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i1 %R 1% microRNA-224 & 8% 8] 78 it T 40 A 3t
KR FHEm B HI1ER K EYFIR*
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WE . BRY 4Kt A microRNA-224 (miR—224) B #E AR F200e (BMMSC) 3+ X R A FAY 245
Vb iE T BRBIMA] . FTiE M Sprague Dawley K R4 A 540 BFARM, AL, BMMSCA (A4 Z45
% +BMMSC) . LV-BMMSC 41 (2 4% Z 4745 +LV-BMMSC) #= miR —224-BMMSC 21 (2 4P Z 4745 +
miR—224—BMMSC), |4k k6] LA 254587, BMMSC4L, LV-BMMSC 2847 miR —224—BMMSC 41
KBRS FFARE KL BMMSC, LV-BMMSC#H*miR —224-BMMSC, #M&A Kk RAEFRE X, AEFH 12K
Foff 24 R4 BBBZ )i 4o AL BAP 2 H A 454 (SFD . R Western blotting #- i R MEA 228 /- BT (BDNEF)
MHME G (MBP) A KMXEZEG-43 (GAP-43) &R GMst kil F, AL &K R ALFAE
HRATHER, ER SHEXRAWBBBIFSASFIAERE ], REARAEMSE ERHZ R (P<0.05), SERZ
4, BMMSCABBB #4715, SFIKK (P<0.05); 5 BMMSCALLE, miR—224-BMMSC 21 BBB #4544t
2, SFIFAK (P<0.05), miR—224—BMMSC 284 FAh 2 4142 BDNF, MAP A0 GAP—43 & G A% F 34 & 5 TR
2842 BMMSC 4L (P <0.05), miR—224-BMMSC 2L K &, A B b 2 8 o= R AL TR 285 BMMSC 4L (P <0.05) .
251 it Rk miR —224 T VANE 3R BMMSC AF 42 B 40 24045 6906 B R, AU 5 495 BMMSC B A % .

FHEIA : microRNA-224 ; ‘BRLIE R -Taafe 3 LFA2 5 A ; KR

FESZES . R683;R745.4 ARG . A

Protective effects of bone marrow mesenchymal stem cells over-
expressing miR-224 on sciatic nerve injury in rats*

An-quan Hu, Zheng-an Wang, Li Qin, Zhe Li, Qi-jun Feng
(Department of Orthopedics, Jiaxing First Hospital, Jiaxing, Zhejiang 314000, China

Abstract: Objective To investigate the protective effects of bone marrow mesenchymal stem cells
(BMMSC) over-expressing miR-224 on sciatic nerve injury in rats and the possible mechanisms. Methods Sprague
Dawley rats were divided into sham group, model group, BMMSC group (sciatic nerve injury + BMMSC), LV-
BMMSC group (sciatic nerve injury + LV-BMMSC) and miR-224-BMMSC group (sciatic nerve injury + miR-224-
BMMSC). The sciatic nerve injury was modeled and BMMSC, LV-BMMSC and miR-224-BMMSC were injected
respectively into the latter three groups. The Basso, Beattie, Bresnahan Locomotor Rating Scale (BBB) score and
sciatic function index (SFI) were measured on the day of operation, and 12 days and 24 days after operation. Western
blotting was used to detect the expression of brain-derived neurotrophic factor (BDNF), myelin basic protein (MBP)
and growth associated protein 43 (GAP-43), and the neuronal apoptosis of sciatic nerve in rats in each group was
detected by flow cytometry. Results The BBB scores and SFI were different among the groups and altered at
different time points (on the day of operation, and 12 days and 24 days after operation) with distinct changing trends
(P < 0.05). The BBB score of the model group was lower than that of the sham group, while the SFI of the model
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group was higher than that of the sham group (P < 0.05). The BBB score of the BMMSC group was higher than that
of the model group, while the SFI of the BMMSC group was lower than that of the model group (P < 0.05). The
BBB score of the miR-224-BMMSC group was higher than that of the BMMSC group, while the SFI of the miR-
224-BMMSC group was lower than that of the BMMSC group (P < 0.05). The expression of BDNF, MAP and GAP-
43 in the miR-224-BMMSC group was higher than that in model group and BMMSC group (P < 0.05). The neuronal
apoptosis rate of sciatic nerve in the miR-224-BMMSC group was lower than that in model group and BMMSC

group (P < 0.05). Conclusion The miR-224 overexpression can enhance the therapeutic effect of BMMSC on

sciatic nerve injury, and its mechanism is related to the inhibition of BMMSC apoptosis.

