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[ ABSTRACT ] Aim  To explore the role of Notch signaling pathway in platelet derived growth factor-AA ( PDGF-
AA) induced vascular smooth muscle cell ( VSMC) proliferation and migration. Methods 1-2 months old Sprague
Dawley (SD) male rats were used in present study. Rat abdominal aorta was gained by aseptic operation, after removing

the outer membrane of vascular and the endothelium, smooth muscle cells (SMC) was acquired by block pasting method
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and identified by immunofluorescence assay for a-SM-actin staining.
group ( Control) , y-secretase inhibitor group (DAPT), PDGF-AA group (PDGF-AA), PDGF-AA combined +y-secretase
group (PDGF-AA+DAPT). The expression of Jaggedl, Jagged2, Notchl-4, HESI, HEY1 and HEY2 mRNA was detec-

The experiment was divided into four groups: normal

ted by real-time quantitative polymerase chain reaction (real-time qPCR) , cell proliferation activity was detected by CellTi-
Results
nals including Jaggedl, Jagged 2, and Notchl-3 were expressed in cultured SMC. PDGF-AA induced increased Jagged 2

ter96 Aqueous One Solution kit, and the migration of SMC was detected by cell scratching assay. Notch sig-
mRNA expression 24 h post-stimulation ( P<0.01,n=4) and increased Jagged] mRNA expression 48 h post-stimulation
(P<0.01, n=4); Notchl and 3 mRNA expression also significantly increased 72 h after PDGF-AA stimulation compared
with 0 h group (P<0.01, n=4), whereas Notch2 mRNA were obviously decreased by PDGF-AA 48 h post-stimulation ( P
<0.01, n=4). PDGF-AA also significantly promoted the HES1 ( P<0.05,n=4), HEY2 (P<0.05, n=4) and transcrip-
tion factor Rbp-j kappa (P<0.05, n=4) mRNA expression in SMC, DAPT markedly inhibited PDGF-AA induced HESI,
HEY2 mRNA expression ( P<0.01, n=4), but DAPT further increased PDGF-AA induced Rbp-j kappa mRNA expression
(P<0.05, n=4); PDGF-AA stimulation obviously promoted SMC proliferation ( P<0.01, n=5) and reduced remaining

scratches area (P<0.01, n=4), whereas the effects were significantly attenuated by DAPT (P<0.01,n=4).

sions

Conclu-

PDGF-AA can directly affect the expressions of Notch signaling molecules in SMC, Notch signaling pathway is

partly in responsible for PDGF-AA-induced SMC proliferation and migration.
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1.1 EEZ#H#

SD K [ (Sprague-Dawley rats) (1~2 F i K &,
R AERE, HRATHIEERE BEET,
RERFHAFE)ERAERKF IR F R
HAIWERERBERRALERBESE R
S, DMEM/F12 F # 3 55 2 (Hyclone /A ) ,
R Fs 2F i 7% (fetal bovine serum, FBS,PAA /] ),
P A B a-SM-actin( Sigma /A 7 ), = ¥ £ T 51 ( DM-
SO) .y-secretase #1| #| ( DAPT) ( Sigma, Dissolved in
DMSO) , GoSeript K 4 5 % 4t | # # R & B 4% R
(reverse transcription polymerase chain reaction, RT-
PCR) Marker, GoTaq qPCRMaster MiX ( Progema /-
8 ), CellTiter96 Aqueous One Solution X 7| &
(Promega /A # ), ® 4l A PDGF-AA ( Peprotech />
) ,6 FL & 96 FLEE I K ( Corning 2 7] ), CO, ¥ 3¢
45 (Harris /A 8] ) , 5L B 2 & PCR UL KO8 X 4 1L
(Bio-RAD) , 8] & K X4 £ B 5 (Leica A ),
FT-6000 B A7 { ( RAYTO /A 7] ) , Image-Pro Plus 6.0
F % 2 # 2  (Media Cybernetics /A &), L35 fr &
il AR EAEDRBAE (L) B,
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B BRI B R A Jn N4 15%FBS t DMEM/
FI2RARE(EFEF BEF4L 100 kU/L) #HATH
o A RBH— R, IR SMC 456 RIeH 2 Bl )5
WK 80% E R, BE 4 RARIAT a-
SM-actin %8 % & |, 2§ kK . a-SM-actin # 31 £ &
T M 20 M 2R 3k 85% 3~5 R4 F T L,
1.3 EBHEEE PCR #&MZHAE Notch 15559 F
xRi&

