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(HRZRIE TR R I b 8 AR [ K M SR =, Lifg 200237; 2 1 i g 5 B AR ik i 0, 13 201203,
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WE  $9 BB (onconase, Onc) A M E M b 77 795k 97 da oo P 3R IR0 —FP A2 b A% B B,
# % 9 e AR B A A5 A . B (cantharidin) & 4 £ T A5 AR R BEEAR R 09 —FF R R
M FF, B BL4A(sodium cantharidate, SCA)& 52 % & F & RATA M. % FOnchHSCA*TIE ) i
Bl 3 ARELAT FAHAE A, RAMTT % M Z Oncty SCA 1k 5 B A4 ) T B AR AT AR I 4m J 49 1CsofdL, 35
JA B£54k A 45 3% (combination index, CT)Fa 4 2 & 54T iR P & BAAAE L 69 2R, 42K W, Onch
SCAFLAAE A B, CHA I T0.7, 2 &t B 27, K AEOncH SCATLAAE A 69,5 3945 F ik £,
T 7, Onc5 SCAXT Al & SPC-A-1. AS494m a3 78 69 37 4146 A LA TRl 2o . A A am e it
AT8 B T tm A £ A 3 F R “Onc/SCABRAME R BAT ¥ ) 408 VA " 4548
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Synergistic Inhibition Effect of Onconase and Sodium Cantharidate on the

Growth of Human Lung Adenocarcinoma Cells

Zhai Changbao', Shen Ruling”, Hu Xiaojun', Xu Diansheng', Fei Jian**, Wang Qingcheng*
("East China University of Science and Technology, Shanghai 200237, China;*Shanghai Research Center For Model Organisms,
Shanghai 201203, China;, *Tongji University-Guizhou Shengi Research Center of Ethnomedicine, Shanghai 200092, China)

Abstract Onconase (Onc) is a ribonuclease purified from oocytes of Rana pipiens, which possesses potent anti-
tumor activity. Cantharidin is a natural defensive toxin, existing in Mylabrisphalerata pallas or Mylabriscichorii linnaeus.
Sodium cantharidate is a semi-synthetic derivative of cantharidin. The cytotoxicity of Onconase and sodium cantharidate
alone or combined on the growth of SPC-A-1 and A549 non-small cell lung cancer (NSCLC) cell lines was measured
by MTT method. The anti-tumor joint effect of Onconase and sodium cantharidate in vitro was assessed by combination
indices and isobologram analyses. The experimental results show that the combination indices were less than 0.7, and
the points of joint effect were located below the line of additivity. The combination of Onconase and sodium cantharidate
exhibited a synergistic growth-inhibitory effect on both SPC-A-1 and A549 cell lines. The data of apoptotic cells studied by
flow cytometry were consistent with above conclusion. The Onc/SCA combination may have potential in NSCLC therapy.

Key words synergistic inhibitory effect; Onconase; sodium cantharidate; lung adenocarcinoma; SPC-A-1; A549
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W B %R . S RNase AREF K 2 Bk A A A,
Onc X RNase il 71 8 1 25 A ARAR, 40 B 2 1A
SZIX NS, LERNase ARI5E10 000£% LA _E, %
VF 22 b6 4 M 48 B A R A E Y. One B9 JELMEAIC
FEEIEF /D, 7 36 B 25 ok it v 1 N 0 L 254
Tl ARG ST 18] B . 52K 3K (cantharidin) /& 47 75 T
TET AR B AR 1 — R AR R R, TER
E O FIRRG T e S, Es. P
FR4M(sodium cantharidate, SCA)A& B 7 2% 1) A AT
AW, FLERE. B LB A N, PUME A E AR T
BEEE R, % TOnc 5 SCAXT /N ffa it e #0 EL A 4%
PfEFH, A SR EUSPC-A-1 /T AS49 1 Fh=lE /N2 A At e
MRAE BTN B, B FEPR Fh 25 ) ) S S AR
PR PR B IR

