[ 41 i 2E 424244 Chinese Journal of Cell Biology 2014, 36(11): 1519-1525 DOI: 10.11844/cjcb.2014.11.0150

HEBEA H0 5 B L A B R B0 SRR 5

EAN RER E OB OKEE B N BEE BEE K A
CRIBFRZEA MR E S BAR B, iR 200092; 2 3R a0 AENEGT o0, B3 201203)

HE A B 4A(sodium cantharidinate, SCA)#= &4 #k(camptothecin, CPT)3) & £ & &
BT Rt 6976 97 . % XHSCAL CPTIA A 25 ARSI Fodk P 2T Y 5 2m Jles o £ K 3 ) VR R AT
THRR . R R, AP 2 6 B A4 R T 38 5% 3 % 4m it & AS4940 T % 40 I 2 Hep3B 49 4k
NI AP RIAE R, ELRR R Buk TR 469 CHE T 1, RIE TR 2. A8 B
BALE ) s Ty & IR JEAE A AR, AR 45 RAEY, Fe S HAE AR, SCAFRCPTEAS L Al TT A &
Firhlsrl B ILfs P ASAO MR e g A fe K, BAERRF BT, MA QS A5 Y &6
RAXAARGF 0. B, TLINCPTHRBITHI D G ARS8 L F, Ftar L g 4 ™4
PHEAER . ZI R E RS TG R LIRE1EASCAFCPTE A XY BRAL T A A 89 =5
B &

KRR BEECIRAN; AT Z9ERH; U 2

Experimental Study on the Anti-cancer Effect of Combined Usage of
Sodium Cantharidinate and Camptothecin

Huang Danyi', Wu Zhuanbin?, Huang Qin?, Zhang Mengjie', Yang Hua', Shi Jiahao', Sheng Zhejin', Fei Jian'*
('School of Life Science and Technology, Tongji University, Shanghai 200092, China;
“Shanghai Research Center for Model Organisms, Shanghai 201203, China)

Abstract Both sodium cantharidinate (SCA) and camptothecin (CPT) have been used for clinical tumor
therapy. We studied the inhibition on tumor cell growth when combined SCA with CPT both in vitro and in
vivo. The results showed that the combination of SCA and CPT enhanced the inhibitory effect of proliferation
of A549 lung cancer cell line and Hep3B hepatoma cell line in vitro. And the CI values of SCA in conjunction with
CPT of different concentrations were less than 1, indicating a synergistic effect. Using xenograft model, our
results showed that the joint application of SCA and CPT could significantly inhibit the proliferation and diffusion
of A549 cells in zebrafish embryo compared with single drug treatment. The combination treatment had no obvious
impact on the normal development of zebrafish in the experimental dosage. We also observed that CPT inhibited
the fin development of zebrafish embryos, as well as the inhibitory effect on the angiogenesis. The results provided
useful experimental data for the combination therapy for related tumors using SCA and CPT in clinic.
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B % 2% (cantharidin, CTD)tH FR B 25 R 15T, J& A7
18T )7 KBEE (Mylabris phalerata Pallas)al i 2 /)N
P& (Mylabris cichorii Linnaeus)% 5¢ 75 £ HUA
) — e s 28, 2 B 2R B T i 3
Y. ZENE (CRFENH ) AR BFHd e, K
B AR R AR 5 v] TR, TR, B
AR 2= U IR, CTDAE VA I7 8k I g 1) 1 R Y.
A BA— 2 AE, (H T CTDA 5 % HL A0 i
BRGNS R ZR G )RR R AR BEAS 22 1
N . BEEE RN (sodium cantharidinate, SCA) & CTD
52K SOV A il R, gty fEH S
CTDILALME " A= 13 PR, 2 H Il RCTD Y H
LA Z —(&1).

BATHT ISR B, SCAEAT ) 1S s
T PENY, 7R R 2 29I ATLYA I I e R T
FH, SCAR LME N — M ik I 254, h ik,
FRATTRESC AT FE AL AT 96 Wik A 24549 PR BB 5 A FH 801
AT THILTRE . A SCHSCAS PN 254 5k
(camptothecin, CPT) I ] AR BEA TS, A8
RS A SCA [l PR I H I 5 I R VR T Mg fi it 5
5ol -

1 MRS A®
1.1 FEiK{5H

CPTIl H 3% [ElSelleck 28 7], LA AL A(DMSO,
Sigma /s 7)) AR HFEE 421 000 mg/mL#% . PTK787
i) 1 55 [H Selleck /A 7] o SCATE S (50 pg/mL) 5t M
PRAT AR A B M M 2 A BRA R e SRS, -
R 25 A PBSEL B 1 6 (Danio rerio)t% 77 H 7K (fish
water) i B 45 9206 XK B . MITT40 0 184 5 % 4 i
PEAS I 70 0 B 2 2 R AR )RS T (Beyo-

time Institue of Biotechnology).

