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Abstract

The purpose of this study was to investigate the biological activity of fucoidan, a sulfur-containing polysaccharide, on cytotoxicity
and apoptosis in the human HT-29 colorectal cancer cell line using cell viability, Flow cytometry, Western blot, and RT-PCR analyses.
Fucoidan inhibited the proliferation of HT-29 cells by 39.6% at a concentration of 100 pg/mL for 72 h. The inhibition was
dose-dependent and accompanied by apoptosis. Flow cytometric analysis showed that fucoidan increased early apoptosis and late
apoptosis by 65.84% and 72.09% at concentrations of 25 and 100 ng/mL, respectively. Analysis of the mechanism of these events
indicated that fucoidan-treated cells exhibited increases in the activation of caspase-3, caspase-8, and PARP in a dose-dependent
manner. These results suggest that fucoidan may inhibit the growth of human colorectal cancer cells by various apoptosis-promoting
effects, as well as by apoptosis itself.
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M B A Ut A s W 98 AAst

ow, 32 IYQRICEE= L 5B A, GE, T

vt 919 Al oF A = 20159 o] F wid F AF 7 2 Afa, A HERL Qi 3 45 7S
Jbebe ZAjoln, 20199 % Al 2 oFskap 4l 25t 5ol 9J3f ¥rAstth(Jemal 5 2005; Yoon 5 2007). tHAYL2
4718 (d 135t 4,180, o] 129 538%)2.2, 20184124k z7] A 9 A, A 27, 7154 AAeke] HE X
5,87478) ] 8,844 (3.6%)0| 1, FA= 4,356 (3.4%), oA} = 23 Ast 28 fak= Holy 9o}, Atk A] ojm
£ 44888 (3.9%) SISt L, Al of A 191 /A% o] APEo] & WA B/ A7 wot A
(3Rt 6769), 29 H 2Tt 9,.9607), 39 Y%t 9,493%), WA A =E AlEstt a7t $4] gkal 748 E3F got
491 QT 9,03078)01H, 7= (83M)7HA] BESH= U3} ek A E o] EX] ¥5kal QltH(Kronborg 5 1996;
A% ol 298 FEL HHF 37.9%%, FAHB0A )= 39.9%, Winawer 5 1996; Shin & Byun 2004). Th49to] 5}5}a]d} oF
o ZH87A )= 35.8%2] F 'LAYo] Al th(Ministry of Health A 9] oA}zl 2 AL ok outaTio} H]-8o] §84] I oF
and Welfare 2021). & FAolu F&go] §lojof gt ey ol=dt 2

=X
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S50t A glong, E4go] flowA Jutaitrt §-
53t oFA] & 2]o] AJo] o3t thAet slstoll WA A+
(Zhao 5 1991; Torzsas 5 1996; Lee YR 2013; Na 5 2019)
5 Hoh anFo|1 ekHgt SgES Jide] R Al HiL
et

dry =2 JWSE A ZAFE (programmed cell death)Z &
27 A ZA}E AKapoptosis)q= 3291 B A B A 2}
BoA Al 5 SASHA FAIsH7] sl B2 Al 2ZAE
g o)t} 53], o] A 7Y oA Al ZAE 7]
o] E4EE A, BAAET FAZE HMSE T (Hu &
Kavanagh 2003), A3 344 54 B4 8% JS
Sk, AIEAI A8 §3, At SEs A4, o) ch
3} d4 9 apoptotic body F/ 5 AlZ2] Fej4 HIE =
Zot, oot I A YR} QFA o= AlTE
ZA=EHChoi 5 2009; Cho 5 2012). NJZAPE A9 Q9
2191 Bel-2 A|E Q) T, p53, Bax, caspases S4, tumor
necrosis factor(TNF)-related apoptosis-inducing ligand(TRAIL)
7} o] BHS ZA4A7IH, A 7] Az BeE S
UARSE B4y, ERIARSE B4, HAARIAL 9 A2 EHO| &
A, proteosome G2 HEZXOZF dlo] NEZAFES FEIit
(Korsmeyer SJ 1995; Trauzold 5 2001; Baetu & Hiscott 2002;
Jaattelda M 2002; Reed JC 2002; LeBlanc & Ashkenazi 2003;
Debatin KM 2004; Paoluzzi & O'Connor 2010).

