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Abstract

The past 26 years, the cancer has been the first of ten major causes of
the death all the time, and good countermeasure does not treat the cancer
yet. Colorectal cancer (CRC) is a common and lethal malignant disease,
it’s the second most frequent cause of cancer-related death in the United
States and occupy the third place in ten major causes of the death of the

cancer in Taiwan. Surgical resection ~ chemotherapy and radiotherapy is

the major treatment modality for CRC, but therapeutical effect and
prognosis are not perfect. Therefore, investigate an effective and fewer
side effect anticancer druge is the task of top priority. Apoptosis is one of
the organism maintains the balanced and will not cause inflammation, it
has fewer side effect for humen body. Therefore the most important
strategy of chemotherapy is utilize medicine to induce cancer cell
apoptosis.

Cantharidin is the extract of the blister beetle, Mylabris, has been

demonstrated to possess antitumor » Immune adjustment ~ antibiotic and

antivirus  effect. This thesis main research purpose to probe into that
cantharidin can inhibit grow and anticancer mechanism for colorectal cell
line (COLO 205).

We use the microscope detects the change of cell type and showing
that COLO 205 cell line deal with cantharidin, reduce the cell number ~
shrink and look like has apoptosome. The MTT assay show that COLO
205 cell line deal with cantharidin, cell survival rate show a dose- and
time-dependent manner, ICsy 1s 20.53uM. Cell cycle analyze show
cantharidin induced COLO 205 cell line that cell cycle arrest at G2/M
phase then induce apoptosis. Western blot and CDKI1 activity show

cantharidin can reduce cyclin B and CDKI1 activity, and can promote
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chkl and p21.
The TUNEL ~ DAPI and annexin-v assay is to display the apoptosis

of cantharidin on COLO 205. The MMP and ROS assay show reduce
the mitochondria membrane potential and increase reactive oxygen
species. Western blot and caspase activity assay demonstrate that

cytochrome ¢ ~ Bax ~ Bad and Fas are increase, Bcl-2 is decrease,and
promote caspase-3 ~ -8 and -9 activity.

Comprehensive the above result, cantharidin can inhibited cell cycle

and activity mitochodria/stress pathway ~ death receptor pathway then

induced cell apoptosis.
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AIF
Apaf-1
APS

Bcl-2
Caspase
CDK2

CKI

DAPI
DCFDA
DMSO
DNA-PK
D.D.Water
DioC6
DMEM
DTT

ECL
EDTA
ELISA
Endo-G
FACS

FBS

HIF-1
H,DCFDA
Indo-1-AM

SEEER

Apoptosis Inducing Factor

Apoptosis activating factor-1
Ammonium persulfate

B cell lymphoma protein 2

Cysteine asparate protease
Cyclin-Dependent Kinase 2

Cyclin dependent kinase inhibitor
4',6-diamidino-2-phenylindole
2’7’-dichlorodihydroflurescein diacetate
Dimethyl sulfoxide

DNA —dependent protein kinase
Double Deionized Water
3,3’-Dihexyloxacarbocyanine iodide
Dulbecco's Modified Eagle's Medium
Dithiothreitol

Enhanced chemiluminescence
Ethylenediaminetetraacetic acid
Enzyme-linked immunosorbent assay
Endonuclease G

Fluorescence Activated Cell Sorting

Fetal Bovine Serum

Transcription factor Hypoxia-Inducible Factor 1

2',7'-dichlorodihydrofluorescein diacetate

[1-[2-amino-5(4-carboxylindol-2-yl)-phenoxy]-2-(2°a
mino-5-methylphenoxy)ethane-N,N,N’ N’-tetraacetic

acid

L-glutamate
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LMA
MDM?2
MMP (Ayn)

MMPS
NAC
NF-«B(p65)
NMA

PS

PI

PBS

PPP

PPM
PVDF
ROS
SDS-PAGE

Low-meliting gel
Murine double minute 2

Mitochondrial membrane potential

Matrix metalloproteinases
N-acetyl cysteine

Nuclear factor-kappa B
Normal melting point agarose
Penicillin / Streptomycin
Propidium lodide

Phosphate Buffered Saline
Phosphoprotein phosphatase
Mg2+-dependent PPases
Polyvinylidene Difluoride
Reactive Oxygen Species
Sodium dodecyl sulfate polyacrylamide gel

electrophoresis
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PP2A+r %] » ¥tPP1 ~ PP2A ~ PP4{cPP55 #5s |+ » 1 PP2AE
# 5 R 0 HPP2BF Mrsi cdrd] (£ =)o 1T B #EPPL2 PP2AFrH]
A L dukE g it p 519 Protein Phosphatase 73 4 4
P A& @ & 4] o PPl 2 PP2A J§ Serine/threonine protein
phosphatase ® :PPP family(® =) "7 A% %2 4 @@ o 2
FEROAE LS > o TP E T e A L] AT S v
¥ 28 %5 4 (cytoskeleton dynamics) ~ 3 & 3 5L @ & ~ w7 45 % ~ Glucose
SEE R SRS LR AR & & L P E il F
(tumor-suppressor protein)'” o

P52 )J%J s 7 384 > Cantharidin ¥t A #fCCRE-CEM¥: U937
i imie FRE G 34 B w2 k= (apoptosis) tHiF* > g d p53-ik#f
Alefsd] > ¥ 1 & Fd p38&INKE Kinasedng it 2 & 3 i wmre
/= o Cantharidin ¥ % fHep-3B* - it & 3 ¢ | mie T ) 2 b
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# = p #R % e Serine/Threonine Protein Phosphatase ]3| (20)

Inhibition of Ser/thr Protein Phosphatase activity (ICgy, nM)

Compound PPl PPIA | PP2B (calcineurin) PP4 pps™* PF Ref
Okadaic acd 20-50 0103 ~4 pM 0l 13 =l pM 27,32, 5547
Microcvstin-LR Microcvstin-RR 0.3-] <. 1] ~| uM 015 L0 = uM 27.51,63, 68,
Nodularin 24 03 =] pM ND ND =1 uM 1l
Calyculin A 04 023 =] M 04 3 =l uM 79-81
Tautomyein il 15 = uM 02 10 ND B2-84
Cantharidin Il uM 1% =10 M 50 1M ND 36, 93, 94,
Fostrigcin 45-58uM 345 =100 pM 30 70 M ND 36, 104, 114
inthibitor I/ inhibitor2 15 1M NE NE NE ND ND 4

**PP5 values were determined using native bovine PP5 and phosphohistone as a substrate
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- [L—35 PP
_:¥: Toxin
o PP2A sansitive
—_p
p—  PP4
(PPP) ——  PP6
i M A -::
e
Y Toxin
PP7 insensitive
(PPM)

Bl = & /R0 Ser/thr protein phosphatases. & J3 @ frinjg-—v B aEpk it
fr LB B 71 978 0k sufi PP1-PP7 i3t — H - A 7 7:2% (PPP)
it & PP2C family (PPM)§ T &, 3% m 8 = gl ps & 4
okadaic acid, cantharidin, microcystin and calyculin A #7415 % & 5
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L= 96 ELSER RS <
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2 s 7,809 34.1 19.4
3| 2w ek 4,470 19.5 11.1
4 NEELE 1,552 13.7 3.9
5 T 2,474 10.8 6.1
6 oo 2,312 10.1 5.7
7 Pk 1,003 8.6 2.5
8 TR 833 7.4 2.1
9 5 R 1,438 6.3 3.6
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12




= HEF

B RSB SR R enp R Tl 40 BT A U AR
N E SR 0 40~50 R R A F B AR 0 20 KL T RS 0 EH
dhEEAL PRI FHGR AT PIRELE RS A Fp L
W o T 4 5% 85§ WIS T Yk, 0% bIE 2 b

L

Ly

EEE R kg s BER I E R od 2 N RnE 4
A @z]wp;b;-kr'«frﬂ}uﬁ;g P A AT AL oW TE R L
FFEIAS 2 R B RBLT oo

* T e R AR B A B BB S F IR S € BB
1k 43% 0 H ikt F o e 25% H S 15% "% 5% 1

“rss
il

5% 3% - %5 E ”5&95%5}%[&’1%?@*}#‘“’”?@“; NEY R
EARAYEH S EFEF0L 2 o—fgﬁi‘ Stage | H 7 # 7

<3 90% xS BB IS B ISR SN FAREpe f E E RS Fo

13



500 —

300 —

200 [—

Rate per 100,000

100 —

1] =
1 | | | | 1 1
20-24 30-34 40-44 50-54 60-64 70-74 BO-84
Age, years

Bz S%EYmEsdgdd g 53530 1988-1992 & >

14

A

%

%Lt

(=4



v B%EYERZERBERE, 412 Astler-Coller (MAC),
Duke's % TNM*A & & S88 T & 378 %
Stage | TNM Five-Year MAC** | Ducke’s

Classification Survival

%

T1,NO,MO A A
I >90

T2,NO,MO Bl A
ITA T3,NO,MO B2 B

60-85

IIB T4,NO,MO B3
IIMA | T1-2,N1,M0 55-60 Cl C
I11B T3-4N1,M0 35-42 C2/3
IIIC T(any),N2,MO0 25-27 C1/2/3
v T(any),N(any),M1 | 5-7 C D

Primary tumor (T)

TX: Primary tumor cannot be assessed

Tis: Carcinoma in situ

T1: Tumor invades submucosa

T2: Tumor invades muscularis propria

T3: Tumor penetrates muscularis propria and invades subserosa

T4: Tumor directly invades other organs or structures or perforates

visceral peritoneum

Nodal status (N)

NX: Regional lymph nodes cannot be assessed

NO: No metastases in regional lymph nodes

N1: Metastases in one to three regional lymph nodes

N2: Metastases in four or more regional lymph nodes

Distant metastases (M)

MX: Presence or absence of distant metastases cannot be

15




determined

MO: No distant metastases detected

M 1: Distant metastases detected

* F3 Kk p o Greene et al.?
*EA L MR fmve By PUT RS AESE o

BI: g imee b L8 el N o

B2: it %5 BV A i 5 A e B e o

B3: *hpin® 5 g REp K 2 B E] R Bl o

Cl: "5 im™s fy "L BEVep ] 2§ h 30 = BHERS o

C2: Higine 5 5 EICR K f A B E Y AT B IHT S
C3: *hgpine 335 B0l & © BJ0T1% B b ioHo BEH -

i * 27 American Joint Committee on Cancer (AJCC), Chicago, Illinois.*"*
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oA IR REARTE SR Sk 95%1 L -
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4

PIEM AT RAPASLE B A LR G ROFL S

2. 2+ % K (Ulcerative Colitis) 30 # £ 55 509 < * & i
& % %% 5t = 5 (Crohn's Disease)} 20 & chps gtk % ¢ 7 5 i#
FIX 3

3. ®2&M 4 ¢ (Familial adenomatous polyposis (FAP)) % :f & ezt
A B 2% % S (hereditary nonpolyposis colorectal cancer (HNPCC))
EWET] 40 kP NG 80%pE R E S S E Sk Rk 7ok
Ji 1% ¥ (Cancer Family Syndrom) #J% (% - T/ ) e & < H k7> =

g BT - LK 32 B A BopRke B RIAEE A T
50, (27-29)
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2N B

Ao e B~ ) A4LHe & (Endoscopic Exam) % x4 4 6 iE 5 B
R RS LT LR E S FRRDA AP B <IN
e phPFiwad ke ¥Ry /Pt <5 Xkka
(Barium Enema) » (%7 3 (Biopsy) % ¥ # % (Cytology) » *f75 35 %L
39 (CEA) > Ttk > #97% TR > 530 X kBB o " 5fpr
BIRALR o LR F R SR L T el R NS R e

