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B
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3.69mM Na DHNCTD (disodium dehydronorcantharidate) 50mM
NCTD (norcantharidin) 14.12mM DHNCTD (dehydronorcantharidin)
16.61mM Wright-Giemsa stain 2.2.15
12.5mM Na CTD 12
2.2.15 DNA

Na CTD NCTD S



HBV HBsAg
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HBsAg
CCs(  50% PLC/PRF/5 ) 1Cs (
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CCs/ 1Cs0) NCTD NaDHNCTD DHNCTD NaCTD

HBsAgQ



Abstract

Chronic hepatitis B virus is one of the most widespread disease in Asia and
Africa. Especially in Taiwan, there is having prevalence of hepatitis B carriers. The
epidemiological studies showed that the indent rate of hepatomain those carriersis far
beyond the norma population. Ancther finding showed that a majority of the
hepatoma cell line contains hepatitis B virus DNA, hence a high correlation in
between them is expected. We have tried to trace the affective components of
hepatoma cell line and hepatitis B virus in Mylabris. Cantharidin, the active
constituent of mylabris, has been demonstrated to possess antitumor properties, and
causes leukocytosis and hemorrhagic property. The pharmacological mechanism is
still unknown. Our purpose is to evaluate the effect of cantharidin analogues on
hepatoma cell line and hepatitis B virus.

The drug concentration caused 50% cellular cytotoxicity in 2.2.15 cell number
(CCs) of cantharidin analogues, Na CTD (disodium cantharidate) =3.69mM, Na
DHNCTD (disodium dehydronorcantharidate) 50niM, NCTD (norcantharidin)
=14.12nM, DHNCTD (dehydronorcantharidin) =16.61nM, respectively. By
Wright-Giemsa stain, the morphology in 12.5nM Na CTD for 12days can observed
vacuolization and degeneration changes of the 2.2.15 cell line. By the Fluorescene-
activated cell sorting (FACS) anaysis of DNA profiles in 2.2.15 cell line, the
distribution of cell cycle phase induced that high dose of Na CTD and NCTD
inhibited the S phase.

The antiviral effects of cantharidin analogues were measured by analysis of
HBsAg contents. The HBsAg of PLC/PRF/5 cells in culture medium were measure by

enzyme immunoassay (EIA) kits. Cell numbers were determined by trypan blue



exclusion. The selective index (Sl= CCsy/ 1Csq) sequertially decreased from NCTD
Na DHNCTD DHNCTD NaCTD. The experiment revealed that the amounts of
HBsAg were decreased by a dose-dependent manner for each drug.

In this study, we describe the effect of hepatoma cell line and antiviral activity of
cantharidin analogues. These compounds should be considered for development as

anti-cancer and anti-HBV drugs.
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B
(DeClercg, 1999) B
B
(cirrhosis) (primary
hepatocellular carcinoma; PHC) (De Clercq,
1999; Ganem and Varmus, 1987)
80% B

90%

B 15-20% ( )

(Ganem and Varmus, 1987)
20 25
5% (Chang et a., 1998)
HBsAg 223 (Beasley
eta., 1981)

HBV



(1) ( envelope nucleocapsid)

T (cytotoxicTcell) B

(Milich et
a., 1985; Milich and McLachlan, 1986)
) (HBsAQ)
(endoplasmic reticulum; ER)

(Chisari et d., 1989)

©) DNA
DNA (deletion) ( Rogler et al., 1985;
Wang and Rogler, 1988) (translocation) ( Tokino et a., 1987)

(insertional activation) (Moroy et a., 1986; Wang, et a.,
1990)
(49HBV X protein
(transactivator)
(Zahm et al., 1987; Twu and Schloemer, 1987; Spandau and Lee, 1988)

DNA (Twu and Robinson, 1989;
Rossner, 1992; Avantaggiati et a., 1993)

DNA c-myc



X (Twu et d., 1993)

HBV
B
B (Hepatitis B virus HBV)
(Hepadnviridae family)
(WHV) B (DHBV)
(GSHV)
B
(Nassal, 1997)
HBV
(2) (spherical articles) 20nm
(2) (filament particles) 20nm
( B
HBSAQ) (3) (Dane

particles) 42nm

1C



27nm (
HBCAQ) ( 2-A, 2-C)
(Ganem, 1987)
B

(noncytopathic)

(envelope)
DNA HBV 3.2Kb
(genome) (overlapping open
reading frames ORF) S S
PreS; PreS; C P DNA
polymerase reverse transcriptase X
(transcription transactivators)
( 2-B.) (Ganem, 1987; Lee, 1997)
HBV
(Gitlin, 1997) B
HBV

HBV

11



(Lin et a., 1999)

