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and 25 ug/ml of SHE.
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Fig. 11.

concentrations of SHE. The cells were treated with SHE and incubated
for 48 h at 37C. Then, the Hoechst 33342-stained nuclei were observed
under a fluorescent microscopy using a blue filter. A; Control, B7F; the
cells treated with 1, 5, 10, 25 and 50 pg/mé of SHE.

Induction of DNA fragmentation on leukemic U-937 cells after treatment
of SHE. The cells were treated with SHE at different concentrations
from 6.25 to 50 ug/m¢ and incubated for 48 h at 37C. The genomic DNA

was extracted, and analyzed on 15% agarose gel. M indicates a size



marker of DNA ladder.

Fig. 12. Induction of DNA fragmentation on FM3A cells after treatment of SHE.
The cells were treated with SHE at different concentrations from 1 to 50
wg/ml and incubated for 48 h at 37C. The genomic DNA was extracted,
and analyzed on 15% agarose gel. M indicates a size marker of DNA
ladder.

Fig. 13. Comet image of DNA damage on leukemic U-937 cells after treatment
of SHE. The cells were treated with SHE at different concentrations
from 6.25 to 50 pg/ml and incubated for 48 h at 37C. The cells were
lysed by lysis buffer and the DNA was electrophoresed in 0.7% LMPA
at 25 V and 300 mA for 20 min. A; Control, B'E; DNA image of U-937
cells treated with 6.25, 12,5, 25 and 50 pg/ml of SHE.

Fig. 14. Effect of SHE on nucleolus DNA damage in leukemic U-937 cells. The
cells were treated with SHE at different concentrations from 6.25 to 25
rg/ml and incubated for 48 h at 37°C. The tail in fluorescence of DNA in
cells were measured by Komet 4.0 comet image analyzing system
(Kinetic Imaging, UK).

Fig. 15. Comet image of DNA damage on FM3A cells after treatment of SHE.
The cells were treated with SHE at different concentrations from 1 to 50
rg/ml and incubated for 48 h at 37C. The cells were lysed by lysis
buffer and the DNA was electrophoresised in 0.7% LMPA at 25 V and
300 mA for 20 min. A; Control, B7F; the cells treated with 1, 5, 10, 25
and 50 ug/ml of SHE.

Fig. 16. Effect of SHE on nucleolus DNA damage in FM3A cells. The cells
were treated with SHE at different concentrations from 6.25 to 25 ug/ml
and incubated for 48 h at 37C. The tail in fluorescence of DNA in cells
were measured by Komet 4.0 comet image analyzing system (Kinetic
Imaging, UK).

Fig. 17. Effect of SHE on the cell cycle pattern and apoptotic portion in
leukemic U-937 cells. The cells were treated with SHE at different
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concentrations from 6.25 to 25 pg/mé and incubated for 48 h at 37C. The
nuclear fractions of the cells were stained by propidium iodide (PI).
Then, the fluorescence intensity was determined using a FACScan flow
cytometer and analyzed as DNA histogram by CellQuest software. A,
Control, B™D; the cells treated with 6.25, 12.5 and 25 pg/m¢ of SHE.

Fig. 18. Bar graph of SHE on the cell cycle sub-G; and apoptotic portion in
leukemic U-937 cells. The cells were treated with SHE at different
concentrations from 6.25 to 25 pg/m¢ and incubated for 48 h at 37C. The
nuclear fractions of the cells were stained by propidium iodide (PI).
Then, the fluorescence intensity was determined using a FACScan flow
cytometer and the relative cell counts (%) were analyzed by CellQuest
software.

Fig. 19. Effect of SHE on the cell cycle pattern and apoptotic portion in
FMS3A cells. The cells were treated with SHE at different concentrations
from 1 to 50 pg/m¢ and incubated for 48 h at 37°C. The nuclear fractions
of the cells were stained by propidium iodide (PI). Then, the fluorescence
intensity was determined using a FACScan flow cytometer and analyzed
as DNA histogram by CellQuest software. A; Control, BF; the cells
treated with 1, 5, 10, 25 and 50 pg/m¢ of SHE.

Fig. 20. Bar graph of SHE on the cell cycle sub-G; and apoptotic portion FM3A
cells. The cells were treated with SHE at different concentrations from 1
to 50 ug/m¢ and incubated for 48 h at 37C. The nuclear fractions of the
cells were stained by propidium iodide (PI). Then, the fluorescence
intensity was determined using a FACScan flow cytometer and the
relative cell counts (%) were analyzed by CellQuest software.

Fig. 21. Effect of SHE on apoptosis—related protein expression level in leukemic
U-937 cells. The cells were treated with SHE at different
concentrations from 6.25 to 25 pg/m¢{ and incubated for 48 h at 37T.
Cytosolic lysates were immunoblotted with anti-Bax and Bcl-2 antibody.

Fig. 22. Effect of SHE on apoptosis-related protein expression level in FM3A
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cells. The cells were treated with SHE at different concentrations from 1
to 50 pg/m¢ and incubated for 48 h at 37C. Cytosolic lysates were

immunoblotted with anti-Bax and Bcl-2 antibody.

23. Effect of SHE on apoptosis-related protein expression level in

leukemic U-937 cells. The cells were treated with SHE at different
concentrations from 6.25 to 25 wg/ml and incubated for 48 h at 37T.
Cytosolic lysates were immunoblotted with anti-caspase-9, cleaved

caspase-9, cleaved caspase-8, caspase-3 and cleaved PARP antibody.

24. Effect of SHE on apoptosis-related protein expression level in FM3A

cells. The cells were treated with SHE at different concentrations from 1
to 50 pg/m¢ and incubated for 48 h at 37C. Cytosolic lysates were
immunoblotted with anti—caspase-9, caspase-8, caspase-3, cleaved

caspase—3 and cleaved PARP antibody.

25. Effect of SHE on caspase-3 activity in U-937 cells. The cells were

treated with SHE at different concentrations from 6.25 to 50 pg/mé
and incubated for 48 h at 37C. Cytosolic lysates (50 ug) were
applied for caspase-3 assay kit. a; p < 0.05, b; p < 0.005, ¢; p < 0.0005.

26. Effect of SHE on caspase-3 activity in FM3A cells. The cells were

treated with SHE at different concentrations from 1 to 50 pg/mé
and incubated for 48 h at 37C. Cytosolic lysates (50 pug) were

applied for caspase 3 assay kit. a; p < 0.05, b; p < 0.005, c¢; p < 0.0005.

. 27. Image of tumor in breast cancer mouse model induced by FM3A cells.

FM3A cells (1x10° cells/50 pl/mouse) were injected into the caudal vein
of mouse tail and induced breast cancer mouse model. A; G8 group, B;
G9 group treated SHE 30 pg/mouse for 5 weeks before induction of
breast cancer in mouse, C; G110 group treated SHE 3 pg/mouse for 5
weeks before induction of breast cancer in mouse, D; G11 group treated
SHE 30 pug/mouse for 5 weeks before and 3 weeks after
induction of breast cancer in mouse, E; G12 group treated SHE 3 ug

/mouse for 5 weeks before and 3 weeks after induction of breast cancer
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in mouse.

Fig. 28. Inhibition effects of SHE on the growth of tumor volume in breast
cancer mouse model induced by FM3A cells. FM3A cells (1x10° cells/50
w/mouse) were injected into the caudal vein of mouse tail and induced
breast cancer mouse model. Tumor volume were measured by caliper A;
G8 group, B; G9 group treated SHE 30 pgl/mouse for 5 weeks before
induction of breast cancer in mouse, C; G10 group treated SHE 3 pug
/mouse for 5 weeks before induction of breast cancer in mouse, D; G11
group treated SHE 30 pg/mouse for 5 weeks before and 3 weeks after
induction of breast cancer in mouse, E; G12 group treated SHE 3 pug
/mouse for 5 weeks before and 3 weeks after induction of breast cancer
In mouse.

Fig. 29. The molecular weight (M.W) of SHE and fractions fractionated by
ultrafiltration system. The fractions and SHE with or without
3-mercaptoethanol were boiled for 3 min at 100C and loaded into each
well of 15% SDS-PAGE gel for 1.5 h at 30 mA. Then, the gel were
stained by Silver staining. I, Gel electrophoresed in the condition of
protein denaturation, II; Gel electrophoresed in the condition of naturation,
M; Maker, A; SHE, B; 1 kDa > fraction, C; 1-10 kDa fraction, D; 10-30
kDa fraction, E; 30 kDa < fraction.

Fig. 30. Effect of cell growth inhibition on leukemic U-937 incubated with
SHE and four kinds of fractions obtained from SHE. The 5 x 10
cells were treated with SHE and fractions and incubated for 24 h at 3
7C. Then, MTT reagent treated into each well and absorbance of
formed formarzan in viable cells were measured at 540 nm. Experiments
were performed in triplicates and data are expressed as average percent
change from control £ SD. a; p < 0.05, b; p < 0.005, ¢; p < 0.0005.

