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P SD KRBENL T F IR T AR AL, BEIRIZ , miR-29¢ NC 2, miR-29c¢ inhibitor 4 , lﬁ%ﬁ%liéﬂ%mﬁ& YR R
FE ST R By v sl Ry Rt i P AR 3RS 24 h PP R BRI AT AR Ak, A R BRI ZE AR B, e
MIGZH LA IR T 00, IRZH AU miR-29¢ ikt 4 (L s A (SOD ) 6 1, N 18 (MDA) & it , & L L& iR
AR AR E H KR 3 (Caspase 3) , Caspase 8 M Caspase 9 i P, & Bcl-2, Bax, Bakl , cleaved caspase 3, cleaved
caspase 8 5 cleaved caspase 9 FEHRE, FR HEFARHALE ,HAH miR-29¢ NC ZHH miR-29¢ ik m i 3
i, KRB ZAT PP o4 i, IR SE ARG I, 40 i 04 T2 345 &5, SOD TG PR IR, MDA 3 4, Caspase 3, Caspase 8 J¢
Caspase 9 {514 I Ft, Bel-2 ik & T4, Bax, Bakl , cleaved caspase 3, cleaved caspase 8 X cleaved caspase 9 Fik it [
W, ZE R A E L (P<0.01) , SERA K miR-29¢ NC 4 %, miR-29¢ inhibitor 2] miR-29¢ 263k i B 3
WA, R BRUPH 247 D140 R AR, i A SE AR B 43 Lo sl /b 4 B 0 T R R IR, SOD & ¥k 17+, MDA 5 | Caspase 3,
Caspase 8 J¢ Caspase 9 i TEREAK , Bel-2 ik F 1M, Bax, Bakl , cleaved caspase 3, cleaved caspase 8 J cleaved caspase
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The mechanism and protective effect of miR-29¢ on
cerebral ischemia-reperfusion injury in rats
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[ Abstract] Obejective To explore protective effect of miR-29¢ on cerebral ischemia-reperfusion injury in rats.
Methods  Forty eight SD rats were randomly divided into sham group, model group, miR-29¢ NC group and miR-29¢
inhibitor group. Except the sham operation group, the other three groups were established by using ligation of middle
cerebral artery. Twenty four hours after the operation, neurological behavior score, cerebral infarction volume, cell

apoplosis, the activity of superoxide dismutase (SOD), the content of malondialdehyde ( MDA, cysteine aspartic acid
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protease 3 (caspase 3), caspase 8, caspase 9, and the expression of miR-29¢, Bel-2, Bax, Bakl, cleaved caspase 3,
cleaved caspase 8 and cleaved caspase 9. Results Compared with sham group, neurological behavior score, cerebral
infarction volume, cell apoptosis rate was increased, SOD th the expression of miR-29¢, activity was decreased, the level
of MDA, caspase 3, caspase 8 and caspase 9 activity was increased. The expression of Bel-2 was down-regulated, the
expression of Bax, Bakl, cleaved caspase 3, cleaved caspase 8 and cleaved caspase 9 expression was up-regulated in
model group, miR-29¢ NC group. The differences were also statistically significant (P <0.01). Compared with model
group, miR-29¢ NC group, the expression of miR-29¢, neurological behavior score, cerebral infarction volume percentage ,
cell apoptosis rate was decreased, SOD activity was increased, the level of MDA, caspase 3, caspase 8 and caspase 9
activity was decreased. The expression of Bcl-2 was up-regulated, the expression of Bax, Bakl, cleaved caspase 3,
cleaved caspase 8 and cleaved caspase 9 expression was down-regulated in miR-29¢ inhibitor group. The differences were
also statistically significant (P <0.01). Conclusion

miR-29¢ had a protective effect on cerebral ischemia-reperfusion

injury in rats, which was related to improve the antioxidant capacity and regulation of apoptosis related protein expression.
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SR 2 R KB KBV miRNA'
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1.1 ¥

48 HUEME SD KRS 3 i LU 7R K24 5256 5
Y[ SCXK (£8)2009 — 0001 ], W5 1/ 4% , (200
+20) g, FNIREERIE(23 £2)C, KA HKE
K, IR FTAE SC 0 % - LU AR R 2 55 6 B Bt Il IR
FEREAFFT AT [ SYXK (4)2010 -0038] .
1.2 FERXFIRMEE

