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[ ABSTRACT] Aim To establish the rabbit model of atherosclerotic vulnerable plaques, and study the effects of pros-
taglandin E1 on the angiogenesis which is induced by atherosclerosis. Methed 30 New Zealand white rabbits were ran-
domly divided into 3 groups (model group, prostaglandin EI group, and simvastatin group) , each group has 10 rabbits.
The rabbit model of atherosclerotic vulnerable plaques were established, and the rabbits were given drugs to affect the dis-
ease. The abdominal aorta were processed and examined by hematoxylin-eosin (HE) staining.  The angiogenesis and hem-
orrhage in plaques was detected.  The vulnerability index was counted.  Immunohistochemical staining was performed to de-
tect the expressions of related factors.  And the reverse transcription polymerase chain reaction (RT-PCR) was done to ob-
serve the expression of hypoxia-inducible factor-loe (HIF-1at) mRNA and vascular endothelial growth factor (VEGF) mRNA.
Results Compared with the model group, the expression levels of vulnerability index and platelet-endothelial cell adhesion
molecule-1 (CD31) in the prostaglandin E1 group were less (1.23 £0.20 vs 2. 84 +0.59, P <0.05; 1.23 +0.20 vs 2. 84 +
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0.59, P<0.05).
0.01; 0.396 £0.026 vs 0.673 £0.084, P <0.01).

The expression levels of HIF-lae, VEGF were lower in plaques (0.252 +0.032 vs 0.439 +0.044, P <
The expression levels of HIF-la mRNA and VEGF mRNA were lower in
plaques too (0.706 +0.030 vs 1. 183 £0. 134, P <0.05; 0. 121 £0.019 vs 0.468 +0.022, P <0.05).

However, the ex-

pression levels of HIF-1a and HIF-1ao mRNA between the prostaglandin E1 group and simvastatin group are different (0.252 +

0.032 vs 0. 163 £0. 018, P <0.05; 0.706 +0. 030 vs 0. 763 £0. 018, P <0.05).

Conclusion Prostaglandin E1 inhibits

angiogenesis of atherosclerotic vulnerable plaque, and it works by reducing the expression of HIF-1ow and VEGF.

Dy RPN 2 B M R B Ik EE A
fiE (acute coronary syndrome , ACS) [ 52 %2 J5U K] | 1]
S 2 (T 35 2% B 2 10 B e D L0 B 2 il A R B
PR BB R E 2 R SR A i
(A B B B IRYT B0) Ik ok A A 4 (atherosclerosis,
As) W B, HATC A FFEUEN], A 77 77 LA
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J& £5 F ¥ 9 ( matrix metalloproteinase-9 , MMP-9 ) Y3
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WRFEIE F o (tumor necrosis factor-a, TNF-a ) A1 FH 4
f14~% 10 (interleukin-10,1L-10) ., Fang LIRS K
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Pl ) s FRMITAEET A (5 mg/(kg - d) ] (%
mAMMB D EHGARAG &), BRAHY
RALBERE HEERAH, AF 13 ARLA RS
AT 48 24 h, WK % T 2 4 b &, B E JE T UE A e
# (0. 15 mg/kg),30 min J&, B % # JkiE 4 4 %
(0.02 mg/kg) , % & ST B A,
1.2 RERANBRESBRIEHITE

W% H 3% 1% Bt F 49 (30 mg/kg) FREE G B T
TFAEG, RERENGANE E30 Ak E, N i
W AAEELAFRE, —B2ETHLEEE,
RakFE, ATHrFENFRN;, —HB2ET 10%
AR DA E S, B A B AR AR KR AR AR, o
FIH#AT HE An RRIB LT % 5 ; R & 35 2 Al OCT & 38
P& KEF  HATHI O 26, REALENE
WE 28 J (RAMIL) #2738 AL 28 f8 ( a-SAM-actin ) &
R, RIEAEE T K E R A 3% WA K
2 W] 10 min; f0K 40 #BR (5 £ 92 ~98°C 15 min;
5% 1l ¥ o 3% # F R 3 F 37°C 20 ming # A0 — 3L
RAM11(1:500) (R X £E A TREARAE) .
a-SMA-actin(1:200) (R X HE HE A TEAHR A
) ,4CHH ; Z 17 20 min, A0 = 30 (R W E 1=
EHTAEARANE),37CHEE 30 min; F in it H £
* % £ B 2 4 & ( streptavidin-biotin complex,
SABC) ,37°C 1% 20 min; DAB( b T 4 445 £ 4
BAERAG)BE, E %, o, RIE; FEMKEH
F o Al Tmage Pro Plus 6.0 H 2 4F % 4 ALk
BY R 5 MR E,