Cantharidin

Sodium cantharidinate

1.2 #faiEsRF RIS & RE%R

il B g AS 4940 i LL B AT i Hep3B 4 i ) 5K
H 3E [H 5 2 B% 77 W) 45 47 J5 (American type culture
collection, ATCC), 43 7l F & 10% i 4 IfiL i [ F-12K
Nutrient mixture}s 7% % (Invitrogen A 7)) A 164017 77
H(HycloneA 7)) 137 °Cy 5% COLAF R T 75,
R R S 5, BE2~3 dABARTIR . AN [R] I AH R B
101 i 5 (ABE flila-EGFP/casperiii ) 11 ¥ 75 J7
B YR R AT BR 2 ml S i, I 70 s i B A
TP MR IR, Tk R A I G TS 2k
S MG REHE MR fE, 7231 CCil AR h 1 5% .
1.3 #REE 51 R9N E & B & A B9~

EORE B804 K Al B i A, i R R il s,
ANTR)HR (P AN [R) 25 4 b A B, 52 56 T 3 10T TR
. CPTH 44, SCAHZIA LI A FINC EL I CPT
5 SCARL A ILTA S . 72 WS B BRI AT 253,
T FEMTTAH o 185 5 K 4 s S I3 6 0 B A 4
1, FHA M AEFLIYIDAE -

ANIE 2 AR T (R4 2 FH 2 2R () T

% 24 W) A Tl 2 =(1— 245 W A1 - S5 W' /o) LA

SR )% 100 A1)
AR IC o1 8 S 2) T
IC5y=10XmEP05)] A~A(2)

o, Xk B (0 e R B (PR B, iR 2%
WRPEAS LL IO SR, PR & 4 AR KA % 2 F, 0.5
TG H K. FCPTAISCAS TN Kf AS494H i () 21
FIAHI 253 531 A AFIB, CPTAISCARK i f) 2041 %
53l kafib, W 259 118k 5 45 21 (combination index,
ChHIZ A QG)IHH:

Cl=a/A+b/B 2~ 3(3)

HCHASE T 1, VORI R 259 infi; # CHE
KTL, WAZAMF P50 A CHEDT1, AR

Camptothecin

E1 CTD. SCAS5CPTHIZEMR
Fig.1 Structural formula of CTD, SCA and CPT
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1.4 ZAYxBi S &R A SRR

E124L B, B LI A204% 52 K 548 h(hours
post fertilization, hpf) A JBE (1) B 15 £ I Jify, 7Efish
water 4 i1 A0.1% DMSOAE Jy % 71 %) B 2l (vehicle
control), AN RV BE I 29 WA b SE g 41, AbPR72 h, IF
SIS R A AR . o G vk 2 R
FETII) . W IR RS A I DL IE 5 R B B £
W fiG, FSPSSERAFAUA F 715 25 W) b BN B 5 £
J F6 11 50%25 S8 34 [ (lethal concentration 50, LCso)«
10%EFE R B (LCoo) LA K S5t K AEEAE 3 & (most non-
lethal concentration, MNLC).
1.5 APPSRk R B EMER1ER

AS4940 35 7% A0 Ho A KO, AR 5
2R S N2 pg/mLICM-Dil(Invitrogen 2 ) 4 £}
Frid, 7648 hpflfiflila-EGFP/casper i R B & £ IR

5 11 N B B 350 A7 b Pl S £ 100 4 . TR H A

Vi) 94 J5E (1) AN ) 245 49 Ak B 1l 2 Ao 980 RO R IR 120 b, 7
Nikon SMZ 15007 % 2 f88 F M &I I, 2ok
s B HINIS-Elements D3.1%%/}:5¢ ik, GraphPad Prism
5.0 T 1 59T e vk 25 1 b #6591
FOTIE O, bR 4 M o e g o X (@) oh

