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Establishment of spinal muscular atrophy cell model by RNAIi

YANG Xiao-su, HU Yi-min, XIAO Bo, YANG Qi-dong, ZHAO Hui-min

( Department of Neurology , Xiangya Hospital , Central South University , Changsha 410008 , China )

Abstract: Objective To establish spinal muscular atrophy ( SMA ) cell model by blocking
the expression of SUNI gene with shRNA. Methods The recombinant SMN1 shRNA expression vec-
tor was constructed. SMA cell model was established by human mesenchymal stem cells ( hMSCs )
that the vector was transfected into were differentiated to neuron like cells ( NLCs) . At the same time
the control groups were established that the shRNA — 0 vector was transfected into and no vector was
transfected into. The expression of fI-SMN and A7-SMN mRNA was observed by RT-PCR analysis.
The expression of fl-SMN protein was detected by Western blot. Results The cells of all the groups
were neuron like cells after being differentiated and the protein expression of NSE and NF was posi-
tive. The expression of fI-SMN and A 7-SMN mRNA and protein of NLCs in each group was upregu-
lated (P <0.05), but the expression of A7-SMN mRNA and protein in SMA model group was
lower than that in the control group (P <0.05). The expression of A7-SMN mRNA between the
groups had no statistical difference (P >0.05). Conclusion The NLCs, which recombinant SMN 1
shRNA expression vector was transfected into, can be regarded as SMA cell model.
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R BF g W, L R A B T UL 2 4
( spinal muscular atrophy , SMA ) 2 /1 T iz 3 ff & JC
H: f# (surrival of motor neuron, SMN ) 3t [K 1 SMNI
FED B S BT AT o 1B s Mg oA T,
JRCAA 3T i JULTE g AL 22 4, TR LAY SMIN2 B ]
TRE . SMNI JE DR 8% s = W)y 42 K (fl) SMN
mRNA Jz 42 & SMN 2 [ 5 SMN2 3k [H] 1 5 5% 7 1) &
SRkt A 5 7 ) A7-SMN mRNA K 4 %5 SMN
o BRI SMNT & R G 2% J5 o o] 5 B0 1 86 i
i a BEMAEITTEME, BA VLRI + A, T
SMA. (1% 5 J DAL Y 4] 1 52 5 B0R A 1A BLAE B B
KB, %5 AE R A RNA 3 B R 5y 5 1 b 35 A
SMNT K& A #0223k , U] B8 Dy SMA- F) g XL AT & s AL
il B R ABIEFE S SMA /Y36 57 BF 58 2 AL 0T 8- &

T A R UL AR A, A BF 5 8ok
RNA 40 (RNAL) 0K, fE 3R 13 SMNT JE [N 3K T
P B9 B8 8] 78 50T 40 i ( humor mesenchymal stem
cells, hMSCs ) /&5 , # i Z 5 5 73 1k g #l 28 7T #F 20
il ( neuron like cells, NLCs) , i i 21 fid 2 25 22 09 W
LN P ST NS Rl I S v R )
& & AF & NLCs B R7AE 5 [ I 5 2o 46 300 46 g SMN
mRNA J 8 F R £ 5, 0 355 5 40 M /Y ik B0DIR
A, LA ST L B SMA (i 40 i A R

1 H 5%

1.1 ##

1.1.1 @wmRA R J ARG FF 1 B (R 7S B
40 R B O RE B B M Ah R AE SMA H G il WY g
e E MR N TR EFEM A B .
pshRNA-SMN 1 ( Fir &1 X} ) #8 % 51] 4 ctatcatactggctattat |
AL FAME F 7,37 ) % SMN2 mRNA TG 5 i ) K&
pshRNA — 0 1 41 B B 7 2 B 9 92 30 of g 4
1.1.2 £Z&KA G418 ,DMSO, BHA X ## 1%
BT R R T O 6 R Sigma 23 H] AL, SR BT A
SMN1 £ 3 2~ 3% [E Proteintech 2 &) 7= &, 2 9T A
NSE 4t 4t A\ NF HLA47 & 56 1 Santa Cruz 23 )
Hdh, 9T R IgG-TRITC & 3¢ & KPL 2% ] i,
M-MLV ¥ % F i & £ H Promega //_\\ﬁ‘lfﬁ,ﬁq,[,ipo-
fectamine 2000 , Trizol % 3£ [E Invitrogen 2 & ;= &,
19 Hy b A R S R A

1.1.3 Z&ZMBERE YL WM R A
NIKON 2% m) A= 7=, — Ak ik 15 97 4 & 55 [E HARIS
o5 ) 7 AR B0 HL R P E Hettich 28 W) A2 7,
PCR ¥ % 3% [ MJ Research 2 &) 7= 5, ABI 377 &l
WU 7 3 % 5 Perkin Elmer 24 7 77 , 4 52 3% 3

X 3£ [ Stratagene 23 H] 7 i .

