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[#8 ZE]EM. BWRMATBEH-1 (neuropilin—1 VT FERXT HNE FARER( isoproterenol , 1S0) 5 T 190 K RO IR HE Kot L
HABGIIRYIER . ik A neuropilin—1 33 3K 1Y B9 75 2% 7K (Ad—neuropilin—1) , 5% FH 30 54 5% 5 5 B 5 SN (reverse
transcription polymerase chain reaction, RT-PCR)%5 4 Western blot i F& A %0R ; £ HL 60 H SD KL, Bl#IL3 A% B8 (control )
ZH IS0 4 . ISO+Ad (MIHEXT B8 ) 2H F1 1SO+Ad—neuropilin—1 £, 5 control ZH NS £H 2R FH K B TS 1SO i it 38 K BB RS | 46 0 4%
ZHRBLONETIRE , R RT-PCR FIEFER T2 W (12 (enzyme—linked immunosorbent assay , ELISA ) Kl 452 K BLOPibric 96
[RF7KF  HE Jefa B0 AR 548103 (TdT-medated dUTP nick end labeling, TUNEL) 324 2.0 WLAN 98 715 5 , Western blot
I 35 5 240 el AH DG I Ki-67 *ﬂ*ﬂ%?igﬁ@(cysteine aspartase—3, Cas3) [ 58ik . 458 . M control 4 ,ISO+Ad-neuropilin—1 £
neuropilin—1 mRNA FlIZE [ ZRiL ¥ FH (P<0.05) ; # L control 41, 1SO 4K FRLs*K (heart rate, HR) 220y % S 11 435X (left ventric—
ular ejection fraction, LVEF) e FE FE 46 58 R (left ventricular fraction shortening, LVFS) | neuropilin—1 ,Ki-67 #& [ ZFEih K- R
TR FRA , 1038 O WUVLES 25 1 (cardiac troponin, ¢Tnl) LR L (creatine kinase , CK) | JJLFR i fi# [] T /i ( creatine kinase—MB, CK-
MB) . — %L A & 1 (inducible nitric oxide synthase ,iNOS) Fl 40 fi /- Z ~10 (interleukin—10, IL-10)mRNA 7K-F O UL AE 1=
K cleaved caspase—3/Cas3 7K3F-BH i F+ 55 (P<0.05) ; 1 LE 1SO 41 ,1SO+Ad-neuropilin—1 ] HR \LVFS LVEF .neuropilin-1 Ki-67
T AR Fk B B TF S, ¢ Tnl ,CK ,.CK-Mb iNOS 1L-10 mRNA KAMNE L& & ONURIE T3 cleaved caspase—3/Cas3 IR A
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Protective effect of neuropilin—-1 overexpression on
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[ Abstract)Objective . To explore the protective effect of neuropilin—1 overexpression on cardiac function and against myocardial tis—
sue injury in rats with isoproterenol (ISO) induced heart failure (HF). Methods : The adenovirus vector of neuropilin-1 overexpression
(Ad-neuropilin—1)was constructed. The overexpression efficiency was detected by reverse transcription polymerase chain reaction
(RT-PCR) and Western blot. Sixty SD rats were enrolled and randomly divided into control group,ISO group,ISO+Ad group (nega—
tive control group)and ISO+Ad-neuropilin—1 group. Except control group,subcutaneous injection of ISO was conducted to prepare HF
rats models. The cardiac function in each group was detected. The levels of myocardial damage markers and inflammatory factors in
each group were detected by RT-PCR and enzyme-linked immunosorbent assay (ELISA). The apoptosis of myocardial cells was
observed by HE staining and TdT-medated dUTP nick end labeling (TUNEL) staining. The expression of proliferation cells related
antigen Ki—67 and cysteine aspartase—3(Cas3) was detected by Western blot. Results ; Compared with control group, neuropilin—1
mRNA and protein in ISO+Ad—-neuropilin—1 group were increased (P<0.05). Compared with control group,heart rate (HR), left
ventricular ejection fraction (LVEF) ,left ventricular fractional shortening(LVFS),and expression levels of neuropilin—1 and Ki-67
proteins were significantly decreased in ISO group, while levels of serum cardiac troponin (c¢Tnl) , creatine kinase (CK) , creatine
kinase—-MB (CK-MB) , inducible nitric oxide synthase (iNOS) and interleukin—10(IL-10) mRNA , apoptosis rate of myocardial cells

