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Abstract

AIM: To investigate the effects of cyclin-
dependent kinases on the invasion of human
hepatocellular carcinoma SMMC-7721 cells
in vitro and explore potential mechanisms
involved.

METHODS: SMMC-7721 cells were divided
into two groups: control group (untreated with
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roscovitine) and treatment group (treated with
32 umol/L of roscovitine for 24 hours). The ell
cycle distribution of SMMC-7721 cells was de-
tected by flow cytometry. Cell invasion and mo-
tility were evaluated by Transwell chamber as-
say and wound healing assay, respectively. The
mRNA expression of urokinase plasminogen
activator (uPA) and matrix metalloproteinase 9
(MMP-9) was detected by reverse transcription-
polymerase chain reaction (RT-PCR).

RESULTS: The percentage of SMMC-7721
cells in G,/ G, phase was significantly higher
in the treatment group than in the control
group (72.19% + 0.47% vs 59.22% *+ 0.54%, P
< 0.05). The number of cells passing through
the Transwell membrane was significantly
lower in the treatment group than in the con-
trol group (71.40 £ 5.59 vs 149.60 + 16.36, P <
0.05). Roscovitine treatment also significantly
decreased cell motility (P < 0.05). RT-PCR
analysis revealed that roscovitine treatment
downregulated the expression of uPA mRNA
expression but had no significant impact on
MMP-9 mRNA expression.

CONCLUSION: Roscovitine treatment decreases
the invasion and motility of SMMC-7721 cells
possibly via a mechanism associated with chang-
ing cell cycle and downregulating uPA mRNA
expression.

Key Words: Cell cycle dependent kinase; Cell cycle;
Invasion; uPA; Hepatocellular carcinoma cell
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HATranswell'lh T, X|JBEFEI, PCREKS
B A 4L T R R 4 e B B F a9 AR S 4 e
ZERHN . KFEFHEE S ZuPA. MMP-9
mRNA & A .

SR 24K E 432 pmol/L#JRoscovitine
F 124 hjg 9 AN J& a0 JLSMMC-77214 T
Go/G, #8 2m e Yo ) iR 3% I+ % (72.19%+0.47%
vs 59.22%+0.54%, P<0.05), 2afii3 &4 h T
e, F IR 4 AR B 0R(71.40+5.59 vs 149.60
+16.36, P<0.05); ZnfL K -Fizshak A 2 T %
(P<0.05); uPA mRNA# £ iA F 4. [2MMP-9
mRNA# % ik 2p £ 90 B F AL,
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A0 1 AR PE B 1 (cell cycle dependent
kinases, CDKs) i 5C{ERE BRI ORI, fhis 5
41 M JE B ZE (Cyclin) &5 B TE R WA A&
k. CDKsAMHBEE T 40 i 5 1 G, -S-G,-M I
PP R R WA AT 22 3 3, T HIE BEXT RN A
TE CRIVT 22 DA ) e s AT WA . 3RATTE)
I AR 9T A 5™, R G R BE [ CD K sl
FRoscovitinediHICDK sHIIE P 5, S5 #A e
SRR ARG S ST R A, T g A R N A
P AR L, ST AH S Bel-2, caspase-3
mRNAFIFRIE W R AA N . RoscovitineH]
PRI CDK s 1 i #EBcl-2 Hicaspase-3
mRN A 2 A5 i 20 ) 5 A 23 A0 e A 2
A7 E MK arS PR ARE, AU i (2-ME)
fHICDC25)5, KICDKIFCDK2 i1k 1
59, @4l kk(HepBB. HepG2. PLC/PRF5)
(K9 Ji1 393 53 A1 4 BELE 7 G o/ MUY, 240 TR 1) 98 12 B A
B0 o B iRiE AP P CDK I Rk

