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Spinal muscular atrophy (SMA) is characterized by the degeneration of spinal
motor neurons, and it is associated with muscle paralysis and atrophy. Childhood SMA
exhibits an autosomal recessive pattern of inheritance. Based on age of onset of
symptoms and achievement of motor milestones, SMA has been subdivided into three
clinical types. No curative treatment is available so far for SMA.

Several mouse models for SMA have been generated through different methods.
Because of the disadvantage of short survival time, heterogeneous phenotype or the
non-homologous genetic situation compared to human SMA in these mouse models,
there is still no standard preclinical therapeutic testing system for SMA. Type IlI
(mild-type) SMA mice have a lifespan longer than half a year, offering a chance to
become a good therapeutic testing system. This study first characterized the type IlI
SMA mice by a series of examinations.

For characterization of SMA mice, type 11l SMA mice (Smn~"SMN2"") and

+/+

wild-type mice (Smn ™) were subdivided into four subgroups, according to their
evaluated age: 3, 6, 9 and 12 months old. Each mouse underwent morphological, motor
functional, electrophysiological and pathological studies.

The results revealed that motor neuron degeneration in type 111 SMA mice started
at 6 months of age, and the number of residual motor neurons reduced to 71% of
wild-type mice at the age of 9 months. At the same time, SMA mice exhibited clear
morphological changes such as short tails and irregular ears, motor function decline
demonstrated by four motor functional tests and muscle atrophy measured by
gastrocnemius muscle weight. By 12 months old, the number of residual motor neurons

reduced to 60% of wild-type mice. In addition, the amplitudes of compound muscle

action potentials (CMAPS) in SMA mice had decreased significantly.
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Valproic acid (VPA), a histone deacetylase inhibitor, increased SMN protein levels
in cells derived from SMA patients. VPA also improved muscle strength in some SMA
patients. SMA-related physicians and patients are becoming more interested in VPA,
however, the therapeutic effects of VPA in treating SMA are still not fully understood.
This study thus further investigated the treatment effects and therapeutic mechanisms of
VPA in type 111 SMA mice.

Type 111 SMA mice were randomly assigned to treated and untreated groups. In
treated mice, VPA was added to the daily drinking water at 0.2 mg/ml from 6 to 12
months of age. The therapeutic effects were evaluated using morphological tests, motor
functional tests, electrophysiological studies, spinal pathological tests, and muscle
pathological studies. For investigation of therapeutic mechanisms of VPA, Western
blots, real-time PCR, and immunohistochemistry were used.

We found that VPA-treated SMA mice showed considerably reduced degeneration
of spinal motor neurons compared to untreated SMA mice. As such, their motor
function was better preserved with less muscle denervation and atrophy, greater CMAP
amplitudes on sciatic nerves, and less morphological abnormalities than seen in
untreated SMA mice. In addition, VPA exhibited multiple therapeutic effects in SMA.
VPA elevated SMN protein levels in the spinal motor neurons. VPA also increased the
levels of Bcl-2 and Bcl-x, proteins in the spinal neurons, which may reduce motor
neuron apoptosis in SMA. Furthermore, VPA probably could induce neurogenesis and
promoted astrocyte proliferation in the SMA mouse spinal cord, which might contribute
to therapeutic effects by enhancing neuroprotection.

Moreover, Bcl-x, is an anti-apoptotic member of the Bcl-2 family and acts by
inhibiting proapoptotic members of the Bcl-2 family through heterodimerization.
Viral-mediated Bcl-x, expression can protect motor neuron death in primary motor

neuron cultures. Since the degeneration of spinal motor neurons in SMA is mediated by
vii



apoptosis, over-expression of Bcl-x, may be of benefit in SMA. This study then
investigated the benefits of Bcl-x; transgenes in type 111 SMA mice.

Crossing type Il SMA mice with Bcl-x; transgenic mice created SMA/Bcl-xL
mice. The Bcl-x; transgenic effects were evaluated using morphological tests, motor
functional tests, electrophysiological studies, spinal pathological tests, and survival
analysis. For investigation of SMN and Bcl-x, expression and degrees of spinal
apoptosis, Western blots and immunohistochemistry were used.

The levels of Bcl-x, protein in spinal neurons of SMA/Bcl-x. mice were nearly
double of that in SMA mice while the levels of SMN protein were similar between these
two groups. The SMA/Bcl-x,. mice showed preserved motor function, normalized
electrophysiological tests, diminished muscle atrophy, and less motor neuron apoptosis
and degeneration. Although the SMA/Bcl-x. mice still showed the typical SMA
morphological phenotypes throughout their lives, they lived 1.5 times longer than SMA
mice.

In summary, the above studies established a standard therapeutic testing system for
SMA with type 111 SMA mice. The morphological, motor functional,
electrophysiological and spinal pathological tests here could be used to evaluate
treatment responses in both treated and non-treated mice between 9 and 12 months of
age. In addition, by a combination of effects such as increased SMN protein levels,
anti-apoptosis, and probable neuroprotection, VPA showed considerable therapeutic
benefit in the mouse model of type 111 SMA. Over-expression of Bcl-x, has a potential

for amelioration of SMA.

Keywords: spinal muscular atrophy, animal model, valproic acid, bcl-x, , apoptosis
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RO REraEE 0 S SMAFE AR Y i £ 8 a- B e

SMA 4/ 5% ¢ R 2 SMNI %)% 4 R % » sE B &1 = SMA | &
PN 0 BB R 2 LB BA e SMNI A T E.m}'l“,éf P RRA A E A
/] Bl g5 75 (embryonic lethal) (Schrank etal, 1997) o H J %] &3] Bl e A 58 2L 7

ARt b L) BT F Smn AT A A #F SMNI fv SMN2 £ %] > @ SMN 3

B EF T frd 2 i Mo F 4 ) B 'L DNA F e Smn B FY 'J“,%]El? v Bl



R @245 Vi Edoi it > SMN v F{oit & RNA ch*» 55 B > @ #7548
poenimre B Eig L RNA PF > % 7 & SMN Jov Fen§les > F 3 PR 22025
SMN F-v Jremis aps > REpN 090 fmde § g2 & FEerie (750 4 RNA &7 55 0 5]
PRI RS A LA F A K SMNI ¥ R ¥ F SMN2 A F g
SR B SMN v BT A R s b Fp i aE s b (v & £5)
% SMN F-v B e iy 5 T » gt L Fen R § (3 20 F g sy g ol
Lo,

P22 AR F =41 8 hSMA | Bt 5% > - SfL 5 SRS
EFRABS 2 ZRES > Z AT PR R ERNM RS L BBy R
7 H gk Ek o

Hsieh-Li #- |- & = %1 Smn 4 FIFI%F > X PrE » L Sgen SMN2 2 510 # A
F13) % Smn SMN2™" > 4ot e B3 e i @ F 14 > @ F 4 RAr 4 %5 SMA s B
#p 2 (Hsieh-Li et al, 2000 ) o i=8_F] & #7148 » e A 58 SMN2 £ F1 4] &R p B 0
SRl ¥ SMN F-v H o> HER S > RArE L ) B0 @ TG SMN g
A EIRERA S A GE o st SMA ) BUAUIR T HE 0 4 ﬁﬁSMAsfﬁs,&ﬁv%m

Rfr A - RER=FF FehppER > - 3 SMA | B3 E7 3+

THoHAHV R gt E e A SMA L RGFER I LA (&
FMpoparte ) He g4 ford e it - 4 SMA ] B8 kedd 5 @ % =
A SMA /] B¥ F/E 532 B2 » bt v ) Behk » W% iE @l - 58 é
PRofrd ¥ R AR ROEET T AP DR o B P o F L RN id
BoAl i iR i fow BRI chE g o gt SMA ] B ¥ AR S o S o

g ¢h > Monani 7 i@ % #g a0 0 W] B Smn 4 F ) “,f dv b A SE SMN2 £ 7

~ ;% (Monani et al, 2000 ) % /£ 31 SMA ] 8458 0 & F)4) 7 % Smn” SMN2Y >

FAFL S % S o 0t SMA /) BUAR] I 4 B> S0 FRER DS A 52 Bl T

PF ORAFZIAAFERAN G PHEIL A ) RINAEFET IS X



A~
4

Rip T g 7= o fud 30| RN cnig iE R SRR (T R AT T
Fle o PIPHERE > T B R T Y 0 ARtk N R DR o ] BT
eI e S Bt AREETT o 2 8 ) BUBUAREE (T - A Le gt SMA ]
B¢ L 48~ SMNA7 A F > T A FA 5 Smn SMN2"SMNA7™ > 2 ¢ SMNA7 % 2
"fTT Toexon7 e SMN2 FLF] 0 B &k oo ) B2 3REEFRd ke S52 X M4 5 133
% (Leetal,2005) » F]pt 2% SMA 5% &7 L A N3 F PN BFAPM SR o

d 3N H S RS O% Smn & F P "fTT ¢ i = ] & ¢h embryonic lethal ( Schrank
etal, 1997 ) » Frugier & * 7 # 5 & — e Smn £ 55 ",f i (Neuron-specific Smn
knock-out) » B ¥ &) — AL AL 5 2 WHC3 9 SMA A B3¢ (Frugier et al, 2000 ) ¢t
JEAP R G A G AR D Smn AFBRGE 0 A BT P hiere 1R & s
W Smn FKF] 0 Aot o B BA g F2E Y a L SMN Fd B s o RFLA S
RN Smn TR S A LA G M SMN B 0 &AL SMA
R o P REGFRLDESRH N > B A OV RERAN LA E v hE
e is o @ ipdt ) Rehz B @R 5 25 2 (Frugier etal, 2000)

SMA | Bl e = ¥ SMA 6= § F ARG ~ et E 2 B4 AR E
Rip R AN N HE R T O A PE U e & SMA B4 0 R B E
PRk B R SMA B R Aot TR A E R L TRR R 4
Bmbg s d o Ra o g ks ah SMA ] Bt 0 B Hakgk o #

SMA s chipl R 10 ] 2 3 4 cie (7

(1) ¢ B85 CSMAHY ] e A 5g SMA /R - SR E =7 I i Bk
TRCHY - A2 5 A SMA | Rehg ERFFEE s L 3MA %] 32 T
L EMFY R ) REReRN- I R BITGHLRE K A D
B cnfp B EpE o plAp dHiEr g P AT E S o @ F 2 3] SMA ] BT sk
P e @ ROELARA AT MAATIES o TR S E 2 R TS R

el qis i -



(2) 2 B 3% 8030 5 550 % Smn A F1 5 F At A ST SMIN2 A FE 2 AT
@ 1 SMA | 8 (Smn " SMN2"")» £ & #2573 i pF R £ 5.2 % (Monani et al, 2000) ;
A E L~ SMNA7 & Fleh SMA - 8 (Smn” SMN2"SMNA7") » 85k 5 S pE R 7
H4e i 133 % (Leetal,2005) e mip e ] 7 T V9 5 - 3 = % >
PR P RFERPIEE DL G F BR AT EFE S BEDHPN T
H FEEAE - F]#* o Butchbach # B 7 #7# /] &4k & ;# (Butchbach et al, 2007 ) » ¥ &
RAka B R ORTA RO S FEAEL S FEFAT N R B RS A
SRR FENI LSS e X ARG EEF > B T A RBR R AT 9L
27 o H o EMEER AL SMA ) B 2R A BV i L E Sk 24
AV R AUe R PR A 4 e
(3) WAt HEuA g g - v Smn Z’%‘fﬂ;"]“ffﬁt%%ﬁl T & en SMA /| &
Bt o S Fp o) BB R A G 0 Smn %ﬂ?ﬁli"l“f v BT RPN Gk e 2R
T F 3 % Smn 2R F) o A pt o] BEEART A 4 0 SMA e IR 0 e L F]
Ao 4 85 SMA &7 e e gaipn i ot o] BURCS A1 Tl b o 0 B AP T AR A o
£ HF ¥ e & - e Smn 275 "fTT = (Muscle-specific Smn knock-out ) 2 ",ﬁ% ‘|
EUep @ e Smn g F1pE (Cifuentes-Diaz etal, 2001) > -] BU©“p & IRAF 009 Vp X 45
J& (muscular dystrophy ) #7¢ | e v 5 @ 5 #-% i o Smn %fﬂ;’ﬂ“ﬁ% » Hovp e
U - F 2 ¥ et 7] (Rajendra et al, 2007 ) 0 gt 5% 5 & 822X SMN F-v B b

LRGP WA E R A G 2 g B RP TR B x SMA (] B

N

FE A GAR DS R FVRPIR o R S B RRE A R g

ot eh o SMA e Kvg o SV F 0B S B iR SMN2 L Flehd R H e
& A_® SMN2 3 Fleng i > alternative splicing 7% 2 » 723 4e & % SMN 3-9 &
G A Ra A @Ak — 1 Smn i%\fﬂ;n]xllf;{,hfﬁ%%ﬂ it 41 e SMA /] B H-5% > DNA
i SMN2 fh Flehnis e FI iR B 6 U0 T 0 8] RS & SMA Ja o Fe ) o

?'}f:rﬂ’_o



R ER AR AP T ES AR MR R S e P
fo X RRB PIBHR > ST B P B A A F F20s % SMA BB % > 2 3 g A
SMAH:54) &ehiFa;T » 2= - B ERAPBHSMA ] BT EER Y

WA FESDe

1.1.2 12 valpoic acid is % B~ % M5 | B

HBE P Gy 0 sodium butyrate w2 R % ¥ HET T H SMA £
7 % 7% (Chang et al, 2001) * & * 7 [k A& & sodium butyrate i SMA £ ik
= ¥ tk (lymphoid cell lines ) ¥ 4 2w ?2 p 7 SMN F-v F{oi & RNA £ & -
LIS f ek B 4o @ 3 4e 5 2 sodium butyrate 75 SMA HosC o) B T R H E IR
e R R0 A ) R SRR L © 12 sodium butyrate i fe Smn ] 82
e e g ch SmnTSMN2T R B pE . T et dih SMA ) RS % 0 2 4 SMA
Bof Al & % > (Changetal, 2001)- ¢ £ & chit % 5 SMA ip B BACT - %7 °
T HF - XFIRT T A G e SMA JHf #4028 @ sodium butyrate A #8546 A 48
L R 2 F R RG] v DR AE R A R~ TR 3E % (Monneret,
2005)> @ ¢ sodium butyrate .} ﬁ“rm 4 4 eh sodium vanadate f aclarubicin = # 4~
e hmie P % P EF H VR 4 SMN L RNA 4 L (Andreassi et al, 2001;
Zhang et al, 2001) » 2R @ e v Ped 3 @ H x’fj_-'fﬁi BrenE i gL
FIEE

Sodium butyrate € — B % F-v 3 ¢ fgfsdr4]# (histone deacetylase (HDAC)
inhibitor) » fe F-v £ &2 ¢ F ¥ FHF-d F > I e fgit (acetylation)x 3 ¢
fie ' (deacetylation) A FFAFF I F I ApE £ R NEd > - a2 > Bk
hg e Rt R EF ERE S TR WEE T #FTF)S  (transcription factor)

«f\:' i A ] promoter (% & 0 B ig 2% A Flenk I (Mai et al, 2005) - 2 30 2



¢ figfis (HDAC) ehie® 5 i e v 3 2 fpit » B3Rdrd] 0 - LA FehL R @ 48
F 3o mdew 3 o apEded| Aty L dedlm i chd o Rl 0 B4 1 Ren h
o FEit kR o iEm BT - AT A o P oa3L 5 0 sodium butyrate 2. 47 rL ap Btm
e b g ] BUREP M 4e SMN Fev Frend o TR S E ek 2 ¢ RpF gk o

AP A TRE P R * ch— B ¥ valproic acid (VPA, 2-propylpentanoic
acid) » = A Rchig ¥ SORTRE 2 BFEE R e o B op R PSR TR
(Monti et al, 2009) - iT# k& 7 % I > VPA {r sodium butyrate - # €_% HDAC
inhibitor (Gottlicher et al, 2001; Phiel, et al, 2001) » & > VPA A fejk i * s (¥
BRI AR A L EPE - B P A SMA GRS bR (T piR S el

Brichta & + ¢ * VPA ;»%d SMA & iRt iaps % gk w2 e (fibroblast
culture cells )( Brichta et al, 2003 )> 3 #.m % p 7 SMN F-v F{oi & RNA £ £ >
F5E VPA 35 ehik A Hi4eam + 20 B SMN doo Fehd METH 42 9= Fle &
Job o FISMA S GAR  E R F LSRR e EF VPA e i 1 L
B FERVPA in vk T A i mte ¥ 0 (PR Y & Bl R B e
*7 & 32 % (organotypic hippocampal slice cultures ) i& {7 4 47 » & %5 VPA J5R {6 »
2% % d SISMN Fd Ffom & RNA 2 2 % BEFH 4 > # SMN &5 § ez

BV 4D 18 % o

Sumner % 4 7& & * VPA /5% d SMA & iRt iaps % gk a2 4oz (Sumner
etal, 2003 ) > # R iwm p HSMN Fv Ffrit & RNA L2 R E P L F 0k @ 8 4 >
H SMN 3ov Fend METH 4D 92 FIZ B o o oh > SMN Fv JF timve p £ B
Bidmre A5 2 gems 0 B2 7 B IR > 5 VPA ISR cnime o H o gems chif fiei oo
P A BETT R himie enk b oo FERRT VPA SR T @ fmre B 1 SMN B # 4 o
d PR SMN 3¢ Fend Rfen miE R L GApH o » fi.%—f?\SMN E I g

B 7ok Iﬁimﬁg;ﬁ‘ B A ﬁr; (Feldkotter et al, 2002; Lefebvre et al, 1997) » F]t » & '
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%@ B VPA gt A - B R G ES SMA R ES BT kawm Tk
o % SMA ] BUHCEE P 7 VPA ISR Rld > H 3 A% SRk % o

VPA % SMA Fa Ben@g* b o ApR a3 AR R ﬁf"/‘ o Weihl & % 12 VPA ;¢

B bWz AARE R SMA R K 0 B TI0E4 L 33K (1745 &) » % F S
FEHE T8 B (Weihletal, 2006) ° Bink2 @ > 75 Fa RBoerwed 55 B 4
LEi-&pTap R rE VPA LR 8 119w4 EB(hand-held dynamometry )

IR e BE T T B Aved T died Gk 5 33%3E % 3] 49% (100% 3 &
¥ AenTiosed ) o B hiT S Roken 15 B o s Rop 0 VPARP RR 5 87
pg/mL > 5 Tk 8 * VPAPFF &% % 2k & (50-100 pg/mL) (Brodie et al,
1996) » A H P G- t R EFMMEBRIER B2 & ¥ VPA LhE R
* VPAAH ¢ 5 R R HFA) > 2> G RPHR P R EE RS LT T
EFRM SR F o LT RN R 0 SMA B & R E VPA SR (S 0 ¥
R F PR ey 29 1 VPA B chk > M qrgl iF* & SMA % FAH TR

$t ¢k 5 Brichta & 4 12 VPA 58 + 2 SMA &7 _’ﬂ'fﬁ (carrier) (Brichtaetal,
2006) > FRHP = = ‘73"—’!73:«;\ (full length) SMN 3t %4 RNA £ &3 1.6
234Bhr s REFYHOER AP > ARE G TR EMA T 0 NG - @
¥ FF 2k SMN 3L RNA 2 RE LA F 40 @ & SMN Jov Jrenafid o
SMN v Jrend R &= 4 F1F > 7 L5 1.8 3 13.7 B e 4e « # =0 P F
VPA 6% = + & SMA é’ﬁ,&iﬂ" PRI Z AL - m[ﬁa,ﬁ,m};{ SMN zt 5, RNA
ZREH Ao RPRTD WEAREEFRFF AR R - & %.'*‘m.?:v\ SMN =%
SERNAZLZREHR S ZgFh> @ ¥ g =242 - dip k2 26 SMN ;1.4 RNA
2RMERF PO > L1522 - m)]‘a‘ai?\};{ SMN 5 RNA £ & %
BT od Ay gk T o VPA A a2t Rae 2 2 2me 0 2V
R BT VPA Gk £ 7 i o

BEARVPA L e F ok t Bt 0 HinRSMAGE B4 » R add L d b P okin
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#o 2 ASMAR R b ehig * 2 HES T anfiRT 0 F 3 R %@ VPA
&SMA I o% » RIF o VPA X | Tk i S il (7 o

Bk VPAXSMA# s i > o b AdR§ 1 fE o I VPAIRR J SMAR K
B8 gy K 2GR e > T O 4 e L SMN v T {eSMN 1 LRNAA R E
(Brichta et al, 2003 ; Sumner et al, 2003 ) » 28 @ 4 b #1if > 2 VPAJS F SMA; B
FArH G P SMNehZ R > PHRE FINA dup ko s 32 SMNZ IR E 3
‘v (Brichta etal, 2006) > #* % 7 i ¥ F3VPALEM T 72 4ofg ) e g 2 3 SMN
AFE R e w R SMNE RA-F BREd 4 5 A p cASMN A R 7 2L | T
Fedp bt o VPALREM T L E VA SMNehA R > Z BT RET

d >R SMN 30 Hih$ & qor :}fﬁﬁ&i B % ip4p M (Feldkotter et al, 2002;
Lefebvre et al, 1997) » F]pt VPA¥SMA v »c® ac H ¥ Kk p 2 {3 @H 4 g~ p
SMN 3#-v # ¢h% 3o X @ > van Bergeijk te.im® #7 7 + 3 3> %k & 7VPA (0.5-1 M)
T ORAEA L2 R4 (neurite) 02 £ o iE- A4 Lk R AVPAIL R T E i
e N PSMN 3y F 2 2 ;3 k& OVPA (4-6 mM) ¢ & ¥ 4% 3 SMN:h4
B BT B T VPAYEN A S imie e (8 > foSMN v B ik B 2
i @ o AP e (van Bergeijk et al, 2006 ) © F]t > VPA¥SMA % T 0 "%
TR SMNF-d FHi At T ¥ g v PR H BT a4 £ o

