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CDK2-AP1 EE it FRiAXTZLIRE MCF-7 4Hpa g7 X E 2B 220

kuek, ALK, £, TAE, JEF
(R R EAHTHE R BE R A, 17 410008)

W

[FE ) BH: W kT Be R4 S8 5 B (AR M SR 2- SCHR AL 1 1(CDK2-AP1) FE R 78 ZL I 21 i
MCE-7 Ry IR, IS HNT MCE-7 4 A= K A 4n i 53R Ve . Ak ¥ CDK2-AP1 3 [H (1) Zn A HEAA #4118
SRTEFIAEIAR, A MCE-7 400, 1 HS2H % fE PCR Fll Western EREGIE CDK2-AP1 3 mRNA FIEE [ 1264 500%
R MIT 2 A K ph 2k sa IR i S2 06 WL EE CDK2-AP1 LI i # ik J5 MCE-7 4o A= K g7 4k, P e ta iz 4n
SRS MCF-7 4 JE B 078 . 3 i Western B[R KG CDK2-AP1 i 3k 5, 40 A I AH 26 11 (CDK2, CDK4,
P16™ 4, P219"/" ™) ik, GEER . i %Ik CDK2-AP1 i [F f4 18 5 5 /8 MCE-7 400 n] |3 H: mRNA £k 6.94 1%,
PR B e, WA 4K L B8 MCE-7 4iiid %35 CDK2-AP1 JEA 5, 145 AE 1 B & R
(P<0.05); FEREIEM LI R, HIE M) sk g B IR B 080 (P<0.08); JaCAn AR NIESE MCE-7 40 igid %1k
CDK2-AP1 BEMSAH AN 3 H B0 G, IIRHE, JF ELH BRI T4 CDK2-AP1 JEHFEik EE S8 p2197™ F1 p16™* 5
Fik B, CDK2 fil CDK4 FEHRA T, 45i: CDK2-AP1 [N HAT MR A IIRE, AEFLIRE MCE-7 4t %3k
ZFER BEE D H MM A K S TR RE T, FLAE AR T G, 0.

[ X$#i7 ] CDK2-AP1; #f3Rik; H45H; 4
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Effect of CDK2-AP| gene over-expression on proliferation
and cell cycle regulation of breast cancer cell line MCF-7

GUAN Xiaoyan, ZHOU Weibing, HUANG Juan, WANG Longyun, LIAO Yuping

(Department of Oncology, Xiangya Hospital, Central South University, Changsha 410008, China)

ABSTRACT Objective: To over-express cyclin-dependent kinase 2-associated protein 1 (CDK2-AP1) gene, and
investigate its effect on the proliferation and cell cycle regulation in breast cancer cell line MCEF-7.
Methods: CDK2-AP1 gene coding region was cloned into lentivirus vector. Lentivirus particles
were infected into MCF-7 cells to upregulate the expression of CDK2-AP1 gene. The expression
level of CDK2-AP1 was detected at both mRNA and protein levels by real-time PCR and Western
blot. MTT assay, colony formatting assay, and flow cytometry were performed to detect the change
of proliferation and cell cycle in MCF-7 cells. We examined the expression of cell cycle associated
genes (CDK2, CDK4, P16"™**, and P21°%"™") followed by CDK2-AP1 over-expression by
Western blot.

Results: CDK2-AP1 gene was up-regulated significantly at both mRNA (6.94 folds) and protein
level. MTT based growth curve, colony formatting assay and flow cytometry showed that CDK2-
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AP1 over-expression lentivirus inhibited the proliferation of MCF-7 cells with statistical difference
(P<0.0S). In addition, with CDK2-AP1 over-expression, MCF-7 cells were arrested in G, phase

accompanied by apoptosis. Western blot showed that the expression level of P21

Cip1/Wafl
P and

P16 "™** was upregulated, while the expression level of CDK2 and CDK4, members of the CDK

family, was downregulated.

