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Mechanisms of fucoidan-induced apoptosis

in HT-29 human colon cancer cells

In-Hye Kim

Department of Food and Life Science, Graduate School,
Pukyong National University

Abstract

Fudoidan is the collective name for algal sulfated polysaccharides extracted
from the edible brown seaweeds. Fucoidan has been extensively studied because
of its many Dbiological = properties including anti-coagulant, anti-viral,
anti-inflammatory and anti-tumor activities. The present study examined whether
fucoidan inhibits HT-29 human colon cancer |cell growth and the mechanisms
underlying its effects.

HT-29 cells were incubated in serum-free medium with various concentrations
of fucoidan (0~1,000 pg/mL). Fucoidan decreased cell growth in a concentration-
and time-dependent manner. Fucoidan markedly inhibited [BH]thyrnidine
incorporation into DNA in HT-29 cells. Following fucoidan treatment, the cells
showed apoptotic bodies, typical of cells undergoing apoptosis, morphological

changes, and H33342 staining. Fluorescence-activate cell sorting analysis results
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revealed that the apoptotic cell percentage was increased after treatment with
fucoidan.

Western blot analysis revealed that fucoidan decreased levels of pro-caspase
proteins, such as caspase-9, -8, -7 and -3. Furthermore, bcl-2 and bcl-xL. protein
levels were decreased, but bax, t-bid, and Fas protein levels were increased by
fucoidan treatment. These results indicate that fucoidan induced apoptosis through
both the extrinsic and intrinsic pathways. Fucoidan also induced sub-Gl phase
arrest in the cell cycle, and Gl cell cycle protein expression levels were
decreased by down-regulating retinoblastoma protein (pRB) and E2F.

Nuclear factor kappa B (NF-kB) regulates cell growth, differentiation, immune
responses, and inflammatory responses. The present study examined the effects of
fucoidan on the NF-kB signaling pathway. Western blot analysis of cytosolic
fractions revealed that fucoidan decreased IKK, IkB and phosphorylated IxB
protein levels. NF-kB protein in the cytosol and the nuclear fraction was also
decreased by fucoidan treatment. These results indicate that fucoidan induced
apoptosis involved decreased NF-kB expression levels in the cytosolic and
nuclear fractions. NF-kB protein levels were decreased as a result of
down-regulating the phosphorylation of p38, c-jun N-terminal kinases (JNK), i
nitric oxide synthesis (iNOS) and cyclooxygenase-2 (COX-2).

Insulin-like growth factor (IGF-I) regulates the growth of colon cancer cells by
an autocrine mechanism. The present study examined the effects of fucoidan on
the IGF-I receptor (IGF-IR) signaling pathway. Western blot analysis of total cell

lysates revealed that fucoidan decreased IGF-IR, phospho-tyrosine, insulin receptor



substrate (IRS)-1, AKT and extracellular-signal regulated kinase (ERK) protein
levels in a dose-dependent manner. Immunoprecipitation/ Western blot studies
showed that fucoidan decreaed IGF-I-induced phosphorylation of IGF-IR.
However, the expression of IGF-I-induced phosphorylation of AKT and ERK
were inceresed by fucoidan treatment. These results suggest that fucoidan
inhibited cell proliferation and stimulated apoptosis of HT-29 cells via inhibition
of IGF-IR signaling pathway, partly.

Over-expression of ErbB2 and ErbB3 genes is a frequent event in several
human cancers. The present study also determined whether the growth inhibitory
effect of fucoidan was related to changes in ErbB protein levels and the ErbB
receptor signaling pathway in HT-29 cells. Fucoidan decreased ErbB2 and ErbB3
and phospho-tyrosine protein levels. Immunoprecipitation/Western blot studies
revealed that fucoidan were decreased heregulin. (HRG)-induced phosphorylation
of ErbB3 but, increased phosphorylation of AKT and ERK. These results indicate
that down-regulation of ErbB2/ErbB3 signaling may be a mechanism by which
fucoidan inhibits HT-29 cell growth.

Thus, fucoidan induced apoptosis, markedly decreasing DNA synthesis and cell
growth through sub-G1 cell cycle arrest, the extrinsic and intrinsic pathways, and
the NF-xB signaling pathway, involves down-regulation of IGF-IR signaling and

the ErbB2/ErbB3 signaling pathway, partly.
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e 59 o= YeElgn HE 108 7H1996-2006% thul) ol o3k Al
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° Jed, T FAAE gt o3t AgEC] g BF

A Ao = Ve
% dae LsrIgFdd 7P £k, AMRER 2918 AAT
=2 g &3 golti(emal et al, 2005). $-2lUetoll s A Fol vl A
o Bgo] Gk A Fo] Al Hojghel uhet A
2 Z7F FAC Je G4 FHoE 20053 A AA GFY 9.8%S A
e Aew deA AHEAEARF, 2005). HFSS HIET oY 2
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=
fra, kst viEkRl, oy Hde] HFH F53 22 7\1?4 o] 7}

+ Aoz d#HA AY(Oh et al, 2004; Kim and Mason,
1996, Kim, 2002; Potter et al., 1993; West et al, 1989). =4 AW SF
o] AAsHA HW ALy FE= T4 AFE AFS AFD wol Bl
W ol A W&Eo] RS FHste widEE AlZto] AojAA At
T, A AYS Bel dFste 4% 2544 SEHEQ wdo] Stk

=

g Woll St AdEe T4l

m{ru

A
2 o]&35t7] A% - v #4lo] FkstaL ATk E£F, HoldAMe oW
= S3 AR g Holdfo HIHE B A

2ol dfre A WA FH2HE 2 F4AYY F5E At
W AolE Qg d# £ A8 dit A5 ERE e AR ¢
& At} Spiller and Amen, 1975). X F+ FHFALAEAY 9SS A=
shA] Xote 54 wZo AAdd e AFoEAN sk
w, 2ol oA Heldfe AEreze Aol FeAlged wEHKim



and Kim, 1998) al=/F4 HAE T3l sidstels A7 S7tstAl HAH
(Kim and Lee, 1995; Lee et al, 1996; Park et al., 1996; Kim et al., 1998).
dxfe 9% Adadrt #Hold Aoz <A Sle=dl(lee and Sung,
1980), ©] % 30~67% AE=(AE 7]F)7l d3FFE S48 (Cho et al., 1995),
A7, T30, vy, JlEhd 5o 2 FAEoo] Qlth(Lahaye, 1991).
sz drstes T A gBRiA FEY SiE A} (Nishide et al, 1988)=
g% Z8| 28 E 38 I (Watanabe et al, 1992; Tsuji et
al,, 1968), 1AEF AW EI(Tsai et al., 1976), 32U ¥ (Choi et al,
1999a), =3} <A (Choi et al, 1999b) ¥ 3a}FYF<J(Fujihara and Nagumo,
1993) &5 7HA3, ZxFo #rjvde Wy 4 a3 9 ey
(Tatiana et al, 1999), &x7F<] 7lg}7ide 3 33187 (Nishino and
Nagumo, 1992) 52| T3t 23 a3E 7IA= Aoz 484 ot

E FFoRtS o]&d dAFE ®o] zdHo] o (Nishino and

Nagumo, 1987; Dobashi et al, 1989; Pereira et al., 1999), ZxFol| F= 3
e Joy Fo mat 29 AgdAhe o7l e Aoz gHA 3

2

THKwon et al, 2006). F3o]dS ZX2F{F AMEHY 74 AELoZ olF
&8 g9R{FEA, FESMcClure et al., 1992), €8 7] (Chevolot et al.,
1999), &dH 183 (Koo et al, 2001; Kim et al, 1998; Church et al,
1989; Mori et al, 1982; Abdel-Fattah et al, 1974; Bernardi and Springer,
1962), 3rnlo]e]~(Patankar et al., 1993; Cooper et al, 2002; Baba et al.,
1988; Ponce et al.,, 2003; Preeprame et al., 2001), 2172 % 7]’d(Quanbin et
al, 2003), AJWH =3} AdAEY P 2EH X & EI(Choi et al,
1999a; b; ¢) s°] dem, I 9o oy A&y #Hste g A7 AdHs0l
ATHE A HToe F3ojdo] FHaFAE JHvds Biart Frhsta
A+=Hl(Aisa et al., 2005 Koyanagi et al., 2003; Funahashi et al., 2001; Ooi
and Liu, 2000; Zhuang et al., 1995; Hajime et al., 1994; Itoh et al., 1993;

Chida and Yamamoto, 1987; Yamamotoet et al., 1981), sarcoma-189 (&&



W

%h), L-1210 (W& %), melanoma(dF-¢h) T3 2 GAEY HES A
A3 stttal st tH(Yamamoto et al, 1981; Yamamoto et al, 1984; Cho et
al,, 1990; Kim et al., 1994). X3}, S30|Te] sulfation FxEol wel AL
Aoy gdA Fuans 7ixlva 3§13 2™ (Haroun-Bouhedja et al,
2000), oversulfate $3ojTr2 F ALY IJAPEAAS F7HA1ZHA A
(Teruya et al.,, 2007; Koyanagi et al., 2003). o] ¢AIXe F2 A &3
+ WAIZ apoptosisol] &g+ AEZ ALE ZH8-o 93t Aolgte BHart gk

1

Apoptosist 19721d o]} At 30 FtF 4o A5 o] A U=
FHoE ATHo] gkti(Kerr et al, 1972). Apoptosise= 53 AlEZ7F 54
gk cell death gened] &ol o3 ofe] Fxx L @A ZY] YA &4
o] xAEo dojue TEFAHA AMEEA TAE AEA A EFQsAY
AR 845 VI AES FHY BAAQ) AXEEREH AASH 7F24
7ISH R 2o PSS FASH FeoEA HAG TAHL Tse A
o Ao 8% 4TS gtk Ik T DNAZE 48 AZELS AIEEHA
U AA3 &4E A8 B8 A8 S FASH Hu, apopotosisdl] ©]

ol A4 ASelE elsta wolg zdsA Hol Be £R9 2B o
.]

S 71A H+=H, apoptosis7t HIBGAHOE AA|EHH M7 AFFHOZ F2

Ho] & FasA He 90 E 4 Jv(Kuchino and Kitanaka, 1996).
Apoptosist TFAEY & Aol FL3 FE= oA iFe T

o oA 7HF F ded AE =59 3 FdEE 49 Avh(Sarraf and
Bowen, 1988). &A|3Z 9] apoptosis frEv GAIE TS24 94 714 F9 st
oM (Kim et al, 2006), A9 apoptosis frEv FHEAS 7HAL A+
AEEY T8 54 F9 szt ¢HA Jth(Frankfurt and Krishan,
2003). @A o] &HI Uv B2 FLAVF FAES apoptosisE FEFOE
A ARE Yedle Aeg AL 7] dEel o A5y TFrAA
of tist #Alo] F7ksta Atk (Kanno et al, 2004; Hannun, 1997; Mesner et
al.,, 1997, Arends and Wylie, 1991). Apoptosis= A U] - &A1 25 ¢



3 AFEI 3 FF apoptosis = @ Aol o) AT Fr|FHo=
HET ApoptosisE FEste g 545 F2 O =F 3t apoptosis
A gildo] g8 M2 Y2 HAZE T3 apoptosisE =351 %E}(Kim et
al., 2005; 2006; 2007). “L#JE=Z apoptosisE X3+ 7t

die
& 714 AF< apoptosis FEE T3 FIALEAHES UHEe FEA AT

z=
z=

it

o wWi-¢- Fasta E £ Atk A, HAENA o] &7 2
= 7 FEAES 7] A A= s JgHT . B R
M EANA apoptosise FE3te HoZ A Jo

Lin et al, 2001, Zhang and Huang, 2005), thZd$t Az} 1%’3}01
apoptosisel] & AF7F 3 =il th(Butler et al, 1999; Rupnarain et
al., 2004). 121}, apoptosisE AL Y TUAE AlEE oA FUd9 7}
S0y A E ARdE 7HAHL7] A tH(Huerta et

al., 2006).
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o. As = W4

1. A8

1) AE € A

Aol AHEE A7 vt AEZFQ HT-29% = A EF 23 (Korean
Cell Line Bank; KCLB, Seoul, Korea)olA FU3t%oH, fibroblast$!
MC3T3-E12 732 FE AFdurt. & Ao AFE3 crude fucoidan
(F5631; Fucus vesiculosus)< Sigma (St. Louis, Mo, USA) #| &S AM&-3} %t

2) Ao

A3 djeFe] ARE3E Roswell park memorial institute 1640 medium
(RPMI 1640), fetal bovine serum (FBS)<= Hyclone (Logan, UT, USA)e A
TY3t k. Penicillin-streptomycin,  phosphate-buffered  saline  (PBS),
phenol-red free RPMI 1640 Gibco/BRL (Gaitherburg, MD, USA) A& <
neutral red, trypsin, Hoechst 33342, RNase| A, protein A sepharose, IGF-I
(insulin-like growth factor-I), heregulin-a (HRG) &2 Sigma #A|&& AH&-3}
% th. Transferel AF&3 Immobilon V-P membrane& millipore (Bedford,
MA, USA)ollA Zt¥F antibody+ Santa cruz (CA, USA), Cell signaling
Technology (Beverly, MA, USA)ol A <13} th Western blottingol] A&t
Supersignal® West Dura Extended Duration Substrate®} Tl 28 7 23} 7]
$18+ BCA protein assay kit= Pierce (Rockford, IL, USA)°|A], film<
Kodak (Rochester, NY, USA)olA TR AEZ AEES A5 A
Celltiter 96° AQueous non-radioactive cell proliferation assay kitE

Promega (Madison, WI, USA)°| A T35t



2. AFLHY

1) A g

Azrel Y AEFY HT-299% MC3T3-E1 A% AEe 37C CO
incubator (5% CO,, 95% air)ollA] RPMI 1640 B A2} o-MEM B A& A}-&-3}
of vtk A3l A AEZE FASHZ] 98kl Zt wjAel 10% FBS,
100 units/ml penicillin- streptomycins 3 7}ste] AR&3stATH AZ7F 80%
ZtetH PBSE Az @FS Mol £ 0.25% trypsin-EDTAZ A 2] 3te] 7
i Fslar v A= 2~3Y vtk wdks|F3A g

2) AIX S4& S & $3 MTS assay

7% AEFA MC3T3-E1 AlE B et AZFQA HT-29 o Al
ojRS HIIetY T} ATt WE AME S AEE ¢

S &9tk 96-well plated] MC3T3-E1 AlZEe 3x10°, g AxF
HT-29 A XE 4x10* cell/well®] s E=Z 38kl 10% FBSES &3+ a-MEM,
RPMI 1640 wjFe} o= B Asto] ufksiirt, wjSFe] o] FBSel g5 oi3l
= o8] ABRES AA3] Y3l 24A]7F0] At T serum-free a-MEM, RPMI
164002 wjA|E n3sle] serum starvation AAT. 12A]7F & serum-free
medium (SEM)o| FZo|tS FEREZ AHs F 24, 48470 AHHI F
tetrazolium compound?l MTSE 7}t AGAIZE &<t v sttt v st
v & MTSe Alxd mlEZEg ol A4 = succinate dehydrogenase
o o3l +849 formazan®. E W3t o]ZA AHAAH formazand UES 490
nm oA FHEE SAHSAT 7 AExY FEESLS iz g 43
7o %Z AL T

o
0

M
1%



3) AX 54 &4

HT-29 Axd] F3ojes AYstAS vl AE 54 HeldeA &<l
7] 13l Wadsworth®} Koop (1999)¢] "WHS dF W3Sk Neutral Red
(NR) assayZ #4335tk HT-29 A|3E+= 96-well platecll 4x10* cell/well¥] &
L8 {53k, 10% FBSE gk vl o2 FAste] ujekstal 24A13F &
SFMOo. 2 13+l serum starvation A|ZTH 12A|7F & SEMol] &FHo|dS &
=R AT F 24, 48270 BHAF & wFAE AASEAL 10 ug/ml NRS
H7yste] 37°CelA 90#7t WXetHTh PBSE M $ o 50 mM sodium
citrate - 50% EtOH (pH 4.2 F7}ete] A2olA 2083 BAE Fo 510
nmo X FFEE SBATE 7 AEe 5AEL dxTol gk AP %

Z ALk ATh

ol
-

= =

4) H] thymidine incorporation ¥4
T30l FAE F24 Al EIH7F DNA 43S oAz e=zA yehy

gelslr] 98l HT-29 M XEE 13 mm diameter cell culture

rr
A,
o
.

