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Abstract

AIM: To construct a eukaryotic expression vector
encoding a mutant CDK4 protein and to inves-
tigate the effect of transfection of this vector on
POLD1 expression in SMMC-7702 cells.

METHODS: The mutant CDK4 gene was am-
plified by RT-PCR from total RNA isolated
from the human hepatocarcinoma cell line
SMMC-7721, digested, and inserted into the
eukaryotic expression vector pEGFP-C1. The re-
sultant recombinant plasmid was confirmed by
sequencing. After the recombinant plasmid was
transfected into SMMC-7702 cells using Lipo-
fectamine 2000, the expression of fusion protein
was observed by fluorescence microscopy, and
expression of CDK4 and POLD1 mRNAs was
detected by real-time PCR.

RESULTS: The eukaryotic expression plasmid
GFP-CDK4 was successfully constructed. The
mutant CDK4 gene contained 5 base mutation
sites, 4 base insertions and 2 deletions, which
caused 7 amino acids to change. Compared to
non-tranfected cells or cells transfected with the
PEGFP-C1 vector, cell proliferation was signifi-
cantly higher in cells transfected with the recom-
binant vector (0.826 + 0.08 vs 0.596 + 0.06, 0.609 +
0.10, F = 7.033, P < 0.05). The expression levels of
CDK4 and POLD1 genes in cells transfected with
the recombinant vector was significantly higher
than those in the two control groups (1.94 £ 0 .11
vs1.01 £ 0.00, 1.05 + 0.12, F = 54.046, P < 0.01; 0.54
+0.04 95 0.30 £ 0.07, 0.25 + 0.06, F = 11.788, P < 0.05).
Similar results were also obtained for the protein
expression levels of CDK4 (0.65 + 0.03 vs 0.41 +
0.03, 0.39 £+ 0.05, F = 14.665, P < 0.05) and P125 (0.54
+0.04 95 0.30 £ 0.07, 0.25 + 0.06, F = 11.788, P < 0.05).

CONCLUSION: Tranfection of the eukaryotic ex-
pression plasmid GFP-CDK4 significantly increas-
es the proliferation and invasion of SMMC-7702
cells possibly by up-regulating POLD1 expression.

Key Words: Hepatocellular carcinoma; Mutation;
CDK4; POLD1
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By 24X TACDKAA R AL E
3% R EBAR, YEAPOLDI A B AR # 44 4m i
JA 2 2 R A A e A BF X POLDI1 A B A8 %
0 R 3 5 G AR, A T TR 4 e T b 3 g 4R A
g B

Tk XA R T ACDKAR H A K4FF 17
M #EFFPCRY AT 5 20 i ZASMMC-7721
¥.cDNA, ApEGFP-C1/f ¥ 4 A% 4, 1%
3| & 40 T A GFP-CDK4J5 3EAT M /5 A= £ 4915
B YT T e B 34 e LA (BE R
% & ACDKAE 4 A4 £ 38 i #:GFP-CDK4),
PP T B 2R (% Sk = BARpEGFP-C148) e 2
& 2 B ZL(SMMC-7702). i@ it MT TR 3 5 #1
ALY 7 T AL, 5 BT R B P CRE AN
CDK4. POLDI1 & m it )]l #A48 % B F 84 & ik
%, Western blotia | & & & ik 69 £ .

R RAMET AR EACDKAL R AL
ik i #.GFP-CDK4, # % 2| T 2m . SMMC-7702
JG A% 4m B0 E A Bk 4E & R LY CDK4ARK & ;
SMMC-7721%m e+ % X A #9CDKAA £S5/
BIR T, AN, 2B Bk, 4R
FSARABRFINEAETHRE; 5EasRa
B TP BELRAR YL, 52 Bh 40 4m L3 s BA 2 At
%(0.82640.08 vs 0.596+0.06, 0.609+0.10, F
= 7.033, 3P<0.05); 5£340CDK4 mRNA & &
K £ F R (1.94+0.11 vs 1.0140.00, 1.05
+0.12, F = 54.046, P<0.01), POLD] mRNA
R A 3 (2.4710.25 vs 1.1620.00, 1.26+
0.23, F = 135.496, P<0.01); #4724 4 tm ey
EAKFERMALHSKRAME, P Eika
CDK4(0.6540.03 vs 0.4140.03, 0.3940.05, F
= 14.665, 3#P<0.05), P125(0.54+0.04 vs 0.30
+0.07, 0.25+0.06, F = 11.788, 39P<0.05).