SMA 3 - 40 513 1 4 5 » o SMA s B frds 4 B en ¥ s 2 7 0 7
#IRF ¥R w2 k-~ (apoptosis) 3R % (Desjardins and Ledoux, 1998; Soler-Botija
et al, 2002; Tsai MS et al, 2006) > @ #34 VPA trim? 2 #4349 5% > % % I VPA £ 5
Fra|imre k= Ghi®® o 12 VPA Jo5 | Fodd 588 & e F IR 0 VPA ¥ ¥ glutamate
Sldechd (o LA IRA GRE Y > A7 E 7 F A Simie ) chBel-2 2 £ I E 5 4
(Leng et al, 2006) » # # » Bcl-2 ¥ 5 — 3w &= %]+ (anti-apoptotic factor ) o
b HEH G e e & me (SH-SYSY)E VPA iS5 0 ¢ % 1 ERK BT

(Extracellular signal-regulated kinase pathway ) » 3 4r Bcl-2 e 3> I {1l jjrim 72 13 7%
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3 A 5 mie RAzend £ (Yuanetal, 2001) - H =% > 22§k A £ 0 VPA (39 ug/ml) &
Wioht ¥ ReFid > A4+ K2 adf e P FRA SN Bel-2 hi RE
¢ P Bg3 4v (Chenetal, 1999)¢ k@ » £ F VPA 7 1203 4o 4 8P 4 /&~ Bel-2
EIE o A REERAN G AT - o TREBFOMET I ET o

W2 - MRIFTRA AL ALANM T AR A iR RS E
koo o= A 54 2 (adult neurogenesis) iR P — £ 45 4% 11 (Eriksson et al, 1998;
Gould etal, 1999a) » # #84! G B 7 (8 > 4 G nd L 7% T48w fo > A
Zofg s A 4 0 & B X GRS E 2 T 9% ® (subventricular zone) %
/4 5 3% (hippocampus):identate gyrusz. * 3f ik ‘w2 F (subgranular zone) > 74 £h
e dd A EHTIRRhE IR A i S 4 S s astrocyte
oligodendrocyte » 4 » & ¥ % Fgen i (LF 1T o 7&K B H 1 X B IR AR
Ho i g S84 52 S angdy  dox B B (Gould et al, 1999b) ~ +] #4 (Ponti
etal, 2008) % *giz«HZ 48 (substantia nigro) (Zhao et al, 2003) = % ** ¥ #3084 » &
B o= g endd (54 =08 4 2 4 g ehcentral canal*t:T (Johansson et al, 1999)0 # p ] &
g% 37~ 42 £ F]F > R4 Bfcentral canal*fiT codd (4 & {E* € 3 4 (Martens et
al, 2002) » @ P vk 5 0§ 4B 2 35§ (spinal injury)PF 0§ A ke i

4 R 0E* o 374 ehp 5 w2 hcentral canalfi it A B s A iY 2 F (T FBARIRA

,,».

i 4 ke et i (Mothe et al, 2005; Zai et al, 2005) 5 ¥ ¢F 2 ¥ - @ dA 5 n
R % ]2 A i & (amyotrophic lateral sclerosis, ALS) > i BOF X PR AR
PeEdp ATt A g A e Sfort el | 4 IR 0 B K B A R Bm
Répoom BEHFHN ) Had R > A7 LPET4 gl Slee FlE R ST
arflgem A 4~ & 1Y 2 $ {7 (de Hemptinne et al, 2006; Ohta et al, 2006) °

s ’Eﬁ 1 % w I VPAE 4 F A ﬁii ™ FITE o Laeng_%ﬁ A |1VPA/‘;}%‘ LY/

i+

A 2R A wmeil o Wi me a4 % B 0 2 B (Laeng etal, 2004) o gt 7 >

Hao% A MVPASR A A TR A el A S a4 g1 L8> ¥
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F Ik p S VPAYERKE (& a5 1Y 5 ¥ IIVPAS R + Bl- i¥ 14 » % Bdentate
gyruserg! (4 I3 47 - L (Haoetal, 2004 ) o Liu% % 7 3¢ 3L » "W VPAIS
oligodendrocyte progenitorsg & fm? {& » & d #rF|HDAC » @ w?% M & 14 540 S5
fw & g astrocyte » @ 4 4 it % oligodendrocyte (Liu et al, 2007) w MR P ko
< B H558 F W HDAC# 4| #sodium butyrate:s f » Bl ¥ 3 4edd o I 75 & 45
subventricular zone ~ dentate gyrus ~ striatum% g 3 & F #0804 5 2 astroctye2
£ 2 (Kimetal,2009) c 2@ 3| p % 5 2k » VPAE E ¥ W RZEF BP0 S f 4
WAAT, FRAT AL R E AN 2 ERY A PISMARBE T T AR
g;g;d_ L4 o

Trichostatin A7* 5 — HDAC#r#| 3| » 14 trichostatin Aj5 R % — 3] SMAH-;Y /|
B 74 4 B SMNen& E » & R SMA| Ben3 Ea B at £ ~ 50§ fgfore
g it 2 i) Blani@d # it (Avilaetal, 2007 )0 # % Trichostatin A7» # * %5
R SMA o @ asep i 3 (muscle injury)en | BUHC;Y P o trichostatin A5 8 AL 28
FE G Eagyep e L4 enit* (Jezzietal, 2004 ) o 82 AASMN3-v B ik £ 3 &
PEO A @ g wonig 23 e e e ® F (Cifuentes-Diaz et al, 2001;
Rajendra et al, 2007 ) > £ ¥ Trichostatin A** SMA 7 5 s % > 5 384 70k p >t 4
e e A it o i ¥ BRI R e and 4 i 4 77 o fE B A HDAC
Fry|H OVPAR HGESMAR F chvep b £ 24 @ X ganvep d 374 G0 dme
AT 0 G T i R SMAB A e b o iR e chf 4 4 F o L VPA

% SMA e > s 412 —

1.1.3 22 = Bel-xy h Fl# 78 2 4 ROvop £ S50 | 6 355 Bolxy ship f 2 &

BN % = T A 5 imie &= (apoptosis) drim®e Hi (necrosis) e £ ¢ o im

k< G et A $ R R eAE A e < 0 mre k< B A e ¢ %5 DNA
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o fiE =] B (DNA fragmentation) $2 % ¢ 7 13k 45 (chromatin condensation)
TG o e b 2 € X fET A2 k- 48 (apoptotic bodies) 0 B ¥ AL ARITE F B A AL
4 ehiwz #7 5 w (Hengartner et al, 2000) ; @ ‘w2 37~ 5 w2l % ¢t . ip T > i
51 e R 0 T OE R el B % B e MR > @ (S5l Az mie L
Bz Rz 'SE'.]%‘« W F J& (Lockshin and Zakeri, 2002) > = Jﬁ AP o e = R
Lehhmbe 7= A5 0 B G I T WL AT PR Z P DELE PR
TEE LS o

fnPe = eni® R LM d fh4nig T (extrinsic pathway) & 4 i /S (intrinsic
pathway)# i* caspase (cysteine-containing aspirate acid-specific protease)six & o H
B ek s L S d B 3kt F]3 X 42 (tumor necrosis factor receptor)dt i e Hk 7
F]F 2w F)F enjgcs o Bdm e = g & BT e o> T Fas-associated death
domain protein (FADD) =45 84 © » Hprocaspase 875 i & caspase 8 » i 514 {5 3§ e
caspase* & (Ashkenazi and Dixit, 1998) o @ p 4 2% 5 - fR ML 4 chlwiz ¥
= K2 (mitochondria-dependent apoptotic pathway) » # 34 #7frBcl-23-v F 72% (B
cell lymphoma 2 family) T 75 B - 4 fw%e £ 3] £ 304 gcts > Bel-23-9 B e
% ¥ oaplimie k= F]3  (anti-apoptotic factor)¥ H_tm¥e &= F]3F (proapoptotic
factor)sm& g 4 4 T HFo F wi‘ﬂ ,z;}»nﬁj,;,ﬂpé% € 123 AT RAMA Y hlme d

% C (cytochrome C)f# x| m%e B » @ ¥ § % Cirin?e F ¥ HApaf-1 (protease

activating factor 1)) % procaspase 9+ I 2= &= #8 > i&m 3142 {8 4§ ehcaspase F i
(Hill et al, 2003) - @ caspase® & ¥ » 4 d 424~3-v f* (initiator caspase) ° “4rcaspase
2892 100 5 7] 1 B e o H o ip 5500 T M5¥ R 2 caspase A MR 0 M E B
(gl Aclme B/ = g fiF o 2 35 T caspase 3~ 6 2 T MUF (T mE
= B AR 0 & 350 b e im e b % s fR{eDNA B 4R g o

4ot i o - Hehlmre B2 F figd Bel-23-9 FREE R E 0 8 ¢ R Lo

~2 i k= F 0 fr- 4w £ 4p 0 (Yuan and Yankner, 2000)  Bel-2 30 B
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2% w35 - I = #Bcl-2 homology (BH) domains > ¢ 3% 7 BH1 ~ BH2 ~ BH3 %
BH4 > iz BHdomains § § 7 & -9 B # iy P {7 o Bel-23-v FF 7257 4 & flw
k= FlFAriimre k= F)F A FH o oW Jﬁ" ¢ 3 7 Bel-24vBcl-x. (B cell
lymphoma-extra large) ¥ » p* % F|+ ¥ ##3 BH1-42 #domains ; @ {5 'fg ¢ % 7 Bax »
Bad% Bid%¥ > # ¢ > Bad{rBid© 7 BH3 domain > @ Baxj BH1-3 domains (Chao et al,
1998) o Bel-23-v B ek BArsF 7 5 b2 * 3 ML FwE k- hrt A iE R 0 R
Vi )= MR 0 B ole BF 4 I Bel-2{rprotooncogene mych¥ 0 ¥ it € 3l 42Blm e
M (Otake et al, 2007) ; FHiimbe = s fo K> R 7 & € @& 4 g8
B 4rBel-24 IRiE M @ caspase 3& BB FF > T A € 514 4~ Hup (Glantz et al,
2006) -

Bel-xp & - Biimre &= F|F > Hd Bel-xi Fl9rig ¥ & = 0 Bel-x 28 7l ¥
P ‘T alternative splicing & # = f31 A RNAAS 3¢ > & %] & Bel-xp ~ Bel-xs % Bel-xg
¥ Bel-xp & A S5k S A & PBel-x2 3 L RNAfe 39 B A 475 1
(Gonzalez-Garcia et al., 1995) o & Bcl-272% ¢ > Bel-x frBcl-24&7 & 4p i m‘—;—f# )
AR 7 3E£56% 0 FIBcl-xpd-v B ihs o)~ 1‘?5 # i frBel-24p§ 4p i > ¥ H
N chin B o eBol-2— % 3t AU b AR = > F]pt > Belexy frBcl-2¢im
k= WAV A Z8g i en s Ty 5 41 BH1 2 BH2 domains % fri# w2 ¥ = F]F
4rBax ~ Bak{rBidi& {7 heterodimerization > 14 F#ri| fm?e & = g 2 (Merry and
Korsmeyer, 1997)° & ® %4 55 % Soph o Bel-xp 3T % 35 & % add &~ > @ Bel-xp
feBcel-2% p Sarnprdp < ok B iiﬁ‘ﬁlﬁ”f 4o 0 A end_ s Bel-2em& I A PP i
FITEME > A S AT SRS  ABelxp PR AN SREFBMAE > LR
mikwr b A > 3o A pEd A FliEE % (Gonzalez-Garcia et al, 1995) °

o :rhbcz-xﬁfﬂ?'l“,% SR BRE AP I3RS S - H AT
W ) BRI T P 2 AR G 2 B Flwmre s o gk 2 il T

R AR S e s b o Ry ASH 0 TR G RPN 0 LR A
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7

13 2 Bel-xp el Smre 2 = s A hE K B A= F RAYTSIAR ) F 2
Bel-xp 3% 24 (L hmre A (L S RPFEY > FE AL F hd-d F (Motoyama et al,
1995) o 55 & 1+ 2% > Belxo oi% B Simi as T 2 SREH - BE R
LEAE TS R
Bel-x, & 4 #r4l4d Sime 5o 2 enii 4 D AR A B AR K e ¢ o F ik 4

neural growth factor » B] 95% 2 } &4l (& L dmbe i AT X 0 e dod L% Bel-xp
VR RE Y i S (microinjection) s 3V 4T x fme ¢ 10 & IR Bel-xp 0 B9 2 %A
neural growth factor > & 73 43%# L~ wme ¥ 3% T X (Gonzalez-Garcia et al,
1995) o pt ¢k » Garrity-Moses & 4 12 B;I‘L#B Bl I,iaa* adeno-associated virus 3%+ Bcl-x;
AT HraiE R4 S A & e (primary motor neuron cultures ) ¢ i 7SR o

TR MA@ R A G Belxp shd PF > TR V@A G A T glutamate F (247
i@ = w2 k= (Garrity-Moses et al, 2005) = ¥ “F > Parsadanian & A #- Bel-x; 7k %)

o B @3RG B R Bel-xy 36 F 4 eh Bel-x, 5 Flig 78| 8 (Parsadanian et

al, 1998) o § 5 10— A R A AT E STRE 0 T AL 6 R R 2 A TN 1
pEm A G et = s e E #t Belxp e ) Benga o A SR ETPE o R A ISR
7= |35 € 0 (Parsadanian et al, 1998) ; W Beloxg B ] B KR T A

PR P bR g 0 R F AR el F d] BDtAe koo @R B¢ b FRC)
(Parsadanian et al, 1998) > d p* ¥ 2 > Bel-xp e Rayg @ M AR S T F WA Sl
L R A

SMA é, E RPN § R e k- IR % (Desjardins and Ledoux, 1998;
Soler-Botija et al, 2002) > % % — 4] SMA 75352 B ﬁ RE R 2L T TR
) ® > a0 & (anterior horn)i& #4¢ 15 L i § i+ ¥ *5 52407 > 1Y terminal
deoxynucleotidyl transferase uUTP nick end labeling (TUNEL)% ¢ ¥ L SMA #p 52
Pk ﬁ—‘« 3 % ehimre k= I % (Soler-Botija et al, 2002) ° A SMA H#-3% /)

Rend kg ? o AT LAFI A R TH & 640 g o nded 0 2 3 TUNEL
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AF TH S e k= IR % (Tsai MS, et al, 2006) - ¢+ » SMA %ﬁ =g Iﬁi“’ Kz B

g F G Belx, 2T F 0l T R A E - Al SMA (A AR BT
=2k ’fzsi‘E' BV EIRLH FREFE A S ) 9 Bel-xy & i i KT (Soler-Botija et al,
2003) > @ %% = 3 SMA & H + > » § F | *a<h Purkinje cells #1737 Bel-x, % %
% T 3R 2 (Araki et al, 2003) © F]pt 0 Ear i@ SMA B AT FRF A LA R

59 % R 4 Belxy v 17 18§ @ SMA chyp A2l 3 » S T1iag enp o

12 =3 E#®z ph

dew etk > SMA B i K § f ARcusp E 0 2 P W X E L SMA
R S ppR e AR A S 0 AP eh S Y SMA ] BUBE £R A T4 e SMA
FRAPI > A A FF B F - A2 5 A SMA | Ry AP
%= A SMA /| K87 Fin#c? o e BIEN G HARA L7242 o 7]
P e PR = A SMA ] BUGE T mand A A 47 0 B P = A4 SMA
JRFEE S LEE Y EmESNSMA | Bbs e H0 0 3R ki o m R o
BiRk NISMA B RFERY - AP T A g R DT e fE o o 4 (1)
MEERHTG E_J"rnﬂfbpi 42 ERS N (2) NE AR AT ERN Lo
= % =5 & (compound motor action potential; CMAP ) ; (3) rzsvp HILr R
%4 U S (4) W;,m«- o A RREIL P2 A R
BEn A HA G IR o Bl o A P SMA ] BB R Y 01 )
B G O B RE Y >R TEET (1) @ HapE(2) 74
igﬁﬁ;(fwmﬁiﬁwﬁ%:i(4)#%ﬁﬂy7¥ifﬁﬁﬁ Eho A T s 4T o
AHT R - BATERLE D FZ A SMA B Rfer ¥ o] Blgprt o AiEH
PRGBS TAER L o ZEANE FAD RN g 0 RE

ER o HEFPL P ANk a? oS NE G TR T RA D
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FZ 3 SMA /| el ¥ KA A2 3 o dg 3l Ak G EHpRT o 5 7R
FEDEVREGE AN NIRDE ot e TR E L £ hSMA ] B5E
BREREL R F e 2 A REAYTE R E LSS = A SMA ) Rcl § ] B R
SMA /] Blfrr ¥/ Har FEepFLiBEas AL B 00 fEhmEkpr
TEIAE R A B T R .

4 C F A imte kS o FER T VPA SR T R i N 0 SMN E H e
d SR SMN 3% Find B fop pBE A T MM Fl2 0 VPA £ 5 iny SMA
GBS o p oy & VPA ISR SMA # 4 N adp AT § 0% B Eh 2 Y = ) SMA

) B 70 ) R i A FERRE T OB MA Tkt s Ao
LAt § = 4] SMA o] BUHC BT VPA B s R 0 LB i3 VPA Y SMA
SR A o b VPA R T R A S AN HSMN v AR EH e o
VPA B0 A R g ¢ T F I VPA 7T AR 4 fuin e B2 BT ehd e itie
A E A p e enl 4 o Zu A T 2 VPA & SMA s ki) o ﬂf 1V AP B
AT SMA o fheh > 7 Pt i&a B T VPASTRE L his R st o

A ¥ - BT EWR L D VPA SR ¥ = 4] SMA ] & > i 54 i
ED A E I £ r/»\ﬂ}’?i PR A FEHH ST E S e SMA

,J‘

\uL

BF s o 2 0h o VPA %0 SMA ehipf 0 Tl B 5 A sl p 0 18
SMN 3-v Fendk R ¥ 77 & 450 i Sediim i = B3 ik v Bagd G A 2 v
Blimeehl 4 o HFT 5 P end D F VPA AR T % T SMA £ I b e ok
I 2 g d K% VPA ¥ SMA ] Bleng sip 4] o i@ 7 3 AT SMA o e
T H B VPA chin R s * o

w2 i SMA A g 0 BT % £ SMN F-v Bt FREFHT
v % SMN F-v B & LA 4e i de o d 3 SMA :})is B m}ﬁsiﬁ—’_f_%‘« ¢RI FLim e
k= F]3 Bel-xp % 3T '% chf§-A5(Soler-Botija et al, 2003; Araki et al, 2003) > F]pt »

F A 4 SMA B¢ A S Bel-xp ik R BV a0 ¥ RS AR A anle e
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= TR e dopt s A kA Y Tk Belxp (T ¥ - B SMA ok b

foen o ¥ LE P i

g

BEEHT 2 Belx, o0& P BEH 4 > BT 12 & SMA

i
PRESTRH PR ET B ok -

ki

hihe ¥ 2 BATT B L ¢S Belx 3 F1# % 5 SMA o] & (SMA/Bel-xy)
o i %0 SMA - B ARt » SMA/Bel-xy /| B4 & #9 Bel-x 39 2 % L8 # 40

® SMA/Bel-xp /] 88 G2 # @i SMA /) BE - & i s > FEgdp

P}

EAZ VLR Rt o F RPN e i k- RS o HEE Y P i

&3 4 SMA -] 848 0 Bel-xp 39 F 4 RPF > £ 7 # SMA R B3 T E Ao
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2.1 FROCP X ERHS LR

201 %- 32 F = AF RO XRi ) &’

Hsieh-Li% % #~] 8= % enSmnfk FIPI'% » & BHE ~ 4 47 cnSMN2 A 51> 9 3
2514 5 Smn"SMN2™" PSMARERS /| B > SMA | Blfr % #ISMAJ & - $ & =
#73 F e B & (Hsieh-Li etal, 2000) o B~ SMAH:S /]

& » ¥ r4backcross ™

L SMAL R A FIAF B 0 T ¢ i SMAY] Bpe b & ¥ «hC5TBL/6T|
£ 2 (5L B0 3 & anSmn SMN2™ ] & et ¥ ehCSTBL/GY | & » £ d B 3 &
# o B B-SmnSMN2T[ & > 3 fet & ¥ ¢nCSTBL/6)) B £ Rt A HA S @
Smn"SMN2""/| 8l ek F1A| % B A v L CS5TBL/6TAI 15 > B B3

Smn"SMN2""|- &4eSmn™"SMN2"| & % fie » ¥ (# SMA-|» &(Smn” SMN2"")» # ¢

- Bline™ 3F4 27 B> L5 EHI % = ASMA/] B 1t % = AISMA
BV BGEFREFA Y A ¥ - Bline R &t 3iE N % LGS - JISMA
/J\ k&;\,‘ o

Ll RAPE R A FERER Y SR RE L RA S e s b
ol PEehp B E T pd S ] B2 A0-K o A VPAIL R B 0 #-VPA (valproic
acid sodium salt, Sigma Aldrich, St. Louis, MO, USA) % *t4¢ * -k @ (0.2mg/ml) > %
H&g* » ZF VPAZ A& RFEFE LA A2 - v 2P RTINS L= ?‘155
St p R * L B € (National Taiwan University College of Medicine,
Institutional Animal Care and Use Committee; Number #20050056) % » & 7= 3 [ 47