coverslip (Thermanox plastic coverslips, Nunc, Rochester, NY, USA)E %2
24-well plateol] 10% FBSZE &35+ RPMI 1640 HIA| 2 3] X3t uj stk
A E7}F 50~60% BE AEtH, SEMOE w3H3le] 48A17F et &, SFo|d
S TEHEZ AHY3IHUC [3H]thymidine (Amersham Biosciences, UK)<
200,000 cpm/welld] F=2 FH7}sle] 37°Col A 2417 wjgAI 7] o, A4
@ DNA°l A9 [H]thymidines =439t =, 5% TCA (trichloroacetic
acid)E& #H7bete] A2A 1083 x|, Al "ol 23] AH &
70% oleE&S HIbet A2 5&%F WA|SATE Cell culture coverslip<
liquid scintillation cocktail (Wallac, Amersham Phamacia Co., UK)ol| %1l
liquid scintillation counter (Wallac 1409)Z A% cpmS =743t DNA
AP EE ALtstAoh



5) ¥ #F

HT-29 AlXo] F3oleS HeAs wl FeHA HeE Hole=A 4
HEh =, HT-29 AEES 24-well plated] 10% FBSE 33 RPMI 1640
HjFH o2 B A ste] 24417 b vl ST SFMO R w ket 124]7F wj
Fe oS FRoHES FEHE At 48A%F F, AEE PBSE 23]
AL T AN delA Axe FHE BEeAT

6) Hoechst 33342 ¢4

HT-29 A Xo] T3olere xglstde uw 3o e stz wsl] ojuwst o
= AHHEgY. =, HT-29 AlXE 24-well plated] 10% FBSE
gk RPMI 1640 v G o2 3 A3t T iolds TR E 22|t 484
b &t vkt dth wikd S A AZE ¥ fixing solution (formaldehyde :
PBS = 1 : 9)& H7lsle] AL 1087+ 133s Fo] PBSE ATt
0.2% Triton X-100& Z7kste] A4 1083F WA Fo 2 pg/ml
Hoechst 33342 &4& H7tsted WS xpdgh AejoA A0 30&3F vt
SA A PBSZ Al g $o 100% EtOHS F7Zkstel &4 X AlZT. Al
Z o] mounting medium (Sigma, M1289)S 1= EHolxd & AHIHE=E
QolFAot. @3N AS o] gate] 2002 HIEE Fo] wWE Ho I
Hals B3

(
T

A= A

o)
_L’uL

oo

7) Annexin V-FITC £ 4

HT-29 M=o FFolets A= wl, AES AEo] apoptosisQlAl
necrosis?) A & #<213t7] 93] HT-29 MXE 10% FBS7F /¥ RPMI 1640
22 A3t 100 mm diameter culture disholl &F3F3A T 50~60% B =
= il "Hio SFMO 2 wgkslal F3io)dE FEHE g]sto] 48417t vjdat
Attt 48117 ¥ PBSEDTAE A#lsle PBSol| MEE FHAAT HAE3ET,
3,000 rpm, 5 min)3t] ‘F2 pellet& Annexin V-FITC apoptosis detection kit



(Becton Dickinson San Jose, CA, USA)E AR&3le] HES ik =,
Annexin V binding buffer (10 mM HEPES/NaOH, pH 7.4, 140 mM NaCl, 2.5
mM CaCl) 100 plell pelletS 3]43}3Tt}. Annexin V-FITC solution®} PI solution
S A7 & A 15%7F §REAIZ]1AL 1X binding bufferdll 3]4d & flow
cytometer (FACSCalibur; BD Biosciences)S Ab&-3to] #2431t

8) FACS #4

AE F719] X% PA= SR IFS AR A8 HT-29 Al
X E 10% FBS7} ¥ RPMI 1640 HjA|Z 3]A3te] 100 mm diameter
culture dishol &F3F}9th. 50~60% H= A&bH Y EF SEMOE wdlstal

FaolTS FEHE AP sto] 48417t i FBEATE 48413 F trypsing A 2]k
PBSel MES B§AZATE 94 24T, 3, 000 pm, 5 min)dte] $ pelletS
Cycle Test™ Plus DNA reagent kit (Becton Dickinson San Jose, CA, USA)% A}
&ate] AFES FIsIAh F, kitell EFE buffer solution® =2 A|&HF F Cyde
TEST PLUS solution A9t BE ‘=24 242} 1024 *12J§+ % Cycle TEST PLUS
solution C& *Ig|3td 4CollA| 30:E7E AASIATE ©]& nylon mesh cell strainer
(Becton Dickinson San Jose, CA, USA)ol| &A1 A A|3EE monolayer® 2| A7
% DNA flow cytometry (Becton Dickinson, San Jose, CA, USA)ol|l ZH-8A1A 3

Hh-3-o] WE histogram= Modi Fit LT (Becton Dickinson, USA) Z2 1o =2 F
A8t

9) Western blot analysis

O @93 ¢d 4

HT-29 M3ZE 10% FBS7} 3% RPMI 1640 wiX|Z2 ¥ 43t 100 mm
diameter culture dishell &F3tAth 50~60% B= Aetd MEE SFMOZE
wEety FHO|TS TEEE Azsle] 48417t wlgegith. PBSE 23] A= s}
i1, lysis buffer (20 mM Tris, pH 7.5, 150 mM NaCl, 1 mM EDTA, 1 mM

_‘IO_



EGTA, 1% Triton X-100, 25 mM sodium pyrophosphate, 1 mM
-glycerophosphate, 1 mM NasVO,, 1 ng/ml leupeptin, 1 mM PMSF)E A}
|3t 4TAA 3087 WX 18 T €3 #1004 cell lysates 34
stal, 12,000 rpmoll A 1087 94 st AS5de FHadh FFY Cell
lysateE SDS-PAGEZ #3235t membrane®] &%t Membrane 420l 4
1% BSA-TBSTZ 1A]ZF &<t blocking A7l ¥, ZF Z+] A& FH7lste] 4Tl
A 16A17E RESAIZAT. TBS-TZ Aojdl v, oA 23k A5 H7bste] 143
5t ¥Hg-A171 ¥ Supersignal® West Dura Extended Duration Substrate kitZ
o] g3t Xeray ZEOl FFAZIL @At @A 2d HEE Muti
Gauge (FUJI photo film) software version 3.0 ZZ 13§ A}§-3le] &1}
At

J

@ Alxd W nEZ=eol JE FF

AEd 2 rEZ=gol &8 FZF2 Emanuele et al. (2004)8] WHE Ab
g3l 58T =, HT-29 A ES 10% FBS7F $Hf-2 RPMI 1640 Hj A 2
3] A3t 100 mm diameter culture dishol] #F3}3ch 50~60% A= A=A
N2 SEMO 2 wstil $io|gs FEHI A ejste] 48A|7F HjgEtSth
PBS-EDTAZ 23] A|# 3}, trypsin-EDTAS H7}8elo] A ES =3A1# PBS
1 mlZ 33ttt 5000 rpmol| Al 523 A2t £ cell lysatell Buffer
A (20 mM HEPES, pH 7.4, 10 mM KCl, 1.5 mM MgCl, 1 mM EDTA, 1
mM EGTA, 1 mM DTT, 250 mM Sucrose)S 7}sle] & 41 Fo 4T
A 2087 WAEE T 5000 rpmell Al 1087 A4 FEEste A (S1)S
3] stal oA cell pelletell Buffer AE 3718t 5,000 rpmoll Al 57 4]
LEste] A (S2)= IFetd. 4S5 (S1)H (S2)F At 14,000 rpm
oA 1583 94 EEste A AEF oz EYFATh A,
pelletdll buffer AS 3713 AL vEZ=gol R oz Resle] T3 &

W2-S SDS-PAGEZ #d3l Western blot membraneo] 271 %, ©z

=
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3 g7 F=L& Park et al. (20059 WHE AR&ste] 3FEtth
HT-29 MZ£& PBS-EDTAZ 23] A A3}il, trypsin-EDTAE H7}ste] AMEE
FZAA PBS 1 mlZ 3539tk 12,000 rpmolA 10237 AR &
cell lysateoﬂ Hypotonic lysis buffer (10 mM HEPES, pH 7.9, 10 mM KCI,
1.5 mM MgCh)E #7tste] 2 42 Foll 4ToA 1583 FA 8T tHA
25% NP-40& H7bste] 2 42 —fﬁoﬂ 4TolAM 103t FAskH . 5,000
rpmol| A 57 A4 FEstd FHAS A ASEATE Cell lysateo] Nuclear
extraction buffer (10 mM HEPES, pH 7.9, 100 mM NaCl, 1.5 mM MgCl,
0.1 mM EDTA, 0.1 mM DTT)E FH7}ste] 4TolA 2021 ®WXA]star d4 i+
2] 3te] (14,000 rpm, 10 min) FHHS 3 R o2 A&t

@ IGFI @93 #F % IGFIR A3 Ad &4

HT-29 MZo] FHo|tS FEHE F7lste] 48A1KF vjdslith. PBS-EDTA
2 23] A#H3}aL, lysis buffer (50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1
mM EDTA, 1 mM NaF, 1% NP-40, 1 mM Na;VOs, 1 ng/ml aprotinin, 1
g/ml pepstatin, 1 pg/ml leupeptin, 0.25% Na-deoxycholate, 1 mM PMSF)
£ F7tste] 4TeA 3083 WA SsHAT Lo 9ol cells 3]43kaL, 12,000
rpmol| A 10237 94 #2lete] NS Hl cell lysate® AH&-3FAH & F
9] cell lysate (50 pg/ml protein)E SDS-PAGEZ 2|3} membranel| <
%, did iy e g gl

T3, IGF-I1o2 f5% HT-29 thaYg AXol SAXE F2 gl axrt
IGF-IR A& Ag AE2E wi7/l2 dojue=A dotr7] 9t ZFu Rttt
Z, HT-29 A3l 500 ng/mle] FFo|eS 3risled 48417t vkt 34
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2 100 ng/ml] IGFIS 0, 5, 10, 603t X 2]$ &, lysis buffers % 7}3}
o 4TCoA 303 WAEAT. Do HAdA cellS ]4=3kar, 12,000 rpmol A
1027 94 288t FH NS Hal cell lysateZ AFE3ATH T3] cell
lysate (750 pg/ml protein)ol| anti-IGF-IRB 3| E *&3sle] (1:300) 4T ol A
16A17F WE--A|Z1 &, Protein A-Sepharose (Sigma Co., USA)E F 0] 4ColA
2A1ZF BES-A)Z) AL 14,000 rpmoll A 287 A4 R ste] Aol A dyy
4-& Protein A-Sepharose$} 7 FAAIF T A EL lysis buffer® 39 ®F

Eato] AlHstal 01 M DDTE +f38t= 1x sample buffer 2] 1023+ 29
%, sample buffer?t ZAHXHA 2538t 5% SDS-PAGEC| A @ d S £
3}3 membrane®l] &7 ¥, @A vty Y= 32l

® HRG @93 +F R EbB3 A% A& £4

HT-29 Alxo] F3oleS T=E 37sle] 48413t vl PBS= 23]
A& 3laL, lysis buffer (20 mM 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 Na;VO,, 20 ng/ml aprotinin, 10 pg/ml antipain, 10
ug/ml leupeptin, 80 pg/ml benzamidine-HCl, 0.2 mM PMSF)E 3 7}3}<
4TCAA 3087 LAFAT e fo1A cells 357817, 12,000 rpmolA 10
B A4 BEEste FAHAS FHs cell lysateZ AESIATE F#HY cell
lysate (50 pg/ml protein)E SDS-PAGE=Z 2|3} membraned] &% %,
Wl wd AEE Slegn.

E9h, HRGE fr=d HT-29 ot A=Ee] dAlx F4 oA axrt
HRG/ErbB3S 415 AP A2 virjste] Qojupex] Fopuy] SAstel e
I Zo] HEIAT F, HT-29 AlEel| 500 pg/mle] F3olThs H7pste] 48
AIZE wiatdnt 314 A3 100 ng/ml9] HRGS 0, 5, 10, 6023t A3 F,
lysis buffer& 7Fste] 4TolA 3022 HASHAT. L& fAdX AxE 3
8kal, 12,000 rpmell A 1083 A4 E2fste] ZH A4S FHS cell lysate® A&
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st &3 cell lysate (750 ug/ml protein)oll anti-ErbB3 A& * &3}
o] (1:300) 4Col Al 16A17F BEEA1Z] &, Protein A-SepharoseE 3¢ 4T ol A]
2A17F WEEAIZ]AL 14,000 rpmell Al 28-3F A4 EElste] Ao} Ae o
A& Protein A-Sepharose®} &7 FZHAIZ T} Protein A-Sepharosex= lysis
buffer2 3¥ WHEste] AZ3lal 0.1 M DDTE g++3}= 1x sample buffer %
1027 £ %, sample buffer?t ZA2H A 3538t 5% SDS-PAGE®] A
el d S 228t membraned] &7 F ©uld Od AEE Sl
10) 498 A3 $AAY

B Ag0 g3 e 4% Z3E mean + SEE YEUAL, AP 719
o] & SPSS ver. 100 ZZI1#H S AME3lY] ANOVAR HAZS &, p<0.05

¢

_IC_)r
T4 Duncan’s multiple range test= H]ul3}$th.

MN
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Table 1. Antibodies used in the present study

Antibody

Origin

Company

Fas

rabbit polyclonal

Santa

Cruz Biotechnology

pro-caspase-8

rabbit polyclonal

Santa

Cruz Biotechnology

pro-caspase-9

rabbit polyclonal

Cell Signaling

pro-caspase-7

rabbit polyclonal

Cell Signaling

pro-caspase-3

rabbit polyclonal

Cell Signaling

cleaved PARP

rabbit polyclonal

Cell Signaling

Bax rabbit polyclonal Cell Signaling
Bad rabbit polyclonal Cell Signaling
Bid rabbit polyclonal Santa Cruz Biotechnology
Bcl-2 rabbit polyclonal Cell Signaling
Bel-xL rabbit polyclonal Cell Signaling

cytochrome c

rabbit polyclonal

Santa

Cruz Biotechnology

E2F mouse monoclonal Santa Cruz Biotechnology
phospho-RB rabbit polyclonal Santa Cruz Biotechnology
Cyclin D1 rabbit polyclonal Santa Cruz Biotechnology
[B-catenin rabbit polyclonal Cell Signaling
IKKa rabbit polyclonal Cell Signaling

phospho-IkBa

rabbit polyclonal

Cell Signaling

IxBa

rabbit polyclonal

Cell Signaling

NF-xB rabbit polyclonal Santa Cruz Biotechnology
phospho-p38 mouse monoclonal Santa Cruz Biotechnology
phospho-JNK mouse monoclonal Santa Cruz Biotechnology
COX-2 goat polyclonal Santa Cruz Biotechnology
iNOS rabbit polyclonal Santa Cruz Biotechnology
IGF-IRB rabbit polyclonal Santa Cruz Biotechnology

phospho-tyrosine

mouse monoclonal

Santa

Cruz Biotechnology

IRS-1

rabbit polyclonal

Santa

Cruz Biotechnology

AKT goat polyclonal Santa Cruz Biotechnology
phospho-AKT rabbit polyclonal Santa Cruz Biotechnology
MAPK rabbit polyclonal Cell Signaling

phospho-MAPK rabbit polyclonal Cell Signaling

HRG rabbit polyclonal Santa Cruz Biotechnology
ErbB2 rabbit polyclonal Santa Cruz Biotechnology
ErbB3 rabbit polyclonal Santa Cruz Biotechnology
B-actin rabbit polyclonal Santa Cruz Biotechnology
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m. 23 9@ 3%

