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WFFER R OME (Fo3)
il i )5 191 B9 3838 {5 7- BubR1 (Budding uninhibited by benimidazole) DFEA X T S -~ 7 X
Tk, BN TR O CTE MR SE O PEAERIN & Vo 72 EAL B o if 8 B 2780 T
575> ZIKEHL BWT, Fxlit MLEEIBHMEICB W TEL EBB{EA b LA BubRl 5,
W RIE TGl LT-, & N RENIRZIE 7 (hAoSMC) Z FH U AR HE5EBE & X, Angiotensin
IT (Angll) <> H202 THIIPK L 72BED BubRl %8 A FRFt L 72, hAoSMC (235U T, AL EE Al RE 14
ERE L bl U BEHETHEBEICIE . AnglT X0 H202 HIlii3 BubR1 F&EL 2 H9N & &, BubR1 3D
H9IZ p38 MAPK FHZE 7> NADH/NADPH 74 3% & & —PPRHLEANC L 0 FZ Sz, £7- siRNA %
VT BubRl FEERZINHIT 2 Z &I k- T, MIRGEREITIE T L. ms?iiﬁMLtOULi
V. EZALICBE L7z BubRl AR F RO FIC L 0 IHMERE IR 2 )SEEZRD, B MK
R A OBEFEREDIR TR Z 0 9 5 Z L AVRBR ST,

WFFERCR OB (3E30) -

BubR1 expression and hAoSMC proliferative ability were significantly decreased in the
aged hAoSMC. Angiotensin II and H202 upregulated BubR1 expression in young hAoSMC, and
the upregulation was abrogated by a p38 MAPK inhibitor or an inhibitor of the NADH/NADPH
oxidase. siRNA against BubRl reduced proliferative activity and increased ROS
production in hAoSMC.

These findings demonstrate BubR1 mRNA expression decreases along with proliferation in
aged hAoSMC. Aging-related loss of BubR1 and subsequent impairment of reactivity to ROS
may explain reduced proliferative capacity of aged smooth muscle cells.

These findings demonstrate BubR1 mRNA expression decreases along with proliferation in
aged hAoSMC. Aging-related loss of BubR1 and subsequent impairment of reactivity to ROS
may explain reduced proliferative capacity of aged smooth muscle cells.
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1. WFFERAE SO 5

% < OMEHREL, e &Iz DORER
NHEEI L., Fils-t Db O EERERRKF T
HdEREINTND, B LIZESCEIR
TEALIRZE T, M i i Al e OB RERR T &
o HA L e A58 A, (Ageing Research
Reviews 1 2002;167-179)
FIIEPERR R D B 7 b A JE # 23 24k
o M E R EICEE G LT\ b Loy
N 5D, (Circ Res 1998;82, 704-712)
EAITH B L 52 58 FREOFRE - fi#r -
BE~OISHAZ B, ex 7 —71%, F
K 16 AEE R IEMFZEIC X o CHlRE S s 1
BubRl DK FIE, EBEAEZ LILERIC
BWTHLEBIORERICZ2D Z L 2L T
X7,

T E TS 138 = - BubR1 D FEH A I
IR~ ADORBGIE, BLTHDHZ &
BB SMNEZY . (Jan van Deursen et al.
2004 Nature genetics) & DFEENitric oxide
synthase activity ME T35 Z &EBBH L
&N TW5, (Matsumoto, Jan vanDeursen,
Katusic et al, 2007 Stroke)

2. WEDOHBY

F—IZ, b N REAREE D L OB R LA
22 X0 S3BE U7 B, AR R A B e
A&7 BubRl s T OB OMET, B L UZ
@ signaling pathway Z#fEHT 5, X HIZ
BubR1 H& 7 RNENVREE(LIFEICED K H 7
BhEH5200ERH L, TORBRERE 2
ZAbhE kT A IEEE O E BT,

3. WL HIk

KL, /v 7T M7 ATOBRLGLD

FEREMEAT M OV RFBRAA T feed back & Z D

ST A B E 2 RIS = B L7215

FILEDOBFED 2 KA R E T 5,

AIERRE & LC. & b REIIRZIE 5 /i
(hAoSMC) % Cambrex Bio Science

(Walkersville, MD) KV iEA L., & MRENR
AV R ARAR 2 N e B A S T
BubR1 EAnF DFEBL DM 2 LUF D 5L TIT
27,

