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Inhibition of Livin Expression Suppresses Cell Proliferation and Enhances the

Chemosensitivity to Cisplatin in Human Lung Adenocarcinoma Cells*
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ABSTRACT Objective: Livin is a novel member of the inhibitor of apoptosis protein (IAP) family that has been reported to be
overexpressed in a variety of human malignancies. In order to investigate how depletion of Livin affects the proliferation of human lung
adenocarcinoma cells, we used two quite different ways to down-regulate the livin expression, including RNAi-based approach
specifically targeting Livin mRNA and the synergistic inhibitory effect between Flavopiridol and TRAIL. Methods: The siRNA
recombinant expression vectors targeting Livin gene were transfected into SPC-A1 cells with Lipofectamine 2000. Real-time PCR was
used to detect the expression of Livin mRNA. And the cell proliferation and viability was measured by MTT assay. The apoptosis
inhibitory effect of Flavopiridol and TRAIL used singly and combinedly was also studied in SPC-A1. Western blotting analysis was used
to confirm the expression of Livin protein. Cell proliferation and viability was tested by MTT assay. Results: The survival rate of each
group was showed as follows: the Flavopiridol treatment group was (84.30% 1.34) %, the TRAIL treatment was (93.40% 1.56) %, the FP
and TRAIL combination treatment group was (48.02% 1.35) %, the siRNA-Livin treatment group was (50.88+ 1.14) %, the Cisplatin
treatment group was (19.30% 0.89)%, the siRNA-livin and Cisplatin combination group was (14.37+ 0.81) %, the FP and TRAIL and
Cisplatin combination group was (10.86% 0.87) %, the Caspase inhibitor Z-VAD-FMK treatment group was (88.16% 1.64) %, the
negative control group was 100 %. The survival rate of FP and TRAIL combination group was much lower than the FP group and TRAIL
goup. Conclusion: Both the RNA interference and FT synergistic could obviously inhibited the expression of Livin, effectively decreased
the proliferation of SPC-A1 cells, and promoted the sensitivity of chemotherapeutic medicine cisplatin. All of this provide new theoretical
foundation for the targeted therapy of lung cancer.
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LTI BB RIVER , JENF 5 o8 20 08 T AL A o 22 At A
Tz—Pl, A (flavopiridol, FP ) &— il A7 1 /N4
i T EER AR 44 R, P AT o 7] T A S8 L i e A ) S
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T dEs 4R X TRAIL Ut , B 08 T SV T, 4 sl Al
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Livin, i T-#15#1 5 1 8% (inhibitors of apoptosis proteins,, I-
APS)FRE LA , B U A 7E 22 I ig ZH 4 b oA 33807 FE 4L
MR PR . 3E5E DL A0 i T A R o 2 R R AR A
U8, SE I TOER livin LN, BT LA R s 4 i 3 5 5 1
% , PR S A P T O SRR T 2459 ) BUREHE 2, siRNA-livin
AR YR T P i s vh A A HGE . He 55 BTSSRI,
Flavopiridol g i 21 i TRAIL 55 SPC-A1 40 1 I T 19 1E
H L M FIA TS0 SR TS Livin (98 655 25 FEAIT
B, A TR AT 258 BB v TO AR DGR

AWFFEHI ] siRNA JUBRI s 40 v Livin BP9 ek,
L2 X Jiev e 240 B 1) 384 A0 S AT BB PE R R e, TR AFSE T
Flavopiridol 5 TRAIL Bp[R]%F SPC-A1 B T35S M AL yr 1 4
YERT. ARBFFEAR R 1 il B IRy 7 iR AR, o ik — 20
R IR P P TR R 2 W R A R R TE 22 1 S SR
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1 MR 575

L1 #F#

i g 40 ik SPC-AT A A R mX Bl E A IRA
], DMEM ¥ 523 JFBA JIG 4= 1135 1 1 25 [# Gibeo 43 ], Livin
siRNA il Control siRNA LUK I 2 w5 A, 41
LipofectamineTM 2000 ¥4 H 3% [ Invitrogen 2\ &) , B ¥ A
B -actin Hi4T  APL Livin BLTEREHLIAR AR S ALY BEbRIC 1Y
FHURPTARN 3 35 Santa Cruz 24 /) ,MTT X5 & 0 1
AT AW TR R, W55 - TGRS RN (RT-PCR )T & |
P i PCR | £ total RNA $2HGKHII [ K% TAKARA
NE), R W E IR & ECL JEMAbaE &G 7 &
[ 2& [E Thermo Scientific 2 & , TRAIL ¥4 [ £ E Merk Milli-
pore /7], Flavopiridol 14 [ 3% [ SIGMA /A &, Y635 Caspase #1j)
#17] Z-VAD-FMK Il [ 3% [E R&D Systems 2\ @) o
1.2 ik
1.2.1 REsEFRAER  AMRIEAM R SPC-A1 ] 10 %k

