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Model of Fas induced apoptosis of inhibition IGF-IR associated
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Effect of laminarin on the expression of ErbB2, ErbB3, PISK, JNK
and GAPDH.
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Induction of apoptosis by laminarin through the regulation of IGF-IR
and ErbB signaling pathways in HT-29 human colon cells

Hee-Kyoung Park

Department of Food and Life Science, Graduate school,

Pukyong National University

Abstract

Laminarin is found in marine brown algae and has potential biological
activities. Algae has been highlighted as an anticancer medicine and
laminarin is" a tropical seaweed traditionally used ‘in Chinese medicine.
Laminarin is used as a-carbohydrate food reserve«for phytoplankton. But
laminarin has not been investigated for biological activity. In this study, we
examined how laminarin—regulates— HT-29 cells and the influence of
laminarin from on the Fas signaling and mitochondria pathway, IGF-IR and
ErbB signaling pathway.

HT-29 cells were incubated in serum-free medium with various
concentrations of Laminarin (0, 1.25, 2.5, 5 mg/ml). Using the MTS assay,
we obtained laminarin induced celldeath in a dose-dependent manner and
H33342 staining thought the reduction of cells was observed through a
microscope. While, IEC-6 cells viability was compared with the control cells
no affect of laminarin. Also, we observed through Western blotting in the
Fas signaling and mitochondria pathway. In the result of western blot, we

obtained laminarin activated caspase—cascade and PARP, which is a



substrate of caspase-3, -8 and proteins expression of bcl-2 family. We
observed that cell cycle test assay and expression of cell cycle related
proteins. This result through where arrest has occurred and there has
increased sub—-G1l percent and decrease in cell cycle related protein
expression of Cdk2, 6 and increase p2l.

Insulin-like growth factor (IGF-I) regulates the growth of colon cancer cell.
The Western blotting revealed that decreased the phosphorylation of MAPK
and ERK. Decreased proliferation was dependent on IGF-IR, which was
localized to downregulated MAPK/ERK.

The present study also determined whetherthe growth inhibition effect of
laminarin. Laminarin -inhibited HRG - stimulated phosphorylation of ErbB2,
ErbB3. Decreased proliferation was dependent on. ErbB, which was localized
to activated JNK.

These results have important implications for.understanding the roles of cell
growth pathway in colon cancer cell tumorigenesis. Therefore, laminarin
could be a potential source of bio—functional food to have anticancer effect

in human colon cancer.
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O As 2 W9

1. A=

D A &R A=

oo AFE3 gr|y @S Sigma aldrich (St. Louis, MO, USA)
oA Fhsto]l Am= AHEFAT
Aol AFEE AEX=-ATCCEZRYH Pzt Alx5<Q HT-29
(Human colon cancer cel) S AF&3t9 3, A AXeAe] 54 FFE
shelstr] 9l AA A3H A EFS IEC-6 (intestinal epithelial,
Human)& AR&3tA T A3Z #] o] AR&sH Fetal bovine serum (FBS)
< Gibco BRL (Life Technlogies, Gibco BRL, Gaitherberg, MD, USA)
A FS AFE5FHR o RPMI-1640, Dulbecco’s modified Eagle’s medium,
penicilin/streptomyocin (P/S)+= Hyeclon (Logan, UT, USA)el A %3}
%t} Phosphate-buffered saline (PBS)= Gibco/BRL (Invitrogen Co.,
USA)E A3k AL, trypsin, protease inhibitor,”bovine serum albumin
(BSA), Hoechst 33342, detergent+ Sigma Chemical Co. (Logan, UT,
USA)elA  Fdataih AEep kst AEES FAst7] AalA
MTS/PMS solution (CellTiter 96 AQueous Non-Radioactive Cell
Proliferation Assay Kit)< Promega°olA ¢, AF&3t5 o™ AE o9
A vEE =37 98l BCA protein Assay Kit (Pierce, USA)E A}
gahsct.

Western blot< protein standard marker= dual color marker
(BIO-RAD, USA)E A}&3l¥e™, immunoprecipitation®]  AF-& Sk
antibody+ Santa Cruz (CA, USA), Cell Signaling (Beverly, MA,
USA)ol A Fufsld o™ detection regent® SuperSignal West Pico



Luminol/Enhancer Solution®} SuperSignal West Pico Stable Peroxide
Solution (Pierce, USA)E ©¢]£3] Kodak film (Rochester, NY, USA)dl
sk adth.

Caspase activity assay ©l A}8%¥ Caspase-3 Substrate I,
Colorimetric (Ac-DEVD-pNA), Caspase-8 Substrate I
(Ac-IETD-pNA), InSolutionTM Caspase—3 Inhibitor II
(Z-D(OMe)E(Ome)VD(OMe)-FMK)+= Calbiochem (San Diego, CA,
USA)& AR&stdth

Annexin V-FITC, Cell cyele—test analysist Annexin V-FITC
apoptosis detection kit (Becton Dickinson, CA, USA)E A}-&3}% T}

2. 439N

D AX

o17F et A EFS HT-29% 37C CO. incubator (5% CO2 95%
air) oA RPMI-1640W 2ol 10% EBS, - P/SS H7}sto] wjekst g om,

A M EFQ IEC-6%= Dulbecco’s modified Eagle’s medium ®i #] ol
HT-299} 4t =04 mjgatdon FAXT EF wixs 2 73Y

sl waka] 9.