12 B GoScript K% F R 43Rk F ¥, B4 40 40
M AT mRNA # B 984T 7% 5%, 3K 4% cDNA, fr
%19 ¢cDNA A GoTaq® qPCRMaster MiX, 1% [ % 1

& 1. LHEE PCR 3|1¥%51%
Table 1. Primers for real-time qPCR analysis of mRNA

VLU HEAT L it £ B PCR €, DA B-actin 15 5,
JL4AF  50°C2 min,95°C & M 10 min—95°C 15 s
—55C & K 1 min—72°C % 1# 30 s, 153 35 &, 75 f#
B % 65°C ~55C, 8 & 0.5C 5 s, Pl o EE® 4
SMC PCR 7= 4l £ A7 e i . 7k , KBl 4% K J& 4 B PCR
FEA 4 WL BEAT 1.7% 37 g A 5 I . vk, FF A Gel Doc
2000 % ik 3 1 DU AT, WA Notch 15 5 1 5 L
fKAn kA FREH I, PTH PCR 5140 5 A Prim-
er3web version 4.0.0 (http://primer3.ut.ee/) 1% 1T,
BaFy & 1,

ey i 511731 P HIE (bp) SN P>
Jaggedl sense 5'-tgacagccagtgtgacgaage-3' 165 NM019147
antisense 5'-acgcaggtgcctecattatgac-3'
Jagged2 sense 5'-tggttatctgegtgtegtggac-3’ 19 NMO021838
antisense 5'-ggcggeggtgteaagttctt-3'
Notch1 sense 5'-aggctccaccgtceteactett-3’ 125 NM001105721
antisense 5'-accatctgaggegttettca-3'
Notch2 sense 5'-gcageegecgteaataalglg-3’ 181 M93661
antisense 5'-ggtccatgtggtecgtgatgte-3’
Notch3 sense 5'-gecagecacgeagatgtcaa-3' 101 NM020087
antisense 5'-tlcagecagagecaaggtagee-3'
Notch4 sense 5'-gatccacctgeategacegt-3' 197 NMO001002827
antisense 5'-atctiggtggeaggtgggte-3'
HES1 sense 5'-clggagaggetgecaaggtit-3' 168 NM024360
antisense 5'-tggaaggcgacactgegttag-3'
HEY1 sense 5'-tgtctgaactgegacgatiggt-3' 149 NMO001107977
antisense 5'-cagggclegggcatcaaagaa-3'
HEY2 sense 5'-gcagcagtgatgacatecteca-3’ 139 NM130417
antisense 5'-ggegacatggegttgactet-3'
Rbp-jK sense 5'-teactectgtgectgtegtaga-3' 200 NMO001106631
antisense 5'-ccatcgecaacctteteggaat-3'
B-actin sense 5'-agatcctgaccegagegtgge-3' 122 NMO17008
antisense 5'-ccagggaggaagaggatgcg-3’

1.4  InE i3RI 5E e 140

0.25% % & ¢ B 34 b, PBS 2t 3 %, L& 10%
FBS 8y DMEM/FI2 ¥ 52 (& FH & #EX 4 100
KU/L) % 5 B Ak 107 /1 28 i 2, DA 200w/ 7L 4 F
T 96 FUAR, 35 24 h 5 7 £ R B 4, R &AL
T BE 2 L % B — Bk, 1% B8 L33k 3 in AN PDGF-AA