Fucoidan 52 $h-oh= ®AKE 207H] thdA =, fucose
(44.1%), sulfate(26.3%), ash(31.1%) L A7FFS] aminoglucose2}
monosaccharidesE 35137 ¢J © ™ (Nishino 5 1994; Bilan 5
2002), ThAJH}S} 1| Q] Eof 28 2R 5}1(Chevolot 5 1999;
Chizhov 5 1999; Chevolot 5 2001), 3-AFSKPiao & 2004;
Ryu & Chung 2016; Bai -5 2020; Fernando 5 2020), Y €19
FEHOo29] H3KLee & Rhee 2014), T, FAEH A, F
dadE A, i, AW ATE, FEWGumer 5
1998; Del Bigio 5 1999; Jiang 5 2010; Kim 5 2010; Xue
S 2018; van Weelden 5 2019; Daub 5 2020; Dimitrova-
Shumkovska 5 2020; Li 5 2020; Fitton 5- 2021; Huang 5 2021;
Mabate 5 2021; Mustafa ‘5~ 2021; Suprunchuk V 2021; Yu &
2021; Zhu 5 2021) 59 Ae|g/do] x| lrt.

2 ATE HAEERE AA HFAAE APES Fest
£ 7154 &4 240 digh A7 (Ryu & Chung 2011; Ryu
S 2013; Ryu & Chung 2015; Guon & Chung 2016)2] 2glo.
2, 270l Fo® EAcks TR thFAIQl fucoidan]
A HYUAA|Z(HT-29) AP E apoptosisol] P|2]= FF=
MTT, Flow cytometry, Western blot & RT-PCR analysisE 4
Psto] selsteict.

Fucoidan®] Q1] tiAQMAZ(HT-29) AFE &7} 205

ME U

A=

Ayof| AR&3E MTT, fucoidan(F8315, <= 95% OJAN)
Sigma-Aldrich(St. Louis, MO, USA), Dulbecco’s modified
Eagle’s medium(DMEM), fetal bovine serum(FBS), streptomycin-
penicillin, Trypsin-EDTA-= Gibco(Carlsbad, CA, USA), caspase-8,
caspase-3, PARP, goat anti-rabbit I[gG-HRP+= Cell Signaling
Technology Inc.(Danvers, MA, USA), Bcl-2, Bax, p53, goat
anti-mouse IgG-HRPZ Santa Cruz Biotechnology Inc.(Dallas,
TX, USA) Al&Z ARESHIAL, =40 ARG BE AloFS &

L Agstoct

1%

o

2. M=F 2 NI HHQF

Old] A A|EZF(Human colorectal epithelial cell)Q]
HT-29 A3+ Korean Cell Line Bank(Seoul, Korea)ol| A 7-<5}
of ARESlYTE B N EZFE 10% heat-inactivated fetal
bovine serum(FBS, Gibco/BRL)T} 1% penicillin-streptomycing-
Z7}3F RPMI1640 B A& AFR-51o] 5% COS 33 37°C Hlf
9F7](Sanyo, Japan)oll 4] BjQFsSiTh. 23 o)At Af Bl gsta
g g5l &3] AR F A=E =7} 70-80% =
ESIEH 0.05% Trypsin-EDTA(Gibco/BRL) -8-H-& AR&-5}o]
A BigstHA Aol ARgstAT

