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[(FE] BRI 20 5 O &4 90 40 ECAT09 1 58 1) 30 ikl 45 F , 23 B A i 22 6 6 X S5 4 R 5 %ot 400 i 1 301 1) 32
Me RO AR ME ST S TR A RN AL R R A Al ARE R A T AL RS R + BT AL I R
ECA109 41 48 h J& , N7 FH WM i (MTT) b €6 7 4 0] 42 1 22 3 S V806 ECAT09 21 Jifg 1 47 17 5% i 5 U =X 400 i R (FCM) A6z 0 41 i
SRR A8 4k, B %% 57 -PCR (RT-PCR) il 42 98 EJ 308 1 ( Western blot) A6l % 241 7 38 3% B2 f (RNF2) , p16 1 J& 1 2 11 40 46 7k Ui il
(CDK4)mRNA FIZE H KA, S8R ARWE R T W E 06 &85 ECA109 40 i iy 14 58 , H 29k BRI R, 55 ad i,
F W4l h DNA & ET (G,/G, 51) 48 it Lb 45 W] 58 74 v (P < 0.05) ,S A4 i L 45 B i FRE (P <0.05) . 525 4 Lk, 4
WER + T4 RNF2 mRNA FI8E B S REAR (P <0.05), H&A WA ¥ aefE# plo mRNA I [R5 (P <0.05), il
CDK4 mRNA FIZE 1KV (P <0.05), &0 405 2 i SFa8A &0m il A & B ECA109 i g 3 76 , I K 40 B fRLUF T G, /G,
1, WL 7T BE 5 RE R RNF2, CDK4 7K, 1 pl6 3 FR K A2,
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Effect of Cinobufacini Injection Combined with Radiotherapy on

Proliferation and Cell Cycle of Human Esophageal Carcinoma
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[ Abstract | Objective; To investigate the effects of Cinobufacini ( Cino) injection on the proliferation of
human esophageal carcinoma cells ECA109, analyze the effect of Cin combined with irradiation on cell cycle, and
explore the potential mechanisms of Cino injection combined with radiotherapy. Method: ECAI09 cells were
divided into blank group, Cino group, radiotherapy group, and combined group ( Cino + radiotherapy). After the
esophageal carcinoma cells ECA109 were treated for 48 h, methylthiazolyldiphenyl-tetrazolium bromide ( MTT)
assay was used to detect the effects of Cino on proliferation of ECA109 cells, flow cytometry ( FCM) was used to
detect the changes in cell cycles, reverse transcription-polymerase chain reaction ( RT-PCR) and Western blot
were used to respectively detect the mRNA expressions and protein expressions of ring finger protein 2 ( RNF2) ,
pl6 and cyclin-dependent kinase 4 ( CDK4) in ECA109 cells. Result: Cinobufacini injection significantly
inhibited ECA109 cells proliferation in doses and time dependent ways. As compared with the blank group, the
proportion of cells in G,/G, phase were significant increased (P <0.05) and the proportion of cells in S phase
were significant decreased (P <0.05) in various treatment groups. As compared with the blank group, the mRNA

and protein expressions of RNF2 in the combined group were significantly decreased (P <0.05), mRNA and
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protein expressions of pl6 were higher in various treatment groups (P < 0.05), while mRNA and protein

expressions of CDK were lower in the various treatment groups (P < 0.05). Conclusion: Cino injection can

effectively inhibit the proliferation of human esophageal carcinoma ECA109 cells and arrest cell cycle at G,/G,

phase. The mechanism might be partly related to the down-regulation of RNF2, CDK4 levels, and the up-regulation

of pl6 mRNA expressions.
[ Key words |

Cinobufacini injection; X-ray irradiation; esophageal carcinoma; cell proliferation; cell

