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MicroRNA-124 & i1F4%Z PTEN {gi# ik MGG /N R LM IR ERKNEEEMRE
ke WAFRS 571199 WG, G R 2 e AL T 2B 710032 P92, 25 B A5 I8 2 P o I B i 22 A1 R

[H#ZE] HBY  #RIE MicroRNA-124 (miR-124 ) X ik e ifi 453 £ 71 BUR 28 D RE i ebc 26 4 T B N e
P, Jiik OH 32 2 CS7 /NRBEDL S IR T ARA R BRI 4 (n=16) , TTC YL & I 247 #7053
Rl B0 005 3 R AR A8 IR AIZ Bl 0L, RT-qPCR Al miR-124 7E P4 ] i iRk, @KEF%
J AR 22 0 4 M, 308 ok 40N 38 <3 A A0 50 i P9 Y3 40 407 , R SR 5 /5 072 h miR-124 (128 fk e
@F I 32 H C57 /NERBEAIL A3y i Bk 1 2 G Bk 1fi +miR-124 2H (n=16) , TTC YL a4 S 06 F0 IR0 A4 ik
LA N B IS B BRI 00 . (DA M IEER 53 Ay UM I S5 2H A1 AEURE R 35 +miR-124 20, il ok S
POGSLIAT I PP 2T R A KA DL o Targetscan B4 ZE TN miR-124 "R WEHEEEIN , XS 3% ik
PR 4245 Fl1 Western blot 78 JEAR 2 055 IR TEXT FE A1 AN miR-124 2 F Ji#0EE R 26 10 5 e AR Bk (1) i
1i& I M 5k 7 45 E [R) PR LA (the phosphate and tensin homolog deleted on chromosome ten, PTEN ) [18) 323k 4%
o EJH PTEN 6 U 0 % 25 + miR-124 F1 40 3] 25 + miR-124 + PTEN 7§ 41 pff 28 0 b 58 19 A= K1 00 o
)FE A S5y v 0 fi 5k I +mi R-124 2 1 fi 58 [ +miR- 124+ Pren 41 (n =8 ) %4 2 52 56 F1 A% PR 0 B 100
SEML GBI FEEE S, /)N BRI A BT T R 2935 5] 40% (P<0. 001) , /N BRI R 2 A T BE B S A ( P<
0.001) , &K EE AT RED 35 s miR-124 {19 FRaRk 00 FEZH B i 55 (P<0. 05) 5 i — 24 35 miR-
124 REAZ AL HE AU RI2F 5 i 22 el 2 19 A2 4K (P<0. 05) , B & 4 /MINAESE AR (P<0. 05) , HAZ i 3z
Bfe ST IR IZ Ak (P<0. 05) 5 Targetscan $405 FE U miR-124 F{iF 5L Ky PTEN, XU 2K i 5 ]
245 F1 Western blot #B1E 52 miR-124 R84 %0 F ¥ PTEN 323k (P<0.05) ; it )5, [ PTEN %% T
miR-124 i i ph 2T 2 ) A4 DL Sl st /N BRUZ S RE T AN (P<0.05) o 518 miR-124 5@ 3 F i
PTEN i # ke i /) BRpP 22 e =R A&, BA B TNz sh D RE A .
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MicroRNA-124 promotes neurite elongation and motor function recovery in mice

with cerebral ischemia injury by targeting PTEN
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[ Abstract | Objective To explore the effect of microRNA-124 (miR-124) on the improvement of
neurological function in mice with cerebral ischemia injury and its underlying mechanism. Methods (O A
total of 32 C57 mice were randomly divided into sham group and cerebral ischemia group (n=16). The
cerebral infarction area was detected by TTC staining and motor status of the mice was evaluated with
neurobehavioral scoring in 3 d after brain injury. The expression change of miR-124 was detected by RT-qPCR
and compared between the 2 groups. (2) Primary neurons were isolated from fetal mice and cultured, and