25 wg/L #/F1 DAPT 25 pmol/L, H -F DAPT ¥ T
DMSO, H s 4 4 iu N % & DMSO, 3% 5% 48 h, 7 & 5=
HOTFAILEMANL00 pL HEEExE BEH 1L h &
AN FAD MR A 20 pL, B BB, THREABE
3 hJ&,T FT-6000 B 47 (L& % i 47,492 nm 5 BUL
%A,
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1.5 ZHAEXIRSCLE

HBCH[8], % SMC E A2 6 LA N, &
15%FBS #] DMEM /F12 ¥ & £ 5 % SMC % 3| %
ARAEKE,H 200 WL B ELIARILF O L
WHFEEREE FHRRMEXKE, A PBS 44 3
KoM FXI T 0259 M, % BB L5 % i m A
4 PDGF-AA 25 pg/L #/# DAPT 25 umol/L., 4
15%FBS &) DMEM/F12 ¥ % (45 F5 % #F %
4 100 kU/L) , &1 - T DAPT 7% T DMSO, A I, % 41 [
N E DMSO, 24T 0,24 48 .72 h 7 Al #AT
WG B f# F Image-Pro Plus 6.0 & 1% 247 % 4
(Media Cybernetics, USA) #tAT 1% 247
1.6 SitF4biE

B Dors £, AR LREALH R T £
S AR R R ¢ B %, P<0.05 X £ %A A it
FE L, VA SPSS10.0 it R HH@AT Rt F AL HE

2 & R

2.1 MEFFALMMEEESFLETE R Notch i B HL
& ZEENE FRIABmNRE

KR 5 RZEEAT T WAL [ 8 B 4 K
H BN TA) 14 KA ] LB R 40 i 42« e R A
K (E1B) , BUERIE IR AT a-SM-actin 4405
BHE (B 1C) % BESh B GIE 52 r 4% 3% 04 40 i
VSMC, BUE# ;%% SMC #4T PCR 734 J5 HL vk &
7R, Notch 15 5 73 F 4 5 FZBCAK Jaggedl | Jagged2
DL FEZAK Notchl ~3 #)F35T SMC (& 1D),
I AR BRI 2R 204 by PR X6 B, I 4 20 3 2 3
35 Notchd  {HZEAE R 35 SMC AR K 3] Notch4 33k
(B WR) o
2.2 PDGF-AA ¥95 Notch i 2% Ei {& #0 3 K mRNA
7 & F g AL AR R A

PDGF-AA (25 pg/L) Hl# 24 h J5, Ki 5% SMC
Jagged2 mRNA F iK% 0 h (1+0.124) &5
(2.367+0.394) (P<0.01) ,48 h.72 h ¥ 45 7E 5
K-, Jaggedl mRNA FiLHE AL Jagged2 mRNA
IRHER 5 0 h(1+0.092) Ak, 48 h 5 Fik i &1
#£(1.941+0.222) (P<0.01),72 h J5 ikt — 414
71 (3.089+0.278) (P<0.01) (K 2) , TEZIRF L,
Notchl Notch3 mRNA 7E 24 h 48 h YA LA i 2
51,72 h 5 ZHRIE R ER R (P<0.01) 55 0 h(1
+0.187) #H L, Notch3 mRNA F3A7E 48 h & FF%
(0.550+0.055) (P<0.01) ,72 h JG#RixkH BT T+ (P<
0.05) (& 2),
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B 1. Mm% FRAEMEET . EE UK Notch 18 B B A1 2
R7E SMC HIRIE A Wi 6 K, WA RN A SUR e
A EHTEORIEHH 40 B S SMC K557 14 K U H Y 41
5 A0 ARG C OB FR AN «-SM-actin S 5EGHL A B ; D
4 Notch {55 538 B BC AR R ZAKTE SMC ik,

