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ABSTRACT

Objectives : To study the apoptosis effects of fermented Undaria pinnatifida extracts(FUP) against HCT-15
colon cancer cells,

Method : By measuring cell proliferation, DNA fragmentation, cell cycle, morphology, and western blot from
FUP, the study investigated the effects of the extractions had upon the HCT-15 colon cancer cells, and
concluded that the inhibiting effects upon cells were induced by apoptosis,

Result FUP effectively inhibited the growth of HCT—15 colon cancer cells, After analyzing the DNA
fragmentation, the study observed a DNA ladder, while examining the cells, and found an increase of sub—G1
hypodiploid cells, On the changes regarding the nucleus of the cells, a condensation of cells and chromatin, as
well as an apoptotic body was clearly observed. By observing through western blot from FUP, the study found
a decreased level of Bel—2 from HCT-15 colon cancer cells, but the increased level of Bax and cleaved
caspase—3, which as a result induced apoptosis, inhibiting the growth of HCT-15 colon cancer cells, FUP
increased the natural death of HCT—15 colon cancer cells by the induction of apoptosis. FUP seemed to have
no suppressing effect upon HL—60/MX2 cells, However, compared to the fucoidan, the study was able to clearly
observe morphological changes of HCT—15 cells apoptosis, in a 1/2 concentration.

Conclusion FUP had antiproliferative effects on different kinds of cancer cells, while proving especially
efficacious against colon cancer cells,
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g Qar, o] %) tAlul Laminaria religiosa ©I\A
FZ&3} fucoidan extract 7} apoptosis & A|ZZS4] &3}
7t USE Hustgloy ug daFEEl] FARgol Higt
Hyl ofz] gigith old B dpodE ny wrasEE
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1. A&

1) o

AFE AAZA SL=W it A= Bg((U
pinnatifida)s 20069%E AL AFHtHeH, T vF
< Akpeste] FET o]BHE AAT & EsRFo] 5~10%
HA AdAx 2y & AMESA

2) AleF & 7|7

= A ARSE 7171=
Penicillin—Streptomycin(GIBCO Inc, USA), FBS(GIBCO
Inc, USA), Trypsine(GIBCO Inc, USA), RPMI 1640(GIBCO
Inc, USA), MTT(Sigma, USA), DMSO(Sigma, USA),
PI(Sigma, USA), H33342(Sigma, USA), Fucoidan(Sigma,
USA), Caspase Detection Kit(Sigma, USA), Promega
Wizard Genomic DNA Purification Kit(Promega, USA),
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Bio—Rad Protein assay Kit(BIO—RAD, USA), Anti—Mouse
Bel—2(Santa—Cruz, USA), Anti—Rabbit Bax(Santa—Cruz,
USA), Anti—Rabbit caspase—3(Santa—Cruz, USA),
Rabbit—Antimouse IgG(Santa—Cruz, USA) So|t} EH
Al5lof| AR 7]7]+= Microplate Reader(Amersham Pharmacia
Biotech, USA), UV transilluminator(Spectronics
Corporation Westbury, USA), Coulter EPICS XL™ Flow
Cytometer(Coulter, USA), round bottom test tube(Sigma,
USA), #3317 (Olympus, Japan) Folt},

2, 99

vt g 3228 (The fermented Undaria pinnatifida
extracts, ©]3} the FUP extracts & #7])2 Z AZRH b
I& HHESE & AREA 10819 & 718k 100~12
0ol 10 Az 748 F&35te] A5dd 1FEE 2%
T AFES WY, 19 tF A FE29S
g7ER]  5~10 AlZHEet 7h2ste] FEF & A&s)]
Streptococcus faecalis, Bacillus mesentericus, Clostridium
butyricum & AXEYr|EoR 77k 1,0x10°~1.0x10” /g
FHohs TREFFE FEN 1 LY digte 0.1~0.2 g £
sto] 40'C~45TolA 6 AlZF HaESGT WE $ 125TE
30 & 7tgste] mAEL aAE Edsty EZATetY ¢
2 HgEEFEES YR Bt o] £UE ke
F=of it Eoll &aiAXl & APE WX = FAste] AR
skt