2) AE 4 &

n

%

grujupdo] HT-29 Ao 294 a35 7HXHA] FAlol AGA X
¢l IEC-6 Aol =4 %= g5ty 9ste] MTS assayS A Bt

t}. 7+ AEZE 96-well plated] 2x10" /well2 S A E3e & A X



F2e 9kl 24217 wieFeldal, Serum Free medium (SFM) 2.2 6
AIZE ek @ 3 gyl 0, 125, 25, 5 mg/ml sEREE 24417 A
skl tt. MTS/PMS solution (Promega Co, USA)ES #7}ste] 37Tl
A 30% ¥ Al7Zl F ELISA plate reader (BIO-RAD, USA)Z 490nm

3) FEHsty w3}

HT-29 Aol erlvd s Az shale w Ao Jejsts wsts +
2k 3t7] 918l HT-29 AEE 6-well plated 10% FEBS7} 3 RPMI
16408 A &= 3] Mate] sL3k F EF3 vhE AETE 80% A Estls
Pgrud s TEEE 24AZF A8 siE. o] & A XE PBSE 23] A
A3 oS YAl dAn| Ao E A

B

FHE #F 53t

4) Hoechst 33342 @ A4

HT-29 Az suygs A spale o el gests wats a3
st7] $18ll Hoechst-33342- A RS Al P5A T HT-29 Al X5 6-well
plates] 10% FBS7} g% RPMI 1640 W< 5 54 sfe] 5U% Fow
T & AE7F 80% AAstdS W uluEl S 24413 A gske] Y
sttt e Fests TS fixing solution (formaldehyde : PBS =
11 9% F7kete] A2 vl 1083 1183 $ PBS®E Al¥staL
0.2% Triton X-100& #H7Fsto] Ao A 1023 WA sHT o] &
rg/ml Hoechst 33342 & A5 H7hsto] WS Awhsk ofg A=A 30
L ArEAIZ T PBSE A A1 @ thE 100% EtOHE H7fste] &

21 2] 8} al mounting medium(Sigma, M1289) A& % &34 3w A<
sko] 20000 Hj& = S| FEjstd WstE A el

ML ro

w5



5) Caspase activity assay

Caspase activity =4l AF2% Caspase-3 Substrate I Colorimetric
(Ac-DEVD-pNA), Caspase-8 Substrate I  (Ac-IETD-pNA),
InSolution"™Caspase-3 Inhibitorll  (Z-D(OMe)E(Ome)VD(OMe)-FMK)
+= Calbiochem (San Diego, CA, USA)E A}&3}% E}HT 29 M E7}
60% <213} caspase-3 inhibitor & 1A17F A A e 3 & Cf-GPE &
S 2427 A Y e Lysis buffer (26mM HEPES, 5mM EDTA,
2mM DTT, 0.1%CHAPS)= AIEE 3<3ste] 80 ug proteins 96 well
Oﬂ %13}0313}. 7} 7o) substrateE H7Fslo] 37T, 8AIZF 2o R W

$-Al71 & ELISA plate reader® &3 % 405nmol Al =74 31t}

6) Western blot analysis

@D Total cell lysate F3

gy aS X8 sk. HT=294 %= 1 PBSE 23] A|&3l1 protease
inhibitor (1 mg/m¢ aprotinin, 1 mg/mé leupeptin, 1 mg/ml pepstatin A, 200
mM NazVO,; 500 mM NaF, 100 mM PMSF)E %7}s RIPA lysis
buffer (1% NP-40, 0.25% sodium deoxycholate, 1 mM EGTA, 150
mM NaCl, 50mM Tris-HCl, PH 75 Yo] 4& o)A cell lysateZ
g 4skar 303 WAAI & 3k cell lysate® 9AEE (12,000

5] 4~
rpm, 4C, 10 min)3te] 1 A5 NS AL&3F3A T



@ AEA 9 MEZE) (¥ FZ

Axd 9 nEZEgole] g F%2 Emanuele et al. (2004)¢] 44
S AFEE Y BryEle FrdE 2447 A3 v PBS-EDTA
ImlZ 34 Ak G000 rpm, 5 min, 4T) F cell lysate
buffer (20mM HEPES, pH 74, 10mM KCL, 15mM MgCl,, 1mM
EDTA, ImM EGTA, 1mM DTT, 250mM Sucrose)E 3 7tate] 4T oA
2087 Wk A AT AAEFG,000rpm,  S5min, 4TC)3Fe] Arzof
(Supernatant-1)2 3|53t YA pellete]l bufferE FH7}ste] thA
5,000rpm, 5min, 4CelA YAREEsle] 5 A (Supernatant-2)S 5
3}t Supernatant-13} Supernatant-25 4] 4A1E (14,000 rpm,
15 min, 4C)3k 3 AE=He A xd 3Holm pelleto] buffersS 7}

[¢)
@ e nEZEc #Eol Hr.
® @ AP ==

8 & FEL Park et al. (20052 WS

HT-29 A2 ghujud & gd e A2]gk w3 PBS-EDTA 1ml= 3]
Ak AAEY12,000 rpm, @ 10min, 4T)3ste]  cell lysateel
Hypotonic lysis buffer (10mM HEPES, pH 7.9, 10mM KCL, 1.5mM
MgCl)E #H7Fete] 4TelA 1587 ¥ AlFHth 2 & 25% NP-40%
H7bske] 4ToAM 102 WAIZ ths 42215000 rpm, 5 min, 47T)
3to] cell lysate®] Nuclear extraction buffer (10mM HEPES, pH 7.9,
100mM NaCl, 1.5mM MgCl,, 0.lmM EDTA, 0.ImM DTT)E #7}3t4
4CAA 2023F vH8 & 948 (14,000 rpm, 10 min, 4T)3ste] A5 A

2 9 Fyow AgaY

Agee FEae



@® w9 nE W R

HT-29 Axe gvyds Tz A ste] Lysis buffer (50mM
Tris-HCL, pH 7.4, 150mM N,Cl, ImM EDTA, ImM NaF, 1% NP-40,
ImM Na3VO, 1lpg/ml aprotinin, lpg/ml leupeptin, lpg/mé pepstatin,
0.25% Na-deoxycholate, ImM PMSF)E #7}&lo] 4T AH-2oA 304
WAgk & cell lysates YAEE S o ASAS Holo] @A %
FEs AR G FEE S0u/mo R FASA AP the
SDS-PAGE® #A7]9% 3 % PVDF membrane (Millipore, USA)2 &
Transfer 3t th 771 9% 3§ membrane 42| 1% BSA-TBST
2 1A]ZF blocking AlZL-F &Adtux = 7z Zel 14 antibody S
1:1,000dmfh /8] 48] 10T 16413k WH-§AIZ1 5 TBS-T= 15&3F 23] A
sk thg 22k antibodyE 1:10,000 v]&= 3] Al sto] 1AIZF 4583 ®ES-
A AT ®BEg Azl membranes HA| TBS-TZ 1553 23] Al# s}
Super Signal West Pico Stable Peroxide Solution¥} Super Signal
West Pico'Luminol/ Enhancer solution (Rockford, IL, USA)S& A}-&3}
o] KODAK X-ray filmoll 7H3A1Z ths A4 % scaning sk Science
Lab 2005 (Fujifilm, Japan)S ©]&3}o] #23k