Conclusion: CDK2-AP1 gene plays a cancer suppressor role in breast cancer. Its function includes

inhibiting the proliferation of MCF-7 cells and arresting the cell cycle in G, phase.

KEY WORDS

CDK2-AP1; over-expression; proliferation; cell cycle

P R L WM 2 —, HAr, b
B FURE 0 20 R BARIR T RRE E R, HIER BN
7 LRI 1) 22 98 R DL BRAE 39 1Y 7 s . ALF
AR BT AT RN S IRTT R LR AR TT R )
Kb 72U B E AR, Bt RINAE &
P L g 00 TS 5 AN BRAR . B X I 431 g B
INHBARWIR A, LM DNA # 2 $ AR bes & e,
BE R T 8 W7 R IR A= A T 2 v Y R B2 R
g5, JFESE R IR R FLAR I AT T s R
T A 7 FH 5, P00 R R R DR 5 e AR R A O R
LR IR 20 A AT 0 1) 2L A s 24 2 A2 i S A
BITAMEN EEFREZ —. HITMFRKZ 1 E
HER-2 L[N | F 3 25 BRI FH IR BRAAR A 5K E1A LN 5%
Y HER-2 F 3K P A FL A 20 il 52 MCF-7, E1A KL A
0 HER-2 223k A4 [A] I, MCE-7 40 M B 5 sk /L, Jievsgg
i S 75 T8 L Re 1 A, NI 5 MCF-7 R AT
21 ] B T B AR T R 2- CIR R T 1(cyclin-
dependent kinase 2-associated protein 1, CDK2-AP1) A
{CAT 7T CDR2 BB, 3 2 — P A KA i P
T AW W KB SRR CDR2-APL AR
F8 5 e A0 A5 1S %5 VIAH G, JIESE CDK2-AP1 J
LA Il 4n i A= K A PEH . BETE &3 CDK2-AP1
1O s B iR b g L T
FIATH, WU, CDK2-AP1 T4 7] i 5 M e 1y
KRR K. AHEGE A I 3 R % Yt CDK2-
AP1 FEH, M F9E MCE-7 40 i ' CDK2-AP1 FE A
BRI, WEH X MCE-7 4B 5 G 1 . FERETE AL
fie S AN 20 M R 52 e, R3] CDK2-AP1 78 FL A
SR B A 2R, A e L R A A ML AT
R X PE BRI N 5 B SE A

IEZEEEPAE
1.1 %8

18955 B 25K F B T Genev K% Trono SL46 & L
1 BREIYENYIEE . Age T BEA T4 &L [ 55

[¥] New England Biolabs (NEB) /A H]; M-MLV S % 5%
fiff . ANTP 1 RNA i1l il 571 4 [ 26 5] Promega 2\ Fl;
i A BRI CDK2-AP1 JF il 7] 32 HE cDNA 521 [
2 [E Origene A w3 PCR 5|9 G 15 My Z2 46 26 &
Invitrogen NE)HEFT, TRIzol, Lipofectamin 2000 Lz
7], DMEM, eIl A%/ F; SYBREH PCR
A &0 A H A Takara 22 75 AR E 40 293T,
LM 98 40 L MCE-7 SR 8 T b BB L v 20 i 22 5
enhanced chemiluminescence (ECL) Western 125 &5 14
H & [E Amersham 2 )5 G4 L1 A1 Opti-MEM ARE]
[ Gibco A ;s JHAL DNA flHRIAH & . 5 Ficist
F & H 35 H Qiagen A H]; CDK2-AP1 FRFERESLIA
I 1 56 [ Abcam /A H]; GAPDH N XT RFLIR . —Hil
H 35 E Santa-Cruz A& 5