3. MZE =M AMS(MTT assay)

Fucoidan #2] A] HT-29 A& FA]of| w|X= a%E 3-
(3,4-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide(MTT)
Bl (Carmichael 5 1987)C.82 243514tk HT-29 Al ZZ 96
well plateo] 1.5x10% cells/well W2 EF35ko] 24A]7F 8o
T A=Y FF 5= 0, 25, 50, 100 pgml7}F H =5 225t
of Z17-2 24, 48, T2AIF WFSIATE. HlOF T MITT A|oke:
20 mginl S 50 1LE 7 wello] H7}5ho] 4417 € HF
3 "R & A A5}l dimethylsulfoxideE 150 pL d7}slo] AJ
AE E849] formazan ZAES 83A|# ELISA reader
(SpectraMax, Molecular Devices, LLC, Sunnyvale, CA, USA)Z
570 nmol| A 4 E=E =% (Agilent Inc., Palo Alto, CA, USA)
StAth AlE FAEL2 fucoidan®] FFEE 279 4%
o tgt MEER Lepsic

4. FMIE 2M(Flow cytometry analysis)

HT-29 M2 0] fucoidan # |t Z0f early-apototic cell &
late-apoptotic cell 4~Z FACSCalibur Flow cytometry ¥ (Ryu
= 2020008 =A3}9Th HT-29 A EE 6 well plateo] 3x10°
cells/well L& EF5t0] 724|7F HiOF 3 A RE S
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A5t 24X17F foket ol wf RS A ASEIL PBSE M
&S HolW T trypsin-EDTAS A 2]sto] Y4525t A]

== A

=& HolFEQI}. o]oj A 1xbinding buffer(Annexin V-FITC
kit, BioBud, Seoul, Korea) 100 uLE Z7}5}a, A3 0] annexin
5 uL, PI 0.7 uL& 37}5F9] suspensiondt ] FACS(Fluorescence-
=

activated cell sorting) 42 E3f| apoptotic cell 5 =743}

At

H

5. EHHZE 251 M3 (Western blott analysis)

AEAE 2 Z47} DY B LEL 15 949
Western blot(Ryu & Chung 2015)2 A A|8} T HT-29 A
£ 10 mm9] dishol] 2x10° cells/well2 EF3511 A BE 55
HE Agsto] 72417F i ¥ PBSE 23] washing?t $-0f
RIPA buffer(pH 7.4, 50 mM Tris-HCI, 150 mM NaCl, 1 mM
EDTA, 1% NP40, 10% glycerol)= 44°CoJ|A4] overnight H1-3-A]
7131, |3 F cell lysatesE 4°C, 12,000 rpmof|A] 1027+ Q4]
£ T AF5HS Hot AR ARESITh o Fg
Bradford (Bio-Rad Laboratories Inc., Hercules, CA, USA) A]9F
S A35191 01, SDS-PAGE gelol] 5559 thaA-S Joading
o] R E-2 B &Sk & nitrocellulose membrane©]] 7t
thii g o] 247 membrane 3% milk/TBST(1.5 M NaCl, 100
mM Tris base, pH 7.4, 1% tween)Z A-2-0] 4] 14|17t blocking
St & 1x} antibody©l cleaved caspase-3, cleaved caspase-8,
cleaved-PARP, Bcl-2, Bax, p53< 4Cof|A] overnight ¥F-3-A|F
t}. o]ojA] TBSTZ A|Z & T}A] goat anti-mouse IgG-HRP,
goat anti-rabbit IgG-HRPZ 1A]7F HRSAIZ] Zof  Gel
Documentation System (Bio-Rad Laboratories Inc., Hercules, CA,
USA)E ©]-&5}lco] high molecular weight marker(Amersham,
England)2 A4S 75k

6. MRNA 3 AIS|(RT-PCR)

1) Total RNA £2]

Fucoidan®] HT-29 A F4] A & A §& &I}
mRNA 20| A= FoFE x| =A] &Rlst7] fI5to] RT-PCR
S 533519k HT-29 A|ZE 6 well plateo] 3x10° cells/well
Pr g2 F50610] fucoidansd wEHE A 2|5}aL 2447 & Hj
A5 A AT & Tri reagent 1 mLE 3 7}5}0] scraper2 A3
£ Ko} 327 A-2of ®WA5H3H. o17]9] chloroform 200 uL
£ A7I5to] FE0] 42 Fo 1023 WA|staL 4C, 14,000
pmo][ A 2087 HHEE st 4SS FEE &4 91
isopropanol 500 ULE 7}sko] Ag=2oll A 1083 WA|skar of
Al 4T, 14,000 rpmo[A] 2027 AHE 5t FF5AES AA
S} th. DEPC water® 38]4 3t 75% ethanol 1 mLE 3 7}5}o]