0

Rl

® IGF-IR A& Hg &2

HT-29 Al¥e] gnuae =2 2447 A8 stk PBS-EDTA
2 23] A#EE 3 lysis buffer (50 mM Tris-HCl, pH 7.4, 150 mM
NaCl, 1 mM NaF, 1% NP-40, 1 mM Na3zVO,, 1 pg/ml aprotinin, 1 pg/
ml pepstatin, 1 pg/ml leupeptin, 0.25% Na-deoxycholate, 1 mM PMSF)
£ F7kste] 4TolA 3083 WA AT cells 35 & tha 12,000
rpmoll Al 103 AR ste] AT HE cell lysateZ AF&3HTE 50 pg
/mé Sld Fx2 SDS-PAGEZ #23 ¥ membraneo] &7 @z



a3
=

g

2 Fastgi.
® Fasfre AEAE 229l IGFIR A% Q94

HT-29 Al sy s e 2443 A skglen, HFs=d
2ty 5 mg/ml F%°A pan caspase inhibitor(Z-VAD(Ome)-FMK)
=2 20um FE=2 1A A8t PBS-EDTAR 23] Al &3 % lysis
buffer (50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1 mM NaF, 1%
NP-40, 1 mM Na3VO,, 1 pg/méaprotinin, 1 pg/ml pepstatin, 1 pg/ml
leupeptin, 0.25% Na-deoxycholate, 1 mM PMSF)E % 7}3lo] 4T ol A
30i7F WA skgdrh cellS 3] g ok 12,000 rpmellA] 1027F YA
glsto] AE=NS cell lysate® AFEsEAth. 50 ug/mb @ F FLEE
SDS-PAGEZ ¥ &% ¥ membraneo] %7 @22 2y S golshg)

o

@ HRG #%= @34 F= 2 EbB As du 4

HT-294 ol e & w22 Aelste] 24417 E&F wj skl
PBS-EDTAZ 23] AAE3%h th3 lysis buffer (200mM HEPES, pH 7.5,
150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 100 mM NaF, 1% Triton
X-100, 10 mM sodium pyrophosphate, 1 mM NasVO, 20 pg/ml
aprotinin, 10  pg/m¢  antipain, 10xg/m¢  leupeptin, 80  wg/ml
benzamidine-HCl, 0.2 mM PMSF)& % 7tsto] 4Tl A 307 WA Al
ATt cellS& 35389 12,000 rpmoll A 1087 44 £ 3 & A=as
cell lysate® AF&3ATE. F#H9 cell lysateEs SDS-PAGE®Z +#7] 3
% membraned] &7 @ ALHS A
Tl HRGE FX¥ HT-29 digt AzelA 2
AME S22 A E97F ErbB AlE dE AE2E Fsto] dojy=HA]

d
)
e
o
_Nt_',
AC)
ol
2
o



2 e 100 ng/mle] HRGS 0, 5, 10, 30
Fol 315 skt AEZE 348t
S #F3to] cell lysate® A}

1:6‘1

S

A7
sho] g3

o~
T

=
=

1X

24X 7F A e g v 3
Pk L3k 9] cell lysate (750 pg/ml protein)ol anti-ErbB2 &+
44 EElske] &
A A ek, Protein
s

2] sle] lysis buffer
AE AHelste] 4Tl A 16417 HE-S- A7l 3 Protein A-Sepharose
spin down 3% Ut}

—

S
] 5
2 ¥
<

F

2,000 rpmol A 10=7F Y47
Protein A-Sepharose} &H7|
13
g e s g213)

o 4TolA 2A1%F Wb& AlA 14,000 rpmoll A 243t
Al#Fstaz 0.1M DTT7F

£
=
buffer= 33]

oF A A
A-Sepharose &
sample bufferE #7}ste]  100°C o)A
sample buffer?t 3]43%to] SDS-PAGEZ #2

Azt Baow
b e
ohe

At

=
=

7) FACS analysis
SEM< 6A1%F A
AEE FHAZ

g o] WHE F7)
Gwellol 10% FBSE R
o}9
ATk PBSE
(25,000 rpm, 10 min, 4C) 3}o] pellets 3] 43Fo] cycle testTM Plus
DNA reagent kit (Becton Dickinson San Jose, CA, USA)Z A}-&3}c]
X349 buffer solution® & A& 31l Cycle Test
B2+ A& nylon mesh

sk AlEZ7F 80%
flow cytometry

AN
w2 24A7F A
DNA

shelet.

49

PLUS solution A, BE AF&3le] A 204 30
ThA]

skt Kitol
cell strainer (Beckton Dickinson San Jose, CA, USA)o| T3}7|A4 AE
ol A&
(Beckton Dickinson San Jose, CA, USA)ol| & gA)1# 3dHk3-o 2]t

monolayer® ¢

=
=

histogram< Mo©°F Fit LT (Beckton Dickinson San Jose, CA, USA)Z



w89},

8) FATH A2
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m. 2% 9 3
1. Fuye &3 HT-29 A AE 4 94 &3
1) gvjy=&o] HT-29 AL AIEALE v = I

A WFLdAEQD HT-29 ME AbEe] grjyddoe] mAe ¢S =
Abetal 28t AGAME] IEC-6 MEAA 9 54 55 #A37] ¢
] MTS assayZ stdch-HT-29 AlEN4-0, 1.25, 25, 5 mg/ml g

FE JEHOR AEZS AR} AN oW TEC-6 AAA Lol A
ofFdl FEFS AR Fe AE AT HF wE5 AdH 5
mg/ml F=AE S 65%°] AE AEES HYormZ HT-29 AxEo|
2 (52" A3 e F et GIT (High.
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Fig. 1. Effects of laminarin on the HT-29 cells proliferation. (A)
Effect of laminarin treatment on the growth inhibit of HT-29 colon
cancer cells. Control or varying concentrations of laminarin (0, 1.25,
2.5, 5 mg/ml) for 24 h. (B) Effect of laminarin treatment on the non
toxic to IEC-6 intestinal epithelial cells.
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2) A¥e Festd Wz

al 5
X ety WHgls dE s 5 °]°;1°UE o] & Hoechst 33342 <
Zo AE A G4 5o Waks Ay w kel (Fig. 2).
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0 1.25 25 5