PeiEid * 4 R g (Academia Sinica Animal Care and Use Committee; Master Protocol

#RMiRbIMBLH2001132) #745 ¥ -
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2.1.2 FET_% Rpyop g‘ﬂﬁ&ﬁfi\ Bz A

JRGEFA S S BT F T 05 24 Rk T k0§~ 200 #rE eh
lysis buffer (50 mM EDTA ~ 1% SDS ~ 20 mM Tris ~ 100 mM HCL) » & 4c » 8 jig=
proteinase K » ** 65C T #- & 3 I§ % » 2.1 4 » 80 #c* 5M potassium acetate > ¥
kb - ol BE S E U E 448 13,500 3 4C T A 20 A48 0 @ (SR R A D AT
eppendorf » ¥ 4v > 500 #c= 99%¢e f% 0 L AL - A 4E 0 T ",ITT_P e o o4~ 500
M=t 0% FRis 0 o - A4 B RIS R oMk 10 A 480 2 18 12 200 A 2
B SRR R DNA B R > TBH P - e e (7 (5 R & prsdadl F &
(PCR) -

i RS FEARY K R aR5HE R 0 ¢ 7 Lk DNAR % ~ 44 primer
pairs (S1/S2; S1/H1; 1F/1B; 5-oligo/3-oligo) ~ 2.5# = 10xPCR buffer (750 mM Tris-Cl
(pH 8.8), 200 mM (NH4)2SOy4, 0.1% Tween 20 and 25 mM MgCl,) ~ 1= dNTP
mixture (5 mM) ~ 0.2#c = Taq polymerase (5U/ul) % 16.34#= c7DEPC-k » PCRi% i+ %
95°C denature 54 48 > £ %31 cycles=1[95°C denature 14 45 ~ 56°C annealing 14 4& ~
72°C extension 24 4i] » £ 4% 12 72°C extension 54 45 o H ® > primer pairs S1% S2¥
* 121 e ¥ DNA(S1, 5-~ATAACACCACCACTCTTACTC-3/, S2,
5'-GTAGCCGTGATGCCATTGTCA-3"; 1,150 bp) > primer pairs S1% HI¥ * 12 id jp]
Esmn¥y) “f sIDNAfesmn § “,% DNA (S1, 5"-ATAACACCACCACTCTTACTC-3", H1,
5'-AGCCTGAAGAACGAGATCAGC-3"; 950 bp) ; @ primer pairs IFZ IB¥ * 12 i
B % » SMN2#k Fl7g » (1F, 5'~ACTGCAACCTCCTGGGTTCAAGTG-3', 1B,
5'-CAGTTCGAGACCAGCCTGACCAAT-3") ; primer pairs, 5-oligo % 3-oligo# * 12
1 Bl % & Bel-xp 78 F148 ~  (5-oligo, 5'-CTGAATGACCACCTAGAGCCTTGG-3’,
3-oligo, 5'-GAATGTTGAGAGTCAGCAGTAGCC-3")

]ﬁa‘ %fi 1xTAE buffer » ;'Zi-LF'_ XN i{i DN ’fg’ P\ o ¥ ;]Z,_agarose.gt » 1xTAE buffer 2 %‘1 %
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0.7% agarose geli% % » * fcid g #-geliz 7% 4o £ {8 > 4 » EtBr (1 0.5 ug/ml) > £ 5] »
B FHRRTEL > RRTFZGME ~4Ck104 8 B BT AN o
Pewn it B & frdddi F A 10% 2 5 4o+ 2% H e6x tracking dyeiR & 15 0 4r » DNA
gelenit ¥ » S50 KRFFET R A 204 4578 B~IDNAgel» ¥ % ~» (B R

i

2.1.3 2 = Belxy A Fli s 2 80P X S5 ®

d Dr. William Snider§ 2% % P~ {¥ Bcl-x; 7k F4# 78 & (transgenic line 7193, Bcl-x;,
copy number: ~40) » ¢ 2 FldE 7w B ehBel-xp 2k Fld B LA S Ap Mo ds F
(pan-neuronal promoter) a-tubulin®7£z#+ (Parsadanian et al, 1998) o

25 2 A SMA #5580 8 (Smn SMN2™ )4 % & (Smn™ SMN27) % e ts o
R Smn™ SMN2™") 8 0 2 s he Bl - 0 # o] 8 (B - Aa 8)4r Bel-xp 5 FliE
78 (Bl- Af&)2fe > 7 Smn™ SMN2"Bel-x, "] 8 (Bl- Ael &) & # el
| & 4e Smn™"SMN2" % fe > 18 Smn "SMN2""Bcl-x, | € (- Ad &) T DNA
eh— 9 7 F Belxp 378 3L Fleny = 4] SMA fic58 ) & o

ks T BT 4 4%~ A SMA /) & e line 22 Smn T SMN2T) B e Bl - A
W B O(TH- Aa &)fc Belx, AR R (Fl- Af&)2pe &
Smn™"SMN2"" Bel-x,""/ & (Bl- Ael &) L #* el /| &4c Smn " SMN2" % fie >
@ Smn "SMN2""Bel-x;,”"| & (Bl- Ad &) % DNA - % 3 % Bel-x, 7 3 %)
% - 3 SMA 58 B o ¥ % 7 B DNA e % 5 3 Bel-x, 78 h Feh ¥ -
3] SMA 5%/ & > #7% if el /] B 4v Bel-x, 4 Fl#E 78 & (Bel-x, )2 e > 7 7
Smn™"SMN2"" Bel-x,” (Bl- Ae2 &)-| &4c Smn ""SMN2 "Bcl-x;” (- Ac &)
HomiZimee22 cRiE-WDNAY 7 F Belx @7 F > #e2 % ¢ B

¥R TET - REY ZF Belx AT B o-e2 2 ¢ R R
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T @ Smn "SMN2"Bel-x; "] & (Bl- Ad &) % % DNA = %% 3§ Belx, &
7 L Fleng - Al SMA H ) & o

L feiBARY o 3 B 0w PCR &% (R A F A &R 0 LR A Smn » SMN2
% Bel-xp A Flevk gy > 29 > Ra~brc~del2-f2 & ¥ R g ek FlA|#2

FxAckl - B #rom oo

2.2 iF s F Ry PR

running test) > (3) RotaRod ;#% (RotaRod maintenance test)~(4) T % :#% (landing
foot spread test) °

BRACERY R REN -V REEALR (02 90 B)FirFick A F
Fo 2 BRBH A AFEAGER o ] BRI IR AT 0 LT 0 febk
JBUTR IFED D S FEA B TR R ARG R ARG g5 e

LR o ] EEE Y- FA el (2513 24, B 45 04)
EEPRGE o R RAEBN I L - peEpEROER £ h P %
A2 D SR T | BB 6 0 B AR R R
e Hic s ;I‘hﬁ 5 0

# RotaRod :#% #» - #-] B ¥ % RotaRod =% % + (rota rod, diameter 3.5 cm,
Acceler Rota-Rod 7650, UGO BASILE, Varese, Italy) > # 1% 4 & 4 45 8 & c:g B % H
feid o MEFREER L B RAF AR v F ki R § ) KB
Bochik B R R 0 ] B §4.5% 0 @ RotaRod &k B #-p #87 ] B At
o P AT OPRER > B BLARE L T AIEAE 3004 0 B2 30045 5 HE S o

A

) RAGEVRES £ RT BRI s RE TR > BRiEl - R

{

kT o] Baud de gy ,é;’}ii” PR F AR AR eradR P R ﬁ% o
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BT R 0 AR Rena gy s Bk o ) BRI AR 2 30 @
AF AN B REAT T ot g oy M R A S grenEr R
LEA Tén)t\a,g_;}pﬁm&};gg_ TR NBEHR T RREL - SEETHE R

BB L 4 0 RIS (k2 B gy B R g e -

23 LA

#-] B2 60 mg/kg ¢ pentobarbital 1 M VEix SRS 0 0] B A 1S 0 A

;!t

-n\1,

Rgp P B3 s b o @ H ol E Y B a0 B Bled Tl et ;']rllft )
o 70%e R A e 0 % £ k7 - BUA ] sciatic notch 8 A B G2 2 B - K 1

DT o BAB AT R g f8 s edo b A 35 (sciatic nerve) R g 1 K o T
{1 (supramaximum, square pulses, 0.1 ms duration) d §; % (S88,
Grass-Telefactor, RI) % stimulus isolation unit (SIUS, Grass-Telefactor, RI), £ %
constant current unit (CCU1A, Grass-Telefactor, RI) > & % I #1& 7 & 1] % (bipolar
electrode stimulator) » #-* & T & % 30| Bk 4 5 AR EA0NRE o Bk
Pty MR Pl Rk d A g

R g T G R R E (bipolar recorder, length of 5 mm with the two

needles 1 mm apart) > #-H d | B%r e fosrd L7 2 5w F 360 R
(medial gastrocnemius muscle)p » e A AL T Al 0 T € e LK A TR
HEE o ¥ EEAR govp 1 F (neuromuscular junction) 0 & R ILE B E L A A
BAEAUN R BAER DR @ B LA A 4 g B 0 VoL~
preamplifier (P511 AC, Grass-Telefactor, RI) > (i3~ 50 & » 12 bandpass filtered
(30 Hz & 3 KHz)iE g pt A 4 1+ A5 (myoelectric artifacts) > 5L 1§ % 3
MP30 & 34 45 (MP30, BIOPAC system, CA) » %7 6% ¥+ &1 D1 st » 2%

% compound muscle action potential (CMAP) -
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BOAT R UL i B B {r i MELR EESE (peak-to-peak) 0 T L H iR g
(amplitude) » £+ 5 T TR EI A &5 B 2. FEE > T 5 H P
(latency) o 4E P2 vep EFERIER B2 =8 Z o - BRERRI 27 T 1
B gL s Ber iRk A dRTEA 2 B L SR 0 Bl B Rl A g
#1718 1 CMAP 2. & by o BepF & % T 35 T (8 4 Lo BLen CMAP dR tg{oBeps o 4 #
B EHA G AN gL FAGEN i GREE RS o st T L
A GpE s fap e AR B 2 JRIE Y € D o

W EART 0 T A IR S RGF I L R A g A e 0
B CERM) R RERIFAEM SRR o F SR B A Bk v AR
B o MEFALFAE > T LALLM E > BE AR T ) F 0 LK

AEwfp e

24 FREpE P

#--] BU* i ¥ chpentobarbital (120 mg/kg) 14 P it s8] Bl% B 5+ 5 s 0] B
Fi F A A2BT 0 B e 30 10%2- 455 ++ (neutral-buffered formalin, Fisher
Scientific, PA) » @ s i& FH&E% ¢ (hematoxylin and eosin stain) KR F S

¢ (immunohistochemistry) % fluorogold > + i Hi_ (fluorogold retrograde tracing) °

2.4.1 Hematoxylin and Eosin% ¢

BHIEABS HRNACT R - 5 M e F AR B o A ke

*

(Tissue-Tek VIP, Sakura, CA)#-# #5% -k 2 12 7 ¥ (paraffin) & 32 > 2 {53 &+ JHIL
WieEr B & - P LT7%E K B (crosssection) r # #2 F 2 BFRFIES50E K 0 2 {4 iE
FTH&EZ ¢ > @ {53t % 5 ks (Leica DM RA, Leica Microsystems, Germany) ™ gL

2T Fe iz AP 0 Bt AMetaMorph software 4~ 7 (MetaMorph version 4.6r5,
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Universal Imaging Corporation, PA) °

A A E G E48T5 - & e P AE conucleolus 2 Nissle body % 45 ¢ > & A ik
BT e AL R 3R S o d f R 3t (central canal)d - kT A s 3 er
F Bk T A2 W e B (gray matter) © A0 & (anterior horn) F 3 ¢ A T 2 1B B
2wt ARG BT DG 0 e R A RN ) i
RN L Tﬁﬁx“f UARER A G T EAGADTAR A KT PP T

BRI Tl R G L L F A SRR A

242 LB EHY KA

EPRATREARS HREE 2P PFE 3 15% sucrose 3R ¥ 3 ) BFE o 2 (830
T 5

4 CTEe & 30% I sucrose ;A ® BRI LA K H D X LR adfod s A
v

B-ABEE ST OCT P i & § % isopentane B-i 7Rk > @ (8 E 1204 2 P8 1EH »
EOEFTEN > FRIE 20CKksT CEREFEFLATERLS -

#-le o7 3 rlphosphate buffered saline (PBS)jie = =t » & =t54 48 > £ 1
blocking buffer> ¥ 7 5% goat serum=7TBS-T (10 mM Tris—HCI/pH 8.0, 150mM NacCl,
and 0.1% Tween 20)* 3§ T &2 1] FF > 221811 7 3 — Fduk (primary antibody)
TBS-T3 % *4CTiv* [Etk > @ - 2 H)ER # 457 ¢ anti-choline
acetyltransferase (ChAT, & & # 4§ =~ &3z, 1:500; Chemicon, Temecula, CA, USA),
anti-SMN (1:500; exon 2 epitope, labeling both SMN1 and SMN2 protein; BD,
Franklin Lakes, NJ, USA), anti-neuronal nuclear antigen (NeuN, #! 3§~ {&3z; 1:50;
Chemicon), anti-Bcl-2 (1:200; Cell Signaling, Beverly, MA, USA), anti-Bcel-xp. (1:200;
Cell Signaling){ranti-active caspase 3 (1:50; Abcam, Cambridge, UK) - f§ = > "/ TBS-T
Rz oo B ESA A 0 @ fs4et 7 FL (secondary antibody) s sk Fbd

(fluorescence dye-conjugated antibodies, 1:500; Molecular Probes, Eugene, OR)z2_
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TBS-Tia i e 3@ T FREFF - B ] pF> £ UTBS-Tijk= > # X L5448 -
4v » DAPI (4',6-diamidino-2-phenylindole; 1:10,000, Sigma Aldrich) * &54 4814 % ‘o
e £ - A MTBS- Tz =t » #0508 - X FETFRR Gt » 1 E
P T F kR e (fluorescence microscope 1X70 (Olympus Optical Co., Japan)
B X pe £ & st (LSMS10 laser-scanning confocal microscope; Carl Zeiss, Gottingen,
Germany)gL % » 7 12 SPOT software v2.2 (Diagnostic Instruments, Sterling Heights, MI)
4 o

07 fRme A s it g o ) RAEL - B < pF s & op gy b 100
mg/kg BrdU (5-bromo-20-deoxyuridine) > =@ = % > 2 {$ &% L - B < pFi-]

R B o [ L4 ET 0 BB ZEE 10%2Z 45+ 2 F > 15%

N

b1y

sucrose ;2% 3 | F¥ » % 30% fsucrose AR MER 0 % X BT ELE Y OCT p

>

e

AL ¥ % isopentane Pk skif o A SR AR P BIEFw R E R TE N B

Ber 5L PBS i is 0 1 g 50% formamide £ 2x standard saline citrate * 65°C #-
DNA denature 2 -] F¥ > £ ¥ ** 37°C 2N HCI 30 4 48 > £ %7€ >t 0.1 mol/L 7
pHS.5 boric acid ° 2 & 4o# it > £ 12 blocking buffer blocking 1 -] ¥ » 2_ {8 11 - o
BRI ACT IR Ik m - P2 HOE AR ¢ 357 fanti-BrdU (1:200; Chemicon),
anti-NeuN (1:50; Chemicon), anti-glial fibrillary acidic protein (GFAP, astrocyte %35
1:300; Chemicon){r anti-von Willebrand factor (vWF, = g P A %2 {£35; 1:50;
Sigma Aldrich) ° F& % > 4v » = fi¥ R > @ {80 X 5 £ B ks (LSMS510

laser-scanning confocal microscope; Carl Zeiss, Gottingen, Germany)fL % 4 47 o

2.4.3 Fluorogold ¥ & if Bi_

#-] B2 60 mg/kgiipentobarbital 4 M VeI S REAS 0 0] BLE A 18 0 -H A

4

r;;:p_p %’_%:«i;[,hf‘;i » T E-H G Bk e 18 g e L ;hjulzfj » T 11 T70% ¢ ﬁg,}if; g 12130
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Gx1/2%m 441004 HHamilton microsyringe (ITO, Fuji, Japan) > #2204 e
fluorogold (Fluorochrome, Denver, CO, USA) 11 = 4 4& | fic = ik B A %18~ /| B
B opleE g aee o 2 {5 R BB T ) F o B RTYRILBE L REE P H
moo
- R H ] RLAIR e BT > 12 10%2 48 5 R T 220 B 12115%% 30%

EISUCTOSE; % i -k » &% = X B4 4L E »YOCTP 4% & § % isopentane ik 7k if 18 >
FAfPHIER e R ERTEL o @ {8 0¥ LR s (fluorescence
microscope IX70 (Olympus Optical Co., Japan)f 2 4 47 ;I » 3225 3w eifluorogold

BApA Tk =4 ehsynapse TR fc 0 F e B FREi@ RN LA PR EHH S A

ETIS

FAFE S AN ATRERY PP FREF G ¥ kD o B R AL
ﬁj;fé ﬁc:e,-'_‘ y @ ’f'axonp 5«(/] yﬁ‘-#dﬁiiﬁa};%g;gmo Aq\,%q_i,';zol{l_k?{"l ,-‘::‘J-_}.:_E_ 114

PR P i A G FRE R G AR o TR P T F kg T oo

2.5 wvp I g

#-]- B % 1§ & chpentobarbital (120 mg/kg) 14 "L %53 b H#- ] Bl% B 5 > Js o] B
pler ] B g e s & R fpl e Bg 9 (Quadriceps) 2+ * (s p|Hamstringd“p B~ o
Rz g ot o Bl 0 kL) BRE o et bt B o @ R R

VUi R T L B % 4 ¢ & adenosine triphosphatase (ATPase)% ¢
251 AR EBE XA

#-Hamstring *“f %8 T 12 10%46 5 trixi@ 2 - FFis > # 1 15% sucrose %
e 3ol 2 183 4°C T e 2 30%: I sucrose AR P BRI LA R B X

#vep B3 OCT f /4% i ¥ % isopentane P& 7Rk > @ (&£ 104 k27 7 {8 svp
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BT B R R IS E SN 0 BRE 20CkHY  EREFREAAT RS
4 o

Hevep e sy B PBS ik Z 5 0 & = 5 A4 > £ 1 blocking buffer *t %
£ T blocking 1 | F¥ > 2. {511 7 3 — il » ¢ 3% anti-neurofilament H 200 kDa
(F 354 52 1%32;1:200; Chemicon)% anti-SMN (1:500; exon 2 epitope, labeling
both SMN1 and SMN2 protein; BD)en TBS-T ;3% >t 4C T %% [tk > ¥ #h > 12
a-bungarotoxin Alexo Fluor 555 conjugate (1:1,000; Invitrogen, Carlsbad, CA,

USA) k& 74! 553ep < Ji post-synaptic muscle end plate 7% ¢ ff % > 12 TBS-T

o

=i

ez o B A S 4w @ (84 2 Fu¥ B FUE (1:500; Molecular Probes) i

~c.

