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Livin gene silence by RNA interference enhances the chemotherapeutic sensitivity
of drug resistant MG-63 osteosarcoma cells to doxorubicin
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tal of Nanchang University, Nanchang 330006, Jiangxi, China; 2. Department of Orthopedics, Duchang County Hos-
pital of Traditional Chinese Medicine, Duchang 332600, Jiangxi, China)

[Abstract] Objective: To investigate the effect of Livin gene (an inhibitor of apoptosis protein) on reversing the
drug-resistance of osteosarcoma. Methods: Drug-resistant MG-63 cell strain was established in vitro by continuous
exposure to doxorubicin at gradually increased concentrations. The resistance index of drug-resistant MG-63 cells
was examined by MTT method; Livin protein expressions in MG-63 cells and durg-resistant MG-63 cells were de-
termined by Western blotting. Livin shRNA eukaryotic expression vector (pSilencer3.1-H1 neo-Livin si) was con-
structed and then transfected into drug-resistant MG-63 cells by using Lipofectmine 2000. Expression change of
Livin mRNA and protein in drug-resistant MG-63 cells before and after the transfection was respectively measured
by Real-time PCR and Western blotting. The distribution of cell cycle and apoptosis were determined by flow cy-
tometry. The analysis of chemotherapeutic sensitivity of drug-resistant MG-63 cell to doxorubicin was performed
by MTT. Results: The recombinant eukaryotic expression vector pSilencer3.1-H1 neo-Livin si was successfully con-
structed. Resistance index to doxorubicin of drug-resistant MG-63 cells (MG-63/R) was 81.32+5.33. Livin shRNA

could significantly inhibit the mRNA and protein expression of Livin in MG-63/R cells compared with untransfect-
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ed group and non-specific transfected group (down-regulated by 72% and 69% at mRNA and protein level respec-

tively, all P<0.05). The flow cytometry analysis showed there was significantly higher apoptosis rate in Livin shR-

NA transfected group than that of untransfected group and non-specific transfected group ([22.4+3.2]1% vs [4.2+
1.11%, [4.7£0.6]% , P<0.05). After adding doxorubicin, the proliferation of three groups of cells was all inhibited at
different levels in time-dependent manner; However, the cell survival rate in Livin shRNA transfected group was sig-

nificantly lower than that in other two groups (P<0.05). Conclusion: Livin shRNA could efficiently promote the

apoptosis of drug-resistant MG-63 cells, and thus increase its sensitivity to chemotherapy drugs.
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[Chin J Cancer Biother, 2017, 24(12): 1375-1380. DOI: 10.3872/j.issn.1007-385X.2017.12.006]

B PR R — Ml PR L PR R R A PR, 24
T B IR ) 20%, 2 0T H A iR TAKE
R B , A ERE R, 2 R, IR R E
a7 72 B A B s TS . 3 20 42 80
SEAH B AT T Bis FH BASK , B PR R 1) AR A
HAT LA A &, AT 25 T R R R 1R s 1 T
W AR R BIE B BE 2 39K, I HA PR X AT
29 22 2T 2t SR T AT 24 4 1A I DR R R
— 48 i e L R R 44 i R ) o R IA B S U R
4 BT AT 25 D RBURR I T B S I B 208 R IR A
it 245, 3X 2 B #2250 R AT 9T AR 32 2
JEPR®, Livin 2 3540 A LT JEH T 41 8 A (in-
hibitor of apoptosis protein, IAP) 5 ji& f) 87 Bl 02 , 4 57
P vy AR T i SR i g 2H 23R iR 4T i &, e
1l 22 O T REGR S A R R T, BT M e
R IAE T B IR i 24 O S AR E . R L, AR
FUiE Ik £ Z2 L A2 (doxorubicin, ADM)IZ 5 155 5 28 37
PRIIR it 24 20 P, FF RNA FHEEAR R I Livin B
FIE K I 4H B AT 259 B VR T BURAE  BR T Livin
TE 30 i TRLIRE TR 24w AR % T 68 1) 231 WL, Ol
B R 25 256 1R T SR SL IR Ak