cycle; RING finger protein 2; pl6; cyclin-dependent kinase 4

FAE 2 — PR LAY B AT R RO SR RIAE TR Y
THALTE B i, 95 2014 4F i SR AE 4 5 e 11, 78
A R b B A R O RS A 8 i, 7E 2012 AR
45.6 J1H K  , o5 4x BROHT R B R 1 Y 3% 5
FE A PR T B SR TR A 6 i, IR 5% 1)
WERE T AEE . PR RE S AR
B AL T et , 2k £ F ARG, T AT
ST AT I S AR AR A R BIR, AU 10% ~
20% ST e A K B, ik 60% ~80% o AR H T
PR 397 B3 A B8 O JR A £ A8 T 7 O J e 42 i R A
TRORUGE AH SR BT A T NS, 95 40 1 X ik
S AN BB R Y 7 A B ™ L AR A
B R R T 0 S5 AR S T BURT R W 32
AHSBIEFEIN A 245 1K 5 WO R LR 0T 1 )
SN, 33 o 2 %o IR 140 2 A Vi v e g 40 i
S T % B R A 3 R D o 2 i
W Dy T2 SO, 8 T a) K A L 5 L IR S %
2 0] Z2 T fie 5 40 i B A B A o 4 R ) HG A
JFH T T s 240 P T 9 200 P, T A A e 98 4
AR 1S FE K P, e Ah , A T 50 41 e 0 2R O 18 0
I $5 5 2 b A AR AT B I PR A 7 AR T SR
FIE RGBT IR R E RN R . AR E
TE RIS A6 W8 28 10 PR IR 5 W07 X £ 48 9 ECA109 4
I 15 5 R S0 64 ) 0 LRI A R AT AR
1
L1 Zffibk K2 il B ECAL09 40 gtk , i
JUBE B R 5 DU B= B RO O 4R 11 o AR IE SR TE ST
(ZBoa At BmhARLSA, BT
734020273,5 mL/3¢) .

L2 R 50 WEME (MTT, 3£ [& Sigma 23 A,
L5 M2128) ,BR4EEE 1 2(RNF2) ,pl6, J& 1 2 1K
HPE B ( CDK4) Gt B 5 B — BT ( Abcam 23 A, 4
54y 5 & EPR12245, EPR1473 , EPR4513-32-7) , —
Pt (Millipore 2\ ], 4w 5 2459496 ) ,B-H}Lfﬁjﬁ = (B-
actin) JL & ( LTI AEY B A RS A, #5
APO0060 ) , 21 it Jiil 491 125 & (T M1 356 B AR 1 50 R i

B

G2 mR

g

A B2\ Al #it 5 LK-CCS01) , Homo RNF2, pl6,
CDK4 , Tl -3 - W2 i = i ( GAPDH) 5| ¥ i | ¥
A TAEAR N5 A R A G 8, RNF2 (112 bp) :
9% 5'-AGCACAATAATCAGCAAGCACTC-3', | ¥
5'-GCTCCACTACCATTTTCAATCTG-3', pl6 ( 126
bp): I % 5'-ACCAGAGGCAGTAACCATGC-3", pl6
T 5'-GTAGGACCTTCGGTGACTGA-3"; CDK4 (174
bp): I 5'-CCCGAAGTTCTTCTGCAGTC-3', F i
5'-TCGAGGCCAGTCATCCTCTG-3", GAPDH ( 172
bp) : [ 5'-CGCTGAGTACGTCGTGGAGTC-3' , F i
5'"-GCTGATGATCTTGAGGCTGTTGTC-3", Ju % -
PCR(RT-PCR) i /| & ( 3 [E Thermo 24 ], it 5
K1622) , Trizol & 7| ( & Invitrogen 7y &, it %
15596-026) , TC2323 % CO, 1% F# 46 ( 35 i Sheldon
AT LIRS XD-101 %18 8 e (R At H 380
AL A BR A\ ), DYCP-31DN A g Pk # (b 50 <
—% &%) ,GBOX EF2 BIEE [ AR 7 4t (3 [E Syngene
25 ), Odyssey #9494 4 ( & B Licor 24 H] ),
FACSCanto IT %I 37 =X 40 Mg /% ( 3¢ B Beckman Gallios
NRSIDIS