1 MR5RE
1.1 EkSHAak
pET-22b(+)-Onc(Onc)5#% F&iE k). BL21(DE3)
T Wk A SI2 56 2 WAUE, SPC-A- 1O S i 82 20 Jf )«
ASA9ON i I A FAR) « B16(7)N i 28 €2 2083 4R UK ) «
K562 N8 1t B 56 1 15 240 i) 24 5k U T R R b i
A B S R
1.2 AFE5HH
RPMI-1640%% 7 & (Hyclone); F-12%55 7 2&(Gibco);
B4 1% (Hyclone); MTT. DMSO(Sigma); B ZSFRANIE
BRGNS ZD AR A 7], #65: 101211, Mk 2 mL
x5, 0.05 mg/mL); & Ak, BEREE (Oxoid); T8 T At
# £ VYBRANT(R) APOPTOSIS ASSA(Invitrogen); & ]
Iy T-Eohrih # SM0671(Fermatas); FHe 4371 9724y
Hradi.
1.3 E5EF

J-CIid i AR 6 (), A AT i 3 77 4
(Sanyo); Synergy 2% JJj A& f§ % 1% (Bio-TEK); AKTA
Purifier(GE Healthcare); Odysseyi/T ZI. 7 XU 30 15
AYi(LI-COR); BD FACS Caliburiii 2040 (X -

1.4 OnchuHI%&

4 pET-22b(+)-Onc it KL ¥ 14 B KX i +F
BL21(DE3)H, IPTG15 3 W AR Rk, BRI A 75 A 1
AL ELIRAR 22 e % J5 T 16 mol/LIY #h R I
THH, 0, IR AR YA VRO NN B 5T 1 R A R R
48 h, R IR FERREA0.1 mg/mL; 385 FH B 128 fekE:
(SP-Sepharose. Sourcel5-S, GE Healthcare)Zi{t. 55 [,
WSO R L RE i, MITTYZAG 0 40 ff 2 1

1.5 #RpEEESE

SPC-A-1. B16. K56241 /g #%7= T RPMI 1640+,
ASA9YI RS 77 TF-1270, B3 385 10% 5 48 175
100 UmLEFH K100 pg/mLBEF K. dHIARAE 5 5%
AR 37 CCHIA IR FRFE TR IR, BRKS62(F &
V)TN AR ES IS BEIRE, FF2-3 R —1R.
1.6 MTTEENZS¥IR 4R S %

15 7% i IR 9 SPC-A-1 8 A 54941 ffa, B 0 4E K
ST £ 4570.02% EDTARN0.25% ik 85 1 i 1 35 4
WOHACTHEUS, VR 20 % B 25%10%/mL, 1E964LAR
oh, BEFLINO0 pLE IR - 5% COB IR rh B 97 12 h),
PR E I BEINT0 pL25, XF & IPBS(% H0.1%
BSA). 17772 hJe, S mg/mLIMTT 5 uL, 1 4 h,
W 25 55 W, I N100 uL DMSO, #4472 %5 minja,
H K570 nmA1630 nm bR L, THH 2V HIICs,
15 o HEP E—é éEH E@ ﬁ {ﬁ }E(%):[(DWO_D(JZ»O)TYS {é(/(Dsm—
1.7 Onc5SCAXTAhRR LAY 2 Ih{ER

% 9% i it SPC-A- 1 B A 54941 i, Onc 5 SCAZ4
Y153 B FIPBS(F 4 0.1% BSA)ES iR, BHX B
F A5 55, W NG . FIMTTIRAS I 25 9 /) 41 A
B, 96FLIR P AFFLINZH10 L, FEEES = AN E AL,
THRZIMICsE -

1.8 Onc5SCAXIAHRREHMPEAVELRE1ER

P B 259 AAS AR R VR & B 401, 3:2. 2:3.
1:4, B BAFHE R, BEAEFHPBS(E 4 0.1% BSA)E
GEMRE, BRI, BoE AN . 15 R0
Ji Je8 4 USPC-A-1 8L AS494 ifg £k, MTT%: 46 I 25 4
(PIZH 5 4, BRI VR TT 43 212N Csof B (2 S 6 BT
OncHISCA).