1. HT-29 3 A X F3o|dd & F24 A

1) HT-29 th 3 Al X9} MC3T3-E1 A| X 2] S]] v X+ 9
HT-29 i Al MC3T3-E1 87 Aol 3ol AEsto] T
17kl W2 AE 22 AEE GolH A MTS BAS syt AXEe] T30
S TEHE At 24 T 48A]7o] AHg & Aolgle Axe] mEE
g ofef| A A== succinate dehydrogenasedl &3l 8439 formazan® 2
W3k Y s 0] &3 MTS 45 =3ttt
HA, HT-29 th7d< Ml2Z+= 100 pg/mle] 310
ME F2&o] ZAs7] A&etAed, T8 g4 F3¢S BT =

g 24X ZF M RT 48417 g Al AlE SA4 0] F U HAste ALE

>

-
of
M
=
Y
Ho
{0
A 0y
|o
fru
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Fig. 1. Effect of fucoidan on the growth of HT-29 colon cancer cells.
HT-29 cells were seeded in 96-well plates at a density of 4x10"
cells/well with medium supplemented with 10% FBS. Twenty-four
hrs after seeding, the cells were serum-starved for 12 hrs. The cells
were treated for 24 hrs or 48 hrs with fucoidan (0~1,000 pg/ml),
and viable cells were estimated by the MTS assay. Each bar
represents the mean + SE. Mean with different letters are
significantly different at the 0.05 level of significances as determined

by Duncan’s multiple range test.
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Fig. 2. Effect of fucoidan on the growth of MC3T3-E1 fibroblast cells.
MC3T3-E1 cells were seeded in 96-well plates at a density of 3x10"
cells/well with medium supplemented with 10% FBS. Twenty-four
hrs after seeding, the cells were serum-starved for 12 hrs. The cells
were treated for 24 hrs or 48 hrs with fucoidan (0~1,000 ug/ml),
and viable cells were estimated by the MTS assay. Each bar
represents the mean + SE. Mean with different Iletters are
significantly different at the 0.05 level of significances as determined

by Duncan’s multiple range test.
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2) Al 54 HE

U Aol A HT-29 AlEol| F3ojths AYstds W AX F24&°] 3
rohe Ao® Uthtonz, @ AX 2AE st AE S4E
B}l =2 Wadsworth®} Koop (1999)¢] WH-ES dF WEHS NR assays &

s AwEUTh I A¥, HT-29 tAGA o Fiolds s, ARPER
A RS W, T At WE AXE 545

ol¢} B3I AT ZAFEo] Bol RuFy JEE, TAlvt ff Folw
S 4,000 mg/kg/body weight FFo2 AT Fod w3 =4 AF A
Sold Wi d44s #EE 5 v 1o, 2,500 mg/kgel ¥

i
o Solg HHe

{

< 180¥ 7t wister rato] TS v R XA o]
WAL gkottta SJTHLi et al, 2005). E3ZH, FFolwE 1,000~2,500
mg/kg/body weight F+FO. 2 2do] AH 7] FAYS W= Fold 7=
£o WAHRA &g dlof(Cooper et al, 2002) Folee &A7] AHHd|
JoIME kAT E2=2 HZIHI itk welbA, HT-29 v g Az &2
ot Az Al AE FA4o A AE SHE AA e o= YeEh
do o] AAdAME T st AE =4 oA H7UES F7] 9
3 FoldhS 48Xt A st HESIaLAL skl
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Fig. 3. Effect of fucoidan on cytotoxicity in HT-29 cells.
HT-29 cells were seeded in 96-well plates at a density of 4x10*
cells/well with medium supplemented with 10% FBS. Twenty-four
hrs after seeding, the cells were serum-starved for 12 hrs. The cells
were treated for 24 hrs or 48 hrs with fucoidan (0~1,000 ug/ml),
and viable cells were estimated by the NR assay. Each bar
represents the mean + SE. Mean with different letters are
significantly different at the 0.05 level of significances as determined

by Duncan’s multiple range test.
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3) DNA 4 oA

HT-29 thdst Ao Fiolds Hatids w, AE F4 947} DNA
A FHEE AR E A B 7] 3] [3H]thymidine incorporations =7 3}
Ak AZo] FHolRs FEHE 4823 AYF F, [HthymidineS
200,000 cpm/well®] FE=2 H7}5te] 24417 wl%AIZ) oS, AAE DNAC
Al® PHJthymidine® A2¥ cpme =33}l DNA FAHEE 39
ct.

2 A7, DNAY 49 ¥ [PHlthymidine® %< 100 pg/ml F3old A
A DNA 3Hdeo]l 50% A= o™, 1,000 pg/mle] F3olehe] 90% FA&
Asste Ao 2 UePdth(Fig. 4). webd, HT29 g Aol Fiolds
AR E wW AE S0 TaEE AL DNA A F59 A= A3

Al ElE Ao 7 B AT
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Fig. 4. Effects of fucoidan on [3H]thymidine incorporation in HT-29 cells.
HT-29 cells treated for 48 hrs with fucoidan (0~1,000 ng/ml).
[3H]Thymidine was then added, and the incubation were continued
for another 24 hrs to measure the incorporation into DNA. DNA
synthesis rates of cells were estimated by the [3H]thymidine
incorporation assay. Each bar represents the mean * S.E. Mean with
different letters are significantly different at the 0.05 level of

significances as determined by Duncan’s multiple range test.
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4) A X2 Feistx w3

X Aol A, HT-29 Wt Alazo] F2olds Adstaie W A2 =
el BAGlel AlE F2Ho] HAaserg, F3od A Al FESHH<
W3S Hol=A An|d AolA A E gt

2 A, HT-29 tge AXe] 309 HYstas o Ax F24&
1)7 DNA 4(Fig. 498 Aot TLd3HA & gESH o= AXE 71 Fa
= Aoz YEbsth HE3 250 ng/mle] FIojd A Al AR et
W7 Algetsl e, 500 ng/mle] FIojehs st W= AlEY &
=&l HEY7] J\]XLO}?\?\‘:}(Flg 5).

Al ARG M AE= AE 9 712 AE 9] 7]E g Alxe

A}l integrino] ZAgte ¢kst= <13 focal adhesion complex®] &3
o dxHo 2 FHZ RFdAM 2 FEE Efo] Wk, AEx | =
MAol WEtE QT Ao 5, dAA &5, o) T3, DNAY £3f
s B2 Tt Sol3 FJHjZ, AsstEQl HItE dodle AR o
HA t(ohn et al, 1993). wEtA, & A5 AIel = Fojdel] s
AE APE] o5 FeF Wizt dojual Slgs BEoFUTh

O

HN

S Oko

d
=]
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0
Fucoidan (ng/ml)

Fig. 5. Morphological changes by treatment with fucoidan in HT-29

cells.

HT-29 cells were treated with fucoidan 000 pg/ml). After 48 hrs

incubation  cells were examined er light

microscopy.
Magnification, *200.
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5 ¥ Fehsty w3

b Azl A, HT-29 g AEd Faolgs A u, Twrt
Zoratel e MEe] ol Pasdod, FuHH dAng BLINE
Aze] Fe7h Wals AS BANAT. wepd, Faolwe] Az A AE AL

2o AHPARJ] SAE A7) st e FejEAQl WstE ARz
Stttk dutHow, AE APEe] FAeM Axere] w3 gl AX Ao §
¥ tEo] AlEA (apoptotic body) FA T2 Fehstx < Wt %101147%1
¥4 ©]2 Hoechst 33342 A4S S35 2Hugich

Hoechst 33342 A 9] DNA-binding dyesE &4 94T 4, obsl
E AES £ AEZ DNA EFE blue2 G384 9, 3o e stz
H3tE AHE F e WHeE ARSHA Y HT-29 g Alxed 2
ole A A tErTdM FEL F fle AX AFE #2 Sol¥d 3 WY
DNA ©@#3s}to] 93t apoptotic bodye] E@(Arends et al, 1990; Evans,
1993; Chiarugi et al, 1994)°] F%= 9EHo =g F7ldS & + UAH(Fig.
6). C1ZX, T3o|dt A &g HT-29 thdet Alxef 4% o
A Ao A AE APE R S-S dBge] e FoE Bt

[‘i
ﬂJ
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0 100 250
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Fig. 6. Induction of apoptotic bodies by treatment with fucoidan in
HT-29 cells.
HT-29 cells were treated with fucoidan (0~1,000 pg/ml). After 48 hrs
incubation cells were fixed and then stained with Hoechst 33342 (2
ug/ml). After 20 min incubation at room temperature, the cells were
washed with PBS and nuclear morphology was photographed with a
fluorescence using blue filter. Arrows indicate typical apoptotic cells

with apoptotic body. Magnification, *200.
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6) Annexin V-FITC®| ¢]gt apoptosis &4

U AT A, HT-29 gt AlEel] F3olet X Al AlE AMEo] &
Hormz, 3ol o3t Mo F24 AA 7} apoptosis? A necrosis®l
7118k=A] &13sl7] 98] Annexin V-FITC apoptosis detection kits AH&-5}]
flow cytometery® 213} tE Annexin V-FITCE apoptosisE 4131 U&= A=
o HJANEES HAFHer ZHY F Us E4HIT Folsle Al EA
Apoptosis7}  dojud  MEES XAk AXFY UAFd XS
phosphatidylserine (PS)¢] M9t ¥to 2 o]F3ste A& o]&3s WHo=z
PSel| So]Adoz2 A= Annexin V& propidium iodide (PI)e] A=t
FHdE o83t AEZ F9 early apoptosis (Annexin V-FITC positive, PI
negative), late apoptosis (Annexin V-FITC positive, Pl positive)®] Bl&<
A B ottt

Annexin V-FITC ¥4 A3, living cello] oA iz A$E 81% %
oy, FFoldk A A 56%= HAsEAT(Fig. 7). ¥R ofue}, apoptic
cellsell 1AM, tETY A= 5%AoH Tk sEEE A3
wj, 100 ng/mle] F3Zo)&e] A9 7% ol HEE 3] 1,000 ug/mle] ¥
ol A A 283%E Z71ste AL E e, o224, HT-29 thast A
o F3o|eE AHYAS W T stE AE AFELS F= apoptosisel] 9

shelal i),

ke

29

r
filo

==

Apoptosis= oA FH A E APE(programmed cell death)o]ztilx 3tH, A
F7F AAJ] BAH e Byt addd =2d o S50l olEA He
A s #}gS& Dd3th(Hengartner, 2000). Apoptosist HFSHHES FHES
A B @Y AEY AMEE GAE F5, DNA 43¢} apoptotic body &

S YRR & gE A ZAR] FAK(necrosis) 2=
T&°] "Hh(Kerr et al, 1972). Apoptotic cell> AME2] 9|5 (shrinkage), 3}
9] ¥, chromatin®] &5, DNA 4 (DNA fragmentation), caspase® ¢

)~
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ul

A Sl cysteine proteased] &7 72 FEIFAHQ S5AHAS Y= AL
Z dHA Atk (Reed, 1998; Earnshaw, 1995). Apoptosist= AE W - £

Nz s AxHe] Aol B AH o] £, bel2 family T
(Korsmeyer, 1995)¥} cysteine acid proteases(Debatin, 2004)©] apoptosis®]

T8 2HJAAR FEdte Zlow deiA Ao
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Fig. 7. Flow cytometry analysis by treatment with fucoidan in HT-29
cells.
HT-29 cells treated for 48 hrs with fucoidan (0~1,000 pg/ml). The
cells were trypsined, loaded with PI and Annexin V, and then
analyzed by flow cytometry. The number of living cells and

apoptotic cells are expressed as a percentage of total cell number.

_29_



2. A W As A9 "A= F

Apoptosis= T FAEL] S5l 3

o]
Foll Ao 7HE 2 Lzl AE 59 3 FHE LH A 9lom(Sarraf

X F5 zdsta P44
A APE-AE S

o] WA= o2 dHA Yt (Thompsos, 1995, Watson, 1995; Que and
Gores, 1996). x| o] &= A+ B2 FAA7 SAHEY apoptosisE 5
gozA I a3s Ueles A2 EHAL 7] gl & AsY T
AR gk Bao] Frietal Atk (Kanno et al, 2004; Hannun, 1997;
Mesner et al., 1997, Arends and Wylie, 1991). ApoptosisE =3+ Tkt
EZAELS XAH 02 3= apoptosis 24 @i do] gt A2 E HZE F

3l apoptosisE fr=38tAl Hh(Kim et al., 2006 ; Kim et al, 2007 ; Kim et

al., 2005). Z# B2 =& apoptosis % 71X A+ = apoptosis + =5 Tl T
245 detli= F4A il oA w¢ s 8 s FiEol7= s
dutH o2 apoptosis= F&A vl FE(Extrinsic  pathway;

Death-receptor pathway)®} 3}812 =4 o] FXE3}= apoptosis 7 Z(Intrinsic
pathway; Mitochondrial pathway)e] F71¢] H2ZE F3 dojyes He=
&e1x A th(Elmore, 2007; Jin and El-Deiry, 2005). A ®HA| 74 Z o= tumor
necrosis factor (TNF) family®} -2 cytokine©] 1E9¢ death receptor®} %}
&3t AA}H O =2 caspase-3= EASIAIA apoptosisE fE3t= Aot o]
ol= g g3ty Edo| Y3 fFE% = apoptosis 7 Zol|= caspase-8°] <]
g Bidel Esi#Y, vIEZE=YolEZHE O cytochrome co #H £,
caspase-9¢] Z/J3}E T3 caspase-39] S fFrieste AoZ IdHA Ut

(Fig. 8).
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ANA, HT-29 thgds Ao FHoldS AHEstAS o, AEY

S 3ol apoptosisel]
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Extrinsic Pathway Intrinsic Pathway

radiation, toxins, hypoxia, etc.

death ligand —_
death receptor l
adaptors mitochondrial changes (MPT)
disc formation apoptosome forms

caspase 8 activation \ caspase 9 activation

caspase 3 activation
(Execution Pathway)
4

endonuclease activation — degradation of chromosomal DNA
protease activation — degradation of nuclear and cytoskeletal proteins — cytoskeletal reorganization

cytomorphological changes:
chromatin and cytoplasmic condensation, nuclear fragmentation, etc.

formation of apoptotic bodies

Fig. 8. Schematic representation of apoptotic events.
The two main pathways of apoptosis are extrinsic and intrinsic
pathway. Each requires specific triggering signals to begin an
energy-dependent cascade  of molecular events. Fach pathway
activates its own initiator csapase (8, 9, 10) which in turn will
activate the executioner caspase-3. The execution pathway results in
characteristic cytomorphological features including cell shrinkage,
chromatin condensation, formation of cytoplasmic blebs and
apoptotic bodies and finally phagocytosis of the apoptotic bodies by
adjacent parenchymal cell, neoplastic cells of macrophages (Elmore,

2007).
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1) Extrinsic pathway 413 A&

HT-29 th7g<St Ao S3o]wS 48A)%F A 2]3stal Fas®} pro-caspase-8 &
AE AHE-SY extrinsic pathwayoll V]X= GaS AwBod. 1 Az, F39]
@GS AYsids W, Fas ©HE o] & oEHo=E  FUSINA,
pro-caspase-8¢] THiA o] FAs= ASZ YN THFig. 10).

