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Effect of inhibition of Notch signal on pulmonary vascular remodeling induced by an-
giotensin [[
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Abstract: Objective It is known that Notch signal is very important to vascular remodeling during the process of
embryonic development, vessel repair and tumor growth, but there are few studies about pulmonary vascular remodeling in
pulmonary hypertension. This study was to explore the effect of inhibiting Notch signal on pulmonary vascular remodeling
induced by angiotensin [l . Methods Vessel strips taken from healthy Wistar rats were co-cultured with extrogenous
angiotensin [[ and the potent smooth muscle cell proliferation stimulators for 7 days. Vascular wall thickness, proliferating
cell nuclear antigen (PCNA) positive cell rate and caspase-3 positive cell rate were examined in vessel strips. Then some
vessel strips were cultured with angiotensin I and vy-secretase inhibitor DAPT, a Notch signaling inhibitor for 7 days. The
levels of Notch 1 to 4 receptor and HERP1/2 mRNA were ascertained by FQ-PCR. Results Angiotensin I stimulation in
the cultured normal pulmonary arteries resulted in an increase in the vascular medial thickness by nearly 50% , and a
significant increase in the PCNA positive cell rate and a decrease in the caspase-3 positive cell rate. DAPT treatment did
not result in the alterations of Notch 1 to 4 receptor levels, but decreased remarkably HERP1 and HERP2 mRNA
expression. DAPT treatment also decreased angiotensin [[ -induced vascular medial thickness and PCNA positive cell rate
and increased caspase-3 positive cell rate. Conclusions Inhibiting Notch signal by y-secretase inhibitor may lead to the
suppression of pulmonary vascular remodeling induced by angiotensin [l , suggesting that the inhibition of Notch signal
pathway might be a novel strategy for the treatment of pulmonary hypertension.

[ Chin J Contemp Pediatr, 2011, 13 (6) :503 —508 ]
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e A K 45 i A5 T, Noteh {5 5 % e i 45 51 48 & 3%
TEEAERASY B PH L = 5T AR D,
M4 % KR I (Angiotensin I, Ang II) J2& il %V
JULZH Y ( vascular smooth muscle cell, VSMC) 18] 55 22
S5 Xt PH i A FAG & & A AR
B2 HATC T EA T Ang ITXS T Notch {555
Ma AR BV o AWFSER A Ang 1555 55 5% 1Y il
BBk % A I AE EAL , (AR HMSEALL PHL Jif 1fi A8 B A, %
W y-20 WS ] 57 DAPT i) Notch {55 JHR
Wp A= HERPL-2 X filf 4 A4 PR R o

1 ST

1.1 LIz

T TH P R AF Wistar KB 36 ., 4 1%
R 180 ~210 g, (1 01| KAE AL PG B2 22 i 3
Liogs S/ f1
1.2 FERH

M199 #3535 (g [ GIBCO™ , Invitrogen Corpo-
ration , Part No. P1504 ) ;y-73 ANl 78] N-[ N-(3,5-
Difluorophenacetyl ) -L-alaryl ] -S-phenylalycine t-butyl
ester ( DAPT ), C, H, F,N,0, (I B Sigma 2\ A,
D5942 , Synonym 1.Y-374973) , g A S = I W | R
(DMSO) ; Ang Il (43T 1047.2) ) H AnaSpec 7
AJ () 57N B 5 4 I AZ T it ( proliferating
cell nuclear antigen, PCNA) B T3 BEHLAR, ot K Rl
caspase-3 FATEREDIIA , 1) H Neomarker 2\ 7] ; G5 4H
e @150 & SP-9002, 1 H b 5t b A2 & M AR W 4L
ARARAT] o 40 M 2L WL Trizol W A 52 [E MRC 2
] ; RevertAid™ First Strand ¢DNA Synthesis Kit ( #
K1622) 11§ 5 57 Fg %8 MBI /37 ; Taq DNA 45, 1
B AL K %8 58 ( BioDev ) A= 49 5 P H AR BR 93 4T:
N ANTP g H 22 [F Promega /3 5] ;SYBR Green 1,
W4 A %ii -+ Roche 24w, Notchl 514¥), biiF & 51.5'-
TCTCAACTGCCAGAACCTTGT-3", i & 1] . 5'-AT-
GCCTCGCTTCTGTGCAG-3' (¢ 14 1) cDNA K J&F 171
bp) ; Notch2 5|4y, L iif & %1.5'-CACTGAGAGCTC-
CTGTTTCAA-3', T ¥l & 3. 5'-CAGGCCATCAACA-
CACGTTC-3'(cDNA K & 160 bp) ; Notch3 5|4, I
7 Z%5:5'-ATGGCAGGCTTCACAGGAAC-3', Nt &
%1 5'-TGCAGCTGAAGCCATTGACT-3 ( cDNA - Ji
109 bp ) ; Notch4 5| ¥, I i & %:5'-AGTGTCTC-
CCAGGCTTTGAA-3', " #iF & 51 : 5'-GAAGATCAAG-
GCAGCTGGCT-3'(cDNA K J# 96 bp) ; HERP1 5|4,
FiF £ %1 .5 -GATGCTCCAGGCAACAGG-3', i &

