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R EAERAE ., FE RALEABLFT ERBABEALRAEFALR GTPBPL 9 Ak K-+ £ 5%, A £af & k% F PCR
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[Abstract] Objective To investigate the influence of GTPBP4 gene expression down-regulation in hepatocellular carcinoma
(HCC) cell line SMMC-7721 on the intracellular and extracellular biological behaviors and its action mechanism. Methods The
differences of GTPBP4 expression level in HCC tissues and paracancerous tissues were compared by using the immunohistochemical
method. The expression of GTPBP4 mRNA in 4 kinds of HCC cell line(SMMC-7721, HEPG2, HUH-7, HEP3B) was detected by
using the real-time fluorescent quantitative PCR(RT-PCR). The expression of GTPBP4 in HCC cell line SMMC-7721 was down-
regulated by using the RNA interference technique and the cellular biological behavior change was observed. Results In HCC histo-
logical chip,the expression level of GTPBP4 protein in HCC tissue was significantly higher than that in para-cancerous tissue. GT-
PBP4 was also significantly up-regulated in 4 kinds of HCC cell line. After the expression of GTPBP4 was down-regulated, the pro-
liferation ability of HCC cells was weakened and apoptosis was increased. The cells in S phase and G, phase had no significant chan-
ges,but which in G, phase were increased, the ability of in vitro clone formation was weakened,the nude mouse in vivo tumor for-
mation capacity was weakened. The expressional profiles microarray results showed that 333 genes were changed in SMMC-7721
cells after GTPBP4 knockdown,in which the up-regulated genes were 134, the down-regulated genes were 199. The channel enrich-
ment analysis found 10 signal transduction pathways of the enriched differential genes. Western blot showed that the expression lev-
els of CCND1,CCND2,CDK6 and MDM2 were changed significantly after GTPBP4 expression down-regulation. Conclusion GT-
PBP4 as a promoting HCC gene may influence HCC biological behavior possibly by regulating the expression of key gene in cell cycle.
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AR 5 1% B 5% 5 VAN B T L B B S A i 2
A G sh v 3 e i BB AT . GTPBP4 & GTPBP %K% K
RZ— G SR — ) AP T BB B A2 & Fh B A AR
Py by e BEORSF IR L KA B SR IE . GTPBP4 33K 5 59
A N5 9 240 L 1 38 58 A2 B3] T GTPBP4 [ 33k I &
NS5 LR R AR TR R A N HXF GT-
PBP4 7 HCC JAE R J8& mp A A S LA 4 F 5 A7 A i o
1 ME5FE

1.1 kg

11,1 IGEEsA 75 6l HCC B i iT i 41 4008 H il B B i
A R A R AR N R R A S S HLiv-
HCC150CS-02, b, 55 63 B, 2 12 i s 4R i 34~77 % R 1
52.10 %,

L2 AAFE M A HCC 41 #k SMMC-7721,
HEPG2 .HUH-7 . HEP3B ¥l [ F# & LA 7 .

1.1.3 S3dhy BALB/cA #UNR.4 R, W H [ %
S A WA R A R L8 & M iES SCXK (1) 2012-0002 ],
I T BRI RS L.

L4 FEZRA 102064 i (FBS) .DMEM iy [ 3¢ 4
Gibco 23 7] I§ i & Lipofectamine™ 2000 Iy [ 3% [ Invitrogen
ANFLGTPBP4 1/ T4 RNAGIRNA) W B L& El A A
RNeasy Mini i 7] &5 . Sensiscript RT &7 & W [ £ E Qiagen 2
7] ,SYBR Green PCR Master Mix g [ 3% [ Thermo 2~ 7] . ABI
Prism 7900 J3 7 £ 5 4 0 B 3¢ B N A A0 A IR W) 2 A il
R A 2 E Promega A H] . 24 22 w0 A 2 E Sigma 2
7] »Mini Trans-Blot &%t W B 3¢ [E Bio-Rad /A 7l . B g 5 &
f A 2 [ Millipore 23 5, 5t GTPBP4 i 4 .t CDK6 47 4 . 4t
CCND1 $ip & 41 CCND2 Hi f& 1 MDM2 414k it GAPDH #i &
W4 H 2 [E Abcam 2% W], Pierce ECL fL 2% &K OGIR Y)W B 2 [®
Thermo 23w » 2 i i T A5 i 70 & W B 58 [ Invitrogen 2 H] .
115 FEEES AR #8 BMEE A LR
EAER A BR A R 2EO0 WAUE W B OH A B B 2 /], Mini
Trans-Blot &% 5 R A% & 42 W H 35 E Bio-RAD /A ], Cello-
mics ArrayScan &4t H 3£ [E Thermo 2 ) , FACS Calibur i
A0 AL A 2 E BD A A 0 LW B % E Beckman 24
7} »Genechip miRNA v. 2. 0. miRNAQC & 4 W B £ [F Affy-
metrix 2y &) » FLOWJO # {4} . Genespring 7. 2 # {4 Wy B £
Agilent /A &), TargetScan ¥4 (£ ED) .