FasE& X 33l= receptore< apoptosis® A etad x4 F83 93-S
FPst= A=, o5 UAEC Y3l HBEH= apoptosise THEFT T
ojuf HAAA S o] oz dojup= AW S diF Wolgdor Agar|x
st ARAW S FAAMNAFE 8T 71Fo T (Wajant, 2002; Siegel
et al, 2000). Fas®l Fas ligand7} Z3 3t Fas receptor’t &/33}=H
cytoplasmic tail®] death domain®] Fas-associated death domain (FADD)”}
ZA3ste]  death-inducing  signaling complex (DISC)7} /=31, o] ojA]
pro-caspase-8°] FADD®] death effector domain (DED)°| Z& gttt FADD
of ZAY¥E procaspase-82 A4S autocleavageT O =H  FAsIHETH
(Budihardjo et al., 1999; Cohen, 1997; Thornberry and Lazebnik, 1998). ©]
27 &A3}E caspase-8& effector caspase (caspase-3, -7)S ZA3IAA
ol A a4S0] A8 Tl AE AFES RS FH(Chang and
Yang, 2000; Wehrli et al., 2000; Boldin et al, 1996; Muzio et al., 1997)
(Fig. 9). & Q7oA E HT-29 thEd AEdA Bepe-f vgs FE=
olel] Fas @@ Fo] F7}6to] death receptordl] |3+ extrinsic pathway
o 3l apoptosis7} FE=HTFIL s+ (Kim et al, 2007), 2 233 FL
AIE HAFA

theFgt Az oA caspase®] &AJ©| apoptosisoll #THS= AOE HIE I
A H(Griitter, 2000; Chiarugi et al, 1994; Antonsson and Martinou, 2000;
Choi et al., 2001; Hengartner, 2000; Slee et al., 1999; Grimm et al., 1996;

Polverino and Patterson, 1997). Cysteine protease®] family$! caspases= Al
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XA A wEFEgolo] ute] EXjstH, thEEe B AlXdA B
’d¥ proenzymes©. 2 WHE o] 9¢lil(Debatin, 2004; Enari et al., 1996;
Thornberry and Lazebnik, 1998), ©]& familydl &3l B2 @¥d=
bcl-2/bax family W&ol wWEto| wel o529 A3 2HE= AR
# A A THChiarugi et al., 1994; Miyashita and Reed, 1995; Antonsson and
Martinou, 2000). Caspases’} &Ad3}=™H o|2jdk &AE-L actin, gelsolin,
fodrin, lamin¥} #-& FZ©W & (Kothakota et al., 1997, Takahashi et al.,
1996), Poly ADP-ribose polymerase (PARP) (Nagata, 1997), ICAD (Sakahira
et al, 1998)E X3 EA g 7]do] HdEo] apoptotic celldl A e e
Hatel AE A AETHZQ WS 71 A Frh(Kohler et al., 2002). zHzt
9] caspases < 2FAS0] glS Woles £ AFA FHE AAT, ofF
N ME AME 257 AL2EE N-terminal prodomain®] d&E o] H2 o}

2 3719 subunitE°] A ZE heterotetramerES A st AT A

flo

e

upsteram®] &/338}% initiation caspasex downstream®| =Z4 caspases
Aostd 43E FE3H. AX uloA o]t 2EHdES  caspase
cascadeztal 3l=d), °o]5 T 74 ol effector caspase7} SA3tE ™ Al
X HY tadd 7AES Adstd HZA AE AIES FESY HEFH
apoptosisE Y2 7|A ®th(Drexler, 1997; Kauffmann and Hengartner, 2001).
Fas "i704 caspase 84S T AX AlE2 F 79 ZF=22 UH=dH, &
3} ¥ caspase-89] ¥Fo] FTtdtd A caspase-3s FASIAA ME AMES
3= 74 29} (Ashkenazi and Dixit, 1998; Scaffidi et al, 1999), &/d3}¥
caspase-89] o] UF AHojA mEZEg o7t A AFE 4159 enhancerZ
Z+8-3h= A o] th(Green and Reed, 1998). =, Bcl-2 familyol] &3t= ©uld
% stQl BidE Adste] Ad® Fejo tBid7l &/d3tH caspase-8° ]3|
Add $ mEZE=gotz olFste mEIZE=gols &4z E A IHY
20 2 caspase-32 E/J3}A|7]1= Ao|lth(Nagata 1997; ScaffioF et al., 1999).

o] #FZNA AHi= v FEFHMY HEZE=golAA cytochrome 7} W&
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Hoh WE9 cytochrome c¢= Apaf-13% 233}l (Li et al, 1997), Apaf-19]
caspase recruitment domain (CARD)l| caspase-9¢] Z$3}le] apoptosomes
PAdst=l, o]AC| caspase-35 Aot AN AAM AE AES FET
© Ao Z delA JAtH(Fulda et al, 2001).

b, HT-29 tigeh Axo] F3o|ts AH2siils u, Fas ©

o] AFEAA F7IIR L, pro-caspase-82] A WHo| Ak

-

it

4wy
[e)

S

o=

kv

Elsted, ol FEAHo R, $3o]who] extrinsic pathwayE 53l apoptosise

fFEste Ao HItkFig 10).
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[ bl 1 Q Death Domain (DD)
FasL O ‘ I Death Effector
Soluble ligands Domain (DED)
e e s €D Enzymatic Domain
Fas =1  Cell Membrane
[ ]
“ @ FI&) FLIPL active
l@ caspase-8
o &8
FADD / @
pro-caspase-8 fﬁ"‘ P Crmd
L [©)
———— =
APOPTOSIS « aﬂigm pro-caspase
DOWNSTREAM CASPASES (-3, -6, -7)

Fig. 9. The Fas signaling pathway and its molecular control.

Fas signaling is = triggered on target cells by receptor
tri(multi)merization induced upon contact with membrane bound
FasL. Subsequent recruitment of FADD and pro-caspase-8 leads to
upstream caspase (caspase-8) autoactivation that initiates apoptosis by
subsequent cleavage of downstream effector caspases (caspases-3, -6,
-7). Death receptor apoptosis can be inhibited at different points:
receptor level (D, initiator stage @), and effector stage @ (Wehrli et
al., 2000).
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Fig. 10. Effects of fucoidan treatment on the levels of Fas and
pro-caspase-8 protein in HT-29 cells.
HT-29 cells were lysed and then total proteins were separated by
SDS-PAGE. Proteins were visualized by Western blotting using

indicated antibodies. [3-actin was used as an internal control.
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2) Intrinsic pathway 213 AG

W A extrinsic pathwayE &3 AS AL A, HT-29 Al ¥ F=
oltt A Al Fasd ©¥d 3ol F71E AL, pro-caspase-89] THld g
o] FHAEo] HFZHO=E apoptosiso]l #HC] Ue HOE UEHT wEhA,
2 A3 A = intrinsic pathwayE T3l F3olw * & A] apoptosisE F%
st=Al HES LA st =, HT-29 A AlEdd F3ojds 3H7hsto,
intrinsic pathway®] HE WA Q] pro-caspase-9¢} -7% -3 @i Uy FFES
A3ttt Fig. 107} vlzM7FA|E pro-caspase-9, -7, -39 @@ fFo] F
T EHOE Faste Ao E UERTHFig 11).

Intrinsic pathway©l| A, caspase-9+= W|EZEZ|o}ZFE cytochrome c9
Wl oa gAstE =, 2487 H7] HsiA= dATP, Apaf-1, Z12]al
WZH cytochrome c9}e] A3S FQF 3t} cytochrome c= Al EZZ A
caspase-9, Apaf-17} Zgsle] apoptosomes &4 3}il caspase-98 &4 SHA
713 caspase-3= BA3IA|A apoptosisE  FE3HAl ETh(Lahusen et al.,
2003; Adams and Cory, 2001; Kauffmann and Hengartner, 2001). Caspase-3
caspase-87} caspase-9°] 2T E FFATIHA HFAHOZ apoptosisE
Tole ALg dHA o™ (Grutter, 2000), AlZE AtE HGA FE) e
E7el| #oi3lE PARP, lamin A, a-fodin, ICADS} 25 7124 Esde
Aol & A Uth(Baker and Reddy, 1998). o]&|dt EREL AX U Z4<&
FAsAY & ) DNAS %3] BEste o] 283 8% =252
EAE0] B3l e 2437 oy AlE $=3 DNAS #H3tE f
WA A apoptosisE FE8HAl HTh E3F caspase-92 TS FHIAY =

=

Al BHE0] caspase-37F & ¢to =z Eoj7} AL £ JE ZolFE AL
A

rr

o

E (Hengaartner, 2000).
B Ao A HT-29 A MEo] FHolwk x2] A] pro-caspase-9, -7, -3
o

o WA FEol ¥ gEmom Paste Ao Usgtd, 243



caspase-9, -7, -39 FH|E ulFo] HFHO=E apoptosisE FEIIITHL H
At th2 AFNAME QA leukemia U937 A EoA MEANE FEEZ

e

=

A7F Al & AEHOE caspase-39] o] A, tiAEAY AEQ
SW480 M E 9} AA Y Al caki M EA A% cleaved-caspase-3 &4 S 7}l
ot AEZ AlEo] FEHATIL StHATH, £ AFoME olet Fdst A7

£ YER o
webA], HT-29 W39t AlEo| E3o)dS A2 stA-ES W apoptosisell o]
AFE 2 extrinsic pathway$} intrinsic pathway®] F AZE AA ¥

kel

Al
U Aoz Hnolth
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Fucoidan (ng/ml)

0 100 250 S00 1000
47 kDa - pro-caspase-9
35 kDa - pro-caspase-7
35KDa - pro-caspase-3
B—actin
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o)
&
g 1.0 |
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3
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Fig. 11. Effects of fucoidan treatment on the levels of pro-caspase-9, -7
and -3 protein in HT-29 cells.
HT-29 cells were lysed and then total proteins were separated by
SDS-PAGE. Proteins were visualized by Western blotting using

indicated antibodies. 3-actin was used as an internal control.
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3) PARP 45 AY

HT-29 th¢ Ao F3olehs A 2]stdS W pro-caspase-9, -7, -3 &4

AAZ Qg AE AlE =5 dHHEGIo B Z(Fig. 11), AlE AHE 7] 9
T cdeaved-PARP ©¥id Bd Jrg HAHE 2,
7AEe A0 2 UEhtth(Fig 12).

PARP ©@#A2  nicotinamide adenine dinucleotide (NAD+)<]A]
poly(ADP-ribose)®] B/dS Fvljdt= &4 =E DNA repairol] #Hste] A X9
AE FA Faos 988 @9eth(Satoh and Lindahi, 1992; Tewari et
al., 1995). Apoptosis 224 FT SAJSE caspaseol| &ste] @A F3)
7F doju¥ PARPY EAA 7|59 FAZE st AHAFZH< DNA repair
HAHo] A He A2 4 A At (Miyashita and Reed, 1995; Tewari et
al., 1995). A2 A Eo] Z$ PARP @ a2 116 kDad] EA#EHS 714

A ¥t apoptosis7} X8 == 4§ chromatin®] 7Y+ & F£4E F7F B
otx"l PARP7} SZ&EEA =il T A3} PARPO| s ATP7} 12 =7 @
T ATP7L 2 H™ AEE A5ds 74T & g Ho] HANEA He
tl(necrosis), caspase-3= PARPE THSle|A &8s AA 3o ME7L
necrosisZ 7F= AL 2l apoptosisZ2 RSP EF Slo] 85 kDa =79 ©
Hol TEEHAY F band® o] #AASHAl Eth(Lazebnik et al, 1994
Kaufmann et al., 1993).

PARPE= caspase-32] 83t %24 ©@¥d F9 &b=E (Nichoson et al,
1995), caspase-3°l o9& ©HsIEH o] F&Ast HW A4S cleaved
caspase-3< PARP 7|Z&e] ZAEste] MExe ®al7l FHIHEZ, cleaved
PARP @} do] Z7}5 o] apoptosis7} ittt 3} thTian et al., 2000;
Oliver et al, 1998). T2 ATl %= HT-29 tZE M EdA Repe-F wg
< FEE 93] cleaved PARP @A FFo] F7FSFAIAL(KIm et al,
2007), K562 Mo ME A8 F%= =4 H7F Al cleaved-PARP7} 5715
AT stef, B AFAME o] &} FAA HT-29 et AlZEod A Foj
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Fig. 12. Effects of fucoidan treatment on the levels of cleaved-PARP
protein in HT-29 cells.
HT-29 cells were lysed and then total proteins were separated by
SDS-PAGE. Proteins were visualized by Western blotting using

indicated antibodies. [B-actin was used as an internal control.
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4) Bcl-2 familyZ anti-apoptotic factore] 213 A

Bcl-2 family @91 @2 mEZ=glole] 1 £ S M3 T9ldZ 1
EZ=golE T3 WA Rol| 9% apoptosisd T8 ZHJAZE LA
ATt Bcl-2 family @A 753 ofu|i=it M A fFAMJO el Al EAL
= @i dEy £3A7]= @@ A, Bel-2 homology domain (BH)-3
T4 5ol Ak (Cory et al, 2003; Lu et al., 1996). A ZAES
A stE @ Ae= Bcl-2, Bal-X, Ba-W7F a1, AZALES F3A7] <
Ao = Bax, Bad, Bak T°] thi#o]™ Bcl-29 Baxo| ¥ ©l
ZAs=H Fask & stv Aoe=E de#lA Ath(Chiarugi et al, 1994;
Antonsson and Martinou, 2000; LeBrun et al., 1993).

el B Ao e FHo|wo] Bal-2 family A5 Aol FE¢FS v &
A A E ST HT-29 thdeh AlEddA $3ojd-3 A 2fsto] apoptosisE
=3 %o Bcl-29} Bel-xLe] &S Western bloto =2 HESIGT 1 A3,
apoptosis GA AR Bcl-29} BelxLe] ©@Eid 3ol % oEHo=R 7
23te Ao Z YENTHFig. 13).

ApoptosisE HA|et= @A Z = Bel-27F & €A O™ (Boise et al,
1993), o]¢t fFAEE ofr|At qE e Zte @M ASS Bcl-2 familysty =2
1 Ytk EE Bd-2 family proteing©] apoptosiss < Ast= A ofyH,

e}
filo

Al

ol

o
=
only ©=iz

fu
e

apoptosis&

Bcl-2 familyol|l &3l @A E2 A A apoptosisE HA|SH= anti-apoptotic
proteins ¥} apoptosisE = ZIA]7]+= pro-apoptotic proteing = T °]&
2 MEZZHY] e 8-S FolY apoptosisE FTESIAY F2 A= 71E
< st Atk Bcl-24; Bcd-xL# -2 anti-apoptotic proteing- Bax 2}
AE3t heterodimerE A3t baxd &S AAIste] apoptosisE A
U (Farrow and Brown, 1996), PF|EZEgolZHEH ] cytochrome ¢ 33 &
AAFOZH apoptosisE Halste AoE LH A Uk HH apoptosisE
%218l pro-apoptotic Bcl-2 markers-2 A Bcl-29 Fx9F A Bax,
Bak, Bok ©©°] 3%+ Bax subfamily®} Bcl-xL¥} -2 anti-apoptotic

_44_



proteins & ZIA

0[1

}8-3 024 apoptosisE FEsI=d Tt Ao
_IC_DI_

R
extrinsic pathwayE 7314 + apoptosis®] ZHd= Bcd-2 family

3}
=

o go

12

proteing°] "¢ F83% st zle®  deA Utk Extrinsic
pathway-independent apoptosis®] 7-¢- apoptotic A= T8 3E 42 Bcl-2
family =2 B Utk &, vlEZE=gols o2 7HA] AlE AFE fE
21 2}H(Smac/DIABLO, Endo G, AIF, cytochrome ¢, Htr2/Omi)E &+f3taL

o, o] QAES] EH ZHE Bal-2 familyZ} #HstE Aoz d#HA 3l

~

w0

oy

N

, AEZ APEE fESkE Bel-2 family (pro-apoptotic Bel-2 members)2
cytochrome ¢, Smac/DIABLO 183 Htr2/Omi 22 AMX AFE fF3R12LE
S Agdo =z wEFZEgololA AMExd=z WEstA 3t caspasesd &4
Z3hAl "th(Arends et al, 1990; Lazebnik et al, 1994). ©]¥ &4 caspase
ol3] Endo G &2 AIF =9 /WS FEsHA HHA AlZAE o] AP
"o g A ok

wEbA, HT-29 thd St AlEo] F5ojehs Agstds ™ apoptosisd] %=
£ Bcl-29} Bel-xLeo] wula HhE o] 2 dojiie e Holy, ThE A
TANAMEZ Bcl-29} Bel-xLe] & FFol W 7F 2= apoptosis7F - 2HE
thal  3}of(Miyashita and Reed, 1995, Antonsson and Martinou, 2000;
Lazebnik et al., 1994) & A3 L+ 23S B FAUTh

|

mlo

2 o

_45_



Fucoidan (ng/ml)

0 100 250 S00 1000
- e B-actin
1.5
O Bcl-2 O Bcl-xL
o)
&
§ 10 | T -1
E) —
3
5 05 |
o
8 ' g
0.0
0 100 250 500 1000
Fucoidan (pug/mL)

Fig. 13. Effects of fucoidan treatment on the levels of Bcl-2 and Bcl-xL
protein in HT-29 cells.
HT-29 cells were lysed and then total proteins were separated by
SDS-PAGE. Proteins were visualized by Western blotting using

indicated antibodies. 3-actin was used as an internal control.
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5) Bcl-2 family3 pro-apoptotic factore] 413 A

HT-29 W MEAA T30S A3t apoptosiss =3 £
apoptosisE F33t= @Al Bad, Bax, Bide] &S Western bloto &
¥ H k).