BCA %2 A w5 & , Annexin V-FITC 41l g
PAT RN £, /NPT GAPDH B 5 B fi iR g [
ARV ARG PL Bel-2, Bax,Bakl , 2 7%
BeHiARNE H 22 E Abcam 23 Al ; Caspase 3, Caspase 8,
Caspase 9 T PERG D7) 60 H me o LR A ) R
B & AR, F];SOD 7 11, MDA & =ik &l A
At A AR ) R A PR A Fl; miR-29¢  inhibitor
( UAACCGATTTCAAAUGGUGCUA ) } miR-29¢ NC
(CAGTACUUUUGUGUAGUACAAA) , I [ |75 1
AEYEARGRRA ], HBIKAL, 7% B0 Ik A, &K
1% Z % [ 2% [ Bio-Rad 2\ A ; BEAR AL [ 5 15
1 TECAN 4 120 w5 i =0 40 i {1 B 36 & BD
TSN
1.3 $HARABE

48 HORE AT AR B 2H , miR-29¢ NC
2 ,miR-21 inhibitor ZH, ¥ miR-29¢ inhibitor } miR-
29¢ NC T N TG R, W E R 20 pmol/L, 7
AP 2 v ) 1 pl/min, 8365 pL, 1
AR P ARV ZH R a7 N TR, 45 24
24 h JEBRITFARA SN Lg =4 & ST,
1.4 s

S AH O SR ) K i v 20 ik BH 2 ( MCAO) 84
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R, 10% 7K A5 SR PRI K B, (R BRAL A EME , IF
TE AP KBRS Y B Tk A % A UL )
B2 B A SRS (CCA) |, A7 SN 3
K (ICA) B A FAM sk (ECA) , 42T 4551 ECA &
CCA, I JH 3h ik Je Je £ 1CA 3t ¥, [7] if 7E ECA T
CCA AAE—/NEI T BT TCA 3l ke | I i
(e ek 212 4 A ECA il ATRIE LR 18 mm, SLEE
Tk v B Jok B 2 S S0 B an, I JE T B ORAE
ik, FAMIMNE e LR L L 1 em,, BRIML2 h J5 B2
oA 2k ms AT By, i 9 73 , DA S B R
1122 hy T RIS ECA,CCA K ICA fHA
2530 CCA,

1.5 #WZRTAZIES

TARJG 24 h, 2% Zea Longa 1Y 5 73l PF-53 it
AR AT DI RETE 4y, O 43 WA H Bl
ZPRER ;1 43 M RTTORRE 78 252 4 )
LML 33 43 AT A I 1) Z2 ML ;4 43 AR
g 1 &A1k, R RR T,

1.6 fEREFRNE

TARIG 24 B4 2R BRURR I, I 180 0 <k IO
Vo5 P 2L 20T R /0N M, PRBR A S R R 4 il AT )
R JEREEZ) 2 mm, 37 EIZ A 2% S Ak = 23 DU s
(TCC) , & T 37°C A LY 5 30 min, 4 4L
BT IE H 1 il 4 20, e B o 1 A BT 1 i 4 21
BIATE 10% W EEF E 2 , IFFA 88, H Image-Pro Plus
6. 0 JRAFTEAT o3 B 153 B A U AR AR, I 3 L i 4 T2
2 mm, BT H K ERETA WG] fi i sE 25 B R
13 AR AE 25 B, I 1T 53 I A S8 AR BUA 43 EE (brain
infarct volume percentage ,BIVP)

1.7 RT-PCR #ill miR-29¢ &i%

KM Trizol 5L M B RNA, $#£&5 — 27k
RT-PCR 3% 5% | 1900 5% 53 7™ W) FH T S g W R I P DK
1Y BiA: T A TREA BRA A4 A, W R - miR-
29¢ 5’ -UAGCACCAUUUGAAAUGGUUA-3’, J %%
SRARFR N B RNA BifR 2 pL(1 pg) (ANTP IR G 2
pL MgCl, 2 pL il EDPC #h 721K & 25 pL, %
N ZSEN . 95C HAEE 5 min, 95°C 281 30 s,58%C
Bk 30 s,72°C 1L 30 s, JEIARECH 40,