ischemia-reperfusion injury was simulated by oxygen glucose deprivation. The changes of miR-124 at 0 and
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72 h after oxygen glucose deprivation were observed. (3) Another 32 C57 mice were randomly divided into
cerebral ischemia group and cerebral ischemia+miR-124 group (n=16). TTC staining, rotating rod test and
limb placement test were performed respectively to detect whether the motor function of the mice was
improved. (@) The primary neurons were divided into oxygen-glucose deprivation group and oxygen-glucose
deprivation+ miR-124 group. The neurite elongation in the 2 groups was detected by immunofluorescence
assay. The downstream target gene of miR-124 was predicted with Targetscan database. Double luciferase gene
reporter assay and Western blotting were used to verify the effectiveness of miR-124 regulation on phosphatase
and tensin homolog deleted on chromosome 10 (PTEN) in the control and miR-124 groups. Then, the effect
of PTEN up-regulation on neurite elongation was observed in the oxygen glucose deprivation+miR-124 cells
and oxygen glucose deprivation+miR-124+PTEN groups. (5) Rotating rod test and limb placement test were
performed again for motor functions in the mice of cerebral ischemia+miR-124 group and cerebral ischemia+
miR-124+PTEN group (n=8). Results
infarction about 40% (P<0.001) and significantly reduced neurocognitive function in mice (P<0.001),

Cerebral ischemia-reperfusion resulted in the area of cerebral

reaching the condition of severe cognitive impairment. The expression of miR-124 was significantly higher in
the cerebral ischemia group than the control group (P<0.05). Overexpression of miR-124 could promote the

growth of neuronal axons after oxygen glucose deprivation ( P<0.05), reduce the area of cerebral infarction

(P<0.05),
of Targetscan database, PTEN was predicted as the downstream target of miR-124, and double luciferase gene

and thus promote the recovery and improvement of animal motor ability ( P<0.05). With the aid

reporter assay and Western blotting confirmed that miR-124 could effectively down-regulate the expression of
PTEN (P<0.05) ; Finally, up-regulation of PTEN reversed the effect of miR-124 on promoting the growth of
neuronal axons and improving the motor ability of mice (P<0.05). Conclusion MiR-124 promotes neuronal
axonal growth and contributes to the recovery of motor function in mice with cerebral ischemia by down-
regulating PTEN.
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7 2o shY IR IR B AE R EAE (21£2) CZIA],
JBEFERIAE 60% ~T0% Z 8], 4§ 12 h #E4T — YR BAEF o
A b Sl 24 eh b st 4 5 A A2 S50 Sh W) HORA FR2S R 42
Ik, Bt 5 : 21052415889, 2D 7E A ST 45 /)N B
I3 AR T ARE GG ML (n=16) 5 40 ] 5255 73 240 Ny
XTHRZE, EUBRIZE 0.72 h 4 (n=8) . L) 452
B0 Ay MR 2 AN R SF +miR-124 2 (n=7) 5 1E
ARSI 55K /I B 49 A i 58 1t &1 0 A 467 1L + miR-124 £
(n=16), F25@): 40 52 5 43 A % B2 A miR-124
SRR W PR e S f 20 9 LA, Western
blot 434 6 FLANME . S0 : 40 M 5255 53 Ay S0l 1 5 +
miR-124 FIEMERHI L +miR-124+Pten (n=7) ; 7E 1R 5L 56
B INER A0 A G R I+ miR 124 A7 i Sk I, + miR-124 + Pten
(n=8),

1.2 3R A2 i BCA # 1 i i) & (HE
a2 A R 22w ), DMEM 85 37 2 (Hyclone 24 #] ),
Neurobasal 3% ¥ %t ( Gibco /A #] ) , B27 ( Gibeco /2 ] ),
H-ER R (U R ERARA ), & 2Bt
(Hyclone 7~ &) ) % [ i, Tau & [ — Pt ( Millipore 2
7)), actin — [ ( GeneTex 7\ #) ), miR-124 & 1 4
(mimics ) S H X B4 (NC) (B35 3) , mRNA Jz #%
SR BT E = PCRIRF & A H A TaKaTa
/N3 AAV-hSyn-PTEN-EYFP-WPRE-pA ( I ¥ 28 /K
WA IR F]) , Tris B, KSR , EDTA, RIPA L1# K
¥l B35 = RAEYIHORA IR 7 5 AR I e Y B A
ICMILFEPT SR 1gG 1 [ Bioworld 24 7] ; PVDF i | ECL
RICH  F UK BERGGR &8 A BioRad 2], KB T K,
EP ¥ B3 = RAEVH ARG R A,

