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Geminin £ FT RiZE X VSMCs 3k B Y RY R
s A E AFKE (400038 TR, 55 R KE TR B B I AR, T BT A LIRS B 5557

($BZE] HM 9] Geminin FL[R i 2815 %] 18 18 VLA MY ( vascular smooth muscle cells, VSMCs ) 3¢ BUEE Lk 1% 52 1]
Jitk M EAZRIBEAA pEGFP-N1-Geminin, J§ BT 2000 S-S YA R (£ 0B 73 A6 L) YR L VSMCs #k , 8
BRGNS A (n=3) K e e UR (VSMCs 2R AIFR W) (o-actin,OPN) FALZ 8 HAH G H 1 (actin
related protein, ARPL) (7R 0L, &5 Geminin B K syt ik VSMCs bk, 5 2 X B2 (BIPEA A2 B4 AR,
I3 VSMCs 3R BUAR W) (a-actin AT OPN) Jz ARPT & & A2 (AR 5 540408 VSMCs v, OPN ZE I P3RBT, 5
2 ASxf HREH (B A S ) Weoe s AR Seit#78 L(P <0.05) , a-actin 1 ARPL 7E AR 35 B, 5 2 X IR
(BAYEZE AN P14 e S BAT e 2408 L (P <0.05) , S e BETTE SLBa 25 /R 28 protein G plus-Agarose JLHE ARP1 AH
HAEHEAEAYIE , FH Geminin HiKHF1T Western blot K, uf LA $| Geminin 13835, &5 Geminin JEH T RIAAG
BT VSMCs f1 2343 A6 B ) 43 AL B4 Ak 5 S e ETTTE S5 AR Geminin FI ARPL Z [BIfF7EARHAEM, ARP1 AREZ 5 T ik
VSMCs K RIF AL 2

(K88 ]  Geminin; ARPL; i 33k 5 MV -1 JILANE ; A5k

[HhEZESZES] R322.12; R394-33; R394.3 [ XEIRERG] A

Geminin over-expression promotes differentiation in rat vascular smooth muscle

cells from dedifferentiation
Li Linyu, Zhang Yuanyuan, Shu Maoqin ( Department of Cardiology, Southwest Hospital, Third Military Medical University,
Chongqing, 400038, China)

[ Abstract | Objective  To determine the effect of Geminin in the phenotypic transformation of rat
vascular smooth muscle cells (VSMCs). Methods  After an eucaryotic plasmid vector pEGFP-N1-Geminin
was constructed, VSMCs strains of different phenotypes ( dedifferentiated phenotype by cultured in present of
serum, and differentiated phenotype by cultured without serum) were transfected with aid of lipofectamine
2000. Cells transfected with pEGFP-N1 and blank plasmids served as negative control and blank control. The
expression of Geminin, actin related protein 1 (ARP1), and VSMCs phenotypic makers a-actin and osteopon-
tin (OPN) were detected with Western blotting. The interaction between Geminin and ARP1 were analyzed with
co-immunoprecipitation. Results ~ Geminin was successfully overexpressed in VSMCs strains after transfec-
tion. Comparing with negative and blank controls, Geminin overexpression resulted in obviously down-regulation
of OPN protein in the dedifferentiation cells, but significantly up-regulation in o-actin and ARP1 (P <0.05).
However, these changes of above-mentioned markers and ARP1 were not significantly changed in differentiated
cells. Co-immunoprecipitation indicated that interaction between Geminin and ARP1 was found in Geminin-
overexpressed VSMCs strains with dedifferentiated phenotype. Conclusion  Geminin may play a role in the
phenotypic transformation of VSMCs from dedifferentiation to differentiation. The interaction between Geminin
and ARP1 suggests that ARP1 may be involved in this process.

[ Key words | Geminin;actin related protein 1 ;overexpression ; vascular smooth muscle cells ; phenotypic