2 FiE

2.1 iR AR R E AR TS
10% 7 4 6 48 1L i) RPMI-1640 15 32, & T 37
C 5% CO, HLFII JEE 64 B2 A rb 15 57, 40 i 35 31 %5 %0
AR, 0. 25% 9 I 3 Bl T AR A2 AR 57 . B
H 6-MV X 2k B4 #% M5 ECAL109 £ 45 Ji 41 i
BE,BCHLEE ff 180°, U5 7 #E 100 em, 8 5 1 £ 20
cm x20 em, 5 FE N E 0.5 ecm A AMEE ,E1RB T
RS, BG4 R 6 Gy,

2.2 MTT Al b g 40 ML 38 58 FH % 3% 0 0 54 20
M A 5 x 10° 4/ mL, $:#0F 96 fL1G =0 P, 4
fL 100 pL, }i5% 24 h J5, 5% 555 92 WL, TR WE 2R 4 4y
B A A wE = S (0.062 5,0.125,0.25,0.5
mg-L™")200 L, 5 %2 A (R MZE) o 40 B 5
24,48,72 h JE WAL . 7E A A R, LN S
g L7'MTT # 20 pL,37 CHOGAKLEMIE 4 h, FF4a 85
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FRW, FEALIM A DMSO 150 pL 2% 10 min, fdi 45 &
SEAVS R, T EEFRAY 570 nm I K b K I 4L W% O i
A RS A THAS [ e FE 25 ) XoF Jib 968 440 A K
HR(IR) o IR = (1 = Ay /Ay ) X100% o LLZY
Wy B S R, At A A ) 232 o At i Rt 2 AR
I B R R 3 S B R e (TG, ) . SEER A
3.

2.3 g AR R R I 20 AR R AR Ak R X AR
KBS A 2 B R 8 x 10° A~/mL, 51 F 6 L
B, 5 3% 24 h 18 20 B WG BE J5 25 1280 KT B 8
FEW AU R A FEIE R + T4 A 0.5 mg- L™
HEWEREEITRWL B R 4 h R U7 HFARE R + 0T
MG T 6 Gy X L BG4k 215 77 48 h, WUHE&
M, VRS T IR R 70% L BEd 4 C [l E 2
he B0, HE 4 ML, 300 H O I A U8 o AR TS BE
(PT) Jeif , 2R 10 min,4 CH#EOEY A 30 min, J]
e 2K 20 LA SN 5 S 6 2 U A R I A AR Ak
2.4 RT-PCR 3:K 1 RNF2 mRNA 36K F 400
Rk gy MRES ] 2.3 30, W4 4, R ) Trizol
FIHEEC RNA 22 B0 & 00 B 45 308 5% 5 cDNA |
17 PCR I, R W 45 14:94 °C 5 min,94 °C 30 s,56
°C 30 5,72 °C 45 5,30 MM ,72 C 5 min, 2% B

F1 LIERERERET ECA109 HAHIH R ZM(x +5,n=3)

R R - \E5 N UE ~ N il R Y S W B - 3PS P
if/GAPDH 257 %78 mRNA FX} Rk,

2.5 AP ENIE I (Western blot) 46 I #H 3¢ 25 1 3%
ik ANMIEE IR 2 REGTE] 2.3 3T, S A, AR A
B IO R 5 16 B A B A A T, B BCA IR
SEEFWE ,10% 1) SDS-PAGE 43 5, #6 5  E 141, il |
A—FHi RNF2 (1:10 000), pl6 (1:1000), CDK4
(1:1.000) ,4 CHEF LB, 0T B R B A 10 Ho 152
BREE A (1g6) ZHi(1: 10 000) T 37 CHEIKIEE 1 h,
eI, Odyssey ZLAM I RS HAE, DB MWEA K
15 /B-actin 25 Fon X R B i,

2.6 HitcEiE A BE SR A SPSS 13.0 4t
SR R DL v £ s FRoR, AL A AR B A
R EMN,P<0.05 NESAGIH ¥ X,

3 &R

3.1 AR VR SR T ECA109 20 itg 14 58 1) 5% i

W & 25 1) o £ Vi BE 0 T e RNV FH B E) Y AE A 4
MitE K AR Ge g, Bk Ml /e A g s ke ¥, g
R[] <500 B RN G R 25 W AR 24,4872 h 5, 4R
W 2 B 1C,, 43 % b (0.85 £0.07),(0.27 +
0.04),(0.16 £0.02) mg- L™, & A 8] %] & 4 #i
Mo R,