and level of cleaved caspase—3/Cas3 were significantly increased

(P<0.05). Compared with ISO group,HR,LVFS,LVEF,and
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apoplosis rate of myocardial cells,and level of cleaved caspase—3/Cas3 were significantly decreased (P<0.05). Conclusion ;Neuropilin—

1 overexpression can inhibit cardiomyocytes apoptosis and inflammation response in rats with ISO-induced HF,and improve their

cardiac function.

[Key words )heart failure ; neuropilin—1 ;immune disorder;isoproterenol ; cardiac function

0> 7173205 (heart failure , HF ) J& 2500 ML 9504
HZR B B, [RIRFHR AT 1 2R HF &
— ANk GERT SRR XS A L AR
K b 2 A A - 2L FVE R, ik o+
REXT O JJEANIE B 7 A B AR, O WU 0 5 20
JH PRl %) 32 S s e X I I I 3 7 2 A TR
OB FIP P A F B B A O HLA
e s th BRI | 9T SO | AL 2 B o 7 55 9
G ML B H -1 (neuropilin-1)J& H AT 573
ZW—FE A, WS, 7 RNA-124-3p Al 4 [x]
neuropilin—1, & 5 i J5t - 4 i 98 i 34 58 AR T, I
TR A A AR RS, A B LB, neu—
ropilin—1 FJ3 i Toll FEAZ 44K 4- %K T «B i,
¥ H 44 % -6 (interleukin—6,1L-6) .— /L A&
fitf (inducible nitric oxide synthase,iNOS)%§ %P4 K
KV, S 5 MG RE 1 A R e, pl I AHEN 72 KRR
DU AT R nearopilin—1 7] DL i A 5 98 4E K F
PRI R O NLAIAE . H A C T neuropilin—1 7E HF
PRI, AR T neuropilin—1 TR
SN LR Z (isoproterenol , 1SO) 75 5 F4)0 3 K BRL
O EDNRE S UV LU 1520 LU g0 LS A3
HNRYT P UL SEAT

I RS

L1 #4

111 3h¥)  SPF 2% 3 JAli SD REL 60 H W 1 T AR EE 2B
SEESE G EASIET 2018A029 B AN SL I 255 Bh 16 3
Z oI HER]

112 FEZH PREEa 84K (Ad vector) 1 neuropilin—1
I 3K 11 B B 84 (Ad —neuropilin—1) g1 ¥ DUE 2E H R
HABRA L, —F L& S8 (inducible nitric oxide synthase,
iNOS) | F 414 2R - 10 (interleukin—-10, 1L-10) {57 & I -
W28 TR RHE A BR A A 5 WLER PA M (creatine kinase, MB) |
L IUILES 26 (cardiac troponin, ¢Tnl ) ] &0 A 1 i 54
SV A RS F] 5iNOS | LR 4 [5] T (creatine kinase—-MB,
CK-MB) {5 £ 1 BOR T A4 s neuropilin—1 385 51 21 Jifd
ARG Ki-67 VIHI 5 F R A 3£ KA 3(cleaved
caspase-3/Cas3) FLC MEPTIAIA T 5% Santa Cruz /A F] ;HRP
FHUR 16 %5 HT A L[ Thermo 23 7],

1.1.3 X8 /NEh¥) Medlab A= ¥{55 REE R GEM F o 36

Gy N R L R A (B 5 : DW-T6 ) I 1 155 K B=
TR B 5 4 F B AE A BT (B . Sysmex—chemix—180)
T H HA Furuno Electric 23] ; BERBUG RGN T LIGFIDNR
Nl