1.2 S3drik

1.2.1  /NECKR I A 3l ik . 2€ ( middle cerebral artery
occlusion, MCAO) BHIGIVE ¥/ ELBEBL 2y fi
AR MCAO 4, BAH/INEL 16 H, A7 g 27 Fs il
IR T AL T 8 HL, RT-qPCR Al miR-124 #9315
8 H, BT sk ks CS7 /)N B I 1) 77 P 45 2 /0
1 i JG#ET MCAO TR, RHij 4 h A5/K 12 h A5 fr, fiff
FH 2% 7 38006 W AT IR IR 75 3, e /D> BRUAR 3l 52 i
TH RN BUPEM E 2 S TR & b, f S
WUR FE - H B R E— P IB Y B AR e it o B & 24
2, H A MBSk TN Sk S8 8l Ik 73 s —
B IR 55PN Sl koRn S50 3l Tk e AT, -4 25 2h 3 fik
O A Lo 45 4L, 7RSS FLJE 1Y A8 b ) 5 — 25 /)
K ZeAe PSSO sl ik 4t A 30 35T P9 20 Ik B 2 K i i 3h
WKk, Bt A BELT T B2 1k, S8 45 L T I 3L 3 ik
Ko BIGBIZES T AR/ S IR
AR e/ N BRI 1.5 h J5 4K et P 5 PR

TR T AL R AT A IR N 2 2 1M S5 434 (HAN 4
AP A AL A, e fRFpfE R & 37 C.
1.2.2 M3 0wiror O 1 SR sk i 0 /) B
M TRERSEI , ZEGR I FHETE 3 d 5, 2054 8 HAlk
FARHAF MCAO /)BT R 24T R0 0 RH
M, B — (LG VE I BN TE 28 3l ) 0 4 ) S
5o N B I8 Garcia PEAMbRifE ") AT 0 2647 Ry 2 143
Iidsk, 3~7 W EEM AL RERSG,8 ~ 11 43
JEMATIRERERT ; 12~ 18 3 R M A T REREAT ; BT
IIERAR 3 53, e 18 g3 5 il s R B Sh Wy iy ol 22
13 R R DL

1.2.3 TTC Jefa KARIFERRBITE BT ARE.
i S i, 4L A S 1t +miR-124 21/ RAE ARG 3 d PR
TWrEALAE, B 8 L, FE VK i R e R I
FE-20 CyKFEHR 30 min, SR J5 K R & kA P 0 e
ARIYIAE 2. 0 mm ER YT Fr o YI R 58 U5 S BPE T
2%y TTC VW b, i DR A0 Fr RE A% 55 70 HL X5 &) B finh
#) 2% TTC YLy, 7 37 CbE AT TR 30 min, £y
HOTERTTIA 4% 2 5 W € % RT AR
AR I ZH FEAS DU 5 i 2847 o 2230 I, BV B ML /S 3 d
b7 Sk e €2 5 A e A 2L A e L+ miR- 124 26 78 i B i f
7 d Bk G (0 Y00 5E U K I SR AT IR

1.2.4 RT-qPCR # i miR-124 {3 ik {#i FH
RNAiso Plus (TaKaRa) M AZH Ffi sk ifi. 2H igi ZH 21
HBR IR RNA, B2 3 8 H, Al on] & i i, 1
F SuperSeript IR F% SR A 2 cDNA FE R 3
AN AL, miR-124 ( FHEE 3, ) 19519751
#:UAAGGCACGCGGUGAAUGCC, {#i | Maxima SYBR
Green qPCR Master Mix (Fermentas, Burlington, Canada)
il L miRNAs (235 , [RJf6H U6 15y N2 kAT
k.

1.2.5 miR-124 mimics } Pten 37 & & {57 {3 4

8 H miR-124+Pten 20 /)N U] 2% 1 5 980006 e A E A T
JRIEZS 3 , B /DN BRUAR Bl S0y 1 2 18 5 0 ST AR A 1o
MR/ AR A&, AR 75 , 205 R PCH T3P/ RUIR
i, VIR INBRS 70 B K, H, O, 45458 B 3% T i R 40 4
21, P I € A7, A K E B AL AR Dl bregma: [u] J5
0.1 mm, [ 4555 F 1 mm, HEE 2 mm, Bk ATLJ5HE
ANEERIEHFFOKREE, ¥ 1 pmol/g Y miR-
124 mimics(2 pL) 5IEFMA (4 wL) A 5 100 L
AAV-hSyn-PTEN-EYFP-WPRE-pA 2% 18 13 5 A A ] i
%, 18 MCAO J5 4RI IR, L4 7 d.

