S L3 S PRI i P PE G, FEsi LR (1~
1) 2 505 B [R5 b 22 76 A 77 2L 1A Csurvival of
motor neuron, SMIN) SIS UL SMNT Bk2ele ", FTAINDC MSCs) AR50 b 0 26 TEHE 20 M i g

A5 1l PE L2 Qe S8 L1 8586 1] Doy 120 1
53 A i 22 T Y 20 L 1 12 A5 F
AR T C I DU

(P RFMmEER 1. A2 4,2, A4, 3d ki 410008)

[(# ZE] B EUEMEDISESERE(SMA) B4 5 P RIS AB TP , B T SMN BEH Mk sl 5877, 330
BHERT AN AEIREE , 5 R B AT i LR T A4 . 2R 24 ToR RURYT , TG Y7 ol B4 BB R & o
ZWFFTAUIRT SMA f8 25 BB ] BT T 20 i (MSCs ) BEA 70k 1 2 TR AR I, DT 2 SMA 9 T4 d v 7 SR L 2 3R
. A& F PCR-RFLP [ 75%) SMA (BT 5L RIS W s 23 B A2liAb 3 1(19 (MSCs ) , 7€ bFGF 10535 , TR i 4
AT MSCs 436 A TCHEANNE ; FMZo0hr &) NSE A1 NF %5815 SO ToE A, iR iFs 5% IR ot
17X, 258 PCR-RFLP fIESZFr i SMNT JERAMNE T 7 Blesk | 1% HE 25 o Bk ; SMA Hu 3 v e 25 19 MSCs &
AHAIE] , WGTEE EEARLL ;P MSCs 25 ES 6 d J5 , REBA ML AR THETHIES, A KNEE, HE
ZIAIFEE R PR . s v Y0 5 8 A A3 Ab 5 1l 22 TTRE 4L, NSE FINF S50 M. 4518 SMNVT JEFHBE AR
Wi MSCs [3EFE AN S3k , SMA & 1) MSCs BB M peoohedii,  [PEHKILRIZEE,2007,9(5) :453 —456]

[% & W] HEEMEVZESE ;53T A, 5 mW; M4

[hESHEKE] R741 [ STERFRIRFE] A [XEHS] 1008 —8830(2007)05 - 0453 —04

An experimental research on differentiation of mesenchymal stem cells derived from
children with spinal muscular atrophy into neuron-like cells

YANG Xiao-Su, LUO Xin-Ming, XIAO Bo, LI Xin-Zhong. Depariment of Neurology, Xiangya Hospital, Ceniral South Univer-
sity, Changsha 410008, China ( Email:; yanxia@ public. cs. hn. cn)

Abstract: Objective Spinal muscular atrophy (SMA) is an autosomal recessive neurodegenerative disease. It is
characterized by selective loss of spinal cord motor neurons leading to muscle atrophy and is the result of mutation or deletion
of the survival motor neuron (SMN) gene. Currently, there are no effective therapies for this disease. Stem cell therapy is a
new prospect for SMA patients. This study aimed to investigate whether mesenchymal stem cells (MSCs) can be differentiated
into neuron-like cells (NLCs) in SMA patients in order to provide a basis for stem cell therapy for SMA. Methods SMA
was definitively diagnosed using polymerase chain reaction-restriction fragment length polymerphhism ( PCR-RFLP). Two
children without SMN1 gene deletion were used as controls. MSCs were isolated and purified from SMA patients and controls,
and induced into NLCs by bFGF and baicalin. The NLCs were identified by immunofluourescence staining with NSE and NF
monoclonal antibodies. Results SMA patients showed the deletion of SUN1 exon 7. The morphous and proliferative speed of
MSCs between SMA patients and controls were similar. After 6-day induction, MSCs of the two groups displayed similar
morphology to that of neurons, with long processes forming extensive networks. NSE and NF, the neuronal markers, were
detected in the differentiated NLCs of the two groups. Conclusions SMN1 deletion appears not to affect the proliferation and
differentiation of MSCs. MSCs of SMA patients can be differentiated into NLCs.