Bade= AlZWolM PIEZEZ LR o] &5 ] Ba-2u Bel-xLe| #8&& <A
ste] mEFZ=golZRE  cytochrome c¢o ®HIE FXAAH, Apaf-13%
pro-caspase-99} apotosomeS FA3}S] caspase-9S 43}l apoptosis
HE A8 EZ<Q caspase 4-, -6, -7 5= SN A A DNAE #3)s)
o] apoptosisE &= ALZ A S (Moon, 2002; Zha et al,
1997, Korsmeyer, 1995), Bad @& ddo|= FFS PIXA F= A=
e} THFig. 14).

a2y, Baxo] @ d B FFE FIolHE AP A vE gEHoE F
7Vele Ao 2 YEeldth(Fig. 14). 3, apoptosisE fx3le= @& 5 Bid
+ 22 kDa¥] A%< 7HA= @ A= A EAof|A] caspase-8° 93] &

o] 15 kDa9] tBidZ A=} AE
o

rr

do] ¥ tBid= FMEZE=ot= o]&3}
Hols = s}o] cytochrome ¢ A EZZ
O (Luo et al, 1998). we}A], Bide] @ =
Al st e, +Bid ©¥ A ddH o] Frtste

Ueldlo] 330o]e A2l Al Bel-2 familyoll ©]3l apoptosisE
o2 Yeyd. o] 3= F3oldo] -Bide diF woE FF
AA HEZEg ot o F44dS S7HAIA apoptosisE =5t
AR

=, HT-29 A XA F3o|dto] 93 apoptosis =T apoptosis A
Tod3t= Bel-2 member®] ZGthZ Q] o] A3 0™, apoptosis f+Eol

Bojatt Baxe] ATl WA 712 Q8] doldrhe AL FAsaArt
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protein expression level

Fig.
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14. Effects of fucoidan treatment on the levels of Bad, Bax and Bid
protein in HT-29 cells.

HT-29 cells were lysed and then total proteins were separated by
SDS-PAGE. Proteins were visualized by Western blotting using

indicated antibodies. [3-actin was used as an internal control.
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3. Translocation A& ZAG9) v|X= I

l
l'l
AL
©
it
)
f
Qd
s
Q
s
i
i3
i)
Lo
=
o
filo
mz
H:
32
iy
N
iy,
H
Y
“
N,
Lo

Bax T &2 500, 1,000 ng/ml F=oA 7FA3tHoH, ]E”‘:E]O]-«] Bax
Sl do| A% 500, 1,000 pg/ml FEAA FAsh= ASZ e TH(Fig. 15).
Baxt 71743 MM e MEAA vHEAHF o2 EX)sithrt A AR
Aol o3 wEFZE=olR o]53tH(Hsu et al, 1997), €43%td mEZE
g ob= cytochrome ¢, AIF9F THE A X A Q155 93 a0 Az
2 EHsHA & o]t FAld mEZZgole] uw M= A "o
(Green and Reed, 1998). ©]°©]A] cytochrome ¢, Apaf-1, pro-caspase- 9% /3
¥ apoptosome> caspase-95 A SO ZN A FE AlHo] Y= A Ao
B AE AME 29 AFoA e AEAE Aol the §hE 22 Baxe
nNEZEdote] o HALE FHAZIHEA FIEZEote] &S FE35HY
cytochrome c9] #HIE FZste A2 4#A At (Murphy et al., 2000;
Wood and Newcomb, 2000; Bosen-de Cock et al.,, 1999). H|EZ =g o} 9t
o] F7A4L2 U= adenine nucleotide translocator (ANT)Z A4 ¥ T
E3AQl permeability transition pore complex (PTPC), 2]2te] HQt o &4
ol AE T oY ugd duidEd #dol gle AeE dHA Atk
Bcl-2 @ A2 ofvii PTPCet Fa &8sty FHys 2dsie o= o
7AA 2 At BH3-only proteins©] MEAo|y M A A death sensor=
288 o7 AAAY A Asrt Ad" Fo o]E
member?} FE 2GSk o]t FEAgo] B F
W37 dojus mEZE=el o ® o3t Fo oligomerize® o] @A
FHE Ads dAste A= IHA AvH(Oda et al, 2000). =, Bax7} ¥
EZEZolZ o]&sle A2 Bax®] pro-apoptotic 7|50 TFHolw mEE

©] Bax subfamily ]
Bax @1 @e HEefF
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=2jo} w3} Baxe] Afe] 2ol ME AME 257l AgHE AAH A

o]th(Deng and Wu, 2000). °ol= A Albde] wEZEZo}e] caspases

2 A A MEAS Bax G AL 1F XA
ole] Bax T ANE TEme|A 7
whole lysate ¢ Bax @A 115X x F713}

el
= =
ATk ol FFoldo] Bax G AEAS AExHMNE HAEE FESUL FE
prs
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Fig. 15. Effects of fucoidan treatment on the levels of Bax protein from
cytosol into mitochondria in HT-29 cells.
HT-29 cells were incubated with fucoidan (0~1,000 pg/ml) for 48
hrs. Cytosol and mitochondria fraction extracts were prepared and

analyzed by Western blot using indicated antibody.
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2) Cytochrome ¢ @A MEX A3 v|EZ=Fo} 43 A
HT-29 Wit Ao F3ojd g Al mlEZEZotst Axdo

d FTs AESYY. 1 23, rEF=E ol
cytochrome ¢ @d e £F& F3old 500, 1,000 pg/ml =14 5
7vetder, AlZZo M= 500, 1,000 ng/ml F&=oX F7kste] F & =
FollM TLI FdEFeE Frlsk= Ao ®E YESTH(Fig. 16).

Cytochrome c¢= A Ao X caspase-9, Apaf-17 23t apoptosomes
YAt caspase-95 E/J3FA| 713l caspase-3= ZASIAAH apoptosisgE
E3lA "th(Lahusen et al, 2003; Adams and Cory, 2001; Kauffmann and
Hengartner, 2001; Nijhawan et al., 1997). ATP A4S X33 043 7+
o o] B2 wEZE=golddlA cytochrome c= 2H ] Ao A7 4
9SS ;. Cytochrome c¢7} F|EZEgoloA WEHE 7|Ho=Z=
apoptosisg fr'#3sl= Bel-2 Alge dF =2 HZHQ Loz nEFZEo}
o] o] e TEE TIHL LA UtH(Green, 2000). Bcl-2 family F
Bcl-2¢} Bel-xLe H|EZ =g ol 9uhS Az A oz FAAAA cytochrome
cd #EHle mEZE=gol i/l AME AES WAL (Schmizu et al,
1999), Bax, Bak2 H|EFZE=Z]o}9] cytochrome ¢ HIE FZlst= 3oz &
HA At olE DA Ec] vEFTEZl] LEo g Soj7tA HWU HE
cgote] T 9lel &4F cytochrome ¢& XSS apoptosis 3 UAE
WEo]l doyA "o durdgoz, wEF=goldr JI7ME Baxte

cytochrome o] FHS S7INA AxZ=Y Wae F=IHL AT &,

cytochrome c¢o] THd %3

WE% cytochrome ¢ Apaf-1, pro-caspase-99} ZA%3}o] apoptosomes I
33t2 2, cytochrome ¢ ZF7Fo wet &5, F3o|dkel] 23 apoptosist= Bax
of 9oJ3te] MEZA=Z cytochrome ¢ WES FE3taL Apaf-137 Z7shed
apoptosomes FAst= o= LA Q)

Fig. 1504 RIEFEZ o} Bax FF<& F3olw Ao s Histe
FS Ho Foy, nEZ=gole} MAEAS cytochrome ¢ ©¥d o

(

flo

%

o3
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a4 FE2 S7keke %S el JAtkFig. 16). ey, AlEZAA F7}

H cytochrome co @ d FFL VEZEZ o} G5O 2 translocation = 3
g B7)ole odth. A=, ol F3o|do] 93] YF Bax$} cytochrome

cd BEE AAH, HFTHOEZE caspased] T3t} PARPE &4 3HAIA
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Fig. 16. Effects of fucoidan treatment on the levels of cytochrome c
protein from mitochondria into cytosol in HT-29 cells.
HT-29 cells were incubated with fucoidan (0~1,000 pg/ml) for 48
hrs. Mitochondria and cytosol fraction extracts were prepared and

analyzed by Western blot using indicated antibody.
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4. AEX F71d Pl = V¥

1) AE F7] 4

Axe 7H a3 54 T4 stude 2 TEEES TR I =2 U
ogH Aol Jhsst o] AL AE AR, A BAl, Ax EE T
o] AFEAQ AAFES X33t Uth(Heichman and Roberts, 1994). A3 5=

7= 3 A7 F Y BAEE URe 499 AHS %3, G0/Gl-S
—G2/M X2 AASHA AAAY 23 quFor JPHA etk Ax
o5 4 Az os) AlEe G07IolA DNA EAE FHs:= G172
dol7kAl Ao G17]9F S7] Ato]ell+= restriction point (R point)7} o] Al
F719 AP 2AHSA He=d oFe] @730 HdetA Frta AdH™E A
F71= s712 AP HA Fa G17]¢ H=AY G0712] F24]/¢H(arrest) =
Eop7HA Btk S719lM = DNA EA7E o] fojAx 71 o]Fe= G272 A
st=d G27]9= check point7} 10 DNA HA|d o]4o] A& A5 AXE
F717v BAEA Eoh. M7]elA = Ax £E0] dojuA EtH(Menon et al,
2003; Johnson and Walker, 1999; Maity et al., 1995; Nurse, 1994).

HA AFoA HT-29 g AlEol| F20idS Agsids o, Alx 54
AAsle AL APstgenzg, FIo|HN XE F7) FlA= FFS
dolr 7] 935le] DNA flow cytometry= FA8IATE L 23}, HT-29 th7d< Al
¥o| dxTe] ERste sub-Gl7]e] HlE o] ¢F 10% = apoptosis B&4S H
2 F ey, F30¢S A A apoptosis FAS 5= sub-G17]9]
Hl&o] F7kg W, Gl1, S, G2/M717F vl Mg duiFes ZAaH
ThFig. 17). °]#3 Z2AE Fd FHo)|e HT-29 g Alxe] MxE F7]
of MslE doA Ax FAS Adste Ao HIlT

kel

o

H:
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Fig. 17. Effect of fucoidan treatment on the cell cycle progression in
HT-29 cells.
(A) DNA-fluorescence histogram of HT-29 cells nuclei after treatment
with fucoidan (0~1,000 pg/ml) for 48 hrs, and then analyzed by
flow cytometry as described in "Materials and Methods’. (B) Increase
of sub-G1 cell population by fucoidan treatment in HT-29 cells. The
percentages of cells with hypodiploid DNA (sub-G1 phase) contents

represent the fractions undergoing apoptotic DNA degradation.
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2) AIX F7] @93 &4

gto] dojue Fadh A AX F719 JAPH AE ALEe FF o] 7
A= Aolty. ME F7]= DNA A4S FHIsk= G17], DNAE #Adst= S
7, ME BEEs FHISskE G271, £F A17IQ M719 4@A=Z 788 + U
. o] ¥ G17]9} G27]= AIE F7]9 checkpointglal U7 =4l (Hartwell
and Weiner, 1989; Paulovich et al, 1997, Ning and Knox, 1999;
Baber-Furnari et al, 2000), ©] checkpointol A& A3 F24 ZHo| A=
o] Fol A A Fa AE FAo] &3] WPA W o TS5 HIET T EA

4 A 2o

l

i

o] & ZHoe=z F=3ta Y Bunz et al, 199;
Haimovitz-Friedman, 1998; Raleigh and O’Connell, 2000). A ZoA = A
218 APdes 285 FRA} £aso] AT 20| 2ATA o
FMEZE HEE = oz dHA o™ (Sherr, 199), 5 A1719 A|Z
F71 Al Ax F7] 2H FEUAY 2 At Be= 4 - AR
o] g AoE B 4 Slth(Elledge and Harper, 1994).

AXE S A9 AXE 7719 242 2 F71¥E #Aste b&Fg
2ol 93] Z2HE=H, 7|[EFo 2 AE F7]9 checkpointd] 875+
A 23 QAR cyclinsoll 9J3He] Cdksh B84 BAL 53 Q43 29
3t go=2x F£ARFHoE Cdks7k 43} Ho] =HAT(Nojima, 2004;
Bardon et al., 2002, Weinberg, 1995) &, A& G17] Z7]°l+= FZE cyclin

S

~—

kel

o2 =

r

D¢} Cdk2, Cdk4, Cdké s°o] ZAd EdA Sl &85, G17] Tole
cyclin E7} 45 7] Al&ste] Cdk2el AdsliAl Gl1/S7129) o3& ©33)

T Hog geEA Ak AE BEo] 45 AY DNA EAZE 4554 ¢
o]’¢2] kinase Aol HLoA @For=2 cydin-Cdk EHFAE  cyclin©]
ubiquitin @Ay} Ag}ste] o] Cdke Edo] AFeA A Hth(Fig. 18).

Fig. 179 AXE F7] &4 A7, HT-29 g Mol F3old A A
sub-G1715 F7H71= o2 yeuth matA, G719 Alx F715 =4
St I A5 HelE AW B Y] 93] Western blot2 43 313t
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Inhibited

Ganas required for
coll cyolo transition

Cylin E
Cyelin A
DHFR
K

AN

Fig. 18. The G1/S checkpoint of the cell cycle.

During G1 progression, there is sequential activation of cyclin D1
and cyclin E complexes. Cyclin D1 binds to Cdk4,6 and cyclin E
binds to Cdk2. These complexes undergo activating phosphorylation
and once active, phosphorylat pRB. In its hypo phosphorylated state,
pRB binds to E2F to inhibit S phase entry; however, once
hyper-phosphorylated, pRB releases E2F. The release of E2F results
in activation of genes required for S phase entry. Cdk inhibitors,
including p21 (a p53 downstream target), p27, and pl6é can bind and
inhibit the indicated Cdk or cyclin/Cdk complexes and effectively
block the progression of cells from G1 into S-phase (Pietenpol and
Stewart, 2002).
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Ao FHoldhs AHZSIHS ul, cyclin D19 @ do= offd JFS
22| e ASRE YESHTH(Fig. 19). AIE WA Cdkse proliferating cell
nuclear antigen (PCNA), cyclin, CKls¢} ZAF3te] dEdl CKisoll 23]
kinase &4d¢] A= o] Yt} AT AE R FF QAo 3l kinase
gAdo] AA =] Utk aH} AE R A Axtel] o3 Rast 2 Al
7h AEH™ Cdk4st Cdked A4S xHste @A cyclin
D19 o] F7FH o @Ay EIJAES o]F= Cdk4, Cdker}
Cdk-activatinf kinase (CAK)ell &J3f <IzxtslEo] EAslx= oz I A
UATE, FHolcke] 9%t cyclin D19 @A Wdoe AFS FA FAUrh
a8y, S5 g F IAFE 293 2L ol cycin D1o]
d HAttar dtod(Hall and Peters, 1996) ¥ Aol thE i3-S HF9]
=3
T HAZ, GlaA S7]9] oS

AR Esith O A3, HT-29 et Ao FioldS A2sS ul, pRB
o] QlAtEl FFo] FE oJEHOEF sl Gl7ld AEE HEEEE 3
= Ao 2 Yelgt(Fig. 19). AlX F7]5 Z&s+ cyclin-Cdk complex<]
g4& Cdk inhibitor (Cdkl)oll s = ZAHT. Ax F7]& ZHs=
Cdkl= =A CIP (Cdk inhibitor protein) family®} Cdk4, 62 &4& A 33}
+ inhibitor of cyclin-dependent kinase 4 (INK4; p15, p16, pl8, p19) + 7}
AZ BFE 4 ok CP familyoll & Gl checkpointoll 4 DNA7ZF <45 31
S w ZFgIE p21, p27 @¥ido] EAs=d, DNAZE 45 tumor
suppressor gene$l p53°l <93l p21, p27 ARV HHAEA ot p21, p27
@l Fde 5715 FEIE cyclin-Cdk complexo] 233t Cdk4/6/2 kinase
g4E& AT ZHN retinoblastoma protein (pRB)9] <Q14HsE A5t Al
X5 Gl7lo HEA ok & APolA Fioldt AP pRBY 14HE F#F
] = oEFHoE Hade ACE Ygyged, g2 dFdHE AY

F
<
o
fols

W
et

o
[
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=

ol A ursodeoxycholic acid®} chenodeoxycholic acid +%A 2 et A
3o A tangeretino] G171 Asithal sto] & A5 2o} FUI 2HE
B A FA(Pan et al., 2002; Choi et al., 2003).