Table 1 Effect of cinobufacini on inhibition rate of esophageal carcinoma cells ECA109 (x £s,n=3) %
R /mg- L 24 h 48 h 72 h
0.062 5 9.04 +£0. 81 21.42 +4.38 38.16 + 6.79
0.125 15.23 £1.19 34.55 +7.84 42.19 + 8.77
0.25 28.17 +4.97 49.28 £9.77 79.12 £13. 21
0.5 46.52 +8.06 81.48 +7.46 89.17 +11. 14
1.0 55.79 £9.55 88.49 +8.49 92.33 £12.26

3.2 RN RO B ECAT09 41 & 39 i1
G A R R R A T A R R +
TRCTT 20 200 A 399 43 A e A W B R L G /Gy 3T
0 L 49 1 B (P < 0.05), S M L 5] W i v /b
£2 HIEFEWMEHEECAL AHBAP S HEHRM(T£s,n=3)

(P<0.05), R +HUTHBUEN B THRIER
BRI (P <0.05) , AR M8 34 5007 41 L B %
SIS FE L FHMNE G,/M B BT R #H %
o WE2,

Table 2 Effect of cinobufacini on cell cycle distribution in ECA109 cells of each group(x +s,n=3) %
25 51 S e S /mg - L) Gy/G, S G,/M
% - 39.5+0.48 47.7 £2.85 14.9 £2.17
ARWE 0.5 44.7 £1.85Y 41.8 +0. 84" 14.6 £1. 89
¢ - 47.8 £0. 54" 38.9 +1.90" 15.4 +2.90

RIER + T 0.5

58.3 £0.79'2%

26.7 £0.81'>% 14.3+1.18

ESEHA R P<0.05; SHERM Y P <0.05; 5HTAH LE P <0.05,
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3.3 ARWEE SN RNF2 mRNA I £ 35 1)
MW S A AR, R R A ST 4 RNF2
mRNA L2 8 HAH XS Rk B 8 4% (P <0.05) , 24
R + U7 4 RNF2 mRNA K35 AR X 2 2k B 2 [ A%
(P<0.05), S8R HMSTH 8, HRIER +
BT A P A RNF2 mRNA K2 85 A X 305 7K 7 1
WK (P <0.05) . LI 1,2,

04 1,2,3)

RNF2/GAPDH

A B C D
A B BIERAC BUTH ;D RIER + BUTH. S AH
Y P <0.05; 548U ZAH Y P <0.05; 57 Y P <
0.05( 2 ~4T[H)
E1 feiEEXKEH ECA109 415 RNF2 mRNA KA (x =5,
n=3)
Fig.1 Effect of cinobufacini on RNF2 mRNA expression in ECA109

cells of each group(x +s,n=3)

A B C D
RNF2 S 38 kDa

p-actin N W 42 Da

1.0 1)

0.8 1

0.6

0.4
1,2,3)

RNF2 /j-actin

0.2

0.0
A B C D

B2 #eiEk3t&H ECAL09 41 RNF2 B 3 %K%
n=3)

AR (5 xs,

Fig. 2 Effect of cinobufacini on RNF2 protein expression in

ECA109 cells of each group(x +s,n=3)

3.4 AEEF TR SO £ A e 40 i b CDK4 Rl pl6
mRNA I REM s 52 A, RIEER
41 BT AL AEWE R + T 41 CDK4 mRNA FIEE (%
KET R D, ple mRNA 2 ik & W] B3 (P <
0.05) ; BOTH ARMER + T A A M plo R
KU (P <0.05) . 54 0E 2 40 Mk yT 40 b
Iy AEWEZE + T 41 CDK4 mRNA FI R (4 335 F %
(EEH] R, pl6 mRNA Rk &8y H U &8 (P <
0.05), fEuEZE 41 FIT 41 e3¢ CDK4, pl6 mRNA
ME A RB AR, WK 3,4,