FRTHFREFF - B £ TBS-T k= » F =0 5 Addo e n
DAPI (1:10,000, Sigma Aldrich) * & 5 # 4814 % sm%2 70 £ — =12 TBS-T ijix =
FoBXESAE FNFRETERRGGES > FYFRT > T UF EHMES
X g &R HCE L% > T 11 SPOT software v2.2 iE {7 4 47 o

5000 fRvep e A o it eI g ) BUAE 2 B0 & PR AT 8 150
mg/kg BrdU » = /| B2 13 #] B $5% > do o S BT (50 o b i 2
B vl g s ok BB IESE R T E K e B oo 2 {4 12 PBS et o
i * 7z 50% formamide £72x standard saline citrate >+ 65°C #- DNA denature 2 &
o P LB 3T 37°C 2N HCI 30 4 48 0 #1872 7€ >+ 0.1 mol/L 7 pHS.5 boric acid °
2_ {8 4ok w0 it > 1 blocking buffer blocking 1 -] FF > £ 4r » — 3% anti-BrdU
(1:200; Chemicon) ° Ff % » 4v » = Fui¥ e Fudll > @ {8 10 X 55 £ & s (LSMSI10

laser-scanning confocal microscope; Carl Zeiss, Gottingen, Germany )L % 4 47 o

2.5.2 ATPase % ¢
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-

Beo] Rlw BpoeBT 88 0 B dRfe vop BT OCT P ik i % 2 isopentane -3 7k
Hoo@ R R bR R BT e B R 15 E 5k Bkt § 200k
¢ BT84 ATPase %4 o

ATPased ¢ » 5 % FHILIRE T o AR T Bepg 2 Bz ie 2 pH4.3 2 acetate
buffer 104 4& > @ {¢ <L 12 ATP incubation medium (1.6 mg/ml ATP, 0.1 M sodium
barbital, 0.18 M calcium chloride, pH 9.4)*+37°C™ & {7 myofibrillar ATPase* 204
4 > & 11 1%+ hcalcirum chloride>t % 78 T /27234 45 » # ¥ 11 2% cobalt chloride *
&34 450 B {8 4e » 1% ehammonium sulfide (% 34 45> F 2 mﬂ;fr s FFERE
02k B HcA LR 0 3 2 SPOT software v2.238 {7 4 47 0 & F50Cp fm¥e eh /| o

vup B - A3 R IR % (muscle-type grouping) e

2.6 kﬁi’gﬁﬁfﬂ”?&rﬁ“ ﬁﬁ'};}@

#-] BU* i & 0 pentobarbital (120 mg/kg) 2 7L ¥ b Bl B 5 5 Js o] B
AR IR A BT § 3o r 1.5 % A aneppendorf ¢ o 7 & R T 4o ~ 1 % H e Trizol
224 (Invitrogen) > % homogenization » ' = 4 4& 12,000 ##% & &.w 10 » 45 > 2 {8 #

b

v
X

I ¥ - gz eheppendorf ¥ £ 4c » Choroform 200 £ 2 » 3 & (64 % 3
Adso B R LS4 12000 i 1S A& LREERREAS R Y T Z KB

RT3 ¥ - gzE cheppendorf ® 0 4r » isopropenol 500 > FH A EHFE 10 4

~

&8 > L 11E A48 12,000 $&:E Hre 10 A 480 2 pFF A eppendorf T €5 - 0 ¢ gk
/J» ‘:”rJ/ dgk D) m fbﬂh;}'j%’_ 3 (F ”Q ’ -4‘: DS 75%1—’]’1/?3‘]*}‘3: ’ 11—4 A;\k 7500 ﬁ'ﬁf %ﬁ_:u 5 A,\fﬁ B
RN /—g’-”)g y 4y o~ 100%m,ﬁﬁ‘- s NE A AS 7500 HEE A 5 a4 B b ,‘3‘_

AR §zis o 4er DEPC K40 2 5 pt 3 2 RNA A% - 11 2 % 2 RNA A% T8

N
¢

» B~2 1 £ 5. RNA 9 RNA 3 7% & 7 {4 f RNA & ## 4 (RNA reverse

transcription) °
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12 Promega Reverse Transcription System & {7 & 4% o * 200 #&= eppendorf
® 4ex 2 1 ® 5. RNA 5 RNA ;3 /% ~Reverse Transcription 10x buffer 2 # = ~25 mM
MgCl, 4 £ 2 ~ 10 mM dNTP Mixture 2 ¥ < ~ Recombinant RNasin® Ribonuclease
Inhibitor 0.5 # 2 ~ Reverse Transcriptase 15 = ~ Random Primers (0.5 ug/ul) 1 =
= 5 I 2 nuclease-free (R R BARBFAFZ 202 « BRI FE®
FERETIONEG A BT ACT 15,4 a3 95CT 5,4 B3 4CTH
b ks e AT iB e cDNA B R KT R 200k E Pl 718 e = & B & prshd F

R o

B

¥ 2 8 B & frdddd F & (real-time polymerase chain reaction)® > 4 %] 12 =
i primers/probe sets (SMN+7 set2 SMNA7 set)i& 7 & i » SMN+7 set® eforward
primer 3 5’'-CAAAAAGAAGGAAGGTGCTCACATT-3" > reverse primer 5
5'-GTGTCATTTAGTGCTGCTCTATGC-3" » @ probe 3 5'~-FAM-CAGCATTT
CTCCTTAATTTA-NFQ-3" ; SMNA7 set® eraforward primer 5 5S'-CATGGTACAT

GAGTGGCTATCATACTG-3" > reverse primer # 5'“TGGTGTCATTTAGTGCTGC

TCTATG-3" » @ probe 3 5'~-FAM-CCAGCATTTCCATATAATAGC-NFQ-3",
SMN+7 set® Z_& ! 7 exons 6 ~ 7% 8:cDNA & %7 > T i & > £ ¢hHSMN cDNA ;
SMNAT7 set¥ Z_& 1) Zexon 6% 8it 7 7 exon 705 %7 > T8 & 2 7 exon 7¢1nSMN
cDNA (Sumner et al, 2006) - I #% Z_& & & #4848 & &> Roche LightCycler 1.5
(Roche, Basel, Switzerland):& 7 » & - i #& 48 4~ %] 12 SMN+74-SMNA7 primer sets 4"
7 HcDNA Zz £ » & 1 B-actini® % internal contro]l » # - 2% ¥ £ == » # %= =X

il Rk

2.7 & > 2% % (Western Blotting)

¥~ B * i § dhpentobarbital (120 mg/kg) 14 L it b | Bl% B 5+ > Jo o) BAE
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420 4 #gB~T ¥ ¥ >teppendorf? » 4v » S00#c 7 F v FFFr4|AH (Complete™
proteinase inhibitor Cocktail)eH 3~ B 44 B~/ (20 mM Tris-HCI, pH 7.4, 50 mM NaCl,
1 mM EDTA, 1 mM dithiothreitol, 0.4% Nonidet P-40, 0.1% sodium dodecylsulfate
(SDS))E2 » Fhomogenizeis » #-eppendorf® »t 7k F 304 45 > 2_ {5 & & 4812,000
iR g 104 48 0 £ B /ﬁ‘mzﬁ% ~ ¥ — eppendorf® » I B~104c= /3 7% % v g’f
T E o P20k 39 B 11 12% SDS-polyacrylamide gel 2125 R 45 & B T i {7 T A »
£ - ) P04 4518 H#gelB~ 1 > # f 3 transfer chamber® > I 145K 3F T R T 384T
#-3-v 7 transfer I polyvinyl difluoride membranes (Millipore)2-| F% -

@ {$ o #membraneP~ 1! » 2 TBST buffer (50 mM Tris-HCI, pH 8.0, 150 mM NaCl,
0.05% Tween 20)4r4% non-skimmed milk % 5 & &J22/] BF > £ 1 7 F - Fudatl
TBS-Ti3 24 CT iv* k> m— fadndi 2 HER & 457 ¢ anti-SMN (1:1000),
anti-Bcl-2 (1:50; Santa Cruz Biotech, Santa Cruz, CA, USA), anti-Bcl-x;. (1:500; Cell
Signaling), Htra2-B1 (Transformer-2 protein homolog beta 1; 1:1000; Abnova, Taipei,
Taiwan), anti-phosphoERK42/44 (1:1000; BD), anti-ERK42/44 (1:5,000; Upstate, Lake
Placid NY, USA), anti-phospho-STAT5A/B (1:1,000; Upstate), anti-STATSA/5B
(1:1,000; Upstate), anti-a-tubulin (1:4,000; Chemicon)franti-B-actin (1:5,000; Santa
Cruz Biotech) ° Fg % » MTBS-Ti = =t » # & £ 54 48 > @ {54 | #% 7 horseradish
peroxidasez. anti-rabbit or anti-goat I[gG TBST/% /% (1:5,000; Chemicon)** ¥ %" & &
20 -] P¥ > B {12 chemiluminescence (Chemiluminescence Reagent Plus, PerkinElmer
Life Sciences)gL % & % - #1 {8 8% 2 AlphaEase densitometry (Alpha Innotech, San
Leandro, CA, USA)i& 7 T_& A 7 °

2.8 a4y

BT EES T aE s P 1 f 2R (mean+ SEM)k £ I o Ad w4
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M4 # @ (continuous data)svt #4457 ¢ - 12 Wilcoxon’s rank-sum test % 3% & 2 fF e
FEETF AR o 0 BFHEWEE % (categorical data)sirt 4 47 ¢ > 12 Fisher’s
Exacttestk ' e Fen % £ FF £ L 2P h [ RATI " w2 T3 27
Y@ H i 0B PF > 12 Wilcoxon’s signed-rank test % vt 1 F kw8 eni & £ F
£ R o f] B3 A 17¢ 4 Kaplan-Meier analysis % 2 $73 /% & & ¥ r/log-rank
testhk b s menF AW AL EF LR o
LT i Y o § Bk p & (two-tailed p values) ] *t 0.05 BF > B %

v

S eaBgF AR o @ itk 02 STATA #ic88 (STATA sofeware version 8.0;

Stata, College Station, TX, USA):& {7 & 47 ©

34



N
o~

i
Ly
i
e

3.0 s FROUE KSRl BB LR 2 2

#20 8 % =3 SMA ] B4r20 & & % ] B> W H BBl LA 5 48
FHZBIEA 2B N{ B xZLoBILFELT R EE ) RAYA

ML EE A T % DAL AR T ARILA

301 ) BA5 08 A4

FARE I RAET LR 0 RAPIPRIEI BT A5 bF b & &he

2 SMA ] Rk & folt ¥ /| Bk & 4pt 0 SMA -] Rk £ 9 & ¥ e (B

S A) BLEEF 0 ESMA [ B3 A s BET BiH R IR e

PRAEFEEAREPH o4 A FARINL 0 N BT <> SMA ] Blrz

¥RAPVE DK 0 DG R AR ]

=
LS 2
f‘

AALK s e 2 18 s SMA | R
PlR BN 1&}5@’?7 PN g > 5 B Frd ha A A X ﬂﬁr A5
B RREHLE B L 0 b B ASIER P B 4G ISMA | BT A D

OB F > PP RFEFEL G TRREFE A LY RO L EHEE

Wi

4
WG

Pw sk (Bl Byogtdh o =B 2 AR A SMA ] Ryl ¥ &0

WA DK 0 RH it B ARG B SMA b R i ke ¥ T Lk

NN
=
=i
l\“'
ﬁ‘“
i:“‘

BETH > @ K] R Ry R F R (Bl O)
SMA | Bfcit ¥ e E > 473 pEcehe 2d - ¥ @ a3 o d 3*SMA

JRELZ B TR e P RRG R BTG O g

P BUA [ e92 % 9L (gastrocnemius muscles)B T X AL E 0 #-d g £ T

p=F “éfu;z B E o Pt lcE R A ) Bl KRRy o thBE 0 P4 B!
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u, , Lug(u-,t SMA g;‘v,,L, # E’&f‘-gﬁi (E%f] D) LL A._g: X %\SMAJ \rﬂ’?’b}lﬁ
KA B AT PREIGFIR L o AR R LT A F R
v B 5 F] L SMA| B eEg It & SRE N gt W AP AR B enth ik o

3.1.2 ] Bi@# 5 5 iR

[

MG o] RenuBdr i iR 2 2 R AR - ##hiR% - RotaRod 5%

2T kR o

ETIS

TR R AR Lo LRt B4R
AEEE e FEE R BT 0 O HfeR ®] +“Lry o fh RS A IR
PEMEI R (M2 A)e st 0 SMA | Rk £ § A e 57
hET LR BERS L OPE B R R A u e fBiE
PRk LR ETd RROL AT AT S 20 SR b

TRAR b n 0 A SR ET - A IEFH N R VP RT E W S RanFdiR
AR BRIV LT LSS T aRFILE (B2 B & &FEL” D
L@ PR L TR e S G RSk R o

#- L8 SMA | Rfr- L83 FRGHATEZEL LA Lo Bis o AuiEiF
frl

¥Ry BEHS L RHRDARY FEPEDLE > R A4 B <ot B

il

dw BER L ER BRET O HZ B A for B L pE > SMA |

< pF o SMA ] Bend iy et F BAL (Blw): MEAZE%K? » SMA /] Bl#9ri £ 3%
FEA & Bl (P=0.02); iR 0 SMA /| 47 gade cnE B (P=
0.01) ; RotaRod 25 ® > SMA -] Bl iy 4% £ it (P=0.04); T {%
¢ o SMA (| BT K pEA %k B oenpedii < (P=0.04) 0 SR % R4 % = 4] SMA

R E R G s B DL B 2 R EL

3.1.3 )

A
&3
|
|\

B
g
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PEmTET T ) R A SR AR RIESICN e T RATE
R Il Bk Tk is 0 ¥ % Bt 5 — biphasic sine-wave signal » # 113
PR L RS 242 (BT A)e 51 @ anEl i CMAP > i@ *
Pl E Plgpse R AP LA S FR R AR A 12T 15 REFR > rF
sine-wave PR g 7R FTF R 4 0 @ T e B ACHE 15 REFPF S IR T RE
plateau (B]7 B) > IR % % 77 #* sine-wave %x &_CMAP » F] 5 AT T]ik% & i)
BE (123 15 %) > R Hlged A ia i hd b4 g p ord eopd Sk & eh
WEARIGHECL o @ E R e T T B 0 TS 1 i AR S 0 ] AT g
BLF) M ek o e BEE R s R A Fle @ R AN A R pgais it o ppE
EHASeR TGRS F € RAGIREE < > A e id i 0 TER
plateau o d 3% > S 0 20 REF T PIER R DES A T NEETE G
WEL G CMAP » g fljgre B it 91y ofd o o

g PTG Y 0 I SRR TR BT L R A S E
PSR R TR EREFH SR AE T A RPN g
S RO REM T AL P ESMA B SR P R Au el 4555175
2950 e F R TR EIIE A PR CMAP $R15 0 B %A
5 o) Behe st CMAP drtg =~/ v 2P B LR (BT C) B2 5HF 271 7718
B IR R T A E P BEHA S S T

B ¥ LESMA ] Rfr- L 8 ¥ RRHEZEL LA Lw 215 Ay
WA TR BEET N B 3-640 9B A SMA ] Rcl ¥ B2 7
S1ICMAP JR15+ | * @M BE B > #a ot - B + s SMA | & CMAP
gt ¥ B (p=0.04)(FlZ D) A gwm i eEd > &r ¥ ] &2 SMN | &

#718  CMAP Jeps ¢ B P B A e o
304 ] BUF Rm A e
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w100 fRT e & %3P (spinal anterior horn)s#! i~ fn e fE 5F frim e <
| B enkf tald s B~— & & Hb9-enhanced green fluorescence protein (Hb9-eGFP) £ 7]
] B ood 3 H eGFP el Fl4A Id @ H4d 5 A & - 2 RieF  (promoter) Hb9
S T ] BARN Gt e ? o R ERA SR 6 G cGFP L B ¥
EoB o]l R B Y ARFEFLE R DTBRNHA RN FIRTRTE 2P (T
FHE) A ¥ REABETERE BAPES > B P H&E 2 44 0 £ 11— 4L
kB B TR S AR o BIE 100 BA g ARG fF o T T
FEAPBEELFTLEBA LA AT Lo B0 0rg Ehi GAPE G F

3200 Bk T o AT et 2LiE g A g oG A E ] 2 400 Hok T 2 ()

= A) e ’F‘l%b‘l‘% TR AR LR 73&"“'}&‘]%%1” %’:‘E‘:é“iﬁf_"
400 Mok TS o AT R AERA SR B G L3 200 fok T gl g A

#4524 interneurons 3 B & fF 4 T 200 31 400 pof T eopd i
PlEIRE T ERE ZLFHAHN 1 hme o

B h$rpErehz L8 SMA ] Rfrs L &0 ¥ A8 & R p A
GAnBR o SRHET 0 2B ] 3200 Mok T 2 43 200 3] 400 sk 3
1Y @A EE SMA | Biri f RZ B A A T AP DL R
M bR AT 400 Bk T AT (TR A T) 2 9 B E 120
4 thd e SMA |} B RET & BB R S ARARD ¥ B (p=001)> @ 3
B2 67 %cha e SMA | Bicr § Bz FREM A F (F= BC) &N
%7 SMA | Beh ¥ Bd fo AT > @RS SR 0 T b s ol pe s 45
PO T ELAFERAF 4008 T R g (HE- AT 152
20 B)r @ A g AFEE A LR S A (B - AR P T X3 100 ) o

H 3 E A pELNSMA ] B> 3 FREEd A A% R T ¥ ) &b
Wb AT R BA3-69% 12 AFF s W H e E 5 1.02209540.17 %

06> %iFd AWV FIR (B> d)> A7 97 * thy = 4] SMA /| Bz @F 4 g~
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90D BASA 63 OB A 2 [P0 ¥ iR 2ty

9L LR T A A i
CEH (6B X)) FEEHRAGANBARALETE AL QI 12B %)
7191 PIAB e o

2t R A 00 Bk E S e AR R A R Z 0 TR

#4177 400 1 500 picsk T >~ A3 500 3900 Ak T 2 & 3 900 figk T o A

L PAR ST e e R ¢ L "*‘?r‘}i‘ff'-& B AV I =

i
e
3

-\»\
gt

_L&.

W

W

3.2 4 valproic acid ip F # B UR X SpuE o) B

#-% =3 SMA /| RS A 5 VPA ISR B2 B0k Rishied » 8] B6

7 <425 B VPA 04 % ok ¢ (02mg/ml)is | B4 % s VPA SR F 1 ) 8 12

B2 Ao ¥ Bl &R VPA LR Z Ripfh Dl ¥ /) QBT R dnT i 1 IF 5t o

s L 1""2_ ﬁé J u:\ ¥ A Fé‘:%(\’ j\’I‘r_ J H*\m&%;é A aﬁl;aél’é‘l%l\’ g%

%% - RotaRod 2% % T i85 o ] 6B ~ & Aipf+ > > SMA /| B2 1
F RS R a2 FHH A e FE R BRI g & F Ep iuen
(B- A A ] L1237 <~ pFs @inK e SMA /] B2 8% 5 > fr 5 i
Bl PR TIREF)RL a S 6B VPALRKISMA /| & » Hi@d s i £

Tt @i ch SMA | REF RS (p=0.02) ° # &Rl ¥ | Behd mdp i o

FOORT R 0 S VPA R SMA ) RA R R ¥ R (p=001)>
= BiE% & VPA 5K ihSMA /| Bcl § ] Rz BT P it kb o

prek o A RI2 B < pF s v o) R E gt

BT EEFLR o@ A2z wA
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117 k&% SMA | Repmg g R ¢ FR L B p 4 B0 Az #gng £
Pl R E iR 2 #cim o SMA ]} Bt 1 F REEF ROl > &4 SMA | & s
Bved g o LSMA [ R 6 B0 VPA SR 1S 0 12 B0 A pE o
o £ % 1) B E ST 2 BB R o SMA | B F R (P=

0.02)>) Efrr ¥ KEF L AP A2 (B~ B)> * & VPA s f 5 2 ip .‘{‘fﬁm

WA
BT AIEAATY A2 H T F IR SMA ) R A 12 B P < pF o F ]
Bz o f A g ps e B i CMAP 3R1ET P AT " Il % o 28 @ SMA /| &

B VPA SR 6 7 (5 0 30 12 7 < pF > 2 CMAP eh+ /] el § /] &4p 02 -
2 PEHE A SMA ) R CMAP 4 (P=0.02) (F1= C)« it 2 b » SMA /] &
HEER §IRET RE B AR BB R LA EENR YT

F16 i e VPA LK@ " (Bl- D) -

322 FAREEHA G AL 47

51 FE T VPA *t SMA 05 v %k k p >t A BEE #4 £ 2 ini®* > SMA /)
HAg 6B hVPALRE » BH AT 247> Tl ¥ HZ Rk
SMA -] &+t i o

B A1 ChAT $itB:e (7 # 47 P i A ¥ K 2 d » ChAT 2 EFH S~ % -
BOF o F G A T LE RN SR o L R 5 VPA 5B ch SMA /| B
2ZFREEEA S AT REISHDSMA ] BE 5 (25+£2.1v.s. 16£1.6 B/ 5 ;
P=0.02) (Bl ~ A,D)

d 3 EHETE S VPA s SMA /| Bend B dodd (O A G B AA LR T
REC) o F LR EE R HRE 2L ¢ 2 kA4 | RE&H S Atht [ AF o &

H&E % ¢ & » -4 Re@ 54 5~ (2 6 o % 0 400 T = ik )2 6 6 A = ] A
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% 400-600 ~ 600-900 % = > 900 L = figsf = Jo» 2= o d SR F ME A G
A% B A VPA 5 5 SMA o) B4r & 5500 5 SMA /] 8200 6> A 457 L5 37
WAz Y mA L 15142 LI(H > BE) 2% 84 7 VPA i ock i
AR AR i8R G 0 m VPA BT R i@ de Al (T e iT T ARt o
Be Al b R %A VPA o B F % M RRE B A S0 AT 1 it 4 0 e VPA
i I SMA (] B A s e SMA | Bt 5 hd REE R A o A o e F
oA G AR E G Ha R v As o 31 #R 5 VPA LR e SMA /] Br
Ao 1 SMA J| BU s et S hE REE B ISR — ¥ R AT A e A
F A FeT R cngh R (axon) 0 B EMA G w R B2 (retrograde neuronal
tracing method) k % 7 @ i » 2% v 1 fluorogold 44 55 & = &9 synapse ¥ Jcfé »
Foo @yEw FRganud@dep S e A S Ik o LRI 0 & VPA ISk
FISMA /| B2 % & kKRB FoM 0 A BB s SMA ] B& 5 (12.5+0.5
v.s. 7.9+ 13 B/~ & ; P=0.03) (B~ CF)
i G VPA (s i SMA /) Blge i F /] Bl '?x‘iﬂ%‘« R ORI W 'fﬁ esE
B4 S A HED 9 5 15K 90% (P=02) (B~ D) 2 A FLL > %G RS ¥
£ A eyt axon i@ d A A Fep o W —*Ff 95 185 e 75% (P=0.02) (B~
F)»® RREFOI ot S5 N L8R VPA g v B FREERH S~ aul it
CHP GG 15% @A gl L ey itihaxon THE L2 B G @ A

WAL o
3

323 vep Ao goep LR

Bz Al Bl ek ol Sk 3 R 0 A5 03 SMA | B A

VPA st € F iR o

¥ o) Bl Egael ATPase 2 (pH B 5 43)% 4 16> 7 L &% - APvep Bl
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(type I muscle fiber) & JLiFE#d » @ % = A|9vp G (type Il muscle fiber) & 353 4
§ 0@ H- AR RAEATIEEN B A % > P b Adpd (B4 C) e AA L=
B X RS2 SMA /| Blaiiw gt APase 2 4 ¢ {60 7 LRy a2
B Aol o & - A BRAEATIE BB 0 % - A]ep BB EN R HER A