1 RS

L1 A5 A|

N B R MG-63 40 i f1 o E R B B4 S
VAT T TR A & SO E I RNA T B &
K34 pEGFP-N1 W H Bl 5Pl ER AR A i
1175 \DMEM f5 5 35 77 35 H1 0.25% /i 8 1 g H 25
GIBCO / ] , Reverse Transcription System F1 GoT-
aq® qPCR Master Mix JJ [ 35 [E Promega 2 7 , Lipo-
fectamine™ 2000 F1 TRIzol Reagent 4 F 3 [ Invitro-
gen A w , DEPC FIEE G H %) B 26 [E Sigma 2w, 514
Hi2E A (i) A IR 23 7] 45 G SYBR Master Mix-
ture- DNA Loading buffer 1l DNA marker 4 H 5 £ ¥
THREKE)ARA A, RPUA Livin 2 wEHiik Il 5
574 Abnova A A, BCA & 1l 5 77 &0 3 3%

Pierce /A & , Turbilin Fi /£ . ECL 57 & 1 HRP Axic 1L
FPRM W E BiEE S REE ARV T,
ADM W) F #1251 A FRA 7 o
1.2 Livin ShRNA F4% & 35 £ AR 69 ) 32 200 5

FIFH Ambion 2 A FEAE RNAT %1 T A 7E N
Livin 2K cDNA 7 5 1 % 1F 9 2 B R 51 (IE
X : 5- GTCTGGCCTCCTTCTATGA- 3" ; Jx X : 5'-
CAGACCGGAGGAAGATACT-3") , }§ 3 10 ] H. 4 .
V2B A P I A AT 3 N 28 1% 16 1) pSilenc-
er3.1-HI neo Jii % B 75 %] 5 2H i # pSilencer3.1-H1
neo-Livin si. K 1% 5 4 ik #% N\ 40 M B o] 78 40 g N
B tH R SR EE R B T3 B o W A 3 119 B 40 ot bt
pSilencer3.1-H1 neo-Livin si 4t Kt & , £ 2K F
B R , PRECAS [ ) o R A T 7
1.3 MG-63 @mfiti3E3 % Livin shRNA Az & ik AR 3§

MG-63 40 F 2 10% 164 LI ¥ DMEM 55 75
BT 37°C5%CO, M FNE BT (1 55 740 v i A s 7% , B
2~3 d B 1 PR TR, A L B A& A BT
AR EE 7. LA ADM NS S, R HZE D 38 N 25 4)
PR 50, o 4 A B 48 A0 T 1 7 L JER 80% [ X} 44
HRASB, IIA 46 FE 5 0.1 mg/L ) ADM, 24 h
J& F 37 °CHI 1xPBS W5t 2 Uk, 455 40 M 38 5 28 1E IR
Afa, BE LR G 7k, BRI R 6
Ko ADM Z3¥)ih B9 24 0.1.0.4.1.0.4.0 mg/L, fiif
25 SR 6 A L5 S MG-63 41 i 2 371 24 20 il
0 B KW MG-63 .\ MG-63/R 2R3 LA 1x10*/m1 4
i 25 E 43 3 B b T 96 FLEG FRAR , 15 9% 24 h J5 7R 15 7%
T, ZIRALTT 2540 ADM ., F U USERS L PRI 198 fiie 0 I
) IffL 2 U % [ (peak plasma concentration, PPC) , it ]
F S A 250 5 B A P SIE I8 L, 25U BE 43 Sl D 100
10.1.0.1 f10.01 PPC, 4k£:1% 5% 48 h, JII\ 5 mg/ml ]
MTT 20 pl, 4 h J5 il X DMSO 100 ul, 4 ¥ 7€ %7 15
min, FH BFFR O 52 570 nm &b & FLYE % S (DY {E , BL
FPIME , THE 2590060 B8 40 B R A 1 2R (%) =(1-24
YA DA/ IR D)< 100% . B IRFE % 3 E 1L,
PATCZGW R FR MO IR A . SR e B B AR s



b

PIVER, 55 . RNA T Livin 22 K35 R 550 F AR MG-63 T 24 241 L %) 22 52 U 2 A7 BURk . 1377 -

HE 2G0T A RIE S0% M R I 1 259K (1Cs),
FEH 51 2 45 £ (resistance index, RI)=ICs, fiif 24 41 fiid/
1Cso ARG M