[ Chin J Contemp Pediatr, 2007, 9 (5) :453 —456 |

Key words: Spinal muscular atrophy; Mesenchymal stem cells; Baicalin; Neuron-like cells

FBATENIZE AT (spinal muscular atrophy, SMA) — REUNEBEATA AN VERT BRI NLIC T FILZE S0, A
RS ICAHBEETT . THIIGI PRI, JCEE4: SMA
BER T A ARECR T SMA LAY Bl

[ Wik H 112007 - 01 -06;[ #2151 H 4] 12007 - 03 - 11
[T H ]S A RR R BT H (No30170330) s iRT 4 H AR B2 2 & BT BT H (0211Y3016)
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SMA 1) T4y 7 AR e o
1 #Rl5H=%

1.1 EFZRH

L-DMEM ( 22 [5 GIBCO 23+)) , i A 4 1ML i ( &
Hyclone 23 7]) , R EL4AME /3 25K ( KHE TDK A 5]) , 5
PEREF4E A KA 1 (BFGE) (9& [ PeproTech 24 7]) ,
CD34 ,CD44 g (Hese e A w]) o /NRITAMZTT
R SPE I BE AL (NSE) B 450 D BT A &2 22 28 1
(NF) 5470 . SP 17 & A1 DAB 44305 & (h il A=
A VMR Cy3 (£ GIBCO A7) o Taq i Al
ANTP (At 5tsh E Ay 23 ) ), BR A N U) B Dra 1 E
Promega /A ) o

SMN 488 T 7 519 JF %] K. F: 5'-AGACTAT-
CAACTTAATTTCTGATCA-3',R: 5'-CCTTCCTTCTTTTT-
GATT TTGTTT-3"(_EHF A FA ) o
1.2 X5

PEFERT A3 1992 4F K 1994 4R [ PR gl 1 1 2= 46
RE S WS Wi bR > (0 R, 28 0 [ 78 i AT 4 R
B A IR s X IR B R U T AR B i AR TR
H R ) T IR A MR R G BB . R
Joxk BB ¥4 T SMN 3 RS A 32 o
1.3 EMFAi2#—PCR-RFLP %

M-S PTE R I DNA , ddH, O ¥ )5 . - 20°C 1k
FNA H. PCR Y KR (25 pl) : gDNA 100 ng,
Taq fiff 2 U,10 mM dNTPs 1 pL,10 x PCR buffer ({5
Mg’*)2.5 pL, B[ 51445 5 pmmol, il ddH,0 %
25 wLo % DYAD PCR AU 1, 52 i &4 : 95 °C Fil g
P 5 min,95°C45 s,55°C B k 45 s,72°C 2E4#1 50 s, 7F
B 35 W5 LA 72°C 4 10 min,

HUPCR 774y 15 L, I ABR i 14 N DI i Dra 1
10U LA S AH I B9 2% thifg .ddH,0 % 30 pL,37°CHFHE
6 h, BEVIE ] 2% IR HHEE B HL Uk (HL 110V,
40 min) , G55 BT AL RERE R 45 L o 45 R A
PCR 485 SMN1 i1 SMN2 1 7=455 K 188 bp, 1]
J&i SMN2 YIi§ 164 bp 1 24 bp (J5 74 HL Uk i 5 i
51) T SMNT R AEREREY) , 5] 188 bp il 164 bp 7
M H IR, A 164 bp — &l fE/n SMNT g
%o
1.4 MSCs1EFHFRETE

T AT B F S e i B R B, B0,
F B3 MNEWIZ , YIE L-DMEM 5E53E 5], ] Fi-
coll-Paque 73 B (1. 077 ) 4 B2 B0 , AR BAAZ 2
JZ, 1] L-DMEM PE¥% 2 ¥ AMETTiE h A& 10%

BrAE A ML 9 L-DMEM, L 1 x 10°/mL % FF #h F
R, A 37°C,5% CO,, 1R FIR Y CO, W
FEN L4 d S BB FRIR, ISR RE R 0,3 ~ 4 d
I 1K, 12 d J5 MSCs 4223 il &, FH 0. 25% Jiffif 5
T IH A B T sk ] ), 4% 103 HeBifie . ek
KORAS RAFHIES 3 1% MSCs, 4% 2 x 10* /412 i $2% Fl
TS A RE T R Y 6 FLAR A I A 4 e
F, T CD34 F1 CDA4 BAFT A8 b9 2 M Ak 2% 5
1.5 MSCs By 44K i 5 25