AR TR R I F
=~ /‘;)%

)ﬁaﬂé Pens B i E B Ip {8 TRR 0 2 JEILH S 2 anER o
R R R RFR RO T BRPEN RS LR SRR

4

E KT R Ko o R 4 fE Kﬁ; BRI D N o kAR R B R
T

é},f_l.i‘h,-__f}fii /fr;\:_,_ /r'}%‘—% \.,ukyn/f};]-,i?n@%}zag T
iﬁﬂ*“‘.&%éﬂﬁ’-’ﬂéﬁ%&jﬁ’# S5 A3 20-50%2 R’

a. Jp A E i%{z@j\lf% y T 7 pF a}}uy}%%ﬁ’!’%i&ﬁw
%~i%%§h%ﬁﬁ’&éﬁw%A»BaCﬂi@&

b ipfheh™ 2 1 TG DI 2 gp L e FAMITEF SRS - AL

‘:'p
gwag&ﬁﬁ%h%,qfﬁﬁégAﬁ iR HE A fRAR
AR EIMEARS R R LY BN S RF L R L g
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BT R NG 2 AL - BT A LRI
2
f

3
%M%Laﬂ~ﬁmﬁg%ﬁ§
2. R FE--7 7L P TSRS R
HCH & BY eogp 4 > & 418 T’Fg NN R S '}}i"‘,f—‘iz,‘ﬁb'“r;'@
ERES "fTT g @ R AR S
a. & jiFw gt |2 *7%7;9:@‘7_:@; s E B MR B LT

u//f sy 4 7 /}é‘ o '{;{#ﬁfﬂ }%L‘EUFE’L —%"{ ’ ;ﬁ ,ﬂtrrgu "{3/‘]’ r'nl' }%‘ = ©°

=3
fyde
o
)
\¢
=N
=
}L‘\
(w
Jml
N
|=h

IR Y L TEY SV Y

AT BTS2 v %

I

C. 3 E ' SR A O 0 S ORIER A LR R S
O L S REREEY o
£ S ST EAR SV MRS MAC 4 #F (modified Astler-Coller
stage) (% =) B2:B3 2% C1-C3 # %.—"z S O%mﬁ’?%}ﬁg o — dp
M TS SRS R TS Ar 2 MR 1T B3 K R o X 4500cGy
T REE 2 ) FA bR A2 B PR ESE EAF R A
g o

1%5%&:?&B\C$iw;‘ﬁ Bk o ® DA

C. MEE LA REARE ¢ Ry o e
P e fog sk R o WEE R H 2 & o

- EWPEEETALEP G BB SRR F R Ap st
AR H %ﬂ}r']&ﬁl@;ﬁ#ﬁ PR SR 4 s rr%"ﬁkiﬁ(w 33)
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fluorouracil (5-FU) &2 35 & mAE X% e Bkt Fiokai
BFoFHRREY -2 B2 R ATHGEEE Y R s B
B -7 ARl & > 2l £ FFNG ATD] mchFE S 4~ F
F o B AR ®4 5 I 48 Fluoropyrimidines (- 4% & & # * leucovorin,
capecitabine), Irinotecan, Oxaliplatin, Cetuximab and panitumumab,
bevacizumab (% I )e° ino%k P &k éiﬁ'f Bu a7 ¥4 30 B A
P REY S S EE ¥ IR SEY SRR & A
I. Fluoropyrimidines : fluorouracil (5-FU » ™ ™ #§ £ 5-FU) % %%
EY Rl B ok ®d > 5 fluorinated pyrimidine #r+4] thymidylate
synthase ' % pyrimidine nucleotide synthesis i 5 *2 4] % (rate
limiting enzyme)®? > — 4£2% leucovorin & * » ¥ ¢ fluorouracil &
thymidylate synthase .5 & & < %] " #& 8 37| DNA & = SR

Fluorouracil @] e # &2 G %3 385 M > 200 3 & E HFRL8%

\+

EohoF A5 5 45588 E'JV% P e w IR D e
RF o FF B WL F PRI L F AR R R
2 % % i end Mgb e ¥ A (Chand-foot syndrome™) palmar-plantar

G638 o r R 3 N A Al F L4 M %L hand-foot

erythrodysesthesia
syndrome » H # 7 25 & 5 g~ vRek R o d B g E oo
& Stage IIT & ji=7 & e > iF(8 11 5-FU # %L oG 0 v PRy i 24
w3 Horkp g O T T B Rl R 5 A2%H 4o T
58% > T 4 AR A S L51%4% 2 ] 64% ) o 1 & Stage IT &4 v
WRELHRE S FIF AR R EL SR BT EFEFY
80%) > #f 1 A aER #r g ¢ Stage I & & ¥ Henie ® i 0t F e oy o
%@Nﬂ1%0E&%%E%&ﬁyﬁﬁﬂﬁgﬁéﬁgﬁ,%#
5-FU+ Levamisole it 5oy % 125 # 7 Y4 (Stage 1D~ %
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R SRR R T SRR T SRS U
T AT ”ﬁﬁﬁ% T o M SRR 2Lk oV R T &
p o 3 AR bl 37%4% % 3] 59%

II. Irinotecan— 5 & ffdk 0 X & = ji7 4 $ > 1% % 3% 3¢ 4]
topoisomerase-1 > #£3 DNA 248 > B 2w = o H§ L34
= R >~ R s B s R e AUER o

M. Oxaliplatin—&_% = #é4a £ /74 5 > &2 DNA A= B % ags it
£ % 51 DNA & & 4o RNA chig45:¢ $74] £ 354 % /8= »Oxaliplatin
815 FU §ixd entale (5% @ 3 R4 24 S Hs AR
TEF oM FE I g R ER A o A TR EUR
Roooww ARG Vb Sl g B TR SRR

IV. Targeted therapies— 7 *# 5 ‘8 ! R F R 0 I R

BEFE ki ulip Rt o AR PRI FRwELE S FHE
fedd# > PRSP E L I mehd o PRV ASLT A

a. Epidermal growth factor receptor (EGFR) antagonists— P #» % %
# 4 & Cetuximab = Panitumumab 5 #-4 ~ Blen? AL F] & & h¥ &
#%8  (monoclonal antibody) » ¥ % — {45 27 F & 'wmie 4 £ F]F B X
® (EGFR) % & » s Henfrd|t A2 EF3ahs it > a2 @/l
A NEFHHFA L FRAZEL > THF R RS o

¥ AR Y P {4 83 5 5 7 4P (Malaise) (49% ) ~ % &
(33%)~ 25" (25%); i B> 5 4B k=% (acneform rash ;
90% > F 10% 7 BeE Al ) i BlIT* 4o 52 4 ~ fES - rRed
PR FIEE S R R LLLE ﬁa?]‘}ié’ﬁi@ﬁ.g LRI By 3%&"5’1,&% A fcA) A
R F o AR A F R B KA R Eg
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b. Angiogenesis inhibitors—P % & Frfpimie 2 x g ATA R G 0 &
Wi fhwmre g i s AP n g p 4w 4 £ F] 3 ( vascular
endothelial growth factor > #§ # VEGF) i & i & 2 A 5 F]F o F]pt >
F v FoRdrd et F AT > MR R et £ g
A 4 @ .

P & & ZF % Bevacizumab £.d % R Genentech 2 & #7% &

VR KR E b et L VEGE chH dhpsd o i AT

‘%ﬁ

K eRT
I Az 3 R IR ahip et & A f v T 0 #-Bevacizumab i1
HI AN F EF AL AR
ot 2004 2 2" EEER S r%%%r%—g 2 (FDA)Y - & EH & * 1y
Fluorouracil % 2 P& /58 » % - W& W EEH P~ HE Y
B koo ¥ L BIE® ZEER ~eBS Rk RS ST L e b
S DS RRTE S It }wii’%é7%% o
Bk~ BRE R E C TREGE DML T BETI OB
PR I RS K S

5 EH B Y sy i A ek ﬁﬂiﬁf*? e Ao MR IR E
'#'Ma - TALR 3
ECiE T 2
Po b3 MBI RE T oS > NELEF N BFALARER

A 2 1 Bevacizumab 2z ¢ {rin

‘1‘?

= U

B

\_.
fk

2, B N2 2 — Ve K1 | v
&E.'ﬁ Fr#Ehe ~ jp (T I P WA

=
v
‘ﬁr

TRAPEAT FEIHFG o BN S

i ¥ e o
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i1 RYESRBISREF ALY
FDA-approved drugs :

Fluorouracil
|Capecitabine (Xeloda)
[rinotecan (Camptosar)
[Oxaliplatin (Eloxatin)
[Cetuximab (Erbitux)

Bevacizumab (Avastin)

FDA-approved combination regimens :

IFL: Irinotecan, bolus fluorouracil, and leucovorin — first-line therapy
FOLFIRI: Irinotecan, infusional fluorouracil, and leucovorin

— first-line therapyt

FOLFOX: Oxaliplatin, infusional fluorouracil, and leucovorin

— first- and second-line therapy

Intravenous fluorouracil and bevacizumab — first-line therapy
|[Cetuximab and irinotecan — therapy for EGFR-positive,

irinotecan-refractory disease

*FDA % Food and Drug Administration, EGFR % epidermal growth factor receptor.
¥ FOLFIRI, 5!t p Douillard et al#& % * FDA :R¥ 0¥ — & * 3 ;% infusional fluorouracil,

leucovorin, and irinotecan.

1 Immunohistochemistry testing is used to determine EGFR status.
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tm e ¥ Hy

- ~lmieiE ) 2 Yy

RN e s T e A B o A AR A B R et B AT L2 S

e ik (cell cycle) - 5 ¥ 7\;&?‘4{/’} RGLE N IR TR G R

PSS HNERTEAR P T A

=B w4 £ - DNA 4 4

IS

B ~dwre o HE o e T L 5T H GO~ Gl ~ S 4r G2 (Interphase )

z M4# (Mitosis)*™ (B 1)

1~

2~

3

4 ~

GO # -

G1 # -

S # -

G2 #

W T A A I Rl R L Sk o T i APk
R AAANBREE LS FEG FFIRUL 0 A0 it wie
e S A GLE o LR o
e BAgnd £ o T A4 RNA 2 Fv B> e REAE 6 3 40 o
prEp e WP E 2N o @ fiE » S (synthesis)df 2 W €
A %4 ¢ % (chromosome) DNA & _F X F| sl 118 7 8 48
(repair)én1 i > MBEFBEIAF A B3 mre > LpFEH TR T
LI e S E sl s S e
e T PN PFDNAAFE 2 &5 ppFEL S RBP4
2N~4N 2_ ¥ » 5 DNA & = 3 -
g s G2 FE =D B A4 WG AN o 1% 7
BEAEX Y LA G0 2t R M B2 g
PHRAD S M DNA i BT 2K e 5A 4

(mitosis) (T # » 2 4 B m ) o
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S5~ Mt pp@Eh g - e gmilmed B2 F0 i B
AN S IR AR TS TN S W 3 R 1F A I
BH s R omEp P SR ANT - 2L D L e S
A5 B0 AR I AF W e 4 %Q;‘%.%Fﬂ-’ P % o @ g
Ad REEF LA > TR Gmie P L oo (SHp 1 AR
Tckg A MIApARI B A 4R R D AL AT
A S s e B e BlA AR d B P L IR i e N

