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(HE] 86  HvES 5 a AR o % 35 0 R 7 1 ILAIIE (VSMCs) 34 48 R 13 IR 51 5 &9 1(ORC1) &3k 1 52 1 &
ML, ok AMREEPLS o %t IR SE I A L 40 3 /L S DU IR G 3R 4000 24 h LR B4k, SRR & 10 % 6 2R 1
0 DMEM B 32 55 3% e 4R 5 10 pmol/L 75 B B2 5] +10 % i 4 I35 9 DMEM B 383 5% 5% . 4KSR1% 5% 0~48 h, R %R
48 A1 BTk T A W00 18 B8 A0 R A 7 SR (PCNLA) 3R 35 L AL b ffc 4 O 5% 44t Al B 7 45 4, RT-PCR 42 Wl ORC1 mRNA 1) 3£ 35 . 8 11 i
Bl A P53 eyelin DL .eyelin A #1 ORC1 B £k, £ % SxHIAM . 3286 4 48 h PCNA M £k F AL (20 +
2.1 % vs (8043.0)% . P<<0.05],P53 AR ILFE (P<C0.05) ; 40 A% A [ 45 05 42 5 9288 40 cyclin DI & H R AR M
(P>>0.05),48 h cyclin A % 1Y 35 F R (P<<0.05), X FE4] ORC1 mRNA [3IKTE 0~12 h JH 5, 24~48 h B, i 16 W 7E 12
h, S0 ORCl mRNA MR K HA L TR KF, 5 R E X R 4, 5088 2 48 h ORC1 mRNA [ 335 T+ 55 (P<<0. 05) ,
FEERENE AL RS2 AR, S PP TIRME] VSMCs B8, R e dE H R 7 FAE FH R o A i B ik 4t G, /Gy
il S HAREAL , 5S4l A AL T # RS s ORCL BFE FHER S (0 T8 B SRR FH AU B0 3 — 25 308 ORCL 2 5 41 & il g 1k 72
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Effect of sirolimus on cell proliferation and expression of origin recognition complex 1 in vascular smooth muscle cells of rats
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[Abstract] Objective To study the effect and mechanism of sirolimus on cell proliferation and expression of origin
recognition complex 1 (ORC1) in rat vascular smooth muscle cells (VSMCs) in vitro. Methods VSMCs were randomly divided
into two groups, three bottles/well per group; synchronization of cells was achieved by serum starvation. Control group was
cultured in DMEM with 10% FBS, and experimental group was cultured in DMEM with 10 pmol/L sirolimus plus 10% FBS.
Expression of proliferating cell nuclear antigen ( PCNA ) protein was analyzed by immunocytochemistry, VSMC
ultramicrostructure was observed under electron microscope, and expressions of P53, cyclin D1, cyclin A, and ORC1 mRNA
and protein were displayed by RT-PCR and Western blotting analysis during 0-48 h of culture. Results Compared with control
group. the positive rate of PCNA protein in experimental group was significantly decreased after 48 h culture ([204+2.17% vs
[8043.0]%, P<C0.05), P53 protein expression was significantly increased (P<Z0. 05), with evidence of pyknosis. The
expression of cyclin D1 was slightly increased in the experimental group (P>>0. 05), and the expression of cyclin A was
significantly decreased after 48 h culture(P<C0. 05). ORC1 mRNA expression in the control group was increased during 0-12 h
and decreased during 24-48 h, with the expression peaked at 12 h. In the experimental group ORC1 mRNA expression was kept
at a high level, with the expression at 48 h being significantly higher than that in the control group (P<C0. 05) ; similar results
were also found for ORCI protein expression. Conclusion Sirolimus can inhibit the proliferation of VSMCs and promote their
apoptosis. The inhibition of VSMCs proliferation may be through preventing cell transformation of G,/G, phase to S phase and
keeping cells at resting phase. The effect of ORC1 in cell cycle occurs at the upstream of sirolimus, which further supports that
ORCI1 participates in the initiation process of DNA replication.