it AR TACDKAL A6 A4k £ K Bk
GFP-CDK4 2 Z R 3t I 2| i ey 3 35 48y, X 5
POLDI1 A B ZP125% G 89 & £k 48 4.

K EEIR): 4RI, 527F; CDK4; POLD1

TR, WG, AR, BIIR, RIR, @308, RIB. ARTH
CDKABZRHTIATRIBNTR R AFFBIBS MM C-7702
(IPOLDTERFTAINEE. HREIGHIZE 2012; 20(19):
1705-1712
http://www.wjgnet.com/1009-3079/20/1705.asp

41 e (hepatocellular carcinoma, HCC)j&—
Tl UL (RS M IR, 2 A BR3 KR AL R 22—,
Y fEHE N AE . R E204F R HC C AR
FE BT, HCCREFRFILT AL H23
T2, 3 A L R AT Z1 18.8%,
KT B B 20, 6T PE I A 1471, DNA
EAHES(DNA polymerase 8, Pold) /& FHAZ AW
DN AR 1) d 1 2L g, POL D1 [ £ i 3L
T PEAE A 3L P 12554, i it ) 3 R A R
fif4(cyclin dependent kinase 4, CDK4) /& 7 2244,
W2/ J5 AR R A BRECDK SR I HE 22— 51
b 55 41 ff ) 3 2R (A D (cy e lin D)3 [R5 F 140 Bl
G, BN R REAR DY, A EZL
Tl b 96 440 0 2% v R 0 3] 1% DX 1) B DR R, A
FEFRIEFFEM A . FE N HER T A,
HRWICDKAZ 5 T 41 Jf 87 vh 41 o 5 19 e
A AR, XA R f ¥ POLD 1 3
IS P125BEATDN A S . A, FATHED
CDKA4Z: 5 T POLD1 A 145, %4 A B
A7 K (FICDK4 5 POLD L4 45 2 [r i 5T
KA BT FRATT T A e 1R A m AL, AT
Shy BELVRIT 200 s 1) 5 A2 R A e B AT 1) S

1 #RR075A

1.1 M4 FFHE4 I ZRSMMC-7721. IE# AT40
JiL RSMM C-77020 [ H B R} 2% B 1 165 400 1t /22
16401537 H Thermo scientificZ2y @); JIi 251
T A BN DAY TR AR R A
Al; K T B Ecoli. DHSa., AR IAFAApPEG-
FP-C 1 Ay A L8 512 56 =5 AR A7 J 2 1R (Tryptone)
Je PR (Yeast Extract)iy HOXLIDZ );
BiflEbE(Agarose)ld H _LilFYitoAw]; = {k FL
(Prime STAR). T4 DNAZ . pMD 18T#
AL BRAE A YIEE(Sal 1, EcoR 1)) Takara 2y
7 TRIzoli& ) A Invitrogen 2y & 7= i 1 B
WG RN RIS . SYBRGreen¢
6 FMIXAA A H R AL ) A\, PVDFJE
Jit) 1 26 EMillipore A w); /BT ACDKAFHLAA
2 E i ADNAZ A HES(P125)Hi44 S Santa Cruz
F7 b RPIANGAPDHIL TP LAY B R T i
AP ARAT R A T 24405 e krid It
NS WPEPUR SRPTILE POl H EEKPL
N,

12 7k

1.2.1 fmfesg e FHE AN RSMMC-772 1R IE # AT
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#* 1 PCRS|¥REBHIZE WA # & 5
CDK4:%Z @G,