NEREVE N I (FUL RN

2Ly (checkpoint) > % DNA 4T F+ > Rlimfz 33 ) & 2 0 Bk & 27 13
= Bk (arrest) JPF €8T DNABR > ¥ B4R RSP FILEXT

- BEEE o Gl FEESTE P L iz s o] > Blimie +

T

&

»

o

cEiEARR o X

3

BOFFEFEARB AL B FTORFD R R B
ORISR o ST P RE T DNAMH » G2 FFERA & hts b ¥7F %9 B

DNA &7 " gF WE s R - = > F- 7@ ¥ 1 r M

-~

¥

e e i F BB R A P e Rl A e H

(apoptosis) * o
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Bimre inimre YA e ¥ RESEF o A - LlcE
SRR AR NIRRT RS S E S AN A
ik 4 1 kv jrpF CDKs ( Cyclin dependent kinases ) % i #f F-v
(Cyclins) #4%]5 > 22 f &3 & |5 4 CKI - ** DNA damage ~ A i*
e i P fwRrme ) o A Frdlime a4 “n

1~ CDKs (Cyclin dependent kinases) §= Cyclins (B +)

tiwmreAir? Cyclin 2 £ A FHnd-v > &7 & CDKs k&
Cyclin » o »* ¥ jper CDKs # & % @ F 54 3 ) e i > &/ "F*f Bk
EARaF L Bl i me ) @ e & Cyclin joR 2 =
A e 3 20 & > Cyclin A~Cyclin T m CDK 3% e35 9 4 >
CDKI1~CDK9 - fe i 2% — 8 CDK & Cyclin e F £2 34 i 055 FO9
CDK & - & 7| serine/threonine kinase > 4. ¢ 7 34 & % & it % > e
TP L gt g 3 4 2 Cyclin-CDK complex®” : GI phase %
Cyclin D1~3 £ CDK4/6 complex % Cyclin E-CDK2 complex~S % Cyclin
A-CDK2 complex ~ G2/M phase % Cyclin B-CDK1 complex® » @ Cyclin
H# CDK7 ¢ 7,3 - B2 a4 E1eig &4 > ¥ 1iE - CDKI(Cde2)
2 CDK2%V -
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2~ CDKI (Cyclin dependent kinase inhibitors )

nie R HPIE (T E%;{ggl CKI thf w A FrFdrd] CDK B » F 3 & F
@i A %A B3 (1)INK family: 2 & & § 4 pl4-pl5(INK4B) ~
pl16(INK4A)~pl8(INK4C) 14 2 pl9(INK4D)» i & § 54 ¢4 4,4 Cyclin D
¥ CDK4~CDK6 & & > @ i Gl Hpengrd| i me itz » SHP . (2)
KIP/CIP family: 3 & & F 3 p21(CIP1/WAF1/SDI1) ~ p27(KIP1) 1 %
p57(KIP2) » H i®#* ¥ f pF33 frfr4] Cyclin E/CDK2 ~ Cyclin D/CDK1 -
Cyclin D/CDK6 ~ Cyclin A/CDK2 % Cyclin B/CDK1 &g 4 o 22
Cyclin-CDK & & » 3= Cyclin-CDK-CDKI ¢734€ 7 25 3% » F]pb @ x5 it

T ﬁé)»’._l}‘]_; A #Pﬁtlj 4 L%_.’EP (54,55)
3~ p53-p21(B =)

p53 % i 4% F] 3 (transcription factor) ™ %l 4 F] o T PF I § e p53
g2 MDM2 % & 252 2 31t 3l i » 5 DNA < 45 P p53 ,T*ug =R L U
A2 FEH e H S B wbe 34 ~ e F iRk 2 ek B4
P FE o XI|E I pS3 ¢ @ p2l B dnigdk o p2l E_p53 0T TS
¥ #r#] Cyclin-Cdk4 i@ ‘wmPz ¥ 8 &% & G1/S # * 348 45 3577 DNA &

SR AP e A= O 55 p2l B § el
e B A e TR A T d PR il T R e ) B AL

k= o Fp2l himte k= Rt g O
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( POSITIVE REGULATORS >

Growth
factors
Gla » G,
M

NAGATIVE REGULATORS P27

P21"

P19

CDC2

CDC2
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4~ G2MEz 4] (B -)

Ll R Y F IR § wfed G2 L3~ M # > Cde2/CDKI1
§ Fd Tyr-14 2 Tyr-15 e grph (“ ch3 47 i5 % & cyclinB 5 & > & ‘¥
er M@ 3% & cyclin B/ICDKI #E#chdeo § e 3 2 ghpe i eh
Cde25c>m f = 3 & B ¢ 35 Cdc25c¢ e} % Chk1/2~14-3-3 £ Cdc2/CDK1
Brfa it 11 Weel 2 Myt Kinase % o ¢t #t » CDK e ] 3-v 4 p21 - p53
FA R e B EE LM 5 R £ 3 DNA 41 4 4o y-54 M E 0 o
2 ik € Apr >t G2/M #p 0 gt pF Cde2/CDKI1 siE 4% F 3 & o¥e
A= enE & & F > 4o i Bel-2 & Caspase-9 €3 B BRfL 1t 0 @ ¢ fmre iE
7%= o #7121 Cde2/CDKI1 e (4 ¥ fmbe 3 ) o338 (7 {odd & oz k= 8

P 3 S
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Genotoxic Stress
(i.e. IR or JV)
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%7 & %A~ (Apoptosis)

P . 7

BERme 2 A WA AR A LK we LT G T RESAME £ 8
Boglde bz k= il > Rawmre p T Do A mre g 2 g
e k- - A E B e EE H A hE R AR o ok e k- AR
R R H Y AR AT G R RS A e A

G o ERwEFEFBFOALRTFT I @ A o R AR .

Z o~ e Fik

s (B ) DAk Rl o ¢ 3 FH s pF BB -

)
T
q'u\
e
=
;2:\
A

4
g
a
(r“\
=1
=

ABALABED (1) we k= 38 0 ¢ I
i & 5 phosphatidylserine (PS) ¢t B2 ek 2k o ()7 B poih
DNA ¢ 4% % f& fs (endonuclease) Z f# = 7 ¢ & #iceh 180~200bp 1 5 £
(DNA fragmentation)? = % ¢ %k f (chromatin condensation) (3) 8t
g NRm RS A B ARG S B e Gk o H
(apoptotic bodies ) » 2_ {54 B wrim®e B e s w m g L F w4 o
PR E A R e i 7 e B - AR PR TR S #4075

WEIEF R E PlITH o
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B9 0%
5:,.‘\3’1«5' /%“" 7 T
o P Hp g ds o AT U 2F S
F 5 ENRAE- =

e hod 2
'é[[”?x’ s ©
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apoplosis octivated el shemmkage

by fnteingic or exfeinsig chromatin condensation
pattveay
E i
-u.r' lﬂ@
paroalzelf \
5 $ . i
! g i
ﬁa
Bucleas
ap APOPTOSIS
’ 3 L
fysisof & =}
apoplotic bodies . w u apaptotic body
i Focenarion

B ~ wmie - —fe s 09
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£ = BRI ek

n e S dmie = R pES
Exposure of phosphatidylserine Annexin-V
Jm P M binding
(Plasma Membrane blebbing Microscopy
menbrane) Loss of integrity PI
Trypan blue
Loss of cytoplasmic volume Microscopy
v BT Degradation of cytoskeletal Microscopy
(cytoplasm) protein Western
Release of apoptotic proteins Western
Rupture of outer membrane Microscopy
Swelling of matrix Microscopy
g i
: ‘ Western
(Mitochondria) Release of apoptotic proteins Microscopy
Loss of transmenbrane gradient DiOC6 > JC-1
Nuclear fragmentation Microscopy
Chromatin condensation Microscopy
fm¥e DNA fragmentation TUNEL
(Nucleus) Electrophoresis
Release of apoptotic proteins Western
Microscopy
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= At

Ripmie k= dhjed TV A 5 BGRwe & = (pro-apoptosis) ~ #74] km
%2 /&= (anti-apoptosis) 7 # {7 fm e k= v B o lnte k= RS 5 8
(initiation) . & % fn% | 3¢ 743U & ehaflgem fode o (€7 4 (effector phase)
RIS 3 AE 2 Frdlin®e = v A 3 47 0 4o Bel2 339 72
IAP 2% 3-v 1% o & f2# (degradation phase)R] im® £ — 4 5|75 i 0
caspase & F-v FH (7w k= K ‘%(66) .

e k= RV gD A A MBS L BE T e BRRET

AEN R AT o A W] GRS H @ YRR /2 ( Mitochondrial/stress

pathway ) ~ 7 = % #8 /= ( death receptor pathway ) ©” o
1~ p ARE-RAMWE ST (Mitochondrial/stress pathway )

¥ £ Pimre b R dmre N VRS 2 T P de kg § 5 A
E_~ #4 -~ DNA damage % > ¢ i¢ ‘w2 Fop MM AR =7 " > iR
Cytochrome ¢ » apoptosis-inducing factor (AIF) > 2 Smac/DIABLO % 3-v
B R S R ¢ intermembrane space I B¢ o &1 Apaf-] &
procaspase-9 % & 7= apoptosome > i& @ ;5 14 Caspase-9 4§ & 4 o
Caspase-9 » 8¢ T 3¢9 caspase-3 /& i* » /& i £ caspase-3 ¢ *7 %1 DNA

fragmentation factor45 (DFF45) / ICAD » £ {4 2% % 4_+ fmve 2=
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2~ Bel-2 335 F-¥

Bcl-2 family ¥ & 5 i&_# /¥ = kv ~ F (pro-apoptotic protein) % Fr
#1%= 3-v » 3 (anti-apoptotic protein) @ #FP(% =)o P o A 4
ehd-v BHEAE0 Y 73 e Bag v BH (Bel-2 homology ) (BHI~4) »
Bt g5 i = 4 (homodimer) # £ 5 - ~#8 (heterodimer) %
A = T gl A= 3o 8 Bol2 ¥ - 4 Ak SV
PO~ Bt o @ i¢ %~ F-v Bax~Bad-Bid # Al E_fwmre e o
g%ﬂ&*a%%%g%&iﬁﬁ@mj’%gﬁﬁ%m?i%%“’
Foagernd o ee g7 e H e e pH M 2 A H W RS Fed B
P Bax ¥ o ot TS IR 5 T SR A BT
BEA- B o A Bad £ R L Pl A S LR o B IR
RAG L o iER & B AR ARGV A R R SARR hdee
%-%_Apaf-1 ~ Cytochrome c ~ procaspase-9 ~ procaspase-2 ~ Smac/DIABLO
fr AIF (apoptosis-inducing factor) % $ 2z I ‘m?z B » £ i = = AT =
T oom A4 X &3 it pd f(reactive oxygen species ; ROS) 0 & {4 fx i

R - REE » (72,73
caspase s it Flm & 4 = 727
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% =  Bel #33F v 252 ¥
4 5 & dmre k= Fov o Frd|mre B R A S
( pro-apoptotic protein ) (anti-apoptotic protein )
L g Bad ~ Bax ~ Bak ~ Bid ~ Bik ~ | Bcl-xLL ~ Bcl-2 ~ Bel-w ~ Boo ~
Bim ~ Blk ~ Bok ~ Bcl-Xs ~ | Mcl-1 ~ A1/Bfl-1
Bcl-GL ~ Bel-Gs ~ Bmf ~ Hrk ~
Nip3 ~ Nix ~ Noxa ~ MAP-1 ~
PUMA
i R A IRPE g AR e EAMPFEIEUTE AT bR

g A e =
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3 ~ Caspase (Cysteine dependent aspartate specific protease)