[Key words] sirolimus; vascular smooth muscle cells; cell proliferation; origin recognition complex 1

[Acad J Sec Mil Med Univ,2011,32(9):960-964 |

[KfmBEH] 2011-07-29 [#EZHH] 2011-08-30

[E&€TE] E%EARBFIES (30470727, Supported by National Natural Science Foundation of China(30470727).
[E&E®N] T 1&.8i+t. E-mail: qianqianwang2046@163. com

* 18 {5 # (Corresponding author). Tel: 023-68765671, E-mail; Shumaoqgin@ sina. com



oL E 6 AR PR BRI O R LA - 0 LA I B R WA U A W 1 SRR IR R S AL R * 961 -

I & SF 3 WL 40 M8 (vascular smooth muscle
cells, VSMCs) 3 B 1 58 J2 =i L& L 3l bk ok A s 4k
(atherosclerosis, AS) , £ {5 1R 8l ik i JE R (percu-
taneous coronary angiography, PTCA) J&5 -5k %45 &
o BRIk R A B SR AN B B A G DNA S 52
BLE MRS Z & W (origin recognition complex,
ORC) J&: Jit 8y B A% 41 i DNA S il 14 56 48 4 50
ORCY 2 Hodge K 14 M0 R 2y R Ak AT, A R A0 4 i 400
W B 78 SiRNA 4 & B ORC1 2 0 8K ) fif
VSMCs 15 B 7E # LR 2 (Go /G D™ 3 48 4 i)
¥t (proliferating cell nuclear antigen, PCNA) |
P53 73] 7 B W 20 if 1 58 L 0 TR A AL SR AR
0 B AR A Ceyelin) D1 EEAEAR M E 00 G ]
AT G /S BRI, T cyclin A 724 T 40
JHLE B Go /S Fefe i B, F 5 B W 1 v B2 O A
GIEZECYE: DI

7 2 % F] (sirolimus) ¥ 44 & 0% & (rapamy-
cin) s I AR F 2 A8 B 25 40 0 J2 SO AR Y Ay
Z— X BT M PTCA RJ5 H8sE A BRI
PEFS LA VSMCs S M pLTHI bR E 2%, P %
BLHE A ORC1 #7155 VSMCs 1) 34 58 1o 72, {H 75 48
e J) 25 v 8 4 B AN ) i R AR A 40 i BH A 7E
Gi~SH#,F#H iS5 DNA Z il E 31 (G, ~ G
U DI 2 i DO BRI R NIV (ST KA EP )
ORC1 RIKFEM BB T A A SCRG AR T Y 2 52
HI X VSMCs 145 . ORC1 3k 1 52 g Kz B L ik
WY 5 2 20 L B0 R b PR T AT, Dy SR
U 470 A M 38 B 25 W T 1 B A SR IR AR AR

1 MR E

1.1 ## SD KB, B HEAS PR, 120~ 150 g, 1
A =R K=Y, WP LA H CST A,
DL AR (DMSO) BE il 5 1 mmol/L B F7 K
—80°C UKAR PR AF 0 FH T B 2 TARE MR B . SRk
. ORC1 Z7a SR 3 Santa Cruz 2 &, W FEHL
% HRP-1gG Wl At 5t P 2 & A W H R AR A #
Tripure 4 H Roch A A, RT-PCR 5 & W A
KiEFEYHARA MR F L ORCL 519 Al B-actin 5]
Y B R A YRR BR A ]

1.2 @mRBHRBE A RAHE BN EE D5 SD
REJEA VSMCs., 4 i AL 43 A % 18 20 5 56 4
B 3 /AL, MIE VUKL BE SR 24 h ML 1R,
STHRAL N A & 10% FBS ) DMEM K 3% %, SC 5 41
A 10 pmol/L P ¥ % +10% FBS ) DMEM
REFRWIRAD LA CO, A8 h 4k S 15 9%

1.3 HEmBFEN PCNA &G £ GBI

AR & Ol [ U A TR R A i
B AR R IN A 5 97 48 h 40 PCNA B H %
ik, FEAHLEL 3 ASHLEF, 315 PONA FHPERIE A 7%,
SWEL 3K, TENEE PR A A4 PCNA 3%
KGN, PR E PCNA B4R S kil @ I
ik PCNA M4tz 25,

1.4 2T 2HMENRmiagmst RHBHE
BE T 22, KA TECNATLO) £ A, WL %2 4% 40 1E
48 h 20 LR TR B S A R b ISR A0 B L 2%
BIA 4°C TR 2.5 %5 1 4 ml, Y1277 WA i
I ACHREE 2 he M 1% POEALELE 4°C [ %€ 30
min, BEK &Y A,

1.5 &8RP %4 P53, cyclin D1, cyelin A,
ORC1 Z gy fik WA 6.12.24 .48 h & 440
Ji L e it e R AR W B A IR Bl RIPA
R B P2 A i S 1. % S 52 i o i
HL,12% BUZ KL 50 V2247, 6 %6 43 1 1 L vk
HLE 60~65 V, —¥i 1 : 200 i B, [A BEHA g-ac-
tin, —HL1:2 500, BREGHKER. HEE, Tt
Ve, TLWHEE 3K,