transformation
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I %% S 15 L 48 M2 ( vascular smooth muscle cells,
VSMCs) [ R4k 2% & IR I 1l 48 B8 R 5 PP A
25 A 200 1 B S SR PR R R T Y W
A TS T Z (B (A B, AR (L
AR TY) BaE T Re s, R B R AR EY e a A
(osteopontin, OPN) ; U4 A1 (4346 RY) MG RE 1 55 ,
HEZRMBEYRZE o P3HEMA (o-actin), 4
VSMCs & A R AL, H 2 2R AbR R P d 2 & R
AR, 38 k0 H R AR Y R A I, AT DA T fig LR Ak
FHRE . Geminin FE [N, 085 FR Ay 8 4 5 17 B8+
(a repressor of origin licensing) , 1F Ay 2 Mo 1 % & 1 %
0 2 DIRe B 0T, A6 R YT AN i BG A k¥ A AR
FAY S FATHFT BT 5 4278 Geminin 77 7EF VSMCs
LB 505 T VSMCs YRS o 3 0 A o
AT, T3 Geminin KL PR KI5, 2551 & 41l
DNA FAto A ik B 384 58, 1M Geminin B K3 35545
I A0 s . WLshE A 7E VSMCs 1) £ R fb o 72
i A2 R R EMEM, XY VSMCs iy £k B 1) 734k
RUERA IS, WL 3 8 1 i R A 0T A /R, ARPL
YERNBE A Z i — 0, 22 542 G g
(LGB e ' . AP, B S
Geminin Ft[FEfF7E T HC K, {H Geminin K& X i %
RIEA 51 VSMCs A% {L, ARPL J&2 52 5,
FATRZEL D ARG e BB TR0 2545

1 5%

1.1 ##

IEEZ SR IGH 7 DHSa Wy B Jb 5t RAR A ], pEGFP-N1 2
PRI A S 2 RAF , VSMCs Bk (A10) 35 = %2 B R R BF R B
O ANRLSEEG 25 B Trizol Iy B Gibco BRL 2], KOD-plus [
PRITHY GEH:MG T, Lignase Rever Tra Ace-a-i¥i 4% 5% i 45 1 H
Toyobo 23], R4 N VI i Hind I . sac T Wy B TaKaRa 2\ #],
MakerD10 000 % SIS HEEEIE DNA [ 4517 & ok i 52 ik
R G AL KRR /), S5 S TEK B O 557 53 i
4, DMEM @55 95 Jik Bl HBSS ZZ0hii i B Hyclone /4 7],

G2 LG I B SR HE S A ) i 23 7 lipofectamine2000 11 H
Invitrogen /7] , PrimeScript RT reagent Kit Perfect Real Time Ity
E TaKaRa /7], PageRuler Prestained Protein Ladder i H Fer-
mentas A7) . FHIRE ARPL AT K B Geminin ,OPN  q-actin |
B-actin ,GAPDH £ 5 B 477 (4 K AH L 19 —Ht W B Santa Cruz 23
7], SuperSignal West Dura Extended Duration Substrate I H
Thermo A &) o

1.2 Fi&k

1.2.1 VSMCs BREgHEFR  AREESCER07 ] 07, T 10% 19
DMEM i SR 564 77 A10 bk . SR AT I3 098 (24 h) A
JCIMLVEREFR (24 h) 3 53R A5 250 ALRLFN 4346 R VSMCs

1.2.2 EBRIKHE A pEGFP-N1-Geminin (1414 £ F1 5% Je R

YeE L)L GenBank | 32 f% Geminin mRNA J¥ %1 ( J¥ 31 5
001106112. 1) Bit5 19 (d i AE TAEY TRA RA R G 8)
Y1 Geminin F:H - 31 Br ) E R 519943 9 2~ : Geminin-1
5'-CCCAAGCTTATGAATCTCAGTATGAAGCAGAAA-3", PGemi-
nin-2; 5’-TCCCCGCGGTGTACACGCCGTGCCATCGG-3', Tl # /-
BeR/INN 772 bp, Trizol 5| 42 BUKE 37 19 A10 48 Hfo % 1Y L
RNA, Hind 1l .sac [T X[ ) Geminin F1 pEGFP-N1 , ¥ $:if§ T, it
TR, FURLHh$2 30 & HE 4T DUk il $2 , 5 44 24 pEGFP-NI-
Geminin , S840 4300 B TR 0 s vk B2, U0 B B 0 3 45 7
O BiA: K VSMCs , Rr 40 il %5 1 35 1) 80% Z2 45 B, R I A
BTk 2000 % Y 1 E A7 5% b, SC G5 B FH Pk 41 ( pEGFP-NI1 -
Geminin) [P (pEGFP-N1-z5 Bk ) iz HA (n=3) . F G
JE R TR BT VLSRN I %5 5 2 90% J5 42 45 1, 17 Western blot
KW, ¥ Lo i A Geminin | B-actin — ¢, T 4 CFH %
TBST Y3 JEIMA S —PiC i i =4, =R BEH 1.5 h; TBST
Ve G 2GR A F1 B DL 1 TR AT, IR B s Uk
o 45 Labwork BEREIER ST R G I 434, #4130 5
WZ:B-actin [LALS AT 0 AT, ARSI 40 Hd N Geminin J
HEHRIKAKT .
1.2.3  FRRFRED I E KA 12,2 MR g
g% R AR UL Western blot &, AN ] ) /2 97 FH — BT 9 X
B, —ParBIIA LT K B OPN | a-actin, GAPDH | B-actin,, fill A
FHIEEC ) —hi )G , AR TRF 1.2.2,
1.2.4 ARPI Jll%Z % ARPI 5 Geminin 28 [ {48 576 )
XA R VSMCs 1 23k Geminin Ji5 HEHUHE 1, ARPL & &
D J5 25 [R] 1. 2. 2Western blot 46l , 7 [F] (4 J2& Jir JH — 471 19 IX.
S, —HUI A EBUR B ARPL, FI) A 92 36 U0 3E 12 R ok 56 UF
ARP1 5 Geminin 2 [ Z [W] A B AEH L FR, R 10% 11
DMEM @ biEs 32 3L 855 10 ALO 4 MR, 4 i At R Ab BE,
FEUEE [ 7 VR AR, DUB0O 4 [ e B Ao il (SO o2 8 vk % )5
W 1gG 41 AP Input 41, B 41 300 wg B FIAF B 30
T—PUEE, 2 BmA 1wl 19 1gG 15l (5 ARPL 4774k 15 pl
i) Geminin Fi{K , T HRHRE L 2 500 pl 5 4 CHEIR BIFE
AR FIEUEP 4 3 A5 HIIA 15 Wl BIREER G PBS Wk, K
BRGSO A, SRR R F G PBS Wk, A
40 wl ) _FAE Buffer J5 2 35 A8, B.0-BU 35 1547 Western blot
i, —FLIIHA Geminin HifA , FHAL IR R R
1.3 %itsiE