1.2.6 JERM&hc  RADR ISR Mgt T 25
R TR LA, 37 CHl B I H IR 7 2, 10% K&
SUBERRI , RRRZ) SN 2R 5 F T IR 24 U IR, 40 88 58
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J B WIS BRUBE T O TR o G RS T TV 1) DF12 A
oh s KR BT Sk ORI 198 1 DMED 35 52 56 vpr, 10
BT o B/ RO B )25, I8 M B 1) 25 114 J o K i
KRN T — A& WYy DMEM £5 55 L0 MLrp, ok 4
5 ¥ il 2L 257 G FLIBE R 5 I A R £k, 37 CIg S
10 min J5 R 58 2L AL A 5 mL 58 35 50
ELOE T, E S min JFHER RS —1% 5 mL 5%
RGN O I TIAT, B R HBYUE R 1k
o K 4 A G E 2k 200 B s ek 20 2 T A
MBI, 250 KBRAIMLRE 5 1 000 r/min, 10 min, 554
VW, A S A, A R A ) 2.5 ~
3. 0x10°/mLAE R X} B 75 FR 10 _E

1.2.7 400 ) 5 A AL JEAR B 28 00 15 3% 3] 48
6 K, ¥ 4 b 7= BE R B, SR 5 P JC R85 7R B AR R kv
YA 3 3, SRS I A TCRERS 95 25 , W A i A S R 25
BEN,H95% N,+5% CO, IRGSUAFTA LA 15 min,
S TSN T TR 37 CERR R 5% 1 h, S8R 28 58
B 20 B O R B SR AL 7R 37 €L, 5% CO, K574
WARSE SRR, SAERIZF S 3 d #EA TG .

1.2.8 Western Blot #l] PTEN 3215 A
J& 3 d B2 eHE 1:10 (9 EL B A RIPA S35, [F)
10 | AN = S L 3 s e S 0 N w1
HIWCHT 140 M A8V, B T 4 °C IRl v o 250 L LA
12 000 r/min B5.0> 20 min, GO 4N 10 em, SR
JEH R . A BCA 25 1 5 iR & 0 2 A
AT E . ARSI E RS 5 B GE vhiE 1041
FEBR A ,96 CHnFA S min f5 % R 204 H ; # B
F G Ui 5 Bl SDS-PAGE BEE, 4% 53 41 ) _EAE£L 53
ANIIAFUL Marker F1 20 pg & FAE S, LR 100V, B
]2 2 h ¥ E5e iU, ¥ A E ) PVDF 2 A 5%
IR AF WA T £ A 1 h S A — 30 E &b (PTEN,
1:1000),4 CI7% )5 TBST &% 3 36, & 10 min, 7E
AT YRR, SREREE L h W E S ARG
TBST PEk 3 i , A 10 min, $f 557 B T 8RR &
GG, I AT Al KA

1.2.9 gty ta Tau H 00 AR R 5 S
3 d PPZTT Tau 5 RIBIHOL, 256073 A AR <5 2H Fl
FURERIZF+miR-124 4], Tau ) {2 KB 5L oohh
g%, A SRR o 2ot fobric ™ o i 4%
1) 22 5 R [ A RS () 0 4 b PBS PRk 3 3k, Bl
10 min, 0.3% triton LI 1 h 5, 5% L1017 , %=
B 1 h, EE 0 AR AL iIn A%y 100 pL
—3 (Tau, 1:500),4 °C 3 %; PBS ¥k 3 #, &
10 min, 47 900 5« 1L FE 30 % — Pr ( Alexa Fluor
488,1:500) Z R ECIFE 2 h; —HiFF 45 AT 10 min

4T DAPT Jetty 53t R, IR 70 2L 3R A 10 Tl s 1 g8
ARG
1.2.10  FGARses T 1o B A S A i g 1T 2
i e 1 +miR-124 25 i e 1f] + miR-124+PTEN (/)N B P
HrRE I R EBE 1, AL/ 8 Ho SIS ANB B
O3 WAL, /N BAE MCAO & 155 Jif i rE R i 1, Il
S HAE VR Tl 7 B B i V- Az S RE T, TR Bh iR R
4 v/ min, Fx FRHE A 40 v/min, B 2HMEETE] 24 3 min,
FERINGR 3 WKk, 8L 3 d, /ENIEREE, @ MCAO 1&gl
Je I, IR SR/ BROM I Sl b 31451 T A R S it
[i) , B ) B A R A 0 B R
L2011 JRECESER R A s S R4 i
Bl 2H ik il +miR-124 20 | Bk 1. + miR-124 +PTEN
M sz sl 5 FE e, A /MR 8 H,
SN AT/ B S A A A )N OSUA i JE A A5 1
HPRE AT RE A IR Tl g — MRS R R B
AT BB A I 52 18 A5 T LA 48 B 4 8 e, il il 7%
AR 20 43 JCRON 5 1 43, 58 AN S R FI/ B IR 8 2xf
2832 43, 5L B IE A CE BRI e K AT 4 2 16
%USJ .
1.3 %t oM

K A GraphPad Prism 8. 0 48314k, 048 DA & +s
Fem , PHALIA] F AR FH AR ST REAS ¢« K56, 240 [R] FL R
R R 7 225341, P<0. 05 Sh =R A G2 L.