1.2 Jr

1.2.1 44U A # GTPBPA G 1414k ¢ 4 GTPBP4
BUARE B R 12 6 000, 1 PBS 4 Ay B34 % BR . 4 928 20 404k
SR A SP kLB B W L O OR B B R WK BE BT K
T IR AL Y BE  HUSUE B TR R S LN AR E A 37 °C
10 min, — 4 4 CUkAIFF L4 PBS #hik 3X5 min. ¥ R b5
WL ZH,37 CHEH 30 min, PBS #hsk 3X5 min, i i BAR i %
R AR AT 1 HE 2 R O R LAWK .37 CHFH 30 min, PBS
Pk 3>X 5 min,DAB/H, O, [ g€, A AR5 k. AR R
YRR ED] T .

1.2.2 #ifEii3R M siRNA #5941 & A 10% FBS fl
100 U/mL %5 RK-H % K iy DMEM rh R 47 55 5% , 20 i 8% 77 46
%M 5% C0O,,37 ‘C., GTPBP4 #y siRNA XU4E & #1 F . 5'-
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CAU GUC GGA CGG UUU CGA UdTdT-3'#1 5'-GCU GCA
AAA GGG GAU GAA GATdT-3', i I % 19 4E-TsiRNA
2 BA 1 % B8 siRNA (Control) . % 5 i 2 ## I Lipofectami-
ne™ 2000 #H47,

1.2.3  S2Ef 28 9 & it PCR(qRT-PCR)  {fi F§ RNeasy Mini
Kit A A HCC 4 g & H R BUE RNA, ) T Ul & GTPBP4 1)
mRNA 7K, i Fj Sensiscript RT i) &6 4 RNA 6 % 5% 1%
c¢DNA ,{#i | SYBR Green PCR Master Mix fF ABI Prism 7900
FF A R St 1 #E4T qRT-PCR 2 . F T4 3% GTPBP4 1y
BT E B4 N 5-TCA GGA TCC GCT AAG CCC
CAG GTG GTT-3', R 3144 5'-GGC TCG AGT TAC TGT
TTT CGC TTA CG-3', L GAPDH 15 % 184,

1.2.4 Western blot 4347 i JHI & 45 £ B8 400 1 700 19 24 4% 2% o
AT A A S 38 T T on A R TR A SR T U Tk e 95 JC PR UK
(SDS-PAGE) 43 8 & 1 45 1 0T 19 4 Mg 2L /R 4, JF 3 3 Mini
Trans-Blot RGEFEH BN R MW 9 &6 B, K B0 78 TBST il
HW SR YIRS A 1 ho SR E A 4 CT 5L
THE— & E 51 GTPBP4 Hi{& , 5t CDK6 i {4k, Hit CCNDI
Pk, i CCND2 i f , 5 MDM2 i f& flht GAPDH $ifk. 24
2 KW BEVE U O 5 ARG B o AL W Al 0 28 ZHU IR =R T
0 1 h,FfiJ5 A TBST Yelk JLIK ABR R 456 MLk, g,
AL R HHIT R . GAPDHAE RN .

1.2.5 ZHfAE KA OORI  BEAT 3-(4,5- Z HIHEMEmME-2)-2,5-
TR D e R CMUT T 0 2 LA 5% 0 ) AR R AR . Al
JI7E sIRNA %S5 F 96 FLAR 1535 24 h, FEHE & 09 B [F] 4,
FFEH MTTC0. 5 mg/mL) (8 i 35 R S s = 56 .
Cellomics ArrayScan R =LK N 490 nm BROGE . 4@
P A (GFP) R IA AN M B R & 1 G Hgk 5 de

1.2.6 20 J S0 Aan 0 2 i S 9S00 e S A L R T vk v
) PBS #, A AL P BE (PD ¥ % (50 pg/mL P1,100 pg/mL #%
WAL BREE A,0.05% Triton X-100 7£ NaCl/PI H) 4 & 41 Jifd . 4%
JETE 37 CHFAERME P HEE 30 min /5l & DNA K, fii [l
FACS Calibur % 28 40 il {X ¥ ¢ DNA 7K ., 3 F FLOWJO
AT HEAT 53T