WHEBESR N G M, E X . AR =
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B, AEMRELAETIIE,
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F IR P9 B SRR B 4 F | B SR A L A

i /NAR R 28 B 25 FiE 2 F 1 (platelet-endothelial
cell adhesion molecule-1,PECAM-1) ( BF CD31) %t 4,
% % B F 1a(hypoxia-inducible factor-1a, HIF-1at) &
VEGF Wy fm At 6 7 Sk F RS H“1.2" 1, —
Fu:VEGF (1:100) (R R+ A4 T2 H R A
&) HIF-1o(1: 100) ( 3 X HE 48 4 4 T4 A R A
&) .CD31(1:50) ( % & Abcom &) ; =40 ( & WK
TEAM T RARANE), CD31 4@ 345 F I
AR FEE ARG, AT H B #AT R
HIF-lo 3 J5 , DL 40 fo A% 4 iRAR 3 68 sAR 48 &
PEME 25 R, R PA OV 40 3k 2R AT it 2 AT, VEGF %
BERMEFRECH R ECENMUEER, TS
B EHAT R AT,
1.4 BEFFEF lo,ME R EEKEF mRNA
B R I S ERE R R AT

UL RNA, 3 % 5k A K cDNA, DL 8k B8 H o B
Jt 2 5% ( glyceraldehyde phosphate dehydrogenase , GAP-
DH) # W %, th ** % & % #f. GAPDH: L i 5'-
AGAAGGCTGGGGCTCATTTG, T # 5'-AGGGGC-
CATCCACAGTCTTC; VEGF: t J# 5'-CGGCGTTCT-
CAGTGGTGTT, T # 5'-CCTTGTGAATCCTCGTTATG-
GT; HIF-la: t 3 5'-CAGTGCAAAAGACAGTGTG-
GAAG, T 5'-CCCTGTATGGTGGTGATGTTGT,, E t
HELSAREE A ER AN F AT ., GAPDH
FRE 4 F:93°C 1 & M 3 min, 93°C 30 s,72°C 30 s,
57°C 30 5,30 MEF i Ja 72°CZE# 7 min, VEGF &
B4 :93°C T P 3 min,93°C 30 s,72°C 30 s,63°C
45 s 32 AMEFR,72°C HEAH 7 min, HIF-lao KM 4 1.
93°C 4 # 3 min,93°C 30 s,72°C 30 s,57°C 30 s,32
ANMEER,72°C ¥ 7 min, PCR B J 4 6 pL £
1. 5% B7 fg A %% f b v, 0k 30 min, 37 B 8 BCE %, A4
BE WA B 5 GAPDH W& & bk =Ty % eh B

B 3 A R B ol R xR Ak KR
1.5 ZitFEAE

K SPSS 13.0 K H# AT R It FAE, HER
BAx s T, T EXRTAE LR KX FABRS ¢ £
3,0 P<0.05 H ZFHZITFEE L,

2 % R

2.1 BIRSMIBHLILE

YR AET 2 X PGEL 41 Ry 445
FET1 H, RAMIT Hea AR AR e BE B oy 19 1 15 4
JL,JHZT O G € BH 1 A ZR BB P A I I, o-SMA -ac-
tion Y€ FHMA QI REER P4 ()7 3 WLAR M, R AR 4T e
AR NI (K 1), BIBIZH PGEL 4H |
FARMTT LB T 10148 8530 R 2. 84% +0.59% |
1.23% +0.23% .1.04% =0.22% , PGEl #H 1%t
TTH SR R 2 R BEA G2 L (P <0.01),
PGE1 41 AR AT 4L b3 22 S RS 12478 3L (P >
0.05;% 1),
2.2 BEHLAFTEMERSFZ MR K BEER A H M5