Lamivudine ( 3-TC)

90%

(Pessoa et d., 1999)



(mylabris)

(Mylabris phalerate) (M. cichorii)

( ,1992)

(cantharidin)

O
O
O
(myI abI'IS) (Cantharl din C10H1204)
(Yietal., 1991)
1.25-2mg/kg
LDs (i.p.)
1.71mg/kg
(DNA)

(RNA)



(Wang, 1989)

(Na CTD)
(Na DHNCTD) (NCTD)
(DHNCTD) (Wang, 1989)
1992)
( , 1986)
( , 1980)
(disodium cantharidate)
Hel a (

( ) BEL-7402 ( )

14

90%

) CaEs-17

EAC (



DNA

1980)
[°H]
(Wang, 1989)
(disodium dehydronorcantharidate)
, 1980 and 1986)
8
(CFU-S)
( , 1988)

10mg/ml CHO (

) HelLa 6-24 CHO Hela



1991) 1mg/kg
CFU-GM 5
CFU-GM

, 1989)

(norcantharidin)

(norcantharidin)

1983)
(i.p.) (Wang, 1989)
RNA

DNA

1€

(

(demethylation)

( ]
LDsy 12.4mg/kg

HL-60 DNA

, 1994)



HeLa CaEs-17 BEL-7402 SMMC-7721 (human hepatoma) CHO

(Chinese hamster ovary) Hep-2 (human epidermoid laryngocarcinoma)

(Wang, 1989) DNA
(Yi et al., 1988)
(Yi et a., 1989)
G,/M phase K562
(human myeloid leukemia) (Yi et al., 1991)
(nude mice) human HepG, cell-transplanted
tumor (Yang et a., 1997)
(HCC) xanthine
oxidase
DNA (Tsauer et a., 1997)
80%
( ,
1984; , 1986)
B
B

HBsAQ HBeAg anti-HBe ( :



1988)

(dehydronorcantharidin)

(dehydronorcantharidin)

(Shimi et al., 1982)

Swiss albino mice

2mg/kg (i.p.)
DNA

(Zhou et al., 1987)

2.2.15

HBV
(Tuttleman et

al., 1986) cloned HBV DNA

1€



(Will et a., 1982) HBV

(Shin et al., 1989)

DHBV DHBV

(Tuttleman et al., 1986) Y okota

nucleoside analogs DHBV (Yokotaet a., 1990)
B
1988 HBV
(Gripon et a., 1988) HBV

(Ochiya et al., 1989)

1987 Sells
HBV DNA HBV
DNA polymerase HBV DNA
DNA genome

nucleocapsid envelope (Sdllset d., 1987)

cloned HBV DNA (transfected) HepG;



(hepatoblastoma cell line) HBsAg HBeAg

HBsAgQ

Dane-like particles

2.2.15
nucleoside analogues
analogue
200
pyrimidine nucleosides

ddeThd FddMeCyt

Doong

nucleosides

HBV DNA
(relaxed circular)
B DNA
22nm
42nm Dane particles
HBV DNA
HBV genome HepG,
2.2.15 HBV
(Sellset d., 1987 and 1988)
HBV
2 -deoxyguanosine carbocyclic
HBV
(Price et a., 1988)
2.2.15 cdll line FddThd
ClddMeCyt AddMeCyt
HBV (Matthes et al., 1990) 1991
2 ,3 -dideoxy-3 -thigpyrimidine

DNA

2C



HBV DNA (Doong et al., 1991)

HBV

DNA
2.2.15
HBV
G :.GS G M
G G
G
DNA S DNA DNA
DNA G 2 N S 4N
G DNA
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(

)

1 (Beijing Fourth Pharmaceutical Work, China)
(1) Na CTD (disodium cantharidate) M.W.=258.16
(2 Na DHNCTD (disodium

dehydronorcantharidate) M.W.=256.16

(3 NCTD (norcantharidin) M.W.=168.15

(4) DHNCTD (dehydronorcantharidin)
M.W.=166.13

2. Sigma Chemical Co. (St. Louis, USA)

Absoluted ethanol Agarose  BamHlI Denhardt' s reagent
Dideoxycytidine (DDC) Dimethylsulfoxide (DM SO) Ethidium
bromide (EtBr) Formamide Glucose LB broth Lysozyme Propidium
iodide (PlI) Proteinase K Ribonuclease A (RNase)  Tris-HCI
Triton-X100 0.4% Trypan blue solution Wright-Giemsa stain solution
3. Gibco Laboratories (Grand Island, NY)

Antibiotics (penicillin, streptomycin)  Dulbecco’ s Modified Eagle’ s

Medium (DMEM)  Fetal bovine serum (FBS)  Glacial acetic acid



L-glutamine Non-essential amino acid

4, Merck Co.