1.9 BEIBHMFY LS

Ik 4 6 % (combination index, CI)E[I 5 Fh 24 4 #)
il H‘]ﬁ‘ﬁZ*u, w ﬂy‘jCI:CA,SO/ 1Cs0.41+Cp 50/I1Cs0,3,
CA,SO;FDCB,SOTEA\ B Fh 25 90 Bk FH 125 21)50% 400 1] B 7
2GR P, 1Cso A FNIC 5o 5 B FH HE — 25918 £1]50% 310
IR (25 R B o 24 CI<1it, P9 24006 F LA B RV
YCI>10), B B A HPUE; 4CI=18f, A
N RAB IR,

PR P 245 ) B I, 245 40 1 4 B0 1) 9K P (frac-
tional inhibitory concentration, FIC)>} %= 24 15 F fI1Cs
B/ 245 BAE T BIIC oM - LAONCHIFICAE B AL R,
SCAMIFICAE N AL AR, 1 P9 M 254 S 0 A B I FIC
EIRE R, P2 SR AR, 2 S5 RL
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BRI -

LR MO Z). WAl 2590 &/ FH B, OncIFIC
{0 R VR F B R AL AR AE, SCARIFICHE X RLEE &
VER I RRAE, 22 BBCATEF I . ARECE1E
() p AL F IR ) U7 £k B BT, S AR R BT R
29I B R IR E s B se
1.10 Annexin-VFITC/PLEN AT

W $5 $0 4 K A 1 AS49RISPC-A-1, il B 5 41 Al
B, % IR A FLS< 10 mLAH6FL iR . XF F-SPC-A-141
i, B 7 S B 40 B4 4H: (D)X I ZH: INPBS; (2)
Onc i 2541: 10 umol/L Onc; (3)SCA 244 4.5 umol/L
SCA; (4)XZ454H: 10 pmol/L Onc+4.5 umol/L SCA. *fF
ASAQZ L, TR o 4 f K A R 53 A2 ()X HRAH: T
PBS; (2)Onc . 245 2H: 20 pmol/L Onc; (3)SCA #2441
9 umol/L SCA; (4)X 24 #H: 20 umol/L Onc+9 pmol/L
SCA. #fkbF24 hfm, Wbk & fL40 M, PBSYEE M
I Ji, PR T A DN 4 9 15

2 #R
2.1 Onchy#&

SHIRFFRIBEA. BIRAG. EAEMEM
alifk, 8 4L £195%, SDS-PAGE/MT4: F(F1A). 4lifk
FRAF HIOnchT B162H HIICs i 790218 pmol/L, XFKS6241 il
[RIICsofF 1,74 pmol/L, 4HAREEVE 5 SCHREAR (& 1B).
2.2 OncFASCAXT Bifi B 22 2 Ptk B 52 3 1 FR

OncFISCA 7 AIAE H T SPC-A- 141 il bk, X} FE2H
IINPBSYE M, % 25 TR IR3.1615 1 RIIFHRE, K
UOMN SRS 2549, YEFIT72 h, MTTI A 4 i A7

(A)
1 2 3=z a5

— L=
55 Kb « ! 2
43 Kb g ==
4K o
26 Kb — _——
17 Kb

?‘ -

: ““ -Onconase

10 Kb

TR BEE 2D FE (3G N4 i A7-35 55 B 2 T b
ik, OncAISCATE F] T SPC-A-14H il FITCsofiE 23 il
0.145 umol/L#13.04 umol/L(/&2).