A B C D

ol 1,2,3)
= 06 D D
2
o 04
S
o
a 02

0.0

A B C D

1.0
o 0.8
a
% 06
ij 0.4 )
& 1)
8 02 1,2,3)
o

0.0

A B C D

E3 #iEE& A ECAL09 4B pl6, CDK4 mRNA 3% Y 0

(x£s,n=3)

Fig.3 Effect of Cinobufacini on p16 and CDK4 mRNA expressions
in ECA109 cells of each group(x +s,n=3)

A B C D

plc MRS 17 kD2
CDK4 [ B W 34 kDa
p-actin N W 22 .

= 1,2,3)

p16/ g-actin
(=}
S

CDK4 /-actin
=)
S

A B C D
B4 fLiEHEX&H ECAL09 41/ p16,CDK4 Z B RIAHF T
(x+s,n=3)
Fig.4 Effect of cinobufacini on p16 and CDK4 protein expressions
in ECA109 cells of each group(x +s,n=3)

4 itig

R TH AL R G B L R R IR O R
BIT SRR B A Z — BB T R ROR (1 2
HE JRy AR A T G o BT R 7 AR BRI RN
A W R X R R AR A T S I R A AR T
AOAT P 4 R i PR 80HY) [R] I, AR AR TBOT Y B
RIER, O I R B iR B (w2 5. AR A
B, v s 2 36 G 0T AT AR SR X 9 AN I 1) R A5
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W IFRRAIR T B R MR R R AR R
U B Bz v B 0 M 9 B2, R R A g |
R, ELA PR O 7 AN HE AL S g S
Bo HHT O A 25 SCHRR T8 A i 20 S B O
T A A0H 8 e R R O PR T S (A i R X
88 T A 14 ) R FEHL AR R T 4

O I AR S e S [ o B A O 2 S WA T
8 ECAT09 4110, 45 5 7% , I 83 20 JH £y 489 5k
3% B A [ B0 40 B 2k I 280, LA 25 vk A
I ) B 92 K, 00 460 %< T 5, J b 0.5 mg - LTV AR 0 26
48 h M 23k 81.48% . A5 WF S UE W1, 20 M o 3% 5
TKF-5 200 i J 0 4 A 10 56 2R U0, R S0 L L
J5 DNA 3545 K 2 00 5 0 & 48 AR, 0 B S
DNA 5449518 52 A 3 2% 14 , A7 850 09 40 ) 1 ke S 2 % 4
B % 45 1 L Huang 251 5T % B, H 0 G
SR T I e T24 20, FT 75 S 200 R S0 L 9
G,/G, 1, T Hong %" 46 s ik 53 4 FI T[] Ff 40 Jfa
bk, 2 BLAR MR S RS AE G, /M . B P ARGE
e 205 SHR AR T T AT HepG-2 20 o i B 9 40
Jf BGC-823 J& , 1 Ak W AR 1 il 938 400 i 1) 346 5t /K °F
I B e S T ARSI R, 5
P2 LA, 05 22 2 R RC YT 2L 40 0 440 T ) 340 BEL s 1
Gy/G, ], BAEWEZ + WyF 4 G,/ G, 1B s o i i
RIS 2 AU RS B0 40 i R 0 B A 2
5T RE S R 25 W v B AR 7T R Rt S
A= k. AW AR GE , N 40 i 28 6MV
X SIS G G, /G, 3 He il A, S 109 40 B Eb ] R
16, 2 M P S BELHEZE G /Gy 30T i R 309 e S 0
X HCET R BT , G,/ M 31 X ik 5 2 Rk , %2 ) 4 i
1 4 A I AR S R SR R R ARSI
BF5E 45 5 5 SCIk i — B, R 0E B ST B AAT
X2 R Gy /G 300 A BEL i £ 5 T R, S 0 I
1T Wi S5, 5 A U 26 T 5 BT G R T M R 4
i 4 2% 0 R T, AL T T A s e 8 20 e o A
JE 143 A5, K T %8 20 MO BEL ¥ T DNA & B R 497, 410 41
T M G/ G, S S 3 U, AR T Ao 4
L 4 434 K S, DT 8 725 T T 938 00 o T S 4 1
JEE