Chloroform  Disodium ethylenediamine tetraacetic acid (EDTA)
Ethanol Polyethylene glycol (PEG) Potassium acetate Sodium
chloride (NaCl)  Sodium dodecyl sulfate (SDS)

5. Wako Pure Chemical Industries, LTD.

Sodium citrate dihydrate Sodium hydroxide (NaOH)
6. General Biologicals Corp.
Surase B-96 (HBsAg EIA Kit; B )
()
FACSCdibur™ System (Becton Dickinson)
Cytospin 3 (Shandon Inc.)
ZC-4000 Kansin Instruments Co., LTD
Mupidg2 (Cosmo Bio Co., LTD)
SpectroLine® Model TC-312A UV transilluminator
Camera Kodak Co., LTD
Laminar Flow (Tang Ocean Co., LTD)

Nikon Ellipse TE300 (Nikon Co., Japan)



Hettich EBA 12R (Hettich Co., Japan)
Revco 3000TVBA

Orbital Shaker Incubator LM-570R

() (cell lines)
2.2.15
B (HBV genome) HepG,
( Human hepatoblastoma cell line) G418
selection HBsAg particle nucleocapsid  virion

(Sellset al., 1987 and 1988)

PL C/PRF/5
(Human hepatoblastoma cell line)
mycoplasma B (HBsAQ)
(cantharidin analogues)
Na CTD Na DHNCTD
NCTD
DHNCTD DMSO (dimethylsulfoxide) 1.25
0.625 0.312 0.156 0.078 mM (Tsauer et a.,

1997)

24



2, 3 dideoxycytidine (DDC) 50mvi
HBV (positive control)

(negative control)

2.2.15
2.2.15
2.2.15 (HepG; were transferred with a plasmid contain
HBV DNA) 25 e flask 1X10° 5ml
DMEM (Dulbecco s Modified Eagle s Medium) DMEM

10% fetal bovine serum/ 1% non-essential amino acid/ 1% glutamine/

1% pencillin-streptomycin 37 5% CO;
50m
125 6.25 312 156 0.78mM

12 (Korba and Milman,

1991; Doong €t d., 1991)

2.2.15
(Cytotoxicity)
10% FBS (fetal bovin serum) DMEM

1X10°/5ml DMEM 25cm? flask



16~18 (0.78-12.5mM)
(1 3 6 9 12 ) trypsin

(0.4% trypan blue)

200X
(trypan blue exclusion)
trypan blue
trypan blue
2.2.15
(Morphology)
(1) Wright-Giemsa stain
1X 10°/well 24-well plate 10% FBS
(fetal bovin serum) DMEM 37 5% CO,
16~18 (0.78-12.5mM) 3

1X PBS (phosphate buffered
saline, pH=7.2) (0.14M NaCl/ 0.002M KH,PO4 0.012M NaHPO,/

0.0027M KCl) 100% 20
-20
24-well plate 200

Wright-Giemsa stain solution well 1

2€



(pH = 6.8-7.2)

1-3
200X
(2) Cytospin
1X10° 25cm’ flask
DMEM 5ml 37 5% CO;
3
12 trypsin
1X10% 0.5ml
300 rpm
100% 20
-20
Wright-Giemsa stain solution
(pH = 6.8-7.2)
1-3
400X
2.2.15

(Cdl cycle)

10% FBS

16~18

20m



1X10° 1 3 6 9

(0.78-12.5mV) trypsin
25 cm® flask 2.2.15
1X PBS
1000g 5
70% -20
1000g 5
1IX PBS
Iml  stain solution ( 1% Triton

X-100 0.1mg/ml RNase A 4ng/ml Propidum lodide)

30

FACSCalibur™ System (Becton Dickinson Immunocytometry

System) ModFit™ LT
CELLQuest™
2.2.15 DNA
DNA
12 2.2.15 trypsin
1X PBS 1000 g 5

Resuspnsion buffer 1ml (10mM

28



Tris-HCI, pH7.5/ 5mM EDTA/ 150mM NaCl/ 1%SDYS)

proteinase K 100mg/ml 55
eppendorff phenol/ chloroform (1:1)
(vol/vol) 10000g 5
eppendorff 10000 g
10 eppendorff 0.8% agarose gel/ 0.5X
TAE system DNA EtBr

(Doong et a., 1991 modified from Blin and Stafford, 1976)

B
B (SuraseB-96 HBsAQ EIA assay)

1X10°/ well  PLC/ PRF/ 5 24-well

10% FBS DMEM 37 5% CO,

16~18 (3.12-50nM) 3

2000 g 10
eppendorff 50m 96-well
(negative control)
(positive control) Anti-HBs Peroxidase Solution 50mi

20+ 4 20X  washing solution



OPD Solution 100m 30 2N H,SO4

100m 570nm oD
positive control oD OD HBsAgQ
oD HBsAgQ
( HBsAQ EIA kit )

Standard curve  Y=a+ bX by linear regression of standard.