1.6 RT-PCR ### ORCI mRNA # & ik HE};
F£6.12.24 .48 h W HLIH LW A A . & HCA5 4 240 g
S RNALRNA KA 4% L3 DL 514 3047 R 5% 5k I
N :37°C JK¥ 55 min,95°C /K 10 min, IR %
P47 PCR 734 . 95°C BlAE 4 3 min; 95°C 224 30
sWO7CIR K 30 s,72°C ZEff 1 min., 2 35 N1 ¥
T2°CHRE 7 min; 4°CEE BN, 7 B HL K EL 4°C £
f£. 100 V.40 mA H UK. REFE & 4500 2 1/2 7
BNIE, RABER AP Quantity One 4. 2. 1
FE S 25 R AN 45 16 B EL LA B-actin
Z . 1HE ORC1 KA E, LRHEL 31K,

1.7 %itzgam EREEARMz+s #R,H
SPSS 13. 0 FAF#EAT 5L 2R J5 22 50 B K 95 K F (o)
0. 05,

2 7 R

2.1 PCNA&awykik 58 A DA, 5FE
] X BEZH HE#, SE 6 4H 48 h PCNA BH P 36 3k R [
M.2EZRAFKITFEX[(20E£2. D% vs (80 £
3.00 %, P<<0.05],

2.2 e ME T BB I, JC I B
F% 24 h J A0 MOAZ 300 2 AN L 240 i % T 8 R A D L
YU R A R IR R X BB AL 4 A & 10%
FBS B DMEM K% 48 h Ji B G OR #4401
AN T 2 2 AN R R R R R I 2
SLEG A ANM A 10 pmol/L P ¥ 5LHE +10% FBS
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B 1 &% VSMCs #55F 48 h PCNA BIR A
Fig 1 Expression of PCNA in control group and
experimental group after 48 h culture(SP staining)

VSMCs: Vascular smooth muscle cells; PCNA: Proliferating cell nu-

clear antigen. A: Control group; B: Experimental group. Original

magnification: X200

2 BFERERETUERHE VSMCs BREH
Fig 2 Ultrastructure of VSMCs in control group and

experimental group under electron microscope
VSMCs: Vascular smooth muscle cells. A: VSMCs were cultured by
serum starvation for 24 h; B: Control group (VSMCs were cultured
in 10% FBS for 48 h); C: Experimental group (VSMCs were cul-
tured in 10 pmol/L sirolimus plus 10 % FBS for 48 h). Some chroma-
tin was assembled to the membrane of nucleus, forming masses or

crescent in experimental group. Original magnification: X6 200

2.3 ATHET P53 FaEL FUAHH 12,48 h
R 20 P53 AR H AR IK R W R 3, Al L, 5 A
A ) X BEEH He 3¢, S8R 2 Po3 SEH R FH &, 2 7
At E L (P<<0.05),

2.4 Z#m#mig cyclin Dl cyclin A #9 R & T £
HEEFE 12,48 h & cyclin D1.cyclin A 2 H K £ IA5
SERVLIE 4, W] UL, 5 (R A)6T BRZH A SRR 2 cy-
clin D1 #E H R IR BRI miH 22 R LGt 1 L (P
>0.05),1M 48 h B} cyclin A EBHAM XL TR, 2 HF
A Gt L (P<<0.05),

2.5 Zwmamie ORCI mRNA # & ik £ X R4

ffL7E 10% FBS HI#F . ORCI mRNA £ik7E 6~
12 h BT+ 8 0 24 ~48 h B TR, @ 7E 12
h, SZEGZHA0M ORCI mRNA 3 ik i & 4b Tk
L 5 R [a) 6 B4 AR L SE R 2 48 h ORC1 mRNA
B FIE I BT, E R A G L (P<<0.05) 0L
K5,

Control group
r

12h 48 h 12h 48h

Experimental group
—

P53—
B-actin— | n—— c—— T <E—

80

[ Control group

> 70 M Experimental group
Z 60
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0

Time t/h

B3 ZEEREERNEALES 12 h #
48 h P53 EHMIRIZ
Fig 3 Western blotting analysis of P53 protein
expression in VSMCs of control group and
experimental group after 24 h and 48 h culture

* P<C0. 05 vs control group. n=3, r+s

Experimental group

Control group
e | | ——

12h 48h 12h 48h
Cyclin A—
Cyclin DI—
B-actin—
L5 O Control group 1.4
= M Experimental group - 1.2
B o= =
5 AQ Z < 1.0
5 o 1.0 -“E = o0s
] ] :
g2 5 Zz % 06
T o Z O
=4 05 S u
& ° T ° 04 *
2
A 0.2 B
0 0
12 48 12 48
Time t/h Time t/h