1.2 %

1.2.1 BHEARTFT@IEG S E R 1r
Tow 4T & 10% i 4F L7 9 L-DMEM i
HRE, B0 A LZIE A B, i A L-DMEM
R BB 0TI TE TR M MR AT 5, A
i 0 e TN =@ QSR = O
VWU o 4y B M40 4% 1 x 10°/mL %5 Ji 4 Ff
T 50 mL B5 5800, 4 d 5 B B IR0, FE A OR W BE
MU, 3 ~4 d eyl 1k, 12 d J5 4 e 2 in a5
e 1:3 LR

1.2.2 #3 T 240 M A 3 5 15 IR AR 2995% ~
100% 1, 43 5| % Y 5 41 i Fi pshRNA-SMN1 Fi1 5 41
JFkE pshRNA — O, DA 4 SMA 41 Jif 5 0 24 A1 99 1 %o
HRZH, M B 5 R A e iy 25 (I X BRAL iF AT Lo . e g
1f B A% Invitrogen % Y 150 & Ud B 5454 o

1.2.3 G418 Rk k3¢ Lk G418 fig fil
2 P A2 R AR T A 2 A B, A R R B
e (BTRL i R B 0 40 M RE S A 2E A A 1Y
G418 1 4k 2L A= K Jf [F] i) & 3k GFP, iy %% 44 B
SO R ORI E N P B 2 S 7 S e 1 I
Jo 3 s SR BERE AR 24 b, R 40 M A 3 80% 1Y Eil &
BF, P & A 500 mg/L i) G418 35 57 KL 4k 22 1y 5%
2 Ji Uk T 2 v BE MR o O U I BT 25 S I R B0OK B
IR (MBI RAF R

1.2.4 Z & F MSCs 41 A NLCs & % &

4 Bl 80 % f@h A W, A W% 5 W ( L-DMEM, 15%
FBS, 10 pg/L bFGF) Wi i% S 24 h, F %S W (L-
DMEM , 2% DMSO0 ,200 mmol/L BHA) , % S5 h, iE
W3 (L-DMEM, 15% FBS) ¥ %24 h, iS5
) 240 M 22 [ L =B S, 43 A SRt N NSE (1
100) Z 40, RHL A NF(1:100) 240, 4 Cid K
Jo A FEOE Z Bt il 41 A 1eG-TRITC (1: 150)
37 CWEH 30 min, LA 80% 2% vh H i & A .
1.2.5 RT-PCR # #| %7 #2 A fI-SMN mRNA #4
Ak SMN1 I %54 ,5 -CCACTTACTATCAT-
GCTGGCTG-3", F 8l 4, 5'-ACTAAAGAAACGAT-
CAGACAG-3', F=#) 4 K 266 bp; GAPDH I i} 5|
#,5'-CGGAGTCAACGGATTTGGTGGTAT-3 ", T it 5|
¥ ,5"-AGGCTTCTCCATGGTGGTAGAGAC-3 ", =4 K-
306 bp, 2 & & 43 A AT EE B R &R 58 51
FE A& LUK Al O B BEE, 4% A A mRNA SR G
= B0 6% BEEAE/ N2 GAPDH St % 5 {H”
HE KRB EN,

1.2.6 #EpiEEkanmpA (1I-SMN & g 4
Foik IR Tt A 175 3 S5 T P ST RE 20 ML, 0 I
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LA MIULIE , A RIPA 25 2400, B0 I E T,
O R E AW E, MEREOMET
10% 1) SDS 2RV #is Tl Jiie 468 Mg P Uk 43 25, FL Uk Ji5 1 A
L B 2R Ge 4 B 11 o DA SRV s T e ¢ i e % 28 A TR
YR, 5% BB W Ry & 1 h, Sedi N SMN1 Z 4t
(1:500) 5% & oL #% , TBST W 2 7% EE %k 10 min x 3
Y, HRP A0 FHif 1gG (1:1 000) BE & 1
h, TBST W ¥R % ¥k 10 min x 3 YK, L DAB & &,
JCH B 1S A O 258K &R RN . B Synge-
ne Bio Imaging £ | 25 45 WL € 3 A . 2 & & 0 #r
H Image-Pro Plus 3 {4 I 22 2% FL Uk 47 6 %5 B2 (HL, #%
AR EAORBFEEME =B ZFHREEME/ N

Z GAPDH &% FEE 7 it R E ik,

1.3 %t sam 4t it 2 43 Hr A SPSS10. 0
GEit B b B, I E RO T O S E + AR oE 2
(xxs) R, WAMBELEH KR, 24
B ZEILK R FRE. BEKHE o«=0.05,
& 2 FH Excel 2003 24 .