OncFISCA %> Jil /F FI T AS4941 Jfd, % FE ZH Jin A\
PBSYATH, ¢ 25 B R IR2AE I R VIR RE, IR
BEREEIZ54, /E 72 he OncFISCATE T A5494H
T B TC s 43 531 935.7 pmol/LAI32.7 pmol/L(&13).
2.3 OncFISCAXTAh ARz 4HAEMK RV EX & 1EF

OncFISCATE F T il Ji i 48 Ja, 43 g xof I3 48
OncH. A F 2H. SCAM M E H 41, Onc5SCABK
HAEHH. TR, P4 A KRS R 4F, 4
A% 5E %, 100 B ST I, AN IR 45 4 R RS
2L b, G 3 B 52 A ) e S A [ R R 4
i« MTTVZI 58 Onc FISC AN 5 A4 i fis 82 41 g (SPC-
A-1. AS49)ICsfH(FR D)o

WA 7199 B A oK R 1R ICsoff 1 55 HICT
{8, [RIET 22 HAH R S 8 2 il 25 1 8o, D
ZINNI R FHIE, B8 & 25 409 55 1R 389 Jm, 79 Ak 440
B I B A R I 0. Onc'5SCABES 1 T-SPC-
A-15F, HCHE %3 ) °40.58. 0.44. 0.30. 0.14, /)
T°0.6; Onc 5 SCABL & 1F H T-A5498F, H.CHH 73 7l
40.39. 0.65. 0.41. 0.39, %1/hT0.7(%1). CHEH
N1, IF HAR RIS b B AR BAE
RN T I T 77 (Bl4), H I #)E One 5 SCA
BE P 730581 i e 41 PO AR (SPC-A-1. - AS49) 954 .
1M H.SPC-A-14H Jfl #CHH &% /)> 50.14, Onc5 SCAA
LB M 1:4; AS4940 i #RCHE 5% 7 240.39, Onc 5

C
N—

110+ —a— K562

1004 —A— B16
90
80 A
704
60
50-
40
304
204
104

Viable cell of control(%)

0.01 0.1 1
Protein concentration(pmol/L)

A RIRBEIE R Bk . 10 B TREbR, 2: IPTGE ST A W & M, 3: IPTGIE $3.5 h/a AW R M, 4: A, 5: 451k 0nc(5 pg); B:

Onc XK 562 F1B16 /1) 4 i #5E «

A: SDS-PAGE electrophoresis analysis. 1: protein marker; 2: total protein in bacteria before IPTG induction; 3: total protein in bacteria after 3.5 h IPTG

induction; 4: inclusion bodies; 5: purified Onc(5 png); B: cytotoxicity of Onc on K562 and B16 cells.
El1 OncHIZELFNLAAEE 1T
Fig.1 Purification and cytotoxicity of Onc
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Fig.2 Cytotoxicity of Onc and SCA on SPC-A-1 cells

110
—B— A549

1004
°§’ 901 ‘\,
o
£ 80 —*
3
% 70-
§ 60
2
g 50 \§
pS
40-
30 . .
1 10 100

Onc concentration(pmol/L)

110+
—&— A549

100+

A

o
[=}
L

80

70

Viable cell of control(%)

60+

50 T T
1 10

SCA concentration(umol/L)

[El3 OncFISCAXTAS49HILAEE 14
Fig.3 Cytotoxicity of Onc and SCA on A549 cells

SCAKRFA L M 1:4804:1, 45 A S 802 7 M I = W,
BN 2D & (1) One g 7T BLKCK 1S 58 SCA I A One
5SCABEEVE T SPC-A-1H1A54911) f & A A g
1:4, BEJR LA M 1:21.74 1:1.62,
2.4 OncFISCAFT L Bk AR T4

1025 43 5l 4b 3 AS49F1SPC-A-1 41 (24 h) )5 K
T

A FEASA9YN AR J5, X FEZH R T2 R QI T R
B N1.5%, Q4(JH T-H-H1)>H0.6%; OncH 25 4H I T35
Q2(TH T M) ]2.7%, Q4T 5 1) M0.8%; SCAH
24 AHH T ZRQ2(H T R ) N3.4%, Q4 T B ) A
0.9%; X245 4H 8 T3 QYA T M 1) N7.3%, Q4(JAT:
FHR2.8%(E5A); Guil & &AL 351ME, K WZ
HQ2ANQAAHXS T X fe 1 A B 25 M 7= = (K5B).