R AN RIS SE% DI OC. H i B & s
RIMCyclinES AL ke B il A2 28 5%
AT %, CyclinA 5 L0k JF 1Tk e g5/ 1T
MRS L AT A AR T AR R
S Kb AN [ JE ) o 9RE 4 P 4 54 6 AN I,
T 22, 507 8 00 %) S TS A 43 A e 5 60 g
AR ZERE S R BRI, FRATIE T
(RIRFE Uil b 1) FH TP 40 e A A 0 e A 3k
f\IRoscovitine¥ & (32 umol/L)1EH A 4 g
SMMC-7721 24 hja, MEAEA A AT AN
A Muf= 22 fie 0 i AR AL, FFERIT AT g 7R FH AL
i, AT Bk — 25 DA TR M 980 40 AR 28 (R AH DG R
7, NIRRT IR AR (1 S .

1 #RRTE

1.1 A4 AT RSMMC-772 141 J bk 1
I RF2= B dn fu . CDK sl FIRoscovitinel
F[EHSigma/A H; MMP-9. uPA. B-acting |43
t E AR A\l A 1Y) R A5 MMP-9:
Sense 5-TGG GCT ACG TGA CCT ATG ACA
T-3', Antisense 5'-GCC CAG CCC ACC TCC ACT
CCT C-3'; uPA: Sense 5-AGA ATT CAC CAC
CAT CGA GA-3', Antisense 5-ATC AGC TTC
ACA ACA GTC AT-3', B-actin: Sense 5-AGA
GGG AAA TCG TGC GTG AC-3', Antisense
5'-CGG ACT CAT CGT ACT CCT GCT-3;
Transwell/)N 2 1l [ Corning A #].

1.2 7

1.2.1 7 X AR SMMC-7721 48 it J& B i
AR A RO R T4, LLO.25 % B v
1k, F-&100 mL/LAG 2 L35 ()JRPMI 164055 7
1 40 B 43 FU R BE A 5 X 1084 /m L (1 B4 ff ok
T, B A B T2 R T b (5 7R S T A
H25 em?), B4 mL; £59724 5 & AN AR
[ Roscovitine(Z ¥ & 0132 pmol/L) 557
VAL FEAN MY, 4REERE9E24 Wi, 40 WAL B4
WRE N0 umol/LIK) ¥ AL, 23 )% 4332 pmol/L
HI% ABAL), LL0.25% Trypsindif 4k, WAE4H i, 5
FSG LA RV, AR DU N R B 42 10°/mL; HX
1 mLAI MR, 4 °C. 1000 r/min5+0»10 min, 3
i N1 mLAPBS, BTl 41 i 1F,
4 °C. 1000 r/minZ.r10 min, 5 L3, EE &
P3G B4 EE 1100 pL PBSH I A Triton
X-100 250 uL, &%), ZIIF E 10 min; JIARNA
5200 pL, A, ZIEHFE 10 min; AL
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1.2.2 TranswelldZ £ ¥ $ 8 M A. B
P2 5.0 X 10 A4 i 2T LI A 45 1)
Transwell/NEH, /NE P IR FREE N T I3 1)
RPM1 1640, {AF11 000 uL, )5 T/NE S EI6FL
BRFLA A2 500 uL+% 100 mL/LJf 4 M3 (1)
RPM1 164055753, DIFR L4 112 2212 3 1) th
7, H57%24 hJa AL I Transwell/N4,
PBSEZ MR, H B &L/ E
JERB AL UE M b 40 e, AR ek N & T
i [ 5 P O 10 miin, B /N30T 45 S
S min; /N E B LEY T UEL, DB
M55 i Matrigel KL A BN S T ik 4 i, 1
20015 624 WA BT N UHES AN LT I 4 e, BT
H{E; FISPSS10.0 for WindowsZt v #4450 41
YN L A) ) 25 5, P<0.05CRUIIS 36 ) A A AT 45+t
1.2.3 RIJR SF 5 435 75 42 FLIR 7 76 215 80%-
90% 5 73 A 241, 73 A IO pmol/LI¥Roscovitine
W (AZH)FI IR 432 pmol/L I Roscovitine ¥ (B
4)Ja, BT COIMFMARETR, 24 hfa 2 5
oM R FRAE, (AN ML LR24 h, FFA0 R, R %
I5100%0F, FHT mLJG B A Sk 78 7S FLAC P K0 1)
AN R T R R R 1208 K, PB ST
FPL BT (1 40 M, e TC I3 () R TR 4k S 724
hj&; 76 T SRR R, o, 24
bk TR R T R S, 00 5 ) P A S IR
PH, LA R 2 40 M /K138 B g D 16 22 5.
1.2.4 RT-PCR: #&7& Ui W] AT # A 2k AT
A. BIZL40 LSRN AL, K445 2 RNA
T 1% I B I FEL KA I RN AR 58 38, 43
FECETHRL M RN AR B K 4l B 4238 7] 46 Ui
BB AT HAE, RONVAR R H25.0 L, KA
HEAT 1 55, 4308 3 S = ) He A M g 94 °C R
5 min, 281 H94 "C F30 s, 3B KNI A (uPA
55 °C, MMP-9 45 'C) F30 s, #Efifi°h72 'CF60
s, JE30MIEHR, 572 ‘CHEMS minff) RN 41
HEATPCRI Y, fJo WUAH M. I PC R 4)6.0 pL
JDNA Marker(DL600)6.0 wLjH A 1.5%35 i i
o O s 7 0 W W N G SR C Q1 R i
¥i: 90 mV, 25 min), JHIdGene Genius4: H zl##
JI2 5 FR 8 S 11 PR DK 4% 5 TR BRE o 25 5 1
{8, LAE-2H B-acting& i I (E K bR A JEAR . 41
uPA. MMP-9 mRNA £k .