1.8 SOD i&% K& MDA &=/

S it A K i 2L 2R 547 513, 44 I SOD 3 7,
MDA 75 #1250 & i I 5 A7 A
1.9 7S 2 Ae AR A6 ik i ) fog 20 e o) - 1O

S It A R s 28 2R 14759 3%, I e R g i

BEEEATIH AL ARG 4B US , 7% ] Annexin V-FITC
it 2 A 350 & AT A I, 7 1 h AT IR A
2 L ARSI
1.10 Caspase 3,Caspase 8, Caspase 9 i& BRI

B AN A i 2 S AT 50 2K, $2 BR Caspase 3,
Caspase 8, Caspase 9 15 V£ & 36 5247460
1.11 caspase 3, cleaved caspase 8, cleaved
caspase 9,Bakl,Bax & Bcl-2 & BRI

KH Western blot £ A SEAT RN, s Al K
RLH R HEAT 513, IR A RIPA 5 2/, 24, 2
O WOREEH , SR BCA B &kl & ks, &
FARPE , R HEAT T e S 92 B U PR VK, R T
R, —HURE 4CHR; —HEIREE 1 -2 h,
TEBEIE UL R 4 h g . A Quantity one” 443
M B 25 IR BEAH
.12 HiESH

A BRI SPSS 21. 0 Geit43#r,  x = s %
NP Z IR o Kl i 2 225, A P <0. 05 1E24
WENES,

2 #R

2.1 miR-29c¢ inhibitor ¥ MCAO X iR fz 42 41
miR-29¢ RiZERI MM

WE 1 FR, SEF AR, BRI K miR-
29¢ NC ZH K FUMZHZ P miR-29c ik B E 5,
ZRBAGHFE L (P <0.01) ; SR K miR-
29¢ NC 4 1458, miR-29¢ inhibitor 2 K Kl £H 41
miR-29c Fikim B FH N, ZH BAGIHFE X (P
<0.01),
2.2 miR-29¢ inhibitor 3f MCAO X R #2217 AL
S HIR A

mE 1 R, SEFARA L, AT K miR-
29¢ NC AREME T R EiE s, 25 A
Gt X (P <0.01) ; 5HBAILH K miR-29¢ NC 4
Fe#¢ , miR-29¢ inhibitor 21 K R 24T M PE4) B 35 1%
K, 225 A5 E X (P <0.01),
2.3 miR-29c inhibitor ¥ MCAO X F & & 3L & 72
apA1]

mE 1 R, SEFARA b, AT K miR-
29¢ NC 21K BB SEAR R 43 Lo 3 3, 22 57
HAS 8 X (P <0.01); 5882} miR-29¢
NC 4 4 , miR-29¢ inhibitor 2H < KUK 4 78 14 FL T
Sy 2R HA SR L (P <0.01),
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T A BT AR B ARSI CmiR-29¢ NC 45
D:miR-29¢ inhibitor £, ST AR HEL,

*P <0. 01 ; SR K miR-29¢ NC 41 48, # P <0. 01,
Bl1 miR-29¢ inhibitor X MCAO Uik
HAH miR-29c FiKE IR
Note: A: sham operation group; B: model group; C: miR-29¢
NC group; D: miR-29¢ inhibitor group. Compared with
sham operation group, “P <0.01; Compared with
model group and miR-29¢ NC group, P <0.01.
Fig.1 Effect of miR-29¢ inhibitor on expression of
miR-29¢ in MCAO rats brain tissue
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mFE 2 iR, SEFARL i, BAIL] K miR-
29¢ NC HKZH 41 SOD i SRk, MDA &4 5,
ZREEGHFRE X (P <0.01) ; 5EEAIZ K miR-
29¢ NC 4 F %8, miR-29¢ inhibitor £H i 21 21 ' SOD
TEPERE = MDA BRI, 2R B ARSI FE L (P
<0.01),
2.5 miR-29c inhibitor X MCAO X iR A # 1 ) £
KA TR § 0