Keywords: miR-224; bone marrow mesenchymal stem cells; sciatic nerve; apoptosis

Al P2 e — S I IR DL e 2 4 1
IR e X ANIR = = T B Y S D
W AN W2, A BRI B, R
JPRY, NIRRT R B
8] 76 5 T 40 e (bone marrow mesenchymal stem cell,
BMMSC) 25 A B REAE T A T4, By A3
S RE ST Z ) 2 ARV RES . AEMTFEERI], BMMSC
REAE S FIME PR E TR, XA Bt B —
SEMMESZAERTI, SR, 45K 53 BMMSC 7ERS AR 5 1
T, ARETEOTAIEHAEE AL, AT, &5 BMMSC
TR T TR BE 2 A5 I RIS A A R R

MicroRNA (miRNA) J& — 28" Z 77 T 5%
AR ARG RNA, B ZMAYThe,
e AR A 22 450 105 B R o R rh Ok AR T
WEAEMFSE KB, %% U microRNA-224 (miR-224) 7]
PASE = 8 A IS BMMSC HUAFIGRE T, 15 BMMSC iR
¥7 N B L YR, SR, AN T FE miR-224
YL HE A5 1Y 3% BMMSC X A% B #f 28 450405 IR T7AE T
I, 7 S 56K ik 3% 3K miR—-224 1) BMMSC 4 %2
KEARE A2, PEAL miR-224 BX & BMMSC X A
M BRIT R, FFRZEACHLR]

1 HESH®

SR R 5
8 ~ 9 J& % SPF 2% Ik Sprague Dawley (SD) KR
g A AL st RREAE Y AR AR A A . miR-224 1895
BERUMACHT I R 4 AR MR IR A Rl A, JF kAT
Mg o (AT BT A0 M 1 5 BE I DEME 35 57 560 1 3¢
[ Gibco Y H], CD29. CD34. CD45 il CDO i 4 It
H 2 E R&D ], #4145 &% A 75 E Roche
], IR ZEE SR (brain—derived neurotrophic
factor, BDNF), #8#Hit4ET (myelinbasic protein, MBP),
HKAHREH-43 ( growth associated protein, GAP-43)

1.1

AH b BE -3- BE R O A B8 (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) T /& Iy H 3¢ [
Abcam 2\ A
1.2 BMMSCHI& B . 1557 KR L

¥ SD KRG & TR AR KRG L, s
BB R, B T B R S AR R, A AR
PN ER . A Percoll 43 B , 5.0 i W BB 1]
JZ PR RZ AN, K R B AN R AR A R R T
0 T RE R, R 3 2 4 AR I BMMSC
M CD29, CD34, CD45FICDYOfHik, w] Il CD29
MICD44 F ik, CD34 M CD45 Ik IL, ¥ BMMSC 5>
F34: BMMSC AL (AaH #2454 +BMMSC) . LV-
BMMSC 2 (A 5 # 28 44 £ +LV-BMMSC) Fl miR-
224-BMMSC 41 (A 8 #f 24545 +miR-224-BMMSC) ,
Hrpr, BMMSC RS TAEATALFE, LV-BMMSC 41n
NI EE S AR, Ut 48 h; i miR-224-BMMSC
A miR-224 1295 #5 4RWL , H5 YL 48 ho AL
WRESMEA, HE3WK,
1.3 qRT-PCR#&ill miR-224 #1515

Y48 h T, FREBCE RNA, {5 k50 &
# miRNAs 6 5% 5% 4 ¢DNA, 1 B PCR e Wik &
K qRT-PCR, PLU6YERNZ, Kl miR-224 155
YFBL, PSR 94°CHIAEME30 s, 94°CAME 1S s,
55°CiR K 10s, 72°CHEMI20 s, L3140 MEHA . 52
A 3, SR 2742k miR-224 A X} &k
. ST SIILE L,