St Pra EdiE R HISPSS14.04t 1 ik
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axi:| G/G, S G,/M
AR 59.22+0.54  26.34+020 14.44+0.62
B/H 72.19+0.47° 18.95+0.24° 8.86+0.76°

P<0.05 vs AHEHEAZHIR.

PERAT eV 4007, T %0k lmean = SD, R it
B, HETORER RS, P<0.05% R 5T
B

2 BR

2.1 #p4ICDK s M & AR 20 JLSMMC-7721
a0 j6 B 20 6 AL KR AL TR GG 4
59.22%+0.54%, SH126.34%+0.20%, G,/MY]
1714.44%+0.62%; BALH GG, 34005 72.19%
+0.47%, SH 1718.95% +0.24%, G,/MIM 158.86%
+0.76%. 50 A AL, BAG/G A4 bt
B3 2, SHI. Gy/MI 40 Mo LE 198> ($41P<0.05,
x1).

2.2 ¥p4ICDK s M & AR 20 JLSMMC-7721
12 R 0 T A AR /N o T A i £k
(149.60+16.36)1™, B414(71.40£5.591, 5%f
A AL, BALSA M 28 3 Transwel IR 40 ffd %4
&9 /> (P<0.05, 1).

2.3 #p# CDKs & )& AN 5% 20 LSMMC-7721 7K
FiZ A A 6 T AL SXTIRAALIAHLL, 24 b5 &
e N BAL R 41 7K~z Bl EE 25 B B RIS, 4
/NIRRT S /N (39P<0.05, 1512, 32).

2.4 Fp4CDK s M & AR 20 JLSMMC-7721
uPAf*MMP-9 mRNA# &5 B4L5% H41AZ
AL, uPA mRNAFRIAFFC, A. B4R
IE4E BAT Gt 5 X (P<0.05), (HMMP-9 mRNA
FIKHTC W B 1A (P>0.05, K13).