Caspase # — 83 ¥ Cysteine &t i A A hdv s > £ 5 & - o
Caspase & {4 ¥ Afkaid-v N =0 aspartate 75 42 C #4470 small
hydrophobic residue ¥ +» 2|7« X & it caspase 3 = 1% domain :
amino-terminal prodomain ~ large subunit (17-20 KDa) ~ small subunit

(10-12 KDa) - iz# & 7% i caspase (precursor proenzyme)q & H s e
caspase & (T T kv A fRIT® > Lk X HZo oA AN e B A
Bost 0 i€ ipk domain ) = 5 (v f 0 ¥ ¢ caspase FF & 3 p B TELIL 2 3 4p
Fadschiy 4 2 4 Ap i 30 o

A 7% v e caspase & €% & % (1) The ICE-1/Nedd-2 subfamily of
apoptotic initiators : 7 caspase -2 ~ -8 ~ -9 ~ -10 > ¥ [z E i apoptotic
executioners 1434 {7 apoptosis » f % promoter > (2) The Ced-3/CPP32
subfamily of apoptotic executioners : 3 caspase:-3 ~ -6 fo-7 » ¥ & & 3 (7
e k= 0 R P -9 F o (3)The ICE subfamily of cytokine
processors : 7 caspase-1 v =4~ -5+ -11 ~-12~-13 fr-14 2 & &3 L F R
7H@ER L)

fore R R A P AR ARETY €3 # e L (Cytochrome ¢

122 Apaf-l 2 &) ¢ ByE¥ Caspase-9 € HiEit > HFLFI T HFa
Caspase-3,-6,-7 © i & " 3-v & 2% E 240 DNA £ % 7 PARP 2 f# » %
F R A e T ke ",% ICAD (inhibitor of CAD)## 11 CAD # 3 DNA

fragmentation > 3% ¥ 3_w % k= (76)
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A B

ICE caspase-13
subfamily { {caspasc-.i Sl .
f caspase-4
caspase-1
" { caspase-7
{ caspase-3
caspase-6
{ caspase-8 apoprosis C
k caspase-10
CED-3 { caspase-2
subfamily caspase-9 _ b
lnrge subanit
initiator I I I
caspase e o
sl cubunit

i et active caspase-3

B 1 ICE 325~ R

A 34 caspase : F ¢ FEBALF 0 2d T R f”'ﬂz‘ﬂt 7 - o %
B Hévﬁ 7% v apoptotic executuiners ; B : caspase- 3 ek #ﬁﬁf’“ ; C:
caspase—3 s v i A o 77
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4~ *ARE-- ZHEE (death receptor pathway )

v = < B[Fas/CD95 ~ TNFRI ~ TRAIL ( TNF-related apoptosis
inducing ligand) & fmPe st cnd s XS E > k- L B3 w
e o PR LS g R e RS AR o RS g ET

caspase cascade ’ £ d capsase I 5 #TETH enfm e k= B 2R Pt 4w
9 v

L8,

5~ Fas (CD95)/ FasL

Fas ¥ wre & & hfE L d=v > >N 7~ F|+ (tumor necrosis
factor ; TNF ) receptor superfamily ? 7% — A% Fkv » & F £ X 45
KDa - @ FasL (ligand)&_% = A|% v > &~ + & X 40KDa - ¥ 23F ‘m?¥

2 B lmfe en T {7y T g 2% ;g—ﬂfjé Tenme (4o L) 0 H B R e

%2 o ¥ Fas ¥7 FasL % & pF

IRy
==
(1]
I
1
7
Ay
s
IR
14
Y
|
10
>4

(trimerization) 3 F M X 8 o B F AR THOX MG E 0 F
Fas-associated death domain (FADD ) 4v procaspase-8 % & » i&m & it
procaspase-8 » £ &4 ¢ Caspase-8 (5o — i P AR € B 4Hi5 10 T HFen

Caspase-3 ~ -7 ¥ Capsase-6 # 3 8¢ w2z &= Vo
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AF2 3 P eh i 4534 Cantharidin 3 % % + %5 & % J% 0 #2 $k( COLO 205
cellline) £ 7 ¥ Fr4 |8 e i 2 2 A H A 24 wre k= DU ich o ¥ ¢
I E e e te A S (Bl L) o T A L T AR A

¥ — FFEL : #3234 Cantharidin # 4 #54 % 3 % & % (COLO

m&z%ﬁ@&%&&ﬂ@’ﬂﬂi%%ﬂ4%§o

L% )z 5S4 L BB F 0 e A 5 L e R B 4 g
FFw o

2. J1* MTT assay tw iR % 4= 37 fm P2 13 76 5 02 50 o

o

3. I RN e ke 4T B B e 3 i R

¥ = FEE 1 $53 Cantharidin 1% = % 4 § 2 m% A= jp M F)

4y

[U—

I RN e kB AR T2 M TG o deB iy B s e
W e o
2. 41* DAPI/TUNEL - Annexin-V % ¢ % & ip| % 3 34 'moe pLIE ~ 45 5 &2

mie = 7 B8R
o E(%‘ \,ﬁz/-g-o

¥ = PP B 3t Cantharidin 3% $ w9 = 2 T o

;;g,r }imﬁy m e g\‘_—, s I g m‘gg_/; /EIJ;%f‘ ﬁ)é'/{;_o

42



Cantharidin

COLO 205 cell culture

I

upress ce Cell damage and apoptosis

apoptosis pathwa

I

Cell viabili Cell cycle DNA damage and apoptosis

CDK 1/cdc2 activity | Mitochondria membrane potential
e TN ROS
CASPASE activity

| Westemblot_|

I
—
I I

s

B - FkARR
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1

- & P HHEERE

N

etk (2 M)
AR R Em kG A2 8 WK w e (Human colon

adenocarcinoma; COLO 205 ) ¢ #7+ & &1 %57 7 #7(Food Industry

Research and Development Institute ) @@ « B o
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% ~ COLO205 #+

Name COLO 205 Type Human colo
adenocarcinoma
Strain Caucasian Species Homo sapiens
Ethnicity (human)
Gender Male Age Stage | 70 years
Morphology | epithelial Tissue Colon;adenocarcino
ma; from metastatic
site: ascites
Incubation |37°C Incubation | 5% CO,
Temp(°C) Condition
Culture 90% RPMI 1640 medium Growth mixed, adherent and
Medium with 2mM L-glutamine Property suspension,grow
adjusted to contain 1.5 g/L loosely attached and
sodium bicarbonate, 4.5 g/L n suspension
glucose, 10mM HEPES,
and 1.0 mM sodium
pyruvate+ 10%
heat-inactivated fetal bovine
serum
SubCulture | collect floating cells by Freezed 93%culture medium
Procedure | centrifugation; use Medium + 7% DMSO
trypsin-EDTA for attached
cells
Medium every 2 to 3 days
Renew
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% 5

1.

0D

>

o X N oW

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21

Dimethyl sulfoxide (DMSO): Pt p Sigma Chemical Co.
DMEM/F12 Medium:pp GIBCO
Fetal Bovine serum (FBS; #:# x i):p&p GIBCO
L-glutamine (LG; #xfg =pz):fp GIBCO
Penicillin-Streptomycin (PS):pt s GIBCO
Disodium hydrogen phosphate (Na,HPO,) :F£p Merck
Sodium chloride (NaCl) :Fp Merck
Potassium dihydrogen phosphate ( KH,PO,) :Fp Merck
phiphiLux®-G D, kit : f£ g Oncolmmunin

. Potassium chloride (KCl1) :F£ 5 Merck

Trypan Blue:p# p Sigma chemical Co.

Trypsin-EDTA:f{£ p Amersco

Triton X-100:k£ p Sigma chemical Co.

Propidium iodide (PI) :F£p Sigma chemical Co.

RNase A (Ribonuclease A) :F£p Sigma chemical Co.

Ethanol:f&p TEDIA

Formaldehyde:f£p Merck

5X TBE buffer:p£p Amresco

Agarose [:F£ 5 Amresco

10X Blue Juice (Gel loading buffer):p# p Invitrogen

P pa s i i2&] 2 (DNA purification kit ) @ B p Gene Mark
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22.

23.

24.
25.
26.
217.
28.

29.
30.
31.
32.

33.
34.
35.
36.
37.
38.
39.
40.
41.

ROS ¥ & 4 #|(2°,7’- Dichlorodihydrofluorescein diacetate,
H,DCFDA)

MMP % -k 4 #| (3°,3’-Dihexyloxacarbocyanine iodide,
DioC6 ) : £ p Molecular Probes

Calcium % £ 2 & (Indo-1-AM ) : B Molecular Probes
CaspaLux®9-M;D; kit : f-p Oncolmmunin
CaspaLux®8-M D, kit : pp Oncolmmunin

Bovine serum albumin (BSA):ptp Merck

Acrylamide/Bis 40% solution (ACRYL/BISTM 29:1):p4 g

Amresco

APS (Ammonium persulfate): = p  Amresco

Protein assay-Dye reagent concentrate: &g Bio-Rad

10X SDS buffer (Sodium dodecyl sulfate):fEp Amresco
TEMED (N,N,N’,N’-Tetramethyl-ethylenediamine): & p
Amresco

Tris (Tris(hydroxymethly)-aminomethane):Ffp Amresco
Glycine:f£p Amresco

Methanol:pt g TEDIA

Protein maker: P p Upstate

Tween 20:f£p Amresco

ECL kit (Enhanced chemiluminescent kit):f#p Amersham
BB p Kodak

T @AM p Kodak

BioMax Flim:F#£p Kodak
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42. F-v B 5 B~ # (PRO-PREP protein extraction solution): B
B iNtRON Biotechnology,INC
43. 10X SDS-PAGE running buffer (TG-SDS buffer): i p

Amresco

44. 5X Protein loading dye: Pt p Amresco

45. BCA protein assay reagent:FEp Pierce

46. Butylated hydroxytoluene(BHT):Ff-p Sigma

47. - 3Ry -

(1) Anti B-actin : P g sigma (1:5000)

(2) Anti-Cdk1/Cdc2 : pEp oncogene (1:750)

(3) Anti-Cdk2 : P g upstate (1:1000)

(4) Anti-Cyclin A : P& p upstate (1:250)

(5) Anti-Cyclin B1 : & p upstate (1:1000)

(6) Anti-p21™™" : g5 Calbiochem (1:1000)

(7) Anti-Bel-2 : pp BD (1:500)

(8) Anti-Bid : f&p Chemicon (1:500)

(9) Anti-Bax : p£p Calbiochem (1:100)

(10)Anti-Fas : p£p BD (1:5000)

(11)Anti-Cytochrome ¢ : p£p BD (1:1000)

(12)Anti-Chk1 : pp BD (1:250)

48. = Bkl

(a) goat anti-mouse IgG (HRP) horseradish peroxidase
conjugated antibody:f# p Chemicon

(b) goat anti-rabbit I[gG (HRP) horseradish
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peroxidase conjugated antibody: F#p Chemicon

(c) goat anti-goat IgG (HRP) horseradish peroxidase
conjugated antibody: FEp Chemicon