BYLRT 1 B LL 4x 10° AN /FLHE R T 6 FLAR
UM AHARAE 2 ml 35 IR b, FR A Y 598 60% ~80%
5}, 3% 18 Lipofectmine™ 2000 ¥t B P #4785 4%, G418
i AR e RIS RN . 7% G4 )5 48 hili /T RNA T4k
I FEIAS I 5 SEZ 56 43 A BAR 3 4 e 25 6] HRAH R B
ZHD 9T R ZH (2 1 A G 2ED) TS 6 4 (Livin siR-
NA B 9e21) , F 181 B % 't S8 33088 6 % %% Livin shRNA
A i FIT 25 MG-63 4 it 47 A 22 W82
1.4 Real-time PCR 4 M # % Livin shRNA 3t &f 2
MG-63 @ it Livin & B & X 49 %} F:

A0 A LA x 10D AN em? 1) 35 5 B2 b T 15 97
L A3 21 90% 71 A I SR 41 B , {5 A TRIzol — 232
FARGH A S RNA, 584073 006 v I LA B A
gl MR AR BT B B 2 ug RNA, BN 3 55 g T
37 CCHEAT I 3 5% I B, 15 B 41 i & cDNA.  BAFRF 15
f] cDNA J9 #7317 Real-time PCR [V . H#E477%¢
HHE SR AR AN SN 58 40 BT, T A T B A Wi BE AN
ST H S AREAR AT 3 Z AL, THE R CT
B, SR TG RRAE 272 2T SR IR B, S 0
HEAT LB . Livin 1E 17 51 9 : 5'- AAGGAAGAGA-
CTTTGTCCACAGTGT-3'; Livin J [7] 51 ¥ : 5'-GGCT-
GCGTCTTCCGGTT-3'. Real-time PCR 2 W 544 : T
BME9S °C 15 s 2 JahE — AN 95 °C .5 55 1B K
ZEAH 60 °C 30 s 5 FL AT 45 NF IR . B IR AE LE i
B B B 9% J6 {f . PCR 45 R J5 , 95 °C 78 1 1
min , %8 J5 ¥4 H &2 55 °C, fff DNA X4 78 7 456 o
M55 °CHUHF] 95 °C, F—H 14 M 0.5 °C, fr¥F 4 s, [A]
IS B A -
1.5 Western blotting # ] T £ Livin 3F & 25 MG-63 4
Je A Livin & & & 2 T

WS AE A5 AT B S5, T4 1 PBSS YRR 40 i 2 U,
N 2 i 25 fff R R TR 1) R B L 4 R B
FE i 28 Lowry ¥ 72 2, HU 30 pg 5 11T SDS-PAGE.
AR5 VR Wy WA R N 8 M TR 50 5, ¥ A 1 o B 38 B TR 41
e b, FHE 5% 5 95k () TBS 72 %8 I 4 ik 3
M1 h, BIN 12100 #8 B) Si A Livin 4, 4 °CiF &
. TBS#E3 YK, FI 115 000 7B (1) HRP Fric
HIAR . —HridEAT Wt ) Mo A Turbilin 8 2 8, H
Livin 55 Turbilin 2% & {8 /) FUAB 38R &% 4R A H 19 &
F 113235 7K *F- (Quantity One 43 AT 84 .
1.6 X m ja R AR F K Livin & B 3 & 25 MG-63 40
fie B T 69 ok

WO AR e Gu 2 AR S 1 O e 2 o e 1 R

Livin shRNA 41 i} 25 40 B 5 % N\ 5 ml B 0EH,
1 000x g4 °C &> 10 min, WA, 7 L. FH
A PBS RN A 2 V%, FH 250 pl 45 6 22 v i B T B T
R, A L2 N 1x10°/ml. N 5 pl Annexin-
FITC #1110 ul 20 pg/ml (LAY TN BE (PT) IS , TR &) 5
T E iR EECIFE 15 mine £EKBE HN100 pl PBS,
T AN AR 23 BT 5 L AT R T
1.7 MTT i # 0 F 4 Livin 2 B 3 & 25 MG-63 22 j2
ADM 77 B R 89 % 7