A 1ML A DMEM R 375538, 85 32 BN A K, DLARAL 2%
10° AP 2 5L, 37 C 5 %CO, i1, FraifiE K= 40
%~50 % %5 i}, Lipofectamine 2000 #4754 4%, DMEM %35
4 2.5 wWLsiRNA 5 pLLipofectamine 2000 4351 #4 B¢ & 250 L,
P IRAT, EIRACE 20 min JFANA 6 FLAR , (HZ0Hk Bk 3] 20
nmol/L, 37 C .5 %CO, k&1 24 h gt 58 255 5
1.2.2 siRNA F3IHiEitT & 5etR#E GenBank 1§ A JE Livin
L FHIA siRNA B, 5 Ambion A 4928 =) B 7E 2k 15
i #4;: (siRNA Target Finder and Design tools ) % 11 siRNA , #%
{3 7 51 #F BLAST(Basic Local Alignment Search Tool ) F £ T
JFHLEXT, HERR 5 oA R At 7 51 5 EST A R M: . )5 ik
$& 2 4~ siRNA, siRNA-Livin180 1 siRNA-Livin790, &Kk
19 bp( % 1), B PEXT & (negative control-siRNA ,NC-siRNA )}y
FEHLIEHL A siRNA 551, Livin-siRNA NC-siRNA #J A6 f Jk
FSAIRE Y

% 1 Livin-siRNA §JF 5 (/MF#E RNA)
Table 1 Sequence of Livin-siRNAs (small interfering RNA)

SiRNA Sequence

siRNA-Livin790 5'-GAGAGGUCCAGUCUGAAAG-3'
5'-CUUUCAGACUGGACCUCUC-3'
SiRNA-Livin180 5'-CCUAAAGACAGUGCCAAGU-3'

5'-ACUUGGCACUGUCUUUAGG-3'

123 HMBafFEMILELE N MTT &0  LI&ASL 5% 108
FEREFN SPC-A1 AU T 24 FLAR, 40 M0 BE J5 42 41 51 43 ) ik
Fi, C #1-M Negative Control; FP ZH 3% 5% ¥ 71 100 nmol/L 1)
Flavopiridol; T 4H 2}y % 3% & " Jin A 100 ng/mL #) TRAIL; Cis-
platin 2 R85 FR W AINA 1.2 wg/mLEYNER; F+T 4 5500
JITA 100 nmol/L f¥j FP, #:3: 24 h, Ffin A 100 ng/mL [f
TRAIL; FP+T+cisplatin 21 >4 41 }fd &% 100 nmol/L FP,100 ng/mL
TRAIL ¥5 32 W K5 9% 24 h )5, HIMA 1.2 pg/mL #9544
Livin-siRNA ZHfifizH 4 livin T35 5256 2H ; Livin-siRNA+cisplatin
i1 21 Sk % 4 siRNA-livin J5, B INA 1.2 pg/mL #9747 5
Z-VAD-FMK %} Flavopiridol £t ¥ 24 h J5, /il 50 wmol/L #
Z-VAD-FMK {EH 3 h, Bl A TRAIL, Z5¥/EH 48 h J5, &AL
fInA 110 pL & 10 pL 5 /L MTT () DMEM, 37 C FiR#H 4
h, BALFIN 250 WL ) DMSO, #iki% 10 min, fi745 )50 20 g
JE N E WA 570 nm LR SEEEAE , B FLBCE-BME , T
925 210 A A 770 R (lung-cancer cell survival, LCS ) , i 407 1%
2 =[Tmfl AH - EAFL AEVD AL AE - ZS AL A 4]
x 100 %,

1.2.4 Western blot #&il] Livin HE B RIEKFE  WdEH YL 48 h
45 L 20, PBS Wk , IR 1124 , 14000 t/min 25.0» 10 min
JE B IS, PRI . 4T SDS-PAGE HLIK , 14 R PY s Ik
JHEBE IS A% 22 G2 P TP T A 15 min, 5% %8 NC I, BB Y8 &
B 1 him—30 4 Cidg , ¥k H 37 C &3 30 min, BHERSE
VYR EE0E 3 WK, AKX 5 min, il HRP — 471,37 CIRE 2h, 2%
RS TEYE 4 YK, YR 3 min, AGE/KIERE 1 YK 3 min, ECL i
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1.2.5 #¥EE PCR &7 Livin mRNA FRikKE Wby
48 h (145 4L 4NN , Trizol L HLE RNA I 5458 cDNA, Fifi
JE AT H A9 R Ber9 9 14 . Livin JEH 895140551 . _EiF 5'-GGA-
GAGAGGTCCAGTCTGAAAGT-3', R i 5~ACCTTGCACGTC
CTCTCCTC-3';HBOA ¥ H W5 ¥ F4]. L iif 5~ATCAAA-
GAAATCAGTCAGGAGACG-3', T 5-CTCTTTGGCTATC-
CACTCATCAAT-3',25 pL 3365 it PCR fA % : ddH,0 8.5 pL,
2% SYBR Premix Ex Taq Il 12.5 wL,cDNA % 2 nL, b Fiif
F1H1(10 pmol/L)4% 1.0 wL, § 14 51::95 C 28 305,95 °C 5
$,60 C 30 s(MZENE 1 R)FEAT 40 MIEIF; ZJ5 M 60 C = 95
C,LL0.2°CHEMTHE, IATIEM ML, AR 3 E
fL, UL HBOA NN Z IR, LI 0 mg/ml 40 Ky bR MExt IR b &5, 15
ACtHEMAACtH{H: ACt=Ct (Livin)— Ct (HBOA),AACt=
ACt(SLI4 ) — A CtOIRAL), LA A Ct ¥{E S 7 4117 s
P 2459 R 3  mRNA FX ik,
L3 Sit=EaH