1. m%2 32 % $4:pLp Nuaire

2.5m% 35 % 45 M i FALCON

3.fmre 2 % w :pp FALCON

4.4 F4% 174 :fEp Lian Shen

5.%m% 2 % (Haemocytometer) : FEp Boeco

6.4 ¢  Hp TPP

7.1 2 5N 49 £ B4t (phase-contrast microscope):Fp Zeiss
8./ k& v I b Appendorf

9.4 B 3oty pbp HERMLE

10. ## = < (TE-200): p£p MILLTER

11. 2 83 k@4 : Mp Millipore

12. 73V w2 ik (Flow cytometry) : Pt p Becton Dickinson
13. Dispensor:fp TPP

14. DNA % % : pbp Mupid-2

15. fadk ® ] T3+ (C831): pp Consort

16. #c® 3¢  pp Orange

17. Pipetment:f# g Costar

18. PVDF membrane:fp Millipore

19. SDS-PAGE % /A1 £ & : it p Bio-Rad
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20. Mini-3D Shaker : £ p Boeco

21. Transfer Cell Blot & : F£p Bio-Rad

22, 4 # % D ptp Lab-Line

23, &k R DA Beckman

24. k& Rpest - pEp Nikon LABOPHOT-2

25. 2% 4. % & 17k (anthos2020) : fEp Anthors Labtec, Australia
26. #zif 1 (Model 110001 ) :p&p Boekel

27, F A E e B Ak kR PR EIF A PR G

Cantharidin *4 DMSO % 73 #|fe #l & 3% (stock solution) &% 7%
20 CA K EY S ARER 2 SmMe 27 S%E TR wmie R
RETE Lo R BT %RES R 7R v& B~ stock solution

T o

=~ wmweri

1. el w232 %% ( RPMI MEDIUM-1640 )

B A E SR mek (COLO 205) i * s 4 3% 5

50



RPMI MEDIUM-1640> ¥ £ £ 7 feipt e F (FBS)~ 424 % (Penicillin
and Streptomycin ) ~ $5"<f& (L-glutamine) > Fp B 2R & ¥ 75 10%
FBS ~ 100 w/ml Penicillin and Streptomycin 2 1% L-Glutamine ° ‘m#2 i g
HETEEENN0 2L e g ~24-well & 96-well w3 R x 2 75T
2 25T smre g A Hg P 0 # B3 37C ~ 5% CO, ~ B R 95%& F3 &
P& o tmPe vl trypanblue 24 0 * B IR ECE G E S B 2 5 E

& TP #N G e 2-5 x 10° cells/ml o
2. fm¥z fRi

Ak e 2 e AR R s R R PR B A E AT ke
Pk frk R iE® 2 DMSO @ S #mie i 2 > Rz ~= o 7 L#
At chime AR 3TCRiESY BB R RTEL ITC EF R

&
B

BAF R AR 10mL 4 2R Ao ISmL s g9 R GR EF ¢ B4
1%? ’ ﬂﬁmﬁ‘g—/f/i?f}i 37 C-kizén® »Z 12440 f i ®
Aok E AR R B RN 0 R I D RERR L

B A AR LA AR RPN W IE A AT S
R g g7 o 45318 0 111500 tpm iE K AL S

AR FpACmrE o e s Tml e R R 0 B2 B di e 2 7 AT AR R R
10 mL 32 % 5g(75T) » #E 4 » 37 °C ~ 5% CO, ~ iBRE 95%42 % 44
PEE D {HITETERZL B - BEE s NN -
o fs FHeed EABEARKRAD ¥ (blacd 2 H s S L H

SR SRR EACE oy
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.S B B Rmztk (COLO205) 2 %

FOAMRTE R A ROk MY R D 37 C o R ¥ TSY il R
B AR - ) & m& oA e SRR 1 TS T
FOoXFRFATEEFUT AR Sk A SEEY E SR R(COLO 205)
2% RPM-16403 %27 > 2 ¢ 75 10% fetal bovine serum~100 w/ml
penicillin ~ 100 u/ml streptomycin ¥ 1% L-glutamine > % ** 37°C ~ 5%
CO,~iBR 5% a e i - e L HITFETERLEL - §H LD

~ g ya ] Y 7 2\ ., 212
N BN m e B Y 10 PN T kB B o
4. % §} e

COLO 205 /m" <~ B % 4% * R § 4 i B3 % » %5
PEEABEY N R EY 3RS ok animie ik T4
G B b RGR S fm - p I HREEN2ERER DL
% imie 4 LA Ape ]l %35 % > * DMSO 4 » Fetal Bovine serum (FBS)
PORR G SE o REES S EMZETEY B0 e Kbl
LER TR LER: | SN S S "ZL %0 4r ~ 5% DMSO» @ fm ¥ o 4% & 1-5x10°
cell/ml » ;R & 353 (6~ %3 4 % %3¢ ¢ (1 ml/vial) - P ERT B
Bp P FRTRAKERE 4C 10 #48— -20C © 30 ~ &
-80°C » 16-18 /[ Pr—2x » it 17 (-196C) £ #iEiz - ¥ 43"t g

b e R FR RS A kB o

5. etk
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5
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o i FREL 0.lmme fchamber > FF FH F {6 F B 1352
iR 1.0x10” ml (1 mm® x 0.1 mm=1.0x10" ml) - & * p¥ > -~ & =
Jh 2 mre gl > B A S ek 100 TEE ml ¢ o2 i

E.p
o (—&‘—jﬁ €L _ r}l—i—ﬁ )

i i - i 1 2
' — &R g, 3
P , o "
Bk ; 4 5
ot MR 3 e

GHRRfIE #) N

)

—l\

DESEU TS SR

B~ 10ul Pz f4 5% 22 trypan blue (0.4% w/v trypan blue)i® & % (1:1)
P oo IR chamber F 2 wffide r o B EFF 5 100 B F[ A
P TR R Flwle W A R g4 d > w0 i
B R i e £ ",f 4> F 1R R E( 2 R 2> F1E trypan
blue EH8AER & ) Bfs k2 10" 55 ml ¥ % TR 2 ko

3
g
o
K
A

,‘..,—z“

TN R PSR EITE TR PR
4ot F n%e BRGS0 PIE D AR D AR (F - X HE 50 B
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=~ U g3 3N A K BEACAL IR R e A A

%+ Cantharidin J& & 20uM 4 » 3 #& » COLO 205 ‘¥z c312 3t
LAz r 37°C 5% CO, sz £ f4 > A % 24 % 48 | P18 >
2N g L BT LR T R -

T~ Y% 575 & A $5—MTT ASSAY @0

¥ LB 4 7w 2 3 4 (cell proliferation) ~ 7 7% 5 (percent of
viable cells)frim #& 3 |2 (cytotoxicity)era 47 = 2 @D )% 72 fmre %2
¥ B R & 3-(4,5)- dimethylthiahiazo-z-y1 -2,5-diphenyl tetrazolium
bromide (MTT) e MTT %% ¢ it &4 » £ - fH2 & 45 g
FOER AN E e A et gl AR frfrime § 2 C
(i T tetrazolium A B > 4 = ¢ ¢ formazan 2 & ° formazan
ERhad AR FE D A (o iR priy A o

3 A EMTT R R) (B ~2)-

—_— Tl
|
W
a>
MTT(yellow) formazan(purple)
B t- F ¢ aMITEd Fenfmre s MR 5 % ¢ 9 formazan
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MTT ASSAY--# COLO 205 2 % *+ 96 well e % x @ (1x10* cells/
mL) > 4c » Cantharidin (JEA& 5 5~10 20~ 40uM) 2 - = B ] #
2 BMHAE S 100ul > fmre B30 37°C ~59% CO, ~iBR 95% a3t % 45 ¢
& 2472 PES B A LD " FE — o4~ 100ul 7 500 ug / ml
MTT &332 % 2 » £ 37CF 4 | F51s » & | 4 » 100 ul 2 0.04 N
HCL / isopropanol » & wm? p % J JUlk3ph= 2% %2> £ * ELISA

reader >tk £ 570/620nm T B TRk B o

. TR e R AT

f=q

1. io%e k8 2 sub-G1 g 5

Propidium iodine (PI)&E_{xpeeny 6 4 H > £ & - |47 &2 9 pldg
oo b F ehlRT e il R R M 9r Pl AW ERELET B
g @ g I R R R H S 0 i Pllwie i oh P g PR
g% I A3 8T FenEiiy DNA G FiS Eaig a4t R
DNA } > fg £ 488 nm g Sk e T > ¥ di k£ 636 nm iz d
¥k oo g RN dmre R R Pl g 2§ R PV K RAwe f DNA K i
pEFwmeE L (B 2 )

A e R R R PR R AR A2 R §
fmre = pEiE > Hlwre iE RO R K 0 1 * Propidium Iodine
(PI) &3] > i 'we P DNA A PI 2+ o 4%+ Pl shimie £ 1% it
dnPe t R T U 488 nm i ¥ EeF I F Gk o om - i € 5 RF

i d ¥k FiEdwmie By g3 anid ¥ K o L v Cell Quest $it88 &
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(:"Ea 5@ I:f /r' m e 39:_11'% 15‘ /r' W e Q:C)XIOO%

DNA HISTOGRAM

o @ o |

=
=

Ol |

o r

L

El 1 1
0 10 20 an 40 &0 a0 70 &0 an 100
ONA CONTEMNT (arbitrary units)

HUMEBER OF GELLS

Bl L= e@Fmfme ke 150 & thim e s H I IE ] o

COLO 205:m% & * 6 wellehsz % 4 » 1212x10° cells/well 7% & 32 %
BT % chpFf > DMSO 5 A 4 0 4~ Cantharidin (kA& 2 20uM)
i ¥ kB E1% > DMSO i controlle o 32 % PR (A W %1224 -
48] pF) Fl2 18 o AU * trypsink & X34 4818 e PRl R ok g o 1Y
IX PBS i =t > 111500 rpmas 54 48 > 3 1 FiR o e drin4
C ~70% hippd Bl Tz > 2~ -20 C k48 e & 73 *covernight © f§ % >
H-hn P2 Jg %% 121500 tpm s 54 dB EE e 3 % /ﬁ'}a‘ gk o £ 11X PBS i
EC RS N R - SN '}Fi;ﬁz v B-lm 2 34T 0 A > 400~500ul 4 5k PI
stainZ #](0.1% sodium citrate, 0.1% Triton X-100, 20 ug/ml PI) » # 304
482 fSEA FIFACSE * [ ¢ » B{F/n  mie ek ie R 0 M- f)lwie
Bc? AZHB 1003F m e > & 1B fcdh J< & 100003F %2 > Hicdh 12 Modfit LT® i
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g2 17 AU A 458V 0 2545G1 ~ S ~ G2/M phase ~ sub-Gl &t & o & B
Bl f 1z EAFH SR SRR

2. Annexin-V assay®’

fmfE k= PF o p L DNA ¢ %74 5 gt 3R> 7 4% TUNEL assay %
BL%Z o L KR A3 &3 w2 B0 e phosphotidylserine (PS) ¢ # §9.3) fm 72
el 4 = : L oa . P SN
bRl & & oo Annexin-V H_ - f& 4 + £ ) 35-36KD 7 Ca ik 4f [
EFv »VHEPSH BAfA BEPSREEHF IR HEI FER RN

R AT E g A% (B L))o

Annexin V-PE
conjugate
Apoptosis

—_—
Externalization of

Plasma phosphatidylserine

mambrana

Cytoplasm Cytoplasm

B -2z Annexin-V i % 7 % B

COLO 205 3 Cantharidin 20mM) &2 6-12-] FF > 3t g & fmre - #
PBS jjiekm? & =t » 4v » 1X binding buffer (0.1 M HEPES, pH 7.4; 1.4
M NaCl; 25 mM CaCl2) » B 31100 L 93 /% > 4c » Annexin- V-FITC »
WL T EFRIS A4 REE BEY 4~ 400 puL 0 1X binding

buffer» & 1 |} pEp * in st mee ka5 o
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3. Hiplime po MHER e 69