BAEgeit 4y )i i2: K F Sigma plot 8. 0 A4, 1 HERHLA
x x5 FR, 25 AL ELECR AR R 2 7 25087

2 HR

2.1 BARG BRI

Fi] Trizol 1741314 44 RNA,D(260)/D(280)7E 1.8 ~2.0
Z A1, 48 1% By NEh B J v YRS I 7S 257 T G, R 120, RNA il
RGBT, #2219 pEGFP-N1-Geminin 3235 # A 5% 13 1 Tt
R ARG LA Hind T sac I 3647 SURE V1) )5 17 35 B8 W B T HL 3k
DL SE ORI D) 45 5% (1B 1) BRF 770 bp J 4.5 kb BIAN%47,
¥4 Geminin H fYFER K pEGFP-N1 75 [ AR FHXT 43 T i ik
KN, S PR R IERf ) pEGFP-N1-Geminin JiTk
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7 000 bp—
4000 by R 1 EGFP-N1(4 500 bp)

2000 bp—,
1 000 bp—

500 bp—|
250 bp—]

«Geminin(770 bp)

1:pEGFP-N1 = # 4Kk; 2. pEGFP-N1-Geminin # 4&; 3. pEGFP-N1-
Geminin # 4k 89 851725 B M 7o
1 SRBSHESAL A K4 pEGFP-N1-Geminin %48 i
ML

2.2 FEAKKRERE

pEGFP-N1-Geminin FEIR AR YL VSMCs |5, 706 B i s
TR FRIE R VSMCs 7] WL &R @55 |, $E YL s K4 60% A2
Fio ZMETIL] P PR B ELLAN S (3 4L AR X5 R 2
{B4r4(1.16 £0.04) (0.38 £0.04) .(0.35 £0.03), 4k
TRULE v BEE 4 L B 20 R 2 2 1 AR 0 S 98 B S S (8 2 B A
(1.04+0.03),(0.38 £0.03) .(0.39 £0.03), A [ FH
VSMCs Z&id 325k 5 , B4 Geminin 2 1 55 &t B 8 i R 41
Mz A, ZFH R L(P<0.05) Itk faE AHES
AEE(P>0.05), K2,

Geminn(35x10°)—

1 2 3

] kT S G R

B-actin(43x10*)—

A X4 1LA VSMCs; B: 4L A VSMCs
1:Geminin g #3484 28;2 Geminin id & & 1 40 ;3 ; Geminin iT
RkEau
2 Western blot #&ill| A~ E & B! VSMCs i %% f§ Geminin
EBMFRIE