AEFESPC-A- 140 ik 5, X AR TR Q2(H T
W 11)992.1%, QAT T H-H#1)43.1%; Onc R 254 7 T
FRQ2H T 4. 7%, Q4T F-11)N3.9%; SCA
B2 A H T 2R Q2> T I ) 5.5%, QAT T B )
A1 % TR Q2(TH TR ) A 11.7%, Q4(1

%=1 Onc5SCABEE1ERSPC-A-1F1AS549 4R A FUIC &

Table1  The ICs of combined treatment with Onc and
SCA on SPC-A-1 and A549 cells
MRk AFREL(Onc:SCA)  Onc ICsfE SCA ICsyfE(umol/L)
Cell line  Volume ratio (umol/L) SCA ICso(umol/L)
(Onc:SCA) Onc ICso(umol/L)
SPC-A-1 4:1 0.0788 0.107
3:2 0.0564 0.164
2:3 0.0320 0.260
1:4 0.0102 0.221
A549 4:1 13.2 0.798
3:2 18.0 4.84
2:3 8.91 5.39
1:4 5.02 8.10

{F F - SPC-A-1411 Jil #kOnc FISCA 1) J&5 4 ¥ J& 43 73 4135.7 pmol/L+
194 umol/L, 1 T A54941 ik Onc RISCA AR 4A K E 480 umol/L
194 pmol/L.

The original concentrations of Onc and SCA on SPC-A-1 cells were
35.7 umol/L and 194 pmol/L, the original concentrations of Onc and
SCA on A549 cells were 480 pmol/L and 194 pumol/L, respectively.
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2 OncHISCABAS1ERATSPC-A-1 FIAS49RIEE & 358K
Table 2 Combination indices of Onc combined with SCA on SPC-A-1 and A549 cells

YRS {RFR EE(Onc:SCA)
Cell line Volume ratio(Onc:SCA)
4:1 3:2 2:3 1:4
SPC-A-1 0.58 0.44 0.30 0.14
A549 0.39 0.65 0.41 0.39
1.04 - . 1.04 V 1 5 .
Volume ratio Onc:SCA = Volume ratio Onc:SCA
—— The line of additivity —— The line of additivity
0.81 A549 cell 0.84 SPC-A-1 cell
< <
2 3
2 0.6 2 0.6
o o
) S
=044 = 044
1:4
021 . 13 ol "
A
0.0 . — . * 0.0 . . . . *
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
FIC of Onc FIC of Onc

Pl ot fi 2 24 DI B, P BB T I i) R 07 L 2k Bl B0y, Jr AR 2 AL s B
The diagonal line is the line of additivity. The data were represented by dots located below, on, or above the line, indicating synergy,
additivity or antagonism, respectively.

&4 OncFISCABLS1ERRFN LD

Fig.4 The results of isobologram analysis of Onc and SCA combination treatment

A
(A) Control One 20 umol/L ( ) Control Onc 10 umol/L
&) Q2:1.5% =Y Q2:2.7% =y =R
=y 24 24

Ee] e E§
= Q4: 0.6% Q4: 0.8%
B R PR BT TR 100100100 10° 100100 100 10°
Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC
SCA 9 pmol/L Onc 20 pmol/L+SCA 9 pmol/L SCA 4.5 pmol/L Onc 10 pmol/L+SCA 4.5 pmol/L
’éA Q2:3.4% é’ Q2:7.3% é- s ] Q2:11.7%

10%
A

PI
10°

100 1ot 10 108 100 1ot 10+ 108 10010010t 108 100100 10° 10°

Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC
B) s, (B) -
7] 14
(] jo)
2] g
8 54 5 104
o o
o} 3 8
2.4 2
2]
‘% 3 g 6
<] ]
2] . a 4
g 21 g g 1
< 14 < 24
0- 04

+ 7 7 %
Control Onc SCA  Onc+SCA Control  Onc SCA Onc+SCA

E5 A IREAS49OMMUR T EE R El6 ZHIIERSPC-A-14ARURA T b 2
Fig.5 Apoptosis ratio of treated A549 cells Fig.6 Apoptosis ratio of treated SPC-A-1 cells
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T2 H ) N5.6%(FE6A); Fitt & 2L FIME, KW
2454 Q2 AN QAKH NS T R 2y A 8 5 2 5 (KI6B).