8 JH,
P

41|: 5'-GTGGGTCCGAAGGGTCAA-3" ( ¢DNA £ Jif
143 bp) ; HERP2 8| %, I % & %1 5'-CCAACCA-
CATCGTCCCA-3', T iif & %l 5-CTAGCTTCG-
CAGATCCCTG-3" (¢DNA K:JiF 145 bp) ; GAPDH 3|
Yy, i & %15 -CCTCAAGATTGTCAGCAAT-3' |, F
Wi 2 41 . 5'-CCATCCACAGTCTTCTGAGT-3' (¢DNA £
JE 141 bp) o HEAY TR (KE) ARA RS K.
1.3 FhzhRkiE & HH & RIEFR

KRBT FE T, 75% TEAE TH 7, B9 FF I, 2

BIFETT EMShk, BT R A JCE PBS S vk 3
FrMLA e I 2B 048 SR B B 1D 20 2, FEAN 36
Pl NI BL T, W Al 55 Il 2 ik ( 29 4 mm
x5 mm) A 1SS IKINAE 2% . Kok B 36 2K
BRI 36 2%l 2 Ik A5 BE AL A3 B 6 21, BR41 6 % 158
oo Hrb 1 QER Mishikdl) B 4% 22 5 P
e, A, HAR 5 AUl sh Bk 455 3% F 35 mm
AL, A3 T BRI it ot it 1 o e v [ B2 G
J5 700 wL,M199 (10 x liquid) 100 pL, G NaHCO,
(11.76 mg/mL)200 pL( &5 1 mL) 7EpK bR FR 10
PITRAT, Sl Ai T a5 3R LA ] o 4 it 20 ik 2% 9 B T 3
PR BRI, B SR ILE 37°C CO, AR FRA6
2915 min, RIS 4ETE B, Bl sl ik Sk R 52 G T T
B FEEE 2 P, inA M199 (1 x liquid) 1.5 mL,
1 h J5 R SR 5 &% 100 u/mL 3L (5 85 %
B2 I M199 (1 x liquid) o 3X 5 4140518 : D= |
XFHE (M199) 41, @Ang [T + M199 41, @ Ang I +
DMSO4, @ Ang Il + DAPT I ] & 20 (35 F5 Bk A
DAPT % 1 uM) ,@Ang [T + DAPT El a0 (3555
FeN DAPT ¥R BE 10 uM) . BARMGE 555 1 d 5,
H 32 591 1) 1.5 mL Bi R b 43 3 im A Q@
B g M199 4.5 wL, QF BT Ang 11,5 pL( %
HWePE 1 x107"M) FI M199 3 L, @Ang [[1.5 pL(%&
W 1 x107"M) F1 DMSO 3 pL,@Ang[11.5 pL( %
WeHE 1 %10 77 ) F1 DAPT 3 pL( &9k 1 pM) ,DAng
1.5 pL( MBS 1 x 10 "M) fil DAPT 3 pL( 2k
FE10 pM) , 4£7 d,

%9 RIS TR sh bk 7% , B R VD8P, —
FWALRAEAE RT-PCR [ ; 75 —FAE 4°C 4% Z R
REN 8 2 b, B RUBK, BB, A A, S wm JEE 34
LY AT ARG - L G €5 5 T 7 4E YL £5  PCNA
FIl caspase-3 4 ke fa
1.4 SEANEE

Fie SP g A0 & Ui W] T, PCNA(1:300) |
caspase-3(1:100) , A PBS Z& i (0. 01 mol/L, pH
7.4 —BurE I HPERT R 25 5ok ] Image-Pro
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Plus BCPF 138, B K L8 R BEHLILE S AU WATEIE. ERTFREETINA Angll J5, 525 X HRA]

( x400) , 11U AEEE PCNA BY, caspase-3 FHPEAAMI L
O IOEYME, S e I A R AT ) B 5 R S5 T O
1.5 MEFEREENE

JH Verhoeff £k 75 R R Je a3, Je a2 Rk H
Image-Pro Plus 2R {F44, & 25 M HEDL UL EE 4 S HL
B ( x400) , BHLEFIE 3 N SRR Z ] Y
PR, BOFIAME, RIS RER L
1.6 Mm% % Notchl 2.3.4 Z K H TR EF
HES #HX#FIEFZ A 1.2( HERP1,2) ) mRNA
=ik