HERE (R —4FH 17-30 5%, n=3) HDHW
IXEAERE (R —4in 57-62 3%, n=3) %I
ERFEICIENERTE Lo, AR, s
& SmGM-2 |Z 5% fetal bovine serum (FBS) %
nz. L 5% C02 A V¥ aR—H—Dk
PERICHE Lo, Ml EiE 7 7 220
80-90% F THIFE L 72FF AT 0. 05%
trypsin/EDTA % VTR L 72, SEBRICIT
5-10 2 L7,

HNEHEFEEE 2 R 3~ 5 7= D OHMika s w7 > b
X, & b REMREMHE AL (hAoSNC) % 6 well
TL— MIFNFIL 3.5 x 103 cells/well
DR CHERE, B4 Uiz, ¥ HIZ FBS #hn/s
L OE:F (SmGM-2 + 0. 5% FBS) 1ZA3H#A L .
24 FEFEIALERIRAE & L7=, Z D14 FBS iR 0
DREFEWE (SmGM-2 + 10% FBS) 1ZAcH#a L, 0,
2. 4. 6 H CEE{#$E FIZ Neubauer chamber %
MW TEEMEE T 7~ L,

Reverse Transcriptase PCR (RT-PCR) & FHu»
TEIEFRIAOEZ1T > 72, & hREIRF-
AR (hAoSMC) % 100-mm 7 o » & =2 T
148 L FBS IRI7e L OB52 K (SmGM-2 + 0. 5%
FBS) 12T 24 el O AR EEIC L7 tkic, R
¥ (H202. AnglI. AnglIl + DPI. AnglI +
SB203580) A ¥/ L 7z, HAoSMC (Y 2.5 x 106
fE) XV RNeasy kit (Qiagen, Valencia, CA)
ZHWTRNA ZfhH L7z, 2.5 ng ® RNA 1Z
0ligo—dT 18-mer primer Zff ] L.
SuperScript II Reverse

Transcriptase (Invitrogen, Carlsbad, CA)
% AT first-strand cDNA % {ERK L 7=, PCR
IS 1% Perkin—Elmer Gene Amp PCR system
9600 (Wellesley, MA) ZfHf L. {EFESMIE
leyele (94 < C . 4min), 28 cycles(94 « C,
30 sec). (56 - C,30sec). ( .30 sec) .
1 cyele ( . bmin) IZRE L=, PCRT



7 A ~—|ZFNZ 4 human BubRl 5’
~GAGCACTGGCACAAGAATCTG-3" , 5’
—CTTCCTGAAATATCGCATCTG-3" , human Bub3 5’
-TAACGAGTTCAAGCTGAACC-3’ , 5’
—~GCATACTTCTTCTTCTGTACC-3" % Hw7=, @2
fwa—sv & LT, young K} —¢& aged K —
THRBLL LD 5720 Bub3 & L7z,
PCR B§MEH > 7 i 1. 2% # 0 B CERIKE)
L. RAS-3000 densitometer (Loats
Associates, Westminister, MD) CiEffi L 7=,
FNENDOY > 7T ORI
GAPDH % FWNCHHIE L 7=,

RNA Interference & L C AR#{ RNAs( 21 X
7 VFTFR) I

5 ~AAGGGAAGCCGAGCUGUUGAC-3” . 1281-1301
in human BubR1 (accession number AF068760
GenBank) % HHJELF & L, Genenet ~ZEFEAE
FELIZbDEMEH LT, 22— & LT

luciferase mRNA (accession number X65324) .

the firefly (Photinus pyralis) Z{EH L7=.
Double nucleotides (dTdT) &% ZF L DM
FEFID 37 KimlZhz 7=,

Lipofectamine (Invitrogen) Z T RNA %
bt N RENRFE A FHIRE (hAoSMC) % 7213 Hela
Mg~ T A7 27 gLz,
152 3E Reactive Oxygen Species  (ROS)
OHEIZLL T DO HETIT- 72,
FERERF—BIOEBERERNF—0DE bK
R M A AIIE (hAoSMC) X v pEA: S D ROS
ZHIERIEL-012 ZHWTHIE LTz, V2 /
— VBB TH % L-012 X ROS & KIS % =
WX VBRI L. mIEREE T ROS AR HI AT
RETH D, HAOSMC 54 L, FBS N7z LD
BEF%WK (SmGM-2 + 0.5% FBS) 12T 24 FEfH D
WLARIRAEIZ L7=%1Z, Angiotensin II
(AngID) Z¥RIM L7z, R U 7o U UERIZCH
Jazme L, AiayziEE (5 x 104 cells/ml)
X Krebs-HEPES buffer Z#{II LA v % =X
— bk ( . bmin) L7, L-012 (50 ymol/L)
EWINL, &6 rFax—h (370,
5 min) DOZIZ, BITEREZNLI ) A—F—
(Lumat LB 9507, Berthold Technologies, Oak
Ridge, TN IZCEHAI L7z, RBH&EITIE— 7 H
[counts per minute (cpm)] &
chemiluminescence intensity curve
(integral chemiluminescence) % W CH|E
L7z,