%1 oRT-PCR3|#F7%!
A Eib7iEZ]l 51 bp
1E[1]:5'-CTCGCTTCGGCAGCACA-3' 17
U6
J2Jii] : 5'-AACGCTTCACGAATTTGCGT-3' 20
1E[0]:5'-CTGGTAGGTAAGTCACTA=-3' 18
miR-224
2 10] :5'-TCAACTGGTGTCGTGGAG-3' 18
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W24, 55 3 RIE microRNA-224 1 Bl 58 T 40X R FRLA 1 M S5 0 O P B LRI 5

1.4 RBEWNEHS554A

¥ SD K RBEHL NS4 TR, BRI
BMMSC 2 (A # 2 i4+BMMSC) . LV-BMMSC 41
(AL B 25+ LV-BMMSC) 1 miR-224-BMMSC £
(AR 24505 +miR-224-BMMSC) , 2K 150, 5
4 L BRI PRI S vk A T Al R B A AR ARY , HAARHRA R
ABRANE « K SD K BRI [l 78 b -, s Btk
FUVLP, FREEALE PR, I I A5 I ft Je A P 22
10 s JGHATTF, RAZEHIE3 R, LURAGLEE ] UL ppeedhse
Tl SNSRI ) . TR AR BRANE
Je kg s, HAP R . AL 5E s
BMMSC HAEMZ AR 1.5 x 104~ BMMSC, LV-
BMMSC 21 7E#f 285 A Ab 1 5 1.5 x 104~ LV-BMMSC,
miR-224-BMMSC 41 7F #f 28 i 175 4b ¥ 5 1.5 x 10° 4
miR-224-BMMSC.,
1.5 BBBIEzhits 2R FMIZsNTHEE

SHMEFAR YK . RIGH 12 KA 24 RIFAL
K BMIZ 3 IhHE. BBBIZ ST/ R IEHE K 0 ~
2457, SR, FoRBEYIREELT .
1.6 SEHATHEENE

HIFE—~10 em x 10 em AL ENFTE &, KT A
REAUR R &K, BES T, I AMmfTE.
SAEFAR YR . RJGH 12 KA 24 KA 2 B
O RERK TR, TR AR M 2 T e FE X
(sciatic functional index, SF1), H:H, SFI =0 NIF%,
SFI =100 g A6 B #f 28 58 2 401 o
1.7 Western blotting

ARJG 55 24 RIKBER R, VIBRALE#i 2, PBSIH
VeI PR BRI . R SDS-PAGE % i 43 B & 1,
MR D B 1% R4 2 PVDF i, TBST ¥E 31k
M54 PVDF & T —Hii d &, 4CHOUIES .
— P E S M E &P I A HRPARIE 80, =R
B 1 ho A BE R 5 AT PYDF R 47 K 3 A 41
i, UAGAPDH ANZ:, kil BDNF. MBP Fl GAP-43
HAMEXTRAE, LREL 3R,
1.8 XA NAEE T

ARG 5 24 RIKEER B, VIBRALEMZ, il
A5, BOJaFH L, A 70% &
PBS I ¥k 3 K . MKV Annexin V-FITC il PI & {7,
W, IRAIERIEHEE 10 min, & TR 40 F&
W, SLEEE 3K,

1.9 SHirFFHE

BOHE 23 BT R FH SPSS 22.0 e it 4k F . &R
DAE « b2 (xxs) Fom, BRI ZE )
255y M A2 O A R T 0 O 2540, R EL S
LSD-1 K55, P<0.05 HZEFHGIFE L,

&R

FEMBE miR-224 F1EF R

BMMSC4 . LV-BMMSC4, miR-224-BMMSC 4]
BMMSC 4l miR-224 FHXTFE 5100 (1.00 +£0.24)
(1.07 +£0.19) 1 (5.34+0.29), Z)52004, 2EHH5
#E L (F=625.517, P=0.000); miR-224-BMMSC
ZH 5 T BMMSC 4 MILV-BMMSC 4 (P<0.05).
2.2 IEZhThEE T

RFARM ., BRI . BMMSC 41 . LV-BMMSC
2. miR-224-BMMSC 41 K AR J5 55 12 K5 24 K
BBB P4y teAr, SRAE GBI 200, 4
B OANFEESKEGBBBIFSHER (F=
139.685, P=0.000); %541 KKK BBBIFHA 257
(F=105.341, P=0.000), ARJF55 12 KM 24K, FRil
HILFIFARL (P<0.05), BMMSC 4 = T4 Al 21
(P<0.05), miR-224-BMMSC 21 & T BMMSC 24 (P <
0.05); @& KA BBBIF bl 2R (F=
43.627, P=0.000)., W32,