Y Logi (OD values of standard)

X Logi (Vaues of HBSAg concentration)
a Intercept

b Slope

oD HBsAg = (10% ng/ ml) X

3C



2.2.15

1 3 6 9 2.2.15 (
) (trypan blue exclusion)

H,O 1% DMSO

2.2.15
( 3 (NaCTD)
12.5mM NaCTD
90% (NCTD)

(DHNCTD) 12.5mv 6 9
50%
(Na DHNCTD)

2.2.15

(dose-dependent)
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Trypan Blue Exclusion

1day 3day 6 day 9 day
Céll number Céll number Céll number Céll number
()NaCTD (X10°) Inh.(%) (X10°) Inh.(%) (X10°) Inh.(%) (X10°) Inh.(%)
Control 2.00+0.30 0.00 8.75+0.72 0.00 29.90+5.53 0.00 43.23+8.55 0.00
1% DM SO 1.68+0.37 16.43 7.27+0.33  16.52 19.57+6.90 35.54 37.20+£8.40 14.20
12.5mM DDC 1.54+0.40 23.71 6.12+1.68 29.97 20.27+10.7 34.84 32.05+14.6 28.17
0.78mM 1.40+0.43 29.95 8.25+0.77 5.69 29.57+5.40 1.07 35.13+4.46 15.55
1.56mM 1.60+0.54 20.56 7.42+1.76 15.75 19.60+7.13 32.86 26.27+8.11 35.83
3.12mM 1.80+0.36 9.91 455+1.31 48.38 16.53+8.14 44.43 23.05+6.34 43.97
6.25mM 1.54+0.48 22.24 1.76+0.60 80.16 5.23+1.17 82.58 9.08+3.32 77.56
12.5mM 0.92+0.30 51.83 0.86+0.30 90.20 2.13+0.93 93.03 1.68+1.14 95.87
(2)Na Cell number Cell number Céll number Céll number
DHNCTD (X10°) Inh.(%) (X10°) Inh.(%) (X10°) Inh.(%) (X10°) Inh.(%)
Control 2.00+0.30 0.00 8.75+0.72 0.00 29.90+5.53 0.00 43.23+8.55 0.00
1% DM SO 1.68+0.37 16.43 7.27+0.33 16.52 19.57+6.90 35.54 37.20+£8.40 14.20
12.5mM DDC  1.54+0.40 23.71 6.12+1.68 29.97 20.27+10.7 34.84 32.05+14.6 28.17
0.78mM 1.60+0.19 19.73 8.14+1.65 7.70 25.37+8.64 16.70 41.40+9.49 4.54
1.56mM 1.40+0.33 29.53 597+1.55 31.94 21.23+8.03 30.42 36.03+14.8 18.81
3.12mM 1.44+0.21 27.68 7.13+1.46 18.04 23.90+9.81 20.32 38.30+8.83 11.74
6.25mM 1.32+0.37 349 6.73+1.04 22.52 19.60+8.14 36.01 37.97+£13.3 13.78
12.5mM 1.24+0.24 36.76 6.75+0.82 23.02 14.50+4.66 51.91 35.87+£13.5 18.68
Céll number Céll number Céll number Céll number
(3NCTD (X10°) Inh.(%) (X10°) Inh.(%) (X10°) Inh.(%) (X10°) Inh.(%)
Control 2.00+0.30 0.00 8.75+0.72 0.00 29.90+5.53 0.00 43.23+£8.55 0.00
1% DM SO 1.68+0.37 16.43 7.27+0.33  16.52 19.57+6.90 35.54 37.20+8.40 14.20
12.5mM DDC 1.54+0.40 23.71 6.12+1.68 29.97 20.27+10.7 34.84 32.05+14.6 28.17
0.78mM 1.30+0.48 34.44 8.21+0.57 6.07 25.37+8.64 16.70 38.70+5.35 9.68
1.56mM 1.38+0.48 30.72 6.84+0.57 21.93 21.23+8.03 30.42 30.38+8.69 30.47
3.12mM 1.36+0.47 31.07 6.30+0.78 27.95 23.90+9.81 20.32 25.62+10.3 42.06
6.25mM 1.16+0.36 41.52 5.42+0.54  37.77 19.60+8.14 36.01 30.48+1.99 27.37
12.5mM 0.96+0.32 50.60 5.75+0.95 34.02 14.50+4.66 51.92 17.48+5.03 59.81
Céll number Céll number Cell number Céll number
(9DHNCTD (X10°) Inh.(%) (X10°) Inh.(%) (X10°) Inh.(%) (X10°) Inh.(%)
Control 2.00+0.30 0.00 8.75+0.72 0.00 29.90+5.53 0.00 43.23+8.55 0.00
1% DM SO 1.68+0.37 16.43 7.27+0.33  16.52 19.57+6.90 35.54 37.20+8.40 14.20
12.5mM DDC  1.54+0.40 23.71 6.12+1.68 29.97 20.27+10.7 34.84 32.05+14.6 28.17
0.78mM 1.36+0.14 30.78 6.43+1.25 25.64 22.60+7.63 25.01 34.72+7.10 18.92
1.56mM 1.28+0.28 34.38 6.18+1.08 29.28 22.43+11.8 27.64 34.70+6.71 18.86
3.12mM 1.56+0.10 20.64 6.44+0.56 26.48 23.42+5.45 21.92 34.57+6.62 19.21
6.25mM 1.16+0.33 40.58 6.35+1.53 27.71 22.23+10.8 28.29 32.55+1.43 22.70
12.5mM 0.98+0.23 49.83 5.06+1.84 41.89 10.63+2.60 63.00 24.03+11.2 46.19