TS R woR (LR 2) BT AR 40 i
AT N 1,95 = 1. 12, BRI J¢ miR-29¢ NC £ 4
FLJR T B E R, i 9.25 £0.83.8.95 +
0.72, 5BFARAMIL, 2R HAGIEE L (P <
0.01) ; miR-29¢ inhibitor 41 40 I T-F N 5.42 =
0.49, SR K miR-29c NC 41 I, W W%, 25
SFHAGITFEX(P<0.01),
2.6 miR-29¢ inhibitor X} MCAO K K fixi £ 21
Caspase 3, Caspase 8 J Caspase 9 THTHRIFZMA

3 iR, SIEF AR, R4 K miR-
29¢ NC g2 Caspase 3, Caspase 8 [ Caspase
9 WHMEE R, ZREAGIEE L (P <0.01) ; 5%
I & miR-29¢ NC 2 L #¢, miR-29¢ inhibitor £ fifi
ZH4Ur Caspase 3, Caspase 8 M Caspase 9 T LA,
ZRHAGIEE X (P <0.01),

C D

- - 4
lfl-!' . ¥

1003

F13:0240.27)%
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Annexin V

WA AT RYL B AL ;C.miR-29¢ NC 41 ;D miR-29¢ inhibitor £,
B2 miR-29c inhibitor X MCAO Jk B i i 0] 240 L 4 7 Fr 5 0
Note: A : sham operation group; B: model group; C: miR-29¢ NC group; D: miR-29c¢ inhibitor group.

Fig.2 Effect of miR-29¢ inhibitor on cerebral ischemic side cell apoptosis in MCAO rasts

%1 miR-29¢ inhibitor % MCAO K B 247 ME43 B i kHE (A FR

RN (x5 )

Tab.1 Effect of miR-29¢ inhibitor on neurological behavior score and brain infarct volume percentage in MCAO rats
4151 AT PSS IR FEARFR T 43 1 (% )
Group Neurological behavior score Brain infarct volume percentage

fRFAR4L Shame operation group

FERIZ Model group 2.78 0. 36 ™
miR-29¢ NC 2.76 +0.29 **
miR-29¢ inhibitor 1.36 £0. 14%#

27.64 £2.46 ™
28.13 +2.65™
21.88 +1.92%

1 S5RFARHE, P <0.01; SR K miR-29¢ 41, #P <0.01,

Note: Compared with sham operation group, ““P <0.01; Compared with model group and miR-29¢ NC group,

#p<0.01.
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% 2  miR-29¢ inhibitor X} MCAO K ERGZHZIH SOD i , MDA &SI ( x + 5 )
Tab.2 Effect of miR-29¢ inhibitor on activity of SOD and level of MDA in MCAO rasts

2131 Group SOD (U/mg) MDA ( pumol/g)
T AL Sham operation group 8.27 £0. 82 44. 68 £4.32
FERIZ Model group 2.43 +£0.25™ 74.23 £6.24 ™
miR-29¢ NC 2.40 £0.24 ™ 80.87 £7.76**
miR-29¢ inhibitor 7.83 +0.79% 58.48 6. 52%

T G BFARAE, P <0.01; SHEAH K miR-29¢ NC 41LLE, ¥ P <0.01,
Note: Compared with sham operation group, **P <0.01; Compared with model group and miR-29¢ NC group, #P <0.01.

% 3  miR-29c inhibitor X} MCAO KRAKZLZIH Caspase 3, Caspase 8 J Caspase 9 JGPERIEII(x 5 )
Tab.3 Effect of miR-29¢ inhibitor on activity of Caspase 3, Caspase 8 and Caspase 9 in MCAO rats brain tissue

ZH 5
(;H%J Caspase 3 (U/mg) Caspase 8 (U/mg) Caspase 9 (U/mg)
Toup
3 N4
ﬂ{zqiﬂ.t,ﬂ 0.86 +0. 08 1.87 0. 08 3.19 £0.32
Sham operation group
PRIVE)
Mjil aroup 7.54£0.75™ 7.49 £0.73 ™ 11.36 +1.20 ™
miR-29¢ NC 7.48 +0. 63" 7.46 +0.73% 11.29 +1.28%
miR-29¢ inhibitor 2.36 +0. 37" 2.48 £0.25% 4.59 £0. 46"

ST ARLEL, P <0.01; SEEH K miR-29¢ NC 4 HH, P <0.01,
Note: Compared with sham operation group, **P <0.01; Compared with model group and miR-29¢ NC group, #P <0. 01.