2

2.1

F2 FBHKRAFEEREBBBITSLLE

(n=15,x+s)
21571 FAREEK  AREFER2K  AREFE24EK
RFARA 20.87+0.23 20.94+0.15  20.92+0.26
FERIL - 5210517 8.32+0.847
BMMSC 41 - 10.87 £0.662  15.15+0.93%
LV-BMMSC £H - 1022 +0.592  15.37 £0.76%

miR-224-BMMSC 41 - 14.64 £0.712% 18.75 + 0.962%
i O5ETFARAE, P <0.05; @FHEIL L, P <0.05;

35 BMMSC 41 He 45, P <0.05.,

2.3 LEFMHMEINBEILER

P A4, BRI . BMMSC 41 . LV-BMMSC
2. miR-224-BMMSC 4 K FFAR G K . RIFH 12K
FEE 24 K& SFL I EL, R 5 I it
2000, 55 OARRFE S KR SFIA 2R (F=
86.427, P=0.000); @44 KRMSFIAH 2R (F=
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43.646, P=0.000), A5 12 KFH24 K, HA
A TIRF R4 (P<0.05), BMMSC 20 1% 45 Bl £
(P<0.05), miR-224-BMMSC ZH1iX T BMMSC 4 (P<
0.05); @ H KM SFIZLEH/A LR (F=
23.595, P=0.000), W33,

*®3 FBAEKRBRAEBBESSFILLE (n=15,xt5)

RFARA 0.69+£0.04  0.64+005  0.72+0.04

I 2049 + 1217 1621 0417 14.56 + 0.447
BMMSC 41 19.65+0.84 10.66+0.562 5.14+0.37%
LV-BMMSC 41 20.74+1.04 1022+0.59% 5.39+0.32%

miR-224-BMMSC 4 2126 +0.95 6.25+0.42%% 121+0.12%®

0 O5BFARALK, P<0.05; Q5HFIH LE, P<0.05;
5 BMMSC 41 He 3z, P <0.05,

24 FHHEKXRLEHEZANAZQENRESE
B R AL B AL BDNF, MAP Fll GAP-43
HARXS A IR, SIr 2, ZRAGH R
(P<0.05); miR-224-BMMSC 2H i T 2H . BMMSC
HALV-BMMSC (P<0.05). WLFE4FE 1, 2,

*4 &HEKFEBDNF.MAP.GAP-43EHEXRIEZE
Lk (n=15,x=%s)

fFARA 1.00£0.14  1.00x0.12  1.00%0.13

R 1.46+0.17Y  1.64+0.15  1.75+0.167
BMMSC 41 213+0.19% 2342017 2.67+0.19?
LV-BMMSC 41 203+0.18% 24520.19%9 273 %0222

miR-224-BMMSC 4] 2.83 +0.21%% 3.05+0.22%9 3.67 £ 0.242%
FAE 75.183
P 0.000 0.000 0.000

H s O5HEFRALE, P<0.05; QEHI# L, P<0.05;
(35 BMMSC 4 b4, P <0.05.

104.125 141.279

%314
1 2 3 4 5
BDNF | ° 15 kD
MAP 33 kD

GAP-43 25kD

LR FARY; 2 BIAIZH; 3. BMMSC 41 ; 4: LV-BMMSC 4 ;
5: miR-224-BMMSC 41,
E1 #&ZARBDNF.MAP.GAP-43E HHIERIL

o BFEARA
= AR
- mm BMMSCs 2
=1 LV-BMMSCs 41 06
- =l miR-224-BMMSCs 21 06
3

AR R 5

BDNF MAP

GAP-43
OEMFARALE, P<0.05; QEHEAA LE, P<0.05; B
BMMSC 41 He#¢, P <0.05.
2 FHEKFRBDNF.MAP .GAP-43 EBHEMKRIE=E
Eb# (n=15,x+s)

25 FTHEREE

TR, BAIZH . BMMSC4L, LV-BMMSC4 .
miR-224-BMMSC 41 K . BMMSC i 7= % 4 51 &
(2.02+0.23) %, (19.47 £1.69) %, (10.31 +1.23) %,
(10.92 £ 1.05) %H (4.68 £0.47) %, ZI7 253, %
SHGFE X (F=197.246, P=0.000); miR-224-
BMMSC 41X F A A4 . BMMSC £ F1 LV-BMMSC 41
(P<0.05). UL 3.