OF5}HA| vortex3til 4C, 14,000 rpmol|A] 5E7F QAR 5,
FEHS AATL pellets Fw5] ARAHTH 2
RNase-free DEPC water 50 uLE d7}5}0] &1 &of o]|AE&
RNase-free DEPC water -89 0 2 1:1000.%2 3]A35}0] 260 nm
2 280 nmof|A SFE(OD)E =74 (Agilent Inc., Palo Alto,
CA, USA)3}] OD 260/0D 280 ratios RNA2] purity(1.7~2.0)
£ gQIsta OD 260 Lo & RNA 5&& S5t

2) cDNA BHM

Z3FSE RNA sample 9F0] 500 ngo] EL= tubeo] FH|5}
3! 10 mM dNTP mix, Random hexamers(50 ng/uL)S E3}5}0]
F%0] 10 L7t H=5 55 7Iste] 65CoA 581t
B3t & reaction buffer(10xRT buffer 2 pL, 25 mM MgCl,
4 1L, 0.1 M DTT 2 L, RNase OUTTM 1 L) 9 uL 7}5ko]
A1 L0of| A 287} wjok3t 3, superscript™II RT 1 uLE d7}5}
of 42°CollA 504, 70CoflA] 1587t vl F5}F3At. RNase HE
1 uL H7Fskal 37°Co| A 20 BiFet & -20TofA His]
W AgE ARESHIT

3) Polymerase chain reaction2=2 DNA &=

Al& 1 pLoj] PCR mix buffer(10X PCR buffer 5 pL, 25 mM
MgCl, 3 uL, 10 mM dNTP mix 1 pL, Taqg DNA polymerase
0.4 pL) 9.4 pLe} sense, antisense primer 212} 1 pL, B
37.6 uLE Z3}slo] RT-PCR(Bio-Rad Laboratories Inc., Hercules,
CA, USA) cycleS 21843t 30| ethidium bromide= 43t 1%
agarose gelZ 7|95 AA|5t1L, Gel Documentation System
02 bandE TESIFT;. AMEH primersi= B-actin sense
(5'-CCTCTATGCCAACACAGTGC-3") antisense(5'-ATACTCCTG
CTTGCTGATCC-3', BCI-2 sense(5'-CAGCTGCACCTGACG-3")
antisense(5'-ATGCACCTACCCAGC-3'), Bax sense(5-ATGGA
CGGGTCCGGGGAG-3") antisense(5'-TACGCCCATCTTCTTCCA-
3, p53 sense(5-GCTCTGACTGTACCACCATCC-3") antisense(5'-C
TCTCGGAACATCTCGAAGCG-3")°]t}.

7. SHAzE
A9 AIR= SPSS 200 T2 IHO R 7 AP
HEHAZ AASIIL ANOVA 24 % p
Duncan's multiple range testE A A]s}o] A+ 712

< ASsHAH-

=

=

=l

<N =

#a
K

1. HT-29 M| S4] B3]
MTT assay= F|EZEg|ofe] g4d G Aazkgo] oJdf =
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Aol g4 7129l MTT7F B84 HabA formazan©.
2 FYs= Y8E o83t Wi (Carmichael 5 1987)0]H,
MTT formazan®] E34% = 570 nm 1o A X7} =, o]
oA EHE SEEE Aot A FAdgh Alze
g RFGSith QA tHAUAN L] HT-29 Al F-4]0f ]
L ke BHolsly] 93] fucoidand 0, 20, 40, 60, 80 L
100 pg/mL 2 A Z5k0] 24, 48 L 724|7F A& stATh. Al
3 A3}, fucoidan?] ot A A|Zhol| H|#H|Sto] HT-29 A2
Abdol oA o g F7FeF oM (p<0.05), §35] 100 pg/mL
FEOA 2A1ZF A7 Al Al AEE0] 39.6%= FASH]
A5 TH(Fig. 1).