Al HA R, G17]olA pRBeF A@ste] Ao JAlH o] e ez &

Qe E2F9 weld Wy $FS AvHgth 1 A3, E2F @A o] uks
FEe FRAW AY A FE JE2How zadt Ao UEyt. 9 )
oA E2F HAF - A= pRBSF ZAdste] #H-8o] AAH o] Sl=H(Sherr
and McCormic, 2002), cyclin D1/Cdk4 F=E 6E3AE= pRBE QI4+3IAA
E2FE 821714 k. 1 A3 E2F7F & ko2 E0]7} cyclin EE X 3Heh
DNA 437 d#d 2 FAAE #de F7FA7]3, cyclin Eo] @&
S7h= CdkeE ZA43IAA pRBE TS QIAMSIAA AE F7]7F Gl7]olA

F22 Esta S712 JAPHESF gtk 57] 7]l = cyclin D, cyclin E&
w3 E A B cyclin A7} F7Hst Cdk2E @ASIAIA STV JPEHESE
St} E3 cyclin A+ G27]91A cde2 (Cdk1)Z AFste] M7129 o]

Il

o

A

0

2
i

il
M7le T3 9SS Gdsle AeE EHiA At (Menon et al, 2003;
Dan and Yamori, 2001; Morgan, 1997). =, pRB7} $14+3}=|w pRBS} 2%
Ho] d E2F7} frElHo] o2 Eoj7l HARE X8 DNA A4S
Fete o= d#H A AtH(Dyson, 1998, Weinberg, 1995, Weintraub, 1992)
mebs, £ AFdME Fioldt A A sk oFAOE EXF| gl
Fo] Aaste AOE Ursth

olgigt AxE Fll, 4 AP A DNA F49 i (Fig. 4)= E2F @
A7} pRB @A o] E3A|E o]Fo] pRBY QIS oA|ste] Gl7]dl =&
EEE 3o, HFHoE HAE dAlste AeE HAXIt(Fig. 19).
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Fig. 19. Effects of fucoidan treatment on the levels of Cyclin D1,
phospho-RB and E2F protein in HT-29 cells.
HT-29 cells were lysed and then total proteins were separated by
SDS-PAGE. Proteins were visualized by Western blotting using

indicated antibodies. 3-actin was used as an internal control.
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3) B-catenin®] UEH HA

B-catenin> AMX W =74 TheFeE T2 AlE Y] ALz B
3t AME {2 (cell adherent)® #AE apoptosis ¥ AH#LS 7HA L
Ak wEbA, HT-29 thdeh Alako] Ssiold Ao &3k Al Aldo] A=
T2 Holo] A JEA AHEY) 8 B-catenin®] HHS Ay HE gt}
AEZ A3 F3o|d A Al

N
I

o

Western blots &3l B-catenin®] &3 FF
Aadle AES HAFt(Fig. 20).

A AE ZA$ B-catenine 92 kDa9 EAHFHS 7FAY AME F2A
apoptosis7} dolud 72, 62 kDal 2 ©@H3}EE= Aoz LA J(Choi
et al., 2000; Debruyne et al, 1999; Steinhusen et al, 2000). B-catenin->-
cadherin ¥ actin?} A3t 2% F(adherens junction)= &/3stH, AlxE
9toll A E-cadherin/catenin 533 = AX FE|F-X] 2 MEIFS] Ao FH
osta, MEAAd A= APC @, GSK-3B, axin, conduction 534 F3% &
= T8t Ax 9 FF At A5 oz sty Axe 4%
2 R3E -3z ©WE=Z Catenin familydll &3t (Kemler, 1993;
Johnson, 1999; Wijnhoven et al.,, 2000; Takayama et al., 1998, Rimm et al.,
1999; Tetsu and McCormick, 1999; Damalas et al., 1999; Brabletz et al.,
1999; Shtutman et al., 1999; Herter et al., 1999; Hugh et al., 1999).

i)

I % Catenin-cadherin-actin &34 = A A, AxX &4 2 3 3H
o #AstH, o] BFA AFel AHLS 53] o Tl Slol 97 Holg}
DA Aol A= Ao =2 B At (Hugh et al, 1999). 53] HFo

Aske 2 - AFLFS) AL Bcatenin®] A XA
MEZE Z7bstel A gdEe WA Aol Aol & A0E B
m9th B, Bcatening A%, AL, A% L AFAe] WA R po)
3o

, 53 g AFIA Aske] 7] Yol APC F04% Bcatenin
ol MxZd %@ & Y B-catenin SV} L AEE sl A

A A H(Rubinfeld et al, 1993; Sheng et al, 1998). welbx, £ A7 A

£
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HT-29 &3¢ Az TF0]S X8 d AF, B-catenin® & 4F-2 500,
1000 ug/ml S=AM 87%, 71%2 Fidte] ML F2S fAste] ML
Age AR E Ao VERETHFIg. 20).
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Fig. 20. Effects of fucoidan treatment on the levels of [(-catenin protein
in HT-29 cells.
HT-29 cells were lysed and then total proteins were separated by
SDS-PAGE. Proteins were visualized by Western blotting using

indicated antibodies. [3-actin was used as an internal control.
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5. NF-xB 213 G v|X= I

1) °]&3 ¥ 7

Cyclooxygenase-2 (COX-2)E HIZE E& @idE x=9 Ty

T =& o i/l HAFEA A FH Lt

Hhg-o #da" AALERAE motif R #HE AEW AAE &S

a F 7HE 8ol A" HAF 24 A F Sl NFkBe WY, 945

SWRE ofygt AE A, £3F 2 AE Aol o]277HA] FEE AXE
I o™, RelA/p65, RelB, p50/P105, p52/p1002] 57FA2 4

=o] Qth(Baldwin, 1996; Ghosh et al., 1998; Barkett and Gilmore, 1999;

Pahl, 1999; Mayo and Baldwin,. 2000; Baeuerle and Henkel, 1994). °|&

o

g

o 4

subunit =5 Rel homology domain®.2 &&= ¥9& T3t o, o
FH9E %39 subunitzt homologous, DNA binding, heterologous
dimerization, nuclear translocation, IxB inhibitor2}2] ZAslo] o]F o] XA &
=], NFkBe IkB} &7 EFAZ HEA] EAsta Utk 5 Az 9%
ZRH AFo] glv AH A= kB7F NF-kB dimer®] nuclear translocation
sequences maskingst™ NF-xBE A EZAd| A AIZIt}. 12t} cytokine A}
=, Al v dle]y 2 79, 1E]3l oncogenic signal? 22 of#] 7}A] 2}
o 9&|A, =2 tumor necrosis factor | (TNF) receptor, interleukine-1
IL-1) receptor, L 2| toll-like receptor®} Z2 FE&A = & siA Al
W As JdEo A& @AV A& E™, NFxB &4do] dojdrt o] #A

IKKa, IKKB, IKKyZ ©]Fo1%] IkB kinase complexol] 93] ZH T}t A
Z 2R Az oA IKK complex’t &/d38}=H, regulatory subunit?l
IKKyE A& 5 subunitd] 54 serine 2719 A4tslrt dojuA =,
©]= ubiquitination ¥ 1 T3 @A 9] proteasome-dependent degradation S
2 o]ojZ}. 4ot IkB degradationol g ojt}HH, NF-kB nuclear localization

sequence’} =&%©], NF-kBv= & U2 olF, FZH1, HFHOSZ DNA

—

kel

rlo
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1o 7

rr

binding % target gene® ALY S FE)

(Ghosh and Karin, 2002; Gilmore et al., 1996) (Fig. 21).
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Inducer

Activation
IKK inhibitor ——| of IKK
l Phosphorylation
of IkB

« Proliferation
* Suppression of apoptosis
Proteasome “ _
Degradation * Invasion
et ?)f 1B + Control of differentiation
Nucleus

+ Anti-apoptotic genes

+ * Cyclin D1
_@ |—> * MMP2 and MMP9

TRENDS in Molecular Medicine

Fig. 21. Model for the activation of NF-xB by a variety of inducers and
for the nuclear response controlled by NF-kB.
Model for the activation of NF-kB by a variety of inducers and for
the nuclear response controlled by NH-kB. Inducers of NF-kB activate
IKK, which leads to phosphorylation of IkB subunits on N-terminal
serines. Phosphorylated IxB is ubiquitinated and subsequently degraded
by proteasome activity, allowing the accumulation of NF-xB in the
nucleus. In the nucleus, NF-xB binds to regulatory regions in promoters
and enhancers to stimulate transcription of genes associated with
oncogenesis, suppression of apoptosis, and invasion. IKK inhibitors
block NF-kB activation through suppression of IkB phosphorylation and
proteasome inhibitors block IkB degradation (Orlowski and Baldwin,
2002).
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2) NFxB 415 AgG &4

2 AN e T3 HE AHYsta Mxds FEste gwds
% Western blotg 433}4] IKKa, phsopho-IkBa, 1kBao] @¥d #g 43
< HESAL

WA, HT-29 gt Axe] F3o|dE X3S # 500, 1,000 pg/ml
ETolA [KKa B9 d 28 $28 73%, 7%2 7Aste A0z Ugygt
(Fig. 22). ¥, HT-29 thZS Aol T30S Hatds o, IkBo 14+s}
57e TEE(L,000 ug/mhol A ZAs, kB B £F 1Y nEE
= < AYsgde W FisE Ao 2 JEYTHFig. 22).

NF-kB+= p65/p50%] heterodimerZ F/Ad=0o] glom IkBe} ZAFsH NF-k
BIkB HEA= dog olsgd = A HH A 98 NF-kB= &4
JHZ FA=o] HthSurh et al, 2001). NF-kB 4l& Mg dutxo=z
classical %2 alternative pathway & % SIS F3llA] dojdtti o AXA
I ATH(Bonizzi and Karin, 2004). Classical pathway®] 7% NF-kB= TNF
o 2 A5 o3 =5 wrol EAdstHY IKK 5344 B-subunite] &
A3e ZP&A Doh(Karin, 1999). ]9 B-subunit®] Z43}= kB @2
£ 9] N-terminalol]l £33 F 719 serine F7|E A2Fs}A| 71T o2 A <
2betE kB @A E2 ubiquitin ligase 7)ol oJal Q12 =31 proteasome?]]
o) EaflE IkBEERE #2 ¥ NF-kB dimersS 3oz o]EslA At}
(Karin and Ben-Neriah, 2000; Baeuerle and Baichwal, 1997).

2 Aol HT-29 tjZded MEe] F3o]ld A2l A] IKKa, phsopho-IkBa,
IkBao] @A e FF& AAstA Alx FAS Alste Aoz Y
o},

o
K
o
e
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Fig. 22. Effects of fucoidan treatment on the levels of IKKa, phsopho-Ix
Ba and IxBa protein from cytosol in HT-29 cells.
HT-29 cells were incubated with fucoidan (0~1,000 pg/ml) for 48
hrs. Cytosol fraction extracts were prepared and analyzed by

Western blot using indicated antibody.
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3) NFxBe] Al£d 3 3o A5 AY &4

Fig. 22041 HT-29 Wt AlZoA E3oldt A Al IkBY #37F 74
st o 22 downstream$l NF-kBe] p65/p50°] Alxdz 3o 29
translocation AES AHHJTH HT-29 &AL A X FHo|TFS X st
A AxZS F53 gE NF-kB pe5 FAE o] 831 Western bloto =
A5t 2 A3, 2Tl NF-kB p65= 2 AEdd &A1ty o
I e RAeZE Yoy, $30|w *E Al NF-kB p65
2

o

% 1,000 pg/ml FENA 87% FEoE F
Aoz YebytthFig. 23).
NF-kBE TNF-q, I BS FEA APIEZIRIS HIESH Aol A,
mitogenes, MXE APES ke oe] 7R ASel| Y] &4dsiEA Ao
=

(Makarov, 2000). NF-kBol] 2% = kB 2437 dojuhd QlAHE = Ik

-
—
o
N
flo

i

B= NF-kBEZHH #2531 o] IkBx= proteosomed| ©}3)] 3l =™, NF-kB+=
dog o]lFsle AF, AE AME, FEF DA, HRelg s EA Fo| BosHA
Ha, i F-A7E = specific consensus, DNA element®l] t] gt NF-kB<]
A2 TNF-q, inducible nitric oxide synthase (iNOS), COX-2, IL-6%] ZA}k
g MAete RoZ2 I A JAth(Kuprash et al, 1995). FE=SF o 2] Al Zoj| A
NF-kB= t& HAtaiete] A 71dS Fall iNOSE encodingste= A
S 2™ 3hH (Mandrika et al, 2001; Pan et al., 2000; Spink et al., 1995),
TNF-o & ¥ 33 B2 Alo]E7IAS up-regulationd o2 A WY Axe] &4
sl Fag 4S5 vk I A Utk (Kopp and Ghosh, 1995). 53], 7
& AIEZ Foll A NF-xBY &438t= A APES HA|StaL(Payne et al., 1998;
Qiao et al., 2000), th7 AFolyf thdY ZF oA NF-xkBe &4=7F 57}
stthal sbod(Hardwick et al., 2001; Lind et al., 2001) NF-xB¢] €A4dsl= of

TS AT Az dE AEES ZAIANA AL DA F3iv=
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AS AA )
webd, B AFE E3] HT-29 AY AFEA FFo|dre IKKa,

L

rﬁL
+
MN
filo
12 d
2
ol
]
e
o
fru
Lo
Z
syl
=
(os]
Lo
e
offt

phsopho -IkBa, IkBa9] @iz w3
2 Both ol Az WAy B4 I EHrl 212 butyrater}

=<
gt Ax AFES dAst= NFxBe 43 #aAlA TNF-a w7l AlE
<}

e RelF
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Fig. 23. Effects of fucoidan treatment on the levels of NF-xB protein
from cytosol into nuclear in HT-29 cells.
HT-29 cells were incubated with fucoidan (0~1,000 pg/ml) for 48
hrs. Cytosol and nuclear fraction extracts were prepared and

analyzed by Western blot using indicated antibody.
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) 8% w24
HT AT st M EFTS IFEY, AY 52 XES B2 ZF A
o & FYS FHHIo oh(Li et al, 2005 Tan and Coussens, 2007;

Arias et al, 2005). 959 ol oJXE NF-kB @Eldo] #HoAst= Ao
2 4#A Utk NF-kBe HARIAZA] COX-2, iNOS &2
A2 #HH-S 24-3H (Karin and Greten, 2005), ©]

o] AP HAololl AofA FaF TS ste AR EHA Uk wepA

NF-kBe] 4L Ast= AL d=9 R3Yx

o
bl
e
rol
d
=)
flo
2

i)
2
filo
2
o%
ofr
o
rr
=
focs
2
R
R

T Bl vpe-2o] NF-xB AsfAl 2] Al o] A4S FoA4 AA gA
SFE AL 3F tH(Matsumoto et al., 2005.). wEbA HAA] NF-xB A s|A=
o gt B AF7E P ok
2% #E dAbdA F8% 98-S e @A S p38d INK9

A3} FFg AdHSY p38S NF-xkB 452 ZZHFgozN VCAMH
COX-29] &S xHs= T3 D do|tH(Lin et al, 2007). ¥ AP A
HT-29 th7det Axo] F3oeS AH2stAs o, p3sel s &2 5%
oEHoE TAadte ALZ YEROH, 1,000 ug/ml =X 75%2 i
ate] Q14kst A7} UEFRTHFig. 24).