104 10° 10 -
10° 10°1 10°7
rfc;{*‘e-
= 10 = 10 T 107
10! 10! 1048
100 L8 10° 1004 ®

10° 10" 10> 10° 10*
Annexin V-FITC
RFARL

Annexin V-FITC
AIZH

Annexin V=-FITC
BMMSC4H

10° 10' 10* 10° 10*

10° 10" 10* 10* 10

Annexin V=-FITC
LV-BMMSCZH

Annexin V=-FITC
miR-224-BMMSC2H

E3 &HXRBMMSC 4 E



#2445 135K microRNA-224 P[] 78 5T T4 M0 A B B0 245045 (9 FE FH BCHA LRI

AR, MEMMSLFN AR, sCmH MG
HOW G 22, Aot 2 50 0 19 ¢ A 30 0 8 M 1 0
el pE IR B BN, BIRIT AN Y, AT g
PRESE , 3 L™ T AR, BRI SR — Pl 2
() A R e AR ) P e il A R 4R Y
WL, (DBl 2 SIS 3% SR SZ R, AR
S F I e Bl e A b 22, SR AR B A
Bt o BEARLZL KR T AR Y K T ROEse , 32 8
IhEETEe, BBB IS N 04y, SFILE ETHRE . X
S G IR BT, ASHIESE L) & R B A b A
PR, R R — e B T AL

BMMSC H A Z 4L ge, nl 78 80405 50 4
bR 5 RE B A 2R T ol o A SUOR B, 1
i i e, S5 AL BRI, B R
B, BMMSC B 5 S ik b i o4, B &=
PO A Bl 22, FE B M T RE, (HANRE ST
A Z A2 PRSI, R
J BMMSC P 8 72 5% i FLy 7P 2y 2R R 22—
Y R ER 4> BMMSC 7ERS LG 4 d PR T, B
TG RAL N 10% ~ 2094 R, #2755 BMMSC #%
M A7 06 %, FEARH 8 72 0T A & 42 = BMMSC (1)
iy &

miR-224 S8 I & B N I PEIE 5 RNA, i
AR e AR T, RS MY
FUIRES, ER = EFRH R RN, miR-224 A
PESEAN 3G 78 . PrAn o TR, R TR T A
M & PR TP R AR B P R SR A Y
WAESE, 3 $235 miR-224 7] L 2 % BMMSC # # )5
MIFETGBE T, iF— 20 23 BMMSC B8 A7 X B 5 5
IRITAER . Rt 28356 miR-224 B 4TI T-4F H
5 BMMSC FEERNARZE G, 50 %35 miR-224
(1) BMMSC F% A [ 53 403 3 067, 44 5% 0% Al - ft 28 4t
TRGERR (ST

BBB 143 Fl1 SFI & & H 11 A B 0t 28 D RR 114 48
Pro ABFSREZEIRFRM, Hid I8 miR-224 () BMMSC
B ol 22 4 i Ak B pP 48, 5 BMMSC % LV-BMMSC
A L8, miR-224-BMMSC 41 K L BBB 143 1 &
FhiEr, SFIREMR, 487 id %38 miR-224 ) BMMSC AJ
PE— R UE AL B 2T REIRE , MRz sh YR, I

A, miR-224-BMMSC # # 7] I+ & BDNF, MAP F
GAP-43 AR, (Rt EMan il S5BE.
AR ) 25 SRR, miR-224 5 YL nl I % 42
= A J5 BMMSC 7E K N [ 77 16 5%, & 5405 1 4k
B, LARSEEEY, miR-224 54 BMMSC B A
TR K R 2B R

25 iR, S5 BMMSC B AR AH L, of ik
miR-224 () BMMSC H- 7 1 58 K iy #h & & 2 AEH
AT E— 2 s e 10 5 | S 1 A i b e i 0 . AR HF
€ R IGG DR Bl 3 A i i 28 458 405 B2 AL 1O A S B A
WAHHE . (B 3F % 35 miR-224 (1) BMMSC RE 75 i +F 1
AL & FEAR VR, DL R A ) i 26 38 miR—-224
) BMMSC Ji7 FH T A8 B i 22 8 405 58 3 0 I R 3R 7
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