Fig. 31. The U-937 cell growth inhibition activities and protein contents of
fractions obtained from 30 kDa < fraction by gel (filtration

chromatography. 30 kDa < fraction of SHE were centrifuged at 15,000
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rpm for 15 min and obtained supernatant. The supernatant of 30 kDa <
fraction were filtered and loaded into Sepharose G-100 resin—charged
column. Then, the U-937 cell growth inhibition activities and protein
contents of the fractions measured by MTT assay and BCA Kkit,
respectively.

Fig. 32. The U-937 cell growth inhibition activities and protein contents of
fractions obtained from anion exchange chromatography. The active
fractions from gel filtration chromatography were applied into Sepharose
Q resin—charged column for anion exchange chromatography. Then, the
U-937 cell growth inhibition activities and protein contents of the
fractions obtained from measured by MTT assay and BCA Kkit,
respectively.

Fig. 33. The molecular weight (M.W) of mono Q-fraction purified from active 30
kDa < fractions obtained by gel filtration chromatography and anion
exchange chromatography. The mono Q-fraction with 3-mercaptoethanol
were boiled for 3 min at 100C and loaded into each well of 12%
SDS-PAGE gel for 15 h at 30 mA. Then, the gel were stained with
commassie dye. M; Marker, A, 40 ¢ of mono Q-fraction, B; 80 uf¢ of

mono Q-fraction.
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ABSTRACT

Sea hare (Aplysia kurodai), belonging to the order Opistobranchia, subclass
Gastropoda, 1s a marine shell-less snail. Recently, due to the bioactive molecules
such as peptide or glycoprotein, and then their biomedical abilities including
antitumor, antimicrobial, and antibacterial effect we have tried to prepare
water-soluble extract from sea hare eggs (SHE: sea hare egg extract) and
investigated its anticancer activities in vitro and in vivo.

On the antitumor exmaination, strong antitumor activities of SHE were
observed for the growth of the five tumor cell lines such as CT-26 (mouse
colon carcinoma cell line), U-937 (human monoblastoid leukemia cell line), HL-60
(human promyelocyte leukemia cell line), B-16 (murine melanoma cell line) and
FM3A (human breast cancer cell line) and their ICsy values were between 10
and 20 ug/m¢, but around 80 ug/ml for the growth of normal cell line (V79-4).
Especially SHE showed the strongest inhibitory effects against the growth of
U-937 and FM3A tumor cells (ICs 10.42 ug/m¢ and 10.62 ug/ml, respectively).
SHE induced dose-dependantly apoptosis, which formed apoptotic body, induced
DNA damage and DNA fragmentations, and increent of sub-Gi; DNA contents in
U-937 and FM3A cells. In addition, SHE significantly or weekly increased the
expression of Bax (pro—apoptotic protein), whereas slightly or significantly
decreased the expression of Bcl-2 (anti—apoptotic protein) with the increment of
concentrations in U-937 or FM3A cells, respectively. Additionally, SHE
stimulated the activation of caspase 8, caspase 3, and PARP in the tumor cells.

These results indicated that SHE induced apoptosis via caspase pathway for
anticancer activities in vitro (U-937 and FM3A cells).

In animal model, SHE administration via intradermal injection @.d.)
significantly suppressed the tumor growth induced by the treatment of FM3A
cells. Especially, antitumor effect of SHE in the experimental tumor rats induced

by FM3A tumor injection was dramatically observed even at a dose of 3 ug



/mouse by around 50% inhibition.

In order to identify the antitumor active compounds from SHE, the
water-soluble extract of SHE was separated to the four fractions with different
molecular weights under a ultrafiltration membrane separation system, and then
30 kDa < fraction was selected. The fraction was applied to a gel filtration and
an anion exchange chromatography, and then the antitumor active fractions were
taken on mono Q Sepharose anion exchange chromatography. The fractions were
pooled and concentrated and then applied to SDS-PAGE. Five bands were
observed on near 20.1 kDa and 30 kDa, between 30 kDa and 45 kDa, and 97
kDa molecular weight respectively.

According to these results, it was found that SHE strongly inhibited the
tumor growths, differentiation, and proliferation of U-937 and FM3A cells as
eliciting apoptosis via caspase pathway and decreased the breast tumor size in
vivo. Therefore, this present study suggests that SHE might be a strong

potential anticancer agent and it will be expected as a novel antitumor drug.
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E FASAE=Ed g8 s s EdWolE Adste] §Fol o] Tojstnz w)
T T83stvn HaF oMo (Kada et al, 1978, Song et al., 1997a and b, Kuroda
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oj¢} & HA LA Ao uivgE & F Uk vt A Aol Heob
© PHAE Ao BuwA B2 Fie] AEol AMAstal glow, 50vtE o]
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32,
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(Hashim et al., 2004). o]# 3%t 8] ZF+= fucoxanthin, 2], 3¢, HEF, 7
g s, 97 o9 AP ES st o, s/ e g3



, - — -~ >~ v A of o m M
T A O A L N A - B T I
= B % W " = o T o S o .
] mE Mo 3° o X © N o< 2 W o B o X 0 H i,
o o ot < . e < o= o= W w0 o il 3
KD N ©Q = X ) B A T 0 0 S <)
N = 0 Mo B o RCHCS & o o= 2= o o . Ko
= W o B o T Njo ~ Iz of T X W i - 0
= - o ~ S ) B o —~ = oy o BV mwo ook 7 TR
o2 T o oy S - Moo mE BENCEEES It T T T WOE = e
S 0 F = o° = K L 5 o =
‘_ﬂe ia) X —_— EO ,UI 0 Z.#o o) @l —  To -~ A_.E i ﬂ ,mﬂ O# 1:1_ W_AII Em‘ ‘mW AT Ot — JH‘_
A o B 5 T BN & 2o N W om TN oo ox T W L=
z.o =0 . o= _— ZI — =8 EE ﬂe BL = C_., ~ HT EL —_ %a Q_OI ,ul & o R
- E gD "y ® e 2o 2 be & JE T T od T oo WS W
N =< X oy - AP e G B Mo == & ™ 2 Z — o RO n o
o AN T o oo ® Sk < wﬁ_ To L T ] 5 = R it wy R
— mﬂ [Ty *o L o 1@ g mm — % WL oo Moo= oﬁ_ " a = T oM Yoz
1) = 7 ) A -~ —_ —;
o B % I BN R B PR R T BN W R gy R @
o hi ~d ﬂ _io 50 - HT_ e N e o = ﬂ ~ 50 il .
A g % GO "y B oo g W o b ¥ P o =
ol 2N © Mo ay 1L TR o - R A R - I 2 PG
ﬁo o Q (@] —_— 4 ~ — N —_ = = T ‘UI
EO o s B = ﬂ ,Ul 50 N =0 ~ UL A..:u = = W — ~ ~ 1o l 8 T
< mm:._ M [ O—H —_ P, # L,.A_ BT.C ~\ ol B ° ‘mﬂ e ,UI o o O_E
OT_ ﬂE am Ot 1 0ox a EO ﬂﬁ! 1_" OO B q N AT& m \mﬂ . ‘u| ~ ‘HI ‘DVO HT_ ﬂ
oo — 5 ali] P N@FEY K 7~ AN Ay < A o oy R
~o o 0 ZT ﬂ Ot o~ ‘mwl BL ~ N ~ 1Y — _E ‘m_ﬂ o0 _
X o = up o = 7 oy © W o o ol R o oo R SN~ H mo B
. = o = " = o] o= nE w0 g oF o °© o
LS o R B ot U = T A = nE -
A % ) ﬂu ” Mn AANEL e TN o w M T % M WS
_ : r RS s B <
E RN mwawMﬂﬂ%Aﬂa%%ui%% -
o T T R e S R LN U S R =S N o = )
,_Mﬂ = w o P — g o N o o OS]0 e =y o Wo mE — T B o)l G
T o w N a o o E s 5 o I P W
W= oo oo W o =m 35 X =~ © 3 B Njo w N o=
— S o X lﬂ " RN z+o Hly o i o—u ~ -~ HL — = :i hl
= T8 T o B ~ w0 o e M = Mo WX Ty T ow® N T
4 ST = oo X 0w Mo = X ao HYO o Mo T — .M . =
5 b e AT ook o B | 2E R & Moy o4
i ooyo Moy KRS B o iy O S O L A B N -
wE 0y M N 8o S L B e ® %o G R B L =
< ~ ~ — = T
muw7#%%gﬂﬂi%ﬁoaug_%ﬂﬂ_ﬂé%mv_{ﬂoa%ﬁ_owmoﬂ
o xR =0 B T OK OME o Mo &8 o T W W g qa ) WM o} X G _mmo _Awm Y
@M@@ﬂ%%ﬂ@ﬁqo%@ﬂ%%ﬂ%mH7&@mmx5§%%o&
> w =) o)) S o < O~ S Wﬂ W ﬂu mM E w mo X0 T 1 B
WO R SN T W ENBTA T NT OB R B N ?