ER2R SIS - 3) =YK E bp)

CDK4(£K) 5315 GGAATTCGAATGGCTACCTCTCGATATGA 977
T#5 ACGCGTCGACGCCCTCTCAGTGTCCAG

CDK4ARRHTES) 555 GTTCGTGAGGTGGCTTTACTG 145
TS5 GTCCTTAGGTCCTGGTCTACATG

POLD1(RHTES) % GCTCCGCTCCTACACGCTCAA 109
5 GGTCTGGTCGTTCCCATTCTGC

B-actin(RYES) % AACTCCATCATGAAGTGTGA 247

s ACTCCTGCTTGCTGATCCAC

A fISMMC-770255 7% 11100 mL/LAiG 4= 113 (1)
164085753, ££37 “C. 50 mL/L CO, 50 FRi5%.
1.2.2 FM#E: HTRIzol. S5 HEBUI % 41
fISMMC-772 1B RN A J5 i 5% Jjc DN A, Ff:LA
AR, I CDKA%E 51 (R 1D IATPCR
35 CDK AL X CD SIIHE B, K 5ok
pEGFP-CUHIPCR™ ) HIBRIIE A VI BSal T

EcoR 1 HHAT XU, SR )5 HITAIEHmGHER, ¥
A 2152 2540 Mo s i ik H 4 TR GFP-C DK,
1.2.3 et g (DB gy Qg2 o
SMMC-770241 a4 P 2 6FLAR, 441 hH JC i
T 164055 TR I FE. S HE Gk 1ip 020005 ki
PL2.5 ul @ 5 ugiB 4, EHEFE, 15 min/5 3505
ANEEFERRAN N, 6 b H 58 45597 2, 48 hilftil
A, ()R e e ds: Bl e ges d)n reFLAR Al
Ji, TEREAN LI ZKEE 500 mg/LI)G4181E
TR, 3 wkm 15 20 Fe i Y (1 4i .

1.2.4 MTT4#7: ¥hac # P GFP-CDK4 )5 4k T
X B K SMM C-770240 g 5 b - 96 F LB AT
NS4, FEE H YL PEGFP-C1ISMMC-7702
YEA SRR, RS A FISMMC-77021F 4% 11
S L2 X 10340, BSR4 40 it &
SAEIAL. TRHRJE 1924 48 72, 96 hr il
JIA20 L MTTH I, 4 hja /N0 7R 56 K
MTT, L1150 uL DMSO, Ji%] i JHEEFR UK
WI490 nmAb #-FLI RO L (A)E, Ll A=K 4.
1.2.5 =8 % %2 FPCR(QRT-PCR)#& M : i i
primer primier 5.0 4 T LS IR D), K
W I L R 4 M FH TR Izol . S0 VEIRBURRNA,
FI pgldH AT S AT BIcDNA, LA A B A
ABI75005 i 5% i f AL BT 2980 8 R &
fitpk S N, [ WA ZR K 9 L PCR Mixy 9 L2
B 7/K. 1 uls14¥). 1 uL ¢cDNA. PCR&A}N:
95 ‘CHIAEYE2 min; 95 ‘CAEME20 s. 60 CIBk
30 s, 72 CHEM30 s, 40MEIR, KA A
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Ctik, WHE p-actinh N2, 45 H7500 Software
v2.0.50 Hr £t
1.2.6 % & U ¥p i (Western blot) 41 ¥fae #
YL I 120 L FH R TPA R R S $ E 4 i R
1, BCAVENE S IR FE S, BU70 pg s 8 11 IR
[ESDS-PAGEJR 71 & J5 ## IPVDFIBE . 224
i 5 FH 5% M i 3k P B S T 1412 h4 C
PEIRIEE —PL(CDK4. P125—HiMBe 20 3 h
1:5000. 1:3000)id#, PBSTUEMI3IK, &Kk
10 min, =i FHFH —Hil h(ebihEl. Rbul
L THURBEE N1 1 3.000), PBSTYERN3 K, RFK
10 min; #EyEid FIPVDFEHLI-COR Odyssey
LLANIO AR R G HE, Odyssey V3.0% 4
I3 KT G B A

it b T J2HISPSS13.048 i A kAT
ANOVATKFE T 257 t, LSDEUEAT MM Eb
5, diHmean+ SDF IR, fif/Kifia = 0.05,
P<0.0517 G824 X