Laminarin (mg/ml)

Fig. 2. Morphological changes of HT-29 cells were treatment
with laminarin.
After 24 hours of treated with laminarin(0 - 5 mg/ml) were

measured by an optical microscope. Magnification, *x200.
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3) de] FejsH W

ok A AEe Fugy WA AE 7L grde Ae #AF @
T Ak #vu A Al AlEAFE (apoptosis)®] FEIEHA &
o sfpel de] WstE #zetr] 9fste]l ¥ Wl DNAC Sold oz ZAgt
st 8% A A9 Hoechst 333425 Ab&3le] 38 dAMsta &
2 32 sk 1 Ad guuds AgskA ¥ el A
Aol 243 3 TS AF T 5 g vd, FHevgdas Hee
S apoptotic body7} . FWeAal-#zd T F Q= o=
HT-29 MXFe] Apde ghrjude] das vA= RS I & F 9
ATt (Fig. 3).
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0 1.25 2.5 5

Laminarin (mg/ml)

Fig. 3. Laminarin caused by induction of apoptotic body in
HT-29 cells were measured by an fluorescence microscope.
HT-29 cells were treated with varying concentratons of Laminarin
(0, 1.25, 2.5, 5 mg/ml) ap’_c'::'é4 h. After, _céH were fixed and then stained
with 2 pg/ml of Hoec}fs_t 33342 and 2(__) min maintained incubation at

room temperature. Magnification, *x200.
e
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2. ZHHdd A3 AEAE AEZAG 24
1) Extrinsic and Intrinsic pathway

Zuuyd S TR 24A17F HElek HT-29 A3 FaszZ FE5 ozl
Hol| v X 9FS dolH okt Western blot2 A|3% 23} %

]
% 9EYOR Fasol BAFo] F/kE AL HU ¥ = AAL o
o

MAEAE = Fastt FTFYAIRS}  #2 death receptorgE 5319
caspase-8°] @A 3}E = 7| Ay} w|EFZ =g ol 25 E. cytochrome ¢
H] F 2A43t8E F 71X A2 YE §F Ao AE Abg
FE3tE= 714 F Fas (CD95/APO-1) ® Fas ligand (FasL):= <9

S ©93th (Tachibana O et al, 1995). Fast Al
oo Asgst=H I F3 7l Fas associated
death domain @ 2<Ql FADDeo|tt (Chinnaiyan AM et al, 1996).
FADD +3A= F 7<) exonoZ FA= 1 208702 amino acidE >
skalar, 70789}, C-terminal amino acid’} death domains 343t Fas
9] death domain#} WHg-sl=dl & 8.3F3 7678 ©] «N-terminal amino acid
+ death effector domain< 84 3k ‘caspase-82] prodomain¥ Hb-g- 3}
WA death inducing signal complexZ &A%t} o] g FADD v =
2 Fasol 93 AEANE AsdGAAN dFHoldt & & Uvt

(Strasser A et al., 1999).

o

i

FasE &3 A XEAHE-LS pro-caspase?! caspase-89]
st etAlel 9 caspaseE FASIAIA HEZAL
Caspase-8¢| 4} capase-97} &3} W caspase-37F &% A3ty =
o]:= THA] caspase-1, capase-2 T caspase-32 A IAA M EAE
< 5% 4+ Aok (Li H et al, 1999).

T

A © 2 caspase-8< cell death ligand”} receptoroll ZAgo] ™ &
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Aol Ao} effector caspase (caspase-3) & 43} A]7] A 7H(Honglin
et al, 1998), & <tel AR id W2 Fas® w7l o3 A ZAME 9
7§ A caspase-8°l H] o]FZAH O 2 caspase-3¢ FAlo] dojyE= H
27} ok B Ao A= caspase activityE =43 A3} caspase-39
FAL Fguygde] 93] sk oEX O R F718F L caspase-89 A
S FoHel o)zt glATt (Fig. 4). ©]&= caspase X#e= ME2E &4
3to] Fas® "i/le MEAEAZZ F=HY (Feng et al,

o
o,
fru
il
o%m

okrl A3t caspase-3°] st T H Q] Poly ADP-ribose
polymerase (PARP)7} cleaved¥ ™ 4S5 A ¥ =4 o= 31 o
DNA &7 o3 PARP7F #EstA €4 slxo] PARP 7]1Z <1 ATPe}
NADH7} A&EE AAg o 2A apoptosis #4 To AFEEE dUA=
FAstHE dAate] LASHA Y (Endres M et al, 1997). °o]=
apoptotic cell®] Feled ®Wslel A=k HSIE 7142 A g

L i A=A o]

:
£ western, blotS =3
o

HT-29 /ﬂ]ﬁoﬂ 24N A gste] 3l o
A HASES Sl A9 grjyds F3

M EAE S Fas signalingS =% 5 apoptosis@ S &

e} o] Slgnahngoﬂ #olsk= FADD, cleaved PARPS ¢ @Hd & &2

ANt (Fig. 4).

_20_



Laminarin(mg/ml)

kDa 0 125 25

Fig. 4. Laminarin affect the expression of  apoptosis related
proteins in HT-29 cells.

Laminarin induces DISC formation in HT-29 cells. Cells were treated
with varying concentrations of laminarin (0 - 5 mg/ml) for 24 h. (A)
Expression, of protein FAS, FADD, PARP, AIF ‘and (Caspase by
laminarin.
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2) Bcl-2 family proteins® Az AdgE 4]

Bcl-2 family proteins< WEFEE=glo}e] v F3y 24 Q22 H U E
Zegolo] 9% intrinsic apoptosis pathwayell #--&3atw 1 F/F7} o
Fatth 71 FFel wEkA apoptosisE =34 apoptosisE A 8 817
% 3}=d bad, bax, bide] 7 %ol apoptosisoll #Ho]dh= wha) A 2l z}o]
™ bcl-2, bel-x12 apoptosis A 3E ZA3t}t (Huang and Strasser,
2000; Kelekar and Thompson, 1998).

AEAE S JASE Bel-24l9 @¥dE2 Bax Z4S Asgte=zy

nNEZcgolZ2 R - AX2AU=E cytochrome co ®HE WalstAL, &
A 8lE]o] A apoptosome F AL A3 e ol AEAE ST wulA
I A ZAPE A Gl gkl vlo] sl APty B4 ok (Kluck

RM et al., 1997).