2 % R

2.1 G418 f# &35 MSCs GFP % ik 49 % 4&
LR B IR, 4 G418 ik f5, JLF Fr A MSCs # g
ik GFP (1),

B 1 G418 fifiE A/ MSCs GFP RiAMZIL (P, x100) , A:G418 fii ki ; B:G418 fiiik/5 .
Fig. 1 Expression of GFP before and after the screening by G418 (PI, x100). A ; Untreated by G418 ; B:Treated by G418.

2.2 Z&ifF MSCs 44t A NLCs Jg 09 % & T 4L
BT Wi S 0 A0 MR 25 E W WA L, 24
h B8 WLEE, 20 1 R B 45 /), ST A R R D B )
i A A S T BRI, 9% R Wi A B S A KK
o D00 TR o e NS 7 S Y RS S
HAT P22 UK A3 0 20 M0 5% 16, it 7 B0 5 1) iR A%
Woe 6, 0 S 1) A1 J] AR SRS o I A IR TE] ARG RE IS
240 Tt 2 ¥ 7 T EL B O A RS 4 2 I K

2 FEShEHRETHEARES 3
(x40),
Fig. 2 Morphous of NLCs at 5 h after
the induction.

#% 55 NSE R4 ( TRITC [E4
Ff, x100),

Fig. 3 NSE positive cells after the in-
duction ( TRITC, x100).

B — 5y S G 4y 3, 43 MSCs #£ 5 min B R
5Bk BRI 2 A T S, Bl 48 o0 R 40 i B B
W4 B S NE,90% L b4 MY B S Kk AR A
b, 20 Jf 5% K S & R IR G 43 3, R 5 A 48 4
b 6 A 8 8 R AH B, T R M SRR ZE A (R 2)

At ek 5 PE bR B ) NSE R NF G 5% 96
et %, 45 R Bon 4y K 5 1 41 i NSE Il NF 3
B CE 3 ,4) .

S/ NF (iS4 (TRITC #
a1, x100)

Fig. 4 NF positive cells after the in-
duction ( TRITC, x100).



FIH RNAL S B HEE VIR A0AE O A IR Y By, 4

1111

2.3 NLCs # fl-SMN,A7-SMN mRNA % fl-SMN
F A RE 7% 5 45 440 Y A1- SMN
mRNA , A7-SMN mRNA J% fl-SMN # [ % ik 39 &
B AN (P <0.05) , {H SMA 47 jfy £ 5 41 f1-
SMN mRNA Jo 8 7 2 35 & W 2 A% T B 4k ) 18

HAFN A X B (P <0.01) 5 MBI PE X BRZH 5 =
1% I8 ZH A L, f1- SMN mRNA Jz 8% 1 1 32 36 2
Tt 2Z 5% (P >0.05);3 418 SMN A7-SMN
mRNA Rk m EZF LR ITFE L (P >0.05,
#£1,E5,6),

®1 BROUBEZEMM M-SMN mRNA,A7-SMN mRNA B ERHRIE(x £5)
Tab. 1 Expression of SMN mRNA and protein before and after the differentiation in each group(x +s)

1-SUN mRNA

A7-SMN mRNA fl-SMN &1

VST Uixir]

Pl B V] Uixi]

pshRNA - SMNI -1 41 0.21895 £0.03139  0.31080 +0. 04381 * 24
pshRNA -0 Xf B2

REER IR

0.59874 £0. 04221 0.73143 +0.03735 *

0.62988 0. 03477 0.69293 +0.05133

0.48463 0. 05286
0.50204 £0. 03770

0.49132 £0. 02378

0.57931 +0. 04861 * 0.30618 £0.03651  0.44762 £0.04786 * 42

0.54363 +0.03578 * 0.66634 +0.05163 0.80813 +0. 05007 *

0.54765 +0. 04157 * 0.69397 0. 06492 0.78213 +0. 04709

SR SRTH A-SUN mRNA J 5 A1 A7-SUN mRNA K3, # P<0.05; 55 psh - RNA -0 G IAAL R A 56 s A IRALHL R, AAP <0. 01,

GAPDH
400 bp

300 bp
fI-SMN

A7-SMN 200 bp

100 bp

5 FEESLEEEAME SMN mRNA RiZE)RE, 1:
pshRNA — SMNI -1 £;2.pshRNA - 0 X} #8243 K 5%
Huas 0 RAAE
Electropherogram of SMN mRNA expression. 1 .
pshRNA — SMN1 - 1 group; 2: pshRNA -0 control
group; 3 :Blank control group.