T HAZE, $3o|de] INK A3 AG AR mXe JdFS AHHEIT
3 AF, HT-29 et A2 F3old-S A#stds W, INKY <143} &
Fo] 500, 1,000 pg/ml s=oA 78%, 64% 2 &= EFHo2 723U
43 A= NF-kB AL IS JAFOLEZH A
EAMES FEITA @ g gl=d], INK 274 A&52 NFxB A8 de 4

al

393 (Guo 1998; Tobiume et al, 2001),

'31-‘ il

parthenolide® JNK A& Hg A2 &4 FAE F3 NF-xkB 25 dg
A2 A= g4 a7t FAEH sl (Nakshatri et al., 2004; Zhang
et al, 2004) & HAPI FAE 2HAE BAFAT
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I 9o 2, HT-29 ti4 Az S30]ds A23stdS o COX-29 &
d FES AHEgth 2 23 COX-2 @¥d $£F2 100 pg/ml FE
AFEEH faste A2 YESTHFig. 24). COX-2 1+ 2}+9] promoter region
o EAJst= positive FAFE Q49 S E A NF-xB binding motif7} EA]
3t JATHKim et al, 1997). o] ol F<etsle] Fzojgtd] 93 COX-2 23
o NF-xB &4o] #osta A=A RS AHEJH. COX<E arachidonic
acid A9 &% ZH G4 F COX-12 URE 22 A x&EHoz vy
ate] A 9] Aol Bl COX-2= FEA COXE AMOETS, & =
A, 3% AR Sl o3 &4sEe AR 4 A alﬂ‘r(lones et al,
1993; Herschman, 1996; Xie and Herschman, 1996; Sheng et al., 1998;

Haertel-Wiesmann et al., 2000). Ztg <bollA COX-29] #Idd-S AxZ 249
% %I(Sheng et al, 1998), @¥ FA 2] ZX(Tsujii et al, 1998), MY 7] 9

ol

ol Al(Huang et al, 1998), AIX zZAALe] oA B Fdo &4 S7F
(Tsujii and DuBois, 1995)% ¥de] lvka <A Utk E3H COX-2= 74
A U 2AdAM= AW Prg A2 B s =H (Sano et al., 1995), T
oo ME 85-100% LA I 31O (Eberhart et al, 1994), ol %Eo) A
7t o] AT k(oo et al, 2008), ¥e] WA, XA B Moo HAF
Aolgte 7hsde]l AAHL et meA, & AflodlA HT-29 gy A=
| F3oles AHY3IAS W COX-29 Tl FFo] x| wel A3
, & AAARZ AR Ve RS AlASEaL ATHFig. 24).

e o 2, NF-xBol| 98] Bdo] 2dHE R 453dE AAF9
el iNOSe| ©wid S Awugit O Ay, HT-29 thayd X
FoltE AHEstd S i, iNOSe] @i d ¥d $=F2 1,000 pg/mle] iF
N MT 74% 2 A3t THFig. 24). NFxBE 9% w3 A4 A%
Foste Aoz delx =, AFHY iNOS promote= -85 base pair ¢ %]
o] NF-xB AFF297F 31, o]zlo] iNOS Fxxte] wrao] Ao
(Xie et al, 1994). NOSE L-arginineS 71€& 3lo] NOS AHAseE 4=

|

2 =

M o

ol
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(Nathan and Xie, 1994), constitutive NOS (cNOS) ¥ iNOSZ =AA T3}
m, INOS= AX 9 Z¢ sx9%e= F#sA LPS % IFN-y, IL-1, TNF-a
o 72 Alo]EFIIF 93] TdETH(Hobbs et al, 1999; MacMicking et
al.,, 1997; Coleman, 2001). Al 2 w}-%-2 iNOS 7 %}2] 5'-flanking region
ol = NF-kB, IFN-y responsive elements, TNF responsive element,
hypoxia-responsive element®] consensus sequenceE EZF3IIIL O] A]
(Lowenstein et al., 1993; Kroncke et al., 1998; Chartrain et al., 1994), NF-x
B, AP-1 3 STAT-13} 22 AL Q1AE0] iNOSe] 2de] dF= vA= A
o2 d#A dth(Xie et al, 1994; Kristof et al, 2001; Ganster et al., 2001;
Kleinert et al, 1998). iNOSel 2]3] A== NO= cNOSO| <93 NO9=
2y oF A=l g8 tsrkE AHHo R A4 H M (Coleman, 2001), £fF
o] e o}, Hiolys Bl MRS Fole T2 AU (MacMicking et
al., 1997) NO #A|7} iNOSS &S AA|ete] W whgo] HE3A= A

AAs= S (Hinz et al, 2000), A4 Hoje} W WS 2H3t= 2§
ok AAE dgsd, A, dAd, SAF Sl COX-2 R iNOSs7h #d
JA5o] Je Aoz LA QlolGano et al, 1995 Hao et al, 2001;
Rajnakova et al., 2001, Hosomi et al, 2000; Ekmekcioglu et al., 2000),
COX-2 # INOS= €5 Z2h Evrolis dFE TR Ao des &
F Atk E, RNA AT XEE HA=Z AEEHAL MAESKInula
britannica var chinensis)oll X F% 8 ergolidex= NOS9} COX-29| A& &F3)
NF-xB A% A2 B2E Adsisla, 7242 52 NFxB 7 A = 3
A7 Ao E YElY(Whan et al, 2001), 2 A5 Z349} sd3 23E
HoFAo.

g o o
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protein expression level

Fig.

Fucoidan (ng/ml)

0 100 250 300 1000
38 kDa - — p— — phospho-p38
54 kDa - phospho-JNK
e _ COX_z
L5
O phospho-p38 O phospho-JNK @ COX-2 BiNOS
1.0 f
05 |
0.0
0 100 250 500 1000
Fucoidan (ug/mL)
24. Effects of fucoidan treatment on the levels of phospho-p38,

phospho-JNK, COX-2 and iNOS protein in HT-29 cells.
HT-29 cells were lysed and then total proteins were separated by
SDS-PAGE. Proteins were visualized by Western blotting using

indicated antibodies. 3-actin was used as an internal control.
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6. A| X A7 AAC "= ¥

olN

bt

ofr
rr

o 7t 22 Yol N FrHo

AAAE 0] autocrine =+ paracrine mechanism®. 2 M X F
&l uj Fo]t}. &3], IGF-I, IGF-1I, IGF-receptor, IGFBP7} & %
T FdolH FAEAAN THEHE Aol THE o]F(Macauley, 1992) oo
Pl dolx o]g 3t IGF systeme] BIAGFZHQ WHsl= o8 F/HY 4&
frdste Al F R HFE 3 Qloj(Burroughs et al, 1999; Cullen et
al., 1991; Beserga, 1995), IGF systemo] #3t A7} wjg &3] =
U (Macauley, 1992). 2] Aol tigeke F9o 420 A A=
ZA ] B3] IGF-II mRNAS®} protein®] ¥ o] 30~40% Z7hgtthal 3
(Singh and Rubin, 1993; Lambert et al.,, 1990; Tricoli et al, 1986), & %
IGF-17} IGFBP-39] ¥%7F oW 3¢, A4, ddsdy dge 4y E
o] 73ttt 3} th(Hankinson et al., 1998). ¥, & 5 IGF-I2 A®A L
et HAER FEI o] AABAE 7AW (Chan et al, 1998), A7t
e BRAYL F9 AHEA% BHlaske IGF-IRY 71 F7lst
(Guo et al, 1992), Wd¢ AZAAME IGFIR7}F LA JATGI 35
(Iwamura et al., 1993), IGF-13} IGF-IR7} % Ao 83 93 3=
AeZ By ot E3F IGF-IRY ligand7} A8FsA HW A2 AFES A
Sht}(Beserga, 1995; LeRoith et al., 1997)11% st IGF system$] 28
3tA 71 =4 g A7 IFHA =AU

wehA, 2 Ao e HT-29 i A FHolaS Asiis o,
HAE F24 A AFH7F IGEI @ FFo oug &S VA=A HE

i

stk WA, HT-29 thaed Alxo] F3ola-s HEs9S wl, pro-IGF-IR

J

ofr

Tl =S 500, 1,000 pg/ml EENA 87%, 75% 2 Al on, IGE-IR
wuld 3L 500 pg/ml FE7HAE WHE7E §luhzl 1,000 pg/miol A 69%



2 Zasad. &, Q43 $£F& 500, 1,000 ng/mlol A 87%, 69% % 7HAad)
Fom, IRS-1 D]'—E 42 500 pg/ml F=7MA= & WErt gl 1,000
g/mlo A 85% = FrAshe= ASZ UEFNtH(Fig. 25).

IGF= g+ 7H9] Ab&=® o] Folx EEflEte] =2 proinsulin®] ofr|=4F
zF A, A4 =5 94 A9 A mitogenic == F AEZ AFE 1A}
2 283t} IGFEL endocrine mechanism % ofu e} AW zF FZF ol A
=)ol 1 ZZ YA autocrine/paracrine mechanism 2% A3 9] F2]
315 A3 (Jones and Clemmons, 1995), IGFBP+ IGFol| ZAgste] *
oAx AHE IGFE the ZFov AZZ WstAY IGF7F 84 2%
I S7F v AaAeRA IGFY] #Es FAsAY ARG
a7 ATH(Rosenfeld et al, 1990). IGFY EFH= HE EHEY plasma
membrane®] EA]3}= receptordl] IGFE°] A& 1 Z§o] NEYz A
ggo 2 o]FojZt} IGF-IRE insulin receptor®} fFAMH FEE 7HA| 2
S (LeRoith et al, 1995) IGFIRTE B89 heterodimerZ ©]F o]
glycoprotein® 2 q-subunit?} B-subunit®] disulfide bondE= 2= o

t}. a-subunit& extracellular domain®. 2 IGF7} e]o] ZAsgtsta, Alx=t

0

O

Hoox

M

rlr
o

A

ol

o o
o 3o oy

H

3l B-subunit cytoplasmic tyrosin-specific protein kinase domain$
gtatar ok (Czech, 1989). ©] receptordll = insulin, IGF-I, IGF-II°] 23S
Ak, 744 gAo]l E& IGF-IRY IGF-1o] A¥tetA €t IGF-IRE AX
= St GAER ) Ao}t o2 7FA] apoptotic E/FC2HE A

Hoste o SR JAdS FJdHAL deA Stk IGF-IRY &4d2
IGF-I°]\Y IGF-119] ¥ 714 ligand % shU7F IGF-IRo| 23 stoz A A2y
9] cytoplasmic domain®] tyrosin %717} <14tsl @ozA A|ZET) IGFE-19]
IGF-IR®] a-subunitel] Z2§3tA =™, B-subunito] autophosphorylation®©] ¥
AYA =i, o] AL receptord tyrosin kinase /4& FXET FAl, Al
Y oy 7|AE9 AiFE HHse HAoz dEA JdthKato 1993
LeRoith et al., 1997). & AFolA HT-29 thaet Ao FxojdS 2 g s}

dr o

i e
bl

ke
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K= o QAL o] ZradeE AL E YEyTh(Fig. 25).

Wol= &7d3te IGF-IRY ZAdstel 7 AsE Ash= 5749
adaptor protein familyE©¢] EA|3t=t], Grb family, SHC family, IRS
family, CRK family, PI3K®] p85 regulatory subunite] o] <3ttt o]
adaptor protein % 7Fg tHiEZQ Aol IRS familyo]il, 14FstE RSO 2
gato] IbslE= @id F 7P W2 Qo] PIBKe| p85 regulatory
subunit® 2 ¢#HA Utk B AFol|A down-regulation?l IRS-19] ©=d &
T HAES Ay, FIAo G 93 IRS19 @A £=FL 1,000 pug/mle]
oA TAEE Ao 2 YENTHFig. 25).

IGF-IR= RAS/MAPK$®} P13K/AKT pathway2] ©] 5 7}#]9] FQ3F Alx
Y s HAEAAE 7HA3 dtH(Valentinis et al, 1998). AKT+ PI3K¢
downstream targetO. =M ofe] % Q1zpol ofaf &AdstE =1, AKT7} Al
AR S AR EAM AE AES ST E SAHESC] HZ A8 75
T3l AAET UH(Alessi and Cohen, 1998; Vanhaesebroeck et al., 1997;
Franke et al., 1997; Marina et al, 1997). AKT+ Thr3083} Serd73¢] <l14+s}
o o3 &AJst=n, PDK1°] Thr308°14 AKTE 2/d3}A7]= kinaseZ &
& Ath(Stephens et al., 1998). PIBKEY AHZAQ downstreamol| Sl
AKT/protein kinase B= Aol AES FZs8lal, A4 AXe] JA|, AE
F719 e, AE FF 2 o] A AT 93 AE£Y apoptotic
deaths JAIgthar 4 #Hth(iang et al, 2000). whetA}, HT-29 tf7get A=
o F3olds AHYeAs Wl AKTY @¥d +F5 A4HEUY. O 23,
FHolde Frd wel AKTY @ E FFEo] Hadt= Aox2 UeEt
(Fig. 25). @AA7ZA <z wpel  ospd, PBKeF wbgste] A4 H
phospatidylinositol-3-phosphate”’} AKT®} Z33lAl =™ AKTE MEete=z
o]FAIZl & <itstE o] A4S zZHA "ok &AstE AKTE A Bd-2
familyt} Bad, caspase-99t 22 Al HEH BAT targetEsS A4S
A AE AES Asfstar AE AES S8 Fvhal s th(Datta et al,

gt Ay
N

)
Hel

o [



1997, Cardone et al., 1998). wlgtr, B AF ZAzlo} < s
AKTS] @9 d $=F9] 74+ Bcl-2 family, bad, caspase-9 59 45 W
FEFS Fo| AE AEES == 2oE BHlth

T o2 IGF-IR 4l& AY AAQ MAPKE 4709] subfamily® T4 = o
ATk ©]= extracellular signal-regulated kinasesZ ¥¢# % ERK 1/2(Xw
pd4/42 MAPK pathway), SAPKsZ 2+# 7 JNKs, ERK5/BMK1, p38 MAPKs
7} LW 53] pdd/42 MAPK pathwaye= AE W Aadg 4o Fo
Gl A2 A, AEx F2, T, 28, AX F71e 22 T3 AEX W 7es
ZH3e Ae® 4#A U (Ono and Han, 2000). =, IGF-IR2] <141+3}17}
SHCE &3l Ras pathwayE Z4&slil o= ©A| Raf serine/threonine
kinaseE & *éi]'*]ﬁ, MEK, MAP kinases< &43A7]"H, MAPKE= ZA}
AA=9] A4S 53+ mitogenesisE FX18HA Aok T3, ARG
ctyokines ==& 1 §re] ¥ 252 MAPK 48 MAIE & a1, 43}
H MAPK= HAAF A}, Al T4 @iz 77 3199 kinase 52 ¢14Hss}
of AR HHY WHIE 7EX A Bk wheba, HT-29 B et Al X
olgt& AFste W ERK 1/2¢] @A sES dyEsIt. O 23,
oj&t9] Fxo] wet ERK 19 @& FFo] fasdst= Ao =2 e}, HT-29

2
i
i)

g AZAN Faolde MAPK Aol S vlA AL 343t A
Fo)el 9L VAL AoE HATH(Fig 29). oIS FESHW HI-29 3

AEANN Faolwe A IGER @A 1 a9 522 AAsa ¢
Saol WL SdAGE Ao etk
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Fucoidan (ng/ml)

44 kDa - ERK 1
42 KDa - ERK 2
B—actin

Fig. 25. Effects of fucoidan treatment on the levels of pro IGF-IR,
IGF-IR, phospho-tyrosine, IRS-1, Akt and ERK 1/2 protein in
HT-29 cells.

HT-29 cells were lysed and then total proteins were separated by
SDS-PAGE. Proteins were visualized by Western blotting using

indicated antibodies. [B-actin was used as an internal control.

_8'1_



2) IGF-IR 413 Ag £4
Fig. 2504 HT-29 g% A
a2 &9 o &ste vHdE I FEo] EE AAste o E UELTh
w2k, Exogenousdt IGF-IZ =% HT-29 g9t A= IGF-IR A& A
9 AAE A48 F IGF-IRZ immunoprecipitation (IP) =+ @A S
grol AwE 1, HAE F24 A &3V} IGF-IR 4 HE F2F W=
dojp=A] 4y K gkt

IGF-I°]  IGF-IR®  a-subunite] — Z¥3sHA =¥,  B-subunite]

i)

autophosphorylation®] dojubA = i1, o3 receptord tyrosin kinase
e SR T, AlZW o8 71259 QANEE FXske Ae=

e

A th(Kato 1993; LeRoith et al, 1997). =1 A3}, HT-29 th&et Al Ed
IGF-IZ 0, 5, 10, 60% & 38}laL IGF-IRZ IPE thxTo 4% 4kl 5o
6027HA A&H= Zew Yewoy, Fiold AHewd A¢ 5874 F
7Fete7b 602 74A] B EH ] FkThHFig. 26). I T o® Q1S dd e
IGF-IR 98 d2 Ns g AdsiA drt. 2 2%, iz %9 IGF-IR &9
do] AZte]| wet sk Ao Hegen, $30jd AT F¢ Al
rel met Zaste AoE Uesou tilxrs ARt tuld fFEo] v

A YEbstTH(Fig. 26).

IGF-IRE RAS/MAPKS} P13K/AKT pathway®] ©] % 7}72] 28 A%
W e AGAAE T3l 2-&elA Erf(Valentinis et al, 1998). PI3K®] Z
HAQ downstreamol| Sl AKT/protein kinase B+ A|Xe] &S X8}
AL, A QAR A, Alx Fr1e) W, AR REAe 2E o 7hA A=
of o3t MEZ9] apoptotic deaths HA|gtttal e Hth(Jiang et al., 2000).
uhebs, HT-29 thder A28 AKT @ d 38 dyRrsit. o 243, &
ol Aol Zaglo] At wet Hast=s Aoz yEiwt. 2=y, o
Zao] B¢ phospho—AKT T2 5EollM STFeHE MAE] HAskle

b, F3olw Helwel A9 58| E71517) Adse] 0EAX A% S}
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she Ao Z Yeluth(Fig. 27).