3. A= Wi

HCT—-15(human colon cancer), MCF—7(human breast
HL-60(human
HL—-60/MX2(mitoxantrone resistant human promyelocytic
HL-60/ADR(adriamycin
promyelocytic leukemia), A549(human lung carcinoma)
a8 A A|EFQ HEL-299(human embryonic lung
celD)E 3= AEF 23 (Korean Cell Line Bank),
ATCC(American type culture collection)d} WAIA|ZEATLA
B (Research Center for Resistant Cells)2X ¥ EoF dlo}
Age A Iril= Hj 2] = 100 units/m¢ 2]
Penicillin—Streptomycin(GIBCO Inc, NY, USA)¥} 10%
heat—inactivated fetal bovine serum(FBS; GIBCO Inc,
NY, USA)E Z3sh= RPMI 1640 HiRS AR&stgich wfoF
2 37T, 5% COy F-27]ol|A vijFstrt.

cancer), promyelocytic  leukemia),

leukemia), resistant human

4 AZ =4 23

Nz S gt rdtasEEI F30|(The
fucoidan from Fucus vesiculosus, ©|5} Fucoidan® 2 I
7ol ads Blmwstr] Yste] MTT(Sigma, MO, USA)9|
ol W& formazan ZFE(N, N —diphenyl—formazyl—benzene)
o A A=R AlE =4& HAsHTE 96—well microplate
of A¥E MZE 3.0x10° cells/miE Wi, v|gUEFEE
< 10, 30, 50, 75, 100 ug/mle] HE=2, FucoidanZ 1, 10,
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30, 50, 100 ug/me®] F== AHste] 4 U7k wigFsTt, o
7191 2 mg/mf2] 3—(4,5—dimethylthiazol—2—yl)—2,5—diphenyl
tetrazolium bromide (MTT)E 50 w 7St 4 A|ZF ¢
HjeFet th, plateE 1,000 rpmellA 5 £7F Y4l E2sto]
AFeNe AASALE 9710 150 w dimethylsulfoxide(DMSO

Sigma, MO, USA)E 7lste] JAEEL 83X o
microplate reader(Amersham Pharmacia Biotech, NY,
USA)E ARgStel 540 nmolH FREE Z3shach 24 A
22 dg WF FYE e FaRod, gael B3
At mmstel Aol YEE 2ARIAGY. 1 F Y B
A Az tiste] w|SLaFEE AZAPES A
a3,

5. DNA fragmentation

HCT-15 AZ (1.0 x 10° /mQ)ol 50 wg/m¢ ¢ H==
nge WE FEES AT oS 6, 12, 24 A7Heet wjeF
stgEtt AlZE £33 & Promega Wizard Genomic DNA
Purification Kit (Promega, WI, USA)E A3l DNAS
2ttt B3t DNAS 1.5% agarose geloA] 40 &
(100 V)Z¢t A7]9%52 AAS & ethidium bromideZ 4§
A5t UV transilluminator (Spectronics Corporation
Westbury, NY, USA)3lolA] DNA fragmentation @AM
T st

6. MZF7113} 53

HCT-15 AZ (1.0 x 10° /m)ell 50 wg/ml &} FE=Z
ulgde] wa FEES A3 oS 6, 12, 24, 48 AIXF B¢
okt & NS 4835} PBS(Phosphate Buffered Saline)
2 AHsA, 1 F -20C0lA 70% ethanol2 30 & &
oF 114 A]l7]1 PBS A& & RNase A (1 mg/m0)E Aa|st
th29] propidium iodide (PI; Sigma, MO, USA)Z HH3}
3, Coulter EPICS XLTM Flow Cytometer (Coulter,
Miami, FL, USA)E NZZ712 2514

7. 99 JHEA W3l #F

HCT-15A1Z (1.0 x 10° /mQ)o] m|SeEFZEL 50
ug/mle] =2, Fucoidand 100 wg/me] H=2 A3t of
= 6, 12, 24, 48 A7t FF vjge ¥, DNAY| Eo|Hog
Agel= PPN Hoechst 33342 (H33342; Sigma,
MO, USA) &9 7lsle] 37ColA 10 E7F GM3 & 3§
@07 (IX-71, Olympus, Japan)stolA #asrATH?,

8. Western blot

HCT-15 AIZ (1.0 x 10° /m)ol 50 ug/me®] =2 w]
AAa2EES A th 6, 12, 24, 48 ARt Ft wiok
3t 3 NEES 2~3 3] PBSE A& ¥ 300 w9 lysis
buffer& 7}, 30 ¥ 39 lysis A7l & YAEF] (15,000
rpm, 4C, 15 min)dte Nzt J& FZ AASA. oW
A %% = BSA (bovine serum albumin)S X&3}5}o]