A CD31 e gt BHE X e i #5648 (1, v]
WL SN T 2 0 /N s BB A A (B 2) . 31X
SO A A AN B A A A I KN AR HRROR
FUN) 45 REE, 22 R SRS RO P B AR A B, 43 A
ANHYA], 22 WL T BEHLE RN LR, AR A 2 B Iy
A R B A, B AR i B e, P R
0.381 +0.062, EFfRAMIT4S PGEL ZHBEH B A4
IML45 %35 BE 43 5 4 0. 153 +0.031.,0. 146 +0. 027,
SRR LR Rk w8 (P <0.01) ; PGEL 3¢
FAMTT AL 8] 22 57 o B EPE (P >0.05;38 1),

BIAUZE 2 I 8 A BEHe Py 17 2 Ab H BRAT 4H i
C1 AN MO A SR A A, 20 T BE B R ot il 1 k2
ST YRR, /D i o A 7 BEE LI ER . PGEL 41 &
FARAMTT LI BES P BHICAE 21 40 i, $50E Aoy A
JU IR TR AL (8] 3) o B A4 s A7 AR
ZTY, 457~ BB Y i

R 1. BEREENKEEMER K BER A H K5 RIE R (v +5)

Table 1. Expression of CD31 and hemorrage and vulnerability index in the plaques of rabbits in three groups(x +s)

9 @ n CD31 s BEHe P s 1. [IREFiA GiREL

FEAIZH 8 0.381 +0. 062 8 2 2.84% +0.59%
PGE1 41 9 0.153 +0. 031" 2 0 1.23% +0.23%"
FHthyTH 9 0. 146 +0. 027" 2 0 1.04% +0.22%"

a A P<0.01, 584 L,
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1. BIBRAR A (4 O 8 RAMI1 .a-SAM-actin, 200 x ; RIEE LT ,100 x ) A AETY] B N PGEL 41,C JF

fefbiT4l,
Figure 1. Expression of plaque composition of rabbits in the three groups
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Figure 2. Expression of CD31 of rabbits in the three groups
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Figure 3. Hemorrage in the plaques of rabbits in the three groups
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2.3 BERERALER

[ E Bk HIF-1o B3R5 T A0 A% | 385 i
B A Rk, AL A% Rk IR E A
BHFGE (K 4) , SEAIA L, PGEL 2F AT
HBEH T HIF-1o B FRIA A s> (P <0.01) ;
PGEl ~EARMIT A B A B EM2ZR (P <0.05),
VEGF : ZEW A BEHLE RS 2T 2R | i 4 v e |

A - . »B PR
e - - - . .
- a ‘ £
) J
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»
v N -~
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B 4. HIF-1a SEAKSE (200 x )

AN 43 A s AN AUHE BRE A 7 LA i L N R
S 62 A, 38 4 A AT T 5 A G S T 4 I (&
5), BiRIZ FiksmE, PGEL ¥ A Al 7T 4 B B v
VEGF [ 3k S BB 4 ik /> (P <0.01) ;
PGE1 SEfR VT 4 8] 22 & A it 4= L (P >
0.05;%2),

e c < W
- - Bl
> id
P O '}‘,, >
‘s ' 7 G"\
A &" P ‘ .. - ,‘
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A KEZ B 4 PGEL 41, C A E AT,
Figure 4. Expression of HIF-1a of rabbits in the three groups

& 5. VEGF ®EAWEE (200 x )

®2. BEERBEEZMK HIF- 1o VECF REAWER (x £5)
Table 2. Expression of HIF-la and VEGF in plaques of
rabbits in the three groups(x +s)