DiOCg (3-3’-dihexyloxacarbocyanine) & ¥} 5048 £ & — |42 3.7
MR LR Fricdy fTHZRRUEAESE  § ML
Plged it m 2 3 P2 f e pF o PSR E 2 DIOC6 ¢ 50 » Ft
FRBRL G T IFE B RRAIED = (MMP) 2 5k o AR
e Y T d 488 nm F Bfes 91 525 nm chd k02 FL1 2 a4 o R #r
ey kg ko %ﬁ- A3 MMP o @ k548 hi% 4% ¢ (mitochondria
membranes depolarization ) 55 H cdm e A= F 4 > FlR AT @S H)
B R endg ik e

1 & dwve 2 twie i) 2x10°%well » & % 12 B well # blank o #-«
KT4 % E %k h (COLO 205) 8% 12 well 32 % 4 ¢ » 32 4 24 ]
pF > 45 Catharidine 24 > ~ Q3B &£ 3] F 6/ F 12 ] Fiscdm
¢ 2 PBS jrik c B fo 2 FL % 0 4~ MMP 23] (10 pl DioC6/500 ul
2.1 2enPBS) B w2 #cs B 2 0 ;RE393 > Blank ¥4 & £ 1X
PBS » 2z » -Rigdh 37CP » %k 30 A48 > 2 (5 # % FACS ¢ ¢ iistiw
& %A 45 o #-blank (A& peak) ? & 10°~10' 22 & > control (# %
contro)#} 2 10'~10% 2 FF » ¥ 5%+ 15 > 245 MMP (peak L+ # i
ARSEORRAWET A AT ES MR LB AR

MR T ERme e )
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4. £ 5 v (Reactive oxygen species, ROS) # # 2_# ip|®”

2°,7’- Dichlorodihydrofluorescein diacetate (H,DCFDA) » = - & &
FHERMF T BT EF R MR e 24 ROS 3
£ i2Fmegd o § HDCF-DA ‘¥ p e fip?; s (easterase) 4 ¢
fie 1t (deacetylate) 1& € 25 = 2% sk |4.¢0 DCFH > DCFH ¢ #tfm® p 5
H,O % i = 2 ¥k FehDCF- & B s > aintmie k9 7
d 488 nm T &g I 355 nm F ko ;ﬁ W Frtmfe N e ROS 7 £ o
B & mie 2 e By 2x10%well » £ 1-2 % well # blank o #-4
KA % E SR meth (COLO 205) A 12 wellB 2 %7 » 1% 24
pF > %4 Cantharidin (20 uM) » A S[32 % 3 [ B~ 6] FF ~ 12 /] B
B e > IXPBS ik 0 Lo fe 3 b ik o 4v » ROS 324 (& L 3w g
#r % cng §_1 uWl HbDCF-DA/500 ul 22 1X PBS) 500 ul > i® & 323 > Blank
FArE £ IXPBS o2z rkinsh37C? k30 2480 2 15 Finwme ik
A 45 o #-blank (4L 4 0 peak )3 & 10°~10' 2 B > control (# %2 7 control)
A 10 ~10°2 FF » $e &k 8¢5 » A 47 ROS  (peak A+t # 4 4§ 51
ROS # v » L= # R & & ROS LA (T 1))
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5. Caspase-3,-8,-9 i& 3 4 47 &%

PhiPhiLux & {1 * %3+ - X ¥ = Caspase-3 % Caspase-3-like F-v
FEE, i A # A mre vy~ loop B iED ARG k0 peptide, it £

peptide £ 5 PhiPhiLux o % #* PhiPhiLux £ % F|{lja & 2 %= R %
fm¥z (suspension / adherence ) £ I3 & ¥, € 1 #A4Lizk ¢ i Induced
Living Cell = & ¢ » ,d Mt Fmfe B 3R & 4 o Caspase-3 % & I
PhiPhiLux ' ¢ GDEVDGI, “4c } 5 5] PNP mﬁlﬁ B4 i¢ = PhiPhiLux
B PR, @ Loop BHEA ¥ kP TRE, Fla AL ¥k o
Flet 3K 3 R 22, PhiPhiLux 3 3% = /% 5% p Caspase-3 & Caspase-3-like
e BT < e gy 0 ¥ ¢k P Caspase-8,-9 HETIUARR RIE o ek
CaspaLux % | & @ ] o 2_ {8 % jR ;% dmPe ik 12 488 nm j3 %, 1 B T & &2
T BRI EH s LA LB e s R
B & fmve 2 % B 2x 107/ welle #- 4 355 % % B % % 0% $A( COLO
205) ﬁ%? 12well s &% 7 » 1% 24 ] pF > %5 Cantharidin (20 uM)
e imie o B Dl d Dot 0 2 iR o RS 2 AR 0 & F 4 25
ul (10 uM substrate [Phiphilux for Caspase-3, CaspalLux LD, for Caspase-8
CaspaLux M, D, for Caspase-9]) » »* 37 C ® #k 60 4 48 - 60 4 4515 - 3t
= 1500 rpm ~ 5 A 4E 0 R A FEHE o £ % 1X PBS A& F 4 FHE 1~2
Ffg > & g 4er 500ul 22 1X PBS» ## 1 FACS g > 2 {5 1 inst e
%~ 45 - Control (# % 5 control)? & 10'~107 2. A » ¥ 5+ 815 > 245
Caspase-3,-8,-9 & 1+ (peak L+ ~ % % 5-¢ Caspase-3,-8,-9 F &2 4 ) o
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2~ Mm% R A S ¥ k4 s _TUNEL/DAPI ¥ k24 2@

1. TUNEL (Terminal deoxynucltidetransferase dUTP Nick End
Labeling) / DAPI (4-6-diamidine-2-phenyl indole) % ¢

DNA fFiatr 2] ¥ & — 48t Isk v m &2 4 - % 5] DNA &0
3-OH * =7 ¥y PP A Z @S5 (TdT) $ie* T > B g
P i k& iBF Lo BEEIRL V9% & 4 $ Living beings % 2
= efT4 4 Living beings #3¢ ¥ DNA 1 3’-% 2% » A ¥ &7 4= o
EPRRR] 1B - LS R POBPIRARES I o r R
322 (TUNEL) - DAPI & - fai e ¥ L 4 &> ¢ & - L & & DNA
iz A YPAT % g w22 k- FFEgF 44 ?ﬁi{ﬁ‘DNA 7
BRI Goo FIpt 3 A= I feARELE > DNA ¥72]4% 5 » gt pF | i F 0 AT

# GBI SR DAPLABA P& { 50§ BRMET BER
TV BRI RS e it A A iy kR € e kingg o

B % mve 2_ e B 1x10% well o #-4 55~ % B % & w7 tk (COLO
205) At owelly 24579 > 3% 24 /] pF > %4 Cantharidin (20 uM)
B o B & 24P %3 KR (medium) 0 1X PBS 2= =% 0 4 » 3%
Formaldehyde / 1X PBS » H _15 4 4& > =4 3% Formaldehyde » * 1X
PBS 2= =t » 4v » 0.1% Triton X-100 /in IX PBS (1 ml)* & 15 ~ 4% >
£ * 1XPBS &= =t » 4v » In Situ Cell Death Detection Kit (TUNEL)*® #
S kAR 0 B 37TC TR R 60 A 4ais * IXPBS jfrikinie = o

BT EFRTEB 4 » 4 » DAPI 27% (1 pg/lml)% 300l > & 37°C#rk
30 245 0 AR > IX PBSk=Z = 0 2 ¥ kB s F = 200X
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B e 1587 DNA %74] 2. 1V ¥ BB 4p o
= v CDKI1/Cdc2 2 j& 14 45069

COLO 205 2 Cantharidin (20uM) /&2 12-24 | P {8 3w J B fmre 12
1X PBS i = =t #-sn#z 4c » Iml sample buffer & A7 F ik RA-Inte 3t
(10,000 tpm4°C > 1 -] BF) e b i #-5 Fov B2 b i i Sul 4 HCK-gel
20ul > 4°C*¥ F i 1 o] PFi& 7 & Uk {8 4 » 5ul 10X CDKI reaction
buffer ~ Sul ATP (ImM)¥2 5ul biotinylated MV peptide % = & ** 30°C ¥ &
30 & 48 > £ 4 » 200l stop reagent % 1k F g o X {8 & (14,000 rpm 0 15
) 4 100pl 502 %4 31 G ASL 5 96-well 232 % ¢ 5 2% 257C ¢
RE 1 RS A FFiR s ™ IX PBS ik 5 =0 0 £ 4~ 100pl
POD-streptavidin *+ 25°C # # -k & & 30 ~ 45

» 14 1X PBS % 5 = 1
4v » POD substrate >+ 25 C ® #fk F & 5 » 48 > * ELISA reader ** i &

492 nm T Pk g o

A~ rpE e E R &P % 34 F B (Real-time Polymerase Chain
Reaction) (Real-time PCR) ©®V

Al * $HERDNA £ HFR g E w4 £44 > 4 » PCR
F i E2 ¢ o 1% FREEF R TETRERB PCR F BiEAZ > B8
FI* gAY F kTR F BT iy 0 R A A
B ok B AP CL B IEHE A iz dnde b ficeh

sk & 1 DNA dde 4 3
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FHlcE B AULM T e B Bk 5 Ct AR -
1. RNA 5B~

o COLO 205 ‘% 3. 5 474¢ » 4 » REzol V' @ Hig k353 » %
e DR 0 MHR T 15ml e F Y > RETHEES Ade L b
»~ 600 ul # 7 (chloroform)j Z1 4= F 15 ) » X B THE 2 A4 - #
oo g & 4°C12,000g s 15 4 4d o ¢ BF#-aqueous phase 0.5ml = I &7
1. 7ml s o 4 > & isopropanol TR frewR & 0 A RET
FE 10 24575 F 34°C12,000g Zo 10 4 4504t pF¥ 2 RNA pellet T
LA RS s B R E 4 Iml h 7596 0 R IT S
PARE 2 4°C 5 12,000g e 5 A4 o
B ] BIRIER AR T R g0 £ 4c » 20-100ml DEPC-H20 7%
2 RNA > 53 3-80Crk 44 ©
1% Gene QuantIl (Pharmacia Biotech)if|£ RNA k& 2 A260/280
t 1.8~2.0 2 B FE % RNA th# B 2 51 o

2. & ¥ X4 ¢ (probe) ity i£®?