Table 1. Quantitation of viable 2.2.15 cells. 1X10° cells were seeded in
25cm? flask for each flask with or without various concentrations of
cantharidin analogues. The total number of viable cells in each of these

flasks was quantitated by counting cells which exclude trypan blue.



2.2.15
24-well plate 16-18
3
2.2.15 200X

Wright— Giemsa stain ( 3

NaCTD

12.5"M NCTD  DHNCTD

Na DHNCTD

2.2.15
25cm” flask 12
trypsin (cytospin)
Wright- Giemsa
( 4

12.5"M NaCTD 12 2.2.15

400X



2.2.15

(flow cytometry)

Propidium lodide (Pl) Pl
DNA RNA

FACSCdibur™ Systenm (Becton Dickinson |mmunocytometry

System)
Pl ModFit™ LT
CELLQuest™
2.2.15 1 36 9
9 125mM  6.25mM NaCTD
NaCTD 1 S 72.5%
3 S 39.4% ( 21 12.5mM NCTD
3 S 64.8% ( 23 DHNCTD
Go-Gy S DHNCTD 12.5mv

6 Go-G1 14.7% S 42.8%
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( 249 Na DHNCTD 2.2.15

( 22

Treatment time Per cent of cells number (%)

()NaCTD (day) Go-G1 S G,-M
Control 1 47.42+1.90 30.76+4.36 21.82+3.33
1% DM SO 1 47.78+2.21 32.72+1.59 19.50+0.91
12.5nM DDC 1 46.66+4.94 32.30+1.69 21.04+3.25
0.78mM 1 46.31+1.58 31.36+4.75 22.32+3.21
1.56mM 1 49.34+0.88 29.44+2.27 21.22+1.71
3.12mM 1 52.93+1.96**  26.21+1.01 20.95+2.24
6.25mMV 1 62.77+2.22*** 14.88+0.92**  22.35+2.91
12.5mM 1 56.51+1.67** 8.45+3.11**  35.04+2.73*
Control 3 61.00+2.46 21.90+3.31 17.10+0.93
1% DM SO 3 70.82+4.39* 12.78+3.33* 16.40+1.72
12.5mM DDC 3 67.50+2.07* 14.05+4.99 18.44+3.45
0.78mM 3 65.12+4.46 16.32+4.61 18.56+1.17
1.56nmM 3 64.96+4.13 10.52+4.06* 24.52+2.04**
3.12mM 3 69.34+3.25* 4.15+2.70**  26.50+5.21*
6.25mM 3 70.51+1.00** A4.77+2.55**  24.73+2.77*
12.5mM 3 71.73+6.13* 13.28+9.83 14.99+8.49
Control 6 77.15+2.82 10.25+0.20 12.60+3.01
1% DM SO 6 87.61+0.95* 4.04+1.84** 8.35+2.76
12.5mM DDC 6 82.84+3.30 7.56+£0.90* 9.60+3.24
0.78mM 6 68.75+7.52 9.42+1.45 21.83+7.24
1.56nmM 6 68.04+6.18 9.51+3.52 22.46+4.35*
3.12mM 6 73.62+6.80 4.84+0.89***  21.58+7.69
6.25mM 6
12.5mM 6

significantly death of 2.2.15 cells were not assayed by FACS.