HIF-1o B VEGF 1
o 4 n e

i A% LL A5 e
FERIZH 8 0.439+0.044  0.673 +0.084
PGEl 4 9 0.252£0.032" 0.396 +£0.026°

SERABTT 4 9
a N P<0.01, 5HEIL HE D A P<0.05, 55 5RAMMTTH L,

0.163 £0.018* 0.327 £0.019°

2.4 HFEWERN

3 YL SRR PGEL 4 AR MiT4l 5
FRIZH A, X HIF-1ao, VEGF 1928 35 21 B i T 1
YER ik i B — e R JE R IK (P < 0.05) ;0

A HBERIZAL, B PGEL 41, C N AkAiT4,
Figure 5. Expression of VEGF of rabbits in the three groups

PGE1 4 SR T4HAE HIF-1ae mRNA AN 35S I
HREER(P>0.05),1M7F VEGF mRNA %15
= PR EA BEMEER (P <0.05;K 6 f1F€3)

3. HA%RKEZRK HIF-la 1 VEGF mRNA I RIXE
(xx5)
Table 3. Expression of HIF-1a and VEGF mRNA in plaques

of rabbits in three groups(x +s)

7 A n HIF-1a VEGF

T2 8 1.183 £0.134  0.468 0. 022
PGE1 21 9 0.706 £0.032" 0.121 +0. 019"
FARALTT4H 9  0.763 £0.018" 0.116 0. 026"

a A P<0.05, SHRIA HE b N P<0.05, 5ERMITAHRE,
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A B C

BEo. HA%REERM VEGF # HIF-1a B RT-PCR A W
BRI B 2 PGEL 41, C A thfbiT4l,

Figure 6. Expression of HIF-la and VEGF mRNA in
plaques of rabbits in the three groups
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BN AEA S 25T N A E AN B
BN R ez BRI B RE TG T LA A, B
FVE R FNEPE KB L, B TR R iR
0 XA ] e T O I A i, 4T 4 AR
HE— A IR B Bl 24 i i OB AR LA
JEA R RIRSE B N AR C: B WAL H], W
SR % Je FH— BB R K 10 P 2 B 8 90 8 s ke e
A A RTEAS SR, RN BT s B 58 b W
B N B 4 j bR i 42 5 CD31, CD34, vWF
TR CD31 2 P LA PR 40 43 0 Y — o 2
F, IEH Shk s gk — 2 CD31 BH M A9 I 48 9 Bz 20
MaAL58 , B A I P I AE P R 40 3 A ST RS
K, BRI Rhsd sk CD31 TR0 P Kz 20 A R ) A it

SEHS HR S 3 22 H S BEE P ERAT 40, 22K
A TR TAZ Oy A BRAETE R 21 4 i ik
(5195 1 i 2 et = e S o 7 (TR Sl N P TS il )
FINLE RN BT A% DL K () £ R i 2 oy 3 B
FRRFAE S A A5 7 5 30 BB v o B R A v
BRI A 4 RS er an o s vhor A TR 0,2 H
O3 T HENE R (2 PidE 5k =2.98% 3. 02% ) ,2
TR (SR 5 =2.82% 2.86% ) , H 4%
AL AR % 2 ; i PGEL 4 BEH g 2 K
gy, — H BB MR L (584 =
1.31%) %, — R0 i F BEH LR &6 (2 48 45k =
1.24% ) LT AR AL BRI 2 /D 22 s AR
TR E S PGEL A AU B4 (5 46 2L =
1.08% \1.02% ) , &AM BEE, 2 HA7 KA IR 5
Biols THRYLFHENE , SRR R R BEE T 5 TR 5
PR ECE I, JE R R M & A AR JH R, S hiIE
S I RS R E BEER , AR HO R T R AR
I TAI PGEL T , B P H 1 A 457 B I R 2438

BEAVH AW S G2 . S04 M AT LA SE o X Fh AN J s )
UL AEB I BB N B M L0 1, 5 IR RT3
1% ELRA AL, i e REBR A B 2 M S, 7 A SR BT B A
IMAE BEARIVER