2.7 miR-29¢ inhibitor Xf MCAO X Ff fiii 46 £
cleaved caspase 3, cleaved caspase 8 & cleaved
caspase 9 EAFRIENE M

e 3 iR, ST ARA L, BEAL K miR-
29¢ NC 41 fii 41 21
caspase 8 M cleaved caspase 9 £ 1R A b 4 =y,
S HAGIERE L (P <0.01) ; SHEAY] KX miR-
29¢ NC 41 bt %, miR-29¢ inhibitor 41 fiii 41 21
cleaved caspase 3, cleaved caspase 8 JZ cleaved
caspase 9 FIRBRIFK, 27 HA G E X (P
<0.01),
2.8 miR-29¢ inhibitor 3t MCAO X & f £ 4
Bakl,Bax % Bel-2 & HRIERIZ MY

e 4 iR, ST ARE L, BRI K miR-
29¢ NC ZH %2041 Bakl, Bax 53k b 5, Bel-
2 RKFRERMN, ERBAZRITEEL(P<
0.01); SR A K miR-29¢ NC 4 ¢, miR-29¢
inhibitor ZH i 20 21 " Bakl1, Bax ik & i 3% [#AIG,
Bel-2 Fiki g F4e &, ZRHEAGIFE L (P <
0.01),

cleaved caspase 3, cleaved

3 iFig

I R IS P A A e A v i i A R B
rh s A K R R, A0 A 3, XA
P 2 453 47 ki 2 2 240 i A 0y JE 45 44, 5 40 8k 1
DNA 53 40 ii#% DNA , {41 it P4 25 11 5T S DNA K

Cleaved capase3

Cleaved caspase 8

Cleaved caspase 9

GAPDH

b
=
A
o

E=H Cleaved caspase 3/GAPDH
Cleaved caspase 8/GAPDH
Cleaved caspase 9/GAPDH

*
*
*
*

L L, N
A B C D A B C D A

E‘% 1.0+ *E ek ;r;r
&5 - 2%
N o
Ei 054 %%##
: 2%
. L %44

-

TE: A BT ARLL B AL CimiR-29e NC 41
D:miR-29¢ inhibitor 41, ST ARA AL, P <0.01;
5 EEA4L K miR-29¢ NC 414, P <0. 01
3 miR-29c inhibitor X MCAO K FUIKZHZN
caspase 3,cleaved caspas, e 8 M cleaved caspase 9 # FHFIAMIFNN
Note: A sham operation group; B: model group;
C: miR-29¢ NC group; D: miR-29¢ inhibitor group.

cleaved

Compared with sham operation group, “P <0.01;
Compared with model group and miR-29¢ NC group, *#P <0. 01
Fig.3 Effect of miR-29¢ inhibitor on expression of cleaved
caspase 3, cleaved caspase 8 and cleaved caspase

9 protein in MCAO rasts brain tissue
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TE A BT ARLL; B AL C:miR-29¢ NC 41
D:miR-29¢c inhibitor 4, SRFARLA LI, *P <0.01;
L2 J% miR-29¢ NC 414, %P <0.01,

B4 miR-29¢ inhibitor X} MCAO K B xiZl 4t
Bak1,Bax & Bel-2 2 1A 1 500
Note: A: sham operation group; B: model group;

C: miR-29¢ NC group; D: miR-29¢ inhibitor group.
Compared with sham operation group, P <0.01;
Compared with model group and miR-29¢ NC group, *#P <0. 01
Fig.4 Effect of miR-29¢ inhibitor on expression of Bakl,
Bax and Bcl-2 protein in MCAO rasts brain tissue