1.2 FHik
1.2.1 M3 CDK2-AP1 & B & ik H k5t & K125
ES 53

fifi I Age T il X 18 95 25 2 IR AT RIS AL, 1%
T B WEE IS F VK 28 22 B D) 7 ) . R4 GeneBank
CDK2-AP1 (NM_004642) J¥ 41, & if CDK2-AP1 [y
PCR 34514, FIFH PCR J5 %45 , PCR W) P 0 1
Age I BV s 26 MK S (ACCGGT), il 1 14 I
N LA AU 0180 B R IR BUA CMV S B
TR, WAKRRUT ddH,0 12.4 yL, 5X Taq buffer
4 uL, dNTPs (2.5 mmol/L) 1.6 yL, Primer(F)(10 pmol/
L)0.4 yL, Primer(R)(10 pmol/L) 0.4 uL, Template(10
ng/uL) 1 uL, Taq polymerase 0.2 uLo SR Z&AFUNT
94 °C FEYE S min, 94 CAEPE 30, 55°CiR K 30s,
68 CHEH 3 min, 3£ 30 MEH, 68 CILEfH 10 min,
P15 CDK2-AP1 FE[H o 1% Byt WEEE I Ha Uk Kl PCR
78

B alib 5 W = 1) (10 wL) 55 A S5
A AT EE Y A0 TR S S M . K 150 L ALY
Z A5 40 ML HE F% 2] 20 mmol/L MgSO, Hl AMP it M
(100 mg/mL) A LB HAGR 3 [, T 37 CHiFF 16
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ho % BAPE SR S AT PCR S8, JE4E N 1Y vE e %
FER AN EI R, ¥k F4 CDK2-AP1 F& K Rk P51
IE A A B

fif 52 ] Qiagen 2wl 1 A Al $2 12A50) £ 2 B
G EE AL RSP CDK2-AP1 1 38 3K 5 by F1 WG AN 12 9%
R4 BN OB . B HEK293T 40 LA 6 X 10°/mL 1Y 25 i
FERPT 1S em 35351001, 37 °C, S%CO, H55: % 70%~80%
filtG, M2 BE = IR LS AR ek AL UL 293 T 4
. WAEREYL 72 h 1Y 293T ZH 35, 4500 r/min
250 10 min KFRAUMIEE R, 3085 E T 25000 r/min
AR B0 90 min, 1 i AVKAY PBS ¥ M B G HE 1T
HE, RIS BT -80 CUKAE TP ARAT .
1.2.2 12 % & Bk B F 5L /& MCF-7 & e )5
CDK2-AP1 J B & ik & F I e

# CDK2-AP1 18 7 ¥ R YL &2 % (MO1)
20, YL 6 fLEEFEA A FLR I A1 ML MCE-7, 189
BEE AT I CDK2-AP1 SER K387 519 & A MCE-7 4
H I AR AR i ik . L 96 h Ji 43 il HE 40 it
&L RNA I

S 57 I 1Y) cDNA # ] Real-time PCR #&i1l CDK2-
AP1 mRNA i 350k 4. CDK2-AP1 5 #)F4) InF
| 9% 51 ¥ N S-AAGAGCAACCCACCAAACC-3', F
W 51 ¥ N $'- ATCAACTTACAATAAACGCAGAAC-3';
actin 51 ¥ ¥ oW F. b OWE 5l 0N
5-GGCGGCACCACCATGTACCCT-3', FiE5| ¥ N s-
AGGGGCCGGACTCGTCATACT-3', WA EEATSL %
FEHE, 95 CHUEME 155, ZJ5 95 CAEME 55, 60 CiB 2k
30s, 60 CHEfH 305, 2L 40 MEH ., RURLEIEAH B B ik
BOROEEEE . PCRZ5HS, 95 CAZE Imin, 1RHIZ S5
°C, M 5SCIHIHETHREZE 95°C, BF—H4H51E 30s N I
Tt 0.5°C, [RIBFEREUR S CRE(E, 2hlb i ih e