FH SPSS 13.0 GEit-#R 4o A, L8 LA bRz (X
+ S)FN, B HLECR T t K55, P<0.05 S22 A G #E Lo

2 R

2.1 Livin 7 SPC-Al 5%

G S BT AGIN Livin 2 (76 A9 SPC-A1 4 &R A\
Jili B e AS49 MM & . B HiE Hale 41 £ A FL AR &
MCF-7 4 fifi & rf )33k, &1 1 B 0L, Livin 25 H7E SPC-Al gy

Livin

1 Livin % SPC-A1 Hhpg K%
Fig. 1 The expression of Livin protein in human SPC-A1

2.2 Livin siRNA ¥t SPC-A1 #fiffl Livin ik iS50

SR P E i PCR Rl 45 SR W, #%%¢ si-Livinl80 5
si-Livin790 J5 , Livin mRNA #3373 5l T i 2= NC-siRNA
(52 1.21)%A1(64.4% 1.7)%, 7] I, siRNA-Livin790 B &
RELBRT 1 A J 98 40 i ) Livin mRNA B335k (18 2), R 22
SeI e SIRNA-Livin790 R 4852540 o
2.3 FP #1 TRAIL 3t livin & | FRiA B0

Western blot 5% i/~ , T . F . T+F £H4b 3 48 h J5 ,F+T Bt &
YRR IR T8 1 Livin F35KF i EBEAL. S5 X IR 1L,
TRAIL Al Flavopiridol H.ji4b # SPC-A1 4 ifaff, Livin & 4 %
IEAKETCI 22 55 (18 3)
2.4 Z-VAD-FMK 3t Livin JBT- 8 8 3% 1 200

Western blot %5 5 5. 7R , FT BE&-1F F 6E I8 3 % AIX Livin &
LK, T Z-VAD-FMK BB 0030 FT A Fht &
YEFH (& 4), Bl Caspase $li il 5 BEA 2 il FT Be&VER =419
TRTR00

08

0.6 |

04 -

02

Relative expression of livin mRNA

II[

CON NC-siRNA siRNA-livin180 siRNA-livin790

0

2 Real-Time PCR #&ill RNA FHt/gHJ Livin & FHRiX
Fig. 2 Livin mRNA expression level in human SPC-A1.

C T F F+T
R I Livin
— — — s P-actin

3 Flavopiridol( F ), TRAIL(T) %5 /3 Livin EAMRIE
Fig. 3 Synergistic inhibitory effect between Flavopiridol and TRAIL on
livin protein expression. Flavopiridol treatment group was named as F
group. TRAIL treatment group was named as T group. Synergistic

treatment group was named as F+T group

C T+FP T+FP+Z-VAD

4 #MHI7 Z-VAD-FMK 4b32J5 Livin B B HFRE
Fig. 4 Effect of caspase inhibitor Z-VAD-FMK on livin protein expression

2.5 F Livin %t SPC-A1 AT B840

F TR EN (84.30% 1.34)%, T HAFHE N (93.40
1.56)% ,F+T 24715 %} (48.02% 1.35)%, siRNA-Livin 41 f£7%
Z% (50.88+ 1.14)%,Cisplatin ZHf7£TE %8 (19.30% 0.89)%,
siRNA-livin+Cisplatin 4147752 % (14.37+ 0.81)%, FP+T+Cis-
platin ZH7£3% %4 (10.86% 0.87)% ,C HAFIEZE N 100 %, F+T
20 X 4 i A 3 2 R R W e T IR A 25 A siR-
NA-livin+Cisplatin 5 siRNA-Livin 21 # kt, \FP+T+Cisplatin 5
FP+T ZH AH LU #E 1 25 3558 1 A0ST 259 %5 SPC-A1 A MfER
Z-VAD-FMK Tiab 5 566 A A A A6 30 (88.16%
1.64)%, caspase 17 fEAT G| FT BA1E =4 -5
SR (E 5),
3 3tig

