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AR A /N (P < 0.01) , MiL2K BNP /K F-IREAR (P < 0.01) , MFEFEHIZ X CD31 FH: 9 P9 K2 A0 B oo—SMA BHSE -1 L4
L 285 P U 3 X HRZH (P < 0.01) A 2 X e S - 1 2 (1 MR T XRZL (P < 0.01) , [Z5i8] EAREAEREFOMMNE
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Abstract; [Objective] To investigate the effect of angiogenesis in peri-infarct area of the placental growth factor therapy for acute
myocardial infarction rats and its cardioprotective activity. [Method] The AMI rats model was established by ligation of the left
anterior descending of coronary arteries. Thirty male Sprague-Dawley rats were randomly divided into three groups: sham group,
normal saline group (control group) and PIGF group. Four weeks after ligation and treatment, cardiac function, scar area, plasma
concentration of BNP,  angiogenesis and arteriogenesis, myocardial collagen I protein expression were studied. Echocardiography,
Masson staining, enzyme-linked immunosorbent assay, immunohistochemistry, Western Blot were performed. [Result] Four weeks
after ligation, compared with the control group, LVEF, LVFS were higher in PIGF group, While LVEDD and LVESD decreased
obviously (P < 0.01). Average scar percentage and plasma concentration of BNP were lower in PIGF group (P < 0.01). The mean
CD31-positive microvessels and «a-SMA positive microvessels of the peri-infarct area were higher in PIGF group (P < 0.01), while
collagen I protein content was decreased in this group (P < 0.01). [Conclusion] PIGF intervention improves cardiac function and
reduces infarction size in AMI rats, the possible mechanism is related to dual function of promoting angiogenesis and arteriogenesis,
reducing collagen | expression is also one of the important mechanisms.
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G NYNRTT . G ROER SR AGIT KA
FEFAR GEIR B Ik 5 B AR ) & W2 A8 H 1
HERE W O I 1D SR o 32 ™ e T N e
FRE B A A e o X MU JILBE BB F8 35 R ST A O
BVKHEAT B FRE TR YT R T WIm IR SE .0 LA
JH, A Fe U AL AR, DT AR 25 L 4E D 2
T2y 30%MBET-A, H iy T e e O ) s A
Bt 19 O WIURE BEAE 5 & HROR R BOR 21, s 2
PR VR SE G O DI RE S e Fo il R 05, X4l
BRIy 7 ALEE T A0 M A Al S A K IR T Y
W52 B E NS B E AL, PGy v i &
H:J7 7% (therapeutic neovascularization ) J&— 1 A {ij
S TR ST BRI O I 1) 5 R 2 TEAR 22 T BE
HEER O LA A K R, AR T
(placental growth factor, PIGF) PRI H: % 535 14 1 7F i
R AEDIREC L E N AT B F L PIGE &
FIME WA T (vascular endothelial growth
factor, VEGF) K 5% i 51 , # Ht VEGF, PIGF A LR
A SR 1 e AR AR AT, BLJCK M 2P 4ERIT
FRHGHT A= MR S5 A RAE T I Ah a3 2240
FHANE 2 PIGF 1697 SO UREFE KR, 45 2R
KB PIGF Ify7 nTHGE KU O B 4, e/
REFETHAR fE gk A B A= 55 ATk B ek 02 E 08
KoUTRERT BB, 5 PIGF BitaE 0% B AIHLE i
KRIEAUI, AWM AE B A SO O U -1
FIRMIFEM )T TR PIGEF LR AL

1 #MH57 %

1.1 S FLFH

30 H SPF 2 SD (Sprague —Dawley) K B,
ST 250 ~ 300 g, FHT LR 2 S5 5 4 Hh o0 4
it B A [ LT SRR A R E], AL
PIGF-2 I { 35 [F R&D Systems 23 H], $it CD31 1t
& — PR 1 A 22 E Abcam A F, a1 L
WLENEE F (a—SMA) BT F 55 [F Novus A ], K
SR A4 PR JIK ELISA 75 & ph il I A8 36 A= Rk
$ (CUSABIO) #248E,
1.2 KERAMOERERET R 5 E

KEBEREL T R B FARA | W g K d A
PIGF-2 JGI7 4L, B4 10 H, K FC U FEAR 7Y £
SRR AL BE R O BREE S DA 1% 50 B E 2 (30 ~
45 mg/kg) WIS PN TE SRR, 28 AT S48 4 45 L)