B4 ZEABRMGEGNZEES 12 h 7
48 h cyclin D1(A) .cyclin A(B)EAH R RIE
Fig 4 Western blotting analysis of cyclin D1(A) and
cyclin A(B) protein expression in VSMCs of control group
and experimental group at 12 h and 48 h culture

* P<C0. 05 vs control group. n=3, +s

2.6 Zmmit ORCl & @ &k T4 IR0
e 10% FBS #ll# F,ORCl H A KIKTE 6~12 h
M TE L M 12 ~48 h B R [, B WIAE 12 h,
THGA A ORCL B (M R RRA L FE K. 5
[ B[] %o HR A L 4, SE B0 40 48 h ORC1 2 A Kk
MBI E . EZRASIFE XL (P<<0.05), WLE 6,
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Control group

bp Marker 6h 12h 24h 48h

Experimental group

Marker 6h 12h 24h 48h

O Control group
B Experimental group

Relative density
s

6 12 24 48
Time t/h

B 5 RT-PCR & HIEFF 6.12,24.48 h
VSMCs ORC1 mRNA & ik B 2L
Fig 5 Expression of ORC1 mRNA in VSMCs
of control group and experimental group
VSMCs at 6 h,12 h,24 h and 48 h culture
* P<C0. 05 vs control group. n=3, x=+s

Control group

6h 12h  48h 6h 12h 48 h

o — ——— ——— —— w—___(ORC(C1
0.4

*
Experit
m
0
6 48

B 6 HHKES 6,12 70 48 h VSMCs ORC1 E AR RiX
Fig 6 Expression of ORC1 protein in VSMCs

Experimental group
r 1

S —— P
e

1.0 O Control group
0.8 | | imental group

0.6

Relative density

12
Time t/h

of control group and experimental group
at 6 h,12 h and 48 h culture
* P<C0. 05 vs control group. n=3, Tts

VSMCs J2& H A B4 58 0% e 1 FL R 4i i, &b T 43 1k
R (G G DAY VSMCs 15 52 2 BR 85 K 1 3 3 st
RETE B G5 5 (HE A G FEARAS (G, /S H1) 1 48 Jfa
Bl BHL L FCF O A B T BB S LR 22 AN R
(G R 2 A5 0K 0E 1) . BB G, 48 1 95 2 52 W] il
ORCT 7E 21 Jif 38 5 o A% ob 09 /8 SR A 07 F 37
WA R T 47 - 240 e 400 ) 7 396 L A9 A R0 B B

JEARAE LB,

PCNA J& — Fi X 75 34 4 40 i & AR A1 26 35 1)
DNA A o 095 B & 1, R R4 a5 4i i 1
B R IAR O , R ELRIR T AN G WA S 3, AT o H
S e 240 i B 3 BEDIR BT, PCNA 26 3K 1 5 1% 15 40 i
1) 38 B B 77 2 IE AR G A 2 ARG Y0 i JRE e B g o i T
SEfE bR B A X ORC WX TR A A A2 ORC A
S A7 mT AR Ay i g 1 5 A B L AE M bRae T, AR
F 5% J B VG % 55 5] v] {40 i PCNA (1% 3% 35 B & B
I L B2 735 VG B S R GT 240 R 14 B A 40 4R

20 0O T R A7 B DR R 1 — B sh kAl AR
AR Z PTG 4R, P53 R A T M
KHEF, AL RGP EEEHT VSMCs 48 h
Y P53 HE R IR TH i $ER P9 B B A e i VSMCs
PAT . AT A R R s A AR T2 g B Ok A M A 4
VN 57 E I AT I SR N S RN O
AN EAT S A0 A O TG I T /N TE R A &
Gt AGE R N I N A ST SN A
YEF T VSMCs., 1 2 g 5 30 A% [ 45 138 52, ik — A
PERVE T SR A e VSMCs & AT T 1 BE

20 L JR) 09 S 4 LA AN R AT 22 o3 24 TEAT A0 i e A
PPERR R, FE W GG S LG R M)
AL 20 A 0T 0 T s A & v, A0 i R
P B A AR S R B R 5 i 1 O 4 i ) A T A
WY LR, b eyelin D1 EEAE 40 E IR G, 95E
YERT B Gy /S WAL I s eyclin A FEARAE R G,/
S.Gy/M W ¥ EEAEHY . Cyclin D1 # G,
WG B G R Wk e 0, BE A S IR R A . At AE
ARE TR T .G 8 cyclin D1 5 HAE1E 5 T
CDK4 3% CDK6 45 75 J& if A 40 ML #% . IF 3005 B 1
cyclin D1 5 CDK4/6 W& &4, FlF & A Rk,
MATIT A 2l 40 il DNA K60, 40 il i Gk A S
W, Cyelin A 70 40 )5 B9 1E A3 R 7, 5 CDK2
256 JE G EHIE R A5 (cyclin A/CDK2) , 3
pRb WAL R 1 7% 5 E2F ., AT 5] 2 — & 471
5 SHIMCH F R i G EEA S #,
Ja 3 DNA G 5. fe A i g 7, ARFoE & 8. v
B 5 A /EH T VSMCs Al cyclin D1 & H AR iK%
F & LM eyelin A AR R K B EFFRAM, R0
PEiwE Re R E S LM G,/G W S W
b, 75 5 40 Ak - RS

