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EHF miR-34 4% KLF4/VEGF &R TEM R K HEKER FIME
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#H E:BH T miR-34 FEIE R 5 Kruppel #£ KT 4(Kruppel-like factor 4, KLF4)/IL 4 P Jz 4K R (vascular endothelial
growth factor, VEGF) & 54 [¥AH I BR I3 1% 2R 4% J7 (R AR AL 5 LA B AR ML . 753k  Ke SD KERBENL Y e FRAH ., 45
HIZH . WEIMEEESTT (11.7 g/kg) ZHATT ZBK (60 mg/kg) #H, 4 10 X, #37 KMiH 2h ik (1 28/ F#EE (middle cerebral artery
occlusion/reperfusion, MCAO/R) #&%!, #E4: ig 5% 7d. KM RMAEINREEFHPE4 (modified neurological severity score,
MNSS) AT K AR DR, R S POt Qe skig X CD34 KR IX VEGF Kik: R Western blotting ¥4
A5 LK FRATE AL AN AR 2 2 KLF4 F1 VEGF 2& [ 3RIE 1B I s K FH qRT-PCR 2460 %25 K B 2 2 Hh miR-34 FX e B R 3R 05
K H Pearson HISE R miR-34 FRIE A5 mNSS. KLF4. VEGF fUAEGME. £ER 1% M58 4% 07 e s 55 35 ol K Rah &
DIBesBUREk (P<<0.01), H4inig (X CD34 FAPEGHM I i X VEGF ik (P<<0.01), HismfixsZid KLF4 Fil VEGF HH
95 (P<<0.01), ] miR-34 X A FE Kl miR-34a. miR-34b. miR-34c mRNA %k (P<<0.01); H mNSS 5 miR-34a. miR-34b.
miR-34c £ & FIEH% (P<0.05); VEGF 5 miR-34a. miR-34b. miR-34c & FMHx (P<<0.05); KLF4 5 miR-34b &
EMAHK (P<0.05), 5 miR-34c 2REEMAHIE (P<0.01). 5  IHIMZEL 7 GEBAME] miR-34a. miR-34b. miR-34c MRNA
Tk, WG KLFA/VEGF 5 55, (2HEMAHAEE M Hi4:, B sehE 2 o se eIk .
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Mechanism of Huoxue Rongluo Recipe on promoting angiogenesis after cerebral
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Abstract: Objective Based on the correlation between miR-34 family genes and Kruppel-like factor 4 (KLF4)/vascular endothelial
growth factor (VEGF) conduction axis to investigate the mechanism of Huoxue Rongluo Recipe (#&IMLZ€%% ) on promoting
angiogenesis after cerebral infarction. Methods SD rats were randomly divided into control group, model group, Huoxue Rongluo
Recipe (11.7 g/kg) group and butylphthalide (60 mg/kg) group, 10 rats in each group. Middle cerebral artery occlusion/reperfusion
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(MCAOI/R) rats model were established, and rats were ig drugs for 7 d. Modified neurological severity score (MNSS) was used to
evaluate the symptoms of neurological deficit in rats; Immunofluorescence staining was used to observe the expression of CD34 in
hippocampus and VEGF in cortex; Western blotting was used to detect the expression of KLF4 and VEGF in infarcted brain tissue;
gRT-PCR was used to detect the expression of miR-34 family genes in brain tissue; Pearson correlation analysis was used to observe
the correlation between miR-34 family genes and mNSS, KLF4 and VEGF. Results
improved the symptoms of neurological deficits in rats (P < 0.01), increased expression of CD34 positive cells in hippocampus and
expression of VEGF in cortex (P < 0.01), enhanced expression of KLF4 and VEGF protein in brain tissue (P < 0.01), inhibited
mRNA expressions of miR-34a, miR-34b and miR-34c¢ (P < 0.01); mNSS was highly positively correlated with miR-34a, miR-34b
and miR-34c (P < 0.05); VEGF was highly negatively correlated with miR-34a, miR-34b and miR-34c (P < 0.05); KLF4 was highly
negatively correlated with miR-34b (P < 0.05), highly negatively correlated with miR-34c (P < 0.01). Conclusion Huoxue Rongluo