1.2.7 4ufd Tl A4 5 M FITC #5742 AnnexinV/PI
P9 200 i 9080 T A ) 4k ) < A O = A i S A I SMIMIC-7721 41 Jifs
FPE T,

1.2.8  ZHf s pEIE BAR I A GTPBP4-siRNA 5[] 44 X 1]
sIRNA &Y SMMC-7721 41 il 35 57 24 h, SR )5 W g 48 i, Of:
PL5X10% A /L4 i iy 25 BE 2R AE 6 LAk . 10 d J5 . PBS
VRN ARG T/ 2R (3 + DE & 3 J5 I Giemsa Yt 4,
TE OB T I SO YA 4L

1.2.9 st R ERA TR T 35 & g T GTPBP4-siR-
NA [ SMMC-7721 41 (5 X 10° 4~/mL, GTPBP4-siRNA 41])
BRI ] R SIRNA J&2e ) SMMC-7721 41 fif (5} 10° 4~/mL,
Xof BEEHD 5 76 H2 Pl 40 i 186 2 5 o T 4 %o 4 B g 008 1 100 E AT
2 MBI TEAIC KA AE R M A KR DL B 1 R 1R BA R
10 HBR R 2 ST anne 28 dJa » A SE AR B 31308 AR RN
JigRg i A3 (L) B4 A2 (W) 347 0 &, 98 R (R L = 3. 14/6 X
LX WX W, 3 HHRBUZ A F &,

1.2.10 MicroRNA & K40 #F {8 ] RNeasy Mini Kit )\ _F iR
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SMMC-7721 SRR H i 8 v 32 UE RNA L RNA(2 pg) i
FIFRIC It 5 Genechip miRNA v. 2. 0 (B 31 Z4 2 . SR )5 18 )
miRNAQC 3 4 X Jit & % # #F 47 WU 43 07 4% #fE 1 J5 % A 5
Genespring 7. 2 BT 00T . WIS - B0 O 2% 43 #7457 X
M4l F1 GTPBP4-siRNA 4] 5 Z ] 22 5 3R 35 1 Bl 2 A 28
miRNA,

1.2.11 KEGG i@ &4 #7  1JH TargetScan #5415 I X BE 21
M GTPBP4-siRNA 4] 2 [i] 22 5 & 3k 19 B N2 miRNA [y 3
SE ML AR ) R R S A 5 3 R A A B4 43 (Kyoto Ency-
clopedia of Genes and Genomes, KEGG) % # J&£ 3k /9 #f 3x £t #i
FE ML N B E R A YRR

1.3 SEil# 4 SRJH SPSSI7. 0 BB HEAT S il 2 4347 . G T-
PBP4 2 [ 75 JH i 2 4RV 55 21 20 b 36 7K OF 19 L B8, R AT D
X SRR Wilcoxon KB, i BRI T4 s R, 08 ¥k
W IEASME S 255, 240 R AR E R T 200,
2 1] 9 7 G 3R D LSD-¢ £ 565 7 22 A5 57 W R A Dunnett T3
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PR IR AR K BT s P<T0. 01, 5 0 B4 L

5 GTPBP4 Bk 3T s b 5 T 75 48 4 B0 1 50 2 1

popit:| GTPBP4-s i RNAZH

2.2 GTPBP4 7 IF 9 40 M pk 3238 A & siRNA i % GT-

GTPBP4 =ik T 18 4 48 i J&) £ | 28 B0 1= F0 &2 3% T2 B Y 32 i

PBP4 (335 T8 GTPBP4 7£ 4 4~ HCC 4 ifs bk (SMMC-
7721 \HEPG2 . HUH-7 .HEP3B) %3k 1 (& 2A) . 5%}
T4 %, siRNA %S GTPBP4 )5 , GTPBP4-siRNA 4
GTPBP4 mRNA 335 /KF B g f Ak (P<<0. 01, 4] 2B)., West-
ern blot 75, siRNA ¥ 5 GTPBP4 i 5 . 41 i h GTPBP4
B HRIBKTB I B, WE 2C,

2.3 GTPBP4 #[H kT EX SMMC-7721 41 it 4 5 4 /1 Ay
WU 5 X L, GTPBP4-siRNA # S 545 4.5 £, GT-
PBPA-siRNA 41 [ 41l a4 5 5 2 % 51 8] & 30 4] (P<<0. 01), I,
& 3,