K SYBR Yukhik, 45 S 2744 g HR A
mn Y mRNA TR 2 3 4. ZHZ1E RNA $2 1K
MR Trizol 38 BH 5 347, cDNA & 4% I Rever-
tAid™ First Strand ¢DNA Synthesis Kit 18] 17,
£ FTC2000 #5567 PCR AL (I RRIE 2 7] )
AT H YR RT-PCR Rl , [ by 4544 : 94°C Tl A%
£ 2 min, 2R J5 94°C A8 20 5,52°C iR k 30 s,72°C4E
fifr 40 s, #4745 DMEH . LAJC cDNA B 5 128 (4
WA IMEXT R RS B — B A BN B 114 45 B VL A8 1)
PR FE I K AR EL( DR ) 73 A2 il B B WA 19
gl 3t 2k, Tl o A A 9 OB B 1S
B 45 E BN P TR (CLE) o AACH
= [ Ct GI(FF A i) -Ct GAPDH (AL &) ]-[ C
Gl (#IEFE ) -Ct GAPDH (AL IEFEG) 1o 115
27 ANARE ) H SRR AR N S 2R R A E
1.7 HitEaHH

JH SPSS 12. 0 BRAFADHE A7 $ic s 4 2, 115 A5 48
DAEL = bR (x =) FRon o DAL ELECR H ¢
B, Z2 4] LR FH B DR 28 T 2 43 A sl i A2 00 1
525707, P <0.05 A ERAGIEE XL,
2 #R
2.1 Angll S EMENkMETL

PCNA J&—Fi e i 240 i SR I AR G R 1,
2 DNA {445 B, He A1 258 s e 40 e iy 33 5 1
o T caspase-3 FRik HAT S W T 5 2 R 2 AFHE
YA T A S A= ) 2 500, G B 23R S e 1 4

JRLF I TR O
ABIFTE K B, 25 0 AR A K BRI 8 ke I 1L 3

ARG FREL R 8 d, 5K IR AL W il Sl kAR 1L
I 487 v 5 JEE R R 1S, [R) IR I A RE 20 P
PCNABHM: 2l caspase-3 FHM: R T & (P <0.05) , i
UiNRGONT Il IRES S MR fip e L P e

AALL, 4 RSS2 i 3 ik 50% (P <0..05) , [A] i
PEA MG BE 20 PCNA FHEZ 5 (P < 0.05) Fi
caspase-3 [HMERAIFEAML (P <0.05) , 378 Ang T 7]
fe ik VSMC 3458 il LR T, 75 S i i A S AL (3R
LET1~2),

F1 Angl XfPhzhkpy hIEEE . M2 EE 4 A PCNA |
caspase-3 PATEZRAYSME (v =)

i UK o i JEL B PCNA BHPER cas;‘)efsc—3
(pm) (%) FH M (% )
EFASipkAE 6 77 =12 1.23 +0.24 3.7+0.8
25 FXT IR 6 84 +13 4.47 £0.96* 15.9+3.2
Angll +MI199 20 6 139 +11*" 29.11 +6.11*" 8.8 +1.8*"
F {4 33.330 14.076 6.855
P <0.001 0.002 0.012

a: SIEWIBIKAL L, P <0.055 b 528 FIR R4 beL, P <0.05
180
150

120

a
I L I I |

ERIAHIKA S PEA Angll+M199 41

BEl1 Angll X455 5RHH BN Ak 5% AR E R RN (n = 6)
a: GIEF M) b= B x4 L, P <0.05

JEJE (um)

K 90

60

i 3y ok 5% v A

30

0

407 W EE il sl k4l
B 23 [ B2
ab 0 Ang Il +M199 41

30" I
_ 1
g
20 - .
3 a
g

10 - aT,_b

P
a
0 Z %
PCNA Caspase-3

B2 Ang Il XE55RHERk PCNA  caspase-3 PRI ZR K5
ME(n=6) a:'iE 3 MSIBKLLLLEE, P <0.053b: 5% 16 BR4L He g,
P<0.05
2.2 DAPT 3tffizhfk & Notch 155 )50