Table 2-1. Cell cycle phase distribution of 2.2.15 cells treated with
cantharidin analogues. 2.2.15 cells were treated with or without various
concentration of (1)Na CTD and harvest at 1, 3, 6days. The distributions
of cell cycle phase were determined by FACS analysis, as described in
method. Vaues are mean £SD, N3 3.

* significantly different between control and treatment group.

(*p<0.05, **p<0.005, ***p<0.001 Student’ s t-test)



Treatment time

Per cent of cells number (%)

(2NaDHNCTD (day) Go-G; S G,-M
Control 1 47.42+1.90 30.76+4.36 21.82+3.33
1% DM SO 1 47.78+2.21 32.72+1.59 19.50+0.91
12.5nM DDC 1 46.66+4.94 32.30+1.69 21.04+3.25
0.78mM 1 45.73+0.85 30.67+3.18 23.60+2.42
1.56mM 1 45.98+2.40 32.30+4.27 21.72+1.91
3.12mM 1 46.74+2.38 31.11+3.99 22.15+1.69
6.25mMV 1 45.31+2.41 34.53+3.16 19.96+2.23
12.5mM 1 47.27+1.48 31.24+1.87 21.49+0.75
Control 3 61.00+2.46 21.90+3.31 17.10+0.93
1% DM SO 3 70.82+4.39* 12.78+3.33* 16.40+1.72
12.5mM DDC 3 67.50+2.07* 14.05+4.99 18.44+3.45
0.78mM 3 62.86+1.78 17.84+3.81 19.30+2.26
1.56nmM 3 62.24+0.30 19.89+1.24 17.87+1.36
3.12mM 3 63.05+2.62 19.20+2.55 17.75+0.80
6.25mM 3 64.91+1.89 18.35+1.76 16.74+1.28
12.5mM 3 63.85+3.80 19.89+4.69 16.26+0.90
Control 6 77.15+2.82 10.25+0.20 12.60+3.01
1% DM SO 6 87.61+0.95* 4.04+1.84** 8.35+2.76
12.5mM DDC 6 82.84+3.30 7.56+0.90* 9.60+3.24
0.78mM 6 74.46+6.46 12.34+2.79 13.20+3.88
1.56nmM 6 76.14+5.29 11.99+2.64 11.87+3.42
3.12mM 6 73.65+9.13 16.63+8.26 9.72+3.09
6.25mM 6 74.32+8.49 13.67+10.0 12.01+2.51
12.5nM 6 75.10+5.32 10.20+3.74 14.70+6.07
Control 9 74.26+0.32 14.35+1.61 11.40+1.29
1% DM SO 9 78.03+1.52 10.34+3.24 11.64+1.71
12.5nM DDC 9 84.08+1.48* 7.64+3.15 8.29+4.62
0.78mM 9 74.25+0.83 14.60+1.50 11.16+0.67
1.56mM 9 73.73+3.05 15.47+2.81 10.81+5.88
3.12mM 9 77.11+0.56* 9.03+0.62 13.87+0.07
6.25mMV 9 77.78+0.72* 12.39+2.23 9.84+2.95*
12.5mM 9 73.01+3.63 15.65+3.63 11.34+0.00

Table 2-2. Cell cycle phase distribution of 2.2.15 cells treated with
cantharidin analogues. 2.2.15 cells were treated with or without various
concentration of (2)Na DHNCTD and harvest at 1, 3, 6, 9days. The
distributions of cell cycle phase were determined by FACS analysis, as

described in method. Values are mean £SD, N3 3.
* significantly different between control and treatment group.

(*p<0.05, **p<0.005, ***p<0.001 Student’ s t-test)
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Treatment time

Per cent of cells number (%)