B 3 ARUR A FIXT RS MSCs 43 545 8 1~ 6
FLEF IR (2 x 10°/FL) , 5508 24 h {H LA E T4k,
et 8 ASWTE] L, A ] s 43 8 6 £, Bt
B2 WHCE3MH , /E MSCs AR ith4k.
1.6 HWATHAMNIFSRETE

KL 255 4 ~ 6 [RAYAIMIHE 2 x 10°/FL5% el
THICHUE A I B R Y 6 FLAR P i & 4 i Ie
Fro 40MI 60% Bildy o , Z IS0k o ik T A S
itk & 10 ng/mL bFGF 4l g (Kl F /9 L-DMEM (&
10% £ 4 17 ) 1175 F 24 h, D-Hank's W5V 3
WL IMAE 0.4 mmol/L # XA TG 1L TE DMEM 1%
FRAEAERFA T 6 do P55 4 MU A NSE F1 NF Figip
TTRIES Y TE o
1.7 SitESHh

D E BB 3 = ARt 22 (v = 5) o, 4L
1 A A [T R 0 9 A B A R R R
D Rk T 25 0 BT, K B K ME o =0.05, EIFRH
Excel 2003 Z:1fil . 421t 43 #t H SPSS10. 0 4 it#%
A3,

2 #R

2.1 IgFKIZET R SMN £ E
Wk SMA B 3 4 (55 2 19 L 1)) AR Oy
B 10 2 11 % 13 % RIFER 5 2 % 2.5
%6 %, BEYA TR LS, DU B
MRS PRVESF, AT LB A, IR AF 5 SMA I
i, PCR-RFLP 257K . SMN 4N 7 7 ¥4 r= 444
188 bp, Dra I i) 5, X W 164 bp 5717, 13
SMN1 R4 W12 0 B3 A W IR 2 3], 4R 1% 53
B 10 % 12 %, o il 4 R G AR FAAE, PCR-
RFLP %4558 . Dra 1 V)5 W, 188 bp 1 164 bp Hj 4%
i, TG SMNT B AE R X IRE A CELT)
2.2 MSCs EERETE

B A A A TR S L 5 3 R
B L BN EE AR, SAARIE , N BN BU LA A Y
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S, BN JEAC MSCs, 85597 11 ~ 13 d )5, A %0E
a7 P, B R AT AR R

it P ALK e Falifb (B 2) . SMA [
FXT B 1Y MSCs JEAAHA
Maker 1 2 3 4 5

bp
300

200
188 bp

164 bp
100

1 SMN exon7 B KB, 1.2 A HE#H,3,4,5
S E

2 3 RHEIMSCs x100

2.3 MSCs £ #i%k

SMA f8 5 FIXE A MSCs 3 BH 3 L 3 J3E AR L
([&13) Wi £k 22 5+ 0 4e i 2 RS (F =1.509, P >
0.05) .

IC:
|| &

B & Mscs

XF IR MSCs

AL

A

1 2 3 4 5 6 71 8 (%)

3 BEMXIERE MSCs £KELK

2.4 MSCs mRE T EMMELRERE
wARET 6 d )5, R ML R U T

MZICHIERS , A K I IEE , M T2 [ E L AR,
AR A e TR M Vs SETS. SMA R

FIX AR MSCs 243 A 0P A0 25 K JL25 fAT]
I 4)
. f) S & o r ’ !, ; ” ""
b R > il .."?,"—.";" P \S v
y g o= /,‘;,,.,\\ # \( 4
7 I BN i 4
ST A\ ) [ |
SN S ey L% & B

4 MSCs FSEMATHFMMAIS( x100) A:SMA
A MSCs 55, MMl , JE R I 5SS U 0 s B - Xof [ 2 MSCs
Ui IR NV T RN a i Ay AL

Do K g m g u i &Y
NSE NF, %5 5 5 7% SMA 3% Fvt B35 404k 5 1
ZICREZH M NSE NF Y5 BHPE (& 5) .