- 4= (muscle type grouping) > # & SMA /| Bawep 5 34 4 50 R %
(denervation) (B4 A) o SMA /| Bl 6 B VPA e te > F it B 4% 5 3%
AR (B4 By WMo faaf e ffR: (1,290+24v.s. 1,117+22 T2
MeE K S P=0.02) (B4 G)> &2 H % - A[rep Qasribant Gl A ISR SMA /]

% (56 £3%v.s. 75+5% ; P=0.03) (B4 H) > pt2b > % — F|oop G pb /@ o
FIR % e VPA o (6 7 e -

M {8 iE {7 -] Bl {s % hamstring muscles P& B ¥ L4 & > A SR e

B

neurofilament H % 1) % ¢ chpd f 4k ' > A govp 2 i 38 a-bungarotoxin % ) 4
¢ & post-synaptic muscle end plate » fit ¥ -] Blemvp ¢ BT g cnkk d gl i
8 € JF » ¢ i post-synaptic muscle end plate (B4 F) - A% & SMA -] & 12 i
1P = & ¢hend plate § A S8 HIFE~ (B4 D) 536 6 B 7 VPA ip
B MU GIEEER S T A (794 5% v.s. 62+3% 5 P=0.04) (R4 EI)
Pt Gl F ] BE L (P=0.04)0 2% R4 T EEA VPA SR T RS SMA o]
B e post-synaptic muscle end plate & 4! iR » b B> (e &2 R 2EF LB Y 0
A °VT‘ Pz choiEd B 7w I & SMA 5% /| B ehpost-synaptic muscle end plate
oM SR ER Y BH IR % (neurofilament accumulation) (Cifuentes-Diaz et al,
2002b) > AR TP o LB FF ARG SR E AR SMA - & (B4 DE) >

£ = B2 VPA e a2 = 24905 SMA /) BLAVCE #735 e & F &R o

324 SMN 3-9 H{c SMN2 & #1434 47
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L3P 7 VPA S SMA /| B2 4 P AR cis » 2% ¥ 245 2 VPA *t SMA /|
Blerp R84 - 2 VPA /5% 4 SMA ,é,"fﬁ AP B e R R AR e o VO Ao b
i SMN 3¢ F - SMN 3t % RNA ¢4 3 (Brichta et al, 2003; Sumner et al,
2003) > F]pt 35 VPA (5 o SMA -] B> 7 A B A 45 2 A8 SMN 39 Fir
SMN 31 & RNA &4 7 o

PUE  BLEE A H5 ) B RER S SMN Fev T 5 £ 3 o-tubulin 57 B
B RRBT G 6B Y VPAISRE » SMN 5 [ eng £ 3 F RIS S SMA
JREF (0.35+0.03% v.s. 0.26 £0.02% ; P=0.04) (Bl AB) > &t s L3 i
ief SMA ] LA R 0 SMN F-v B 7 £ ¥ ¥ ) B& 1 (P=0.01) (B -+ B)-
peek s VPA e i F ] BT g A B A AR O SMN 39 B2 2 (Bl AB)
PEETRFLEH L RN ASMN i R R R AREF g VPA LR
fo 7 # 4o e SMN F-0 FARE G "ot g iz A ke 8 5 e g F IR
VPA #i 4 SMN 3¢ f % JLer i » 424530 VPA #i 4c Htra2-Bl ehd JL45 4 4 ehit
* (Brichtaetal,2003) > 2@ 3t 427 ¢ > &% I_SMA /] B& & F | &1z & F
EiE IR 0 A2 F RN e Htra2-Bl 7 £ EA4p e (Bl AB) o

57 7 f2SMN F-¢ F AN RERY GAp haF o B ) R L LA
FeFd o 2 SMN A8 % SMN F-v F (%4 ) iEd 4 55 ~4kse ChAT % 2
FhAH G (¢ )(BL-) e 57 L axGink SMA/ &Y > 73 304 aud
o4 g A chimse T 4 8 SMN 3od F (31£5%) 0 @ SMA /| R 6 7 e VPA
PR fs o B GIBEF A Se (494£2% 3 P=0.03) (B~ - I)o SMN F5 F tim®e 1 p
B EF S L5 gems i A MHITH A A5 (Gubitz et al, 2004) 0 3

A E N dhgems B #F F IR SMA /] R S drgems TRl ¥ &
b e 5 iE VPA Jnf féogems e A F i F (1.1 +0.2v.s. 0.5+£0.1;P=0.04) (B
L - Ky pt %% 4 SMA /] Blen® B@ 4 5~ ) 5 VPA 5 (8 973 4r e SMN

g\\:"] ’Fﬁ" U}_f {F’ ¥ br’}rr,)o
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BEF R R VPA A S~ ) AN A 55 SMN2 5 F1 & T2 AR o 1
P 2B R L LA F A ] R REP 2 & % truncated SMN 3 & RNA 7
£ > #2 Beactin L RNAhz £ ivfr > 2587 0 56 B " VPARRkis » &
e SMN 2t 4 RNA 2 Bl iohSMA | K& 3 (P=0.02)(B+ C)>
% VPA ¥ 3 i& SMN2 promoter a1+ » RagH £ - 2 2 £ SMN ;L & RNA 3
£ {r truncated 3 & RNA 17 £ 4p f? Wl d B g (P=0.08) (B D)
it & VPA ¥ ¢ SMN2 #L Flenigéxr A 4% > & i & RNA ek ik -

d 3t SMN Jov §'F 7 A REER A G AP ERNE S T E RER
SMN F-v F7n fiep fe? L3R # g fEeni®*  (Rajendra et al, 2007,
Cifuentes-Diaz et al, 2001) % 7 7 j2 48 F VPA i 7™ € B T|op ﬁ‘« n SMN
F-v %ﬁrﬂg:& G O = I R %‘«’ FEEHELI 12 SMN FAE L ) SMN F-v
F(gd)(B+-=) B%7 R A5 0H SMA | 8U~p mp > SMN F-d F
AR ERLE GRMD KL B SMA ] B A6 B VPA LR (s 0 B

58 i Y AR B 4e

3.2.5 Fimre E-= T3

WA APMA T B F IR > VPA & 3 BB fiwie k= F|F A IRE frdlmie k- o
it* (Leng et al, 2006; Yuan et al. 2001) > &_r £ ¥ % 3#4£ % 12 VPA i5% SMA | &
(50 H AR hpLmie B FIF 2 ARE T F ARH BRI -

PR2BY ARG H2Z SMA R ~56B" VPA 2R SMA /) &1L %
THEPER AT P REZATELRP LR FIE W RT L SMA | &
Bcl-2 frBel-xp @ @ fiim?e = F|F 2. A M E R ¥ ) REFHRM (P=0.04) (K
L z) #m SMA /| B VPA o ts » Bel-2 frBelx chz £ v g ¥ g (P=

0.03) - i3 77 7 % %+ > VPA 3§ ERK /% it @ 3 v Bel-2 ¢4 R.(Laeng et al,
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2004) » fgtigd A4 E IR 0 VPA i SR 4 7 SMA | BUF RN BERL 1
ZEOLEERLT

), S is 1Y ERK42/44 hg £

ERKA42/44 rﬂg i (P 0. 04) y e A B
i 4% 18 ¥ ERK42/44 ehjg i o5

VPA i SMA -] Bl iE:E Bel-2 £ eI % > 7+ 3 &

%A otz ¢h s d 3 Bel-x, A4 A7 FIRE £d BifE ( h STATS #7i &

(Dumon et al, 1999) » % ¢t & +7 SMA /| B % &g STATS 2 £+ R » & h L ape it

2 pips it e STATS > e VPA Jo % 2 & 05 e SMA /]

HE G ap DLy

P 5 BEor VPA 4 BER Bel-xp snGE T > 5 VA AEEH U g T o @
3

-

VPA # Bcel-2 ~ Bel-x, % gifis it ERK42/44 crd i2 F TF ) RAFTFER (P=

0.04) > &4 7% 7 VPA thit* 2 H 7 B3 SMA /] & -

A RA M2 LAY X% ¢ 107 f2Bel-2 2 Bel-xy - F a4 84 i

W 4 4 Bel-2 2 Bel-xp 39 B (2 d ) A

] g% > 11 Bel-2 % Bel-xg. Jfﬁ-"ig A
57 0o AAE0%% SMA

EafEzsNeuN L @@ H o1 ($)(BlLtew)e 2
§RRA I 5 A i BT F 40 Bel-2 (48 £ 9%) % Bel-xp (41 £4%) 3¢

E;‘\"C‘ ,/["4,

o @ SMA | B 6 B Y i VPA Jaf {5 0 04 GIBE B 54 (76 4% > P=0.04;

59 +£4% > P=0.04) -

326 A iglmre 4 o A G e 3 4

B2 hme AR B %2 T ST 0 VPAL § BSR4 A ihaiv e
(Laeng et al, 2004 ; Hao et al, 2004 ; Liu et al, 2007) » F]4* £ % A SMA | & # #g¢
WEDH AT F VPARGEN Slwre 4 & drgdy o

&SMA-] B111 » % P& » b 4 = % *> %0 %22 54100 mg/kg/day BrdU » 2 15 12
VPA A LB P > & f ] BI2M 7 4 PRaed BB T > UGB (5 B A o B FREA R

L4 BEP w3t (central canal)'itiT 0 F % 3F 9BrdU{rNeuN (4

Bk d v 4] B
E A E 4 ¢ hme (BrdU/NeuN double positive cells)
2% 7% & BrdUL& % eF-3) (Bl+z A) @ IR % A S VPA

Hot 3.5 5 1000 @

NeuN i % eim?z ¢ 5
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ioR SMA R ¥ @R T 0 0 2% B VPAASMA | Reisf ™ A2 52

9]

Ginte 4 R TG o @ LT EVPASE 0 ASMAY} R RN ¥ G FEER
BrdU{=ChAT (& & # (5~ th:e)fF £ 4 ¢ (BrdU/ChAT double positive cells) ¢ &_

BrdU{evWF (a ¢ p & P2 f53e) i€ 4 ¢ chiw?e (BrdU/VWF double positive

cells) o

“,f B2t m A E S VPAIL R 0 BSMA BLE BN ¥ 5 ¥ BrdU{-GFAP (3¢

LW R e fR3e /astrocyte marker) € 4 ¢ chim e (BrdU/GFAP double positive
cells) » H % X284 3 8 & F4EY IRt @t T E R 0 SVPAISR FISMA

] Bl (% 1000 % GFAPE % im# @ 4 7+ 1.5( ‘% # BrdU™ & T %)W &5 0

SMA-|- B (# 10007 GFAP % fm¥e ¥ 5 2+ 0.8 m*e HBrdU™ & & %4)#F & ?

£ BrdU4rGFAPEE & % 4 chims (P=0.03) (B~ I B)> 4* % * 2 VPASMA | &

i TR A ) e g 4
3% § arep el BUREY Y 3 Mtrichostatin Ain R ORAE SR e L

4 Gty 3R 2 (lezzietal, 2004 ) > d *MVPA{ctrichostatin Ay 5 HDAC#Hr#1]4] » #

gt B S VPAJS Ry ciSMAY] Rl2 3V 387 A 45 0 07 fRE o fwre £F G B4 A

L eI % o SMAY] BE6B ¥ % pFE “VPAS RO 2 15 it - B2 2= R A

254150 mg/kg BrdU > @ 6] pF2_ {5 #- ] BUs£ 55 9vBeT 22 3 3 U BrdUd g :E 7 £

BEHFLLS > BEVRL BRI mE ERMAOE FERRL N A Tp
4 %13 & BrdU

%"‘ 3 2 A g it e v (denervating change) » A % 4 .

T et (B4 1 C) Hom &SMA] B  vop e » W ig (i £ H VPA

P/ SR EA LT TR CE S es N
3.3 &2 Belxy A FlE B2 A R0R X ) B0 36 Bel-x min ook

B~3 % Bel-x, #75 5 Flen = 3] (Smn "SMN2"Bel-x, )% % - 3] SMA H5¢
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| & (Smn "SMN2 Bel-x; e Smn "SMN2" Bel-x,”) » AW F T A G 4 0 8

foo] RGP m %A -

3.3.1 Bel-x #6785 F]2_ 4 5.

B - AZE®EZF Belx &7 A Flo% = 4] SMA | & (SMA/Bcl-x ; Smn
TSMN2""Bel-x,"")% % § Bel-x, &7 £ Fleh% = 3] SMA /| & (SMA; Smn
FSMN2Y Bel-x, )i 7 45 > F P& db— RKenp F ) B R
(Smn™""SMN2"Bcl-x,")

BA R Belx AT £ Belxp 2 39 F A 5 23
4 Bel-x, #7 A F)eh% = ) SMA | Rfed | R 15 > B2 A ueFH 4R
N Bel-xp ~ SMN % q-tubulin 77 & 44 45 o % % % 3 > SMA /] & % %P ¢ Bel-xg

ZERDT Y EM (037+£0.04vs. 0.59+0.06 » P=0.04) » = SMA/Bcl-xp /] &
Bel-xg 7 £ # SMA /| &% (0.69+0.05>P=0.02) (Bl AB)- m » &% E_
SMA/Bcl-xp -] & & SMA - 8> # # &g «7SMN 3¢ 7 & ¥ ¥ -] &< (0.23
+0.05,0.18 £ 0.07 vs. 0.55+0.06 > P=0.03) -

%7 1 f2Belxy 30 FAVMAHGAP e F s B ) KEML LA F
X% d > Bel-xp #48 % 40 Bel-xy 39 B (29 ) 1A E A 4R3s NeuN 2 i@ &
g (BF)(BL= C)e 177 L SMA /| Blri ¥ -] Bl4pde ?uiﬁ" IR 4
Al G2 e BT E 44 Bel-xL 39 B (35+£8% vs. 75+ 6% P =10.03) (B -+ »
C,D) > @ ** SMA/Bcl-xp -] B » gt ¢ e SMA /] BlAp b BEF H4e (72+£9% > P =

0.04) -

3.3.2 ] 1}/‘?571/ t«g/”\’ﬁ
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P~ 41 £ % = 4 SMA/Belx /| H4r42 & % = 3] SMA /| & » & 2478 G P
o i iT = & fhif B o SMA/Bel-x /] Blens iR SMA /] HEF & £ (20
+2vs. 13+£2>P<0.001)(Bl--- A) + ¥ ] RenzidE 2 i 23 3 & (Flurkey
etal,2001) > @ X F 77 & 2 — e SMA/Bel-x, /] BLE FE@FRF A3 2# > 225
Fiw- & SMA /| B7¥ /54282 # o

peb s 3t BU12 B 7 4 pF > SMA/Bel-xp ] Benk ¥ i SMA ] RE 5 ¥ oF At

FASMA /] B2 R P Fi% 0 @ &2 RAIE S 5 - X a9 SMA/Belx, /] B2

D nn e (B2 - B)e &4 8 & SMA/Belx, | B f4gif 2 A - v 4 L2
&U’Q}g‘ /}J %-ﬂ-ﬂ bii:'l'- 1}};' ) Hii%ﬁ#p;ﬁ%#pml%‘/a’ﬁﬂ

TR I EHIFRIEE L (RS- )0 st % %4 7 32 Bolxy 5k )
i

v PAREEELE SMA | ReagEFlF > tha2zzrp B8R ¥agd o

B~ 1217 4 ch% = 4] SMA/Belx, /| R~% =4 SMA | &% & % | &% 48
O AFE] BB R Rk kTR ) @R a0 THA RS B
RotaRod 5% % ™ % i85 o % % % 3> SMA/Bcl-x. /| &' SMA /| & & & 2% (P
=0.02) ~ ##kE% (P=0.04) ~ RotaRod :#% (P=0.03)% T jZ&% (P=0.04)+ 3%
7 G E IR (BL ~ A 2 SMA/Belx /| el ¥ ] Hehi@deor it 325 % ¥
#ZP AL R o

AR AEAY o TG B A 2 R F A g o b g R g e
53CMAP ¥ LSMA /| 8 7CMAP 4515+ ] v it # /| R F & ] (141 +5 vs. 160
£3:P=0.04) (B+ ~ B)» @ SMA/Bcl-xy -] &7 CMAP R4 ¥ -] &5z » 300
SMA -| 817 CMAP P &g~ (161 +£5 > P=0.04)

Bk AR BUI2 B0 4 BE > SMA/Belx o] B~ SMA ) B2 & ) Rt
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T E T ARFLR (B A~C) e m § | BH ’*‘“:ﬁii&‘i",ﬁ% YRge] R g oriE
2 Bl S Ao BLeep R AEPE > Bl B SMA ] Bt 1 F ) BUETE R [ (049 +
0.01% vs. 0.56 +0.01 * P =0.04) (B ~ C)» @ & SMA/Bcl-x, -] &Rpl4et ¥ -] R4
i #t SMA ] B AR, (0.54+0.01 0 P=0.04)° gt % & & Belx (4 7

AR e SMA ] i@ d# i ~ L F R 2322 CMAP + ] & b vep 2

334 FREE 6 55 HILA 4

B~ 120 4 0% = 4 SMA/Belxp /] 8% =3 SMA -] 82 & -] &% 4 &>
M-H MLRRIN BT 4450 F £ 2 ChAT fliie (7 4 sy H end B 3 R 4 o v g
> SMA/Bel-xp /| Bz ¥ 4 f i S AP R SMA -] B& % (24+2vs. 151
/*» % 3 P=0.03)(B+1 AD)-

d & % H_SMA/Bcl-x /] & SMA /| & » # ¥ k@ fo 4 5~ ch 0] AR

BT T ) TR E Ty H&E 24 2 kA4 BLE R A 5 A s
A F o b HEE % ¢ 7 0 B REERA KA (e w ff S 3400 T 2 )R 6
F A% % [ A 5 400-600 ~ 600-900 % % 3+ 900 T firsf = dm oo 3tz w4 ul R F
B H4 5 % AR & SMA/Bel-xp /| & ~ SMA /] el ¥ ] Bz v B A
SMA/Bcl-x; /| &4 SMA -] B4 457 L > SMA/Bel-x -] &+ SMA /| &4} # 5
] @ d A 5 A (400-600 F 2 ficsl) (12.8+1.5vs. 7.5+ 1 » P=0.04) (R - 1
B.E): fe & @ & 600-900 2 3+ 900 L = firE of el A2 AT F AP oS
@ %> SMA/Bel-xp /| &4c ¥ ] &4 457 L 0 & 2B & 400-600 2 600-900 T =
Bt el gz s @aP A ko L@ ¥ ] 8 SMA/Bel-xp | BT i b i

WhA A (230900 T = Hrk ) (25403 vs. 134025 P=0.04) o pt &% & 4

1 Bel-xp #78 gL Fleni®® (ol 3 B RG] anBdop S m R gufdep
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e IT AR gLt o

d 3t Bel-x, € - B4 x= F|F > 57 7 f2 Bel-xy A Flig s 8 F 7 0
SMA -] 8% kgdd g~ ehlmie = » FFEGE) AL LA F KL I o 12 active
caspase 3 #ui8 4 ! active caspase 3 ((= ¢ )> 1A A fEiz NeuN 4 i@ d 4 5~ (%
$)(B+4 C)» 5 activecaspase 3 4 ‘m" 3 4 mie = Bl L kA 0 F]
#oactive caspase 3 It Zeniw e W A I AE{TimiE B iwe o AT R o
SMA/Bcl-x; -] 8¢ SMA -] 8473 #. > NeuN fr active caspase 3 & & & % iflm¥e
(1.3£0.4% vs. 75+ 6% > P=0.03) (Bl - 1 CJF)° st &% &7 > Bel-xp 28 Fli 7 cww

TR SMA ] BUE B S chime B o

3.3.5 % — A|Bel-x £ Fl#& 58 SMA /| &

L3R 0 Belx AT AT VL ¥ = ASMA/| Rz B H EE & 5
fe SR AR G AT 2 e S K RS 0 Bl R E R A% Bel-xp 2R 7
Y ARBE % - AISMA] BL& BLEE et sk o

B - AizJ&® 7 F heterozygous Bel-x; & 78 L Flen % - 4] SMA | &
(SMA/Bel-x(+/-) 5 Smn "SMN2""Bcl-x;"") ~ % 4 homnozygous Bcl-x;, # 7 #k F| %
- 4] SMA /| & (SMA/Bel-x(+/+) ; Smn "SMN2""Bcl-x,"*)% % % Bel-x, i 78 & 7]
¥ - 3] SMA /| & (SMA ; Smn "SMN2" Bel-x;")ie 7445 - 5 4 > 1 d = g%
e wliE T H A BN Bel-xp ~ SMN % q-tubulin e177 & e4 47 0 B % F IR
SMA/Bcl-x(+/+)% SMA/Bcl-x (+/-)/]- & # %&£ 0 Bel-x, 7 £ % # SMA /] & 3
(0.43 +0.03, 0.40 + 0.02 vs. 0.32+0.02  P=0.04) (Bl = + A)» &= o2 2 & kgp
1SMN #-v & 72 & TREEIR o

7 {53258 % — 2SMA/Bclxy(+/4) ] & ~ 16 & SMA/Bel-x (+/-) ] &4=17 & %

- AISMA/ | & » ¥ A4 H AR 25 PR 2 o3 AR RNA T AP E L
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£ (8.7+0.5,81+04,85+0.5) (B= ~B)> & £ Bel-x; 4 Tl 7 52 58 7 11 4 £ ke
A ($=9)SMA/| e iR > x @iz £ REEd (5- 2)SMA | R4