2. HT-29 MIZAIH RE

Fucoidan®] 2]t M| ZAFE O] apoptosise]] 7]15H=A] &<l
517] 9J5te], AR5 0, 25, 50 9 100 pgml F=2 A 25t
T2A1ZF HiQF & HT-29 Al ZAFES ERlstqleh. Ao AR
= Flow cytometry ®'H(Guon & Chung 2017; Ryu 5 2020)2
apoptosis”} = T QXA WHo| ZA5}H phosphatidylserine
(PS)°] AL R E LE=HA] o] affinityE ZH= Annexin
V7t Agehe RS o] &5H= A0, popidium iodide(PT)
2} double stainingS AIA|5}o] apoptosise] SHF AL S A
20 & &7ttt PSol| oA 02 Zglsl= Annexin VO
P19 A9t E7A-S o]85to] AH|E 3 early apoptosis
(Annexin V-FITC positive, PI negative) 2 late apoptosis
(Annexin V-FITC positive, PI positive) H|-8-& 1519t A

103

40

Cell viability (%)

=

Concentration (ug/ml)

Fig. 1. Cytotoxic effects of fucoidan in HT-29 cells in
time and dose dependent manners. After treatment with
fucoidan for 24, 48, and 72 hr, the cell viability was
investigated as described in the Materials and Methods. The
values are meantS.D. of three independent experiments.
Bars with different alphabet letters are significantly different
at p<0.05.

Fucoidan®] Q1] tiAQMAZ(HT-29) AFE &7} .

Y A7}, 2o A= early apoptosis 2 late apoptosis 25
ol A AlzAFEo] HAYSHA] A} O, fucoidan 25 pg/ml &=
of| 4] early apoptosis 65.84%, late apoptosis 6.2%% % 72.04%
O] A|zzApEo] ZFP= ATt o]0 A fucoidan 50 pg/ml 5=
A= early apoptosis 9.55%, late apoptosis 64.4%% & 73.95%
o] AlzApEo] FRIFUA, 100 pg/mL FEOIA = early
apoptosis 12.65%, late apoptosis 72.09%% & 84.74%2] A EA}
o] MP=)Ql o, fucoidan H L7t Z71EE late apoptosis
7} HlE|A o8 Z7151H tH(Table 1, Fig. 2).

3. Caspase-3 U caspase-82| &AM3|
HT-29 A|30] fucoidan 2] A| T= JEH O & A|ZAME

Table 1. The population of early-apoptosis (Annexin
V-FITC positive, PI negative) and late apoptosis (Annexin
V-FITC positive, PI positive) treated with fucoidan in
HT-29 cells for 72 hr

s

% A B C D
Live 99.8 27.26 4.56 223
Early apoptosis 0 65.84 9.55 12.65
Late apoptosis 0 6.2 64.4 72.09
Total 0 72.04 73.95 84.74

*A: 0 pg/mL, B: 25 pg/mlL, C: 50 pg/ml, D: 100 pg/mL of fucoidan.