ST WL, IS & ol 2 S sh M TR0 . BT LA
e B — AT BRI R BR AR ) P i T IR 40
50 4 0 T K6 % B ot P 0 4 S R 2 R A
HAREREEME

miR-29¢ J& miR-29 %K J& ) — 51, J& Lagos-
Quintina S 7E 2003 4F W 5% #i 28 20 i A2 A% 2R v
RILHY, I 7O BE AR AFAY miRNA, miR-29¢ i T A
1SR e UG B A= I i A DL 258 78
Az 2 JRJE ik e BRI miRNA 7ERH 28 40 1 T Y
FrsetEfrE SRk, I SRIEMAENERT 4K, 7
R DIAR . S 4k Shen 45 ST iR miR-29a,
miR-29b & miR-29¢ 7 {5 I - HE 7 454 1 57 R
ik, #ik i 2 5 K miRNA J& miR-29¢, Huang
ATV — A R WITE MCAO K BRI 22 % 4 4
miR-29¢ inhibitor 3% miR-29¢ mimics, A & FEW% [&

AR ARE AE AR FE R 200 JE 0 T 5 e T i e O -
FEVERT . AT miR-29¢ 5 Mk B i P34 4 64 4%
R ZREY]

AR 5T B e T K B MCAO AR -0 i 2= 7
5 miR-29¢ inhibitor #E47 T, # TRJF 24 h £
D25 20K B 282247 R VP4, B 5 B8 44 R B ke 1f o)
I ZH AR AE R T 0, 45 R W] miR-29¢ inhibitor fiE
B3 PN Lt SR s AN L RN
FEAMHI MM T, 55 Huang 27 BF9E 45 R —3, [A]
I MDA J2 20 i 15 i J57 i 35 P S 4810 I R I 7 40
SE AN 52 A0 AR P B AE bR RS, SOD
RN FEERPUR AT, 2 E PR A R AR 2
JoT, REHEHT AR A H B X A M i i 0, T DAAS O 5% 4k
ST miR-29¢ X MCAO K EUGZL 2 MDA % &
Je 80D I R, 25 R E W] miR-29¢ inhibitor fi§
RFEMTEE SOD 1 1, FEAR MDA & &, AT i ]
miR-29¢ inhibitor BEIR 4 1l ke 1L P08 v 463 403 Pr 7= A
AR, I e A 1

i o 22 A4 B %) 9 T 02 2 M S B A T 1Y H AR AE
TS, HR A mT g 5 4 b p i T A4 0 T2 2 A
FER R A K, Hob Bel2 F% & H BTG 55k
Tz B PR TR SR R R, Bel-2 2 Al UL A 0 1
oI, e S MR T3 N Bax JE AR R, 8l
Bax [ BHREIE W SR, AT IR 45 A A A A T i
Bakl 32 Bel-2 KGR T- 8 H A — 51, BE S Bax
TR A, DT A 5 SR (A S 0 A e 1, 24 Bl
15514 T k)5 , Bakl GEfEA Lk A AR FL T
B, AR LR R TR A M R C B AR
Caspase 185 g B I o, e 815 40 j A 1,
Caspase 1E% 1500 T DL JG I M B )58 A7 76 F 240 B
PO, B E Bl DL 2 A RS ()W
TEPEIRAR At 3R C MR R Bk B L oL ) 5
dATP AT 8 B 0TS B F (Apaf-1) 255 UE &
Y, P40 caspase 9, TG caspase 35 (2) AME T
18435 : Fas PRS2 IR RELILTT caspase 8, MM ELIE LTS
caspase 3 X ARBAR LT T ERRR, 223
T2A5 5 HI P T, Caspase A2 4R A F caspase 8
caspase 9 H B G P 9T U1 B E A B & A VT EIE
FHJG 0 , AT A% 338 R T G0 A 5, e A% 34 )
caspase ZENFITIH T caspase 3 , B4 5 040 i I
=B Ak Huang %57 WF5EIE 52 Bakl J& miR-
29¢ I FHFHLEE 12—, Tiao 25" #F 5% K W miR-
29¢ A N A Bax 3k, B Bel-2 ik, AP
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1 BEL ZE 1 BT S BN AN ML PR T, Wang 555 BF5¢
22 miR-29 inhibitor i i 1| Caspase 3 F&ik , MM
A o T AT L 90 B B0 fi p 22 40005 B LAAR
W5 4k 22 #8350 miR-29¢ Xf MCAO K B Jigi 21 21
caspase 3, caspase 8, caspase 9 i ', cleaved caspase
3, cleaved caspase 8 ,cleaved caspase 9 J Bax, Bel-2 .
Bakl 2 1193535, £ - K M miR-29¢ inhibitor fiE
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