Huoxue Rongluo Recipe significantly

Recipe can inhibit expressions of miR-34a, miR-34b and miR-34c, activate KLF4/VEGF conduction axis, promote angiogenesis after

cerebral infarction, and then improve the symptoms of neurological deficits.
Key words: Huoxue Rongluo Recipe; cerebral infarction; angiogenesis; KLF4; VEGF; miR-34
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(endothelial cells, ECs) 58, iEf. ok, 7EJE
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ANIEPRERAR T 13 45, 77 JIm PR 5 g0 78 & 0 I
4% TT e LR ZEE -1 (caveolin-1, CAV-1)
ik, FWER & B KB -9 ( matix
metallopeptidase-9, MMP-9) ik, i Janus i
2 (Janus kinase 2, JAK2) /f&554% 5 555 305 N
- 3 (signal transducer and activator of transcription
3, STAT3) I, WEEMHIAETIEM R VE RN,
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(Kruppel-like factor 4, KLF4) 48815k
HHZ—, WA, Ge% 5 Al Rk,
IE Ay S M N A K B (vascular endothelial
growth factor, VEGF) mRNA &g H[1)&KiE, AL
¥ i KLF4/IVEGF 1% 5 Hh {2 if i & % £, H
Targetscan £ HE FE 0 & B KLF4 J& miR-34 ik
R R USRI A, RIHEAHFFL LL miR-34 ZXAE A
5 KLF4/VEGF 1% 34l [ AR MO TIN R IR
I IR 28 07 (R iR AL i T 5 AE BV AL o
1w
1.1 )

SPF Mtk SD KRR 40 X, 10~12 JAkY, 1S5
T 250~280 g, Wl R SR e S SIS S YA TR
AT, BYERIES SCXK Gl 2019-0004. 314
U] 5 W0 B R 24 K B — B i R e sk B s 4
O, BRAZT 12 h, i&EF 21~26 C, {RF 40%~
50%. ZhA)SIR eI R o R 2K A — I R R B
Vsciede 2 Gl it (kiS5 20201010-8).
1.2 #M
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Dunn [F-J 8 25 SRR ) 4 A 7 Piper wallichii
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TR ZE . MR FL AW B FLE R Boswellia
carterii Birdw.f% 532 H IR IR BIONE R 1T W
Commiphora myrrha Engl. [ T AR < TERHEY)
JIIE Ligusticum chuanxiong Hort. [\ T-#EAR 2%, 75
A (PEZH) 2015 FERRELE -
1.3 Zm5iHF

TIRBREREE (L5 H20050299, 0.1 g/Hi) i
B E AR RS A RAR: 2%
g (EDTA) HiliEEM (pH 8.0, #'5 G1206).
H R ACEEKT] (kS G1221-2). 488 1l HiHw
Jehiik (k5 GB25303). CY3 1li2EPi/NR et
& (k5 GB21301). CY3 %t TSA Pifk (ks
G1223). DAPI 44 (4t G1012). RNA $2Htik
Flf (it'5 G3013). RT First Strand cDNA Synthesis
Kit (#t5 G3330). 2XSYBR Green gPCR Master
Mix (b5 G3322) I N R4 /RAM A IR
AHl; VEGF #Jedifk (b5 19003-1-ap) W H
W=IEEPH ARG AT ; CD34 wehifk (s
ab81289). KLF4 #ifk (k'S abl06629). VEGF #i
A (465 ab46154) . HRP Fric (11l £Hi % 19G Hifk
(#t*5 ab150120) ¥ H J& [E Abcam A F]; BCA &
EEIAAE (Jit's 70-PQ0012) I H L HEEHEY)
FOA A A5 PR 2 7] ; SDS-PAGE it it & 1k 7] £ (it
5 CW0022S) 11y H AL AR IR 27
Immobilon Western HRP JE&E4) (#it'5 WBKLS0100)
4 H 3 Millipore /A 75 PageRuler™ Prestained
Protein Ladder (#t5 26616) ¥ F 25 [F Thermo Fisher
Scientific A ®]; B-actin ik ('S 20536-1-AP) i
H 2 [ Proteintech A & ; HyPure™ Molecular
Biology Grade Water (#{t*5 SH30538.02) i H 3 [H
HyClone A ] .
14 {4F

HM325 R4 i) A L. NanoDrop2000 i il &
66 REETT (35 Thermo Fisher Scientific 24 );
ECLIPSE C1 BYIEE 7GRiMEE . DS-U3 LRk
1% %4 (HZA Nikon /2 %]); Mini-Protean Tetra /N
FEH A YK, Mini Trans-Blot BU%%Ef# . PowerPac
Basic LR HLVKIX . Gel Doc XR-+EEI A% & 45 .
gRT-PCR 1% (Z£[H Bio-Rad A #]); 0.22 pym PVDF
JiEE (3£ [H Millipore A #]); D3024R B &5 3 A R
RE R OHL LR AN AR A TR A 7D
SW-CJ-1FD il TAE & (TN LR IHARAIR

IR AR AT ); Enspire 2 IhfglEbrX (EH
Perkinelmer A ] ).