R
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et

=
|

4.1 &2 FRpp Rl BRI RiTh 2

411 %= A RE £ HE ] QB

wr L SMA B b i R T ¢ 0 < 30 i F hSMA # b 10 LS - A (B
AN 2 % = A (¢ B Aot ) & (Chang et al, 2001; Lesbordes et al, 2003;
Haddad et al, 2003; Azzouz et al, 2004) > @ iZ& /] L ¢ Z G5 »ceisfy o % € &
A 40 R p g rd o d g ) Rend 3HEE FFERISHEEFT DFTHK
PRATFEE - G ek R EE §OFIE IR RS R ET
FookeEp o BF E AR R S A T - 3 G 0 - BHEFRGUME 0 oA Fn
iRk FERREOEFERI A4 0K aF B P F) RaRAE )

A PEE L R & VI R e e L o F R R o gt b o d gt ) BT
S T A RAE ) o At BT 2 23 B B RELIGE FAo > 6 i B
PRRTARBRIERE D A mT Y TA P B F 2 A SMA #1558 '/
(A aF o Rl E 2R 2 RHARTIFL - B2V PRI 2

SMA & 4= fi-3% o

Toik b oW SR ha $ SMA L ¥ gieiTe derep 4 Rl wend g
b2 e A G REREPN GRATE G > B FF 0 R TR Y

#H%%JH@MM¢mw%ﬂ%ﬂ’aﬁkﬁﬁﬁﬁ%wﬂ’*%A?i%’

Vv g BT A RER Gy R RS ~ g Bf h4 45 (Zerres and Davies,
1999) » > F_ A ptih~ ¢ 5 FatqRk AT P GREG 3 0 F E RF* A SMA /) B
NP oA FREF = SMA ) B BEE R A S A R 6B X PR AT

A9 ApE s FREERA GGl p fol KoL B > RHT T1% 5 B A
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PROB T AP SMA L RF RRIIPBESGEFEF Fho L TR X
HRerm g s A Gl RI2BY A VHERETIZRE Y 0 (1 SMA | Rl

A B R i CMAP Rt v 2 F ) B ke o BlZ L - B

2

F_*

TSR UG REE G AT RERA E 2t b A
i BT AR i) RARASEF > d LT ER - Ao E

RSB AT R AR AR e BEA R AR > T R

FHZASMA /] BnERA > P HAOBRY <3 123 ApF> Fle MR F
AREE ~EE A é‘@:atimp%ﬁr,— R R P I NTVECE .3 4
B %2 A SMA ] 82 5 2RSSR IR i 2 SMA | Slehis R F RPESGE &

g RHE & oo
R%Ed > 3 Hv 2 B SMA /| B 7 42 * (Monani et al,

2000; Frugier et al, 2000; Le et al, 2005; Jablonka et al, 2000) & 3 7= 3 ¥ 3 H > & -
ol B2 A ) SMN A F R fﬁﬂf NI RRE A S AT s

5 & SMN & Ravr a ¥ @R S v g2ty €2 ad d ;¥ - 35 >
E - g B2 e B SMN A F R fﬁﬂf SRR e Blaa R o R
&7 SMN 72 R G ¥ EdFN Sl ¥ 2ARM e F g & F0 B Hox
WAp I ¥ H A GG 0 A ¥ A 4kehd 4 (Frugier et al, 2000; Cifuentes-Diaz
etal, 2002a) - » F]pt - B AR * P KAk - SMN A FF) “,fi SMA #5 ]
& (72 B3 (Frugier et al, 2000)> & *03% ] BAEpM £ 5 % #gF 4! 5~ ¢ 5 SMN

AFEIIAFIG > R AAMERA G g2 A2 SMN v ag 3t e d g

BT A F) Ao dwoe 4k £ SMN Fov BUT5 1Az eni® b 0 9702 0t f8 SMA S
J R A LR L SMA B K MM S i 2 I 4 TR 2 LR

% HSMA [ B e A B2 § 4 4115 heterozygous SMN 7 F171°% 0] B -
FWA LG MR R k) ReA FIADR e SMA B R T AR #

7 28iE ¥ e SMA #5058 ) Bl(Jablonka et al, 2000) - ¥ ¢t - 2 & > £ & SMA | B #iC
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e SRR 0 558 R Smn A BP0 Se b A BT SMN2 AL FIHE ~ 2 41 R
SMA -] 8 (Smn"SMN2"")» & 7 it B8 #048 » ek #5 SMN2 & Fl2- R4-£ B 5
AR e s F £ R SMA -5V Rz i E R 2Ry 20 W03 2 3% (Monani et
al, 2000; Le et al, 2005) » §ix % JI38 55 A7 T e Sk 2t
A ¢ o ISMA BN ] B o] B - 3% e Smn %—rﬂ?’l"ﬁ% » T e PR

A EEEn SMN2 A %) > @ 8 5 A 513 & Smn SMN2™ ¢ SMA #55% - & (Hsieh-Li
etal, 2000 ) ¢t Fk F] A fo % FR 4 4 57 SMA Ifia B Z_4p I &0 (Wirth, 2000; Watase and
Zoghbi, 2003) > X & - SMA -] B 4 # SMA s &~ L R= 87 I o s Jo &
B IR G A FR AR BT g i o F|P A2 HTA T E & * 0% = 4] SMA
BN o) B0 B~ Rm4s SMA 558 ) & (Hsieh-Li et al, 2000) » 14 backcross = ;% %
Lt SMA -] Bleih FA & B > Te-H ¢ Bcd SMA ] 8lfe it ¥ C5TBL/6T )
B0 2 (PR 3 & eh Smn"SMN2™" ) Rpe + & § 5 CSTBLIGT /| R > & f ot
o & Smn™ SMN2T ) Bl F1 A4 B i L CSTBL/6Y A58 1 0 BB B X
Smn"SMN2""+| & 4v Smn™"SMN2"/| & 2 fie » @ 5| i ch% = 4] SMA /| & > 2
f2i47 SMA /] RRARA T — ReNPP 4L > FFEIRT & - A fefdsr1¥ ¢ SMA #5%/)

a5

Ji

A e KEAH? P Fwn R RA L7180 4 % = 3] SMA /] BF 1=

B SMA B R % IR L RRRES C ATFo R i (0 2 ok i

_7‘\)}” o
412 ] RARA 235

Reh= AT BB L PA T 150 A EE - ##538% ~ RotaRod 385 2 T
75;55,‘%}\2: I8 o B tEE Fé,‘%}t‘ » ¥ s J Eyud 3 i]fl; Hy ”"‘3—:—;5‘_'1%‘;’- ;}‘]\H v &l
VoA e o A R R P ] BRI PR TR R R T

AL E R o Pl AHEBESRY 0 ) BB R TEER R § 2 BBk £
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c gl B R 4 PE S Hpa s anpE e > A S E 0T B kR

¥ & ; m RotaRod :#Z% ® » % ] BT s » T ad T s 2 @gdpF > ]

t

&

=

T gre g b em a0 BRI BE FIL R A TE 0 ) By

'

3 2

E}“
H

Rl B g B A de T s i A S T B R R

N

g’ ’J‘ ke

Paa)
F_L

LfE P AR 0 L T RCE S AT R ) Bk 30

A
3\
pal
hty
»

PSP 151 B e

kg

B m ok g Kol BT Ay s RALE AR T s
Bl B (5 ae Bk gapl s Bl ) RLAT PR 0 A (A i g R BTR

A/—.

. L . .
SO W N B W

$ow ok 2 AR RIT LY RS A S w %k BT T e
Broob L RCE RE A P T OUE LA (S AT R g iR 6 IRE > F)

£ >
IR A (S S w Yrdn 2 B AEER - ¢ K o b fBAE R R kR T R )

Beni@d i o d 3 Ame P 7Ry chx =2 A SMA B H a4 54 B2 4
Uit B PR T E N R S B FRD L BB L% & iz SMA

PR RS AREHFLEF DS R F TS L FRETAR S FP A kT
v RIS T §ooeE 1T SMA (] BIE B TG Y o
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#IRF Belxy 2 T ' R Ao ¥ - 4] SMA a5 2 F %Etf‘:f_f%‘i poo HE G4

ekt
P} e Bel-xp % T % (Soler-Botija etal, 2003) > @ &% = 4] SMA £ F 1+ > ] ke
%‘« 7% Bel-xp % KT 053 (Arakietal, 2003) o ¥ & SMA #5538 &+ > ¢ &
MR enimre k= e T A E R A S L glfic B R 0 % 3 TUNEL % 4 ehk BT
F S e k= IR % (Tsai MS, et al, 2006) o @ *3# 2 *~ 3 R > Bel-xp e R &
SMA | Ren# &P T o« 3¥& 0 2% > Ak Belx, ¥ iF 5 - Z#4 7SMA /5
i

R o Bel-xp (A Pl 8 A B 0% - A SMA ) Bl 3 K70 ei s vtk o

o> EhE 2477 > SMA/Bel-x (+/+)% SMA/Bcel-x (+/-)] 8 % % 7 Bcel-xp 7

F_&

BYRSMA | RB e RHE GEFRT L 2 2 PR AT AP LR

4 Bel-xp AL FligE s e 2R v 2t £ e d] (% = A))SMA /] ez S pFF > e 1
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i LR pE ] (% - A)DSMA /] ez B R - 3t % - 4] SMA BF o ApE
BoAd g iR T Az e 2t PL 2 pE ) (Soler-Botija et al, 2002) 0 fededt B E ep m F G
T o Bel-xp snF FIE AV i . F R K59 % - A SMA ) B > L ERA G
bl e o 2tk i R 2 i Bolxy A P17 5 SMA/Bel-x (++) ]
8o 2487 Belxp kR e SMA /| Blgpit > 2R 5 BEF ek 3 > Rt AR T

H2d enx (R4 = 22— B) &7 it £ SMA/Bel-xy ] B e /& B F e
SMA /| T &P 7 ¥ - B¥ e

R P AR g Z A& % - A Belxp 2 Fli e ] B A TR & AL

SMA/Bcl-xp(+/+) & SMA/Bcl-x(+/-) * B Bel-x; £ F1'¢ .4 B 240 5~ 4p M x
#>+ (pan-neuronal promoter) a-tubulin #*7c#> (Parsadanian et al, 1998) o }t fz#> +
o-tubulin A (g chd SHPPEERE S AN GAEEFEY BEF RS
B AN S AL AR QBB EY 2B - LA gz A A

IR RPF o P ELE S aE R g ARk (Gloster et al, 1994, 1999) o *t % = )

Bel-xp A Fligz - &> ¥ 5 A @A T Lm sl 4 Gtk Ko Fla
#7 fcd 3 a-tubulin (975 14 0 F]pt Bel-xp 39 B &% = 3] SMA /| B A &P 4

2

AP g 45 o eApfen A > fad 3+ o-tubulin &% - 4] SMA | & > d 3%k
BF I L B m S GAgF R Al PSR RS AR Ft o
Bel-xp -9 H % - 2 SMA /| 48P hA RE R34 > LFE i LT 22
BoatmgkaRFIpod 2 pE -

#-Bel-xp s 48 Ml b et S o LR A S s & e P & IR Bel-xg
BF o Bel-xp ¥ 5 A 55 Flak £ %5 neural growth factor @ 314z en = F R
(Gonzalez-Garcia et al, 1995) - @ § 12 ’ﬁl?}ﬁ ¥ :)ﬁa% 1+ Bel-xp 28 %) {9 Ps@dp G
LR R WEEFTISHREF TR EHH ST glutamate F MO S dnim e k=
(Garrity-Moses et al, 2005) o gt ¢t » >+ ER e ] B P 0 3 Belxg 78 Fl# 78 0] B

HPEHe A DS ord S g A Saz = AR F ] Bakn g
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HER > ¥ LF el ¥ dv] BAprt > Belxp A F1 78| BaPge R Flao]

(Parsadanian et al, 1998) » d pt ¥ & > Bel-xp eh& ey ¥ 11 '8 M & FEE R4 5 4

EX

N S me S o AEAY R - XFEF T 0% %

4] SMA /| B ¥ &P 12

\H

%_‘;—‘]ﬁ}ﬁ,‘_% JT\‘fg 4r BCI-XL 3“5 %rrl;’ﬁ%\ K‘E‘_ E& ) 71 OF% Caspase 3 _#L mﬁé i lﬁﬁﬁ;
TR FRESA GG > A0 Belx 39 Fend3 A4 77 &

SMA | Bl 7 " M B8 dop L mbie k= ik o MRS H ELag= o

o

Bel-xp € - B diimbe = %3 > ¥ 0UP Flmie N e kS ok o Ra o0 H
34 Bel-xp s G T oA B AR S dmrg st 2 0 G OV AR ¢ S E
e = ] TRV PR E gm0 @ B E_ A Bel-xp SELUP < & S
= @ ¢ (Dumas and Sapolsky, 2001) - )*I.%iirllﬁ WL TR e Belxy dupa kT o
spiral ganglion 2 #¥ jf~ e = ¥ EEFred] » RFEA KA PR ZAEFRG D

it (Hansen et al, 2007) » ¢+ % % 87 » Bel-xp eipf 7 ¥ oac F @4 me 54 =
P

¥ @ 2fcme izt o ARa idHy ¥ s = A SMA /) B¢ > & 3 Bel-xg 9
FILA R AL FRERHN S A e A= o a Y SMA ] BB deoa i £ IR

AR o P G AR AR L o ]t Bel-x ¥ SMA hitd o i AggiE T B Ban
¥imre k= e o
B e s SMN Bod B foimie B 4 & chad i 5 #4243 4 RNA o0 4

(pre-mRNA splicing) » #fm?2 F > SMN #-v & § 2% snRNA fr Sm 39 F e & =
snRNP> # £ ¥ §[ |+ snRNP i& EH T e P LR e & RNA er7 25 50

“ > SMN 3+ {3t & RNA 7 2 4p B (Pellizzoni et al, 2002; Gubitz et al,
2004 ) » i@ F e DNA e 28 ¢ » SMN 3o B ¥ o fr B-actin 92 r,\-@@?]
2AGeR a2 £F B > SMN 39 F ¢ {- B-actin 2} = K & 8 > 1 FT 24 B-actin
@@?Jf’f?ﬁrﬁﬁ’éﬁéj » 5™ SMN 4 Z ¢ 3 SMA > ‘mmﬂffiaﬁﬁﬁié‘ré%
FRB c®L gy AL HFRBel-2 9 F{o SMN 3w 3 P 23 8% (Sato

etal, 2000) » ¢ ** Bel-xp 7 #_Bcl-2 #2% - A » F]¢* Bel-x 7 # iv + - Bel-2 -
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Hfo SMN § gt B en2 3 (5% > @ ipfi2 3 (5% 7 i 7 244 SMN ch& g >
A £ 520 Belx & SMA /] B¢ e winfe & s 0 3 Bel-xe & SMA 595 ik

PRILFTELR Y EdRE S E‘iﬁ{ﬁ.ﬁiﬁéém’?é’}%«‘ frd] > F & A RKiE-

kAT E ¢ ISMA/Bclx | BB 2R A PHERA LT ¢ BI % g
BRI Aow wYrdp § G Rdp i AR A RRA T XHEI R
gr F A Lo pt B % £ 7 Be AR Belxy ik FlEE T M BT £ SMA o 8 i A
RrzaF i H@dsan ehEg 22l B8R §F a4 ook i@ % H&E
Ad E Rk BEEHA Tk o & F > F IR Bel-xp # 78 £ Fleni®* ol 4 &
O] B A S o @ IR B B AY A iR (R ARSI o T o
Bel-xp 755 ¥ SMA |- B e 227" & 2 ma‘:m)ﬁ‘ SMA % % - SFETIED
2 E 3B Belxp ipionk MBS R RRFIES DL E SR 0 M H 4
SRR ISR SE s -

Bax 3¢ B 77 3t Bel-2 72%¢ 01 & - B (Oltvai et al, 1993) » Bel-x, fr Bax
i EA S s as ARG drdlmed FhE RN fﬁiﬁ (Merry and Korsmeyer,
1997) > e Bel-xy, & #r#|m%2 &= > @ Bax £ #i8w% ¥~ - 3 7 7 % R > SMA
R A RN P Bax v B AR E F R ¥ H 4o IR % (Tsai MS et al, 2006)Bax 7 &

&% - A SMA | B (gt bep £.0 % ) K472 > @ % - 4 SMA -

—

B (P BANGFERER I8 F ) Ren2.8 R0 Fp Lt S5 AT 1 > Bax e ke 3
BEIrSMA AR AR T werdp bl o @ 31 BT Wi k= ¥+ Bax i e
SMA shik i@ 7 £ & chd & > 2 7 7 H1F7 29 Bax &rﬂiﬂ% 1 SMA
BV By ) REEPN e 3% Bax % 7‘%5"1“,%% » A REM R 2 F Bax Fv Fend
T o - Smn™ SMN2""Bax™"| &4c Smn™" SMN2"Bax™"] R % fie ts » #-17 )

Smn”"SMN " Bax™"+| & (Bax(-/-)/SMA)Fr Smn” SMN""Bax""-] & (SMA) » » 548

7 0 e Bax(-/-)/SMA ® > 3 60%%3 i 0 11% B> £3] > & A SMA /] &P > ¢
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7 38% Bt g 28%/F A E A o A4 ¥ 2 3] (P A))Bax(--)/SMA /| &4

%= 3] SMA /| & > § L7 % 3 Bax(-/-)/SMA /| &2 FpFF e SMA /] B& & >

WK K F 0% ] BT i ATE 28 % o Apdt e (54 B F 40%s ] &

pol
X oodm A RGEEE Y o Bax(-/-)/SMA | Rk =

% e AR 28
ﬁ'&SMA J HE » ¥ L‘Lﬁ':‘g
Bax(+/-)/SMA % Bax(--)/SMA | &% & » {& % /|

Bk ® i ] BE &

“Bax :77 € 7§ dose-dependent 3z % o pt bt g = 3] (32 3])Bax(-/-)/SMA
JRArF Z A SMA ] Rz F 8 S AehpRT A

v B h B TR B TR

T R R R R L 18K 030-40% o il B P AT 0 Bax BT
& SMA -] &} cx s & 7 7z (Tsai MS et al, 2006)° @

AT ¢ o 4 Bel-xg
B SMA ] B8R SAhEA BN E§ P REISSRTE o B3 30 SMA io R #
PoongEE o $ AU ES 30 SMN v Fend B R 4 5 RF (Jarecki et al,

F A &% > Bel-xp e Bax 2.4t &) » 2 Bel-xy/Bax » 125 7= ¥

*RIEL - BRoTEHELE #H o

1l

EE E%’ﬁ - FEEHT 3 4 Bel-xp/Bax i

B 5 %41 BT e PR e Bol-xy chd LE /RS Bax chd o g pE

pRs

THREFTF TR E- BAYE GBS DSMA KR ER -
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%]
R
Pl
o

S s HOE LR RIS L0

A P F AL 52 A (EADSMA 58] B 0 &3 i iR H )
BT ) R EE R B8RP R AR kR ST AL S PR
HEAHREVE ZHRR P T RFTRBF ISR OF o PR H

Z 3R Hp 1] (Tsai et al, 2006a) » @ {6 » A#h > & W 1L E$ VPA 2 Bel-xp #7868 £

=N

Flk e Rt 24 SMA (| BpF > Ay A e 1 B e afo AV - 2 g &
W EEELS A TP RN T Y R e Stk o TR Az
At ek = A TR SMA BN B A RT IR L - BRAY R EAAT 2
SMA #4558 > @ R ERC S FRA R AR A LT AREE s PREEFRN T
ARARE R EHAER 0 P T U RFERROCE o A i & aun R (R RIpE T B
HRPENAL-12B Y c FF Y 0 Ahr gk AF AL BTG - L AR
Al SMA /] Bl = # 87 a5 AT T 0 bl4e Simon & 4 R £ 7] SMA /] Rend &
pAEEA GG T A E A g L 2 v e ,fi‘«" R LR
EE R R I #E] SMA (] BB A 3 DNA e ciliary neurotrophic factor
'ﬂ;"]",‘f » v ﬂ,é‘zz’%\ﬂ;‘l"ff ) Blewed @ (Simon et al, 2010) - @ a5 L R
BT 44 SMA B8 ) Remg™ * % (55 SMA jail 15 0 ock Berm®:i 4 5o
TE R S BB nin R AT Y o SRR 0 2 g ok g AR AT
BEL SRS G oo d e R At RN > B AN RA S A Fige
Bfead & B £ 7 blood brain barrier » ¢ L3} ¥ 0 FH Wi * ¢ JREF IR S E
PN BT B EE e 5 SMA 0 21 R F %% 4 ¥ 14 id i blood brain barrier >
MGE S FRLY o Rd o Aok o R A g @ RN VL8R e ¥ Bk ¥ (CSF space)
A bt PIF 0 f2-% 4 £ F % 1% blood brain barrier (R 3E o e £_5 EiE 48R
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e Bk TR 0§ R e T BRI SHenFIEREA > Flt 0 # % e SMA ) B/
Byt w 3L T > Hua % £ 5 L3 3 * phosphorothioate-modified antisense
oligonucleotide (ASO)2 #r#| SMN2 # F) < intronic splicing silencer element pF » ¥
4o 7 exon7 (I SMN2 23 & RNA & # » Ft s i #- ASO L 8+ » #£7] SMA /| &
X TR E N 0 A4FE I > ASO T RLE F AR & ¥ SMN 3L L RNA 2 3-v fent
W Bk v i ] Bak ¥ fod & au?it B> (Huaetal, 2010) c 23 - 2 &