1.2 Fik

12,1 FHE SrZH RAbSE 60 HUOR BRSNS 1A BEAIL
43 9%t B8 (control )21 \ISO 21 \ISO+Ad ( B X ) 21 Al 1SO+
Ad-neuropilin-1 0, FF4H 15 H B8 control AN, 45 4H R FH 2
TS IS0 TS 0 R R BUSERL TESS RN 5 mg/kg,
SRS 7 d, /N Medlab A5 5 R4 R GER I A0
E ) VR A SN A s S I VN A SN 2
HORREEE R A 2/3 LR IF4ERE 5 min DL 1 HE B FH
li] , WA E VRO R 2], control 2H i S A5 A= HER K
ISO+Ad (X B 411 1SO+Ad-neuropilin—1 ZLEHER] 24 h
T WU R 5 A, 20 0 g Ad vector Al Ad—
neuropilin—1, F4~ S 5T 10 Wi, 3t 50 WL, filt BE 4R Fasi Al 4n
TS R BER K

1.2.2 Uil S R A 4% )2 (reverse transcription polymerase
chain reaction, RT-PCR) %l neuropilin—1 /KF- B2 41
L RNA,MSE RNA ¥R BEFIAERE S | % 545 i cDNA JFPCR
ACHEATY G, R 24 AT RNA AR ik i, A S 4G
LA GADPH N2, 51445 1 L, 94°CAEME S min fEFRY”
5 94°C 20 s, 1B Kk 60°C 20 s, FEAH 72°C 20 s, fHEF 35 %,
GADPH;_Li#514:5° ~-CTCAGACACCATGGGGAGGTGA-3" ,
TS .5 ~ATGATCTTGAGGCTGTTGTCATA-3", 1L-10;
5519 .5’ ~CAATGGCATGGATCTCAAAG-3", N7 14
5’ ~CAGAGCAATGACTCCAAAGT-3’ . neuropilin—1; {#5]
¥):5’ -TGTGTCCGTCGTGGATCTGA-3’, Rl 4.5 ~TTGC~
TGTTGAAGTCGCAGGAG-3

1.2.3 CHEDIRERRIN 520N 25 9T B 24 b, (#H DW-T6
F A0 225 B 75 A% F2 /N B ) Medlab A2 W55 R E R GE
6 2% 2H K L0 R (heart rate, HR) | 220 25 5 1159 5% (left
ventricular ejection fraction , LVEF ) Fll /= 2 44 Bl 45 55 2R (left
ventricular fraction shortening, LVFS) ,

1.2.4  FEEEARPEEW A% (enzyme—linked immunosorbent assay
ELISA) il £ 4 K B bRic W AR R 73 S8k
Bl O M I REAS D J5 ML B PR AR LML 0.5 mLL, 4% i ELISA
U G A E DL ARSI KBRS P A Il CK-MB cTnl \MB iNOS
e IL-10 F i,

125 QL OEE0 IH SR O 58 R BlO 1 bs
ICPIAGI J5 Wrli2 A AE R B, BOR B LA ZR 5 HLSEA T HE
et B AR 0 (TdT-medated dUTP nick end labeling,
TUNEL) %12, 400 585 T M RO WL A5 45 A 4 g i
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1.2.6  Western blot Kl & FH &k K B R K EGO LA
AURIUEEE A, T 109%SDS— 58 T8 M Tk e 258 B L Kk 43 15 2
I, B T %53 PVDF B, BT 5%lils ik 2 im
12 h J5 A S 7 2k I & A —B0 R E 2 h, D
GADPH HNZE M, R B AR B A BT, 75
B A TR,
13 %itzam

K Sigma 3.5 i, B RFHIIE + FREZE (v 25) K
TN Z U] F AR A R 2R T 25 4B, 4L IR R L AR
LSD—t i, K a=0.05,

2.1 RT-PCR %4 Western blot il it & ik 2k 45 R

AH EE control 41 ,1SO +Ad —neuropilin—1 41 neuropilin -1
mRNA B FIAH X234 B 8 TR (mRNA :1=47.3611, P<0.001 ;
M :1=28.561,P<0.001) ;18 control ZH 1 ISO+Ad 41 | iA TR
PRI LS, 22 7 G0 HE 8 L (P>0.05) (£ 1),