(3INCTD (day) Go-G; S G,-M
Control 1 47.42+1.90 30.76+4.36 21.82+3.33
1% DM SO 1 47.78+2.21 32.72+1.59 19.50+0.91
12.5nM DDC 1 46.66+4.94 32.30+1.69 21.04+3.25
0.78mM 1 48.50+5.35 30.27+5.06 21.24+1.85
1.56mM 1 49.50+4.54 30.47+3.43 20.07+1.92
3.12mM 1 48.37+4.73 30.89+5.68 20.74+3.47
6.25mMV 1 50.81+3.14 29.14+5.24 20.05+2.55
12.5mM 1 51.58+7.10 27.98+6.54 20.44+2.41
Control 3 61.00+2.46 21.90+3.31 17.10+0.93
1% DM SO 3 70.82+4.39* 12.78+3.33* 16.40+1.72
12.5mM DDC 3 67.50+2.07* 14.05+4.99 18.44+3.45
0.78mM 3 73.08+3.19* 13.83+5.01 13.09+2.49
1.56nmM 3 71.54+4.28* 10.66+4.66* 17.81+0.55
3.12mM 3 72.76+4.76* 12.50+3.25* 14.73+1.54
6.25mM 3 73.64+1.82** 9.57+0.51**  16.79+1.33
12.5mM 3 74.89+1.64** 7.72£0.44**  17.39+1.55
Control 6 77.15+2.82 10.25+0.20 12.60+3.01
1% DM SO 6 87.61+0.95* 4.04+1.84** 8.35+2.76
12.5mM DDC 6 82.84+3.30 7.56+0.90* 9.60+3.24
0.78mM 6 83.61+3.06 7.93+1.29* 8.45+3.00
1.56nmM 6 84.48+4.48 7.69+2.61 7.83+1.94
3.12mM 6 84.29+5.36 3.45+3.53* 12.26+7.55
6.25mM 6 85.85+6.24 5.67+1.45* 8.48+4.93
12.5nM 6 81.21+8.63 4.67+0.78**  14.12+9.40
Control 9 74.26+0.32 14.35+1.61 11.40+1.29
1% DM SO 9 78.03+1.52 10.34+3.24 11.64+1.71
12.5nM DDC 9 84.08+1.48* 7.64+3.15 8.29+4.62
0.78mM 9 84.76+0.56 4.84+2.06* 10.41+2.62
1.56mM 9 80.81+1.24 7.08+0.12* 12.12+1.13
3.12mM 9 81.58+6.00 9.06+2.62 9.37+3.38
6.25mMV 9 75.57+1.51* 8.04+1.22* 16.40+1.22
12.5mM 9 76.65+4.13** 8.67+1.63 14.69+2.50

Table 2-3. Cell cycle phase distribution of 2.2.15 cells treated with
cantharidin analogues. 2.2.15 cells were treated with or without various
concentration of (3)NCTD and harvest at 1, 3, 6, 9days. The distributions
of cell cycle phase were determined by FACS analysis, as described in

method. Values are mean £SD, N3 3.
* significantly different between control and treatment group.

(*p<0.05, **p<0.005, ***p<0.001 Student’ s t-test)



Treatment time

Per cent of cells number (%)

(4)DHNCTD (day) Go-G1 S G,-M
Control 1 47.42+1.90 30.76+4.36 21.82+3.33
1% DM SO 1 47.78+2.21 32.72+1.59 19.50+0.91
12.5nM DDC 1 46.66+4.94 32.30+1.69 21.04+3.25
0.78mM 1 46.32+4.59 33.07+5.76 20.61+2.08
1.56mM 1 47.53+4.02 32.44+4.10 20.03+0.68
3.12mM 1 49.02+5.63 28.53+2.27 22.45+4.79
6.25mMV 1 48.42+3.92 30.92+3.46 20.66+1.80
12.5mM 1 49.64+3.54 30.50+2.45 19.86+1.89
Control 3 61.00+2.46 21.90+3.31 17.10+0.93
1% DM SO 3 70.82+4.39* 12.78+3.33* 16.40+1.72
12.5mM DDC 3 67.50+2.07* 14.05+4.99 18.44+3.45
0.78mM 3 70.87+4.29* 13.66+4.25 15.47+1.79
1.56nmM 3 69.88+3.54* 12.89+5.56 17.24+2.23
3.12mM 3 70.79+3.74* 12.41+5.39 16.80+1.78
6.25mM 3 68.29+0.65* 13.73+2.88* 17.98+2.42
12.5mM 3 72.56+x1.87**  10.03+4.03* 17.41+2.22
Control 6 77.15+2.82 10.25+0.20 12.60+3.01
1% DM SO 6 87.61+0.95* 4.04+1.84** 8.35+2.76
12.5mM DDC 6 82.84+3.30 7.56+0.90* 9.60+3.24
0.78mM 6 84.70+2.51** 5.55+1.47* 9.75+1.07
1.56nmM 6 83.91+6.00 7.38+4.90 8.72+1.16
3.12mM 6 88.30+2.63* 4.88+1.55** 6.82+1.33*
6.25mM 6 89.15+6.09** 5.50+3.51 5.41+9.28
12.5nM 6 88.52+1.57** 5.86+2.21* 5.61+2.17*
Control 9 74.26+0.32 14.35+1.61 11.40+1.29
1% DM SO 9 78.03+1.52 10.34+3.24 11.64+1.71
12.5nM DDC 9 84.08+1.48* 7.64+3.15 8.29+4.62
0.78mM 9 83.55+0.21***  4.63+0.58* 11.82+0.37
1.56mM 9 79.89+0.61* 8.48+3.06 11.64+3.67
3.12mM 9 78.34+0.13**  10.67%7.79 10.99+7.67
6.25mMV 9 78.35+3.00 9.38+6.22 12.27+3.22
12.5mM 9 80.59+0.00**  10.79+0.00 8.62+0.00

Table 2-4. Cell cycle phase distribution of 2.2.15 cells treated with
cantharidin analogues. 2.2.15 cells were treated with or without various
concentration of (4)DHNCTD and harvest at 1, 3, 6, 9days. The
distributions of cell cycle phase were determined by FACS analysis, as

described in method. Values are mean £SD, N3 3.
* significantly different between control and treatment group.