2.4 GTPBP4 2[5 %3k F 8% SMMC-7721 41 Jifg & 39 . 41 Jfd
P e s TE BUAE D s 5 X B2 L 8. GTPBP4-siR-
NA 408 4 B As, 4b F Ge B0 410 il B 2 3% £ (P<
0.01) ;1M S.Gy 11 4t il TS B W A8 4k (P=>>0. 05, ] 4A) ., =l
A0 A % B, GTPBP4-siRNA 41 A 41 Jifd 8 7= Eb 4 B 2 &
TP IR (P<C0. 01, [ AB) . o & T i 555 56 45 I 440 ik o P T2 g
fie )1 % 8, GTPBP4-siRNA 41 411 fitl 42 7% % B 81 &2 2> F % B 4l
(P<C0.0D), WLE 4C,

2.5 GTPBP4 JEEZFE T X SMMC-7721 44 g #1 AR 9 &
FARE SRS RN AR 14 d S5 6 BR 4 A R B0 TT UL i 0 /N
4541 i, GTPBP4-siRNA 40 76 20 d °] WL i 8 4% 45 B
GTPBP4-siRNA 4 i AE K gt BB 41 22 1% . e fl 4 J8 )G Ab 3B
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ZINERL 0 ik R AR RRURN B A, 5 6 B4 A B, GTPBP4-siRNA
AP RN, R BB R A LB Z R H ST ¥ L (P<
0.0, WL 5,

2.6 GTPBP4 T i b 2 3k K 11 R 25 o0 4 B KEGG & 18 4
B AT miRNA §3% B 51 53 51 K A % B4 Fl GTPBP4-siRNA
4[] 2% 5 F2 53K 10 RS miRNA, B84 BT RE 0% 05 28 M X
43 % BR 41 Al GTPBP4-siRNA 41 b8 1) miRNA 5 [4: 5] 3 , 45
B %, GTPBP4 f§ /5 SMMC-7721 4l jifl i 3% A % 2 i 25 1
A 333 A, Horb RIRAA 134 A4, FIRAA 199 (B 6A) . 4R
J&i + i F TargetScan 3 #7 15 U %f I8 20 F1 GTPBP4-siRNA 41
Z )25 5 2K M A miRNA (e AR . 2R BR,
X SE i Y HE R R E KEGG 3% 42 5008 P2 vh 46 2 19 3% 2 A= 1 %
WA, B E L2 R IEEIAEM 10 4[5 5@, WE 6B,
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Al GTPBP4 ik T 4 B 80H9 miRNA R Hr . & 17 R ATH
B9 miRNA LB FLR A FEA (= 3)  £L (4 B 4% 4 70 3l 378 RIB TH i
BRI B: KEGG @420 #1 R T 10 £ 14 19 KEGG i&12
& 6 EMERESN

B

2.7 GTPBPA RIXTHEERRBERWEIE HETULE
TargetScan 73 T & B KEGG 1 [ H 1) 41 By 5& 7 %5 it (focal ad-
hesion) Fl ¥ 5iE AH 5C i 4% (pathways in cancer) it 2 2k /1 . A BF 5T
B2 T 2K B /96 A AE G 20 i R I AR 1 D AR Sy HCC 4 Jif
GTPBP4 P40 H ¥5 38 i . #E HEE R [, 3% U GTPBP4 i bR
ST RS W 4 4 AR E B 6 B B B (RP CDK6,CCND1,CC-
ND2 .MDM2) f) ik . 5*F B4 L, GTPBP4-siRNA 41 41 il
CCNDI1 # 1 .MDM2 % 19 K. CCND2 % 1535 T ¥, i CDK6
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FEFRB EEP<<0.0D), WK 7.

¥FBBLH GTPBP4-siRNAZH [ Boyt:|

Coke - | J a
B O GTPBP4—siRNAZH
GAPDH | U
X
cov!
® 3
GAPDH | I
e 2
w2 | ® 1
conp2 | =0

o GAPDH 5 CDK6  CONDI NDM2 GCND2
A:CDK6,CCNDI1,CCND2 F1 MDM2 {5 Ep ik K s B: 4 Fh &
J AR R Fe 3k K 57 P<<0. 01, 5 % FR4H 8%
& 7 GTPBP4 T E E B Western blot I§iF 4 R