317E

Roscovitine 2 M2 CDK sHI4IF, ik &4 &%
JLAT A4 6F CDK s A7 45 e 1 40 ) 6 P i ok 36
b B R BEASTCAE FH, X 4 i AT SR DN 5 &5
WL, Roscovitines&il i 5 ATPw FATP4: &
A7 F I CDK s fr 78 Y,

CDKI1A L 5CyclinBFICyclinAJE i B A
TETEINRE E 49 CyclinB-CDK 1, CyclinA-
CDKI. CyclinB1-CDK 1 7] LA 2 {bk RN A SR &
il 11 RN & (BB AT 2243 %4, CyclinA-CDK1

HE R 3 R AR T
o, R Iadid 25k
REBLTG/GH
g AT S 4m F0h
12 % 88 A= R R
B AL A S,
G/M A 4 2m i
&, JF % CDKs#
HReiF R B —F
PNIR.
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| BRE XA

KB R R T,
Roscovitine 7 #& 5
AT % 4 e B 2
BF A A K e
T AuPA mRNA#)
Rk AR AN m
JASMMC-77214%
BN AR
BT B A
A AAT AT I 4
etz &A X EE
#IAIR, Al RS
I5 AT AR AL H7 0

1 HHICOKSE 4B ABFEMIESMMC-772112285 NI k. A: AZH; B: BZL.

+® 2 HHICOKSE D AFEBRESMMC-7721KEiz

FDRENBVZ{L (mean + SD)

TR
{EFIEYTE)
A48 B4R
0h 31.98+2.84 30.06 + 2.66
24 h 17.96+1.72 26.48+0.93

FEDN A PA I 52 1) v b 2 2R A, T DLEH
DNA S il il 74 oo 1) B S0 ik 40 1 1) G, S 4
k. CyclinE-CDK2F] LA pRb, i pRbWBER AL,
SR 53 10 N S 75 5 TR ) 2t S R 1 P 0 i, At
Jf 4k 8515 . CyclinA-CDK2 ] LA AL 3 (7K
iR A B E A WISkp2 MICde20, 50040 i J7
1. CDK4 5 CyclinD45 £ i CyclinD-CDK4 5
Wy, A7 T RT AR A AR USSR B Al
S, 53— 7 v AR 45 G /ECyclinE-CDK2

2 HDHEICDKs
B AR
SMMC-77217KiE
EIRESBVEML. A, B:
AZH; C, D: B4H; A,
C:0h; B,D: 24 h.

LHIP27HE [, 43 CyclinD-CDK2HT, ¢
HEA R E NS, CyclinD-CDK4R] L 5 T 41
L) ARG, A7 4 A A 8% DK PR AR T i B
IR S Ak sz ET . Z FCDK AT LU R 5
RN A 55 FUAH OC 1 [ 46 F 40 i R 3. FRATTH 32
umol/LifJRoscovitinefEH T A - 40 g 5 14647
I A S5 IR, xR A A LR, Go/G I B
I3 e HEIN12.97%, SHIk/>7.39%, G/M B>
5.58%8.86%, KMk K, P<0.05, S5HkiEAH
F. CDKsyf RSz 2405, 41 5 3 i AH &% 2
AH R PR 50, O 4 M 4 B AE G /G 1, JEAS
HIFIG,/M B 1 41 i /b, 4 e 1) 388 B 23 AL fig
JI T F%.

JFF 40 Je i () 2 7% ] LA 53 O JHF P9 6 B 5 3 A
MR, LB — R IO S, &—
A “ZIDIREERE” B o AR 2 P AR (KR
Pt K B8 At 240 FR A0 JE JTORH R JEC I, L, A8 Bh i B
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A 2 1 RIS EHAL B s, HREARERELES  maada
. . L AR m
688 SRR &, CDK7IEW] W IEMER SRIE K gz e
[X-Fb(positive transcription elongation factor b, — # 8 x¥ sk
bp . o R ey o) AT & 40 R4z
400 474 p-TEFb) G P M 2 NF-k BIRIA, SN 2 rmuw, &
4 Bz p oz 12 EL 3 s 2Ly A — A Ak
HBAHEDIN KR CDKE W 1K1 Kt

200

600
400

bp

200 172

c
bp
600 bp
483
400
200

B 3 HNHICOKSE T AFFEMIESMMC-7721 uPAR]
MMP-9 mRNABIZRIK. A: uPA; B: MMP—9; C: B—actin; 1: A
2H; 2: B4H.