TERGFR I y-73 WA B I 55 DAPT 5, K
WA R 41E 2 57 e 4, i sl bk i 4% 2% Noteh 1 ~
4 SZ R 1) mRNA 7KF-JC W] g 248 (P >0.05) , {H
Notch {551 % 5t A F HERP1 .2 mRNA 7K i
FREAR(P <0.05) . #7R DAPT #ijiifi| Notch {55 f&
] Notch 24754k, #1401 Notch 55 Fijf
L[ HERPL 2 (% s i SE 8, X Notch 32 K7 B 11y
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FBTW R, W2,

%2 DAPT xf & ZH Rl 5h ik I & 5 Notchl ~4 ZFk K
HERP1.2 mRNA 53k #9501

2H 5 Fi%x Notchl Notch2 Notch3 Notch4 HERP1 HERP2
25 X RE 6 0.0251 0.0105 0.0059 0.0254 0.1215 0.0207
Ang Il +M199 6 0.0270 0.0117 0.0079 0.0319 0.1769 0.0244
AngIl + DMSO 6 0.0313 0.0098 0.0112 0.0375 0.1521 0.0273

Angll + DAPT {ii#FI: 6 0.0364 0.0082 0.0121 0.0443 0.0021% 0.01542
Angll + DAPT &#l5 6 0.0301 0.0110 0.0079 0.0374 0.0015 0.0039?2
F{q 0.743 1.001 1.696 0.705 7.125 5.522
P 0.542 0.418 0.208 0.563 0.003 0.009

a: 5 Ang Il +M199 4 Fl Ang Il + DSMO ZHAH [, P <0.05

2.3 DAPT 3fhhizh k& T B =200
Ang 11 GBS 7 1) Jili sl ik M58 F e = i b 25 1

Tk 50% . I % BE 41 ffg PCNA FH PR o 3% I 7.

caspase-3 FHM R TR, Jin A DAPT i Notch 55

Ja , BEAEPT Ang I ol IX AR L, W3 3,13 ~5,

=3 DAPT x{fhizhikmME S EEE . MEEMEPCNA
PREE K caspase-3 PHIEZRMEM (3 xs)

5 UK o g R R PCNA PHPE% casA;;'iseG
(pm) (%) FEPER (%)

25 X IR 6 84 +13 4.5+1.0 15.9 £3.2
Ang Il +M199 4 6 139 =112 29.1+6.12 8.8+1.82
Ang Il + DMSO 4 6 154 +35% 28.4 +6.0° 9.3£1.92
Angl + DAPT {IGH 41 6 76 + 12 6.6 +1.4b:c 12.2 +2.68:b:c
Angll + DAPT Z5H4 6 84 +16"-¢ 5.8 +1.2b:c 12.5 £2. 8ab.e

F {4 7.589 4.760 6.255

PA{E 0.010 0.037 0.015

a: 525 X IR ILE, P <0.05;b: 5 Ang II + M199 41 [ 4%, P <0.05;
c: 5 Angll + DMSO Z [b45%,P <0.05

E3 Angll % Ang I fin DAPT i [l & rh f% B BE

TR (AILFYES L, x400)  IEH K BU Bk

7% 8 d J5 SR EE AT I, Ang T REAE BT 5% A0 1045 4% P BRJSERE S0 35 18 0, Ang IT + DAPT IR 41 A1 Ang [T + DAPT
T R 2 I A5 B RE A Ang T + M199 411 Ang T + DMSO 4 B i3 A%

B4 Angll B Angll il DAPT 3 1 & 2240 A PCNA PRMERA M0
KRG S5 8 d 5 M4 REANAE PCNA PRk 3R 1900, Ang T RE R85 57 1 1 4 2% 1 2% B2 41 il PCNA PR 5 15 3%
39, Ang I + DAPT 5541 R Ang [T + DAPT 5570 5 201 (9 1 5 BE 4T PCNA PHA%: 348 Ang [T + M199 2 Al Ang T +
DMSO 21 W 3 FAA , BRIt e o At S o

(g, x400)  TEH
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5 Angll % AngIl it DAPT ¥ /& B2 4 il caspase-3 PRMER MM (Gsgifbie(a, x400)

IEH KRBT Shk 55 8 d J5 IS REL I caspase-3 B 38 BH W38 1, Ang TT R 3% % 04 1M 45 45 1. BE 4 ifd caspase-3 FH

T B E R, Ang T + DAPT iG55 F1 Ang I + DAPT &5 71 5 21 (¥ 1M 4 BE AN M caspase-3 PHME AL Ang [T + M199 21