FEELHY SR 31T Western B3 K] CDK2-AP1
FEAMEIBRE, R BCAEMEEAWE ., Bk
SR B R o A N L == s b v 3
BEEAF IS, R A VKA b, 0 2 88 1Y HL UKV S
TGRS DA, BIKE G, (BRI E, UK
%, 350 mA fH S5 F T HLF% 120 min, ¥4 8E 156453
PVDF [ I, HUE &5 451 PVDF B LA 353 AT R R 1
CDK2-AP1 5§, GAPDH Jifk, T 4 CHEE 12h, VK
39K, AR 10 min. %56 PVDF [ 3t P 10 AR
N7 BB L AL B AN ) i =R P A 2 h,
TBST VEMR 3 ¥k, %K 10 min, &M ECL Western i
il R T AN
1.2.3 MTT =%%) fm e A& K v &

$ MCE-7 U1 DA 2 X 10* (25 400 T 6 TLAR

Rt 24 Wi, 2530 BRJRFE A1 CDK2-AP1 i %3k
S TR MOI=20 &Y% MCF-7 400, &% 96 h J5 ik
L, L2000 4> / FLIK S FE R T 96 FLAR, %
fL 100 uL, HFAE 3 NEFL. 7F 1~5 d B KRB
A MTT %W (S mg/mL), 37 CHEF 4h, FHiFF
A, AFFLAN 100 WLDMSO, = IR 4R 7% 1 45 i 78407
i, BEAR UK 490 nm P K AR AW G EE(E, LARE]
SRR AR, WA R A AR 22 i A A K i 2
1.2.4 ZBETMRER

P B YL s AR B 7 Al CDK2-AP1 i ik
7 96 h i MCF-7 400, LA 200 4~ / FLAYSEE BEFERD T
6 fLtl, BAL2mL, BT 3 DESL; KM
U B A M T RS SRR P RS R R 2 14 d, R iR R B
WA AR S, S22 LI PBS VEIRANML 2 Wk, £
RPEEEMM)S, PBS BeiA4HM 2 K, Giemsa 44
o, RETKUEGE 3 RE, BT,
1.2.5 X 2m i R A 2m B J2) A o A

W RIS 96 h FUZHMELA 5 X 10° 4 Jifd
i 6 cm BEFRIL, 157% 48 h EAMIIL 80% FURL G, W
TR LWET 15 mL B0, BB I 1 0 5 20
MOl AE TRl — 250048 P, 1500 r/min 2.0 Smin; FH 1
mL T4 1 PBS VEARAIMI 1 Ik, HBAIEE 1.5 mL &
UM, 4 °CEAE R 1500 r/min 550 S min, CEELHAL .
FH S0 L Fil¥% PBS FE R AL, I WHIC A B
5 PRI R TG I A B 950 WL 70% Z I . B
L, TR PBS YR 1 YR, 1500 r/min 5.0 S min, 7
i, B ANEE S ITA S00 uL PI YL (A, 37 Tt
WEE Lh, R A A A SR I 240 A JE 2 53 A

1.3 GitF4bE

SR LR + bR 2 (Res) B, BURRH
Geit=F 3 SPSS16.0 for Windows #E4743H7; 210 22
SR HBCXT ¢ KR P<0.05 NEFAHS IR L,

2 & R

2.1 MCF-7 40l CDK2-AP1 EE3T RiZLRIIE

DL 28T SR g M A I, i R IR R
J&YL 4] CDK2-AP1 FE K Y 2% 35 1 FE 2 % AR ZH 119 6.94
W, EZEZERASEE L (P<0.01, K 1A).
Western EfJ 715 45 Il CDK2-AP1 & [ 36 5 4% 2 4IF 52
MCE-7 4iifg th CDK2-AP1 FUAJEE A5, itk
IRSCER 4L ) CDK2-AP1 iAW s, & T X IR
L GAPDH( [l 1 B).
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1.0 -

Over-expressmn A

Control
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CDK2-AP1

GAPDH

1 MCEF-7 {8} CDK2-AP1 E EiF RiELFEWEIF, A: Real-time PCR £5 R4 H 0 M & (x £5); B: Western E[I 3k Bt ik K,
Control: JE&Yess AKX RAMSIRTE ; Over-expression: JE&Ht CDK2-AP1 1 ik M85 8 . 5 control FLHE, **P<0.01.
Figure 1 Expression level of CDK2-AP1 gene in breast cancer cell line MCF-7. A: Statistical graph of the Real-time PCR results (x + s5);

B: Picture of Western blot. Control: Infected lentivirus particles without CDK2-AP1 gene; Over-expression: Infected CDK2-AP1 over-

expression lentivirus particles. **P<0.01 vs control.