Apotosis7} A ZE M bad?} bel-29F A9SAl F a1 bidie bel-22HF-F
o] Q. +=4d o]+ bax®t Z3%3}e] conformational change’} € oot
dimergs H@sHA H™ wEI = ol o|uto] g3 HF e =48
= A7IA HEd ol 1 Y& =4 E9] cytochrome ¢, Apaf-15 ©|th.
(Elizabeth Y et al., 1995).

2 Ay = HT-294%s Sojuas

bad, bax®l 57t} bel-29 #4a A & F AT (Fig. 5.
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Laminarin (mg/ml)
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_ set2
20 - Bax
23- _ Bad
- [N oo

Fig. 5. Effect of lammarln treatment ~on HT-29 cells, the

expression of B_,e‘I'fé family proteins. \‘\
The data Sh(}!/él Bel-2; Bax, Bad proteins in HT =29 &l\s




3) Cytochrome cdll &3 mlEZ= o}, AXANAY AZAG

9FA  western blot A3¥E E3 LdAS & F AT bel-2&
apoptosis7t  @AsHA @S A WEIZE=Zor urE FAAAA
cytochrome ¢ #H]E Wola|F=™ bad, baxe} 2 o9
col BHE 8= oz d#A 9

Western blot 237 HT-29 Al ¥ ghrjuads AEsids o Axd
of| 51 9] cytochrome ¢ & ©@AIE &2lal] HUt)
nEZ =g olo A cytochrome ¢7F &5 W A XA caspase-9,
Apaf-13 Z3S 3ol apoptosomes FA A ~FHEH oA A
caspase-9= X3 A A caspase-3°] FAH L TJHA Al = o] apoptosisE
=34 ¥rb (Nijhawan LP et al.,, 1997).
Bcl-2+= apoptosisE -3l cytochrome ¢ 7} " EF&=g|o} 2 F-E 9

285 AL 9Wi=d A bel-2 family proteins® western blot 2 3}

()

< cytochrome

= %3 pro-apoptosisZ}t &4 3= il anti-apoptosis Alde] #H A= A

S Fgoslg o s mEZ=dgolel AEANAY cytochrome ¢ WS

A% Ay ujEZ =gl olo A WEE cytochrome c7F AlEZ A g

U A A vR gEHSE FIIet= A= gkl AT

2 Ao M= MEANA S cytochrome coF-Apaf-19] Hdo] 5= 9
o

2 F7lslE= AS western blote 2 gel& it (Fig. 6).
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Laminarin(mg/ml)

Cytosolic Cytochrome c
Mitosolic Cytochrome ¢

Cytosolic Apaf - 1

GAPDH

Fig. 6. Effect of laminarin treatment on HT-29 cells, the

expression of in?}ea'séa cytochrome c an(-iﬁ“ f-1 from cytosol.

The data show increa}sed cytochrome c¢ and Apaf-

ial cytechrome c is reduce

other hand, in the mitocho
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4) Caspase-3, -8 activity

Apoptosis A5 A Ao A AE FZEE apoptosis AZ7F AlE
Woll 9l caspase® A& % o] caspase’} A slE o).
Caspase M¥EAPHO] f=d uf &4y = Al~® dwd B3 g4
= pro-caspase® $A O Yoyt AE HE zx=Fo] A FHW  large
subunit®} small subunit®ez HAWEM o]= tetramers FAJ st &4
st} o2 A Aty oA caspaset PARPE %33 $23% 7|4dE
S ®3 3] oligonucleotide— DNA —fragmentationo] 3o st A ¥
Caspases= bcl-2 familiyoll 434 apoptosis®] 4l& A&S X3 = 7|
S 714 bidE AEGA A A #EHE caspase A E AR MEEZE=
glofo| A A &3l caspase@AI st ABRE AZA I E AzHALEAAR F
L3HAI ) (Cotter TGret al., 1992; Nagata S. 1997).
Caspase —8,-9%9} #& caspase 7|A| A= caspase-3,-77 72 caspase
ERAE (AR EETHrHAo s B ASIA| 7] 7] W&ol (Ao
caspase?] #3] Z8E AHEE YA Z|EE caspase-39 H¢E= AE
AbE e 2=7] A E7F &
HS HT-294 Lol s B2 Xa] P& A Al
o] A3l western blot®] ZA¥}Z Fass &3
apoptosisd 22 eldtorn g B AFo A= caspase-3. -89 FAA
=5 SAsAh %

X 1 715
7 caspase-3 9] A= ludl Fk ofEHom HYo] T dhe

AL A8t inhibitors AP welAE WEE FES fAE
Ag g2l 3k Th A NF caspase -89 749 caspase-3¥+= TFEA
oA 7F YElYA] e AL Foad 4= A (Fig. 7).

]_
AubA © 2 caspase-82 cell death ligand”’} receptorol] ZA3to] W &
A o] Aot effector caspase (caspase-3)5 43 A7) A% (Honglin

et al., 1998), Htol]l AT H o] wWEW Fas® wj7/fE o}zl A EAE 9
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Aol A caspase-8° H] ¢FZ O F caspase-39 Aol dojupE A
27F At ol caspase X#hi M ER A RS S5to] Fasz
e AEAIE D22 FZ9tt (Hanping Feng et al., 2004)..
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Fig. 7. (A) Dose dependent activation of caspase-3 by laminarin
treatment in HT-29 cells. In the experiments on dose dependence,
laminarin added at the varying concentrations (0, 1.25, 2.5, 5 mg/ml).
Also, laminarin was concentration of 5 mg/ml added caspase-3
inhibitor (Z-DEVD-FMK). (B) Laminarin did not affect caspase-8
in HT-29 cell. The values were the means +* SD; P < 0.05 by
ANOVA. Values with different letters are significantly different from

one another according to Duncan’s multiple range test.
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3. AIX F7]9 "= FF

1) AE F7] &4

FA8k7] flske] AlXE F7)o) A check pointE

J+=d 1A Gl7]eF S7] Alelef restriction point (R point)7F 24
o] Mot AGo H-S7| 2 R Rk Gl A W