2 FHE

2.1 JEMGREHHIHIE

BAA WA, HRAGMIES, A 10
EKIRIE 12 h JFRIZE 2 h; I 8 5 B /KFiZ& 1 h;
IO 5 A5 E/KAE Lhy &9F 3 IRIEHUR, T hefk 2
KA EWAE, #HERRNE MR TRE, T4 C
TRAFEH o R FH R RO E iV 0 Vi I 2R 4% U7 1R 4T
prEEd, HEEARSTIWE R FEREE.
IETIREERE . W5 H R BTE 80000 4.298,
3.568. 1.779. 18.634 mg/g.

2.2 KENELMEETREH&

SD K FRGERERFR 7 d, RHET 12 h 258 A %R,
ip 10%7K & 5% (0.35 g/kg) BRE, 2% Longa Z19)
i 38 PR R 0 Bk BH 28, A BEL R BR A K i v )
ik o B 23 B A S BNK « ZA B IKRA 25 N B K
MNERAMEN KA A BN 73 SRS (442D mm ZbBY
HEEZE, AL (18+2) mm, B3N shkEEL
R 62 h 5, RERLIAT R, DAHl&
K w3l ik P4 %€ /5 7 Cmiddle cerebral artery
occlusion/reperfusion, MCAO/R) 17,

23 PES5%RT

KH SPSS 23.0 B4 & B LA 757%, 4 40
R SD KERBENL xf I ZH 10 R ANiERiZH 30 H,
R “2.27 TR JPVEIERL; X R4 4 B A
HUABK SMANEN KRN Bk, At ATRL, H
RISFE SR £ 7715 A . 2% Zea-Longa’s br
HEVEMEDS], BUSERE I N 1~3 7 HIRE 30
R, BENL 2 WAL | 36 545 77 (11.7 glkg) 9124
AT ZEER (60 mg/kg) D44, 44010 K. 3F 1L
REGTTIRE LZATRK MR 2R E N 1.1 g/mL
CLAAEZGETT) 253 T 2R BRI 3 FH JRR i i 1)
B B EE N 6 mg/mL IR E W . RJ5 6h, %4
254 ig FHR. 254 (10 mL/kg), X HRZH AR ig
SRR 0.9% AN, 1 ikid, ES:T d. LI
I AR A IAE T | EURA I B gk DX 5T i I B
H I PR R BT DA B
2.4 RT3 MCAOR AR RHEZINEE
#13F 4 (modified neurological severity score,
mMNSS) KIS

DANTEAEE 1. 3. 7K, KA mNSSHeHY
W& H KRR D REEAUEIR, BIFIEE).
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CD34 F1RZ RIX VEGF RiAHIF MG

FAHBENLEL 5 RO, BRIR S Sk B, ki
B N2 15 min, JG/KZEE 5 min, 85%
Z 5 min, 75%Z. 5 min, ZEMEKEEHE. Al
FE A K E, LLEDTA LEBE SR (pH 8.0)
BHTPUREMEE, T PBS Bith, ARG A8 A
A 30 min, AN VEGF $itf& (1 1 3000) F1 CD34
Pk (1:100), 4 CHHIRK;: PBS WEEMAZ
P, RO E 50 min, PSS DAPI 49,
FUREOCHEE 10 min, BEESE PP CEKE F )
Hh, TGRS TUSHME, KA Image J
1.8.0 M, BENHGEDIX 5 NMUEF, 05055 5 NI
Hfrh CD34 FHEA M T4, HU 5 MLEF %L, 2%
Weidner £ MVD 18;  SH Image J 1.8.0 3t

3T VEGF PRI P58 L5 B
2.6 EMFELS X MCAO/R KFRIXNLEL KLF4 1
VEGF &R FRIEHIF N

FHFI AR 5 HORR, RIS Wk B,  EUE
FEMIAG L LR X, IMANZEARRSI %, KH BCA
EHERAAENEsEORERE. EAFERE
10% 1 - be Sk BR AN - SR T A Tk st R FL vk, e &2
PVDF fi&, B 5%Mtfe2b9y, =R 1.5 h, 4
AN KLF4. VEGF #ifk (1:1000), 4 CHEE
M TBST ¥k 37, 10 min/ik, AL £ %
Prfk (1110000, =iRFH 60 min, PeEk/EEE
B, RHH Image J 1.8.0 4041 4t IR FEAE
2.7 EIMZFRET X MCAO/R AR AX4EZH miR-34a.
miR-34b F1 miR-34c MRNA FiARISZNH

o IR 6 U B R % 2 K B 2L 23 B2 i [X
& RNA HA H cDNA, 1T gqRT-PCR 7. 514
FHIILE 1, LLUB NN Z.