Ja R NS HL (VIR AILSE L 2, 1,
WA 30 mL kg, FEIE A3 65~80 {X/min) , TG 1A
PRAETT TGS =  DURD AT MR I A | 2%
w0 Wi oA iR FAOEH T2 2~3 mm 40 H
6-0 G55 S A FL A AR B DK AT % 5, AR R 24 2
mm (B FARL HGFL AL, 4535 AR AT I
SEFLRER R T A D E AR R K 2, BT
SO R B SR R YL (ST Bodhm ) If
FFLE 15 min DL LRI O WUBESESE F LA DIbR AR . #ff
PRV ST BRI S 10 min FEF700 LPA VE S5 4H v it
i, XFHRZH 300 pl Az BRER K PIGF VY74 ;2 pe
HA PIGF 54 FRER KRR BEAL 300 WL, 1 507 43
L TAREGEIX EER 8 R TR ER) o TS U
JEEES WA BETHRAT AL KA A R, fF
KR WA e, W R B AR A A
UREEIA TR ( DR 24 ~ 26 C)4 JA,
1.3 BE OB SR I

SR B EE FLAR T ARG 4 Ji | 19% 08 2 b 2
P PN T SRR RS T AT R BR 2R M e 75 0 B B
K #r (KA IE33, 12 MHz 83K ), DL 15 55 46
YT, M i A2 = &P 5K R N4 (LVEDD ) 22 = i
45 R4 (LVESD), LVEDD 5 S —AN0 8 8
W ZE ZE i R NAR , 5 Z X0, LVESD 2 ok —
OB BN A R/ MR, PSS =03
Je SO0 e %) P (AR Ry A I 5B, A = A
B(LVFS)=(LVEDD-LVESD)/ LVEDDx100% . #&
P& Teichholz 2337148 22 Z 1L 532U (LVEF)
1.4 Masson B E RN E

FEMKEEFLIG 4 F, AbFE KRS B K 1
O E, FHAE BRER A BEIT L bR O s IN R AR IR, T
KA S b TR A OE T, DR
Mg —2 0 WUH LT 4% H BERWOT B, R AT
24 h JFA A WA B S wm JERY] R 17% B4 2L
2FKGAT , Masson Y (05 &0 5 AEAE T AR, SRR IR
EEEE Sy F R N c AW RAE AR 22 S EA R a3 £ 31
QAL PEARAE Tmage J I AL T RO IOFSA (A A
HETH A = AR N I + R AN )/ (A K+ N
JAEK) x 100% .,
1.5 ELISA % #& il & 42 X R I 2 fw sk FR AK
(BNP)RE

TERBIKEEFLIG 4 A, G B2 M s T 5 PR
YIBUCIEFRASHT S S =S kA Bk, 25025
RIS T2 AR E T =70 CoKAR A FH 4 MR UM R
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Ik ELISA #5004 (CBS-E07972R,CUSABIO,
) R TR AL ) SC I AL BRI A )
1.6 REALKNEIIASEXMEHE

SR FH A2 2H A B ARG DN R RO WIUASE AE 1 25 X
I/ INHR - P4 Bz 4 G B 43— (CD31) B 19 74 B2 4
Mg, ATEA BT A B A A T 00, KBS o 0
WILHLB) B 1 (o—SMA ) BH4 - 7 WILA L i, DADE
i Az /NSl BkAB B0 B 22 B A R v
60 min B 60 CE A HHLE 20 min, BT FIK L
Ji FHZE /K EL PBS B & B 8 0Y 3% H,0,, = iE
[ 5 ~ 10 min, PBS ¥ 3 ¥, BEK 2 min,, {i# il &5 4]
W, 2 10 min, I —HT (PT CD31 PR/ a—F-
WULBN & 1 (a-SMA) BLid) 4 Cit &, i E bt
4R IgG YLk -HRP Z ik, FiRMFH 1 h,DAB
W ZE IRV S K BB, R 50 L
LR S AN XILEY T F 5 CD31 BHME i 48
Bom (200 f5HBET) M oa-SMA BHE I 5 50 &
(100 f5HBE ),
1.7 Western Blot # M#E L L L XKIE-1 £ B
1

il

WA 5, R 6% 3R DY It e v 43 15
HBHEH, 4 SDS-PAGE LIk 5 ¥ E A =
PVDF [ I, 5% IR A4 W P I, W —Pu e -1
(fif W 1:3000)4 CHFE & )5 , F TBST AEK
Tmin PTG, HAH R B9 56 B 47 19 9L (HRP 4
IC AP R —h, ff HVR EE 1:3000) E i T EE 1
~2h J&, H TBST #:¥K 7 min P& 3 K5, #1710
KICEF (ECL)M™ ) H Image J 2081 B AR A 196
WEME, LA beta—actin (f MK EE 1:5000)1F K N2
W, AN R AN B S R R I 25 57
1.8 SEitZEaH