(*p<0.05, **p<0.005, ***p<0.001 Student’ s t-test)
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ELISA Cdl number OD value HBsAg conc.
(1)Na CTD (X10%) (at 570nm) (ng/ml)
Control 1.41+0.13 0.446+0.027 2X 1077
1% DM SO 1.26+0.17 0.314+0.003 2X10'%
50V DDC 0.90+0.17 0.278+0.004 2X 10t
3.12nmM 1.38+0.08 0.414+0.013 2X10%%8
6.25mM 1.32+0.08 0.339+0.025 2X10t%
12.5mM 0.57+0.21 0.331+0.008 2X10t%
25.0mM 0.45+0.13 0.282+0.001 2X 108
50.0mM 0.12+0.08 0.244+0.001 2X10M%°
(2JQNa DHNCTD  Cél number OD value HBSAQ conc.
Control 1.41+0.13 0.446+0.027 2X10%T
1% DM SO 1.26+0.17 0.314+0.003 2X 10t
50V DDC 0.90+0.17 0.278+0.004 2X 10t
3.12nmM 1.08+0.25 0.421+0.045 2X10%%
6.25mM 0.96+0.08 0.334+0.006 2X10'%®
12.5mM 0.96+0.25 0.331+0.009 2X10t%
25.0mM 0.90+0.08 0.319+0.030 2X 10t
50.0mM 0.96+0.08 0.320+0.011 2X 10t
(3INCTD Cdl number OD value HBsAg conc.
Control 1.41+0.13 0.446+0.027 2X 10"
1% DM SO 1.26+0.17 0.314+0.003 2X10'%
50V DDC 0.90+0.17 0.278+0.004 2X 10t
3.12nmM 1.38+0.08 0.291+0.001 2X 108
6.25mM 1.32+0.08 0.262+0.003 2X10'7”
12.5mM 1.32+0.08 0.252+0.001 2X 10"
25.0mMI 1.32+0.01 0.252+0.002 2X 10"
50.0mM 1.20+0.17 0.243+0.001 2X10'%®
(4)DHNCTD Cell number OD value HBsAQ conc.
Control 1.41+0.13 0.446+0.027 2X 10"
1% DM SO 1.26+0.17 0.314+0.003 2X 10t
50nvi DDC 0.90+0.17 0.278+0.004 2X 10
3.12nmM 1.35+0.04 0.345+0.006 2X10'%
6.25mMI 1.29+0.21 0.288+0.003 2X 101
12.5mM 1.23+0.13 0.291+0.001 2X10t7
25.0mM 1.20+0.25 0.265+0.002 2X 10t
50.0nmM 1.12+0.25 0.294+0.009 2X 108

Table 3. Effect of HBsAg section on PLC/ PRF/ 5 cells treated with or
without various concentrations of cantharidin analogues for 3 days. The
total number of viable cells was quantitated by trypan blue exclusion.
Measure the OD value with a spectrophotometer at the wavelength of
570nm. Calculate the HBsSAg concentration of each specimen by linear
regression of standard. Values are mean +SD, N=2.
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Sl NCTD Na

DHNCTD DHNCTD NaCTD NCTD B
PLC/ PRF/ 5
Compounds  CCg (MmM) 1Cs (MM) S
()NaCTD 21.72 52.11 0.42
(2JNaDHNCTD 200.41 112.81 1.78
(3INCTD 203.71 70.76 2.88
(4)DHNCTD 186.78 137.38 1.36

Table 4. Comparative potencies of cantharidin analogues as monitored by
HBsAQ section, cytotoxicity. Effect of HBsAg section on PLC/ PRF/ 5
cells treated with cantharidin analogues for 3days. Calculate the CCs, and
| Cso values of each specimen by linear regression of standard.

Sl, selective index (CCsy/ 1Cs)

CCx is the concentration of cantharidin analogues that showed 50%
cellular cytotoxicity in PLC/ PRF/ 5 célls.

| Cs is the concentration of cantharidin analogues that exerted 50%
reduction on HBsAg secretion in PLC/ PRF/ 5 célls.
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