#z1 sSHF5
Table 1 Primer sequences
519 F3 (5°-3°) K /bp

miR-34a F: CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACAACCAG 66
R: ACACTCCAGCTGGGTGGCAGTGTCTTAG

miR-34b F: CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACAATCAG 66
R: ACACTCCAGCTGGGAGGCAGTGTAATTAG

miR-34c F: CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGCAATCAG 66
R: ACACTCCAGCTGGGAGGCAGTGTAGTTAG

U6 F: CTCGCTTCGGCAGCACA 94

R: AACGCTTCACGAATTTGCGT

2.8 KEMZEL miR-34 HKiEEES mNSS. KLF4
# VEGF gyfa% M

MRIEAEIZH L 15 o2 720 T 2RERE KR 7 d
) mNSS. 4127 KLF4. VEGF X85 ik &
R F miR-34 FrIKFILE, KH SPSS
23.0 TAFFATH AT, JFEd RIES 363 4
24 miR-34a.miR-34b.miR-34c 5 mNSS.KLF4.
VEGF Z [RGB Bl 24 P<<0.05 B, TR
A EAFIEAME; R>0 FONIEMSE, R<0 AfMH
¥%; 0<|R|<0.3 MILEEHIZ, 03<|R| <05 Ky
FEMR, 05<IR| <1 AMEEMIN: IRIHK, H
KAMK
29 GtEHEE

KH SPSS 23.0 B iAT G A, TR R
BILLX + 5 2R, 1 A A 156 IR A5 5 22 55 1
B, SRS R Z 58, B EEBCRH LSD 2
T EARFFE, EH Dunnett’s T3 ¥E; HARTE LS

PERF, K Kruskal-Wallis #£F1H6556 . miR-34 ik
FK 5 mNSS. KLF4. VEGF IS ME T, &5
HIEATE, WRHA Pearson M5&0HT: HAFEIE
A1, NIRHA Spearman #HE 7T
3 &R
3.1 SEMIELK S X MCAO/R K5 mNSS B2
W 1 Fos, 53R LR, AR 41K R mNSS
BETE (P<0.0D), MEIhaesdn™E,; S
M, EMZELE T4 3 d mNSS &K (P<
0.05), #2541 7 d mNSS 3 4% (P<<0.01),
P TRE I B GE -
32 JEMFELK&FH X MCAOR KREMBALETX
CD34 1 R[X VEGF FiAHIF N
WK 2 fros, Sii@dltei, SR KRED
X MVD ¥ &AM F X VEGF £iEBZE T (P<
0.01); SHAYALLE, HeAAAMESIX MVD $i&E
AEZ R IX VEGF BHMHERIEIEZE TR (P<0.01).
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1 EMELS X MCAOR X B mNSS H & h

(x+s,n=10)
Fig. 1 Effect of Huoxue Rongluo Recipe on mNSS of
MCAO/R rats (x+s,n=10)
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WK 3 i, SXRHHRALERA:, AR H Lt
KLF4 fil VEGF & A &RIA/K T EBE A m (P<0.01);
R Lei, #5254 KLF4 Al VEGF R AFR X
KBt — T m (P<0.01).
3.4 EIMFRLK I MCAO/R X FANZEL] miR-34a.
miR-34b 1 miR-34c MRNA FiARIS2M

mE 4 s, SxBRAIE R, AL v 2 21
miR-34a. mMiR-34b. miR-34c MRNA Fik /K1) &
EFE (P<0.01); SHMALE:, KR4
21 miR-34a. miR-34b. miR-34c mMRNA ik K-V
BERK (P<<0.01).
35 AREALEH miR-34 RiEEES mNSS.
KLF4 %1 VEGF By

WK 5 s, mNSS 5 miR-34a. miR-34b.
miR-34c &/ IEAHDE, MK REL (R) 43724 0.60.
0.56. 0.56 (P<<0.05); VEGF 5 miR-34a. miR-34b.
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B2 JEmSRE7X MCAO/R KRAKELRE DX CD34 FZBRX VEGF FIARIFM (X 400)
Fig. 2 Effect of Huoxue Rongluo Recipe on expressions of CD34 in hippocampus and VEGF in cortex of MCAO/R rats