T o2 IGFIR A& W2 AA] MAPKE AX U Aadg #A] F0

G Az A, AlE S, dY, 3}, AE FU)eF 2 Fa% AE W Vs
zdste AoE &e#lA A (Ono and Han, 2000). =
SHCE &3l Ras pathways Z4&3slil o= ©A] Raf serine/threonine
kinaseE &43}A]#H, MEK, MAP kinase5<2 A3tA]7]H, MAPKE= A}
AA=9] A4S 235 mitogenesisE FX1sHAl Dot whebx], HT-29
A AE ERK 1/29] @l d =25 AR Ay, F3o|d Ao A
glo] ERK 1/29] @wd FFo|= opbfdl &S mAA Xt 284,
zo] B¢ AlZrel wel ERK 19 QI4kst @A o] o] Tadtes AL
2 yeigtew, 3ol A 4% ERK 19 ¢l d

2% AHZ 6027 A&HJ o, ERK 29 Q14Hs) @A o) =328 A7l
| wet 254 SUteke e E YEht o2, HT-29 ek Al A
o] IGF-IRY @ d FE3 QIAkst 5o TAa= &) Axe 4%
2HE Aoz HG

o 2

O

]

P
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Fucoidan

0 pg/ml S00 pg/ml
0 5 10 60 0 5 10 60 (min)
IP : IGF-IR
99 kDa -
PY-99
200 kDa - pro-IGF-IR
97 kDa - IGF-IR

Fig. 26. Effect of fucoidan on IGF-Isinduced phospho-tyrosine,
pro-IGF-IR and IGF-IR of IGF-IRB in HT-29 cells.
HT-29 cells were incubated with fucoidan (500 pg/ml) for 48 hr.
IGF-I (100 ng/ml) was added for 0~60 min immediately prior to
lysate preparations. Cell lysates (750 pg protein) were incubated
anti-IGF-IR antibody and Protein A-Sepharose to immunoprecipitate
proteins associated with IGF-IR. The resulting proteins were analyzed

by Western blot for phospho-tyrosine, pro-IGF-IR, and IGF-IR.
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Fucoidan

0 pg/ml S00 pg/ml

0 S 10 60 0 s 10 60 (min)
X ; s i | IP: IGF-IR
phospho-AKT

60 kDa -

60 kDa - AKT

44 KDa - phospho-ERK 1
42 kDa - phospho-ERK 2
44 kDa - ERK 1

42 kDa - ERK 2

Fig. 27. Effect of fucoidan on IGF-I-induced phospho-AKT, AKT,
phospho-ERK 1/2 and ERK 1/2 of IGE-IRB in HT-29 cells.
HT-29 cells were incubated with fucoidan (500 pg/ml) for 48 hr.
IGF-I (100 ng/ml) was added for 0~60 min immediately prior to
lysate preparations. Cell lysates (750 pug protein) were incubated
anti-IGF-IR antibody and Protein A-Sepharose to immunoprecipitate
proteins associated with IGF-IR. The resulting proteins were analyzed
by Western blot for phospho-AKT, | AKT, phospho-ERK 1/2, and
ERK 1/2.
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X

3) HRG @93 &% &
|

AL Z4 A

Oko
2
o

(o]

o

gAoz 2AYA gAY AL ApEo] A E
o

1844 ME F4 AZ W) AsALe of

jus

o=zx I Aol FHH 1
el o3 dojdrt. Az g ME} primary colon tumore TGF-q,
TGF-B, IGF-I, IGF-Il 12|31 PDGFZ ¥ g3} 29| positive, negative
growth regulatorsS 44, &Rt Ligand=9] FE&ASE et &
g )o] AA QAxE9°] autocrine mechanism O 2 Ao AAS A3
H}(Ciardiello et al, 1991). o]# g A5 59 w7/iA T sl RTKE Al
W As ddoA Fag 2d AR ALt RTKO 93 215 Aol

HHom AHA YoM o] WAREE olzl A o WA ULle]

F

o

2

A (Blume-Jensen and Hunter, 2001; Hackel et al., 1999). & Aol 7]

ste AoZ ¢#Z protein kinases2 METS #F 3= RTKEH A2
of &x)|sl= protein kinaseE°olth. A7 <QAA7} RTKe] ZAdstd RTK7F
A4zt o] A vHY A5 7 M EE9 protein kinase5 2] IAMSHE Faf Al
I 2 AdEHo Ax S FXdEdg. & <A e RTKS ErbB
receptor family= EGFR (ErbB1), ErbB2, ErbB3, ErbB4= F/d=o] U1
G A EHHo] BY, F4, £} yofsir o] TAI JH=
83 Jg2 = ALE &eA U ErbB receptorol] A3tst= oy F
79 ligandE°] &Alst=dl EGF® TGF-a+ EGFRO| Z$slil(Toyoda et
al., 1995), HRG ErbB3, ErbB4cll Zgtst= slo® <24 Ut(Tzahar et
al., 1994).

ErbB receptor family= ™79t et WdAgh AolAAd 5 ofel Sl
A BEHEEAG SFH o™ (Maurer et al, 1998; Salomon et al, 1995;
Salomon et al.,, 1989; Safran et al., 2001), ErbB receptor family €/8¢] H|7
FAQ 2ol o HAY Faog e ARFE AT ErbB receptor family
7F i e GHMEAAN= AE F2, AIEX AFE, invasion, angiogenesis

on

T Aol FHEYI HIHYSEZ 9] receptors JASHA HWE & 4

2

o
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WA A5AY HHoz thAE JHsAde] AAHAL T (Anderson and
Ahmad, 2002).

weta, & AFolA= HT-29 thiader AlxoA FioldS Hsids o
AE 4 2 AX AMEES FESHE AAE HEOE st T Fo|do]
HRG/ErbB39] @¥ld FFo wA = F&Fs FHE LA ST

Ligand”} ErbB receptor®] extracellular domain®] ZA%3}H receptor?
dimerization®] ¥ °JUil intrinsic tyrosine kinase’} &/d3}%¢] receptors]
cytoplasmic domain®| tyrosin Z+7]9] QI4FE7E dojupAl Hoh 2 FollA
ErbB receptor familyd ©@¥ @ +F& A4uHd=t, 1 T F3old &7}
=7te5 ErbB29} ErbB3 ©Hid Wrdo] fHAste= AR UENTH(Fig.
28). 121}, HRGS @l d FFols obf-d dFS vX A FSkth(Fig. 28).
2 dFd A= 14HEE tyrosine @ A-E 200 kDa# 99 kDaoll A WS+
o, $3o]de Fx Frtol] wet 14tstd @uld FE2 T As Ao (Fig.

o
rlo

L)
i

=

A4k3LE tyrosine Z7]9] SH2 domaing X33 o8] 71X Aadg &2
o] At} o] Ao ZAgtste dud F Sl p8sE AE e A
< A4St Al7l= &4Ql PIBK®] regulatory subunit®] th(Rordorf-Nikolic et
al., 1995). B43l¥ p85= Pl3-kinase?] H&AZS A4S Yelfe pllo
catalytic subunit& $3}4] inositol ring®] 3HA| g9 i E FE3ta
ol AKTY ZA4S XY 243 H  AKT+= caspase9, Bad,
transcription factor & A3 AP #osies A S Aitslste B4
SIAZIBZ A AE APES JASt ME AES FFcH(Datta et al,
1999). 3+ ErbB32] &4 3l+= Ras-MAPK signaling 25 43 & 4 3l
TH(Yarden, 2001). & Aol Fzold A AKTS @¥id FF2 o
= AoZ Yeigtoy, ERK 1/2 @ d FFol= olFd J3FES v XA
2= A2 UE T (Fig. 28).

=
2

>

ol
rr
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Fucoidan (pg/ml)

0 100 250 500 1000
185 kDa - ErbR2
180 kDa - ErbB3
44 kDa - HRG
44 kDa - ERK 1
42 kDa - ERK 2
_ B_aCtin

Fig. 28. Effects of fucoidan treatment on the levels of ErbB2, ErbB3,
HRG, phospho-tyrosine, Akt and ERK 1/2 protein in HT-29 cells.
HT-29 cells were incubated with fucoidan (0~1000 pg/ml) for 48 hr.
Equal amounts of cell lysates were subjected to electrophoresis and
analyzed by Western blot for ErbB2, ErbB3, HRG, phospho-tyrosine,

Akt, and ERK 1/2. B-actin was used as an internal control.
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4) ErbB3 435 AE &4

Fig. 2804 HT-29 thZg¢t Alxzox Fso|thke] o3l ErbB2¢} ErbB39] ©
WA FFo]l Badte Ao YEgton® HRGOE 2% HT-29 thaet
MEel F2 A7 HRG/ErbB39] A5 Hd HZE wi/lste] dojyeXA
eobr A} Bk ATt

Ligand$! HRGZ} ErbB3ell Z 3§34 intrinsic tyrosine kinase?] &4Jo] g1
+ ErbB3(Guy et al., 1994)< orphan receptor® 4%l ErbB2¢} hetrodimer
S FAstEA iEEa Z43 He Aoz d#A lth(Alroy and
Yarden, 1997). w2tA, tiZa3 FFoldk 2ol ErbB3 @i d SF3
tyrosine®] 14+s} FES AHEJT T A, ERTNA tyrosined] <Q4H
3t FE 5EAA Skt 60&7bA FdsHA ALHJAoY, Faod A
o] 35 tyrosined] QI3 o] A LAHA = ASE YEHH
(Fig. 29). ¥3%F, ErbB3¢] @ujd whg =F H3 tyrsoine®] 74-%9 &L 3HA
zTodMs Edol Hloy, F3old HYTdMes Ao HHHA &=
2o 2 el thHFig. 29).

ErbB3o] &/dst= A X o 43 HES 4 A= g st= PIBKY &
43tE 7t o= © o] %A L PIBKY regulatory subunitql p85¢} ErbB32

A4S 2oz . FA3tE ps8sSE Pl3-kinaseo] A2l A4S YellE
p110 catalytic subunits 5319} inositol ring®] 3WA| €29 14HsE F &
stal o= AKTY 43 SIA7IA v £ ddolA AKT @ild &2
SF2old AHd #ARle] &S HAA FRoey, AKTS Iits FF
FTaol Ao gastE Ao e THFig. 30).

T3 ErbB39] €/d3l= Ras-MAPK signaling 428 243 & 4 AeH
(Yarden, 2001), 989 #AFES A &4t ERK1/2& AME S0 J3FS
HAA He Aoz A At & A= ERK 1/2 @ild 52 F
T BFoA obFd FFEFS mAA ¥gkout ERK 1729 <14ks @
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T2 F3old AHFTelA ERK 19 Fa&7F yebwe=d], oo #g A7
Y Peojol & Ao=w HIT(Fig. 30).

Wb, B AFo| A ZFo|gto] o3 M E =2 A= ErbB2eol &<l
72 wj&ol ErbB3¢] ligandQl HRGE %7l80S Wl ErbB3e] #4S 3|4
2 & I3, tyrosined] Q14bsE F3 AlE W] AKTSF ERK 1/29] Q14
o a7 Qe Aoz el

A
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180 kDa - ErbB3

Fig. 29. Effect of fucoidan on HRG-induced phospho-tyrosine and ErbB3
of ErbB3 in HT-29 cells.
HT-29 cells were incubated with fucoidan (500 pg/ml) for 48 hr.
HRG (100 ng/ml) was added for 0~60 min immediately prior to
lysate preparations. Cell lysates (750 pg protein) were incubated
anti-ErbB3 antibody and Protein A-Sepharose to immunoprecipitate
proteins associated with HRG. The resulting proteins were analyzed

by Western blot for phospho-tyrosine, ErbB3.
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Fig. 30. Effect of fucoidan on HRG-induced phospho-AKT, AKT,
phospho-ERK 1/2 and ERK 1/2 of ErbB3 in HT-29 cells.
HT-29 cells were incubated with fucoidan (500 pg/ml) for 48 hr.
HRG (100 ng/ml) was added for 0~60 min immediately prior to
lysate preparations. Cell lysates (750 pg protein) were incubated
anti-ErbB3 antibody and Protein A-Sepharose to immunoprecipitate
proteins associated with HRG. The resulting proteins were analyzed
by Western blot for phospho-AKT, | AKT, phospho-ERK 1/2, and
ERK 1/2.
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V. 28 &2 99

kel

H7tUES HESH7] A A S Al

iy
F<Q HT-29 MEAA A4HE A= b33 2k

1. HT-29 A<t A X o] FHo|dd 93 F4] oA

HT-29 tgd Mo S3o)as AHElstds W, ZAdo ot J3F glo] &
T oEHO T ME FAo] AR, DNA FAdEo] vi§ dAE= Ao
MQC3T3-E1 A Eo| Z20&= 9L vx]A] 2Lk

9oL watst oo Feysty WakE Ea A
Ao ™, Annexin V-FITC &4 &3l apoptosisel] ¢

e
olN
1>
o
12

A== AL s} 3 Al
F Abdo] fEHE AL et

2. ZF0]gto] Q3 Az AG 7]A <A

HT-29 o3 Axo] F3o|eS HetdS ®, Fas @A ZF7,

pro-capase-8 T 4F TA=E Extrinsic pathway®} pro-caspase-9, -7, -3 &
NF FF ZAZ Intrinsic pathwaydl] FEHOZ Foslo] Ax AHES
T3te AS=E Yeistth S Ba-2 family & anti-apoptotic factor®l Bcl-29}
Bel-xL ©¥d f=Fo] 7r4:, pro-apoptotic factor?]l Bax2} tBid T Uy 4
Fo] S7IE Adl, HFZHOZE cleaved-PARP Tl & HFY S=Fo] F71351e] A
AHES FESE Aoz Yehdth

kel

3. £30|do] 2]} translocation A& AE 7]A YA
29 Y Mo SFo|HsS AHEsHS W, Bax @ E H3
| 247} nEZE=gotoA Tx oEFHOE TASIHSH, cytochrome ¢ T

T FE2 A2 rEZELoldA TR oEHoE FUblE Hew
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el AMXE AldHo] 8FS v X+ translocation ©H & A& AL AZo|
A5l HE APES fF=dhe Ao YEgTh

4. FHo|Re] 93 AE F7] A

HT-29 ti7det AlZo $3ola-s Astide W, FACS #4415 F3l sub Gl
715 F7MA1H 2™, phospho-RB @Az E2F “wzo] EIAE o] F
phospho-RB®] ¢14Fsl A3z 18] G171 Adfsted HALS AAst= AHe
2 Yehgth 283 B-catenin @A HFH FFo HAE AE FEFS A
of X FAE Asfshs ez UEpsith

5. 3ol °§ NF-«B A% 714 A

HT-29 ti&ds Aol FHojds AFsidle wW, AxEZddAM IKKa,
phsopho-IkBa, IkBa® @& o4& FF5 Ao, Ax4d
o] NFkB ©]&<& 9Aste], NF-kBS DNA AHS AAstA AE AlEE
o2 Ueth 3, p383k INKe| <Ql4tsl wujd o] Aot

Edhe A
iINOS9} COX-2 @il d &8 Fo] 42 HFHOZ NF-kB 845 A}
o AE F24E JASE Ao E YEE

6. NIE A% QA mA= FF

NAL AENA IGF-I2 autocrine mechanismsol] 2J8] F21S ZAst A
ot HT-29 W7t Alaze $zold-S A 2lstsi< ®, IGF-IR, phospho-tyrosine,
IRS-1, AKT, ERK 19| @& & sFo] FAasglen, IGF-IRCE IPs}]
IGF-IR A5 HeE 71ds A& 23, IGF-IRY} phospho-tyrosine®] Tl gt
d FFo] FAEA S Y phospho-AKTS} phospho-ERK 2 ©id Wy 5
S7kete] IGF-IR A5 Ag 7130l ol Al F2jo] A=Ak HT-29 3
& Az FFoltS A3t AS W, ErbB3, phospho-tyrosine, AKT TH#
By FFo] gAENeH, EbB3E IPEle] ErbB3 A3 AY 7] AR
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7}, ErbB3, phospho-tyrosine,
S 1} phospho-AKTS] Tz

SAME AT E4L oA

AoE YEH.
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