Figure 1. Vascular smooth muscle cells culture, identification
and Notch signals mRNA expression in vascular smooth mus-

cle cells

2.3 PDGF-AA % HES1 . HEY1 %% HEY2 Fn%k 5
& F Rbp-jK mRNA 7£F g L4 MR %

HES1 HEY1 }2 HEY2 J& Notch 15 5 }% F %
FE RS S 4T2 . PDGF-AA K 72 h J5 4l
HES1 HEY1 &% HEY2 mRNA Fik, 5% BAH L (45
54 1£0.057 A1 1£0.078) , DAPT [ i 2 FH 11 i
HES1 HEY1 mRNA &3k (434l k 0.569 £0.034 Fl
0.097+0.001,P<0.01) ; PDGF-AA & i HES1 F1
HEY2 2635 (4351 1.267+0.117 F1 0.889+0.132, P
<0.05) ,iZZN B DAPT A &AM (43 %1~ 0.563 «
0.058F01 0.525+0.080, P<0.01) , 5 X L5 i AS[A] , Bl
fHERE FRAYIE H SMC, DAPT W i Z {2 #F Rbp-jK
i5(1.860+0.054,P<0.01), SXFHEAHIL (1+
0.094), PDGF-AA i} % 3% 58 Rbp-jK mRNA 3 ik
(1.304+0.031,P<0.05) , 1fii DAPT #i|3# 7] fff PDGF-
AA S E Y Rbp-jK mRNA ik pE— 4 I 2 1 5
(1.991+0.331,P<0.05; % 3) ,
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Figure 2. Effects of platelet derived growth factor-AA on ligands and receptors mRNA expressions of Notch signaling path-

ways in vascular smooth muscle cells(n=4)
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Figure 3. Effects of +y-secretase inhibitor (25 pmol/L) on
platelet derived growth factor-AA (25 pg/L)-induced
changes of HES1, HEY1 and HEY 2 and transcription fac-
tor Rbp-jK mRNA expressions in smooth muscle cells (n =
4)

2.4  -secretase MEIFIHPE] PDGF-AA T EHE B
AIL4H Rt 3R

SEEGRTI 72 h A MG A I v, 25 BOR IE R
SMC 4 FE N A B 552 ] Notch 15538 B #4555
XFHRZH (1+0.027) A7 e, DAPT 7] DL &g % fi i SMC
4% (0.856+0.009, P<0.01) , PDGF-AA & & it ¥f
SMC % (1.117+0.018, P<0.01) , 3X — % I 7] #
DAPT 37 (0.896+0.045,P<0.01; /& 4) ,
2.5 ~y-secretase I EIFIHN & PDCF-AA 4y SH i
AlL¢mRaiERS

y-secretase 11| 5 ( DAPT) 7 Ll B #2352 ] SMC
BT, RGN IE S SMC ERRE A F 3z

Notch 55 I By ¥, 5 X4 (28.4%+3.7%)
HHEL , DAPT 41 4% B4 1hi X ol 25 8 1 (41.6%+6.1% , P<
0.01), 1fii PDGF-AA i 2 Jd /b 42 B T AR (3. 1% +
1.1%,P <0.01), X — & W #% DAPT & 2 9
(16.5%+3.8% ,P<0.01; & 5) .
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F 04t
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[& 4. y-secretase I #HI7 ( DAPT,25 pwmol/L) M PDGF-AA
(25 wg/L)FESHI VSMC 5 (n=5) a }y P<0.01, 5%}
JRZH LR b o P<0.01, 5 PDGF-AA 4104,

Figure 4. y-secretase inhibitor (25 wmol/L) inhibits platelet
derived growth factor-AA (25 pg/L )-induced vascular

smooth muscle cells proliferation(n=>5)
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PDGF, PDGF 7E 45493 1L A8 3 A BT B i 3 224
C LA . Notch {55 J& e E Ak I B AR <F
A0 3G A R E AR a e fE YRS R
g5, W g PR TS A0 B Noteh 55 324K,
R AZ RN G2 0078 5 246, 7= A2 1 1CD B % 17
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HP v HES1 HEY1 X HEY2 532 %", ¥ in
FEUFE I Notch {5 5 38 % 47 T PDGF Z 1k B %
U HURIZIE %5 PDGF JH Y SMC A= ¥ 27 1%
YY) LW, T PDGF 7#4E PDGF-AA .PDGF-BB }
PDGF-AB =FJER, H PDGF 32 A& iy i Fl 7 2037 o