IR 0 %R RIS g 2] SMA ] Bl d St BB AR S > A

'F‘V

PRAPE B E AN SMA ] B (AR PRE S Y- 2 o3 B
#FEF O O EA SMA /] Rk © {rl L il 2R duE T * k3T SMA | B A
B i h R s el ook s e

R AT e (S e S E KRR JTF F s R o
BHAAFNSR S i i - 2 R AP ot AR AR D RIRS T
«lir':}?*‘r,‘fr 48 - DNAR §7 w2 B 4273 54 3 ¥ B 5 N RE S R R S e )
Ha® o Fpt R tkino Bl G s A SMA) BB A s o s s g s i I
ﬁg@ﬁw%mpz:S—%a’ﬁ#uﬁiﬁﬁ%ﬁ%ﬂ’§”ﬁ@ﬁéfﬁ
R iR BERRE T dsng i 0 A H Firme o VL 2 W
B R e s s R AR R fRER e A ) BB {8 0 BNk
SE R UERE S-S

Corti% A 7 L =07 e R b Kk S92 P04% ' %2 (embryonic stem cell)~ i & #¢
iz mre (neural stemcell) » - H L #-H fjgs it ZEHRA G o Fla H= o s
FoE R SR B R 5 ¥ - A (B ADSMAY] R R o £ iEa A7

Hipharehk » 257 > GE A G Tize% 2 L ¥ 33 27 A

o ptth s SMAY Rz izrmie el » BERH L fE 24 3EFFPER



£ (Cortietal, 2010)c # @ d 4t % — 4|SMA-| Rehg e e L P T R34

L BRI B v L A 0 T S aus ek BF s e

Flpt A RARRE ATy v R A% = A]aSMAY) B o

5.2 rivalproic acidip 5 # #p % S5 ] B

*# 2 MUVPAL B is K ¥ = AISMAKSS ) B> R 7§ VPAR SMA] &2 %

B h A G AR A R o 0 TR P SMA B R R R F R EEE

P it SRR A T2 % ¢ CMAPIRE e 5% ~ T Mg gé«&mf{‘fﬁﬁ ugEF

&

B doR g L i s LR R AR 0 VPASSMARSS | 82 4 B chin otk o
FrEgsre g A REY S (Tsaietal, 2008a) o d *>VPA® &afpsk F B3 35 =
LEDRT KBRS RrhR Y i RV A chgliEr P 2
F5om T F SRR gl n f R BPR T VPAZ BicE chpE o TR A 2
% 0 BHOSMAX TRk R B F T MET VPALRSMAR & b ook o
TRE G A MY ASMAR B 4E T VPAGAR o B2 A L 0ad kRN
Prend e A B 50k (BRE A N2R)ESK (BRF AWK VPAR T {8 B
N E SRR A W 5 60-70% 50-60 #ril/E L 0 ZER CF 5 Tk VPAE Y AR
REAREmE S5 pAar Y VPARZOR Y (5> ¥ L5 L soep 4 £
POAEH S o X R AR 0 e T - m R A 2 S IR Rl TE
PO X RE UM OESD AR e T - 26 0 A SRR ISR E LAY
RIS (R RE A IE)R 3k (B RE L W2K) ) VPASR * (L 8 i 2 p ch# 4 0k
By 570-100 Hesl/E 2 %A o b A VPATS o Axge thm svd ot jieeh
A ook Ei i g ooRiF A L RFVPADRIE > T AR X
R U VRN I RGP A SRS o R

BE IR TR L R Ap R A A 2 ER A DER T A F e ki A
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L Egm R i A W 536 (BpE A NOR)EATR (BOpE A NIR) 0 25
}?*‘r,‘é, b8 % VPATS > 7 Low sved 25 I B om S r)ﬁi’h__iﬁ 14
ER 4 (e s d MW E L s FAaFREERSpHTE 1M E T - =
RN FROFF T UF B RFE T RELET L0 T VPAGIEY 27 F
FSMATE & & 1 TR H R etk 0 AR 3 0 g 4 LT i VPASR L g
0@ H A ASMARB AT i ¢ EP B SVPAISHE &0 F @ % b FIVPAGE S 7
T PEPEE S o U aah B R R RBREH S B A NEE Y A (Tsaietal,
2007) -

¥R S BT 2 BSMAJRK B @ % VPASG Sk BT VPA D5 e
i » Swoboda% + & £ 7 421“'SMAL’I”€,'£ » & B U VPAIS RO 12B 2 » LA
FVPAS'SMAR % + A7 § P R OpliT% 2 jap|# ¥ i o » (Swoboda et al,
2009) e EAT ¢ 0 @ 702 % - AISMASR R (£ % 52-34K) 0 291 % = 3ISMA
o B (&% 32-14%)0 2 11E% 2 AISMASE ¥ (&% 32-31%) &® * 7 VPA
T’é’:’—’R%“K/»\ﬁﬂ:}?*‘r,‘,&?é‘é&ﬁVPAﬁ’lf%* L %3’}\45&“&‘1’:7”-" Mo Ra A
= ii,&—%]‘ﬂ'J:'!IﬁL’l RN carnitine)E B T MBS A L E B T F| A g 4 ped TR
FUFA, o inf otk gnERG P 0 @ % ¢ 3amodified Hammersmith Functional Motor
Scale (MHFMS) & 1£i& & 74 it 124 47 > & * 2 4 & (ulnar nerve)sny 4 3246 4
(CMAP+rmotor unit number estimation (MUNE)) k 1% 4 §§38 4! (7 21314 cnE s
17 » % 4 * dural-energy X-ray absorptionmetry (DEXA)i& (748 ‘& = fo ¥ B & s
FroBfs @ % & & 3k ¢ SMN messenger RNAJ B % # 0] £_F VPAT & % 1 4¢
PR SMNeh& I o A7 7 B 587 0 2707 A 47i0% = “']SMA,&% ¢ > HVPA/S
B 15 ePMHFMS$ B ¥ enft 2 (p =< 0.001) 0 % % VPAL $ [ B3 238 54 a1 e}
Moo RIFEAAFTE R RIBRER G Y 0 BT REE KNSR F G PR R

RS o @ T A s 57 § FICMAPSREF - < (p < 0.0001)« 3% 5 SMAS &

pau

GVPAR * 15 & fEH e A E A 2 T80 0 B e ) T T E
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A

v BEDER N 0 R MHFMSanEm NI T e im o 330 ¢ v n I en

)

SMNzt S, RNAK & & $7 877 » > & cnSMNZ S RNAT & P & e s » w3k~ exon 7
FISMNUARNAK R R F @ § § 2T S g o M AT M > g & iR
-] é’f‘JSMAf}rﬁ B 02T VPAS o v 07 s § R enF i 0 A@ VPASTE 2 el £
4 A 2 camitined® £ 2. B 1T * > 3 ¥ v € BB VPAGOLD v s f ik o Flpt (2 eh
VPA ML 7 &4 BRI F2iofk £ ~ L 3 4 2 camitined> £ 4 VPAR s eng’
_",E;’S °

Mmic et BT AAR G BFE RTE D 61wSMAm§,—’« » ¥ 1 VPAE

T - fRAk RS 0 M od v 2w AT g IRVPAT v € 0 B P carnitinesh A IR F]pt

F_*

PLFF P VPA; s f $5 fie T carnitinesig *  (Swoboda et al, 2010) - SMA & —%‘ ¥-3

2—?8;’&"*HTF””?§§.9 B e TIEE FTA ki o %S im e

Wi

#-61 I&SMA},% R e i VPAE (n=30)% ¥R e (n=31)> A7 ~ 457 £ i
RGBT 1 4G R H F R VPASL R o hisfock dnER Y 0 PR T D
¢ EMHFMS %k (T dox g fa 47> € % C 4 eng 42 24 4 (CMAP) % & A 5
Witk g 0 % DEXA2 A e 2 fod R R P47 2 BlE LG &3k ¢ HSMN
WARNAE R » 24 ¢h > F 3 4o9vd 249 (myometry analysis)fe?® # it & &
(pulmonary functional test) & 1% & F »xindp Hh o 77 3 S5 % B om0 6B 7 PF o1t JVPA
ol B ER ez B aOMHFMSZ %1 > ¥ F G BB Y & B F o E w0 R VPAL
PR BB LNRR S hES A AR o B HE A LA L)
% > m )ﬁailiﬂ” 5 B mﬁgﬁerHFMSm*% BFaf 4phd > m s
BHFOEEANARGL - HAITT R I MEH DT F 0 2]

3k ISMAR % G5B 1218 7 cAVPAAR 6 0 § B F SIMHFMS2 3 4 (p = 0.03) -

AL A TR - KR T E LRl kF HVPASR R E (p=0.007)c I
WETATL e SR RH AN R EP SRS LR 0 A SRS &I

FISMNU A RNAE B 70 i PP B iof (6 erne 8 » e A 477581 » v w3k P en
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SMN:zt 4 RNAK B 02 frfiesk b @ d = o fhens v 3 & F andp 8 % 0 & 7 7

RRT N A BRSOtk R E AT R REF T - £SMARE
U A E RO OSMAR & $VPAS IR § 7 4 otk s 0 XA HE B e
RET  HHVPAR s R o

BSMAH G| B &8 % VPAL KB enE %7 IR > d 3P VPAASMA-] &l a5

‘E‘

Fe s E R DA VCR A S BIF O~ post-synaptic muscle end platert B e b o
post-synaptic muscle end plate 7 £ ¥ # S8R ¥ BH IR % > ¥ BIARVPATUE

FROFRERA EANIN B GG I5%ERA GG B diE A
g FMVPAG s in -l @2 = 2 #F L SMA| Bl G %1 o @ 2SMAJE B #
* VPAGNG S ¥ 4o 1028005 G B VPAT 5 7 B eniofi ok > 1L & ite e
L RFHVPART &5 0 3 5l SMAg L RISVPAR § ok » £ 3
ENMEY I ALE R F A BEIERS N o d pLF 4 TR VPALP w SMA
IR AR Y AR Y LGS B > d KA R AR FEr > TR
FEHEPHHURVPAL 3 x4 GTSMAILKEY > & L FWME T 2 B VPAL K4
ISMAZE L > B BEVPAT * @ D4 X S 7 B o

VPA i s 4] 0 & p *> $HDAC ehdr4] » 12 7E L fn%e . SMN promoters1% Ii

2 RAESMN2 F14 R 5 exon 74730 LRNAA # > & @ 3 40 B0 cSMN v B 4
B FtEF S H v G HDACHFF1&] - ¥ 0 Aede B e P SMNF-9 F ez &
DR R R se PR g kg 5 AT S SHDACEF FIAAE B Nk o e
suberoylanilide hydroxamic acid (SAHA) ~ m-Carboxycinnamic acid
bis-Hydroxamide ~ suberoyl bishydroxamic acid ~ M344 ~ MS-275% LBH589% > # ¢
m-Carboxycinnamic acid bis-Hydroxamide - suberoyl bishydroxamic acid % M344 i
h bk g (T > @ MS-275/& 02 § e 4o dme N SMNF-e Henz £
H > SAHA 23 M ek A8 pF > 7 5 d HDACFr4] (T % 5 & (L SMN2 A 7

A

430 % 24k & 354 Ehippocampus* " B % § 7 A A e p 2. SMN
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-0 FER > ® HHESMN-v Fenitie iv* @ VPAR4F (Hahnen et al, 2006) > d %
SAHAP £ ¢ hlpipicp® 82 7 A MRk BEH L5 LEar RS2 Vs
Yoo gliT* BT &L > ¥ SAHAT 3 »c/giEblood brain barrier » % SAHA A%
ST EL R Y R S i, P HARPHET AP LI RER S K53k
W Avi@ &4 5 p SMN2 £ IR > FIp SAHA ¢ JREF 1R E F 12 F > SMA S B
ey B4 o ¥ ¢h s LBHS89R & A sy ¢ o~ T A B83ES% > )M LBHS589:
F SMAJ & ek a* fmie ¥ H 4 HSMNF-v Fk &R 2108 2 % (Garbes etal,
2009) > pt 3 4e & EP w0 A7AT 7 cnE S ¢ 4c SMN & T2 fg & & < e F]pt LBHS86
7 E - AP LG S OSMAL R E i oo
Riessland % % ¥ :2 2 SAHA SR & B 7 b (iSMARSS /| & » % BSMAH-;

£ (Smn"SMN27)2 Bt 4]0 2 HSMAR S | & (SmnSMN2™)» 11 7 j3SAHA
¥HSMA S ir7c % (Riessland et al, 2010) © 7 £ » SAHA 5 7 P A H 4o /| B 1
FRLE g P\ » SMN3t LRNAZ 30 Feng & o 24 0 &2 BISMAKSY | &
477 Lo IISAHAG B SMAY] BlehZ 4 pF > W+ S I PneniB € 5 @ 1Y
SAHA 5% & B SMARC;Y /) Blenk 47881 > SAHA % (25 mg/kg twice daily) ¥
A RN E R A G i s HEBESMA] Blen@ H o i 0 B Ao Goep L en

MR F R Rt ] { £ & hE SAHAS AR T 4t £ SMAY] Rehd b id

FAZZ A LT P RGP T SAHA SMASia R + § 3 & g siF oo Flut A
K EFpE F bSMAR B e FTRAER RFEALTSAHAR L F & 85 s

R F e AT B DR EF ¥ uARER > # 1 7 f2SAHAG & f vk £ F - VPA R
45 > 7 4 228 % VPAZ SMA i 1 o

f gt 2 %h o dem iR LBHS89E — i & 5 B4 ciT- (CHDACHFr4 &> 27 7 % R
P E S b w4 SMN B B eni®# §_ % At en (Garbes et al, 2009) 0 & 457 5
ETra2Blen# 3> 12 8 SMN2et L RNAM % 7 3 exon 7604 4 5 Hf £ SMN2

promoter i % F H3K9eme figit 4 8 > 4% 3 SMNeng& #2223 3 ; m» LBH5897
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% 1§ "% MSMN3-v '} 2_ubiquitinylation > 123 +r SMN F-v Férf 2 » > # &
#f HLBHS89F # i SMN F-v F % & » SMN complex » ¥ jaJfy 16 fm#z b cigems
s BRI E o W - e F 2 SMAJK & S A o HVPAT £ 5
B SESMNZ L) pF - LBHS89 iy 17 § »2eflff 4e SMN3=v renng £
(Garbes et al, 2009) > ¥ LBHS589 ¢ i< & & pFi7 ¥ 5 SMNeni# g% > @ ¥ 7 H R w
feend 4 FULLBHS89F # F A REF L - BTy 0 0 fELEF ASMA

-~

AN | S
‘/r,.%fq (hadi)

5.3 1% = Bel-xy fh FIE 8 2 4 REvop % S L B 36 Belxy dis g ook

$ F Bel-x 78 3k Flens = ASMAKN | & (Smn "SMN2" Bel-x, ") » ¥ 7% p¥
B RSMA | R& 9158 ~ &7 2 B i it g ~ i@ de 7 i iy ~ oo X e
TARAFREERIIT ~ 2 FREHAP LA TS 2B R Bel-x, ik
A FIHSMAT P R ehinf (5% > @ A7 g o B 40 % A (Tsai et al, 2008b) » 2
w2 FMSMAC]) R # P FBel-x v FF & RE T F A K PiK > d 2 Belxy &
— Fulme A= F]F o @ SMAGE R S AT L AS TR B chiw e = I %
(Soler-Botija et al, 2002; Tsai et al, 2006b) > #xBcl-xp i ¥ 2. SMA ¥ { & - # 4p i 52
7o B 2 ASMAGAR AP MAT T % AUSMNF% 5 i F457 12 2 SMN
LK B o d PR ¢ F T H R 7 BPSMNEG A RenfiRT
Bel-x 7k B4 78 $1SMA P A ey 1% > Bt A KBelx ¥ £ 5 - L4 0
SMA & i AT 40 o

$t b Baxd-v B Bel-272% ¢ hi & - B (Oltvaietal, 1993) > # i#4E ‘w
e k= od WSMAY] R4 BEP FBaxde FARE G R F B 4P % (Tsai MS et al,
2006) > % -] KAEP 0 R Bax 'y AP 0 o] Bink T BSMAC) B o WA

B RERE  FMPBaxA M E T E ASMA | R P E G Ewafite EE AHT

79



%% % > Bel-xofrBax2 v &) » T Bel-xy/Bax > ¥ it ¥ 10 *F R (F L - Bofooc i E iR
7w 4 - $E F 5T M 4 Beloxy/Baxenlic B 0 T i A A B ES LB L B
FISMA; i B 4 o

¥ - @A g A mALS 3t E 550 ] B (SOD1 mutant mice) <0 &7 77 ¥ g
.3 MBcl-x r® Baxik & 03 % (Vukosavic etal, 1999) » & § r1 2L F]5 » e 5
H# 4vBel-2¢4 3LPF > Bel-2 € frBax?) = heterodimers » & Bax & 2 17 2 (8% 5
Bad aliofarck o d W SMARY ) 8% 887 7 5 MBcl-x {r % Baxik & Ik
% o Ip 322 FBel-24p B e f 7r T 4L R SYSMA s B 0 TP 4o Bel-2en &k E R
ST LS L SMAS T dh BATS B o

WAL R F R 4 & F]F insulin-like growth factor 1 (IGF-1)¥ % &4 & i1
g3 d o5 P S AR Bel-xp fo'# i Bax eh% L (Nakao et al, 2001) » = # #°
BEP E B AT RS LA RS R IGF-1 eris iy 7 ' MO R 40 R
2z lm¥e = e A o gt oh 5 IGF-1 % & 74 e f ALS ) BN ¢ B on H B e
s ST IGF-1 B Flis R en ALS $05% ) Blde ek ch i B ~ i i@ de b iy 2
b e BN e k= K g (Kasparetal, 2003) » F]pt 5 & 25345 4F IGF-1 382 £ 4%
A Bel-xg §r% % Bax & et » & % IGF-1 4 M 5% » 7 i * 5 SMA &
FOPRE B o et AL Flis R 8 1L b recombiant IGF-1 % 697 3% (7 17 45
g E o

B e s SMN Bod F fotmee B 4 & chad i 5 #4243 4 RNA o0 4
(pre-mRNA splicing) % 8% B-actin fjmPe p e = iF ﬁi,?l SRR el
> Bel-2 39 F{- SMN 30 FF P B3 3 i¥* (Sato etal, 2000) » ¢ ** Bel-xp
7 H_Bcel-2 72&c- B > F]@t Belxp 3 ¥ v+ frBel-2 - e SMN 5 #pt FF e
IEF > B EALIT T F T €W A SMN A2 IRE 0 @ A58 Belxp &
SMA /| B¢ ik b a5 & 2 Belx ¥ i & SMA A pp g HiF 1 £ &

T ERE S ARG HFr S Belxg st B A SMA 1 R A

80



Peofie Ry b e e

K= 2. 0
L 8-

T SMAA /A A o Flt A K19 F A7 SMAfeBel-x i % o @ o 0
Bel-x, & SMA | BUENL FI@ 5 % 5 ipf (6% > Fl- A k¥ Bel-x (T 5 4 & 4k &

Hov AR s riRin s U35 F PG ehSMA S E g o

81



N
>

!
Hrl
\\\Xy
e

«)
i
i

Andreassi C, Jarecki J, Zhou J, et al. Aclarubicin treatment resotres SMN levels to
cells derived from type I spinal muscular atrophy patients. Hum. Mol. Genet.
2001;10:2841-2849.

Araki S, Hayashi M, Tamagawa K, et al. Neuropathological analysis in spinal muscular
atrophy type I1. Acta. Neurophathol. 2003;106:441-448.

Ashkenazi A, Dixit VM. Death receptors: signaling and modulation. Science
1998;281:1305-1308.

Avila AM, Burnett BG, Taye AA, et al. Trichostatin A increases SMN expression and
survival in a mouse model of spinal muscular atrophy. J. Clin. Invest.
2007;117:659-671

Azzouz M, Le T, Ralph GS, et al. Lentivector-mediated SMN replacement in a mouse

model of spinal muscular atrophy. J. Clin. Invest. 2004;114:1726-1731.

Belmaker RH. Medical progress: bipolar disorder. N. Engl. J. Med. 2004;351: 476-486.

Brichta L, Hofmann Y, Hahnen E, et al. Valproic acid increases the SMN2 protein
level: a well-known drug as a potential therapy for spinal muscular atrophy. Hum.
Mol. Genet. 2003;12:2481-2489.

Brichta L, Holker I, Haung K, et al. In vivo activation of SMN in spinal muscular
atrophy carriers and patients treated with valproate. Ann. Neurol. 2006;59:970-975.

Brodie MJ, Dichter MA. Antiepileptic drugs. N. Engl. J. Med. 1996;334:168-175.

Butchbach ME, Edwards JD, Schussler KR, et al. A novel method for oral delivery of
drug compounds to the neonatal SMNDelta7 mouse model of spinal muscular
atrophy. J. Neurosci. Methods 2007;161:285-290.

Cartegni L, Krainer AR. Disruption of an SF2/ASF-dependent exonic splicing enhancer

82



in SMN?2 causes spinal muscular atrophy in the absence of SMN1. Nat. Genet.
2002;30:377-384.

Chang JG, Hsieh-Li HM, Jong YJ, et al. Treatment of spinal muscular atrophy by
sodium butyrate. Proc. Natl. Acad. Sci. U.S.A. 2001;98;9808-9813.

Chao DT, Korsmeyer SJ. BCL-2 family: regulators of cell death. Annu. Rev. Immunol.
1998;16:395-419.