2 #R

2.1 JEd IR 6 miR-124 & ik 3 Ao

T AL MCAO TR it 1L P-4 33 46040 , &
IAE MCAO J5 3 d, /)~ BRI 2t g AR 29 18 51 40% (P <
0.001, & 1A B) , [ Hsf /)> BR B4+ 28 TA R ) i I 2 P A1
(P<0.001, & 1C) , itk ifn 41 34455 K 6. 8 43, % 18
Garcia PF43HRIEC 4 B E BN D R4 o Al i i
e % B miR-124 #6556 5.2 iR (P<0. 001, & 1D)
BRI TR &5 S, 7E SR 25 J5 RO 2 A
72 h J5 ,miR-124 FER BN B4 ¥ 8 3 FH (P<0. 05,
1E) , #&/8 miR-124 W] GEAE M 463 405 2 7 vk #5222
fEHS
2.2 A miR-124 Hwaib 20 sh R A KA RiEF)

ki

AVERZZF B G Mo S W W 48 7 (B 2A) .24
#5F 10 nmol f¥) miR-124 mimics J5 M) GE B 25 34 04 22
JUHI R K BE(P<0. 05, |8 2A (D) 5 IF H 7 RV S miR-
124 mimics Ji 52545/ MR FEAE AL (P<0. 05, 8] 2B .C) ,
7 d BRI ALK MCAO /)N FRU7E 6 48 52 36 v 1 452 B B 1)
(P<0.05, & 2E) , 45 /)N BUFE A 0 B 52 36w B B 2
% (P<0.05,[& 2F)
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2.3 miR-124 95 A 32 X B & PTEN

T BE miR-124 24 H TR 3 R 800,
i@ 1t Targetscan A= 4115 & % 5045 E ( TargetScanHuman
8.0) W miR-124 (1) N F#E L, & Bl miR-124 5
PTEN 55 HZ M B AN A& X3 (K 3A) . B T ik—
AR EAT]Z R S AETE AR BAE M E R, LR
fitp iz & 55 TN S 0% & B miR-124 BB A % B {IX PTEN
mRNA {54 5%, HAG Sk ik 3] 50% (P<0. 05,14 3B) 5

Position 4829-4835 of Pten 3' UTR 5'

Western blot 1 3E—IF 32 miR-124 G842 F (k. PTEN
HEHMAE M (P<0.05,K 3D)
2.4 miR-124 i@t T8 PTEN &£/ RAv 215 3 4k
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P S50 A ) %8 (P<0. 05, 51 4D) .
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A; Targetscan TR miR-124 F ek AR L&A1 6 ;B AR A ZEHEAFNIRE (n=9,%+s)
A miR-124 & PTEN & & 2 A4 0;D: Jan miR-124 & PTEN & & 24 it 25 R (n= 6, i4s)

3 miR-124 {EAK THFEEEREFRE=Z
Tau £ 5 A IZ I

gl

miR-124 4

50 50
pm pm

miR-124+PTEN 4

“50 pm 50 wm
— [E——

== kil M +miR-124 41
B ik il +miR-124+PTEN 26

(3] (5]
(=3 (%%
(<=} (=}

1 ]

150

100

B A5 BRI 6] /s

W
S
1

0

T T
-1d 7d C

a:P<0.01, 518 F R4 L%;C: hm
a:P<0.05, 518 F R4k

PTEN

’ j
1\

200 =
50 pm \i 1507
W 100+ a
%
504
0
EMERTT . + +
miR-124: + +
Pten: — +
A B
209 —©— fGGRIM+miR-124 21
& ML +miR-124+PTEN 4
&R 15
4:127;
10 a
=
0 T T
-1d 7d D

A :miR-124 48 4= miR-124+PTEN 20 Tau & & %95 % X 4 & ;B:miR-124 204 miR-124+PTEN 284b Z t4h X Kk E %4 E (n=7,
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