%* 1 RT-PCR Z&#& Western blot #illid RiXMELER

(x+s,n=15)
g3 neuropilin—1 neuropilin—1
mRNA HA

control £ 1.00 = 0.00 0.20 +0.01
1SO+AdZH 0.99 +0.10 0.02 +£0.01
1SO+Ad-neuropilin—-1 £f 4.60 + 0.50° 0.63 +£0.07*
FAE 749.775 866.765
P{H <0.001 <0.001

T :a, 55 control ZHAH L, P<0.05

22 KRS RS e 45 R

A EE control 41 ,1S0 20K R HR \LVFS 1 LVEF 7K1
B 5 FAR (HR ;1,=7.717 , P<0.001 ; LVFS : £,=11.180, P<0.001;
LVEF:1=16.194,P<0.001 ) ; ] Lt 1SO 41 ,1SO+Ad-neuropilin-1

ZH KL HR (LVFS A LVEF /K-8 8 T+ 55 (HR : 1,=5.898,
P<0.001; LVFS:£,=8.199, P<0.001 ; LVEF:£,=11.211,P<0.001),
H ISO+AdZH iR FEFRICHA 8 H4O2F (P>0.05) (2 2)
2.3 WSARARIT M LR

AH L control ZH ,1SO 2H K Kl neuropilin—1 £ [ AH X} # 1k
B S B4R (1,=18.475 , P=0.005) , ¢Tnl ,CK ,CK—Mb /KP4 i
FFE5 (eTnl; £,=16.432 , P<0.001 ; CK : £,=17.100, P<0.001 ; CK -
Mb:=14.707,P<0.001) ; F1H 1SO 41, 1SO+Ad-neuropilin—1 ZH K
i neuropilin—1 & HAHXFEK I & THE (£,=10.970, P<0.001 ) |
¢Tnl ,CK ,CK-Mb 7K 4481 5 F&A% (¢ Tnl . 1,=10.954 , P<0.001 ;
CK:t,=13.317,P<0.001 ; CK-Mb,=7.930, P<0.001) , {H 1SO+
Ad 21 R AR TER ek 2R (P>0.05) (£ 3) .
2.4 MR e K g BT 45 R

AHLE control £H,1SO £H K Bl iNOS F1 IL-10 mRNA (iNOS;
1,=30.341,P<0.001;11.-10:1,=6.607 , P<0.001) K A1 J& ifiL & 7K
SEX TS (INOS 1 1,=9.478 , P<0.001 ; 1L-10: 1=3.880 , P<
0.001) ; 48 I 1SO 41, 1SO+Ad—neuropilin—1 £H K i 18O 41k
L iNOS F1 IL-10 mRNA (iNOS:£,=22.756, P<0.001 ; IL-10: ;=
17.619, P<0.001 ) Bz &M & i % 5 7K V- 247 B (2 B AR (iNOS 1=
5.986,P<0.001;1L-10:,=12.609, P<0.001) , fij ISO+Ad £ I
RFEFRITE I B2 (P>0.05) (% 4)
2.5 KA CHLLLLE I H LI

HE %ﬁﬁﬂ? , control ?Ej( E*V[)Hﬂgﬂéﬂ \Hﬂﬁl‘ﬁ;‘f’i \ '[)Hﬂé?
AEIE R FL5E % 180 A0 ILET 425 iy | WLATHR P v i, ml it
U IUNLAR B AZ [ 48 e, UR R 24 [SO+Ad-neuropilin—1
R FO MLV AT AEWER S 21 (81 1), AHEE control
20,10 ZH R BRC LAH LA T2 (£,=16.196,P<0.001 ) cleaved
caspase—3/Cas3 /K- 8. 7+ (1,=18.373,P<0.001) ,Ki-67 2
AHXS 357K B AR (1,=29.418, P<0.001) ; FH ELISO 4, 1SO+
Ad-neuropilin—1 £ K KL AATIEH T2 (1,=14.084 , P<0.001)
F1 cleaved caspase—3/Cas3 7KF-HH g [ A8 (1,=16.077,, P<0.001)
Ki~67 FE AT R A B T (1,=22.732,P<0.001 ), {H 18O+
Ad 4 FARFEARIG T AR (P>0.05) (£ 5)