raE sdes=el A

= e el A

0|

&l 2t

5

7}A a1

=

gl ATz

3
SEE LRSI

soRsyH e
Far A

off 2+
A=

I

of o
&t

A]

S

2 glom 20-30 cme =7
[e]

ol 1 7E7LA] WA & 1 /MLl 1

%) o]
Hhekol A A4
]

thar B EH A (Hye et al, 1998, Shon et al. 1998)
)

P
T

AR AAY A7
2002, Ortega MJ et al., 1997, Todd B., 2006). Z18iy} T4 %o] 7MA= o

st Qo (Kamiya et al., 2006, Iijima et al.,, 2003, Yamazaki., 1993, Luesch et al.,

S

—_—
o

Al
&l

2t A

T8 FEES Ao in vitrodol A9

A

AT

18
1S

et
=

[e)
o
A

=0

[}

]

U-937%

o

%3l
of A

oAl

3 of] o}
&

=

]

E
2l FM3Ael| ogh

whebA, o] Aol A
25

o)
l

al

A

Al

[y
oF

[——
"o

i

o3
B

=

fi%e)

or
o
el

0

B



21. A=

AFE ok Ko A M2lstal = F42 Y (Sea hare eggs)S A7 3te] I &3}
ol S AAS7] A&l AAH g 3 oF 48AZF FF w4 xS T o] A S 25 mesh

a7t B Age, Buse ¥ ARl ALa.

T4 AzY FA2Ye g3 dukAE BEAS AQACH (2002)0] wElA FE L
105C Az, 232 550C 33t A 1241%F o)A B¢ & A=EstsE A4

gy, 2gwde AdE2A43 (Kjeltec'2300, Foss Co. Ltd., Denmark)ol
o FAeA Y. T, AW g HEE o] &3Fi= Sohxlet ¥ (Sohxlet system
1046, TacatorAB, Sweden) 2. %, ©<3}= A %S phenol sulfuric acid oz =4

shairh

T4 Axd 7429 399 10 g5 FTHF5T ODW) 1 Lol ¥ 7} 20T, 40C, 6
0CAlA RESFHA] 24A17F 59t FE3HA T 3,500 rpmoll A 207 YA Az
%, #9495 Whatman No. 1 ZAZ g bF Fe5ds 524 dxste] 2AF

of Abg3t7] A7bA -20Ce] 23kt (Fig. 1).

2.4. bA| vl <

galol UJ-937 AMES FHer FM3A AlEE 10% (v/v) heat-inactivated fetal

bovine serum (FBS)¥ A7} skf-w= RPMI 1640 wiA| & o] &3te] 37C, 5%
COy vl 7] ol A wjFstH A Ao AL-§3FA



Freeze-dried

Sea hare eggs Distilled water 1 L
powder 10 g I
Extraction for ?;I;t(;})fugatl?n Obtain
24hat207C, > @ 20 T e supernatant
40°C and 60°C s
1%
Keep the powder
in 20 C < Freeze-dry

the extract

Fig. 1.

Scheme of the extract preparation from Sea hare eggs
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2.5. In vitro 23

251 FAIE S oAl A&} ICx =7
AoAsh XL U037 AEEE welld F 5¢10° AEF7} H125 96 well plate

of 7} HE3 Fo] SHEE st w2 AHelsk & 37T, 5% COy w71 A Z+

24N k3t T2AZE Eob wiFebdvh. ek 3k AEQl FM3A AEEE welld

5<10" AIEF7F H =% 96 well plated] Z17F HEE Foll 16413 53 37C, 5%

frt
Jfu
e
v
2
s
e
Ll
>
o
off
i
!
_‘N_‘,
hc)
b

COy i F7Ioll A wieFste] A7 2 &
%, 37C, 5% COz wiF7]elA Z; 24A12F3 72413F &b miFatsleh. v k7)ol A
well plateE ZAWo] MTT A ¢F (stock 2 mg/ml)S 50 w* 743k & 3 C
W F7Tol A 4A1ZE v Faksith 1,000 rpmollA] 2027t A st e ds 24
284 HA & DMSOE 150 pl¥ 7}ste] 2 o=t MTT7F o= AX
o] mlEZ=g o} WelA NADPH”} NADH= g% A
formarzaneS ¥43t= JEE ELISA readerE ©] 8319 540 nmolA FHFEE =
Ao ANE AEES TR
Cell growth inhibition activity (%) = {(A - B) / A} x 100

A; Absorbance of non-treated cells

B; Absorbance of SHE-treated cells

Apoptosise] s+ Aoz MY e &3 apoptotic bodyel Aol SHEe
el A FEEHE A Feler] 98, Hoechst 333425 o] &3lo] 3 S =35}
ATt U-9373 FM3A A EE welld 1x10° AXE7F H=2 24 well plateell 2tz 3
Ttk 18la ¢ Fo SHEE vt w59 (6.25, 125, 25 pg/me ¢+ 1, 5, 10.
25. 50 pg/mb)= A e & 37C, 5% CO, wlF7|oll A 2427 w3kt vl &
Hoechst 33342 &3 g4 (05 pg/wl; Sigma) 5 = 7}star, 37°C, 5% CO, ¥j %

NelA 3087 M T FD Audow BRAAT. @ £F Aws B

R4

{0

el AME ANEEL CoolSNAP-Pro color digital camera’}t #2¥ &334 &n7
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253. A719Ee ol&% ¢AEe] DNA &

&

3}

e

5

ool U-937 NEZES welld ¢ 5x10° MEF7 5 T2 6 well plateo] 2+ #
%3 %o SHEE th9d 5% (6.25 125, 259 50 pg/m)= A 3 37°C, 5%
COy W7ol A 48417 wt wjdatadch =3 F8t FM3A AEZELS welld
5x10° A E57F S 6 wellel 2tz HE8 Fo 16412F &3 37°C, 5% CO, Ml
F7)ol A wigste] ME & 2EE 3 thE, SHEE odd 5% (1, 107 50 wg/
m) & skl 37°C, 5% CO, w7 el A 48417 HoF wjekataict 2 welle] Al

XE IYZ FHZE ol PBS (phosphate buffered saline)@ A& slar, AZHE A
TE e-tubeR AR A PBSE A s 10,000 rpmel A 1587 94 sl
= =

Mg AASATE Quigen DNA kitS ©] &3] genomic DNAE FE3 T,
ethidium bromide (EtBr)7} ¥ 3% 1% LE agarose gel Aol 4 100 V& 3
1B eke] DNA WS 9153

2.5.4. Alkaline comet assay= ©|&3F hAx 2] DNA &4 =4

Alkaline comet assay+ Singh (1995)¢] W& 4, Heste] HAASAL. &
ot U-937 AEES welld oF 5x10° ME57F 522 6 well plated] Z+ HZ
Fol SHEE th¥d 5= (6.25 125, 259 50 pg/m)= A2 5 37T, 5% CO, Hj
F7l A 48712 St wiget gk, 3 ek FM3A AlZES well F 5x10° Al

T7F HEE 6 welldl 27 JEg Foll 16412 53t 37T, 5% CO» v &7] el A
W gt Ax7E & B2 E 59t SHEE vt 5% (1, 5, 10, 259 50 xg/ml)
2 A st 37T, 5% CO, vjE7]ol Al 48A17F &<t wl st o5, 7F welle] AXE
ol PBSZ AFsAT. 1 tS 100 el 0.7% low melting point agarose
(LMPA)¥} & % 05% normal melting point agarose (NMPA)7} wlg] z® =
Eetol= = 7} AEet LMPAY dg o] ZaF F4EA 3 F cover glass=
go] 4T WAe oF 1083 BT Gele] #21 cover glassE Hl 7|3l t}A]
0.7% LMPA & 75 W& 1 9o Hojr=dl & thA] cover glassE Ho] gelo] &

_12_



S w7kA] I BAEAT Gelo] £ AS FQldt H cover glassE "l 7] 1
2] #4]8) & AR alkali lysis buffer (25 M NaCl, 100 mM NaEDTA, 10 mM
Tris)ell AF& A el 1% triton X-100E€ 4 § Etol=8 ©@7F A2, A
IAIZE 52t AAA DNAS olF 7td s EoF AT Lysis7t ¢ Egfol=& A
719E WAl wdstar APAH Axste] Y Basdd drigE #¥ (300
mM NaOH, 10 mM Na:EDTA, pH>13)E A¢ 20+ &<t unwinding*l 7] DNAZ<]
alkali labile sites7} =&ubAl gk $ 25 V/300 mAS] #9tS Ao 2087 A719 %
& AAlsEATE "ol 93 DNAZF BrtAo=m E4Es s Wxetr] fs 919

Bge A79E AL oFe Aow g A ANadh A7dEe] By ¥

|

<]