B A 2 VR RNA T AR R 2 Dl Bk v 2
SR HE IR, KB VSMCs G, /G 1) S #4032
REL . 4 17 53 24 16 5 52 2 BR )L 08 T ML ) o, o £
AN S W AE Gy /Gy 3, 5 AT 58 45 SR — 3, Rosner
el o 0P BB W] X PTCA AR J 7 82 45 15 2k (1
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VSMCs Wi /EH 5 1E % VSMCs By 4 i 4F FH —2k.
B E Go /Gy S 3 i E 32 BHLL T X G 9,
M HI B A s, DL gs R R, v B 5 A
VSMCs #4 5 7] G /2 38 i #0 fil PCNA 25 1 K3k, 7]
i b P53 R A AL AR T B AR AH L R G,/
GBI S A4k 4 i = B AT B 7E Go /G L 51
cyclin DI IR cyclin A Rk i %,

FE] AN BF 5% 41238, 7E I 7 DUARCIR 25T B 0k 0,
ORC1 RKiLAEH AL, MR 0~3 h J5.0ORC1 £ik
I, L3 038 6~12 h J5 . ORCL FF4h BT+, 245 1fiL 3 3
¥ 12 h,ORC1 EikH .12 h J5.ORC1 FKik & #
Wb, Mehra 25N & BN ZE% M E IR ORCL
TE 8% T2 R R 24508 UK B B A R i 336, HLBERH 1k 6 5
BN EE &0 s HAZEY DNA & il i) 26 22 H
T BATHIWIAFZE & B, ORCL 78 G, A8 I, 7 S
WIkE f . ORCL 19 3 B 3R X BUZE T DNA A B
=L HEM ORCY 75 48 A i 19 v 2 5 i ¥ DNA & 6l 1)
R shad B ARHE ST A5 B WoR ORCL 78 4i il ik F
F IR RIR S5 .12 h KK B W, LS B Wk
TEYGFEIG BRI, ORC1 KA U & 7E#F 1L ] ORC1 3£
K55 5O AR 2, 55 1 S0 45 R — 3

ORC1 1 J& 1911 22 £k J2 #h il 7F 2R F1-26S 2R 1
A A S8, ORCL J& T S 1145 5 /0 ol 7 26
F . 2 AR 5 30 ) MG132 BE (A1 7K F 1)
ORCY A in . HI BT HE 3l 55 | 7% 5 g 5l i AR s i
WA S AL T S W40, H ORCI ¥R B
EHAR, — B SRR, AL T S FL0 Y 4 i 3 2%
TFiE4 i DNA HJE ORC1 5353400, 156 0 72 ¢ 7
ORCI MR R T S B RELE G IR ORCL X
DNA & B s m, K, ORC1 5 4 i J& 17 it
PR UIAH G, J2 S8 gl 240 M F N Go A G /S )
AT T, ORCL A R i 55075 R BB A 5K
Hb Y57 4 M JE 0 O B B, A R GE R
ORC1 Br T 1E0 DNA & fild#ih I+ Z 5. T figic B
AV Y e R SRR R S B AN M 43 2 L A0 i B R R
K4 AR I R PR

EEAZAM P, ORCL B G BT S
FEAC, BG4 78 % S AR - A1 78 ORCL 1
it DN P B SRR A R AT A ORCL 3R GK
V9% s m VR AL S A T ORCL B9 T 3%, ) ORC1 £
Tk ThEr . AL R R ORCY 78 40 i J& 19 v 1)
YERIER S AL T 78 % 35 m) /R AL a5y Bl iff — 20 52
F# ORC1 25 VSMCs DNA & #1958 shid 7, M il
PR b B M TR FA YT AS.PCT AR 5 F 8 % 465 1 4

WA PR PR T SR KA

(B RMEEE 252 ElR e AR T H
FXMEHABEREBER REAAMFERNET @
LYWMAAETD

(& % 3 #k]
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