1 2 3

CAPDH WG b e

Fig. 5

E6 FSHoNESAMMA-SMN EHREEKE, 1.
pshRNA — SMN1 — 1 £H ;2. pshRNA — 0 Xf BB 4H ;3 K %%
Hezs 0 IR
Fig. 6 Electropherogram of fl-SMN protein expression. 1 .
pshRNA — SMN1 -1 group; 2: pshRNA - 0O control
group; 3 :Blank control group.

3w #

R SEG UE S5, MSCs 75— & [ ¥ 5515 5 T fig
Gy AR R P2 T R A I O — o R bR R &
JCHI DI RE o AHIE 55 R A Bfgf, DMSO 1 T #2 [ fi
VERES R, 45 5 5B MSCs % 5 J5 B0 2 0
FETE 45 2 w08, 3% B0k 40 0 E A R R A2 oAy 3R 1)
JiL A WA 6 L ST A TR 5 M S e Ak A e S8R
W 2 B R A AE K, A 2R T RE AN I B B £ Rk
Yk 2 T KT I — o SR gy S, ROE 5 M
205 20 i M 1R B 58 A AH I T 0 M 2% RE 2 . X R
N RN R 3R I MSCs 22475 3 J5 1l [n] filt 48 o0 #F 40 i
G A S 2R B S 2w & o1 I U e = R S
JC I L B R 2 3 SOOR T S B Al L 9 O T
XF Al i HEAT T MO0 R S P AR R ) NSE R NF K
W, 45 58 kK5 F 1 MSCs & 4 NSE Fil NF 3£
53155 5 h J5 NSE Fil NF [R50 [, #2078
W53 5 B MSCs 7ETE 45 M A B 1 ¥ A5 52 s 2 ¢
REAE , AT DUAE Sy 14 S0 b 25 48 i A58

FLAZ A W) BT A Al 4 3 ik SMN R [, Ui B
SMN & i dl e S A WG sh i b T . A
SMN & [ 76 il 3L 3l 9 i 210 23 F0 41 i o i 3k K
22 AR K, B TE G LR RE R, T AR I8 3 p
26 00 KT 26 L6 B 8% LR G UL R S KR
FeIk 16 L 4k 40 R Ik EL 40 B Hp ) 3 Gk K - g
&7 . SMN %K 4 7£ iz 3h # 2 o0 b B2 1Y 5 K R
F ik UL B B M 4 T I AR FE I L T e R HE T
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AT SMN ., JLER SMA &t iEEh T
BEENT MBS IC 1-SMN B O ERE B AL,
20 A L RE B e AT P ECH A LT . W
b, 38 2o 0 R 22 ST AR A0 i 1-SMN 2R 1 1 3 5k AT
DAL L2 A SMA fB 5 41 i i e BRAR S . AR S
WA R o, 5P FATH MSCs # 1L, 5 5 a0k 5
P25 o0 FF 40 L v f1-SMN mRNA J 2B 3% 3k =
WY 3G, 33X SR Al & T i AR A R L) R R
M T K SMN R i Rk, B S5 & 4
B8] %2 @ 7, SMA 4i g A B 4 f1-SMN mRNA J¢ 7R
F1 %35 i B A F B 6 B AL ok B e 2 (X
A, mMEMALLKER LRIt F*E X, H3 4
[B] A7-SMN mRNA ) Rixm LR ZR LR IT¥E
o XL IR RY] T o0 )5 1 SMA 4 fig 155 Rl
41 NLCs £F & SMA 41 Jifg i) #5 B R 2, o DLAE
SMA ) #5250 48 Jfd 34 47 55 360 BF 52

2004 4F Trulzsch 2677 F) B % %% /N F #t RNA
( siRNA ) T 22 1 1] W5 6 90 40 JHL Smn 55 IR 3R 35 1
1 SMA 4 Ji 455 8 . A< F 5 & K AT shRNA (LA T
R E AR DB N SMNT KL R ] VE i 40 M A R fig
MR 2 fr A R TIAEN, HEE L4l R 5
Al E A TR RS, IR AR OB BB IR FE R T
11D DR U 2w 1| R I 2 177 NS B = 9
R

e e
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