04 M Tris €58 (pH 74 1024 w70 AHs= A4S 33 &g 3,
Zol=g AZANAT 20 wg/m FE9) ethidium bromide® #S d3 A5z
cover glass® Y& % d33dn|7 (Leica, Germany)dolxl #&3sttt. CCD
camera (Nikon, Japan)& &3] HWX ztzte] A 23 image= Komet 4.0 comet
image analyzing system (Kinetic Imaging, UK)e] AX¥ FAsFEAolA 435
b 7} AliZe] DNA &dAEE o2 HE olsst DNA IHe AP (tail length,
TL) E=+ tail lengtholl tail W ¥ DNA%E #3l+ tail moment (TM) #=
SA skl el

I\

2.5.5. Flow cytometry analysis (FACS)E ©]&3F AX 7] =4

Apoptotic sub—-G; hypodiploid cells (Nicoletti et al., 1991)¢] H| &S ZAA3}7]
213 flow cytometry analysis (FACS: Fluorescence activated cell sorter)E <=3
sttt Aol U-937 NEESS welld oF 5x10° AXF57F =2 6 well plateol
T3 o] SHEE t¥3t 5% (6.25 1259 25 wg/ml)= AHelsk & 37T, 5%
COz i F7loll A 48A1ZF &< whFatalth =gk F349 FM3A AE2ES welld
5x10° MEF7F H %2 6 well plated] 22 HE3 Fo| 16417 F<t 37C, 5%
COz vl 7oA wjFate] Ala27E & =% sidith. SHEE v & (1, 5, 10,
259} 50 pg/me) = A g F 37C, 5% COz 7]l A 48417t &<k vl 33t
7t well?] AEE Rof PBSE Al e &, AXEL 13,000 rpm =2 327 442
sto] pelletS RS 3 PBSE 3k ¥ Aojar, 1% BSAE thA] 3 W Aoyt

Ay

iy
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oAl 94 E8 %, PBS 300 wE #Hrbekar, g (70% ol gk, 0.5% Tween 20 ,
45% 7)1 mE F7Fske] 4TCelA of 12413 st A Y. 2L th& PBS
2 5 H AEE Ae F 10 pg PI9F 10 pg RNaseZ7l 239 PBS €9 1 mlE #
7}sle] 37 ColA 3087 Ao FAtth Flow cytometry analysisi= FACS Calibur
flow cytometer (Becton Dichinson, San Jose, USA)S o] &3}o] A3t}

Cell cycle®] &3+ cell cycle®] ZF phaseol A cell ¥ %9 Wslg ZAAS A,
computer program Cell Quest®t Mod-Fit (Wang et al., 1999)o] ¢j&] A =oj
Tz e Hrkekit

K

256. METERE Axd guwlgo] ==

A U-937 A dishd o 4x10° AIEF7 %= 10 em culture dishol
Zh JF3 Fo SHEE t4st % (6.25, 1259 25 pg/m)=E A ¥ 37T, 5%
CO; " &7]ell A 48A1%F &<t wigstdeh =& F38% FM3A AXE= dishd oF
4x10° AEZF7F F %% 10 cm culture dishell 2+ HE3 F 16412 5¢F 37T, 5%
COy Wi F7IoA migFste] Ax7F & E%% d%ith. SEDE v¥d s= (1, 1034
50 pg/m)= A ed 5 37T, 5% COz HlF7|ol A 48A1ZF &<t v detAtt. v dd
Axe dAEel (1,000 rpm, 53)ste] FsdS WY - PBSE 7FA 1L Al FH 3
o AF"E Az weEl ZAAA @l i protease inhibitor  (phenylmethyl
sulfonylfluoride; PMSF), proteinase inhibitor cocktail (0.02 mM aprotinin, 2 mM
leupeptin, 5 mM phenanthroline, 28 mM benzamidine-HC1)7} 3% lysis buffer
(10 mM Tris-HCl (pH 7.4), 5 mM EDTA, 130 mM NaCl, 1% Triton X-100) 100

W= A& skl vortexA 7l 3, iceoll A 15837 ¥vES-A AT ¥ & 15000 rpm o2

\)

07 YAl Rt 1 ASHE A e-tubeE 7] A& wj7px] -20To|A H

FA T

r o)
ol

ol FE¥ Axd dAS 71x a1 BCA kit (Sigma, BCA assay)E 7FA i

gl A S Aestar, 80 pgd WS 15% SDS-polyacrylamide geloll # 7] 53k

_14_



T}, nitrocellulose paper (Millipore Co.)Z Aol th. 5% non fat milk= 1000
v 8%k ZF % 1A A9k 1A ok "k A7, TBSE 9 % 2 membranes 3
3] Mol 2% milk-gHol] 2000 v A= 34¥ HRP7} conjugate® 2% FA=
Aglate] 1A1ZF FoF A2olA wkgetaitt. 22lar 3 TBST (TBS containing 0.2
% Tween solution) & NS =2 membranes Aol ¥ ECL kitS o]§3k] Ad
Al X-ray filmel 22AA TdE bands AAsATE AFEE 12 9 23 FAEL
thS& 3 2t} (caspase-3, Santa Cruz Biotechnology Inc; Bax, Santa Cruz
Biotechnology Inc.;, PARP, Enzyme System products; Bcl-2, Santa Cruz
Biotechnology Inc.; B-actin, Cell signal Inc.). Goat anti-mouse IgG (HRP);
Amersham, goat anti-mouse IgG (AP); Santa Cruz, goat anti-rabbit IgG (HRP)

; Amersham)

25.8. Caspase-3 &4l o] =4

ke

el M F==¥ Al

Saint Louis, USA)el AAlE Wil wel caspase-3 &84S SAsIAt o o,

A WA 50 pugS 7FA L Caspase 3 assay kit (Sigma,

positive control® caspase-3 &4 Z AMg31S T}

25.9. BAEA

do]e= Window’dol A SPSS packageE ©o]&3lo] A3 on, FA+=

meantstandard error (SE)=® X @3 th. <%+ Duncan’s multiple range test®l

we} variance (ANOVA)®] one-way analysis AF& B ud}o] o]z tail intensity
E 9n| gt
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Table 1. Information of animal experiments

Group Sex MI:J)::.se Concentration Injection e
G8 (4T) Female 8 0ug/50 ul/m}z] F13] w) 7
G9 () Female 8 30 ug/50 ul/v}2] T 13 w| 2 =
G10 (M) Female 8 3 ug/50 ul/7}2] + 13 w| 7 =
Gll (X EF)  Female 8 30 ug/50 ul/v}e) 13 w| 2 =
G12 (dHA =) Female 8 3 ug/50 ul/m}H2] T 13 w| 2 =

_17_



Prevention (5 weeks), n=8

A Injection of FM3A Measure of tumor size
SHE treatment |
| | | u |1 wk 2wks  3wks 4wks S5wks 6wks
0 —O O—8—C O
1wk 2 wks 3 wks 4 wks 5 wks
B Injection of FM3A Measure of tumor size
SHE treatment

|
| | | | & |1 wk 2wks  3wks 4 wks S5wks 6wks

1wk 2 wks 3 wks 4 wks 5 wks

Prevention & therapy (8 weeks), n=8

Fig. 2. Scheme of animal experiment. A; Prevention group (5 weeks), n=8

B; Prevention and therapy group (8 weeks), n=8.
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30 || |
kDal

T kDa| 30KkDa<
4 _T fraction
3 =
=
13,000 rpm
Pumy v v
P i 15min, 4C
1kDa = 1-10 kDa | (10-30 kDa
fraction fraction fraction
v
i 1
Residue Supernatant
Filter

Gel filtration chromatography

Anion exchange chromatography

Fig. 3. Scheme of ultrafiltration system and application for chromatography.
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et AlE (CT-26), W& A X (U-9373 HL-60), 97t A% (B-16)¢ &
oF AME (FM3A)ol ™3+ cell growth inhibition activity =A< ) AzxH
SHEE AH&3tel MTT w4S 38ttt 2 A Ed SHES 24413 A 23
w, 20ColA FZ%¥ SHE7F 40T 9 60ColA FE5¥ SHERU GAE F2 A
7t A dEbgon, Aded AbgE SAE Fell did tah =S 4 S o
A F4E 1At (Fig. 4-8).