Amnexin V—FITC

Fig. 2. Effects of fucoidan on apoptosis in HT-29 cells
in a dose dependent manner. The right bottom quadrant
represents Annexin V-stained cells (early-phase apoptotic
cells). The top right quadrant represents PI- and Annexin
V-stained cells (late-phase apoptotic cells). A: 0 ng/mL, B:
25 pg/mL, C: 50 pg/mL, D: 100 pg/mL of fucoidan.
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o] L EOo P apoptosis®] 8 9IZ}QI cleaved-caspases
A cleaved-PARPO] & F/F2 Tl oA WEst] 9
3f] Western blot(Ryu & Chung 2015y A| 335} th. Fucoidans
25,50 9 100 ug/mL 5 =2 HT-29 A|3Eof 72A17F A 2|st &
of cleaved caspases-3 X cleaved caspase-82] ¥& o] fucoidan
Eo Blgste] F7t6t o™, PARPY] U E thd F716t
= Ao] FIth(Fig. 3). Caspases= cell repair G492 B
Sfi2} apoptotic T2 9] ZH/J 3} M3 B3l apoptosisE L2
7] ™ (Nicholson & Thornberry 1997), apoptosis ¥ o]l 4] 593t
g2 5= caspase DAL initiator caspasesQl caspases-2,
-8, -9, -102 death-inducing A5 & ASIEH, ZAsle
initiator caspases+= effector caspasesQl caspsaes-3, -6, -7°|| Zt
25to] AJslEtt BA5lE effector caspases= lamin A,
DNA fragmentation factor, a-fodrin 2! PARP 5 A|3E Q]
2HES 53] apoptosisE: L O7|™ o] w] caspase-8°] 2]5
caspase-37} ZAISHE TH(Chai 5 1999; Kim 5 2005; Selvakumar
& Sharma 2007; Tsang & Kwok 2008). Apoptosis I}7of A]
caspase-3+= apoptosis®] APA}LZ, PARPE ZAHolAL 49
823} DNAZ Hekslo] apoptosisE -3 3HU](Nobili 5
2009; Tan & 2009; Galluzzi -5 2012), cleaved caspase-3+=
PARP 7|do] ZA¥sto] AZEs|7t SXEHEE, cleaved
PARP T o] Z71% 0] apoptosis7} Yolidth. o A3
&9, fucoidano]] 2J5f caspase-8 & caspase-32] &/Jo] F7}5}t
31, B]u]3}A]5 PARPS] B8-S ko] apoptosis7h LolLt
= A& gelselt

o

Fucoidan (pg/mL)
0 25 50 100

PARP mp 4 39 kDa

Cleaved caspase-§ = — : ji ga
4 a

——

19 kDa
Cleaved caspase-3 mp —— —— 17 kDa
p-actin mp . e e S 4m 45KDa

Fig. 3. Effects of fucoidan on the expression of
caspase-related proteins in HT-29 cells in a dose dependent
manner. Cells were treated with 0, 25, 50 and 100 pg/mL
of fucoidan for 72 hr. The cell lysates were electrophoresed
and Western blotting with caspase-8, caspase-3, and PARP
antibodies.

4. Bcl-2, Bax Y p53 g

Fucoidano] ©]3t apoptosis = 7]1H& F93517] 93]
anti-apoptosis proteinQ] Bcl-22} pro-apoptosis protein?] Bax, &
F AAFAR; A= p539] AL HEFR] B-actin}
H) 1 24519t} Fucoidang 25, 50 2 100 pg/mL S == 72
AZE AR A, B2 EES BE RN At
apoptosisE ZX15k= Bax®} p539] @do] thah F7sHT
(Fig. 4). ©]o1A] apoptosis®] A F &2 AMR-E|= Bel-2/Bax Ua
o] fix3} HI Al fucoidan®] BE =S 25, 50 E 100
ugmLof| Al §-oF 0= ZHASHY AL, I 5=l 100 ng/mL
oA 44.2% ZFASHYITHFig. 5).

Fucoidan (pg/mL)

0 25 50 100
Bcl2 mp S — = 25 kDa
Bax mp :m. i 4m 23 kDa
p53 mp 4m 53 kDa
B-actil D o —— — - 45 kDa

Fig. 4. Effects of fucoidan on the expression of Bcl-2
family related proteins in HT-29 cells in a dose dependent
manner. Cells were treated with 0, 25, 50 and 100 pug/mL
of fucoidan for 72 hr.

a b
&0
60 C

d

40
0
o

] 25 s0 100

Concentration (pg/mL)

Bel-2/Bax (%)

Fig. 5. Effects of fucoidan on Bcl-2/Bax ratio(%) in
HT-29 cells. Quantitative analysis of band was estimated by
densitometric analysis. The values are mean+S.D. of three
Bars with different alphabet
letters are significantly different at p<0.05.

independent experiments.
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5. Apoptosis B2 mRNA &