2.3 a-actin  OPN & % 4t

a-actin 25 AP E R, 25010 R VSMCs 2H H BHH:24H B 20
FNS A AR XG5 B P BB 43531 R (1. 14 £0.03) L (0. 84 +
0.03) .(0.82 £0.02) ; 534k VSMCs 2 H BHP:4 | B4 Fnas
2 1) A X O % B P (B 43 2 (1. 14 £0.03) (1. 14 =
0.02) .(1.12£0.02) , E4MEI VSMCs 23t 33k Geminin J5 ,
FHPEZE o-actin 25 1 BEW] 5 TR PR fas 4 (P <0.05)
FAPELH N ZS A Z R AR E (P >0.05) ;50467 VSMCs £33
ik Geminin J5 , HMEA AN EOAEA ST EER AR E

(P>0.05) ; H&4r LA VSMCs BH %41 F1 43 1L 7 VSMCs i 3
HAREAGTERERARE(P>0.05)  JLIE 3A, OPN EH
MERT, 234346 %) VSMCs 21 A B 20 L B 40 AN s 1 41 B AR
S B S 4> K (0.33 0. 03) . (0. 65 £0.03) . (0.62 =
0.03) ;434b % VSMCs 41 H BHE 2 L B 4L RN 25 1 41 0 FH X
@5 BESE A 43 ]k (0. 31 £0.02) .(0.34 £0.03) . (0.30 =
0.02), £4{bAl VSMCs Z3d #35 Geminin J5 , FHPEZ] OPN &
Hem A BT M H4 (P <0.05) , A ME HH
ZRAREE(P>0.05); /3L VSMCs £ 3 35 Geminin J7,
PR A HAE AT RERAEZF(P>0.05); HE
434k VSMCs FHPEZE FI20E 7 VSMCs (4 3 41 1A1 86 & 1 Hb i
X ARE(P>0.05), W& 3B,

1 2 3 4 5 6

: :
a-actin<43x10*>~"-—m

GAPDH (36X 10° )—> _—————————— |
1 2 3 4 5 6

. i B )

ARP1(42x10°)—

1 2 3 4 5 6

A:a-actin & & 69 %A ;B OPN & & 49 &34 ;C. ARPl &G g kA
1-3 A% 5 4A VSMCs(1:Geminin ¥ % ik [8 14 48 ;2 : Geminin it
F kA M40 ;3 Geminin it ik F G 4) ;4 -6 % H4L A VSMCs
(4 :Geminin i % i% [B 120 ;5 ; Geminin i3 & ik [ 1 41 ;6 ; Geminin i3
FiAEGMm)

B3 Western blot il A< [ & &! VSMCs i %% Geminin 5
REGREY ARPL B3R %

2.4 ARPl1 9T & ARP1 5 Geminin Z 8] 4948 ZAE

Fo5r ALY VSMCs 21 H Bk 21 BF 1 20 0 25 1 4 00 A Xl
ERESERI AR 4R 3] R (1.27 £0.03) . (0.98 £0.03) ,(0.96 +
0.03) ;4-fb 2 VSMCs 4 H 20 L B 240 il 4 1 240 9 A %
B 4> ) (1.31 £0.03) . (1.31 2£0.03) ,(1.32 =
0.03) ., K47 VSMCs £ it K35 Geminin Ji5, fHPEA] ARP1
EHEEWHE A THEHAMZE B4 (P <0.05) , HtEH M |
HEFAEZE(P>0.05);/0fb % VSMCs 433 #% 75 Geminin
J&  PHMEH RS AAE A S EERALRE (P >0.05);
H 244k VSMCs B4 534k VSMCs 1) 3 41 8] 2 11 5 it
P22 S AR 2 (P >0.05) , WLIEI 3C, A Gy SLide £ R 56
UE ARPL 5 Geminin 5 [ 2Z [B] FAH FLAE T, 45 4275 TG 41 [
PELL K Input ZH ¥ HBL T 25 x 10° (52561 55 x 107 [ 4,
IgG 20 G H 445, Input 2070 H 19 26017 2 (11 4) o