N TBM SPSS 21.0 Gt -4k 42845 48314347
B R I EL + FRifE2E (means = SD) RN, 24
() FA1 55 LR FH B R 3Ry 22 43 B (IE A8 434 kL)
oY, Kruskal-Wallis K% (AE IES 0 A kL) PR ]
IR L3R Post—hoe #3565 (LSD #5) . P < 0.05 %
INEFAGIEE L,

2 # R
2.1 AL FHER A RO IR

TE LR B k&5 LT, 88 5 O s R A LVEDD
LVESD,LVEF } LVFS &30 48 b 7E 45 2H K B 22 1)

TGt 25 (P> 0.05), @RIIKEEFLE 4 4,
U Bl B RS A 2 0 WIURE T2 (R R ) A B
FEHTRES SR G eI , RO IR DI RE Y HR
Fr LVEF \LVFS %8 F R4 & 2 B A%, LVEDD J
LVESD N & & Fm (P <0.01), S5XF AL,
PIGF J&Y7 40 LVEF \LVFS B] % J+ & | i LVEDD &
LVESD &K (P < 0.01;% 1,18 1),

®1 WEhEILE4BBHEOHE

Table 1 Echocardiography parameter four weeks

after ligation (mean + SD)
Group LVEDD /mm  LVESD/mm LVEF/% LVES/%
Sham  6.61 £0.86  3.94£0.20 79.06£2.89  43.10+3.24
Control 9.07£0.24"  7.33£0.31" 35.10£0.93V  17.23 £ 0.66"

PIGF  7.80 +0.38" 6.26+0.16">  50.20 + 1.09"* 25.6 + 0.52"%
F 50.483 40.650 156.245 48.428
P 0.000 0.000 0.000 0.000
ANOVA and Post—hoc comparisons (LSD). 1)compared with
Sham, P < 0.01; 2)compared with control, P < 0.01

2.2 ALEZFRERNE

TR Sk asE FLJE 4 JE, Masson e fa, 45 5 I 1]
2, 55X, PIGF S0 JJLIN T S 2H A4 1 A
/NP <0.01,%2),
2.3 KRNI BNP iR EELE

PO Ty 2253 M K I =40 1A] BNP ¥ A7 15 W]
22 5 (P < 0.01), i — 20 W 41 ] L 488 (LSD K
) R IR T AR 4 1 2% BNP He B A%, 5 %) B2
AHLG, PIGF J4Y72H I BNP #e J3 7K SF- B S F& A% (P
<0.01,%2),
24 AXRERFEBEXHEMELE

252K BRURE BB S [ DX P Bz 4 v CD31 A g2
A= E S R ILE 3, R 250 k0
BN I % B (CD31 BHPEAN A/ mm?) 76 45241
[ FEFE 22 5% (P < 0.05) , Hirf B F AR 41 i = (169
6)/mm?, Post—hoc (LSD % ) K 5 & B PIGF 797 41
BMIMBEBE (131 £7)/ mm? 5 TXF L (35 =
5)/mm? (P < 0.01),3 2, —SMA FH 40 it B & 18
KW Z BIAEAE I 22 5 (1 3) R F R (42.0 =
4.6)/mm? & T HA BT AL, PIGF 1657 41/ sh ik 2% g
(-SMA BHYE4H %/ mm?) (24.2 + 3.7)/ mm? B
BETX R4 (7.2 +1.7)/mm* (P<0.01),% 2,
25 KREREBERFAERXRKE-1 2=t

L UEEBE S 4 i, Western blot A5l 21 {5 F A
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E1 OAUEREBECEE
Fig.1 Echocardiography of rats after AMI

Sham Control PIGF
B2 KEOHL Masson 2

Fig.2 Masson trichrome staining
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Fig.3 Immunohistochemical staining



226 KR (PR %37 %
Fz2 LAERER
Table 2 Scar Area (xxs)

Group  Scar area/%  concentration of BNP/(pg/mL) CD31-positive microvessels/mm? a—SMA —positive microvessels/mm?