IC5& ZA37] 9ste]l dAEo] SHES AHEstgS o, g AE (CT-26),
WEy A (U-937% HL-60), I5 Ax B-16)2F F39 A2 (FM3A)9] ICx
& 747} 2095, 10.42, 29.58, 22.16, 10.62 ug/m= L}EFSETE (Table 4).
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Table 2. Chemical composition of lyophilized powder derived from Sea hare eggs

(Unit: %)
Moisture Ash Protein Carbohydrate Lipid
47 £ 0.25 23.0 £ 0.30 386 £ 0.56 24.8 £ 0.15 4.3 + 047
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Table 3. Recovery yield (%) of water-soluble extracts derived from Sea hare

eggs (SHE) at different temperatures

Temperature 20T 40T 60T

Yield (%) 26 28 40
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Fig. 4. Effect of cell growth inhibition on leukemic U-937 incubated with
SHE prepared at different temperature from 20T to 60C. The 5 x 10" cells
MTT reagent treated into each well and absorbance of formed
formarzan 1n viable cells were measured at 540 nm. Experiments
were performed in triplicates and data are expressed as average

percent change from control £ SD. a; p < 0.05, b; p < 0.005, ¢; p < 0.0005.
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Fig. 5. Effect of cell growth inhibition on leukemic HL-60 cells incubated
with SHE prepared at different temperature from 20C to 60C. The 5 x 10" cells
were treated with the extracts and incubated for 24 h at 37C. Then,
MTT reagent treated into each well and absorbance of formed
formarzan 1n viable cells were measured at 540 nm. Experiments
were performed in triplicates and data are expressed as average

percent change from control £ SD. b; p < 0.005, ¢; p < 0.0005.
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Fig. 6. Effect of cell growth inhibition on colon CT-26 cells incubated with
SHE prepared at different temperature from 20C to 60C. The 5 x 10" cells
were treated with the extracts and incubated for 24 h at 37C. Then,
MTT reagent treated into each well and absorbance of formed
formarzan 1n viable cells were measured at 540 nm. Experiments
were performed in triplicates and data are expressed as average

percent change from control £ SD. a; p < 0.05, b; p < 0.005, ¢; p < 0.0005.
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Fig. 7. Effect of cell growth inhibition on cutaneous B-16 cells incubated
with SHE prepared at different temperature from 20C to 60C. The 5 x 10" cells
were treated with the extracts and incubated for 24 h at 37C. Then,
MTT reagent treated into each well and absorbance of formed
formarzan 1n viable cells were measured at 540 nm. Experiments
were performed in triplicates and data are expressed as average

percent change from control £ SD. b; p < 0.005, ¢, p < 0.0005.
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Fig. 8. Effect of cell growth inhibition on breast cancer FM3A cells
incubated with SHE prepared at different temperature from 20C to 60C. The 5
x 10" cells were treated with the extracts and incubated for 72 h at
37C. Then, MTT reagent treated into each well and absorbance of formed
formarzan in viable cells were measured at 540 nm. Experiments were
performed in triplicates and data are expressed as average percent change from

control £ SD. a; p < 0.05, b; p < 0.005.
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Table 4. The value of 50% growth inhibition on tumor cells incubated with
SHE extracted from 20C.

Name of cell line ICs0 (ug)
B-16 Murine melanoma 22.16
U-937 Human monoblastoid leukemia 10.42
CT-26 Mouse colon carcinoma 20.95
HL-60 Human promyelocyte leukemia 29.58
FM3A Human breast cancer 10.62
V79-4 Normal (Hamster Chinese lung cell) 87.59
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o] AFelx SHE+= 5 &9 hAlxe] disiA Fdsd S /M= ICo #S EF
30 pg/me o1& L. FAAE] V79-4 AEE 8759 pg/m At o Aol SHE:
53] dAGAE (U-937)¢F FHAE (FM3A) thal A s ICs #S s
g, ICs #t< 247 1042 pg/ma 1062 pg/mb 2 thE A EE] nls) 433 73
A 245 7Kt 3E ¢ & AT =S SHEE U-9373% FM3A Alxe] A
23S W At @2 el vl AlxE e fFoAow At 539,

¥ ICs FEA 1042 pg/m} 1062 pg/ml w0l A o] FRHE F4% AXE
2 geld & gl

71E9] FgEArt vk el HEF dus FEFES E, tAb, vd,
e, 11 Tol Ao, ATAFIAESL Hela Aot F¥dAEI MCF-7 AX,
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OO FFS WHARE A E vl = avA S MAA Fe AR
etttk ol g Aits A AdeA Aol FEEoA et EdE UEJ
Th= Yamazaki (1989a)9t Yamazaki 5 (1993)¢] A4 e}t ofF fAHTE gt
Kisugi % (19887)& 49 <oA], Yamazaki & (1989h)& w4 F9 dFe 1
W (Dolabella auricularia)®] ARl %= 242t Feraats vetdll= Ado] Aot

H 13}t Yamazaki 5 (1997)2 3l %

i

=)
k=]
(glycoprotein)o] g #E Yetdtta ®Husigon, FAA L= S

o

FA e, hMEoRt JFE F& AELs] 82 (cytolytic factor)S Ffrati 9l
T Bt wekA, ojeist ARE FFE & u SAFE XFsE S E
o= IdUEHAE HEE Aol Bel grEHol doe AS 0T F UM

34. SHEZ} v A= QAE do) Fests wal 5

AAE FAASL dv= 71EFHA Axe 249 PPES FAH] Hste] AxE
23 F5g ZXdste A&Hol EAEHA Hu
(apoptosis) =+ programmed cell death2bal $ho} (Steller et al., 1995). ©] oA <
A AW E4E dS AEE AA"T old 3 apoptosist AIE Wl ZEHFH &
Asta Y A 71zfo] AlE e} Q]9 A=l ffste] & stE o] AP3 =
2282 2 Ao R AES IA} (necrosis)2bs 2] Fo] 7F= AlES W&Eo] A
3 QR FEH A ol v AEY 4o Sy Jks A= etk FEEHA
o2 Mg HlF Aot Maxvte] uby 9@ Aol g3} t]Eo] apoptotic body
o] FAS =t AAE LS Eog I A8 nxA Ha, AFstHorE o
AMA DNAZE & 7ol A 2he x7zbo g Zebx= DNA dHsts fesh €t (Lee
et al, 2000a, Jaruga et al., 1998). w&}A], o]2| 3 apoptosis signal pathway©oll 2]&+ <F
A A s vhE ZAAE gk Sy ek HASE A7IHA, @ &
HIE FUstA7]7] 9@ SFEeRI dirAow FQ s A AT EHIL v FoFE
dAE A A 71 A< apoptosisell 9lE] F& AlxE gle]A DNA FHe 54

% 3lY47F apoptotic body® @Al DNA ladder?t #-& DNAQS HAEAo|t}

SeE B4 e A

[\

(o
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(Bortner et al., 1995). we}A, AEe =A< AgAst= AJo] apoptosisel] ¢ 3h

DNA Z4d&d3 22 ¥

20CoNA F%=¥ SHEE U-937 M=o Agstds wl, SHEE A stA 2
xar> ME] Pt Flstal Bl EFS ol AIRE SHEE A2 &
Aol A= AEe] FEjsts w®Wte] oS wHT. W &F  (nuclear
pyknosis)Z} apoptotic body ] @/l s% oJEH o R Frtete A4S FlsAth
(Fig. 9). SHES A<l FM3A Al HEatde Wx U-9374 2] Ao}
9] fFAFeAl YERS TR FM3A Al SHEE tédst %1, 5, 10, 25, 50 xg/ml)
= Agsde wl, AgetA ¥ el nls] Axe] §5H P Ejek apoptotic
body7} A Eo] #EHATH (Fig. 10). o]g 3 A= Reveiro 5 (2007)9] Az}
o} f-AFSEA T Reveiro 52 U-937 A9 hydroxycoumarins= #1833 S w 3
S 23 DNA 22dAS AA apoptosisE st & a3 veldtta =
3Tl w3 Ajiro (200003 Nucleosomal core (H2B)E #glatals o s &
7 DNA #48%4S el Biusdch oA 7 U-937% FM3A AX+ 9 F
2HE Aud A5 Fow o YRoA FHANE dov|a, Axed= DNA
7F AAE BAESS T3 apoptosis®2E FEEHTE AL & F AT wEkA,

SHE 9A] U-9373% FM3A Al #olA ek a5 v o, 3 $53} apoptotic

Rl

A

35. SHE A glol oJgt ¢rAlxe] DNA @3t fi=

AIEQL U-937 Aol A ob- A% Aefebx] F& izl v, 4847+ &<t SHE
ob FA wFE B, A BE FE (625 125, 25, 50 pg/m)ell A DNA T &7}
T gEAoR FREATE e Hdsdn (Fig. 11). 53], SHES 25 ug/mt
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Fig. 9. Morphological changes of leukemic U-937 cells treated with different
concentrations of SHE. The «cells were treated with SHE and
incubated for 48 h at 37C. Then, the Hoechst 33342-stained nuclei
were observed under a fluorescent microscopy using a blue filter.
Magnification, x 400. A; Control, B™D; the cells treated with 6.25, 125 and 25
wg/mé of SHE.