4. WFFERR R

(1) & P KEARFEIEDMAE (hAoSMC) 1%
young B B UL aged #f % Cambrex Bio
Science (Walkersville, MD) XV HEA L. &
EFERFIECE DR L, EAMICIE, 8
K SmGM-2 1T 5% fetal bovine serum (FBS)
Nz, 37-C , B5%C02 A > HFaX—H—D
FHETICHERLE, MANKEEZ I X230
80-90% F T HY FH L 7= FF & T 0.05%

trypsin/EDTA Z W THER L7,

(2) b FKEREETMAE (hAoSMC) (23
W, siRNA A (Lipofectamine 1) 12T
BubR1 ZBL4 ] L, HEJEHEFE S & O ROS 2E
FEERE LT,
siRNA 3 AT L - T, BubRl FEELAENHE S
72t b KRENREIEGAE (hAoSMC) —CrdAlfia
HAHIXE T LTV D Z &R &z,
SiRNA 3 A|Z 1 > T BubR1 FEELAHIH < 7=
t b RENREE A (hAoSMC) TIRiE Mz
FZOPFEENEIML TWAZ ENERI N,
EAELEERFT— b0 N KRENREE G
A2 DT AR EE 5 #0835 &E s 7
BubRl FH DD & Nitric oxide synthase
activity DIK T ZHErd L=,

(3) =~ A (C57TBL6) /XMl L 2 BEIT Sy
J e, HERE, BEHOZNEND~ T AN
SRR, KEIARZ R L. RNA 28 L7z,
Real-time PCR £IZ X Y Bublb E{mF D IH
BER L., BHEREE BEHTOEWEZ R
L7=fb 8. B4R~ w7 2 (C57BL6) D MR Tl
EERE L LN EAERETITAEIZ Bublb &{&5F
FEMETLTWD Z LRS-,

— 5T, BARI< v X (C57BL6) O KENIR T,
EAERE & BAERE T Bublb B FREICEA R

DI T,

EIREE (LM S 128\ T NI D65 5E 7

E BRI AN 2L AR Y K
T2 L1k > T Bublb EFREIIET L,
MO DI Flz o7 B L &8 LT,
Dbk, FELEZETRAZBWL TR, #
BT D HEFJE B35 7 BubR1 R BL O A3
=

(4) MR o, HE 5 R
IR REORBEZRFT D2 LiIcL > T, Fil
15 D BEBE IS 2 B0 S 23 5 72, Bfik
TR AL 28 BB & 6 FRBE O PIRIE AR S X OV E
iR R AR B3 1T 2 i A ) 1 B R B O
B Z et LT,

JUM R F B TR BRI 2= T2 b DD H

b, MEEZESOFE, TAZET, BEL
7= BREE LI 3 K OVIE 3 RENIR .58 %
Y
MAERETIR IR ZE RIS CHREERE L. RNA &
i U, RT-PCR iE% & B VTl & H# B
IR BEORE Z HEE L. 2 OG- REOR
FE ARt Lz,

S ERARAIE AR & v Rt X7z BhURAEA LI
B XL OUER KEIRINE 2 VT, Bk ki
£E 5 HI S & = BubR1 J8 B DR 2 HEZR

L7,
(5) /v I T T hR<wTRA
(BubR1 hypomorphic mouse, BubR1-ApoE

double knockout mouse) DEHRL K Ny HstE
D iR R OB ARAE AL 955 28 L2 b 3~ D 2R D iR
Wr&2iT->TW\5,
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(DA Guntani et. al.. Reduced Proliferation
of Aged Human Vascular Smooth Muscle
Cells -Role of Oxygen—Derived Free
Radicals and BubR1 Expression . & #HiH .
J Surg Research 170, 2011, 143-149
doi:10.1016/j. jss. 2011. 03. 024
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O BB % . 6th Annual Academic
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