Chen G, Zeng WZ, Yuan PX, et al. The mood-stabilizing agents lithium and valproate
robustly increase the levels of the neuroprotective protein Bcl-2 in the CNS. J.
Neurochem. 1999;72:879-882.

Cifuentes-Diaz C, Frugier T, Tiziano FD, et al. Deletion of murine SMN exon 7
directed to skeletal muscle leads to severe muscular dystrophy. J. Cell Biol.
2001;152:1107-1114.

Cifuentes-Diaz C, Frugier T, Tiziano FD, et al. Deletion of murine SMN exon 7
directed to skeletal muscle leads to severe muscular dystrophy. J. Cell Biol.
2002a;152:1107-1114.

Cifuentes-Diaz C, Nicole S, Velasco ME, et al. Neurofilament accumulation at the
motor endplate and lack of axonal sprouting in a spinal muscular atrophy mouse
model. Hum. Mol. Genet. 2002b;11:1439-1447.

Coovert DD, Le TT, McAndrew PE, et al. The survival motor neuron protein in spinal
muscular atrophy. Hum. Mol. Genet. 1997;6:1205-1214.

Corti S, Nizzardo M, Nardini M, et al. Embryonic stem cell-derived neural stem cells

improve spinal muscular atrophy phenotype in mice. Brain 2010;133:465-481.

Crawford TO, Pardo CA. The neurobiology of childhood spinal muscular atrophy.
Neurobiol. Dis. 1996;15:97-101.

De Hemptinne I, Boucherie C, Pochet R, et al. Unilateral induction of progenitors in the

spinal cord of hRSOD1G93A transgenic rats correlates with an asymmetrical hind
83



limb paralysis. Neurosci. Lett. 2006;401:25-29

Desjardins P, Ledoux S. The role of apoptosis in neurodegenerative diseases. Metab.
Brain Dis. 1998;13:79-96.

Dumas TC, Sapolsky RM. Gene therapy against neurological insults: sparing neurons
versus sparing function. Trends Neurosci. 2001;24:695-700.

Dumon S, Santos SC, Debierre-Grockiego F, et al. IL-3 dependent regulation of Bcl-xL
gene expression by STATS in a bone marrow derived cell line. Oncogene
1999;18:4191-4199.

Eriksson PS, Perfilieva E, Bjork-Eriksson T, et al. Neurogenesis in the adult human
hippocampus. Nat. Med. 1998;4:1313-1317.

Farrar MA, Johnston HM, Grattan-Smith P, et al. Spinal muscular atrophy: molecular
mechanisms. Curr: Mol. Med. 2009;9:851-862.

Feldkotter M, Schwarzer V, Wirth R, et al. Quantitative analyses of SMN1 and SMN2
based on real-time lightCycler PCR: fast and highly reliable carrier testing and
prediction of severity of spinal muscular atrophy. Am. J. Hum. Genet.
2002;70:358-368.

Flurkey K, Papaconstantinou J, Miller RA, et al. Life span extension and delayed

immune and collagen aging in mutant mice with defects in growth hormone
production. Proc. Natl. Acad. Sci. U.S.A. 2001;98:6736—-6741.

Frugier T, Tiziano FD, Cifuentes-Diaz C, et al. Nuclear targeting defect of SMN lacking
the C-terminus in a mouse model of spinal muscular atrophy. Hum. Mol. Genet.
2000;9:849-858.

Frugier T, Nicole S, Cifuentes-Diaz C, et al. The molecular bases of spinal muscular

atrophy. Curr. Opin. Genet. Dev. 2002;12:294-298.

Gabanella F, Butchbach MER, Saieva L, et al. Ribonucleoprotein assembly defects

84



correlate with spinal muscular atrophy severity and preferrentially affect a subset of
spliceosomal snRPs. PloS ONE 2007;2:€921.

Garbes L, Riessland M, Holker I, et al. LBH589 induces up to 10-fold SMN protein
levels by several independent mechanisms and is effective even in cells from SMA
patients non-responsive to valproate. Hum. Mol. Genet. 2009;18:3645-3658.

Garrity-Moses ME, Teng Q, Liu J, et al. Neuroprotective adeno-associated virus bel-xL
gene transfer in models of motor neuron disease. Muscle Nerve 2005;32:734-744.

Glantz LA, Gilmore JH, Lieberman JA, et al. Apoptotic mechanisms and the synaptic
pathology of schizophrenia. Schizophr. Res. 2006;81:47-63.

Gloster A, Wu W, Speelman A, et al. The T alpha 1 alpha-tubulin promoter specifies
gene expression as a function of neurnal grwth and regeneration in transgeni mice. J.
Neurosci. 1994;14:7319-7330.

Gloster A, El-Bizri H, Bamji SX, et al. Early induction of T alphal alpha-tubulin
transcription in neurons of the developing nervous system. J. Comp. Neurol.
1999;405:45-60.

Gonzalez-Garcia M, Garcia I, Ding L, et al. Bel-x is expressed in embryonic and
postnatal neural tissues and functions to prevent neuronal cell death. Proc. Natl.
Acad. Sci. U.S.A. 1995;92:4304-4308.

Gottlicher M, Minucci S, Zhu P, et al. Valproic acid defines a novel class of HDAC
inhibitors  inducing differentiation of transformed cells. EMBO J.
2001;20:6969-7698.

Gould E, Reeves AJ, Fallah M, et al. Hippocampal neurogenesis in adult old world
primates. Proc. Natl. Acad. Sci. U.S.A. 1999a;96:5263-5267.

Gould E, Reeves AJ, Graziano MS, et al. Neurogenesis in the neocortex of adult
primates. Science 1999b;286:548-552.

Gubitz AK, Feng W, Dreyfuss G. The SMN complex. Exp. Cell Res. 2004:296:51-56.
85



Haddad H, Cifuentes-Diaz C, Miroglio A, et al. Riluzole attenuates spinal muscular
atrophy disease progression in a mouse model. Muscle Nerve 2003;28:432-437.

Hahnen E, Eyupoglu IY, Brichta L, et al. In vitro and ex vivo evaluation of
second-generation histone deaceylase inhibitors for the treatment of spinal muscular
atrophy. J. Neurochem. 2006;98:193-202.

Hao Y, Creson T, Zhang L, et al. Mood stabilizer valproate promotes ERK
pathway-dependent cortical neuronal growth and neurogenesis. J. Neurosci.
2004;24:6590-6599

Hengartner MO. The biochemistry of apoptosis. Nature 2000;407:770-776.

Hansen MR, Roehm PC, Xu N, et al. Overexpression of Bcl-2 or Bel-xL prevents spiral
ganglion neuron death and inhibits neurite growth. Develop. Neurobiol.
2007;67:316-325.

Hill MM, Adrain C, Martin SJ. Portrait of a killer: the mitochondrial apoptosome
emerges from the shadows. Mol. Interv. 2003;3:19-26.

Ho KC, Gwozdz JT, Hause LL, et al. Correlation of neuronal cell body size in motor
cortex and hippocampus with body height, body weight, and axonal length. Int. J.
Neurosci. 1992 ;65:147-153.

Hsieh-Li HM, Chang JG, Jong YJ, et al. A mouse model for spinal muscular atrophy. Nat.

Genet. 2000;24:66-70.

Hua Y, Zhou J. Modulation of SMN nuclear foci and cytoplasmic localization by its
C-terminus. Cell Mol. Life Sci. 2004;61:2658-2663.

Hua Y, Sahashi K, Hung G, et al. Antisense correction of SMN2 splicing in the CNS
rescues necrosis in a type III SMA mouse model. Genes Dev. 2010;24:1634-1644.
Iezzi S, Padova MD, Serra C, et al. Deacetylase inhibitors increase muscle cell size by

promoting myoblast recruitment and fusion through induction of follistatin. Dev.

Cell 2004;6:673-684
86



Jablonka S, Schrank B, Kralewski M, et al. Reduced survival motor neuron (Smn) gene
dose in mice leads to motor neuron degeneration: an animal model for spinal
muscular atrophy type III. Hum. Mol. Genet. 2000;9:341-346.

Jarecki J, Chen X, Bernardino A, et al. Diverse small-molecule modulators of SMN
expression found by high-throughput compound screening: early leads towards a
therapeutic for spinal muscular atrophy. Hum. Mol. Genet. 200514:2003-2018.

Johansson CB, Momma S, Clarke DR, et al. Identification of a neural stem cell in the
adult mammalian central nervous system. Cel// 1999;96:25-34.

Kaspar BK, Llado J, Sherkat N, et al. Retrograde viral delivery of IGFO1 prolongs
survival in a mouse ALS model. Science 2003;301:839-842.

Kim HJ, Leeds P, Chuang DM. The histone deacetylase inhibitor, sodium butyrate,
stimulates cell proliferation in the ischemic brain: roles of BDNF-TrkB signaling. J.
Neurochem. 2009;110:1226-1240.

Laeng P, Pitts RL, Lemire AL, et al. The mood stabilizer valproic acid stimulates GABA
neurogenesis from rat forebrain stem cell. J. Neurochem. 2004;91:238-251.

Le TT, Pham LT, Butchbach ME, et al. SMNDelta7, the major product of the
centromeric survival motor neuron (SMN2) gene, extends survival in mice with
spinal muscular atrophy and associates with full-length SMN. Hum. Mol. Genet.
2005;14:845-857.

Lefebvre S, Burlet P, Liu Q, et al. Correlation between severity and SMN protein level
in spinal muscular atrophy. Nat. Genet. 1997;16:265-269.

Leng Y, Chuang DM. Endogenous alpha-synuclein is induced by valproic acid through
histone deacetylase inhibition and participates in neuroprotection against
glutamate-induced excitotoxicity. J. Neurosci. 2006;26:7502-7512.

Lesbordes JC, Cifuentes-Diaz C, Miroglio A, et al. Therapeutic benefits of

cardiotrophin-1 gene transfer in a mouse model of spinal muscular atrophy. Hum.
87



Mol. Genet. 2003;12:1233—-1239.

Liu A, Han YR, Li J, et al. The glial or neuronal fate choice of oligodendrocyte
progenitors is modulated by their ability to acquire an epigenetic memory. J.
Neurosci. 2007;27:7339-7343.

Lockshin RA, Zakeri Z. Caspase-independent cell deaths. Curr. Opin. Cell Biol.
2002;14:727-733.

Lorson CL, Strasswimmer J, Yao JM, et al. SMN oligomeriztion defect correlates with
spinal muscular atrophy severity. Nat. Genet. 1998;19:63-66.

Lunn MR, Wang CH. Spinal muscular atrophy. Lancet 2008;371:2120-2133.

Martens DJ, Seaberg RM, van der Kooy D. In vivo infusions of exogenous growth
factors into the fourth ventricle of the adult mouse brain increase the proliferation of
neuronal progenitors around the fourth ventricle and the central canal of the spinal
cord. Eur. J. Neurosci. 2002 ;16:1045-1057.

Mai A, Massa S, Rotili D, et al. Histone deacetylation in epigenetics: an attractive target
for anticancer therapy. Med. Res. Rev. 2005;25:261-309.

Merry DE, Korsmeyer SJ. Bcl-2 gene family in the nervous system. Annu. Rev.
Neurosci. 1997;20:245-267.

Monani UR, Sendtner M, Coovert DD, et al. The human centromeric survival motor
neuron gene (SMN2) rescues embryonic lethality in Smn(-/-) mice and results in a
mouse with spinal muscular atrophy. Hum. Mol. Genet. 2000;9:333-339.

Monneret C. Histone deacetylase inhibitors. Eur. J. Med. Chem. 2005;40:1-13.

Monti B, Polazzi E, Contestabile A. Biochemical, molecular and epigenetic
mechanisms of valproic acid neuroprotection. Curr. Mol. Phar. 2009;2:95-109.

Mothe AJ, Tator CH. Proliferation, migration, and differentiation of endogenous
ependymal region stem/progenitor cells following minimal spinal cord injury in the

adult rat. Neuroscience 2005;131:177-187.
88



Motoyama N, Wang F, Roth KA, et al. Massive cell death of immature hematopoietic
cells and neurons in Bcel-x-deficient mice. Science 1995;267:1506-1510.

Nakao Y, Otani H, Yamamura T, et al. Insulin-like growth factor 1 prevents neuronal
cell death and paraplegia in the rabbit model of spinal cord ischemia. J. Thorac.
Cardiovasc. Surg. 2001;122:136-143.

Ohta Y, Nagai M, Nagata T, et al. Intrathecal injection of epidermal growth factor and
fibroblast growth factor 2 promotes proliferation of neural precursor cells in the
spinal cords of mice with mutant human SOD1 gene. J. Neurosci. Res.
2006;84:980-992.

Oltvai ZN, Milliman CL, Korsmeyer SJ. Bcl-2 heterodimerizes in vivo with a conserved
homolog, Bax, that accelerates programmed cell death. Cell 1999;74:609-619.

Otake Y, Soundararajan S, Sengupta TK, et al. Overexpression of nucleolin in chronic
lymphocytic leukemia cells induces stabilization of bcl2 mRNA. Blood
2007;109:3069-3075.

Parsadanian AS, Cheng Y, Keller-Peck CR, et al. Bcl-xL is an antiapoptotic regulator for
postnatal CNS neurons. J. Neurosci. 1998;18:1009-1019.

Pearn J. Classification of spinal muscular atrophies. Lancet 1980;1:919-922.

Pellizoni L, Yong J Dreyfuss G. Essential role for the SMN complex in the specificity of
snRNP assembly. Science 2002;298:1775-1779.

Phiel CJ, Zhang F, Huang EY, et al. Histone deacetylase is a direct target of valproic
acid, a potent anticonvulsant, mood stabilizer and teratogen. J. Biol. Chem.
2001;276:36734-36741.

Ponti G, Peretto B, Bonfanti L. Genesis of neuronal and glial progenitors in the

cerebellar cortex of peripuberal and adult rabbits. PLoS ONE 2008;3:¢2366.

89



Rajendra TK, Gonsalvez GB, Walker MP, et al. A Drosophila melanogaster model of
spinal muscular atrophy reveals a function for SMN in striated muscle. J. Cell Biol.
2007;176:831-841.

Riessland M, Ackermann B, Forster A, et al. SAHA ameliorates the SMA phenotype in
two mouse models for spinal muscular atrophy. Hum. Mol. Genet.
2010;19:1492-1506.

Rodrigues NR, Owen N, Talbot K, et al. Deletions in the survival motor neuron gene
on 5q13 in autosomal recessive spinal muscular atrophy. Hum. Mol. Genet.
1995;4:631-634.

Rossoll W, Jablonka S, Andreassi C, et al. Smn, the spinal muscular
atrophy-determining gene product, modulates axon growth and localization of
beta-actin mRNA in growth cones of motoneurons. J. Cell Biol. 2003;163:801-812.

Rowland LP, Shneider NA. Amyotrophic lateral sclerosis. N. Eng. J. Med.
2001;344:1688-1700.

Sato K, Eguhi Y, Kodama TS, et al. Regions essential for the interaction between Bcl-2
and SMN, the spinal muscular atrophy disease gene product. Cell Death Differ.
2000;7:374-383.

Schrank B, Gotz R, Gunnersen JM, et al. Inactivation of the survival motor neuron gene,
a candidate gene for human spinal muscular atrophy, leads to massive cell death in
early mouse embryos. Proc. Natl. Acad. Sci. U.S.A. 1997;94:9920-9925.

Shaw PJ, Eggett CJ. Molecular factors underlying selective vulnerability of motor
neurons to neurodegeneration in amyotrophic lateral sclerosis. J. Neurol.
2000;247:S1/17-S1/27.

Simon CM, Jablonka S, Ruiz R, et al. Ciliary neurotrophic factor-induced sprouting
preserves mtor function in a mouse model of mild spinal muscular atrophy. Hum.

Mol. Genet. 2010;19:973-986.
90



Soler-Botija C, Ferrer I, Gich I, et al. Neuronal death is enhanced and begins during
fetal development in type 1 spinal muscular atrophy spinal cord. Brain
2002;125:1624-1634.

Soler-Botija C, Ferrer I, Alvarez JL, et al. Downregulation of Bcl-2 proteins in type |
spinal muscular atrophy motor neurons during fetal development. J. Neuropathol.
Exp. Neurol. 2003;62:420-426.

Sumner CJ, Huynh TN, Markowitz JA, et al. Valproic acid increases SMN levels in
spinal muscular atrophy patient cells. Ann. Neurol. 2003;54:647-654.

Sumner CJ, Kolb SJ, Harmison GG, et al. SMN mRNA and protein levels in peripheral
blood: Biomarkers for SMA clinical trials. Neurology 2006;66:1067-1073.

Swoboda KJ, Scott CB, Reyna SP, et al. Phase II open label study of valproic acid in
spinal muscular atrophy. PLoS One 2009;4:¢5268.

Swoboda KJ, Scott CB, Crawford TO, et al. SMA CARNI-VAL trial part I: double-bind,
randomized, placebo-controlled trial of L-carnitine and valproic acid in spinal
muscular atrophy. PLoS One 2010;5:e12140.

Talbot K, Davies KE. Spinal muscular atrophy. Semin. Neurol. 2001;21:189-197.

Tsai LK, Tsai MS, Lin TB, et al. Establishing a standardized therapeutic testing
protocol for spinal muscular atrophy. Neurobiol. Dis. 2006a;24:286-295.

Tsai MS, Chiu YT, Wang SH, et al. Abolishing Bax-dependent apoptosis shows
beneficial effects on spinal muscular atrophy model mice. Mol. Ther.
2006b;13:1149-1155.

Tsai LK, Yang CC, Hwu WL, et al. Valproic acid treatment in six patients with spinal
muscular atrophy. Eur. J. Neurol. 2007;14:e8-9.

Tsai LK, Tsai MS, Tin JH, et al. Multiple therapeutic effects of valproic acid in spinal
muscular atrophy model mice. J. Mol. Med. 2008a;86:1243-1254.

Tsai LK, Tsai MS, Ting CH, et al. Restoring Bcl-xL levels benefits a mouse model of
91



spinal muscular atrophy. Neurobiol. Dis. 2008b;31:361-367.

Van Bergeijk JV, Haastert K, Grothe C, et al. Valproic acid promotes neurite outgrowth
in PC12 cells independent from regulation of the survival of motoneuron protein.
Chem. Biol. Drug Des. 2006;67:244-247.

Von Gontard A, Zerres, K, Backes M, et al. Intelligence and cognitive function in
children and adolescents with spinal muscular atrophy. Neuromuscul. Disord.

2002;12:130-136.

Vukosavic S, Dubois-Dauphin M, Romero N, et al. Bax and Bcl-2 interaction in a
transgenic mouse model of familial amyotrophic lateral sclerosis. J. Neurochem.

1999;73:2460-2468.

Wang CH, Finkel RS, Bertini, ES, et al. Consensus statement for standard of care in

spinal muscular atrophy. J. Child Neurol. 2007;22:1027-1049.

Watase K, Zoghbi HY. Modelling brain diseases in mice: the challenges of design and
analysis. Nat. Rev. Genet. 2003;4:296-307.

Weihl CC, Connolly AM, Pestronk A. Valproate may improve strength and function in
patients with type III/IV spinal muscle atrophy. Neurology 2006;67:500-501.

Wirth B. An update of the mutation spectrum of the survival motor neuron gene
(SMN1) in autosomal recessive spinal muscular atrophy (SMA). Hum. Mutat.
2000;15,228-237.

Yuan PX, Huang LD, Jiang YM, et al. The mood stabilizer valproic acid activates
mitogen-activated protein kinases and promotes neurite growth. J. Biol. Chem.
2001;276:31674-31683.

Yuan J, Yankner BA. Apoptosis in the nervous system. Nature 2000;407:802-809.

Zai L], Wrathall JR. Cell proliferation and replacement following contusive spinal cord

injury. Glia 2005;50:247-257

92



Zerres K, Davies KE. 59th ENMC International Workshop: spinal muscular atrophies:
recent progress and revised diagnostic criteria. Neuromuscul. Disord.
1999;9:272-278.

Zerres K, Rudnik-Schoneborn S, Forrest E, et al. A collaborative study on the natural
history of childhood and juvenile onset proximal spinal muscular atrophy (type 11
and III SMA): 569 patients. Neurol Sci, 1997;146:67-72.

Zhang ML, Lorson CL, Androphy EJ, et al. An in vivo reporter system for measuring
increased inclusion of exon 7 in SMN2 mRNA: potential therapy of SMA. Gene
Ther. 2001;8:1532-1538.

Zhao M, Momma S, Delfani K, et al. Evidence for neurogenesis in the adult

mammalian substantia nigra. Proc. Natl. Acad. Sci. U.S.A. 2003;100:7925-7930.

93



ALS Amyotrophic lateral sclerosis

ATPase Adenosine triphosphatase
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BH Bcl-2 homology
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Caspase Cysteine-containing aspirate acid-specific protease
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CMAP Compound motor action potential
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hnRNP Heterogeneous nuclear ribonuclear protein
H&E Hematoxylin and eosin

IGF-1  insulin-like growth factor 1

MHFMS Modified Hammersmith Functional Motor Scale
NeuN  Neuronal nuclear

PBS Phosphate buffered saline

RNA Ribonucleic acid

SAHA  Suberoylanilide hydroxamic acid

94



SMA Spinal muscular atrophy

SMN Survival motor neuron protein

SMN Survival motor neuron gene (human)

Smn Survival motor neuron gene (mice)

snRNP  Small nuclear ribonuclear protein

Htra2-B1 Transformer-2 protein homolog beta 1

TUNEL Terminal deoxynucleotidyl transferase uUTP nick end labeling

VPA Valproic acid
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