_34_



Fig. 10. Morphological changes of FM3A cells treated with different
concentrations of SHE. The «cells were treated with SHE and
incubated for 48 h at 37C. Then, the Hoechst 33342-stained nuclei
were observed under a fluorescent microscopy using a blue filter. A; Control,

B7F; the cells treated with 1, 5, 10, 25 and 50 pg/m¢ of SHE.
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Fig. 11. Induction of DNA fragmentation on leukemic U-937 cells after treatment
of SHE. The cells were treated with SHE at different concentrations from 6.25
to 50 pg/m¢ and incubated for 48 h at 37C. The genomic DNA was extracted,

and analyzed on 1.5% agarose gel. M indicates a size marker of DNA ladder.
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SHE (ug/ml)

M Control 1 10 50

Fig. 12. Induction of DNA fragmentation on FM3A cells after treatment of SHE.
The cells were treated with SHE at different concentrations from 1 to 50 pg/ml
and incubated for 48 h 37C. The genomic DNA was extracted, and analyzed on

1.59% agarose gel. M indicates a size marker of DNA ladder.
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Fig. 13. Comet image of DNA damage on leukemic U-937 cells after treatment
of SHE. The cells were treated with SHE at different concentrations from 6.25
to 50 pg/ml and incubated for 48 h at 37°C. The cells were lysed by lysis buffer
and the DNA was electrophoresed in 0.7% LMPA at 25 V and 300 mA for 20
min. A; Control, B'E; DNA image of U-937 cells treated with 6.25, 12.5, 25 and
50 pg/ml of SHE.
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Fig. 14. Effect of SHE on nucleolus DNA damage in leukemic U-937 cells. The
cells were treated with SHE at different concentrations from 6.25 to 25 pg/mé
and incubated for 48 h at 37°C. The tail in fluorescence of DNA in cells were

measured by Komet 4.0 comet image analyzing system (Kinetic Imaging, UK).
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o], DNA &7+e] glo] DNA taile] &4 o] 719 fle dixael B8 SHE7 x4
(6.25, 125, 25, 50 pg/m)= HHHA AxdM= T EH o= DNA taile] Z+7+
°F 16.04%, 21.28%, 33.37%, 100%74 S7F= vt A& Slatdot. 53], 25 pe/
el SHEE A #|38tS wl, DNA taile] o] tixtel Hls] ¢F 8 vyt F7H= %
o, 50 pg/me] SHES A #st3lS woles 718 B Al DNAZE &45 9o
DNA taile] H43] 7 & glskalvh =3 FM3A A2l SHES 1 pg/me*
B 50 pg/m7HA gt wx= APsielS W, SHES Aels =t S7kdl wet
DNA tail®] @A o] e 7.25%° Hlal] 46.88%7FA S7HH At As &l
T AAJTG (Fig. 159 16). o]# & A= Comet assays F3lo] 2 G825 B
platyphylla var. japonica %55 HL-60 Al¥ AgstS wl, Az N3 =
o eE&Ho® DNAZF 243 He A4S THE 238 FAEE (Ju et al
2004).

o] Ade FelA AAZT FEEHS Wt QojA, FE gEHOZ

apoptotic bodytt DNA ladder?] ddo] S7I=EE A AAA e Z2HF 3

P

SHE”} U-9373 FM3A Al
AR Aol

Fo 9o] apoptosis 429 DNA EAIHFS o] LA
S A stE e dAFHo NG & 5 Q)

ol\

37. FAE 248 53 SHEe] 93 oA Ee DNA % W3}

Apoptosis7t FEEA Fd, 443 DNAZ Aoto] Hlu, 1284 ddd DNAE
Sub-Gi71ell #F et 2nR Tt A2 DNA ¢3S 7FAA fAch mebd, GAELe] F
710 w2 QFAME o] DNA S FAE 47|21 flow cytometry assays ©|
g3t At

U-9377F FM3A A Zol tf¥3et 59 SHES 48413 &<t Azlste] AlxLe +
7] WEE st o Ay U-937 AlZol glojA ol FAE AEshA] 2 o
Zo] sub-Gi7b 4.47%¢1 Aol HlE) 625 125, 25 pug/me] SHES A#stgle

off

T OEA SR 812%, 9.71%, 2342%7HA] sub-Gi FAI7F ST = AS &
sttt (Fig. 173 18). FM3A Aol glojX =, SHEZ A3 F, sub-Gi9
DNA o] &= Aoz SN tE e 448 5 A 53], 50 pg/

mle] SHEZS FM3A Al Zo g3k A, sub-Gi719 A2 Ads] Z7FA A,

e



Fig. 15. Comet image of DNA damage on FM3A cells after treatment of SHE.
The cells were treated with SHE at different concentrations from 1 to 50 pg/mé
and incubated for 48 h at 37C. The cells were lysed by lysis buffer and the
DNA was electrophoresised in 0.7% LMPA at 25 V and 300 mA for 20 min. A;
Control, B7F; the cells treated with 1, 5, 10, 25 and 50 pg/m¢ of SHE.
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Fig. 16. Effect of SHE on nucleolus DNA damage in FM3A cells. The cells
were treated with SHE at different concentrations from 1 to 50 pg/m¢ and
incubated for 48 h at 37C. The tail in fluorescence of DNA in cells were

measured by Komet 4.0 comet image analyzing system (Kinetic Imaging, UK).
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Fig. 17. Effect of SHE on the cell cycle pattern and apoptotic portion in
leukemic U-937 cells. The cells were treated with SHE at different
concentrations from 6.25 to 25 ug/m¢{ and incubated for 48 h at 37C. The
nuclear fractions of the cells were stained by propidium iodide (PI). Then, the
fluorescence intensity was determined using a FACScan flow cytometer and
analyzed as DNA histogram by CellQuest software. A; Control, B™D; the cells
treated with 6.25, 12.5 and 25 pg/ml of SHE.
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Fig. 18. Bar graph of SHE on the cell cycle sub-G; and apoptotic portion in
leukemic U-937 cells. The cells were treated with SHE at different
concentrations from 6.25 to 25 pg/ml and incubated for 48 h at 37C. The
nuclear fractions of the cells were stained by propidium iodide (PI). Then, the
fluorescence intensity was determined using a FACScan flow cytometer and the

relative cell counts (%) were analyzed by CellQuest software.
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sub-Gi1 F717} obd & AE F7]el A= apoptosis7t U Bol Aoy FAHx
2 sk = glatk (Fig. 199 20). 919 23 =2+5¥, SHE+= U-9373% FM3A Al
Aol A F7] F sub-Gioll #JEte] DNAS FAS JAgo =z ddars 5
gAZItE RS & 5 AAJTH

oyt /2 Amirgofran <9 A3} FAFITE Amirgofran 5 (2006 and
200 A= FEES o dAlxE Agetes W sub-Gi7] @A A DNASHE
o] & oEHo® EA Yeyta Bk Tian 5 (2008)2 AEFEE9
A E< dulxanthone AS HepG2 M X AH2gtle wf S ©@AlolA] DNAE arrest

o

e

&l A4 apoptosisE frEdtia Badlth I Yang (2007)2 ZARAN §42FEE
= U-9373% HL-60 Al Hgatde wW, E=a 9 sub-Gi71EY F==5 Ad
g sub-Gy71¢] DNA kel =dthar B sl o, Ju 5 (200402 B. platyphylla
var. japonica®l FEES ATAS W GA tETY sub-Gl7| Rt AT 9
sub-G17]1¢] DNA 3&&o] =0} apoptosisE FE3thar H sttt o] HAF
Q1 Albatrellus confluens® grifolinS human nasopharyngeal carcinoma A3¢I
CNE1 A Eo| AH&atds "Wk sub-Gi7lelA e DNA 3= 5719t SHAE 52
A& Z71E Hasdtt (Mao et al, 2007). o]&]gt ZAee oA E Fnir}; thi

ol 7k 4w, @

’

12

oo
ol
L)

o] g FHEES AHYstd tFE dAEE sub-Gi7]
o A} DNA® 3&t&Fo] zolx] Al apoptotsisZt 714 2 dojuie= AS AA& F=th
welA, SHE 9A] Al EZe] 9do]A AL F7] =, sub-Gi1719 DNA 3HHS =0

3, FAIES FAS AAAA apoptosisE FEITE AL eldd 5 AL
3.8. Western blot assayS %3 SHE®] apoptosis @& ez uke W3}