(>400)

miR-34c R &EE MM, R /7N —0.58. —0.58.
—-0.69 (P<<0.05); KLF4 5 miR-34b 2 & & fif =%,
RN —0.64 (P<<0.05), 5 miR-34c 2 & & ftf=x,
Ry -0.88 (P<<0.01).
4 g

AR AE I R A, R AR S S A 5

DR AEM A A i Rl HERE b S R 1 55 i X
TR I E B AT A e BB R T g s, A
EAIEVEILE B A, ERRCOKERMUILE, DSk
R 58 9% . VEGF 1E R M H 4155
DRF, B E AL J IR AR B RE 5 3 B B MR R IE 1 v
BETM L ECs #85H . TR bR, RIEIEE
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Fig. 3 Effect of Huoxue Rongluo Recipe on KLF4 and VEGF protein expression in brain tissue of MCAQO/R rats

ﬂﬂﬂlﬂ 7 Fk mﬁ . *%k UIIFEH ) *%

X ] ” ) 4.0 ) 6

B 6 = 2B . & 351 ®

Z 5 & 2 S

=N = 30/ z2 wo

: Pogs ra i &

E E 2.0 =

g 17 g 151 ﬁ 2 .

€ ol ‘ ' E 10 [;] £ 44 , ,
XHRE OBUR RISREE T TOREK XTHE BB R MSREE T TOREk R MR GEISRZETT TORAK

4 SEMZELS I MCAO/R KR AKNZELE miR-34a. miR-34b F1 miR-34c mRNA FiARIE M
Fig. 4 Effects of Huoxue Rongluo Recipe on expressions of miR-34a, miR-34b and miR-34c mRNA in brain tissue of
MCAOI/R rats

8 1 8 - 8 1
7 7 . = 7
n ) 1)
% 6 % 61 = = = . (£ 6
5 1S 5 = = = € 5
4 - 4 - 4 -
3 - 3 - 3 -
4 5 6 7 2 3 4 2 3 4 5
19 miR-34a 1.9 miR-34b 19 miR-34c
1.7 -w S 8 -
5 e . W 1.77. ) W 1.7 i -
] 0] 0]
> . u . o >
15 . > 15 o > 15{ .
13 . . 13] . 1 13 . 3
4 5 6 7 2 3 4 2 3 4 5 6
miR-34a miR-34b miR-34c
1.6 . 16 . 1.6 :
To14l - T 141,y ¥ 14 .
2’ - - - - - - - -
- . N4 - Y .
1.2 ) - 1.2 s 12 %
1.0 - 10 1.0
4 5 6 7 2 3 4 2 3 4 5 6
miR-34a miR-34b miR-34c

5 KEMALRH miR-34 ZEEES mNSS. KLF4 1 VEGF B9fEX 1t
Fig.5 Correlation of miR-34 family genes with mNSS, KLF4 and VEGF in rat brain tissue
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BN, CCERRAERS, RS LA B A AR
Wz 08, KLF4VEGF %fiml /5 Nk femeiL
fiz 3-4F (phosphoinositide 3-kinase, PI3K) - [
5 B (protein kinase B, Akt) il 219, 5 C-y1
(phospholipase C y-1, PLCy-1) - ¥ C (protein
kinase C, PKC) il g0, 22 24 J5 1% 1k & 1 ¥ i
(mitogen-activated protein kinase, MAPK) i #21,
fitidt ECs #4958 . L8 AL, 1% Rho K&
e R IE D R 2], 76 22 Moo I8 8T A2 b K
PFEHEEMERHR, 7RI, KLF4 FERN AL 5
kR IRRA, GRS I8 I i SO It R R A DG
¥ 1 (metastasis associated lung adenocarcinoma
transcript 1, MALATL) il foi i 5 J 15 P 5z 24t
PH T2, o e v e ok s I P R AR A S B T
ks g = BN NN R = D IN=E AL P w3 DY
WIEHEDIRe M . Kk, RiEAE G I & 8 A A
FMLHI AT e 5 I0EIS 0% KLFAIVEGF 1% 35l
I FUEIEES . SCENN I (R D Re Kk
HAHK.

MIRNA 72— 2K 2 KA 22 AN 1) 3RS
i RNA, #efRr R0 T iF H iR mRNA
3’UTR, FHIERATEARHAMICRT, 2R N H 1)
Kl mRNA, i BELWT 0 B R R IE, 250
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