2 BR

2.1 %% & 4 4. GFP-CDK4 ¥ PCR™ W HEAT It
JBEHLVKAE9TT bpb AT Wk e dc s, B 4 IR
— 3 RG] OB ) %5 e A5 RAT R UK, 7R
255700 bphk. 4700 bpik 1000 bpibsrHIH
B2 4 (1), RIICDKAEE N L% ApEG-
FP-C1%4&. DNAN P45 5 5UCSCEHh &4k (1)
CDK4/7 4 5 ¢ 7 4|SEQ#E TBLAS TEHL X} J5
15, Expect = 0.0, Identities = 619/630(98%),
Gaps = 5/630(1%), SMHIETEAR, 4N IESG N, 2
AMRIEER (K2, K2). X T 85 R CDK 445
(15 [FICDK4X} LL B 2 B C DK 44 15 ) C DK 44
I T SAN SRS UL

2.2 MTTH 41 4m el ¥ 58 %2 5 #5J~GFP-CDK4
(5L 5 41 SMMC-770240 il 5 4% Y PEGFP-C 1%}
2 41 Bg SMMC-7702 51145 [ X i 2H SMMC-7702

XA EE
&, 12,2CDK45
POLDI1/P1254848
AR EGER
i, AL AR
LI fE a2 A
CDK4AREAH,
A BT M A
JG b4k 3 3 5 AR
HREFm X5
CDK4 4 58 3%
POLDI/P125% .
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iR EE

A 4w B6 & P R
% A CDK4 3t
POLD1 A4z #L4)
o B 50 ¥ Ay PR
T 5 09 K Fm K
B PR AL B R
Ao 3L ARG,

R 2 FABICDKMFERTNR, SHEERIEM
&

REBYX

REAIR RIEE RELGEHE  SEBRTL
470 G_A GGA -

516 CT CCT -

522 TCG TGG Ser—Try
524 GAA GA_fRZE =

583 ccT C_TiRe =

605 GCT GCA Ala—Glu
606 _TT CTT -

610 TTT TAT Phe—Tyr
620 ATG AAG Met—Lys
622 _AT GAT -

633 AAC AAT Asp—Asp

B 1 F4HEBAIGFP-COKABFL)RIPCRF=H)EEX. 1: GFP-
CDKA4JikSal | MEEgUIF=1; 2: GEP—CDKRAJTREcoR 1 B
BRIP4, 3: GFP—CDKA4JFRSal | /EcoR 1 SEFIIF=1; 4:
CDK4fIB—actin PCRF“). 1, 2: 7kiE T RGFP—CDKA4JFTHL
FERUIIEIILRIEBTRLAL T4 000~7 000 bp 2 [i], FFETIIHL
FE5 708 bp; 3: Pk oW BRI = A IR 457 GFP (4 731
bp)FICDK4(977 bp); 4: vkiEFIN B/RCDK4FIB—actin(247
bp)PCRAHEF=4).

20 MO EE, OB EARA oo fEFIRUS 124 48,

72 hZE R gk 5 5 L5 il /£(0.279£+0.040
vs 0.28340.030, 0.282+0.030, F = 0.010, ¥J
P>0.05), (0.37240.030 vs 0.31020.040, 0.325
+0.010, F = 3.145, #P>0.05). (0.502+0.110
vs 0.40540.030, 0.410%0.060, F = 1.603, ¥J
P>0.05), 1596 hz= 7 HA 0245 X (0.826 £
0.080 vs 0.596+0.060, 0.609+0.100, F = 7.033,
11P<0.05), 5256 2H 20 i 5 GE 0 T 0] B4R
2R IR (E13), 3X 55 5250 20 40 i ¢ D't I
Ht A A — B (E4).