3 g

S e A2 S B N SR AE Ay AR BRI E KRR 2 —
5 A H R F H, 20084 4 tH: 74576075 A\ B
THERE, TTH20304F ik i Rk 207 5005 Ao 3K
] 5 4 B RS H 5073 M e 93 491, £4980% Ja Al /I 4 it fif
S il B A2 AR /NG L R ) R BRI — AR
K, HR LB IELE T o 69T Il A D, H
Tt 38 A AT A FE T Z AR e (P B, 0 b 25— B
e TR AT BT R TR, TR R BT R A R
Puities 25 B W R T A AT 7 R — T
BEMEYIAT S o B P FR 2501 & it FH A PT ekE f
kR IR 2, SR AR e RIVER, JEiE
— AR R AR A R AR A R

A S U B e 4T I AR (SPC-A-1. AS49)E N
WA, R FAMTTZ:0 % One 5 SC AN P 1k i i ez
Y11 B Fr B R BB A, 45 SR SR, Onc 5 SCAXT fi
U g 11 B R 1) BA R4 P 2 B P S P 9 P Al b, O
H A2 A AR AL T B /e F, A8 B 5] 400 1 il
e AN PR(SPC-A-1. A549)H5H . Onc/Afi T
FLA T 1 A FH I NS (AL P ARRNA, HF
SEt-RNA, Sfmicro-RNAHLA FL0T . X LERNA f %
R AMBE AR T & A AR R 7K, H] T 40
Ak, mMHSH— P SEAERET. MSCATE [
HAENG PR B T30 97 e e 55, SCAREHE )
il 85 1 % B2 B8 % 1 (protein phosphatase 1, PP1)F155
1 T2 I8 B2 A (protein phosphatase 2A, PP2A) I v 14,
H5RpS3 M T Re, e iR 4 M 2 1 R Y
T, HEM 5] R AMARIE T, HAb, Wi CHE 558 Lk
I3 T 13 2, Onc5SCARK A 1E H T-SPC-A-1F1A549
M ERAI L 124, BER /A 1:21.7 1:1.62, J&
DRI T 79 o s 6 410 F R X One 15 SCA PR UK 4 A
[, aOnctF - T-SPC-A-1. AS494 il FIICsofE 43 7
50.145 pmol/L. 35.7 wmol/L. X 7% Fh 24 4 I 1 ]
WLt 5 3 1 e Mg AT 254 AR AN R, T ELAR
AN B A B (SC AR A e HE 1 240 P 3 5 1) Th g,
P25 I8 FH SCEL B R L, R st o 10 fiti e v
7 757 T RETE NG AR L BRI )0 TR oA 4
PO, I A G AR, T DU OKSE 75 S 40 i
P23, UEB A B A RE A

OncHISCAY N i Hisw 2. B 1 18] fz g Ak

/NG BT 3 2 A1, OncREA G HbHNH (1 Mms . FFE
RS . JRARE . M. FLRE. 45w S PR an
M)A K. SCACTENRIK EF T BetsE. il
. B, K. g, SWESN6T. K
SCFR T One FISCARK A 0 1) = /1 20 e fii I 240 Jfd 1)
A, KRR A R P REIE A T HAR MR, 154 fE
— B .

LR EPrA, 18K Onc 5SCARRAAEH &I, ™
HAE YN L /KT X5 SPC-A- 1R A 549 i iy 41 B ok 2L
0[]0 ) R 4 4 B D D, R BRI — D AE AR N
WETE AP 259 MBS VEFH
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