A

5 SMA £ MSCs R EMHATHMAMREISE
HHEEE (Cy3 £ x100) A. 555 NSE FITEANNL; B %S
J& NF BA: 40 A

AN

3 e

5]
JLEREBEMENLZE g AE R 22 T SMNT G2k
Sl ANFEBFFE HL AL T SMA B SMNT 2k
T, ESMIFFE B R iR 5 R 91% ~ 100% ,~F- 15
94% , [E R 90% Y HrpIRATBFSE ™ BoR T,
I1 ) SMA % SMN1 4p B F 7 5t R H 100% |, 111
RIS RALF 1,11 5, K 76% . Pk, %+ 1,11 %Y
SMA FB# , T SMNT i [A] fife 2R A6 0 A L v, &1 AN
USRS 55 A B AG A AR A #i2 T Beo miox) 1T Y
SMA 85 R Ui, T SMN1 Bl 2% i £ 28 40 XFI%
Se CYIRAGH SMNT A5 7 SRR, N 25 GG IR
o ARSI T I B BR T A B T L
FAEIG RFFAESN , kst SMNT M8 F 7 Sk, ir
DL SMA 1122 T DAL Y o

B (1) 5 T 4 2 AR Tt e, B 2 10) 434k
TERE, KA I 5250 1k W] MSCs FEAR N &b — & 19175

TS HE
SAAET A oA R I AR AR A LR T
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i RS JULZR M L UL 6 58 J 40 i R o 28 G 40
L FhANMU R A0, MSCs 755 20 Ak i ok i i 22
TUREAI AN EREFR 1A 28 T 1 R TH b 5 NSE Al NF
25 IRERIK KRB s & 0 EfE R 1 (SMN 2R
1) SMN I 7E& 44U A Rk, MR IBK
AR e H B B 28 R G KO
A, T AE AT 25 200 bk B2 240 A -2 ) S5 4 e P AIG
KFFGE . P& TTHEA R R K-35 SMN &,
NE— Ui T8 BAT 2T FRAE

SMN Z& [ & SMA g 55 [ —SMN % B iy ™~
Py, SMN &[G = 518 1 583 86 5 12 3l
LTINS  (H AR 1 A A 2= L A 58 2T
. AR RV, SMN EHEREMZHEAR
HA—SMN B2 ARSI, W2 AT I
T4 5 R A% gems /MAN . SMN AR BT
SMN 2 4, /DA HE 7S Fh HoAth 19 25 1 : Gemins2 ~
7. SMN Z4ANS T Sm RO AT B, fe 0F 57 2
fA& snRNPs (1) li . SMN % & {438 2 F1 snRNAs [
FEBE T 51 45 4, L3 RNA (9 1F 1 )5 51 31 15
snRNPs S0 e et . SMN & SRR 2 1
FIE AR, A% PS31™  Bel2M Fil ZRP1M 46 AT g
S5 T RMMET IR, 2 SMN A (S %W
MSCs 434k Ayl 26 T0 B 41 i A DL ARG . AT 9T &
B, SMN1 e g K =) SMN 2K [ = 1) SMA f&
H L MSCs X} HE S 1 MSCs #2825 b 0B i IX
), A B RS R b e e T W2 R, B
SMN Z5 A% MSCs fy A= 4 0 i) 1 28 TG RE 20 B 19 431k
- TCHA S, H N SMIN B X R 28 TG A0 i 1
AR AT RE TG s, HOZ /b SMN 2R 1 i 3
PP IO M XE A AE R KA A A o 7 3 PR B /)N
BB S b R B TG SR T U 2 4 i ) 2
K (ELRE i A R B 2 40 B ) T e S X — W o
5341, SMN B [ 25 70 200 s 60 ) 2
H IR 25 7, IR 4278 MSCs 19 A 4K 3 78 X6
SMN 5 [ A A W] BEAS L 28 A1

Zeik — RBN ST, R AN T MSCs 434k K #i
LA & T 200 LA J5 v A 4 i
1B B R = A | IS o S R e A 7 b i )
P cAMP (152 A8 ARSI SR T 10 v 2 2 50 i o
TR — A 55 AT AR, R B R 5 S R R A
M 28, T 55 S i 4R M AR 38 GFAP AT S-100
SR A A, v S s R A e i,
SR 2 A 1 4046 T EL B R S A
fEib e AR S mIE S a , A7
BFIE (> 6 d) B T3RATTLART PR AL = 2

P BRI T A S R SR T A S Y P 22 T A A0 i
(<2d), 35 LWL . AT AIESE, SMA &
A G ) 5T A0 M RE ST T 20 1 o i 2 AR A
J, 3% SMA RS PR AL T — D E 5 B
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