2.3 %6 FPCRAMMRNA & L& 5256441
M 7E 5 G 5 48 hEG I C DKAJE FIPOL D134 A
PIAEA R IA T, 45 R BRS04 i 2T
Xof FE 2, T o) B A RN 25 6 B 41 (1.94 £0.11
vs 1.01£0.00, 1.05£0.12, F = 54.046, P<0.01),

A

TGGTAC-TGAGATCGCALAAGAGT CGG

510 530
TGGTACCTGAGATGGAGGAGTCGG

‘ﬂm ML

T ET & T EC AT A& TH KT 34 £33 ¢T LEC

10 620 630
T EEC THLE LA ¥ 6G 326K EF G GTEN NI I

2 GFP-CDKABBIERTAI mLE N TREBE. A: 82485

21X (516—524 bp); B: ZYAREEEEX (605—633 bp).

09 YRR KLk
0gl o 7702
07 W 7702-CDK4

0.6 —&— 7702-C1
0.5

0.3 F
0.2 -
0.1
0.0

24 48 72 96
t/h

3 SMMC-7702/BIR A< Hh 4 E.

(0.544+0.04 vs 0.30£0.07, 0.254+0.06, F =
11.788, ¥JP<0.05, [&5). i WA 54 ik 45 1E 5 JiT
41 N Ry AR IACDKAFE A, 1 Hm KA ICDK4
FEPA AT DM HEPOLD 1 5 PR ) i 22k

2.4 Western blota>#7%& & ¢ kA ¥ SLK4ICDK4
T A T 6 AR S 6 R R K (0.65
+0.03 vs 0.4110.03, 0.39£0.05, F = 14.665, 1
P<0.05), XM [HP1258 H R IA S, 55X 4l
FNZS 06} 2 22 7 W 17.(0.54 +0.04 vs 0.3040. 07
0.2540.06, F = 11.788, 31P<0.05), XJ M4 F175

X HEZEL (] ) A B 3 22 5:(P>0.05), & AL QF
VE-9'8 EUCDKﬂﬁa%i%iiﬁIuﬁ:&Plzsm

FI IR 2k, 4518 5 mRNAZK S 25((K6).
3 e

HC C LKA (1 85 I 80 1) A AR A A #82 A
0 T A T R 0, S B D)
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B 4 SMMC-7702[R6HE3RGFP- W@ #5434

CDKAIG B BFHBR . A: 5 524 AT AN B W@

h; B: #EUE4AS by C: BEE72 by D T RAAET

FEYLE06 I, CDK4 & F 5t
R TR AT
T oM, Adt—F
JE T J& P B R
ARRBETHA

TKIEPOLD14iiSHIP1252 5 & Z HIDNA,
HIE AN R A0 i B s AN T . A
I BT P A o DR A2 40 ) 3 1 A e i
b 5 AN ] 1 40 PR B B B R 2 M A, AR
FH 40 i A 3 PR AN TR s A, e s 6 4 i A 390 1)
BEFE' Horh CDK4/cyclinD )& A5t 2 45
G/SHIM KR A E Y, b LFRbE FH
22 G BRI R BRIk I R AE R AL, 7E TR AR
NRbE A TARBERR IR, 5 # SR FE2F
gAY B AL G IR bR (A ] S EE2F RN,
B E2F 1] LA FeyclinEff) I, cyclinE5
CDK2E B E &5 X ] UER b F R R
Wk 1k, E2F SeyclinEfITEMEAEG /SRS At 4
AEIRGE RS =, 1A RS G/SHIAT BT S HE
OF TR IR, (R AT 40 ML 5¢ DN A S i1,