Sham 0 141 + 11 169 + 6 42.0£4.6
Control  36.01 + 2.40 1203 + 101V 35 £ 35" 7.2 £ 1.7V
PIGF  23.11 £3.17 672 + 49V 131 + 892 24.2 £ 3.7V
F 184.26 207.834 442.043 442.043
P 0.001 0.000 0.000 0.000

ANOVA and Post—hoc comparisons(LSD). 1) :compared with Sham,P < 0.01; 2) . compared with control, P < 0.01

5 = 4 weeks after ligation

Relative level of Collagen—I

Collagen T

TR e

b i — —— ——
Sham Control PIGF

4 Western Blot # i /E-1 &£
Fig.4 Content changes of collagen— I detected by
Western blot

MR -1 S R, DRTFARAERSH,
S XTRAA L, PIGF 16T IR -1 8 1 & Ak
(P<0.01),K 4,

3 4 ik

VPR U BEATS SR 2 Jal JBih N SIS A i 1 ™
Wz —, HATBGAR EREERYT R R A
TR AR P TVHUF I S O WU AT B 1 A
FEAHDE SR, AFAH S35 53 F 35 O LRGP 4 21K
SEHEF AR A R I RO =
FIIF R A FHO 1, PIGF fEH VEGF K%
B, B E AN B TR T SO WU SE 1)
WFgE Ao HRTAIRTFSE &, SN TEE 4L PIGF A
R & 2 NI Wl N3 10 O WA N L AT A

Al fe S AR TE M A B AR P RAE N T AR
R T (MMP-2) F23k S5 AH G 4520 BT AY SRk
R R E 2 PIGF {55 5 | 7 36 07 X SO g it
BUARRAAR . ASBEFER ] 2 pe A PIGF-2 £ 4
O 2R, B S 25 1 5 I R 5T 4 R
— 3. EYL PIGF /Y7 T4 v A2 25 5 40 48, 46 /N
FEAE AR, 84 0B 4 il 3 K/ Nsh BB . 85 A Ao
KIL PIGF 57 41,0 WL BNP mRNA 2R3k A X T
Xof HEZH A AIGES), AC i 52 ) & B PIGF 36 97 41 1 3%
BNP 7K R B 5, 17 BNP S0 S REAS 42 7™ 5
FE RGN R A bR &8, ERTE
T PIGF e300 %= f 3 iy AL AF 97 32 2 4R vh AE
A A AR T | AR SN A T 1 A L SCHR
i 38 O WIURE B I 0o JUL 8] 5 S 44 7 T8 A9 5
ARBFFEE KW AAR T T PIGF YA YT % [) Ji 744 £
KHER A IR -1 B2, 255 &3 PIGF ml s /b
oL WUASE FEAS P A5 B0 30 25 DX LI B i -1 19 5

=)

H o

VEGF 8 BAA SRR A2 2F il A58 A= i D s,
R Bl S5 R I PRAFF G 380 R e IR L ol 3 00 & FE 9
KD RERIVE RS, 1T PIGF WASTA] | #0177 fE
5 DA 5G] BE AT 38 0B 40 i A HE A, X
ATHE AN/ NS Bk L 2 PIGF B8 53 A AL 2 X 1145
BE R HLTAS AR 56 4 B W, H A& B PIGF it 5
5 5 Mk Z AR VEGFR -1/ % R 3 6 372 1K (fms -
lityrosine kinase—1,Flt—1) LIRSS SRS SE A T40
MiZRTE , YEH T 2R Ao an N &2 4u i . - L2
JH 5 50 240 B (n BAAZ A ) S oA R AHL A 55 PIGF
WL 45 A Fli—1, 30 PI-3K/Akt . p38MAPK/ERK .
JAK/STAT3 45 T lEf5 57 i i, Ak e 20 i
(RS 38 58 FIAE TG RO 5 B 2 | f - T
UL P 33 R 5 AR 0 0 A8 1, B D B B O
T S5 A - A RS0 Ak R 1 A 2
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MmEA+K stem cells enhanced cardiac nerve sprouting via nerve

AW K B PIGE 1.0 LR 7 /E FHAA rT B S5
X AT A ] ] D UL PN B T 1 2 1 2% 3K 19 52 )
AHOE BT —1 2 200 i PR 6 5 ) 32 2 B, 7O L
BEAESE O LA Efb PR i i EE A e, P89 e
JE A B E IR D E AR E S0, PIGF
Ul /b 2 O LA B 2 2 303 A B ] R X0 L PN e
-1 FRIK B AT RE ML EE . Bl G BT AR 5 1
i, O WUV SUKSE- Sl | SR EU B 0s  BE 4 8
 FBEZH UM P =2 (TIMP-2) M 3 5 43 Jm 25 14
fiti—2 (MMP-2) F R0, FEOR R -1 B3 m 2!
HYK,PIGE FIAEH T RAEANML, W/ D R A B dn
TNF-o, IL-6 AR, T b 3h 2AE A1 5T vl i i2F fise
JR-1 A g,
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