Fucoidang- 25, 50 2 100 pg/mL 5 =2 A 2|5l¥-S o, &
£ FE00A Bel-29] mRNA 2&o] 243} H| 1w 5to] {2
A0 F ZrAst oL, o]eh= Wt R, Bax mRNA &2 tf
Z3} H] 1 A], fucoidan 25, 50 © 100 pg/mL S oA 25
B8.0]A 0 7 =715} thp<0.05)(Fig. 6). ESF p532] mRNA 2t
A= fucoidan 100 pg/ml FEAA Fo|H o=z F7Istitt
(p<0.05)(Fig. 7). Bel-2 family T E-2- n|EZE 2o} Ujdlo]
A8 nlEZ=ote] v £3/d3 cytochrome ¢ W& A
o2 ol MEZAEEL 2PV Antiapoptotic T
Bcl-2%= pro-apoptotic T 21Q] Bax@} hetero-dimerS: & AJ 5}
o] apoptosisE A|5h= W, Bax= WEZEE|oke] o A
9= SHFA]A cytochrome cQ] &S YO 7 apoptosisE &
L= 3lch(Chiarugi 5 1994; Youle & Strasser 2008). Tt p53-2
AE 24 ASHAL apoptosis FHISH £ o4 &
AAoln, Bel-29] EZHIE FERth(Smith 5 2000;
Vogelstein 5 2000; Haupt 5 2003).

Q% W #=

Fucaidarn (pa/mL)

o 25 50 100

c

C
5 b :
100
’? I
;
0
0 25 50

100

]

Bax/f-actin (Ya)

=

-

Concentration (pug/mlL)

Fig. 6. Effects of fucoidan on Bax mRNA expression in
HT-29 cells. Quantitative analysis of band was estimated by
densitometric analysis. The values are mean+SD of three
independent experiments. Bars with different alphabet
letters are significantly different at p<0.05.

Fucoidan®] Q1] tiAQMAZ(HT-29) AFE &7} 209

Fucoidamn (pgsmmL)
L+ ] 25 50 100

<
d
b
100 b
BO
o0
40
40
0
0 23 £ 100

Concentration(ug/mL)

p33/p-actin (%)

Fig. 7. Effects of fucoidan on pS3 mRNA expression in
HT-29 cells. Quantitative analysis of the band was
estimated by densitometric analysis. The values are mean+
SD of three independent experiments. Bars with different
alphabet letters are significantly different at p<0.05.

FZAPE 9 apoptosis A&7 ST HT-29 Ao
fucoidan 0, 20, 40, 60, 80, 100 pg/ml =& J2js}a 242t
S 24, 48, T2A17F HiQFS] MIT assays 33t 23}, ZE
MBI & OEA0 R HT29 AlZANEo] Z7H5HST,
fucoidan 100 pg/mL F O Al 24A17F vjF A] A& AEE0]
90.4%, 48 & 72A|7E0] 7 AE-Eo] A7t 69.1%2} 39.6%=
e o], fucoidan®] 5=} B Al7to] S/ HT-29
HZAPEo] §ojhog 27159t} Fucoidan 0, 25, 50,
100 pgmL FE= A2 5to] Annexin V-PI stainings &-f
apoptosis2 AFEoh= AlLO| s FFHow ST 2
3}, ZEZF 0%, T0.04%, 73.95%, 84.74%= AEA o] 715}
At AlZAFEY TEE Ao IES Western blot
analysisS =3 3H&5aL RT-PCRE ©0]-&35}9] apoptosis I
A= mRNA S 25 23, caspases®] E/dFQ
cleaved caspases-3, caspase-82] W&o| H SE&F o7 =7}
S} L, PARPS] YL th4 F715tH T} ESE apoptosis £
Aol 7 dE: A0 F-AAH] Bel-2 family THH 23} mRNA
o = o]EF 07 7445191, o]9t= W2 Bax &
ps39] HAL s oEH oz FUlstYt oAl Axtz,
fucoidan©] QUA| ThAFF A|ZEFQ1 HT-299] F4]& A5k,
caspase-8} caspase-32] EA43lE YO 7|u, PARPS] At}
Bcl-29] & A, Bax ¥ p532] WA F7HE &l apoptosis
£ Fote A gQlsiaitk
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