%o 1R 241 R 00 1) 3R =124 ) Kb B AR X % 't ity
JSE RS RN AL ARG 98658 )< 100 A (4)
1.6 CPTXIHIS &R A B RIS

LE6FLIR 1, BEFLINA305%48 hpf T A i 1 1
RIABBE 5 £ i fif, 7B 5 8 55 77 - 7K TP oA 0.1%
DMSO/E 2y ¥ 51 6] 18 41, 0.5 ng/mLEICPTAE by 52 4
4, 2924 W5 TE AR ) B a1 R FH K 2600
254, FNikon SMZ 1500441 W s R A48 S
IR R IR . ZE6FLIR Y, BEFLINA304%24 hpf
[)flila-EGFP/casper Bt & 1 I Jify, 785 5 15 7% H /K
1IN AN0.1% DMSOAE 2 #5511 6 B4H, 0.07 pg/mLI
CPTYE Ay 5286 41, 5 umol/LISIPTK 7874 Ay B 1k i

A, 25AL PR s SO B S fa B IR K 260k
YEH, TNikon SMZ 1500/K 4 W i85 T Fr4e 5 & £
NG R AARAE, Geit B — 2 G R B 58 RS )
I3 $0 5, I H GraphPad Prism 5.0%F 3T 48 11K

o ML M 2 5U(S) T
YollIL i A AR AR =124 ) Ab BRALIA I 141 ]
ILAE - 159 B TR SR VR I A4 Th) AL~ 1) %)< 100
231(5)

17 it o

SG Al R P S (AR v 25 R, 4R
P % 5 HOne-way ANOVA(Bonferroni % . Lt 5 7%)
geit, P<0.050 7 5 A AT W TE, P<0.010 2 5 i)

i

%‘o

2 FR
2.1 CPTESCABXAXKRIMEFREI AT A
fijale N =0p=A

W UK BE 4y ) 200 ug/mLICPT S5 pg/mL
HISCATECRFFAHTAN T 25 AR (10 pL)EITELL T, LA
EEAIER 5 AL BEARSD RS 7 (1) N i ASA940 1 e N T
Hep3B4iIJ{72 h, MTTZ SRE W], W5 2500 PRI
MR I T R i A K AEIE . SR 251
THOL T, CPTXFA54940 Jitd [1)1Cs04(0.095+0.006) pg/mL,
X Hep3BAH iU fI1Cs0 4 (0.477+0.038) pg/mL; SCAX}
AS4941 F [FJ1Cs0 4 (1.338+0.141) pg/mL, X Hep3B4i
J FIIC 0 4 (0.801£0.116) pg/mL. AN [ 3 5 11 254
BC LG, 2406 F 20 00 s 40 Jf v 0 52 %% F %, CPT
5 SCAA [F) e 52 T ok 193 i firh 98 41 i 1) CL{EL 355 /)
T1, RSN R R T B o FAE L, PR
ZiI M CHE WLZR 1T R

A S5 2 W, SCARICPTI I &7 H 3 ]
03 g 0 PR SR, Ry Tk AR A L [ A
MAE AR A I 25 R0RTo] e ) EIE L, FRATTER T
B S0 G A D AR R A TR N 5256

1 BACPTSSCAY A ME 4 bR CT{E
Table 1 CI values of combined CPT and SCA for different cancer cell lines

AN AR

CPT+SCAH )%

Concentration of CPT+SCA

Cell line
160 pg/mL+1 pg/mL

120 pg/mL +2 pg/mL

80 pg/mL+3 pg/mL 40 pg/mL+4 pg/mL

A549 0.96 0.71
Hep3B 0.61 0.47

0.67 0.59
0.22 0.16
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(A) (B)
Percentage of embryos with defects after CPT treatment
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Percentage of embryos with defects after SCA treatment
100 l 7 Normal
o m Death
§ 80 100 e e oo
i)
3 9
g 60 £ 80
b= = 60
z 40 £
¢ g 40
E 20 g
g o 20
- 2
0 0 * T T ]
&o\g.\ PR VEVAH D D -2 -1 0 1 )
&P SCA (ug/mL)

SCA (pg/mL)

A: CPTAL B BE LY £ I 15445 H 43 LE; B: CPTAR B ¥ 735 % il 2k C: SCAKLHNS B L 48 IR 18505 15 53 LU D: SCAAL B (R4 % i 2
A: percentage of embryos with defects after CPT treatment; B: the survival curve of CPT treatment; C: percentage of embryos with defects after SCA

treatment; D: the survival curve of SCA treatment.