Bio—Rad Protein assay kit(BIO—RAD, HC, USA) & A}
&35t At 20~30 g9 lysateE 10% mini gel
SDS—PAGE (poly acrylamide gel electrophoresis)2 A
Ha)sle], o] PVDF membrane (BIO—RAD) ©f 200 mAE
2 A7t E<F transferd}itt, 18]3 membrane®] blocking
5% skin milk7} @&§% TTBS (TBS + 0.1% Tween 20)
SHof|A oA 2 A7HEt AAJStTh Bel-29] W <
2 =A% Y3 1A FAZA  Anti—-Mouse Bel-2
(Santa—Cruz), Anti—Rabbit Bax(Santa—Cruz) £} Anti—Rabbit
caspase—3 (Santa—Cruz)E TTBS -&HojlA 3]4(1:1000
EE= 1:500)8k] Ad2oA4 2 A7F §RSAIZI & TTBSZE 3
3] AT 2% 3HHlZ= HRP (horse radish peroxidase)
7} 2= Antimouse IgG(Vector)@t Rabbit—Antimouse
IgG(Santa—Cruz)& 1:50002.2 3]4sto] AFLoA 30 & ¢
9-3AIZ1 &, TTBSE 4 3] AjAste] ECL 712 (Amersham
Co.)@ 1 BZt ¥k 3 X—ray ZEof| 725t}

lysis buffer®] &4 : 50 mM Tris—HCl (pH 7.5), 150
mM NaCl, 1% Nonidet P—40, 2 mM EDTA, 1 mM
EGTA, 1 mM NaVO, 10 mM NaF, 1 mM dithiothreitol,
1 mM phenylmethylsulfonyl fluoride, 25 ug/ml aprotinin,
25 ug/m¢ leupeptin,

9. A9} o]F%5 accumulation

Az drog orEg HiEgo g FEY F3E 7

£ AlZu o]55& FACSE o|83ste] 7HHdoa =431
o}, HL—60/MX2(1.0 x 10° cells/ml) AZE FFH ujz
9+ A microtubed] ¥ &, wIgYEFEES 10, 30,
75, 100 ug/me®] == At 37C, 5% CO» P27
oA 30 £ &<t it & 5 uM mitoxantrone ¢] H&=F
Astar 30 # B AuiFSHct AlZ RRAS AT
PBS &oloz 3 ¥ AT & 500 w PBS & R{3 the,
FAZEA7 2 FFE Uetlis AlZE S35

10. SAAE
AFoA d& AIE Student’ s t—testE ©|&3 F
A Agstar, p<0.05 FEA Fo8S At
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1. A= 24 94 &z

NojEUEFES2| M2 4 AN 50t

Mxze] A i ugddazEEY aa3E MIT
assay® ATt HCT-15, MCF—7, HL—60, HL—60/MX2,
HL—-60/ADR, HEL-299 oA u]gd@taxZES 10, 30,
50, 75, 100 ug/mi H==2 A st NE 2] oA &zt
E AMTE 43, HCT-15 AlZo] AZd 50 ug/meol| A+
50% ©]A49] growth inhibition & E I3, MCF-73}
HL-60 Al=Zof A3 100 wg/mlIA= 40% o9
growth inhibition& E Tt 281 A NEZ gigt A
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Figure 1. Inhibitory effects of the FUP extracts on the growth of
different kinds of cells,

Different kinds of cells (1.0~3.0x10° cells/m)) were treated with
10, 30, 50, 75 and 100 pug/ml of the FUP extracts for 4 days
and measured for viability by MTT assay. All experiments were
performed in triplicate. Data were presented as means = SD from
three separate experiments. * : P{0.05, ** : P{0.01 by t-test.
HCT—15 (human colon cancer), MCF—7 (human breast cancer),
HL—60 (human promyelocytic leukemia), HL—60/MX2 (mitoxantrone
resistant human promyelocytic leukemia), HL—60/ADR (adriamycin
resistant human promyelocytic leukemia), HEL—299 (human
embryonic lung cell)

2) Fucoidan?| M= ZA! AAx| s}

Alzo] Ao gigt Fucoidan?] IS MTT assay=
ANETE, HCT-15, MCF-7, HL—60, A549, HL—60/ADR,
HEL—-299 ©o]A Fucoidan& 1, 10, 30, 50, 100 wug/m¢<]
FEE Aty Az F4 A aTE HASE A,
HCT-15 MZof 2|3t 100 ug/mlIA 62% ©]A+2] growth
inhibition ZF& ¥, MCF-7 AXo] e 100 ug/ml
oA 34%, HL—60 AlxZol g 100 ug/mielA 52%,
A549 Ao AT 100 ug/meolA 65% ©]4+2e] growth
inhibition & E%ich EZ HL-60/ADR AlZo] A&
100 wg/meollA 62% T3 A MZFo| ot Nz =4
AlFS 98] HEL-299 AMEZe] Fucoidan 1, 10, 30, 50,
100 wg/ml F=2 AH=e A 7P 2 =% 100 wg/
oA oF 11% Hxo NZ 54L& BtHFigure 2),
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Figure 2. Inhibitory effects of the Fucoidan on the growth of
different kinds of cells.

