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HAPR RS 1182 9% 1315~~1323 (20144F)

BRI ZNEAE

HAN R R HEE RSN

BInF WD S8REEE T

PR AR AL B FE R M SR e 2 - O MERh 2 BE e 27 S I

moR A 3

=

=

PRk 25 (SMA ¢ spinal muscular atrophy) &, R - TUIREAT BEEAT VAT 25K - B
T &R MR FAEE =« — o Y RBTH S, AT, WihaEREEREERT L5, 5
Hrdetofk q13 BURBIE SMA #4%5 . 1995 4, HEMETF L LT SMNI #fzFAsRE s h/z. B
F, BUZTMRITASTREIZ 2 Y, 95% DB IE SMNT BT REDFEHEEERTHH T LA L
TWwh, /o, SMNT BIRT &£ MHF 2 SMN2 #1500 E— #0523 hiE, SMA NRGEL§ 5 18
Mcdh b E WO o7, WHETFOEYTHSH SMN HEE, MoHEHICHE LT SMN
BAEERERERL, 2 h 5 SN MboTwd. HEDEZ A, BRI RANRILEET
T LTS, SMN2 R T ORGALERREE, &5V SMN2 BIZTFDORT T4 ¥ v 7EIE
WERE DT CIRIREDEREN, FRODHEMIEIC OV THREPHED ST 5.

F—— K FRIMETESEE, WEF2W, SMNI E{ET, SMN2#ET, SMN &EH,

P LR T OBE

(1) FriETE T 2R O %

(FE#] HFREMAZEMIE (spinal muscular atrophy :
SMA) i3, HRERTAMNLOZEN - [EZ R, K-
P9I S SR EE L DR EEME - M KT & R 3 B R T
B = 2—0 VIRETH L. AETIE, 5 FL Bk ql3
FIRIZBE L 72 SMA 25, T 5 FREME q13H
HWICBE L7z SMA i, Bt fhsticEz L5,
REH/NRAGRED—2TH Y, HIHETEEES /b
REEXZ DL 2 EPE O TENTREEETH S,

[(B&EFR] SMA OB % BT R, A
DR b~ X ZAET, HHET, SHERENE FiE
B, BERHNRES - HETH B, HAERY - fIRHI
BIFAHOETIE, WATOKT, EFOFH~L L&,
BERAL (frog-leg posture), EENFSERIEEL WIHFTRT
R[oOPNBZEeHEw. T/, ZOERAOBEHEREN
FEL, FOREORITOLILHELLTADLNS
ZEDB.

HMESEHERT ¢ (T650-0017) FhF i A R RAHAT 7—5—1
MARERFREFFEFRBLREE -
TR mE AK

(2R E, BXEEENRE, HRIEFNKE]
Munsat & DFM A A FI 4 i Ly, i CK
fitiid, IE# BB 10 FLLEICHmT 5 2 Lidkw,
7, EHIE R R T E S, B E R,
HRHE R ARG AR b, BB AT /T,
WEHH A EM (MUP) D EEN, FREEEREZRL,
BRI TS FlBIcBIT L v, SEIf R
i, IEETRMED 70% DT Th b, MEMEHREM
DEREEZBDHIE DD, ERHIC L HREBENKR
ST, BEBESKERIV-TEBRL, B
M (BIIF AT PBAET S L) BIRS
nas,

TR, HMEZWZEL-DITHERITORTER
A, BESEBRETFRECSHAHET S I 5% L
ol

(ERERSME] SMA &, 18k, FERE L EEREIO
EREILLD 3ooRBIC/ESTE Y.

1 &1 (Werdnig-Hoffmann %) 3&#% 6 »A F TIcH
ETAREERTHL. BNCTEMERFTLENE
BRITHIERL, 2RECCATIHRERS S VI
WEDERZEZEBI LS. | BIEE T, BTESE
&R A BHEASHEIZ 2 5.

28 (PHE) GE#R1IBPAFTIEBETHTHE
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1316-(2)

GTF2H2 NAIPY SMIN2 CERF1 CERF1 SMNI NAIP GTF2HZ

1 SMA OREMIETEE.
5 Btk qI3 EE O F 0 2 7 A SMN1, NAIP &
EFHREEL, ¥ o X 7HIC SMN2, NAIPy %
EFVEETH. BEFORAOEEIZEFTDHH
ERT.

BTHs. BHCEMERITETHSS, BHTE
VL, BT ERTHINEEL v 2BEH
T, BETEERIHEREEDIINC, ALY (HZE
2L HHEEICR 5.