SRS, AR A S SRR, 7
VNI N N = I B (S A E S A =
Ji, B3 0 By JH e 4 e B R - g 244 H
B TF G A0 M )45 28 2 TE SR 0T A g A I TR
JR MBS IR SEAHE, BV JHH e e 7% BTN 5B 108, ANE
L5 40 i A1 35 TR KR R 1) B AR DDA O, O HL
A 32 B e 7 1K /AR 2 5% 1= 22 i ) (1) R B
3. BATHRPRSEE A MK iz s ae g, I
Roscovitinefb 2 5 20 [ 40 il /K112 5y 5E ) FEAIK.
CDK75CyclinHA & E &%) CyclinH-CDK7, H
T 1 I A Bl 4 I S 0 A A T AR A, AR A
I i AR AR ] e S S MG I RN A
Z SRR AT 0. FERNARL s gE Ko, Hsk
[A-f Il H(transcription factor I[H, TFIIH)W LA
RN AR G M 1K #RL. CDKT7REM N TF
ITHA W, AT RNAR A 1T, P45 2 Fi
DAL F e s S P T JUA  F  e H A e o
X+ -xB(nuclear transcription factor-kB, NF-xB)
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p-TEFB, p-TEFBit it ff e (L RN A ZE 75 g 1T 42
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N2 4 i FR) 452 28 g ) K S-iz gl g g 2 EE Ak
TS. Gy/MII4H I EA%. MR IAT, B
A ) B 1R 4 i LA 22 8 ) .

J IR 15 28080 55 PR IR 20U R, AEIX LR
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R S TR 22 28 TR R 1L K AR I8, AT DA, 2T 5 1
JEIE AT TG MR LT B, Jo B AL — R R
H kAR, b g En. 850 2
TS, uPAS W] 4 B RO 43 )8 d 1
U LR 2 S T 4 5 A PR A R 1 At o
EH P 1R 258 Joit < e £ IR 0 1, A LI AR o
HEZ/EH I EMMP-2RIMMP-9, K5 MMP-2
FIMM P-9ANE ] LA it A 40 1 9] 55 0 1 o, A2
W2 e A P A0 5 ot 2B TV S 1) 3 B DRIk, 3R
IR R IR oscovitine b BE 5 i A 41 A f)
uPAFIMMP-9 mRNAEEZL, K32 umol/LI
Roscovitineb 25 ) A4 fluPA mRNA
KB, TIMMP-9 mRNA [1)35 1A 454k,
ST AL T AN [ 0 i JE) T %) NS 4 B 52 M u PATE)
L1kt JERoscovitine/F FH CDKs )& fE# 56/K F I
CVE M T uPA I, FRATTANS 1T 0.

B P J S AN SR v i 9ge 1 A, A TR
i) )5 2k e v A7 AR AL, 1 HICDK s
PER] DA CSAE N JH- g 4 P ) 30 43 A1, A K 5 4
JoAh R B, N R AN M IR R 28 D) FRis Bl )
WL FRAK, SR 2B KA 4 1 I ik 2
B R R IRIG T I R T, FRAT] A I
Sy S, WS A RR T T g 2 A b R 1) 52
R Bk g (A, S Bla T i S, RR
J& IR VAT SE A B Bk, TR i
JEVRTT G B 52 R RT RETE LU JRUR IR i3 A%, von
Breitenbuch5" 5@ L 45 /N U A7 P 1 S CT-26
45 e A0 PO S P i R IR R AR, 5 dJE 22 1
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