Different kinds of cells (1.0~3.0X10° cells/m)) were treated with
1, 10, 30, 50 and 100 ug/md of the Fucoidan for 4 days and
measured for viability by MTT assay. All experiments were
performed in triplicate. Data were presented as means + SD from
three separate experiments. * : P{0.05, ** : P{0.01 by t—test.
HCT-15 (human colon cancer), MCF—7 (human breast cancer),
HL—60 (human promyelocytic leukemia), A549 (human lung
carcinoma), HL—60/ADR (adriamycin resistant human promyelocytic
leukemia), HEL—299 (human embryonic lung cell)

2, u|gEEFEE HCT-15 A A=z dig
DNA ¥4 a3y}

ngRtagsEEE0] HCT-15 AME AREA A&}
apoptosisell ¥t AIIA] A7 93] DNA 2ddYS
ZAERATE HCT-15 AE (1.0 x 10° /m0)ol 50 ug/m¢ <]
TR ngdasEES AT o 6, 12, 24 AZFEQ
HjF8lal  Internucleosomal DNAEAEAZ agarose gel
A795S E5to] AR Internucleosomal DNAR-A
49l ladder patterne Aj7F gEFHoZ  FEEQTH
HCT-15 MZ& v|gdaz=EE A 12 AIXF $5E DNA
BE@Yo] F=HUHFigure 3).

ML Con Ghr 12Zhr 24

Figure 3. DNA fragmentation by the FUP extracts in HCT—15 cells.
HCT-15 cells (1.0x10° cells/md) were treated with 50 ug/md of
the FUP extracts for 6, 12 and 24 hr. The first lane designated M
ina 1 Ko DNA ladder [ was ] used as a molecular marker.
Analysis for DNA fragmentation was performed as described in
materials and methods. Con : Control
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3. mgdUFaZEES HCT-15 diAY AlZd
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HCT-15 AIZ (1.0 x 10° /mQ)ell 50 ug/m¢ ¢ HE==
ngutg 2289 A3t oS 6, 12, 24, 48 AZF B2t )
%3t &, DNA| ZAgstd g3 veidis 3¢ PIE A
g3t NEZF7|E FAZ BA72 ARG, O A
apoptotic A2, £ sub—G1 hypodiploid A7} &7}k

< ISt THFigure 4).
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Figure 4. Cell cycle

HCT—15 cells (1.0x10° cells/md) were treated with 50 ug/md of
the FUP extracts for 6, 12, 24 and 48 hr. Cell phase distribution
was determined by Pl staining and FACS analysis. The flow
cytometric analysis was performed as described in materials and
methods. green line : sub—G1(apoptosis), red line : GO/G1, blue
line 1 G2+M

4. Morphology

1) DI9gsFE= Aol st thE
X Hst

HCT-15 AIZ (1.0 x10° /m0)oll 50 wg/m(®] == vl
deta S E5S ATs oS 6, 12, 24, 48 A7t F<F =¥
3t &, apoptosis &%l HEhtE FEHEHE HIE DNAY
Eo|zloz ZAgsle PP Hoechst 33342 §4o=
FAE & FFAu SN TS, AP oZ AR
Ay} nggaFzEE Ao 2J5l9] cell shrinking, chromatin
T 22 FHEE wskEe] £3

SIRMIZS| FENSt

= 9 apoptotic body

A AIZF dzF oz TEE 9 tHFigure 5).

Control 12 he

24 hr 48 hr

Figure 5. Photographs showing cells with highly condensed nuclei
stained with H33342(10ug/md medium at final).