2.2 CDK2-AP1 EFEFTIEI MCF-7 AR E KK
A

M55 3 KRife, # Y CDK2-AP1 [N i F k18
I B 1 MCE-7 4ff Jif H A KORAS 32 2 B o], 26
3~5 RG22 R A G128 X (P<0.05, Kl 2), &
Bl CDK2-AP1 HAG filliil MCF-7 4 g 14 58 1) D fiE o

——Control

1.2 - == Over-expression

D(490 nm)

i) /d

2 CDK2-AP1 ERERAX MCF-7 4 4 KA RN (x+s),
Control: [B&YLzs AKX M2 IR FE; Over-expression: /B YL
CDK2-AP1 i KIKMENFE. 5 control HLAL, *P<0.05.

Figure 2 Effect of CDK2-AP1 over-expression on the
proliferation of MCF-7 cells (x£s). Control: Infected lentivirus
particles without CDK2-AP1 gene; Over-expression: Infected
CDK2-AP1 over-expression lentivirus particles. *P<0.0S vs

control.

2.3 CDK2-AP1 E[H T FKix X MCFE-7 4 a2 P&
a- A

MCEF-7 41 ifs %% ¢ CDK2-AP1 %& A 3 3 35 12 ik
B J5 20 M 0 v B N RE ) 5 s A8 A BEZH B B 27
FHME (K 3 A), GIEMSA Yo )50 ve eIt 48 it
ST, UESEHE N >S50 A 41 AY T R H B BRI
(P<0.05, ¥ 3B), HULHENT CDK2-AP1 K&K AT 411 il
FLAE MCE-7 41 0 FE R TE 1 fE

2.4 CDK2-AP1 B AT Fix3 MCF-7 AR B HI K
A

B e as AR R A L, CDK2-AP1 J& K 3
FIRFREE(E G A £, R HAE SR X
(P<0.05); [FIAT, 2 FIRLIM G, 140 A 04 i ) BRI
ToWE, U T4 ME L 1 (& 4) .

2.5 CDK2-AP1 E[H T R L3 MCF-7 4HRa I HA 4R
KXEAREKEHNZI

5RE LS IRARXT B4 b, CDK2-AP1 2 [H i)
FikJG, CDK2-AP1 JEH ik [ H T8 p21o7™" F
P16"“* 1751k 1%, CDK2 Ml CDK4 & [1#ik T i
(KEls).



994 R R 2R (R24RR ), 2012,37(10)  http://www.csumed.org; http://xbyx.xysm.net

140 7
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Control

Over-expression

—
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20

A Control
3 CDK2-AP1 EFE T RiAXS MCF-7 4B 5E BER A BE SEI RN A: MCF-7 20l 5 F Giemsa ZL (1875 B: SEfEIE ML RSE
SanE] (%%s). Control: JEYL 7S AT BRIEETE s Over-expression: J&4 CDK2-AP1 1 Rk K7 . 5 control FLAR, *P<0.05,
Figure 3 Effect of CDK2-AP1 over-expression on cloning formation ability of MCF-7. A: Picture of MCF-7 cell colonies stained

Over-expression B

with Giemsa; B: Statistical graph of colony formatting assay (¥+s). Control: Infected lentivirus particles without CDK2-AP1 gene; Over-

expression: Infected CDK2-AP1 over-expression lentivirus particles. *P<0.05 vs control.