& ZHL A DL 0.25% 5 B 1 IV 4K S 0 Sl 4 i 3
96 FLAR , £33 21 B W BE 5 , b 23 [H 55 752 ¥, PBS P4k 1
U, 23 BINN 200 pl & ADM (4 mg/L) () DMEM 5% 3%
W, FANRE R ANE L. 25 12.24.36.48 Al
72 h 5 43 R AE B 14 20 B B SR AR 58 DAR
1.8 it as

F SPSS 22.0 K AF 247 Se it 7 Bt , B ds F x4s 3%
N 5 0 25 40 B B B LA 7 22 40 W 5 T 4L T 350 2 b e
K H B3, B P<0.05 8% P<0.01 IR % 573 B A Git 2

2 & R

2.1 R # & E 47 # pSilencer3.1-H1 neo-Livin si

o ) 22 1Y 75 41 50K pSilencer3.1-H1 neo-Livin si
ALK, B2 N H B Rk, BRECAS [B] 1) oe [
BTN P o HCERZH BRI B BEEAT S m il e, Bl 2
H 5 Livin shRNA ) B S 7] 5 51 58 48— 20, P N
i BA 1) pSilencer3.1-H1 neo /341 , Ui B 15 11 [ siRNA
Fr B 2L I 3%E N pSilencer3.1-H1 neo # A& H , B 21 )i
#ipSilencer3.1-H1 neo-Livin si #4 22 5% 2
2.2 WmAEF % F b 2 a2 i MG-63/R

131 B 2 OB W %% 7R MG-63 41 A HE 71 R
M, B2 AR Y, A% A7 5K S i i 5 T 25 MG-63/
RAMAZTIARN, EEZH, AR . ZAE
UL A K IEMTCE 1) . MTT 325603 8, MG-63/
R X 2 22 LE B i 25 45 B0 81.32+5.33 , XF 34 Mk
P 2 o R 2 e B R 7 AR AN [ R T ) A8 X
M 25 (K 1) o REG M AERr MR QL2 L e M
¥ Y% Livin shRNA 25 20 g 4= 1< HE 2%, 40 i 34 % 4
JeVESE . B A IR AE K, R 1 e g A
SR AR, POt PE A, ST A G 2, R
LM EERE 1, ME R R P, EEER .
SRS R AR I S SNl =g = It B PS5 |
yv 24 hJ5 RIOAT7E 40 M Y 3R A 4 0RO iR
H o, A 7 5] B %O BB T OO %% I D] A g
R, g5 AR m A R 29 60% 41 il 3% 08 4k
KOeEE(E 2,



+ 1378 -

op R AR T Ak, 2017, 24(12)

(A) (B)

A: Normal MG-63 cell;B: Drug resistance MG-63/R cell
1 BB EHIRNEIER/MZ5 MG-63 4IRS (x400)
Fig.1 Cellular morphology of nomal/ drug resistance MG-

63 cell observed by inverted microscope(x400)
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Tab.1 Multidrug resistance index and ICs, for MG-63 and
MG-63/R cell lines(n=3)

ICSU [ﬂn/( ng- ml'l)]

Drug RI
MG-63 MG-63/R
Doxorubicin 1.21+0.01  98.394+5.59  81.32+5.33
Cisplatin 3.12+0.04 28.42+2.12  9.11+1.21
Methotrexate 1.67+£0.02  8.92+1.32  5.34+0.32

Cyclophosphamide ~ 0.76+0.01  3.88+0.72  5.11+0.21

A:Untransfected group MG-63 cells (light microscope) ; B: Transfected group MG-63 cells (light microscope) ;
C: Transfected group MG-63 cells (inverted fluorescence microscope)
2 Livin shRNA E48 TR A Th5%  MG-63 RAf(x400)
Fig.2 Livin shRNA recombinant plasmid were successfully transfected into the MG-63 cells (x400)
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1: Drug resistance ;2 : Negative control; 3 : Blank control
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Fig. 3 Expression of Livin protein was upregulated
in MG-63/R cell
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Fig. 4 The expression of Livin protein was decreased in the
Livin shRNA transfected MG-63/R cell
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Fig. 5 Apoptosis rate of MG-63/R cell was increased
after the Livin shRNA transfection
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Fig. 6 Interference of Livin expression in MG-63/R cells

increased the chemosensitivity to doxorubicin
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