HCT—15 cells (1.0%10° cells/md) were treated with 50 ug/md of
the FUP extracts for 6, 12, 24 and 48 hr. The cells were
photographed under microscopy(X400).
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2) Fucoidan Xz[0ll 2fst CHEQIMIELL| HEHSHH S}

HCT-15 AZ (1.0 x10° /m0)ol 100 wg/m?] ==
Fucoidang A3t th2 6, 12, 24, 48 A7t Z<t vjoFst
%, apoptosis &<t UYEh= e ¥skE DNAY
o|lF oz Aglsl= A4 Hoechst 33342 £Ho =z
g & PP st A S Yoz AR
I} Fucoidan A& o 23} cell shrinking, chromatin
% 4 apoptotic body 53 722 Feshy wstso| stk
A A7 ey oz WA= HFigure 6).
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Figure 6. Photographs showing cells with highly condensed nuclei
stained with H33342(10 ug/md medium at final).

HCT—15 cells (1.0X10° cells/md) were treated with 100 ug/md of
the Fucoidan for 6, 12, 24 and 48 hr. The cells were
photographed under microscopy(X400).

5. Western blot

1) Bcl—2 2f Bax & HaH ozt

Ao dEHoZ ZATH= B —actin 2 control =
normalization®2 ARMEE|QITh  anti—apoptosis -FHRZ
A4#HA  Bel-29F pro—apoptosis FZHAZ LA Bax9
protein levelE ZAFIAT HCT-15 AJZ (1.0 x 10° /
nd)ell 50 ug/mee] FEZ ul@l%_rﬁzzﬂ o et e 6,
12, 24, 48 A7t Z<¢F vj¥st & western blotHES o]&
&to] Bel-29F Bax W@ WSEE AT Aal, AZIeA
Bel-2 Wdo] #ste AS Rt on, Bax Wi 35
7HEE I = Yok (Figure 7). gL EFESELS
HCT-15 AJZ9] Bcl-2 level® down-regulationd}o]
apoptosisE FEFLER HCT-15 AlZY 4% F4& o
A Gl 4= Aot

Con 6 12 24 48 hr

F 8 TR 7
e
acin | - o

Figure 7. Western blot analysis of Bcl—2 and Bax expression in
the HCT—15 cells treated with the FUP extracts.

HCT—15 cells (1.0X10° cells/ml) were treated 50 ug/md of the
FUP extracts for 6, 12, 24 and 48 hr. Bax and Bcl—-2 proteins
were analyzed by western blotting using specific antibodies. 3
—actin, used as the internal control, was detected at the position
corresponding to a molecular weight of 42 kda. Bcl—2
anti—apoptotic protein, Bax : apoptotic protein

21 kda
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2) cleaved caspase—3 2ol ZH&f

HCT-15 AlZ (1,0 x 10° /m)°ll 50 ug/me®] F==2 o]
AIFSEES AT o 6, 12, 24, 48 A7+ B =i
3t & western blot W& o]€3}to] caspase—3 9Ha W3}
£ AT 23, A FolA] caspase—3 7} cleavage H=
AE ngRaF2ES A F 12 Az o|FHE FIEHF
H(Figure 8).

Con 6 12 24 48 hr

N c— T — 20

e — 1okda

Cleaved Capase-3

P - -

Figure 8. Western blot analysis of cleaved caspase—3 expression
in the HCT—15 cells treated with the FUP extracts.

HCT—15 cells (1.0X10° cells/m)) were treated 50 ug/md of the
FUP extracts for 6, 12, 24 and 48 hr. Proteolytic cleavage of
caspase—3 in the HCT—15 cells treated with the FUP extracts
was measured after 12 hr. by western blot analysis. £ —actin,
used as the internal control, was detected at the position
corresponding to a molecular weight of 42 kda.

6. MX2 (mitoxantrone) accumulation

Mitoxantrone ©lgt= Al WAL 7Kz &=
HL-60/MX2 A3z 10, 30, 75, 100 ug/mlQ] == o|g
Ha3EES Fostal, FAIZEANY|(FACS)E B3l &73t
HolEl2 controld} HAE 3FRE w, FAA WS 71l
HL-60/MX2 AlZoles JAaZrE gl A2 24t
(Figure 9).

o
* control
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75 s/ mt
—— 100 xo/ mt
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= Ll o i
-1 1 18 188 1888

Figure 9. Flow cytometry analysis of mitoxantrone accumulation by
the FUP extracts in HL—60/MX2 cells.

HL—60/MX2 cells (1.0x10° cells/md) were treated 10, 30, 75 and
100 ug/md of the FUP extracts and flow cytometry analysis of MX
accumulation was performed as described in the materials and
methods. We examined the chemosensitizing properties of the
FUP extracts, failed to show effects on the accumulation of MX
due to the FUP extracts.

X—axis : the amount of MX accumulation. Y—axis ;
fluorescence.
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