H1 Ang Il + DMSO 41 W] ¢ F+5 , FHE DL (i g 245

Y 20 R AP, K e K PR B B DR E it 3 k-1 AL

3 iTig 23R Notch 5515 0 Y FREELRFF— 2L

Ang Il J& VSMC 5 22 2L 5, Il K 0 31y ) 52 35 4k
B = PH I, 22 Ang 13514 38 15 m, £ 2F
it s - LA e ) 38 5 IE R AT A8 5 Sh S 3
PR A 5 5K 2R % AL i 40 1) 77 ( angiotensin-converting
enzyme inhibitor, ACEIl) \AT1 SZ2{&$5H1 5 GEFEAE PH
R 3 ik I G2 Ho A 2 NS SR R AR B e 2
300 A il ot A AL, X PHL il ofn 4 B AL 1 2 e AT AR
BRI ARG KBS Ang 1 B )
ik SR IR 75 R 2R 0L PHL A i i 4 B A

Notch {553 75 7F A v A & B AR ST 1, 278
A FRLAR SR 22 T g 114 10 A T A R P SRR
W—MET 25, HATEMZLshYhrolEd 1 4 F
Notch 3Z {4 ( Notch1~4) . [T Notch 3Z {4 Fl AL {4 HB
A IREA I, I % A5 5 1% 5 R BEE 2 )= BB 40
I T2 L 2 T R 4 ik AR AR T 52 B T A N
SARMEAE IS & Noteh 5244 % £5 W UK 1t A , M 24
JfRsE Rk Noteh g ]I (NICD ) , NICD E#:A
%, s 5 BHiE [ T HES (hairy enhancer of split ) -
1,-5,-7 #1 HERP-1,-2 .3, R¥E Y% . Notch
5 T Ry AN A A 20 2 ) A 4 fik A
VERR X 75 =X, 1o 32 200 i =2 18] 4 AH B A A ER B
SES- 0K [ N

ARWFFE R BRI S b 1 = B e A 7 i 3 ik
ey dr 2L ORE T ISl Bk i B P L BT 4E

DAPT J&— Bl e S5 M 1 /N o =43 W6 g 0+l
A, O 7E 20 M 8% 5 R0 b B b IE SE eI I Noteh 52
ARER YR It A 00 55 1) y-43 WA B, ) Noteh f55-,
1M H 3ok 3 % 3B A BRESI il Notch 5 HK fif , ik
A4 NICD B2 Fl NICD {5 54538 , BA 55 K
f Notch {55 AR o AWFE L BUAERE FR 1
I 5T i A DAPT, [f.4% 4% Notch 52{& mRNA /K3
JoHH . 52 i, {H Notch R ¥ H 9 3& [l HERPL F1
HERP2 mRNA 7KF-H & T %, Ui B DAPT () G ¢
FA I Notch {55, X Al il /E 5 Notch SZ{KFk
JoKs

Notch REETEIMNE LA EL WA 3 Fhazik
(Notchl,3,4) F1 3 4~ F gz ¥ (HERP1,2,3) , &
BRIKT MK . HATX Notch {55 5 Wi I 4% &
18 CIEHXF- i LA LI R A 2, 85 A
WE5E 45 A, H 52 L ) T BB 60 4% ;3 & Notchl |
Notch3 SZ{AfE #F VSMC 358 Jf-fff VSMC 2k L4 K
R R0 200 B S S04 5 ) VSMC i T 5 2 i VSMC
T, B4 s TR E PN B 20 L RN B2 4 20 a5 Ak k1
LA

W R Ang [T RRE2 B s ik i 4 25 7 d, 1
2RI RS B N N, P A LA R A B e
JI(PCNA BHEZRIEIN) L 1298 2> (caspase-3 FHPE
FI) o I DAPT #] Notch {55 J5 , 1L 45 Y
BB R R HUIN Ang [T 1) 1 45 2% B S B AR, AT 0l
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R 200 MY B R R AN, A TR D R R A,
B ] Notch {55758 7 1Y) 22 28 S5 45 252 011 17 1L
TATSER RE e B ) A T A }}zﬂ*ﬁﬂﬁﬂ Notch {5558
N Eﬁﬁﬁﬁijﬁﬁﬁhﬁﬁ?ﬁﬁﬁ — R KA
PLI I, AT HE S Notch *D?ﬁﬂﬂqz@"ﬂﬂé&lﬂ@
i%%ﬁﬁ\iﬁﬁﬁ%“ﬁmﬁﬁmﬁﬂé fHix —45 1
FER I Notch 5544 AT e 21 52 il 16 25 440 119
HOR, ATREICH PH IRYT B — 187

Mt Bt KA LT A FRBEA L LALEIT,
N K AT 5 R IRk 2 A Sk B 0T AR R AR S sk it A2
RABGH B Bt K FEGE —ERa)LER TS

EXIT EHFET AR EARBEGFE L

(& % X ]
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