F2 KROBEINRERMEZER (x+5,n=15)

20 5 HR/( beat*min™) LVFS/% LVEF/%
controlZH 343.21 +27.00 22.00 + 4.00 55.00 £5.00
0% 232.00 + 38.00" 7.00 = 2.00* 16.00 + 7.00°
1SO+Ad#H 236.00 + 47.00 8.00 = 3.00 15.00 + 6.00
1SO+Ad-neuropilin—141 317.00 + 43.00° 18.00 + 5.00" 43.00 = 8.00"
FE 30.774 61.019 137.328
Pl <0.001 <0.001 <0.010

E:a, 5 control ZHAH L, P<0.05;b: 5 1SO+Ad 4HAH L, P<0.05

F3 ORRICRNER (x £5,n=15)

21 neuropilin—12 [ ¢Tnl/(ng-mL") CK/(ng-mL™") CK-Mb/(U-L™")
controlZ 0.35 £0.06 0.11 £0.06 33.00 + 18.00 22.00 + 11.00
1SOZ 0.03 £0.01° 0.56 +0.10° 146.00 + 21.00° 124.00 = 21.00°
1SO+Ad4] 0.03 £0.02 0.55 +0.08 143.00 + 16.00 120.00 = 25.00
1SO+Ad-neuropilin—12 0.22+0.07" 0.26 +0.05" 58.00 = 17.00" 69.00 + 16.00"
FlH 163.278 131.733 154.473 96.532

P <0.001 <0.001 <0.001 <0.001

T :a, 5 control ZHAHLL, P<0.05;b: 5 1SO+Ad ZHAH I, P<0.05
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F4 HPEAMKEERFERVER (x +5,n=15)
g5 iNOS 1L-10
mRNA M3 5 4/ (pg* mL™) mRNA I35 5 2/ (pg - mL™)

control £ 1.00 + 0.00 32.00 +9.00 1.00 + 0.00 4.00 £ 2.00

ISOZH 5.40 £ 0.40° 127.00 + 36.00° 1.60 = 0.20* 8.00 + 1.70*
ISO+Ad4 5.50 £ 0.50 132.00 +31.00 1.54£0.15 8.30 +3.00
1SO+Ad-neuropilin—12 2.10 £ 047" 67.00 £ 26.00 3.20+043" 21.00 £ 4.00

F1H 501.506 46.616 218.488 102.520

P <0.001 <0.001 <0.001 <0.001

¥ :a, 5 control ZHAH L, P<0.05;b: 5 ISO+Ad ZHAH L, P<0.05

®5 KREOMARBGERNE (x+5,n=15)

215 LI T-2/% Ki-67/GADPH{E cleaved caspase-3/GADPH {f
controlZ 2.00 +2.00 0.68 £0.10 0.01 0.01

1S041 48.00 + 11.00* 0.02 +0.01° 0.33 + 0.05*
1SO+Ad4] 43.00 + 9.00 0.02 £0.01 0.28 + 0.07
1SO+Ad-neuropilin-14{ 8.00 + 6.00" 0.53 £0.07" 0.05 + 0.04"

FAg 138.079 468.179 170.714

P <0.001 <0.001 <0.001

VE:a, 55 control ZIAHHL, P<0.05;b: 5 1SO+Ad ZHAH L, P<0.05

control 4]