N T HE— A R i 2 I T X 20 4 5 A
JE 1 3 ML, 2 A I T 4% S2 86 4H o RNF2 mRNA
IR R FRIL, 55 B RIS 25 (2 g, s sl A s 2%
VTR X ST ARG, R 40 i RNF2 mRNA Al
EHFE I B L YR + T4 RNF2 mRNA
B HIAH B % T, RNF2 & G 1E R 2R A
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FIE(PeG) WL Z — , 75 DNA 514515 52 . 41 Jd Ji 49
R ) OB Ryl T - - (9 RN N0 e o
Bl AR WE R TR SR E X AR I A TR A B 5
AL IR 20 L DNA BURE By 24, 41 i 12 i3 3l — &R 51 L
il 58 AR IR A8 5, 12 AL % R RNF2 15 Gl i
HH H2AX Bz #4017 R4 H2AX ) T4 1
i) ATM 3% i 2 16 B r-H2 AX, DA T AR fifE i Bk
[N 2R 4E 2 DNA BURE W7 24 4k, 8% 0 R 40 15
Kot RAEB i Z AR . AR s R WS X
SPP LR BV BsF, T 8 KT e 83 4 B 1% S £ 4 T3 5
AE 1 [P 8 4 Jf 45 et B 0 ek 2D, JFE 3R 38 RNF2 JE [
I FEAR, N 51 DNA 5416 2 e 1 ™ %
P, A 280 A v e TR A R R I £ e UM, X
& W IE A H A 8 Ao 4000 ) g 40 L P9 RNF2 R A 3
IR, S BELAS Bh RE 41 At Xt DNA 35 45518 & RE O, {2 iF
T R A B B R s AN AR S
E—2E K T &4l H pl6 Al CDK4 mRNA FI& H 1Y
Pk R RS A F 4L, T A A i b ple
mRNA FIEE [ (1) 235 B B 30, 4R 05 R+ jilcyT 413
Z I G AR E R A S T A 4 ML b CDK mRNA
FEAMRBIWBM TS A4, HEBE + T4
B M T B . pl6 3 PR — b b Jgg 410 1 2 1, B
5 CDK4,6 454 ,FH 1k T Cyclin D, 5 CDK4,6 & i,
HEW A DNA G pl S 58 R e 536 32 2040 i), 40 il
W 5 B AE Go/Gy I, DT A A% 400 0 48 B iy A
K A SOk Y R Ay SR BIE A T
i 240 e 0 A (R0 A RS, B R N T pl6 N K
KK, Go/ Gy A LG AF I, 8 2 10 ) T 40 e ) 8 4
AKAF S Koike %5122 BF 5 % B RNF2 3 5 410 il
CDK 4/t 4 i 5] Cdknla F1 Cdkn2a 3K % # X} AT
20 M3 B A TR AE o AR SRR AR IE 2+ 0T 4 4 i
thople BEA 1K IKTH R, CDK4 RIRFEAR, /R AR s
F 50T A 1E A E o SRR RNF2 6] 48 it J 1 2
1 A5 1 A1 o) 790 %) 8 4 Ok 5 ) 240 i ] A0 40 A
DT 4100 1) 200 3 6140 388 58 7K -, A % M v T Mk JRe 4 i
XoF S 2 1 SRR

gi ik, AR 2G0T H A I R AR K
AE A, FCHIL A AT B 28 i T 8 RNF2 [ 3R 3k, 41 il
CDK4 FEPRIK P, -4 i f 9i JE X pl6 (3R 3k , AT
FH 1E DNA {94 B Fn 40 i A K, Rk, AR 2R A R £ 45
I 1) AR WE FRAR YT RO SR AL B AR A . ARME R ik
JT B IR KA BT A e AR R K AR AR X
1 i O I PR H A K
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