AulA o 2 mEFZ=¢olE AF3E apototsis AEE TFE Bax$ Bel-2 gt

AAA wdor My vl (Boner, 2003, Cory et al, 2002,
Gross et al., 1999, Strasser et al., 2000, Suzanne et al., 2003). %3 apoptosis&
anti—apoptotic ©¥ 2l Bcel-2 family @2 2 3} pro-apoptotic T A <l Bax w42
o] mMEZ=gole] E3AI} cytochrome co WES Aojstozxn ZdFTL B
1E AT (Korsmeyer et al.,, 1995).
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Fig. 19. Effect of SHE on the cell cycle pattern and apoptotic portion in FM3A
cells. The cells were treated with SHE at different concentrations from 1 to 50
pg/m and incubated for 48 h at 37C. The nuclear fractions of the cells were
stained by propidium iodide (PI). Then, the fluorescence intensity was
determined using a FACScan flow cytometer and analyzed as DNA histogram

by CellQuest software. A, Control, B'F; the cells treated with 1, 5, 10, 25 and
50 pg/ml of SHE.
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Fig. 20. Bar graph of SHE on the cell cycle sub-G; and apoptotic portion in
FMS3A cells. The cells were treated with SHE at different concentrations from 1
to 50 pug/ml and incubated for 48 h at 37C. The nuclear fractions of the cells
were stained by propidium iodide (PI). Then, the fluorescence intensity was
determined using a FACScan flow cytometer and the relative cell counts (%)

were analyzed by CellQuest software.
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E3], Bel-2 family @9 2d L& gpoptosisE F 2= ofF F Q3 vz F A
Bel-2% Bax$®} A3l heterodimerE 438t Baxel A4S AAFo=ZA
apoptosisE A3t WA, Bax: WEZE=gol we] F3A4 3 cyto-chrome c9
WES AATOEZHN, apoptosisE S7HAIZITEAL HaE ol gktd (Farrow et al,
1996). AlTh7}, Bel-2 familys Bax® €48 9 #|3ti= Cystein acid proteases <€
ol caspase YA S0 JgFS Fi1, o]¥ caspase W AELS Ao o F=
H apoptosisel] dolA F83 FHxE 285t ¢rl (Hengartner et al., 2000,
Thornberry et al., 1998, Debatin et al., 2004). 53|, caspase-3i apoptosise] 3
st2 EAo| A FIoldki= lamin A, a-fodrin, DNA fragmentation factor (DFF),
PARP ¢ @®aS Rajsle] apoptosisE FE3ttta &elx] vl (Baker et al,
1998).

o] AFolA U-937% FM3A A XA SHE”} apoptosis® =<}t o
Baxtt Bcl-2¢] @i o] ojwd JFS F= AE dolr7] 98, western
blot assayE =& &} 31t}

SHE (6.25, 125, 25 pg/ml)E U-937 A X0 A3kl o, Bax® &% o&%
oz tgxadd Ha 2 ool FUHEE As Flsd oy Bal-2¢ TE2 A9
H3l7E Ak (Fig. 21). whelA, SHE+= U-937 Ao A pro—apoptotic ©F= &<l
Bax @# & W& S FE319] apoptosisE FEstthsE S FAT 4= A}, 3
H, FM3A AXo A& Bax® Ido] tizatel] vz AHides 2eE 5% (1, 10,
50 wg/m)N A S7Fetal, BFH Bel-29] wdS X7 F7Fg wel AdEs] A
o] 50 pg/mielME AAFAT (Fig. 22). o8 AFS # & (2005)2] Axe}
FASEA T & AT s FEES THYAEST] MDM-MB-231
A Hg39 S W, Baxt % 9EH oz Frhsg o, Bel-2& 238 i
gkl shglth Al 5 (2006)2 Al MDM-MB-231 Al 3Eel [6]-gingerol &
23t S W Baxt S7Metal Bel2& #Addt s om Lee 5 (2008)
sodium flouride (NaF)E <17} gingival fibroblast A3 A2 stR S W, Baxel &
2 Wb glov, Bel-29] AR apoptosis7t dolwitial B alstth whehA,
SHE®] #t=o.2 <& U-9373 FM3A A3 apoptosis’7} 4ol w Bel-2 family

ol Bax$} Bel-2 ©rula o] A5 280 93] apoptosis’t ZAHAT}E AS g 4

& o]

5N

i
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Fig. 21. Effect of SHE on apoptosis-related protein expression level in
leukemic U-937 cells. The cells were treated with SHE at different
concentration from 6.25 to 25 pg/ml and incubated for 48 h at 37C. Cytosolic

lysates were immunoblotted with anti-Bax and Bel-2 antibody.
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Fig. 22. Effect of SHE on apoptosis-related protein expression level in
FM3A  cells. The  cells were  treated with SHE  at  different
concentration from 1 to 50 pg/ml and incubated for 48 h at 37T.

Cytosolic lysates were immunoblotted with Bax and Bcl-2 antibody.
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ATH

Apoptosis®] 71H1S FHE3= o do] A, caspase @A ] A A (cascade) wF
=S T A2 vl oJu]Z 717t} (Debatin, 2004). Bax®} Bcl-29] &
& Wstel caspase @A}l APRAS 8HQlslr] $18te] caspase-8, caspase-9,
caspase-3, poly (ADP-ribose) polylerase (PARP)¢] wulzd &S xA}skdt)
U-937 A XA SHEo| <23 caspase-82 Wd2 FT& o&EXHo=m F7lstdal,

¥0,

2

o
ofN
e

caspase-99] WL Ty #EYE Zol7l gtk XS caspase-39 WAL T
=7 7w i @A ES o cleaved PARPY WE e FE ojEFH o7
718 AL gttt (Fig. 23). 18lal, FM3A AM¥A+= SHE s%7} 718
% cleaved caspase-89 od2 S}l I, caspase-99] WAL ZAaFAUTH
Caspase-39] @32 dxo H w27l 71 wg i ZALaEJoy
cleaved caspase-3¢] W& 3} cleaved PARPY W3 & & oEZH o7 Z71E At
T3 PARPO] @d 2 7F4ssl oy, cleaved PARPS] @& 2 SHE H%7F 5718

T2 Z7tEte AES HoFAT (Fig. 24). o] AL AE4d Y9 apotosisE =3
= caspase cascade T oA AlZ G@AZ LHA caspase-82] ¥d (Muzio et al,
1998)¢] #oJ sttt ol A9t AA gt Eek U-9377 FM3A A4 SHEZ}
3 caspase-8¢ W& o] apoptosisd Al Fe] #TolFTE AL oujstar, A EY
o A apoptosis AZE FEAAF= caspase-9¢ & (Rodriguez et al, 1999,

Stennicke et al., 1999, Renatus et al., 2001)> FM3A AXoMwt HARFs= A=

rr

gurA o 7 oA E 9] apoptosisE FESE FEELS caspased FAHLE =747
tha Hauwar 9=t (Ye et al, 2005, Joet al., 2005), B2 3=
Q1 HT-290] A 2l3t99< wl caspase &40l T7Fe A& & 5 3
2005). o] A ¢ Fo) A isoliquilitiaenin (ISL)E A&7 ok A Eel H

3tA Y NaFE 217t gingival fibroblast Al 30 2z} A glsq S w w27 S7Fe4
2 PARPY w3& 7439 A9 cleaved PARPS W& Z7)sictta ® sl
(4 5, 2006, Lee et al, 2008). 3, A7l @Wol E3H o] 3= polyphenolic

;9 m{n
v
=
8
o
=

d

phytoalexin Al 492l resveratrol (RSVL)S 53 A2 MDM-MB-231¢ = 2]
5t S W, casapse-39} PARPe W& 743}al, cleaved caspase-39F cleaved

PARP9] w3& Z7}3tttar B a3kl t} (Alkhalaf et al, 2008).
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[-actin Bl asmn VS F F vV = 13

Fig. 23. Effect of SHE on apoptosis-related protein expression level in
leukemic U-937 cells. The cells were treated with SHE at different
concentration from 6.25 to 25 pg/m¢ and incubated for 48 h at 37°C. Cytosolic
lysates were immunoblotted with anti-caspase-9, cleaved caspase-9, cleaved

caspase—8, caspase-3 and cleaved PARP antibody.
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Fig. 24. Effect of SHE on apoptosis-related protein expression level in
FM3A  cells. The cells were treated with SHE at different
concentration from 1 to 50 wxg/ml{ and incubated for 48 h at 37T.
Cytosolic lysates were immunoblotted with anti-caspase-9, caspase-8, caspase-

3, cleaved caspase-3 and cleaved PARP antibody.
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mwEbx, SHES] Ao <A U-9373 FM3A AM¥X&= U™ caspase 425
3l Fe] caspase-35 A PARPE €737l apoptosis7t 2%+ Aol
1l AlsE

39. SHE7} A@l® U-9372 FM3A Al Ee| 4 Caspase-3 &4 =4

SHEE U-937% FM3A A=l Agstsls wi SHEo &) f*=¥ Caspase-3
gud S48 S A7, U-937 AlZddA 625 pg/ms HEdS HE At
= 794 W TxE gETAHoE FUtEsdth (Fig. 25). FM3A Al EoA Lk A
SHE?®] %7} 571l upgl caspase-3 ©@ @ @A o] F7}sl9al, 53], SHE 50

pg/meell A 1 &Ado] Ao Fdsl A4 SUbekdvs Ae Fdskdu (Fig.