801

* H Control
2 8 701 o )
[J Over-expression
2] < 607
T 507
£ e =
g 401
= = =}
& § = 307
© 201
8]
101 l
= - - 12 ] & 0-
Chueta (FL2-A) G,/G, S G,/M
Control Over-expression A B

B 4 CDK2-AP1 EE T FiAX MCF-7 HMEH K FEIE X E B RIZKFHIRM. A: WIS IIEIIE; B: M0 L
BGEE (xts). Control: JEYLZs 2T IRIEHGRE; Over-expression: JEY CDK2-AP1 i k18R EE. 5 control HLAR, *P<0.05.
Figure 4 Effects of CDK2-AP1 over-expression on MCF-7 cell cycle distribution as assessed by flow cytometry. A: Peak type figure of
flow cytometric analysis; B: Statistical graph of cell cycle proportion (x¥+s). Control: Infected lentivirus particles without CDK2-AP1 gene;

Over-expression: Infected CDK2-AP1 over-expression lentivirus particles. *P<0.0S vs control.

Control ~ Over-expression

3 W #
P Cirt/ait

20 1 A B A O BB (cyclin-dependent
kinase, CDKs) X 2l g Ji] A A 5 20 (IR VE L,
R 2R B SRR O IR P BRI B CDKs -5 R I A 48 i S
W EE A5 5 O 0 M A 3 45 26 00 1 R Y O gl Ak

P 1 6Ink4A

CDK2
AT BEAEAE 3 3k X 240 6 J 400 6 1 Al A A8
_— 7 200 i R SN — S I AR A 55— NI A . AN )b
14 2 A S AN R AR SRS CDKs 445, X4
JE I 0 AS TR AR EAT 9845 0 A ERPRI T, CDK
GAPDH

PR IR o S N e A N O L 1 U
Wk AEZEE ", CcoR2 Wik RS cyclinE, cyclinA

5 Western Elifi 5Kk CDK2, CDK4, P16™*, p21°"/""

Riko
Figure S Western blot showing the expression of CDK2,
CDK4, P16"*, and P21°*/"*" expression.

gis, N5 G,/s %1k . DNA & #l } DNA &
B 1Y, CDK2-AP1 X 4 DOCI, J& 1995 4FEH Todd
At TV CTF A I 200 i rb 43 2 sk 0 A R A o
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T, NEHIEREN T 12924, &K 1.6 kb, %%t
AT A 115 D EE R, A s Fiiha b 12.4
kD", CDK2-AP1 & — > 5 J& 1) A #t  2
W CDR2 i VIAH G 1, CDK2-AP1 2 f& R ik
BN CDR2 #ik, M6l CDK2 M i
T PE , DT PR AR CDK2 3P, 5 0 40 i & 40 1 3
RIS B G, WIBH A, 90 48 i DNA & Bl S 3
AU, SANEFT LS DNA BAE o/ 5] K4
AE AR, V8 AL P18o B 1k, 1R XF
41 5 3 s W19 DNA & B A R 9/
AT 5 S50 200 L 30 = e 40 ) 3 240 B A < 18 R
AN AR JF R T Y X 5 AR ST B B 1 4

AH—2 .

CDK2-AP1 AXFAT LLJE#E CDK2 By ig 1, HAK
FIAAI T3 pRB WL AL, MIMAE TGE-B1 #4957 Y4k
KAl &G b & HEEEAEA . BT Peng % U
BYWFFE & FL: CDK2-AP1 i F A B IE S FEFEA TGE-
B-Smad {5 5 18 1) S, Fe T BONZE O 9 41
X TGE-B1 755 19 A K il 850 ™= A KT VE T

itk Al WL, CDK2-AP1 A] DL i# ¥ CDK2 Y 3%
4, PRB fil P180 My B2 1k, LA M TGF-B-Smad 5
5 AE K, R R R A AR K AR, B
P9 R AV TE D RE . H AT CDK2-AP1 PR 1 i
W | S5 W S ThRE s O AR BE S e Bk
CDK2-AP1 FEIAE N FLIE Ao A . R St fE rh A
FH 1 A ) B
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