534 B35 B = EE K ¥ ¥ M
J Third Mil Med Univ

201243 A 15 H

Vol. 34, No. 5
Mar. 15 2012 381

1:1gG 40;2 . FaPE 2033 Input 48
B4 HEELTIERARRIE Geminin 5 ARP1 EQ EMNHEEER

3 itig

VSMCs 1) B 5% A I 3 bk ofs 5 B 46 0 i 48 08
ARG TS S5 PR 05 10 DG BRE IR YT, T i WP Lk I K AE
VSMCs [ 3R B L R AE R, U2l MR L3R5 2 5
FRTTH BB YT BRI R B S 1 . VSMCs J2
BA WIS REM A0, A A R (L2068 Tl 4
FH (43467 ), OPN Fl a-actin 43 FIAE Sy 2 434k 50
A7 VSMCs 11 LR ARIbR &Y, 24 VSMCs & 5%
RUEGAR R, H TR AR Yt 23 A Ak, i a0 H:
FAGREPRRLN , 7T LA T R ELRES . H AT
AR FRALR VSMCs AR T 235 s, SRR My il
ANTC ML B 5 B AT 2R A5 25 70 A B FN 43 AE BY ) VSMCs,
MIGEER SRR 2O T RS A Al . Geminin J& K
A0 M 3G 5 - 43 AL DI R VE FH R SR8 437, e kG i A 7
DNA S il , R BH A 2 046 BU4H il DNA P52 il 1 5C 4
PP o R Ao TS 52 36 300 3o YO S 3R FR SL IR R
LT A 24 h 3RA5 225346 A VSMCs, Kl Geminin JL
TAFE AL TN, S5 PR A0 MG G R 1 TG ML
BRI 5rf6 7 VSMCs % , Geminin JUF- 28 7E T
MU, W fR VSMCs SRS B9 4ERR , i — 2R 58, &
Z 5457 VSMCs Y 4a 15 6 i 8 8] i i AL, 72 3 78
OIAE R R Y . A E AN ISR R, T
Pt Geminin FEHRIK S5, 2551 L 4 i JE I K HroC (A 1)
b BERETH T Geminin J Rk 38 | AT LASE e 6 4 A
A IRCIE T . ARIESY R AN [F] R AU ) VSMCs 3
3K Geminin JEP J5 , 257 A AN W) (1) 52 ), 25 3 A0 5
VSMCs 8 {b i 2, =R BN OPN 35 T A1 a-actin
Fik B T AME R VSMCs o B A5 fh ., [ iRgt e
7 Geminin JE [F i3 F¢ 35 1] LS| 2 VSMCs & AE R
1k, BRI N B LA B 1) AL B AL (H LML 75
Bt — T,

C &GRS, I3 & H (actin) 2 5 4015
ZRZH %< TE VSMCs KAV AL fE b 5 e i T i
VSMCs | £t B 1) o A B ) 3 Ak T L3 25 1
— DRI S e RSP LB B A 2 A L3 R
AR A WLShEE A RILEh & F AN 5 3 (B R 1F
PMEE AL [FE Y 2 5 0 2 5006 2 (3885 T

BEEE) Y HER G 2 — ARPL Rk ot /A
WLBHEE 11 ( centractin-a) ', 12 WLBNEE (1-WL3H & 113
WEAZ AN —R, R b B R R NED, £
M VF 206 s R HE TR, O 5T 40 M 2 T A A
A5 25 A FF O/ MACH 56 B R 1 AR A 0 2 ' 7
VSMCs iy 36 # 5% 6 o, & B [ DL 2 26 B & 15 1
FIE T S RS W, 75 BA TC BRI BE RE A1 1 40
(HeLa #ffif1) o, Geminin I ARP1 F:[a] & £ F H.o 4k
b IR I g I UE B R UESE Geminin 5 ARPL 2
FIFEAEAHE AR o FRATHY AT S2 a0 25 B /R « 76 2
53467 VSMCs H1, Geminin J R =20 v F A%, =
O RO T AE 4R AT VSMCs Hfr, 3 5 T 40 i
o HHFRATHED , 7E3) K VSMCs 385 75 4k (1) 3¢ R 4
e F B AEAEAR ELAE T, LRI 15 VSMCs 1 R T 4%
fbo R, BATTwE So il i X A Rl £ R VSMCs R 17
Geminin JEF iE 3858, Kl H ARPL 25 & A A8 fk, #F
— B IIEFR AT . SEIRZE SRR, S5 XT BRI EL,
2o VSMCs FHEALI ARPL 28 (1 3235 K P4 fr
A, FVRIE KSR VSMCs K E0R 24 5 41k 7
VSMCs =4l i 2 FKF 3 E ] A8 4k, DL 4%
b — A TE Geminin 3 P 18 3K 5[ 2 VSMCs
LAY R B, ARPL (1 3R 35132 252 i, $2 7% ARP1
FIRES 5 T VSMCs [HRAE L, Ol T IIF_E RS,
AR T e LUTIE AR, 45 R 2R, Geminin 5
ARP1 EHZ MIAFEMI BAE . 275 LR SL g g 1,
Z2BH Geminin 155383k VSMCs J5 7] L5 # VSMCs H 22
SRR Ay AL B4R, T ARPL B] 62 5 T Geminin
T VSMCs KRBV — i 72
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