26). o]AL oA AWl caspase-3 Wl E wd I FAFSE A 53,
caspase-3¥ apoptosis downstream 7] & ojA wl$ Fa3 IS o)

Caspase-3 @l do] glom thekst 7|2 &34 (substrate cleavage), DNA &4
3} chromatin marginalization®} %22 5] dowmstream eventES A gt}a
s}l (Slee et al, 2001). =3 FE RPoAxE A e Ayt Z29EEd),
caspase-3 -/- knockout A]7]™ membrane blebbing, DNA degradation, nuclear
fragmentation®} 28 AF7F 243 odAAct Hasdtt (Woo et al, 1998,

Zheng et al., 1998). o] 722 caspase-3 T & o] apoptosisel 7} T L3514 283}

L gmAds F 3 i S ot
o AxE Fgs 2 w, SHES A gls U-9377 FM3A Al X+ caspase 9
=X AZE A XA apoptosisE FE8E Ao AlgH

3.10. In vivo AolA SHE® FM3A M X = §53 FF =7] oA

A A 3o A& K<l SHEZF in vivo A= 3¢ &4& 7H= A
£ W7hel7) Slal, FM3A AEE ol 8eke] fuUehs FE rhezol B $% 2
7l oA B4 Bt A9e SHES b2 e ngug a4y AR

o APTOE Lhre] Relsgla, Fol 57 Fol FM3A AXE v 95
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Fig. 25. Effect of SHE on caspase-3 activity in U-937 cells. The cells were
treated with SHE at different concentration from 625 to 50 ug/ml
and incubated for 48 h at 37C. Cytosolic lysates (50 pg) were

applied for caspase-3 assay kit. a; p < 0.05, b; p < 0.005, ¢; p < 0.0005.
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Fig. 26. Effect of SHE on caspase-3 activity in FM3A cells. The cells were
treated with SHE at different concentration from 1 to 50 pg/m¢ and incubated for

48 h at 37TC. Cytosolic lysates (50 pg) were applied for caspase 3 assay Kkit. a;
p < 0.05 b; p < 0.005 c; p < 0.0005.
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Fig. 27. Image of tumor in breast cancer mouse model induced by FM3A cells.

FM3A cells (1x10° cells/50 gl/mouse) were injected into the caudal vein of
mouse tail and induced breast cancer mouse model. A; G8 group, B; G9 group
treated SHE 30 pg/mouse for 5 weeks before induction of breast cancer in
mouse, C; G10 group treated SHE 3 pg/mouse for 5 weeks before induction of
breast cancer in mouse, D; Gl11 group treated SHE 30 pg/mouse for 5 weeks
before and 3 weeks after induction of breast cancer in mouse, E; G12 group
treated SHE 3 pg/mouse for 5 weeks before and 3 weeks after induction of

breast cancer in mouse.
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Fig. 28. Inhibition effects of SHE on tumor volume in breast cancer mouse
model induced by FM3A cells. FM3A cells (1x10° cells/50 pl/mouse) were
injected into the caudal vein of mouse tail and induced breast cancer mouse
model. Tumor volume were measured by caliper. A; G8 group, B, G9 group
treated SHE 30 w{/mouse for 5 weeks before induction of breast cancer in
mouse, C; G10 group treated SHE 3 pg/mouse for 5 weeks before induction of
breast cancer in mouse, D; Gl1 group treated SHE 30 pg/mouse for 5 weeks
before and 3 weeks after induction of breast cancer in mouse, E; Gl2 group
treated SHE 3 pg/mouse for 5 weeks before and 3 weeks after induction of

breast cancer in mouse.
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Table 5. The solid and protein contents of fractions from SHE

Solid Total Total Total Recovery rate (%) of
(mg/ml) solids (mg) amounts (ml) proteins (mg) Protein (mg)
SHE 297 8158 2750 1142 14
1 kDa > fraction 1.33 3000 2250 430 143
1~10 kDa fraction 0.67 97 145 39 40.2
10~30 kDa fraction 233 163 70 22 135
30 kDa < fraction 8.97 2555 285 180 7
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97 kDa

50 kDa
37 kDa

29 kDa

20 kDa

9 kDa

Fig. 29. The molecular weight (M.W) of SHE and fractions fractionated by
ultrafiltration system. The fractions and SHE with or without 3-mercaptoethanol
were boiled for 3 min at 100C and loaded into each well of 15% SDS-PAGE
gel for 1.5 h at 30 mA. Then, the gel were stained by Silver stain. I, Gel
electrophoresed in the condition of protein denaturation, II; Gel electrophoresed in
the condition of naturation, M; Maker, A; SHE, B; 1 kDa > fraction, C; 1-10
kDa fraction, D; 10-30 kDa fraction, E; 30 kDa < fraction.
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Fig. 30. Effect of cell growth inhibition on leukemic U-937 incubated with
SHE and four kinds of fractions obtained from SHE. The 5 x 10
cells were treated with SHE and fractions and incubated for 24 h at 37°C. Then,
MTT reagent treated into each well and absorbance of formed formarzan in
viable cells were measured at 540 nm. Experiments were performed in triplicates

and data are expressed as average percent change from control £ SD. a; p <

0.05, b; p < 0.005, ¢; p < 0.0005.
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Table 6. The U-937 cell growth inhibition activities of fractions obtained from

30 kDa < fraction by gel filtration chromatography

Fractions Inhibition Fractions Inhibition Fractions Inhibition Fractions Inhibition
(No.) activity (%) (No.) activity (%) (No.) activity (%) (No.) activity (%)

A 17.74 16 70.72 34 -53.19 52 -17.38
B 93.03 17 73.37 35 -50.30 53 -17.23
C 72.25 18 68.08 36 -38.01 54 -28.13
Fraction 1 1.56 19 60.44 37 -18.98 35 -44.72
2 19.25 20 54.47 38 -22.59 56 -60.71
3 51.58 21 51.81 39 -40.76 57 -47.05
4 68.60 22 42.42 40 -28.22 58 -51.39
5 77.66 23 33.25 41 4.28 59 -70.79
6 79.02 24 24.11 42 -20.06 60 -21.21
7 81.40 25 39.36 43 -31.13 61 -27.65
8 82.43 26 16.78 44 -32.01 62 -23.02
9 83.86 27 12.54 45 -3.60 63 -9.40
10 80.07 28 -1.86 46 -13.84 64 0.46
11 79.62 29 -4.56 47 -11.39 65 -23.50
12 78.78 30 -36.38 48 -18.23 66 -41.73
13 78.12 31 -44.46 49 -3.03 67 -8.71
14 75.01 32 -48.28 50 -10.57 68 -26.13
15 74.76 33 -41.98 51 -13.14 69 -29.89

* P; PBS, 30 kDa <; SHE 30 kDa< fraction, F-30 kDa<; Filtered 30 kDa <

fraction
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Fig. 31. The U-937 cell growth inhibition activities and protein contents of
fractions obtained from 30 kDa < fraction by gel filtration chromatography. 30
kDa < fraction of SHE were centrifuged at 15,000 rpm for 15 min and obtained
supernatant. The supernatant of 30 kDa < fraction were filtered and loaded into
Sepharose G-100 resin—charged column. Then, the U-937 cell growth inhibition
activities and protein contents of the fractions measured by MTT assay and

BCA kit, respectively.
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Table 7. The U-937 cell growth inhibition activities of fractions obtained from

the active fractions by anion exchange chromatography

Fraction Inhibition Fraction Inhibition Fraction Inhibition Fraction Inhibition

(No.) activity (%) (No.) activity (%) (No.) activity (%) (No.) activity (%)

A 14.21 10 69.30 26 37.42 42 -37.99

B 89.60 11 72.29 27 51.85 43 -55.12

C 83.31 12 69.92 28 56.69 44 -48.93
UB1 -87.09 13 66.52 29 52779 45 -49.76
UB2 -78.73 14 69.51 30 58.53 46 -58.56
UB3 -39.42 15 67.95 31 65.40 47 -57.67
UB4 -57.49 16 63.10 32 65.45 48 -51.16

1 -76.51 17 73.70 33 60.48 49 -37.18

2 -34.27 18 72.28 34 26.55 50 -38.23

3 -7.13 19 68.07 35 -23.76 51 -65.66

4 -12.52 20 64.08 36 -30.41 52 -57.75

5 9.62 21 56.78 37 -43.13 53 -21.18

6 -7.81 22 47.88 38 -40.38 54 -20.44

7 -31.18 23 44.87 39 -38.34

8 40.39 24 48.41 40 -35.89

9 63.78 25 36.72 41 -27.44

* P; PBS, 30 kDa <; SHE 30 kDa< fraction, F-30 kDa<; Filtered 30 kDa <

fraction
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Fig 32. The U-937 cell growth inhibition activities and protein contents of
fractions obtained from anion exchange chromatography. Th active fractions
from gel filtration chromatography were applied into Sepharose Q resin—charged
column for anion exchange chromatography. Then, the U-937 cell growth
inhibition activities and protein contents of the fractions obtained from measured

by MTT assay and BCA kit, respectively.
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Fig. 33. The molecular weight (IM.W) of mono Q-fraction purified from active 30
kDa < fractions obtained by gel filtration chromatography and anion exchange
chromatography. The mono Q-fraction with 3—-mercaptoethanol were boiled for 3
min at 100C and loaded into each well of 15-7% gradient SDS-PAGE gel for
1.5 h at 30 mA. Then, the gel were stained with commassie dye. M; Marker, A;
40 u¢ of mono Q-fraction, B; 80 ul of mono Q-fraction.
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