3 3 i

O LR PR 5 2 B O AR TR I AR
A (IR~ WA aR R A [ a1 N = A SRR
Bl )12 F SRR HR (LVES 220 2 I 45 (left
ventricular systolic pressure, LVSP) LVEF, HR #g:{»
IR BB S R ES . LVES J& 220 2 &7 sk A1)
AR 70O B AR AR AN AR 5 70 2 87 SR
AR 23 EL, AT LA RO WU I A 5K RE 1)
LVEF &% i by O % &7 sk B AR 19 i
L, AT LA 8505 WO RS AR RE 11, ASFSE B, A+
k1O 40 ,1S0 +Ad —neuropilin—1 21 K fil HR \LVFS

ISO+Ad4L

ISO+Ad-neuropilin—141

FLVEF 7K1 8 5, UEHH neuropilin—1 i3 33k
AT LA 008 R O D RE

H AT WO WL 0 A2 s 3R ) 32 A 4G
Mb .CK-MB MB Fll ¢Tnl™_ FEfEZE12 Tiebetrau C
O T N P 211 O (0 A e ¥ e e 1
I T 2 1% 240 e TR R A 3N A A, PRI I AT AR Ao L
PR AEYIRR G, Tl J2—FPFeO LI A&
T E RRE BT, S OS2, o Tnl MIZSREIL,
B 5 MR AEIR R G, A3 AP LAY eTnl &5 27K
IR, AT R, A7 EE IS0 21, 1SO+Ad-neu-
ropilin—1 ZH K F neuropilin—1 £ FAH X 2 15 B . 7
5 ,CK=Mb c¢Tnl \Mb 7K~ 2 B4 . 158 neu—
ropilin—1 $28 FR35 AT LA R BRI Y A9 oA
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1CY, X T BESE: R Ry i 223K neuropilin—1 1] AAG AR
PO ELHZY, B 1k O LA R 2, 10360 L4 e
H OB IC BRI I T o A IR R
MANER A DBARICH Mb . CK-MB MB 1 ¢Tnl [
%, UERHLC U A B B s AR 9E 4518 —3k.

S A U S I AL N S8 25 Y BRARE S
RAE RT3 AR 2 R & R0, B AT
Z2 WA 8 DR Pl B 40 6L R I W5 4 i A I o 2
I M S5 4 5, L4 R YR BE R F —a (tumor necrosis
factor—a) IL-1B .iNOS 257 #1457 fy £ 2L f TH2
YRS, EFALHE 1L-10 114 IL-13 2508 Ma
YS SFOIGE R, N B AL neuropilin—1 AT JE 4%
RN FEERRGEEN | IRIE, S 508N K
PAE, ARG, A EE 1SO 41, 1SO+Ad-neuropilin—1
AR 1SO 41K B INOS FT IL-10 mRNA 240 JH ifit
Eri KSEI R R, DI 24 K BRI neuropilin-1
1 FERA TR T JAE (AT 3w TR T
H7KA- , R R PN B A 0 P ol et

A5 KBS 5 5 UL L P 908 1t W] DA K
PRI R BRI RE . Ki-67 J&—Fh i B A A FE AH ¢
HH, Y Ki-67 &R A0, A 22502405 | 401
HEFENNHE™, caspase—3 & caspase ZIEH ELAT
PHT-IEN o m ZRaR BB 4R A T TR B2, A
FYif 1t Western blot &8, AL 1SO 41, 1SO+Ad-neu—
ropilin—1 ZH K B0 JULAH L JH 172 22 F1 cleaved cas—
pase—3/Cas3 7K V- B FEAIG , Ki-67 2 FIAR X Rk 7K
BB, X —g5 R Uik SER LN neuropilin—1
1 F R AT DL 50 in R SRR PN 4 5 A G 2R 1 R
BP0 e e < S VAN - N W N R s
i, ARIAF-ZE2F R  neuropilin—1 & 7] LA
HRANHAP LA T, SRR S 1e 3,

25 LTIk neuropilin—1 33 F 38 0] LI il 579 &
B HRZE 000 RO WLAH R T2 B RE [ B
A RAGE DR DIRE

2 % X M
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