$de B2 pe] e COLO 205 fmve thzo RNA ¥ B ks » & B

Sug % 37°Cie 7 & 451 £ & cDNA o
LB - B 0.6ml g g o 4o 10Ul cDNA 2 2 72 =c -k Sul
i {7 Biotin fR3e & & 0 Ko g 4 2 95°C 0 5 4 48 denature DNA >

Ris B F 3y bos 2R {84 » 2 ul ¢ hexanucleotide mixture % 2 ul
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biotin / ANTP mixture §= 1 pl klenow enzyme (Roche Applied Science,
Mannheim, Germany) » ;® & 353 #3x > 37C-Kip# ¥% 20 | pF o & =

W e 445 2 B-20°C B o

4. Real-time quantitative RT-PCR (qQRT-PCR) 4" 45

F1#* LightCycler (Roche Applied science, Mannheim,

Germany) :£ {7 Real-time PCR » B~ 1ul 2. ¢cDNA (%) 50ng RNA) » 4c 1ul
z_ LC Fast Start DNA Master SYBR Green Kit (Roche Applied Science,
Mannheim, Germany) % 3-4mM MgCl, f=0.5mM & i ;B & F] primers °
B iS4 5 10ul o PCR £ 5 95°C » 5 #) > Anneal ;§ & i primer @
BOoERLS § 0 81 72°C (temperature ramp was 20 C /sec) > 8 #) °
i {7 45 cycles ° #3# A 4 c1% — 44 Melting curve X 2| %_- 12 GAPDH
gene # 1% internal control * & it 4p ¥f <77 mRNA concentrations > = 7 &
BRI LIRMY > 47 ke FRLE B F 5% 0 Real-time PCR
2. F#41* LightCycler Software Version3.5 #c %8 f 2 second derivative

maximum method %372 Ct> & E * ACt » 2 kI HE A 72 £ E o
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1~ > R EEE
L. bw%% 339 F s B

¥ & e 2wz B X) 13107 cells o %4 5% % B % o
¢ th (COLO 205) 8t 75T 32 % 5L >3 % 24 /| B¥> %5 Cantharidin
(20 uM) Z R ZFR? > A B8R E 6 F 12 FF 18 ] pF~24
P o A B 1Y trypin fed2 0 E-im e T B T s ¥ s 1500 rpm s S 4 4
e fs A g b o ser i B IXPBS » #im i e BT 1 L5 ml th
eppendorf tube > £ #.w — = 5 A1 4 » (g £ 0 lysis buffer (pH 7.4
Tris-HCl 50 mM ~ EDTA 0.5 mM ~ EGTA 0.5 mM ~ § pg/uul Aprotinin
0.3% 2-Mercaptoethanol ~ 0.2 mM PMSF ~ 5 ug/ul Leupeptin ~ ) > % *
S0 C ka3l 24 s > Bd 2R fs e 12000 rpm ~ 20 4~ 48~ 4°C >
Bri bRt R R T BF Y 1000 KE 5~10 A4 T

B 20C kI FERT > B ERBEL 25T 6 PR

2. 39 FEE
a. & &Y iF
2 Bradford £ j# - # * "5 24 & 7 ¢ F-v (Bovine serum albumin;
BSA)i & v FHRE & > J1* pE% 4% » 17 & (ELISA reader) &

O.D. 570 nm B % F-v Fi:# Z kT 35@ &k @ik £ A (standard
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curve) M- Fd FIkA > X R IABRM G 2N P E

2 B~ Bradford reagent 4 &|if £ # * o Pif £ © fe W45 il B 5
(BSAImg/ml) v & E - XRAFRELEREFAR L 1055025
0.125~0.0625 ~ 0 mg/ml > & B~ 10 ul #c 100 ul Bradford reagent ;& & 3=

3 , '*“96wellplate“ (__ é‘ﬁ}g) 510\ "'1 O.D. 570 nm 8]

Ik

2k (5 R R 2 sk T el 0 12 0.D. value (Y) ¥ 395 Fik

Bug/ml (X)) 48442 4258 y=ax+b > r* EARIT* 0.99 o

b. ¥ & T

Ik

B 30 R 10 % 0 B 10l © et @R B9 4 100 i
Bradford reagent @ fr353 > % > 96 well plate # (= £4F ) #% 5
A 48150 O.D. 570 nm P E %k E 0 21l # 410.D. value (Y) 0 F » 48

o 258 y=axtb o fdizEER e g kA (ug/ml) o

3. SDS-PAGE 3% 7 #*&

a.SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) 7 7

Rk AAIT e RH BRI Y 0 RSP s
AF AR AR AT E D B AR T R RIS
Ly SRR z}\.iﬁ;%,a'v@l“fﬁ]ﬁﬁmF‘i Y- R

WAEGUF 0 = ok o SRS el R RE L ] B
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Bt (comb) Pl A AR - @A F e A4 - FHE - KPP
B bR TFIE o AR R s AR Y 0 e RAE BER
(Running buffer) » X/ MR & H i+ o GdF 38 L 110
V ~3fEa 20 A 48 o R4 B3 chd-d B L denature A {5 27 4 5 protein
loading dye /& & (F—v9 FER 9% 30 pg/ul) o B5 ul » + %% &
(maker)frfe @ 4% chd-d (30 pg/ul)d = I + » % loading 3|4 ¥ 12 90

V B dn3 A o

4. #& % (Transfer)

oA E RS BT s H a4 Gel transfer device # # 3| PVDF
Wl o AR {sB~T PVDF %% 5%% % 2 45 blocking 1 /] BF o 2 1 %
- B (AT 5% My 2 4 in 0.05% Tween 20 in 1IX PBS # ) 2x
4 Crk4$5® overnight o fg % 2~d) PVDF 5&is & 3% £ 7 12 0.05%
Tween 20 in 1X PBS /7% 5 4 48% 3 = o 4o » = B dmdllip 2t 5% %'y
247 in 0.05% Tween 20 in IXPBS ¢ » 2F 1~ » & B~d PVDF
5715 12 0.05% Tween 20 in 1X PBS *%/ ] £ ¥ '}%'};’a Skt 3=t

AR SR o
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5. REHI: (SR

# ECL &2 & p(Z A2 P~ £ 5 68 £)353 i & PVDF
W R R K- A4 BREF @ (Cassette)p RIS TS L E
BA AL 2+ 558 > PVDF % & §F + > marker 3 2 i B AR P+
® (Cassette)r o 12 Hyperfilm it & (4 £ )& (7 /B ¥ » g & pF F i PVDF
WY RRBRAIPFRFLEE Y5282 E o R kR 2 fs
RPAEFRP(FFRRERZLT) £ Mgokivik 30 §ii83%
TRA Y 0 B 301 B F R IR 30 F5 0 AR BRI B AR

PIT %Y A RS * Gel-pro ik A 47 & v Tk mE o
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Folcp B %% SPSS T i 2 XY 2 ¥ 2 r i
(one-way-ANOVA):E {7 vzt & 47 > L 35 & X (mean + SD) 4 71 >
PSR e 2 By Student-t test iE (7 AL B 0§ p<0.05

z\:F—— ‘,‘L""‘g 7};_-)%1‘,&% » TV k7N o
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3
In
el
it
oY
i
o

% — & Cantharidin ¥ A 2% 2 % & w7

(COLO 205) lw% 3 & 2 58
COLO 205%m7% %+ Jk & 20uM Cantharidin & ¥ %24 ~ 48] FF{s >
A% e S AE R R A g (F] LT )e 8% TR
$24.1 > B o B AL 0 2 g B [ A S .
Mtk 480 PEELR A BEEA A R AP A A e Bzie
RN

PSP MA 2 s e dicP PR 0 o B % 43w Cantharidin €

$r41COLO 205 km e H 787 § ‘w%e /¥~ ek g
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>
&

-
—

h
-Lv&

m—,?;%‘g

& 331 Canthaeridin ¥ % 8% % 2

55 T S Pe 13
e

A
il g

(| FE2_t8 > 2 MTT assay ip|3# Cantharidin #f 4 #

-

B % %tk (COLO 205) +4v » % f ik B
Cantharidin (JE& ¥ 5 5102040 pM) > 4 53

> X
+ '

24~ 48 ~ 72
P E R me g
F1# ELISA 4 4% o 3 JL% ¥ Cantharidin )k B 3 4
(5-40 uM) 2 e BILOPF S £ > 4 2
ES)

»pﬁ,"l]:]*aizl}i—% g,

2wt = ARE
174
) jﬁp%l] :

33

4 -] p& Cantharidin >t % & & 9
3 A 0 R AR R

£ AR BE(B] - =)o @A 47533 B ) Cantharidn 9 1Cs
= 20.53 uM - & Cantharidin 20 pM > #

= Ax

45

24-96 -| pF
L

i 3 I hm o
WS R ARE o H e 2 Ax o]
[r.d ,:}.f’n'-]’ﬁg ,%(E%‘] €L \)0 "L-‘;t#EL

4 LAXP R DR
Cantharidin ¥+ COLO 205 m?*2 73 %
IR i AR e g ]
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A

$ = & 4£3t Cantharidin ¥t X 288 % 2 % K% 2 M
2 ik 8 G2/M £ Sub-G1 % 4p B 3¢ {5

B

d b dnre 3 E 5 eni & ¥ & Cantharidin & F #r4 A 75 B &
% g m e (COLO 205) Wraz (T4 > GALRFEREF w2 k- o
H2) o mve ihd £ 2 DNA ehé 22 % pTm 2 38 5 (24 chid B o

Flptf1* Pl a2 A E-we DNA Z¢ > il mve kP &

20uM ) o A B3 A& 1252448 BE 0 1R N e R R H e b o
HFREFEF R GUM B F A 2 sub-Gl(Apo)™ I < « COLO
205 & Cantharidin /2 > % F 8 BF & G2/M H & 5 fwre k- Ik
G(B L4 Rimrex et L E A& 0 FF R COLO 205
& Cantharidin k&2 {8 > apoptosis(F & )7 ik et G| F % 3 a2 PF
MR A G2/IM HP 7 3 B 42 AB% 0 @ GO/GL #p &8 S 1 id et
BIRITE M d g g D m i S EE e R 1 0 COLO 205 ihim e 4 ik

FGME T F E e k= (B = L)
F]4t 12 Cantharidin &J2 colo 205 fm*z » 1 12 Western blotting L%

o G2/M # 4p B 3= F % it o colo 205 % Cantharidin fJ2 6-24 -] p*
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{6 > CDKI1 ~cyclin B L3 4e (% 6 [ FH){S > (B = - =) cyclinA
7h %R o e pF CDKI E s R ] CDKI i by % (B = +
~)e f %3 & cyclin B~ CDKI i féh3d 5 Chkl & p21 cg > B
=

"FES LR E A (B - L 2) e B %483 Cantharidin 82 %

COLO 205 mre ix Hp =2 4 G2/M #p o
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5z & 3t Cantharidin ¥ A g4 % 2 B pime i &

% A g R

— ~ Annexin-V % ¢

COLO 205 w*z %4 Jk & 20 uM Cantharidin 35 % 24-48 -] P s » |
P ARSI Y R PR ERILE w0k G
Mg ehIh Fooo T UREF S M A 2 o JEFEP Cantharidin 3 ¥
COLO 205 ¥ %= > F1* Annexin-V-FITC # ] fm ¥ 5 p e
phosphotidylserine (PS) *t F8 | fm e 3¢k @ £ G e B 3= T d o o i8
%5 fd2 6-12 -] FF > % I phosphotidylserine A4 ¢ Gk = EFH L G|

TP AR 4 o d 23.65% (6 /] PF)H 4r 3 44.22% (12 0] PFE)(R =

) % 4Em COLO 205 5 fm¥e k= S HIR % -

= ~ TUNEL/DAPI % ¢ & iP|jm%% %~

d bRk ome g R e kS I % o T A
TUNEL/DAPI % ¢ % i3] % £ B s L2 DNA %74 2 w1k & TR
% o COLO 205 m*s % k& 20 uM « Cantharidin 32 % 24 -] pF1s »

o & fmPe 12 TUNEL/DAPIL % & H#-fmPe L 4 » % 3| = F % &g ikt -
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W
g
‘Wig

s B o b BEMCET LA &R 2 i U5 Cantharidint

2

el
5

THlER > BERET we PN R d G RS e k552 DNA #7

Hrg (B -+1)-
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% I & Cantharidin 3 ¥ X L% 2 % R wie clmbe

Vi Sl -3 )