B H RN 1k, BEEEFATLE 2 i 40 il bk
M FCDKAKER KA T R4, PilottiZ "™ ek
I35 P SR I 1 R B 3R N C DK A4S IR A7 7
(F1e e 98 A8 2R, Plan5U V7 L i A e s b
KRILT 5845 [(JCDK4. Miliani de Marval 2P Hjf
FLCDKATE I T b IR FH 1 & IR, fECDK4
RS /N B P, RIS G Al 4 i DR an P53 5
Inkda/ArfRIERIE LT, 7N AT SR AN 23 T i
Je, 1K 15 B CDK A [RT T2 BT AN mT e/ 1) i A
FATTRIWEFCUE S AT 40 i 40 e RSMIMC-7721
AR B SRR S A, I HE W H AH BV 2 L R
AR, A, BFFEN 51— EOR REIIE SECDK4Y
SEAR T IR 2 ) () BB R RO AR
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AR A ) dE g 0 AR e g 3 U e
(chromatin immunoprecipitation, ChIP)F1%¢ ) %
il 7 i R 52 B0 30E S T P53 LA K — e 41 i 5 3
W7 AAEAN B N (Gn vivo)fit 5POLDI1JA
B85 I EMPOLDLE 81 s ER. Greeve
EDIIFFTAE 52 T M C -7 40 10 43 5 4 BEL bk ]
it 5 CDK2MCDK4TE ML 5 #Ep21 5 CDK2
MCDKAZ EMEEWSER K. R4 RH
25 PRAE AR RE 3 6 40 o) 9 DR A2 e )
ek 240 60 16 B L DR AR A P, A A e ¢ A e I A
POLDI1JEK KA BP125 15 B B, A, BT
D 1A 40 e SR 9T 45 PR 76 T POL D L PRUMIL
G i HE I P125 R 1A 5% gl '8 A3 4 L 2L, R )
ST AEAEAG T 978 22 1) % 1 JM g v (1 C DK 456
POLDI (1) 2 18 s FMLHN R F, H4 4 0] fig A
BEL 1 a2 A B BT 1) JEL i

ARV T IS AN SMMC-7721H 58
AZAICD KA AT 41 i SMM C-7702 34 55 AL
RE T2 . R g (1) 588 Y C DK 4 H 41 FL k% R
EJFRIGFP-CDK4Z I DNAN P LS, R
SMMC-7721 1 572 M| CD K447 A Bl 3 548
R 2R, 5 5 AT Y. 28 S 1R 41 () R 4k, F i
T4 RS MM C-7721 71 (1) C DKATE £5 K D fig
RAET FH . M2 R I e | 2 ) C DK 44 1]
P B AR, DL 3k S 4 A i ¢4 it ) 34 v 4 i
Je) 3 DAL - 4 56 0 45 R R0 Dy i (R AL e A B
fify, T B — BRI, ARSI, A1
GFP-CDK4%; %L 2| 41 fu SMMC-7702, MTT

8 LA
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B Amplification Plot
600
500
£ 300
< 200+
100
07 T T T T T T 7\ 7\”7\ T T T T T T T T T T T
246 810121416182022242628303234363840
Cycle
C 45 - o 7702
40| T = GFP-CDK4
E ® pEGPF-C1
& ® |IP02000
S 30F
é 25+
Jﬁ 2.0
K 1.5 |
g 1.0 - T
o 05 -
0.0 e
CDK4
D 6 o 7702
e) = GFP-CDK4
85T T ® pEGPF-C1
2,40 ® | IP02000
q
C 3
&
il
«2f
w
= by 8
® e
0
POLD1

B 5 RHESMECDKA/POLD] mRNA FTIKIKE. I
SMMC—770240[EZH AN IE, F45L 548 hiGISLEG2H CDK4/
POLD1 AR = T RAME G B p EGEP— C 1N (34 IR 40
1ipo2000(P<0.01).

gh JLIESE, SRASCDKARE N ) R IAERE T 1E
s 41 I SMMC-7702 [f 385 . %4 Y545 1 CDK 4
Je A0 B 2E W) 2 AT R B e AR 5 S AR R T T
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