3 4t it

A& GTPBP4 v T YL Ak 10p15. 2-15. 3, H 4w f% 635
ANEIERR 5 B AR GTPBPA JE A [F) V5 A 5 445 93 26 14 [l 5
PE, H i —A5 GTP 454 19 45 GYPNVGKS 7E & |
BRI BN B b — 3 o B B e B LA A% 9 v 3
I8 A BRI B B FR R 18 1 1 32 98 BE R (chronic renal fail-
ure gene, CRFG)" , GTPBP4 7& & B 1K 60S 0y 4= ¥ & 4k o T
TR SR T . A Y K B K GTPBPA 8 B B £
4 ) AR IO i TR T B A B 2 45 R AR R B I G 4R R
GTPBP4 1] 5 40 iy A A 507,

AT R Y] GTPBP4 2 1 78 JIF 4L 4 b 1 350K 7 B g
i T 55 4, GTPBPA mRNA 76 JHF J 40 i bk o 52 90 36
BIRZS UL RS R R GTPBP4 15 HCC R4 R RA
Ko N T iE— W GTPBP4 X HCC A ¥2£47 M M52 0, A%
WFoia 1 RNA T30 H AR T 98 16 40 itk SMMC-7721 /) GT-
PBP4 &R 3K )5 » J B0 Il 3 440 JE0 104 185 9 o B T2 s R R B 1
LIRS B X 3% B WY S A0 A e Y O T 3R B 4
Was kA A, UL RS S R — 46 R GTPBP4 W fE 7R
HCC 1y kA RS e A AR .

GTPBP4 £ H £k i i 5 » SMMC-7721 41 il P £ 4~ 3L
Hy B R AR . KEGG Jl % & 4 53 i £ W], GTPBP4 £
BTG RBKFERER BN T EEL KESEE L H
wf 55 R i AR B DDA 5 B R 45 200 M T B B A O B R IR (CC-
ND1.CCND2,CDK6 . MDM2) {3 ik 7K ¥ & A= W3 g sl 4%

41 1 JE 81 7 71 D (CCND/cyclin D), 42 4 CCND1/cyclin
D1.CCND2/cyclin D2 ,CCND3/cyclin D3 Y CDK4 8 CDK6
T P52 A L A I 5L 40 i 8 (retinoblastoma, Rb) 2
B ILIF IR B4 G, W E A B SIS . A Rb £ G )
AR W] B AN M B R 1 ECDK2 Bk . Rb i B e 1L 7T 42
A H X E2F (55 #0007 AR T A2 E2F 19 38075 0 40 i 53 2
JIr i (L R ™0, COND n] {fi 45 41 A J51 39 325 8 15 40 At 470 sl
WAanAKHEFVEF R %SRRGS S M
PN i B AT A T Rk COND A 5 40 B 38 B B s 3 3R 3k
19 CCND s H 7] J CDKs 43 & 3% AL ol 4 2 o A= . 7E A
HJEEiE H . CCNDIL H CCND2 5 CCND3 %5 5 H B2k ¥ .
CCNDI 1 id A AT 5 CDKs 5% P 1 25 94 . 4i i 75 A 24 5
FS L AT MR AR K SR G B ) A A A R IR
BB ERNY,

CCNDI 75 K& 70 A AE vh 44 1 B3 35 F (B0 3744
FE 22 P R o 28 B CONDIL 3 B4 BICAE L 4 25 %6 ~ 820 1)
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FE R g 5 24 76 Yo 1 Al /N A0 I R 5 15 26 ~ 70 %6 1) FL IR 3 A 55 %6
FEATII G I B B T AR 90 %6 LA L i 2 A0 B oA £ R A
FHR A «(11514) (q135932) F 5 HE 6 5 HE R AT S 2 CC-
ND1 g i 351 . 30% ~50% £ %& 1 6 8 & 19 CCNDL
By IgH 5] 53 CCNDI ff it 350,

CCND2Z fii FHetafk 12p13, K FE A FAMHME 5 5 40
Tt 30 3 fg A — 30 . CCOND2 7 =5 4 i B W 1 G /S %
bR E TR DY, COND2 it KB O IR E 545w
JaA I 38 R S TS R R A ST, 4, COND2 3£ & Hedgehog
1 PI3K/ Akt {5538 F (1) B 45 5 SR80 bR 2 — P00 X WP 3k
12 14 S 16 Ak T S S04 M B g A AR K RS Y R 4

CDKs J& 22 5 B2 / 7 % B2 1 5% W 26 11 T . 0 2 15 40 i )
B PR B S R R R L 2 o AR W, & R R R T
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