Xf R 4H

0h

72h

B M, —& 5 PDGF 454G IHHZERK, FH o
WL A7 1] 5 PDGF-AA  PDGF-AB }2 PDGF-BB %%
&, B WAV 5 PDGF-BB M2 PDGF-AB 454, Xtk
AFZEH PDGF Al R HA A58 & — 05 7
A«

PDGF-AAZE PDGF-AA+DAPTZ

“400pm 100 um

5. y-secretase M3 ( DAPT,25 wmol/L) M%) PDGF-AA (25 pg/L) FSHME FigMMAITR (n=4)
Figure 5. y-secretase inhibitor (25 pwmol/L) inhibits platelet derived growth factor-AA (25 pg/L)-induced vascular smooth

muscle cells migration(n=4)

AWFFEEE R BoR VSMC 35 5 Noteh (55
AT AL FEECAR Jagged] | Jagged2 L) K 3Z {A Notchl |
Notch2 F1 Notch3, i F K BB E 4 20 48 BH P X
HRL2) RG] Notchd ik T SMC, BEA: SCHRBF 5T
7R Notchd FHEHE KT EC DL RO N IESE 1R 0L
A Notch4 35T SMC B SCHRRIE" . PDGF-AA
% EL 2 5% ) Noteh {5 538 [ e AR 152 1R 73 1%
ik, WK Jagged2 mRNA 7E PDGF-AA i3 5 % ik
Wk T Jaggedl mRNA, #2785 — F 7E £ X} PDGF-
AA FEAFAEAR R B R ALE] . PDGF-AA FI4 W 3
{2 Notchl Notch3 Z{& mRNA Fik, ZEH#% 72 h
Ja Y4 R 3 i AKOF, 5 B AS A 9 )2, Notch2 mRNA
16 PDGF-AA HINUS 48 h i 35 WA, )48 16 il s
72 h B E R, 02 I KA E] 5 Notchl | Notch3
mRNA J& {552 & 1% & 3k 7K F, #8278 Notch2 £ X}
PDGF-AA FJJ# ] 8 HA A AT Notchl Notch3 B4
W E L, A SCHERBF 58 & W], 5 Notch3 #H 2,
Notch2 = EAE M SMC 4514 L) M A2 39F SMC 1
T2, PDGF-BB J3 M| Notch2 mRNA 235 At
HEM Notch2 7£ PDGF-AA fEFHF SMC i #2 b B A
AU #E . HEST HEY1 & HEY2 /& Notch

fF5 s N EENE ST L&A PDGF-AA
YEFT SMC it # i 22 AR B R 37 X, PDGF-AA
WAL HE HEST A HEY2 3K, X HEY1 235 9f
JCHA 52, $27R HES1 A1 HEY2 7€ PDGF-AA Hi3
SMC S i # i Al e HEY i 2 0 56 5 il 1
Mo BB F R, TR SR IEH SMC, DAPT F
PDGF-AA 4 i Z 7 Rbp-jK mRNA ik, H DAPT
A[{d PDGF-AA /51 Rbp-jK mRNA ik — 14
1, 3X ] B 5 Rbp-jK FRIK DI REA &, SCHk R iE
Rbp-jK fE N % 68 5 F BA X m /EH, B 5
NICD 256 IR Ry 7 sl BT 412 i Noteh $1 R %
S, M HR S NICD 45 4 i H AT LSS 245 5 St )
FAMRIIE R s IR R B SR SMC A B —
SEHE NICD, Rbp-jK B4 553805 716, PDGF-AA
B% Notch 15 55 7242 NICD, n] BE#E— {2 7 Rbp-
JK B 5 DIAE; 24 DAPT FHIEr Notch {5 5 i #%,
NICD ¥ /b sl e 2 | S 2% Rbp-jK [5) %% s 30 il 1 ) fig
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