8, cleaved caspase-9, or B-actin. Photograph of chem-
iluminescent detection of the blots, which are representative of
3 independent experiments, are shown. The relative abundance
of each band to their own B-actin was quantified and the control
levels were set at 1. The adjusted mean+=SEM, n=3, of each band
is shown above each blot. Means without a common letter differ,
p<0.05.
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Fig. 6. Effect of the methanolic extract of Symphyocladia
latiuscula (SL Ex) on the protein levels of cleaved PARP
in HT-29 cells.

Cells were cultured and treated with SL Ex for 48 hr as described
in Fig. 1. Cell lysates were analyzed by immunoblotting with an
anti-cleaved PARP or B-actin antibody. Photograph of chem-
iluminescent detection of the blots, which are representative of
3 independent experiments, are shown. The relative abundance
of each band to their own B-actin was quantified and the control
levels were set at 1. The adjusted mean+ SEM, n=3, of each band
is shown above each blot. Means without a common letter differ,
p<0.05.
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