© A, &2 G071 FAHE A Eol7kAl "Ju AAAY
restriction point (R point)& A UAl W S7]olA DNA EHA & G27]
2 7H H=d 7%= skuke] check point7b 1o Sl A &

DNA HAleA ool glow AE F717k A& A frk ool

fle A5 AlE F717F Aoz s o] M7IolA Alx EEo] Ao
fias

e
= a
A= 5Heldl7] ¢a) DNA flow cytometry® 241 3¢t}

)
QA AE F719= e A4 A3 sub-Gl7

©
-
L
=
o
o
=
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Z 828 %l Hlete] Zbzh gyl e A

25.25 %, 1978 %, 6348 % = S7tst A& g2l &
kA gyl S HT-2990 A stls w, S71 G2, M 7]7F ZHAshar
GO/G1717F Z7}8t 928 cell cycle arrest7} S4bE Q&S F=3 5= 9

o,
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Fig. 9. Treatment of HT-29 cells with laminarin results in cell
cycle progression.
In the experiments on dose dependence, laminarin added at the

varying concentrations (0, 1.25, 2.5, 5 mg/ml).
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2) AT 37 22 994 24

BE AYAZES AFo] BFHoR AXE AEF7 Y dAEZ &
e gavt Ao A W EaA HuW AXE AT g

!
Zlolth (Marx J, 1994).
53] cyclin—co} HFAZF AEZF7] ®3 A Fo Z2EAE ZEet=t
g% A cyclin B8 cde2 E3A= 54 24 dAQJ M7|E F=35ta
cyclin A} cdk2+= DNA st @AIQl S71eF G27] s<te] E3AE 34

sto] S7] Aol #ofgrpal By wHar Qlty E3 cyclin D& cdk2, 4,
69} E3tA= A saL cyclin EE cdk29 B34S A se DNA &
d AFEAIR] GL17) 24 Bolsttia HarxojA tl (Pagano M et
al., 1992; Xiong Y et al., 1991).

o] 3t M EoA = o]t ME F7] ZAJAE] H A FA FAo]
HAE B dFS FI=E =H R dAMEAAME
cyclin/CDK 7} HIA Aoz 3 &3t HojAq3d= 47k fiEeolth
AE F71M Gl 27]E Cdk4, 65 2435 o] A
G171 $7]9} '§7]1 Z7]lel Cdk27F 28§ b Cdk 244
Ado] dFA el Cdk4, 62 cyclin Dok A& six &4 =
Cdk2+ cyclin E®}F 23S 9t} (Bruna P et al., 2000).

o] cyclin/CDK &E3&Ae] &4 A3 st @Al pl6, p2l, p27,
p535 9 Wel®= FA vehes Zlex BuEi Jvk (Marx J, 1994).
wpekA] ghe] o] 4dF2AS cyclin/CDK, pl6, p2l, p27, pd3%9 AXE F7]

Aol A AT AT o AFAE 24T

ol AgelA olelgt ME F7]oA check pointoll A2 AE F2
G1

ZHdo] o]FojxA] a1 AHAA7F O =E apoptosisoll ¢ sub-Gl7]e
[e)

an

4 9]

o
o
My
o
ol
ox
)
r o
=
e
N
N
N
)
o
=
aw
Z
@]
o
—+
o
0
n
=
lo
o,
=
ke
of\
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AAE B Ao tFa gomz Cdk ¥ cyclin/CKD 234 €4

As Al p273 FAE AR comye FHALEE western

blote = ¥ Bttt (Fig. 10).

p27 @A L M E F7| A S7]E FE35F= cyclin/Cdk complexel] 2

33l Cdk2/4/6 kinase2] &S Ao =M pRbe QAibstE A AAlA
715 do7bAl ZetAl s G171 ZEloll A FA A TIA g o

e ghujukel Aol fste] pRbe #astH, p27e F7hst

ftlo
oft
L
3
o]
(!
i
]
7,
107]
%
fols
2

Fas signaling

sub- G17]4 arrest® ¢lslo] M AEZA o] A HA AxEAEO] 23
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33- | sw— s | Cdk6

Fig. 10. Effect of laminarin treatment on the levels. of cell cycle
related proteins in HT-29 cells.
Cells were treated with laminarin at' 24 h, then followed hy Western

blot analysis.
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4. AE A QA nxE= 9T
1) IGF-IR #d¥d 993 &4
olo] Ao ¢lojA IGF system® H| A A<l W3l o F79 <o

Insulin-like growth factors(IGFs)& 3+ 7l2] Al&E= o] Fojx Za]3E}t
ol=2A AA T oA FZHoA] mitogenic T+ A EAE
(antiapoptosis) VA= 2F&3L7]% Skoh, t)F-2 9] IGFe] Al X 282
type I IGF receptordGF-IR)oll ¢}ate] mjAl Hojxm, z&°o IGF-Z2A%
o (IGF binding proteins)E9] ¢sle] A=t IGF-IRE= wBr &
9] heterotetramer®  ©]Fo] & glycoprotein® Z a-subunit¥} B-subunit
o] EA=e ZhzE 130,000 95,000 AEwHk IGE7F  extracellular
domain®la-subunitel] A sH B-subunit®] tyrosine kinase domain®l
autophosphorylayion®] € ojuy= 2 QI8}4] tyrosine kinase@ &4 3} % o]
oe] 7kx @A S X8l AlZith (LeRoith D et al, 1995). 24 3t
IGF-IR ZA&st= e T 7 & 4R Aol insulin-receptor
substrate(IRS) family®]aL,-<1Ak3} H IRSo| ZAdsl= 74 x4 A
o] phosphatidylinositol3-kinase(PISK) 2] p&5 regulatory subunit®]t}.
PI3K= A4 IGF-IROl Aol &4 sts7u E= RSOl 9fste] 24
3 s AktE A IAA apoptosisE A A A 7] AL cell survivalE: =
Aal= Aoz dHx vt (Alessi DR et al, 1998; Vanhaesebroeck B
et al.,, 1997).