T HIE E (Inhibitor of Apoptosis family of proteins, I-
APS) FG AT AEA R B — 2 IR M AR T R R, 2
I PR T (I Caspase (2L )Y, PHKTAET-3Z 14 TN-
FR /S PRT (55465, 5 NF-k B M EVER KU ANME T

TERIP, AP RKIRA Z A FKIRMR G, A4 X G @ RmeHE: AP
(XIAP) NAIP c-IAP-1  (BIRC2) .c-IAP-2 (BIRC3) BRUCE
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Survival rate of SPC-Al cell lines
2 5 8 8 8 B

o

NC TRAIL  FT+Z-VAD FP siRNA FP+T

5 MTT &l F# Livin 348 B8 sa a2 0, #06) livin 48 8 ZFE(R
SPC-Al W2 REIETEIFHESRILFT R

Fig. 5 Effect of livin inhibition on cell proliferation. MTT assay was to

Cisplatin ~ si+Cisplatin FT+Cisplatin

investigate the proliferative activities of SPC-Al cells and indicated that
suppression of livin significantly diminished proliferative activities of
SPC-Al cells, and this suppression effect unexpectedly improved the

chemotherapy drug's therapeutic effect

(BIRC6 . APOLLON) . Ts-IAP(ILP-2 BIRCS8) . Survivin (BIRC5)
F1 livin( BIRC7 KIAP Fl ML-IAP ) IAPs ¢ i 4544 i3 BEARSF
AR 70 AR BB FT IR % B TAP & ¥ 51 (bac-
uloviral IAP repeats, BIRs) , J& IAPs ZZGE I 40 i 1= T 07
AHEPAIR R i B R 7 > Cys Fil 1/~ His jliid 5 Zn2+ 254
M S EEFE RS B 454 (Ring 25F4380 ), HLA B3 12 RiE g
TEPERT XA A AR SR TR B E T,

Livin J& IAPs ZKIRH R H B, 21K 4.6kb, i T 20 5
PR 1 X 347 20q13.3, H 6 NMNETH TAMNETH
AP, ZIFSCIER , Livin 78 ZFp R 12U A Rk 45 1%
RN | VAN N O AU D RN = S P BN S RN e Rz i )
T I S N S A P N P I R {1 B
FEPH Livin B335 , B0 20 A8 T 00 SUsk i, B Ay T 2
Y%t e 20 B 1) A0 L AR S AT 2 U R R R IR
ITHRALHT A T . WS siRNA TTERE: A R T\ g
SPC-A1, #[iUi%k livin, 2 RT-PCR iE3:,RNA F4J5 livin
mRNA ik i B B AT X IR . Sl X R A K gE,
BTN Tivin 55 PR A% i Je 4t it EC A < R W dnb sl h, 9 T B
G, T AR KGTEAM R SRR R R S UK livin, AV
RSt A eE 40 A 3 i Ry L SPGB 1 M 4 P x4k
IT 2 ORI, P IR AR A 8 T 6T Livin £ il
g P S5 38 A T i — 2P R AT . Yang D SFPIZERFSY
Frik B, 22%1%5 2  TNF-a caspase-3 caspase-9 A it % 5 w4
livin ZEPH Frsis I T2 . Ou TSP IF SR , 1% livin
S DRI sk BELOT MAPK 3 40 ) 15 9 4 0 A 38 5 55 12 2%

TRAIL FA6S7 254 U [RIAE T, AT dub 35 5 5 v 3 40 i et
TRAIL R , 8 HAR 175 SR, Ay 259 ny 48 1)
FlE, W 25 BRI, AR SR 45 R R, FP Al TRAIL
LA A, Livin 85 F R A H0TC W 248, FP 5 TRAIL BX &
FZ575% SPC-AL ST B rh, T 3% Livin (Y5R35
B R, W] Livin 25 FP 3458 TRAIL A F:A998 1215 308
%, 3X 5 He SFIRIG 00 SLI0 45 R —30 FT BEAAbyT 25 it
JiekTe 40 B 08 R A A S N d, TE i — 2P 1858 TRAIL 55 i
AN TR BE T, FT A JE T30 0 P L 22 LUK livin B[R
iR

2% | fr iR ,siRNA JJL#k Livin f Flavopiridol 5 TRAIL B¢

& 25T WA Livin A93R35, JF B VEINH] SPC-A1 g

ML B A, RO 8 O AR 7 25 W IR P SRR, A B

il 93 S PR T BB S . BRI T Livin 43R 58 18 40 F

I E, T E RS M R Bk UESE Livin AYBEST

(e ARME XS Livin f)2E—LHFSEREXT IR IR YT SR BUR & A2 o
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