S‘ﬁi
-\

W
(\»

— ~  Cantharidin X 3% ® % K o% P RYET

e k- AR FAXPRERLEE PR ORT -
ET A RMME AL X BT f 0 AROS) A § %
cytochrome ¢ I m¥2 B ¢ o F|pt | * DIOC62 DCFDA# k£ % ¢ » £ U
PR e R A TR T aveg e tpd AA LA 0 AF
% 1120 UMk & 2. Cantharidin » % COLO 205/m% £ %3~ 6 ~ 12| ¥
(s fmrz > 4 > DIOCOL A > 1 * i3\ fw¥e iR A 47 R AT
TR REHTEYES L AR A > peakdX L 2 A (B - 2
A) 0 RAMET T FAR S o B AU AR A o R MR T
ANP BT 0 G RE3 E rl  (00) PR F AL e B
(p<0.05) > fed®6-12-] FE7~ 3 P 22 £ B (p<0.001)(B] = L - ) % %%
77 cantharidin § £ 28COLO 205 !m®e > AT T ' > Bor plmb

A EARY X RS
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= ~ #3it Cantharidin A 8% 2 B pme 2 4 F1Ey v

# (ROS) 2 g5

hAAEME V25 0 02 20uM k& 2 Cantharidin > £ % 3 »
612 ] FFis B fmme » 12N fmo k&Rl 2 3 H,DCF-DA 2. COLO
205 w® » 2 ROS 7 & » %% % 4% ¥ Catharidin e 2 F P 4% 4 > H
peak A% /L - # > ROS 7 A% B (B = - ~) e ¥ wd? 3 ] ¥ ROS
T PR (F -S4 BELEOFFARAL 0 B ROS 7 E 4%
5 o W & Cantharidin fJZ 6-24 /| ¥ {2 53 COLO 205 fm%s 5 P~ F-v &
& Wwatern blot B3 > # ‘w72 ¥ cytochrome ¢ v 5 £ 7 & ¥ o3 *«
(B =)

¥ ¢k COLO 205 & = e 4 w] %22 Cantharidin~ROS sr 4] #%| NAS
% Cantharidin + NAS /a2 24 /| BF > E N fme RiER] > FIR T *
Cantharine cJZ crim?2 ROS 3 4r3¥ 5 > @ 2 % NAS aJZH ROS 0 E
et e L3 % > @ Cantharidin + NAS &JZ ehim?2 # ROS HE ¥
+ 2 — 4 &7 Cantharidine &2 %2 ¢h ROS £ 7 P B enL B (R =
~)oe

i bk A e iE . MTT assay kg m® 378 7 M7 *

-~

Cantharidine rJd® cn/m?s 35 T %3%F 5 > @ 2 % NAS JZH wbe 5
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X iR e L2 % > @ Cantharidin + NAS EJ2 ehim e H 35 75 5 77
TR e L3 § > & Cantharidine ed@ w2 3555 P AL R

(W =+ 2)

o]

5 & it > cantharidin ¢ & COLO 205 w7 e SRR W =
*# ~ROS ~ & 2 2 % W I cytochrome ¢ Fv & 3+ > 23
Cantharidin 3 ¥ COLO 205 ‘w2 ¥ = ¥ i S RAELIT 5 B o ¥ H
22 ROS #Fr4# s » M ROS g frim?e 13 5% F 7 £ Cantharidin

B d ¥ Jadh Cantharidin B2 58 % k> 588 22 ROS @ H &R 'mve

d
A
o
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% >~ & #F3t Cantharidin¥f A L% 3 B Rwe H
e k- BRITARME v A M2 A

Wi kS FF S ELE o APy ¢ AL ) Cantharidin € 3 ¥ iw
e MACT 7 % 2 ROS Hi 4c o F]tiT- 9 12 Western blotting 4
PR SARE S R ITAR M By A IRt RS e 2 X ITAR M
o AR EERE LT SE Pk L RE] e

COLO 205 w*z & Cantharidin (20 uM)/=J2 6-24 -] FF> 12 Western
blot BL%1p B 3¢ B % 3R > ¥ I cytochrome ¢ # #r > Pro-caspase-9 -
caspase-3 ¥ (B = -+ ) Fas/CD95 H-v B # M & H 4 m
Pro-caspase-8 R "% (@] =+ w)o

iT- # k5 Caspase-3,-8,-9 7F {22 & 17212 20 UM 2. Cantharidin »
5 COLO 205 % 12 % 24 | P¥ {4 Jc & 0% > 4 » PhiPhLux"-G,D,
LA 1 * w5 dm e ik A 7 Caspase-3,-8,-9 B MERIF - L % o (B =
4+ = )» 12 20 uM k& & 2. Cantharidin 22 COLO 205 m¥% 5 % 3 p 2
ey B 2 H Caspase-8 ~ Caspase-9 % Caspase-3 sv5 (P & e+ 3%
HRE? 5 5t i B (p<0.001)(B =+ =)F Cas-8 engft< >t
Cas-9 7% 4 > 12 Real Time PCR R ip| = H fwPe = il Fl & I > B

2 AIF ~ Caspase-3 ~ Caspase-8 % Caspase-9 (7" mRNA 74 & » 5§
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Cantharidin /&J32 i <9 COLO 205 fm*¢ » # AIF - Caspase-3 ~ Caspase-8
% Caspase-9 (7 mRNA 04 MEHFHBE(B = L2)2 7 P&
@ Bel-2 712 3o W%t 5 ¥ 8 IR Bad {r Bax " £ adTAX A
HFv FARER S > d Bel2 k9 TR (B =2 +7)F 46
Bad ~ Bax % Bcl-2 %¥? Cantharidin 3% ¥ COLO 205 m?s &= -
e b 5 Ve e, Cantharidin 23% 16 7 = X L /S ~ caspase
3 Bel-2 §OEFd T~ RAMEL T2 2higd b kA JERLE 0 T A A

AIF £ 3.3 E wmre 2= o
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Control CTD 24 hrs CTD 48 hr

Bl - 7 Cantharidin ¥ COLO 205 m% 24 % 48 | pFerd) fy % i o

g PO % 1% #i 200X o
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120

100

(=]
L=

T
40 8- micro M T
=l WO AL ~— T

N == 10 micTe M 1
20 b —o=20micreM \\I

e J ) mic T B

Cell viability {%&)
=
o

Incubartion time (h)

B -+ = Cantharidin ¥ COLO 205 #2575 5 2 5 - COLO 205
& CTD 3224 % 72| pF 5 2 MTTassay ¥ if|m® 3 &% »  ‘m
% 35 CTD @ e 2 R 22t 570 nm L £ 2. s kg g A~ vt 3t

o THEaER Y kL 5 (PP 23 R B ) o
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120

100 -
‘5 80 -
=
E 60 -
o
=]
X 40 -

°| -

0 —

0 5 10 20 40

Concentration (UM)

B -  Cantharidin ¥ COLO 205 % 3 % F $r4]2. 2 8- COLO

)

205 ‘& Cantharidin 5-40 UM k32 24 -] &> 12 MTT assay # B fm % j

S X e 13 5 X 4 Cantharidin A 2 27 ¥ 230 570 nm & & 2 7%
ST IPAN R

&3



120

100 -

% of inhibitor

96

Time (h)

B -+ ~ Cantharidin # COLO 205 ‘w5 % F #rdl2 258 - COLO
205 ‘& Cantharidin (20 uM)/&J2 24 3 96 -] F¥ > 12 MTT assay # i}l

e 3 S K s e 375 % 2 Cantharidin AEJIT 42 22 R 2 570 nm A
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B 4 Cantharidin ¥ 'm?e ¥ 8§ 2. B2 8- Cantharidin &2 7 F PF
s mtE R 0 U PIAE SEAN me kA o Apo 5 F AP

A ¢ Mm% (sub-Gl) o PP L AR =E BRI o
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BApoptesiz:  EGOGI 05  EWGIM
100%
90%
80%
70%
60%
0%
40%
30%
2004
10%
0%

-

Cell evele distribution

0 12 M4 48

Incubation time (h)

B = -+ Cantharidin ¥ COLO 205 % 2 'm? FH F 5 - COLO
205 % % f pF R ELE Cantharidin &Jd2 {8 » L PIL# 4 %2 iV mbe R A

5 e F P 2 L o
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0.30

0.20

0.10

CIVE activity (OLDA492 mm )

0 12 24

Incubation time (h)

Cantharidin ¥ COLO 205 in%e 2. G2/M # 4p B F—o & %

FEEEMR e Cantharidin ¥ COLO 205 w2 2. CDKI1 & |4 ik
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CTD (20 puM)

0h 6 h 12h  18h 24h

Cyclin B

CDKI1 a - -

B-actin

Bl = - = Cantharidin ¥ COLO 205 iw?"z 2. G2/M # 4p B 3-v F %
BB L 2 Western blot 4 #7 fm?2 p Cyclin A ~ Cyclin B

]

2 CDKI1 ¢4 3 (B-actin % internal control) °
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CTD (20 puM)

0 h 6 h 12h 18h 24h

CHKL | we e e s dauh S
p21 - i-ﬁ

B-actin

B = - = Cantharidin ¥ COLO 205 ‘w*s 2. G2/M # 4a B} 3¢ ' %
BEEEERE o 2 Western blot 4 #7 fm?& & Chkl £ P21 ¢4 3R

(B-actin % internal control) °
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120
L

CTD-12 h treatment

100
|

44.22 %

80
!

ounts

[
L

Annexin V
. B CTD-6 h treatment
=
8- 23.65 %
I |
8-

1

Annexin V
B - -z Cantharidin ¥t COLO 205 !m*z %z phosphatidylserine *
e 2 o COLO 205 m#e 12 Cantharidin &J2 6-12 -] pF 1218 > 12

Annexin-V-FITC % ¢ » ¥ 1 i 3¢ fm e (& A 47 o fe i

phosphatidylserine *F f#2_ 3 o
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Control

CTD

DAPI staining TUNEL staining

Bl - 4 7 Cantharidin % % COLO 205 m* DNA %74] 2. $#25-COLO
205 fm*z 12 Cantharidin e J2 24 -] pF {8 * TUNEL/DAPI g% & > 1 12
Bk R LR e p DNA %74 & fme 1k ‘Fﬁé M50 8 § R s

DNA @*’?5{] e RN R &g,}é{tﬁ?%@:6OOX °
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g Oh

‘ Fh —
. J‘ G h  —
2] A 12 h

Bl - L+ = Cantharidin ¥ COLO 205 ‘m*z # 58857 =~ hl & o

g

COLO 205 & Cantharidin A2 3-12 -] pF » 12 DIOC6 % ¢ » Somil %

W kA TR R e s
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120

100 |
_ 80 .
é 60 . .
- 10 :
20
0 . .
0 3 6 12

Incubaton time (h)

B = -+ - Cantharidin # COLO 205 M’z # 548% 7 = (MMP) 7

e

4t o COLO 205 % Cantharidin 2 3-12 -] pF > 2 DiOC6 % ¢ » &

SRR M R T RMET 2 P R ehT 0 o
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=11

Oh =——

3h

12 h

B - -+~ Cantharidin ¥ COLO 205 ‘m* 548 4% i* 4 (ROS)
19 388 - COLO 205 4 Cantharidin &J2 3-12 |- B » 12 DCFDA % ¢ >

in N e KA RS ROS 2 8 14 -
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100 %
00 | *
80
70 b "
60 *
30 *
40
0
0
10 |

ROS (%)
ok

] 3 & 12

Incubation timme (h)
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