El2 CPTESCAMBID & R HF T
Fig.2 Toxicity experiment of CPT and SCA on zebrafish embryos

2.2 CPTS5SCAXMME &2 4SRN

CPTHISCAXS Bt 5 £ it fity (1) 55 M AE H 22 W] Wl
(R4 FE A HLE o CPT B 25 4 B 1 £ A i FRILCso h
0.072 pg/mL, LCio40.032 ug/mL, MNLC40.016 pg/mL
(E2B); SCAYE % ¥ FILCso~ LC1WHIMNLC4) %) 4
0.980 pg/mL. 0.583 pg/mLA10.376 pug/mL( & 2D).
LR, BATTE SR B E =105 pg/mLICPT
ST B A0 I i A EE S0 IR Y, B T A G
M, I HAB B E EB/EH. 1SCA
HESHBOT B S A G A B R B KRB TR KM
M (45 AR R

R T H 25 B 55 B0 0 A IR A7 06 B R Y
FHOC B E s J5, BT ok DA A 4 48 1 v s 56 Hp 17
5 2R FE AT AL BRLINF (1], PP 245 ) #EH % H IIMNLC:
CPT>40.02 pg/mL, SCA40.4 ng/mL, 1f 4 J5 2:44k P

156 FH S 56 1R FH 299k 2
2.3 CPTSSCABRAXMHS&ARNBEMEEK
R

AS4941 il FHCM-Dil4T (4 58 He b id Ja, S i
S #1148 hpfiriflila-EGFP/casperit 5 B 1 £ IR Jif 1)
UREEFESRA . ST dJS(1 day post injection, 1 dpi),
TE2E G WA T ULEE, i i HA iy 40 Ao 3 K /)
B—. @G HT I 2R mmms i, it
ENEEE L GSE

XTS5 dpi ) i 96 # AV iR 35 AT ¢ 0 S T M
22 IS vE AN ¢ ' i S (relative fluorescence inten-
sity, RFT).  Hi 45 ST 50, H 25 4R R 0k B 15 00
TR A B3 5 S, A A% B s tE R A
XoF HECZEL VR i A 1A (%) i 93 4 i 4 A TR K BT #%0,
TV 28 oy i I 1 50 7 I KOs 0 T o, JE WA



SOPHNCEE: BEERN S S BRI PR CR 1 SE 35T 1523

(F)
" otk
~ 1007 g ko
2 r—WHr——*
X 80 ——
g 601 .
= —_—
g 40 —_
2 — s el
2 20
E 0 T T
> & b b
Control (0.1% DMSO) & & &
&
100
< 80,64
S 80
o 63.38 59.66
=60
g
£ 40
5
E 20
0 ‘t . X .
QO Nad Nad
s ¢ & &X%C
CPT+SCA &

A: 3R PL120 D5 5 S IR AL B~E: AN 29 AR EE120 hJm R AN AL BE D RIS AR Y IO BdR: Fr AN 25404 BE120 b e 41 i
RIS 50 Fi B IR S AR . *P<0.05, *##P<0.001.

A: zebrafish embryonic body view after drug treatment for 120 h; B~E: fluorescence imaging of tumor cells in zebrafish embryos after different drug
treatments for 120 h; F: histogram of relative fluorescence intensity and inhibit rate of tumor cells after different drug treatments for 120 h. *P<0.05,
***P<0.001.

El3 SCASCPTAIENHI L & AS49BP R TS HE AR B A 321
Fig.3 Effect of SCA and CPT treatment in zebrafish A549 xenograft model

CPT (30%) (112.5%)

DF: 154§; CF: J&#i&; VF: j&4k; PF: /765,
DF: dorsal fin; CF: caudal fin; VF: ventral fin; PF: pelvic fin.
El4 CPTIHESHIDTD & ARPREEHNH]
Fig.4 CPT induced fin-reduction phenotypes in zebrafish embryos

38 17 9B L SIE o R A i 24 4 ) SR A AT WCFH J, ) B £ A P fil 8 0 D 4D 0 o1 65 7 2 B
Ll MlRa 4 B ) 23 A RS S S5 B/ . RFIGE VT 45 3 A 5 0 42 25 (P<0.05)(K13) o

71, 0.02 pg/mLCPTHI0.4 ug/mLKJSCA 5. 4t J1] 24 CPTXIE &R A EHIF N

2506 BE Ty A1 4K Y (K ASA94H i A B 3 R kA Z T, FAT T O 2SR =k FEIFICPT(0.5 pg/mL)
(P<0.001), 1f70.02 pg/mL[*JCPTH0.4 ng/mLI{ISCA REAS (E BRI TA) N 0l 25 05 5 St R MG b Rz 40 e o
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A: CPTHIHIBE B £ IR i L5 A . DA: 5 E8)llk; PCV: G E# Ik B: CPTXISVIE BT € . #ISVs: SEHEMISVER; *++P<0.001.
A: CPT inhibited angiogenic vessel growth in zebrafish. DA: dorsal aorta; PCV: posterior cardinal vein; B: quantitative analysis of the inhibition effect
of CPT on ISVs formation. #ISVs: the number of complete ISVs. ***P<0.001.