U AFEel A gpru>o] AZF A E T HT-299] Abd 714
of o] gtk AMAS EQlstnt o] A¥E EdE gpuvdo] Al
APE 7] AR ofY et MlE A AsdddE FFS v A=A HES
el tHEA A EAF signaldl IGF-IRAEZHG wulz o] w3 s 2

=
At IGF-IR< RAS/MAPK ¢ PI3SK/Akt pathway®] F7FA d&

¢

AV

-
X
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AAZS Ea 234 P} (Valentinis et al., 1998). th-& 2] IGFY Al
I &3+ typel IGF receptorUGF-IR)ol ¢&) wiA &, o] Az
< IGF-bingding protein(IGFBP)E°ll & Zd=o]xltl ©]& binding
protein & PIBK:= 24 IGF-IRel Zgt= o] &35 A IRSe] o]
ggslso] Akts SAIAZIEZ MEATE S oA A7 2 A oA
gruds FEEE AYEils W PIBKe 2Eol

Akte] 9 80% #A3sklal, PY99 3 MAPK Z3h Zdo] 7hadhs 3
o= eyt (Fig. 11).
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Fig. 11. Laminarin ion of IGF—ITL binding
ations of lamin__.érin 0O -5
mg/ml) for 12{% h. The data shown -IR, MAPK, PY@@: Akt, IRS-1,
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2) Fas#r= A¥AE 329 IGF-IR 3= 94¥4

S Adss FHE Zds W FviuEs A HT-29 Al22AL
Fas A2 2 %39 FADDE #4383 A7 E‘r% npA]uk o 2 caspase-39]
g5tz A A ° ,

A AE AN AE S AdAA-F= A
59 EYE B AgdAE gulny
s

Shel Az s Selst A sheit

C

25 Aot AAAe dEs st o] AaAQ caspases AlE ARE

Lol | = Soko] &do] dojdn o
A 2 A M= AE AP F FJaAQ caspase®] A= A Al
7171 938l pancaspase inhibitorE A}-&3to] caspase AL A& A7
o AE A e fAE A2 IGF-IR & ¢, PIBK/AKT pathway ¢}
o] dA#gE stk A I HT-294 E ol v S A et

PI3K w&o] v&x o|FEXor 7Ihste= AS A 5 9

F52 5 mg/mle vy 28] 79 pancaspase inhibitor
= W+ Akt ¢ PI3K 23lo] F7F st 2S & & =+ 3l
Atk (Fig. 12). o]y AxE TFato] & o oy o
X5 9A= Fas signalingS &3¢ apoptosis A& A&
Aol IGF-IR singalingS &3 AX A A= %/\]Oﬂ dojrh
caspase’} &4 3lEo] AlEAAF chul Aol Akte} PI3K &4 S A 3l
e S & A (Fig. 13)

il
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Fig. 12. Effect of laminarin on pancaspase inhibitor-induced
recruitment of the PI3K and Akt in HT-29 cells.

Laminarin added at.the varying concentrations (0, 1.25, 2.5, 5 mg/ml).
HT-29 cells were treated-for 1lhr with or without pancaspase
inhibitor. Also, laminarin was concentration of 5 mg/ml added
pancaspase inhibitor (Z-VAD(Ome)-FMK). Each bar is quantitative

analysis of immunoblots.
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7N IGF-IR

FAS

b |
1 3

Z-VAD(Ome)-FMK _{Caspase l t

Apoptosis

Fig. 13. Model of Fas induced 'apoptosis of inhibition IGF-IR
associated proteins of Akt, PI3K.
7Z-VAD(Ome)-FMK inhibits caspase activity that is activated through

Fas, increased expression of Akt and PI3K.
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3) ErbB #d g9 @ &4

ErbB receptor family A #d Aol 24 ol #, f4, dgA
oF, e, AelAES 5 ozl el 3 2d HW, ErbB receptor
family 274 9] HAHGA Zdo] ¢F A T3 dQJoRE HiE
Attt (Salomon DS et al, 1995). Receptor tyrosine kinase®! ErbB
receptor family+ epidermal growth factor receptor(EGFR or ERbB1),
ErbB2, ErbB3, ErbB4® T4 ¥ olglom oo wale] Fa& olzz o
H A At} ErbB recpetord] 75 of7}o] A%3st= ligand= o8 E77F
2J+=d EGF$¢ trans forming growth factor-ai EGFRe| ZAgsta,
heregulin(tHRG)- ErbB3¢} ErbB4¢l] ZAgskct m3d HRGE ErbB29
coexpress ‘HW  ErbB2%=+ ErbB32F heterodimerizations 5 3}¢]
autocrine activation © Tt (Venkateswarlu S et al, 2002). Ligand”}
ErbB  receptor®  extracellular domain®] ZA&3sFH  receptord
dimerization®] oUW instrinsic tyrosin kinase’} &4d3}% ] receptor
9] cytoplasmic domain®]. tyrosinel Zt7]e] <211tslz} dojrtct. QAks)
H tyrosine %+7]% intracellular signaling protein®] ZAgkAtze] oS
Il H. o] Atk o subunit¢] A gatA 2|
phosphatidylinositide-3-kinase(PI3K)7} A3} -5 11 &4 3% o] 2 PI3K
2 Q13te] A = phosphatidylinositol-3,4,5-triphosphate= Akt2] <
2belE FZ21s6te] &4 3lskt; (Varticovski L et al, 1994; Toker A et
al., 1997, Klippel A et al., 1997). ©o] &43}l¥l Akt apoptosisel o]
= @d S Qikstste] &84 3t Al7]aL o] ¥ apoptosisE Al d)
A cell survivals 3 gttha &8 A lth (Datta SR et al., 1995).
2 Ao AE grivds AEsk HT-29 A2E 3]53t9 western
blotting 3+ tS ErbB receptor®] & k¥ PI3K, JNK 23 kS sHels)
Rk 1 A, guiudEs HT-29 AlEel A2 8ls ol 5% &4
© 2 ErbB2 , ErbB3 2& o] #HAasdte AL Festg o, w3k ¢
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(A)

Laminarin(mg/mi)

0 mg/ml 5 mg/ml
0 1 5 60 0 1 5 60  HRG (min)

(B)
Laminarin{mg/ml)
0 myg/ml 5 mg/mi
0 1 5 60 0 1 5 60 . HRG (min)

o

IP:ErbB2/WB: ErbB2

Fig. 15. Effect of laminarin on HRG-induced phospho-Akt and

PY99.