SRR AR A A CD31 HEATARIC .
REFRATT I S 5 25 R AT LU BT 250 T U AR
A 1 A B A5 2 B i 0, JF B e Al 7T RN
PGE1 Wi ZAE IRCREEAHA . 7T 28 25WBR T
B 51 B R VE A1, 3 A7 7 5 25 10 0 4801k o7 At
P, 0 58 R S I % < 2 0Pk i AR . Wilson
SEUTIIESE ) S R A 7T AT DA/ B R 4 JE R 1 i 2
( matrix metalloproteinase-2, MMP-2) } MMP-9 )43
W, I VEGF 23k, fie 2l A 0 97 I8 B Il
{HREARENE PGEL 1T A & Rk bl 5
AR T S A AHIR] , B AL TT R A A Y i
TR AR 0 3R 35

ARWFFE, PGEL 4 S5 RABTT 41 HIF-1ae Z21K7K
A H VEGF 215K AR [7) , fe 2840 ) 1L 4587 A=
MUREJIAHS 4 HTAE S22 HIF-1 I, HIF-1 i o
B P ZH B, TESRE R AE R HIF-1a Kb TR
RIS HIF-18 WIESS & L R, IE [ 15
HIF AR AR RN 2280 R BE PR A0 45— 5 il A L
PGS N B AL 1 AT VEGF J2 I8 N B 240
TSP R A 22 3 S, BERe S 3 A8 PN B
MM, VEGF 5 1 <7 14 ( kinase insert domain-contai-
ning receptor, KDR) ML N B2 A= K KT 324K 1 (vas-
cular endothelial growth factor receptor-1, VEGFR-1)
(BRI Flt-1) 255 J5 RSN B 2 i 53 224 155 AEFS | LA
A7 NI SO A 18, K VEGFR-1 HitiA ) H]
F# 8 8 H E (apolipoprotein E, ApoE ) 3 K] Gt [ /]y
B, AT BERR A SR B B i R Y LR AL
AR, ATRI PGEL SRy T Xyl B IRBESR 4 HIF-
Lo (2K, [EL 79 35 WA A 1) 2 2 A ) 5 7 AR BRE e Py
VEGF RiXJ5 &% 1A R SAHIE i /EH] . PGEL K
fIX VEGF 2R3k, 4% 1 il ifn 87587 A= W4, 1% 46 ]
55 HIF-1a AUZRGAIERA G, e foftsi T BAR G5 | i
T VEGF ZRIRIREAC, 4% 1 [ 55 A% B A4 il i A8
PRI AR AR T AR HIF-1o IR,
POZIEAFAE HABRIVE TR AR

gt B AL, AT T A= 507
AT B 9T, W 5% 5% R 5 W B S VT (reverse tran-
scription polymerase chain reaction, RT-PCR) . 71N ;
PGEL 41 3¢ Al {T 41 HIF-la mRNA /K P A A, 0
VEGF mRNA 3Rk 7K V-3 ALUAR [A], 76 5 K 3 3k 7K1
BB SEARKFATHREL . 7TLLACK PGEL i@
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1Lk S HIF-1o0 JEPIELTS , 251 R 8 VEGEF B3Rk,
VA% ) A5 BREBR I A A R B PN O 5 T S R AT T
T A HIF-100 EEPBOE DUAMAE T, [RFERRAR T
VEGF WA, U /b B BT 2B 148 1) A B s 553
BEYLN I, AE ML 5T O 1, R N PGEL
SZARAEPTRIE X IR 8 A B8] SCik s R & G Fi%
D7 T FE B AUR RS , ORRERIf PGEL 4% 54k
BN B v S R e SUNER OB R L0 NS
BRHRIE T2 H AT A 00 8 A A8 1 AR Y
HEAT T PGE1 5ty T4 HIAILHI A HE AL

ZE AT, AT A AT UEIA Y I ™ FE A B
Yo, Gy e BoboR ) fi n] T 24, B AR A S B
G BBV 6 PGEL v DA i< 410 il 5XE B oy 587 A
I A5 B A R BRSO BES ) H Y, 2 AL 5 40
HIF-1o K05, 35 1 F 9 VEGF IR EH K, 1%
BL 5 2 At VT 980 20 5 53 B e oA 5 A i 45 2803 1Y
PLHIAFAE 22 5], PGEL 1] LIVE AT i #h 52, H
TG IR L sh Kok FERE AL IR YT .
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