El5S CPTXBHED fa M &4 FIEE A91E
Fig.5 Effect of CPT in zebrafish angiogenesis model

T2, BB TR A (K14).

AN, W% B CPTH 24 Rl B 15 £a A Jif i
WAL SR, FATTMBE L ] B A G LA R B AR
S JEXT B I SE 5, Ay B AE % (PR R CPTX B
SR anr se e Higte. g R EoR, ARG
F1R) JF2 08 L Y 10T HE A S e 6o LA L 52 B ] Yl )
] BT (EI5A). 7RG RS T UEE, CPTA A
19 8] IfiL %% (intersegmental vessels, ISV) A1 84 [r) IfiL
‘& (dorsal longitudinal anastomotic vessels, DLAV) &
A2 BIBAAT(K]5), XML KB RT3k 51167.54%,
X —&5 4L 5 AN VEGFRAW 71 PTK 787 () 41 il 2%
A WENG =R

3 1t
T AT HGFSCA 5 CPTEE S T 24 i 24 3k 45 1
VP, BT 20 SAE AR SRR Py S T J T 516

WFIC. S0 45 AR B, SCAXT A i i AS4941 i &
ARG AR AR, Ho A8 G s CPTAE P g
7 T ) 255

TEARSN S vy, JATTFCHE PF A SCA 5 CPTHE
MR AEH, 43 38] T %W ERCEL T Py 2
YIS e R AE U R T B B AR 25 . CPTAE B 26128
DNA i #h 544 i (Topo D)FMHIF, e i e k40
il Topo IFHIFTDNASL i 55 e ¢ 1 20 F L 1) 1
BRI 5 CPTH 3 I 98 T2 A4H OC, £ Fhcaspase-3 41
caspase-7°). PARP®. TNF'\, EGFR®LL & NF-xB"
8. CTD M H AT A=W G % 310 1 165 1R 4K, 22 S 1R/ 7 2
IR 2% 1 % R I (phosphoserine and phosphothreonine
residues phosphatases, PPP) 5 J% (13 PE11, i ik
£ R A3 1% VT ftcaspase-31'2. AT R IEE W], CTD
AE % 38 70 < AipS3 1K A F 0 3 3 pDNA$ 151
SCA 5 CPT il it it A [l 4215 S M T2, vl g2 W

/|

B
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16 B 1 T i Re 40 e o ) R . R R
405> M £ W, SCA. CPT X W & & ¥ fighs 5|
A A 2R T (45 SRR B R

PP SEBG FRATTR FH RS A T AS491K BE 5 £a JIR fify
VB SRR I 1 B T JUR it I Jed A% A 1 24
VRS R T B AT TR B, SRR v T R AT
i, FLSHG 45 W Ol e A RT (5 el gk
ATE 45 BAIE ] T SCA L CPTOX B 1 £ U i 44 P9 £
T A AT R B iR L, JF B R 25t &g
T 56 98 40 P A AR S 2 . AERE S,
TAT T B v TR P PRI CPT e v 0 BAE 5 £ A I 6 )
RE L B A . WG 68 A & i AT fE & CPT
FHPR TR, CPTREMS (E BT 0 R i h il L F
PWIMLLS & BEp5354 18 461, I 2 T Ui (f)p21/Waf/
Cip-1"JFJF T2 B o 1 CPTX L K & (4%
A 5 PTK 787 AHALL, 4116l Jif e 41 B o 1) VEGFR AT
BH 11 B 40 1L 8 2, W] BESECPTAA P Bt i Jeg 438 e Al
) T — MU AHIRATTEA W BISCAR AT
By 68 (1) B A PTILAE I F, T sv B B SCA
Ak BERT ) B L £ YR Jif 7 A A BRI (A SRR
B,

CPT 5 CTD K HATA W HS IR B 2 AT R 1t
IR 25082, AR T PR TR FH I S 8 BRL Ok % e 1)
BERIE R A2 BB 6 7ERRATTAISES b, FATTHIE B
T VPR I L A7 5] 184 ooy b 9gg 4 e 5 5 1) g
77, HIEE F 2575 14 25 957 R0 ] sy 5 A % B
L R BG 1 R  IE R, BRI, PR IX PR 254 1)
I R IE G H 24, W ReAE A 299 B L kD 25
BN S i R VA 9T R A5 5 TR A — AN ) L
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