HRG (100 ng/ml) was added 0 “60 min immediately prior to lysate

(750 pug) preparations. (A) Cell lysates were incubated anti-ErbB2

antibody and Protein A-Sepharose to immunoprecipitate proteins with

HRG. Total lysates were analyzed by immunoblotting for phopho—Akt.

(B) The resulting proteins were analyzed by Western blotting

analysis.
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EZ2 A7} apoptosisY S @A g Eoto] gelo] 7heskdd
oh kAl AEAPEARE Fasth TRAIL 425 Fsho] xddt
Fas w7l AXAPE 7 2o A Ao caspase e &4

st o] Eae AEY FAH FAd B dudS Fastes &
22X AxApde]l AAA Pz #8-sttd (Chun S-Y et al, 1993).
A 0 2 caspase-82 cell death ligand”} receptoroll ZAgo] ™ &
Aol Ao} effector caspase (caspase-3)= 43} Al7]A| %+ (Honglin
et al, 1998), & <tel AR id W2 Fas® w7l o3 A ZAME 9
7d$-ol A caspase-8°] H] 9]EZ O 2 caspase-39 FAlo] dojue F
27 At B Afo| - caspase activityd] S A3 Ay}
caspase-39 @@L Fuiude o8 TR gEHeR FUHslal
caspase-89] /&AL Fo] ALl Aol 7k gloltt (Fig. 7). ©|+% caspase X
g 2L 549 F2E 5319 FasE wj/l® A¥AE A22 F=
Ft} (Hanping Feng et al., 2004).

BoAgg e gyl o® <Qlsk gpoptosis =4 #rlUdEE 0
0.125, 25,5 mg/mL T=YHE 24A7F A ge9S w Fas, cleaved
PARP, FADD. ¥ capase cleaved 2&d-S 221319t} (Fig: 4).

p=2
o

filo

Bcl-2 family proteins®] -7Z-%-, mlEFZcglold] b EaiA S x4 3o
instrinsic apoptosis pathwaydl] zh&df= Sz 5 sfufolt}h, 1 Fof A
= EF5o wEHE  apoptosisE:  FESE S QA e whE

anti-—apoptosisE® ZA3d}7] % 34|, bax apoptosisol] #oIstal, Bel-2
o] A 2 dgle 93s 73 ok (Sudheer KM et al, 2006).
Bcl-2 family proteins% Bax: apoptosis7} @A AL nEZ=
glo} Yol cytochrome c9 A¥Xd WES Wojs & 985 it} o]
2 MEA2 WEHoZ cytochrome ¢ Apaf-13 ZAg sl
apoptosomeS A3 3 capase-39 AL FEdle] AE Al o=
A st (Lavrik I et al., 2005).

Fig. 59t Fig.6olA+ Bel-2 family proteins® @& o2 213 apoptosis
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= 3l 39 o, cytochrome c7} WEZ=g|ofo| A Al E 7 2 o] HEo]

)
Prlgee wrEe A s9S W vE EHeR Tt se AL
fox ]
AR

ool GUEAE A B 4 A Gudas

o
HT-29 Aol A3 Ay s oEd o= AF Aol oA

A7 G ME] HT-294EZ A sub-Gl arrest 7} dold o Az
F71& ZH3s dWAEASe BdS Felsigl v, of= Fig! 84 &<l

g sub-Gl arrestE H]X3dt] AlZF7] ®stE &l + AU
ok ey Ao 9] Insulin-like growth factor (IGF)¢! IGF-I
receptor pathway e} ErbB. signaling pathway$} ##E ¥ oz ukg S
stod ghuvde] AHelZ o3 HT-29 A2 A% 25 #AE &<
kA (Fig. 11,-Figedd). Al E o] 47 2 A2 o] 714 A&
QEH 2Hd5EY 1 FIGF - system UA Ul F-Ee] 7] FdAe FF
n R IGF-IS led s FAEE 25 7 A S 2 Ax

>

e

AP A EHE e, AlE 2] IGF-IRSE Adtete]l A=l o

MNEAGH2E sttt} IGF-IR7F €435 ¥ insulin receptor
substrate (IRS) family @A Eo] <l4k3lE o] phosphatidylinositol
3-kinase (PI3K)-Akt pathway® mitrogen-activated protein kinase
(MAPK) pathwayo} Z2 A¥X AsdALd 2S5 X3 AlA AESF
2 R AES FE8HA "t (Vanhaesebroeck B et al, 1997). MAPKs

= AT WA Y W Rl BAE AEAY FRIA FLF 9
& weehe ddsEez AE 9 A3 ddsted FUH JTS
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3t} (Alessi DR et al,, 1998).

Tk grjyd Az Qg A EAPE-E FasgE F3to] o] Fo A &=
o] MEAE AR IGF-IRE %3 Ax A AzEee dAaAs

inhibitor A 2] 2 &<1sk3ith (Fig 12-13).

T &8 A EA A ErbB receptor family A& dd 3A o] 24 o]
< H, 5, AR, A AelAESY 5 oA dellA 3 I
™ ErbB receptor family &/d2] H|AAAQl 2Hdo] ¢ WA FQ3sh

Holo w2 HuHEI v} (Salomon DS et al., 1995). Receptor tyrosine

o
4

o~

A
o

kinaseQ]  ErbB  receptor . family= _ epidermal growth factor
receptor(EGFR or ERbB1), ErbB2, ErbB3, ErbB4= A & oo™ <
o Ao FQgk AR gy e QAF WS AESL] HT-29 Al
of #ulud A& o] 3t ErbB reeptor famaily? 2% Ag 34 <
AE AT 4 dATh T HT-294 2 HRGE A& 3 ths ErbB
pathway©°l] downstream @& e] 2HS gl st A3 HRGO =0y
dS 37 AHg g oA HRGE #59% ErbB downstream Tz 2
Aol A= A FekAt (Fig. 15).
fle] dytse s & o, Sl Aol of gk HT-29 Al 2o A
Fas® A =ZE 53 caspaseZ} &4l 315 o] apoptosisE
2l A= Felstgon, HE AT F2lo) BoF
signaling pathway<} ErbB signaling pathway®] 74Xk

Aoz FQlstgity. o= <Qlste] ghrjupdo] QIZF thAdebAl s o Ao

5 JdEAon FYEAET A AL AARGD, ol o]
FPARE AL 715H AFD 2ARA oSNt S AT B
& 9k
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