3 # (Kugelberg-Welander 9%) 13 18 % A DIREIZ RS
THRERTH L. BAHTREILL, FITT5HI LT
BTHDH. ZOHNETE HBRHBEShLHDH

HFEHDBEL WL S, REIE, 20 &I
PRIZRIE L7-BERIZ 4 BIL T2 2L o 72?
480, BIZEEZELCHTHETHLZ EPEN
LHITH5.

(2) SMN1 #BI&ZF & NAIP BIxTF

[(REBEGTERHE] 1990 £ SMA OEEEMAS
FoafER Gald) oy 73nY, 1995 FiC[F4HE
Bhbru—o v Eni 2 DDBETFISMA DR
BEETFERE LTHESNZ (). Survival Motor
Neuron 1 (SMN1) &{&F & Neuronal Apoptosis Inhibi-
tory Protein (NAIP) &{ZF T3 5.

IMH b, SMNIBIEFRE (REEROFREES
)12 SMA BED HB% U EiZGEdbhbsZ Ek, £/
SMN1 BEFHROBMPNERZHT 5 SMA BELHFE
FTHIEPHSHICR Y Thonl Edrs
SMN1 BIZFHEREBETTHEEZZObNE LS
ik o7z. —7, NAIP B FRERREEDKREE
A1) X SMAL HEZOFHFL LIBH LT E &
D? NAIP BiEFREN SMA OBEELEEL T
LEEZLRTVA

(5q & 1358 & 25 T, 5q13 HBIC T AHE
REHEPELTCHT, Fuxritty boA7HEI
HFEZEETFFENL2HIEATHS (KDY

SMNI1 BIZFR 7O ATHCHEET LEETTH
%, LT, SMNIBEFIIHIET2 e x 74
DIEFEERETFAS, SMN2BEZFTHSH(R1DY. SMNI
BEFLE SMN2 BIEFRIZEALCHE—DEELRS %
BT TV VEBOENEVZIE, WEEFOL
2V O—gENEN (c873C>T  CASSMNI &

HIEEE 118 (9). 2014

(A) g C a a G
s :
8

A**

(B) Marker Patient Control

: z SMN1exon7
. SMN2 exon 7

I < SuNTexons
€ SMN2 exon 8
SMN2 exon 8

| e | < NAIPexon 5

K2 PCRHIBREEREIC X S SMNIBIETF & SMN2
BEFORG.
(A) SMN1&EF & SMN2 BT OEEDE .
(B) PCR-#IRREEZEIZ & 5 SMN1 BETRE,
PCR HMEEIC X 5 NAIP iz FREOHR. R0
BHFICowTiE, AL THAT 5.

ETHENERE, T2 SMN2 BEFERENER) &,
IV v 8D—IEHEDE: (c1155G>A 1 G % SMN1
BEIETFEHEREMIEE AP SMN2 BETFERNER) 72
FTHhAE a—F4 Y TEBOEVECZIE, 7Y
YT O—HEOENETTHL (2P,

L&d, SMN2 BIZF0Ly VY 70—EEOEN
(c873C>T) X7 I /VEHEREBEHREZFIESEIZ VD
Z® SMN2 #fZF75 b SMNImRNA L HALEED
SMN2 mRNA (FL-SMN2mRNA % 52 Wiz &R &
SMN2 mRNA) 2SEAE S h, B2 EHE (FL-SMN2
EHdHHVIEELER SMN2 EH) b EE XS IET
Thh.

LA L, SMNI E{ZF & SMN2 BEFTIRATFA4
YUT RV RRE ST WA, SMN2 BEFHS
EAEXhBH SMN2mRNA OKEHMELY VY TR
% (A7-SMN2 mRNA & 5\ 3 /A SMN2 mRNA)
(X 3)¥, SMN2&EFHhHELEINS SMN2EHE
DREITIEZT VIV TIZHRTHEEE N AL » 257
ZBOTHD (AT-SMN EHDH 5 W IZEHEE SMN &
H).

72, NAIP BIZF3, SMNI BIETEBYE-T
Fu A 7ENCHEET 5 (K 1), NAIP Bz FICHET 5
v b i 7EOHFEET D, NAIPy BEFTH 5
(F1)". NAIP Bf5F & NAIPy Bz F& T, 7V
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EE26E9H 1 H
SMN1 pre-mRNA
._:" n, AN
5 7 7 8
‘ L._l L“'I I r;‘!> I FL-SMN1 mRNJ ]
.S_MLV.ZJQCQ:EI«&/MA majr
............................ ey
[ 6 L__,l 7 L-_J ‘ @ A? SMN2 mRNA

4 A minor Ry l l 7 l 8 1
" spﬂcing
pathway

3 SMN1#ET &L SMN2BIEFOATS A
T D,

SMNT #1%FH & 1%, FL-SMNI mRNA (H 2 Wit
&2 R SMNI mRNA) MEEAESh, Bk L
FL-SMN1 &H (dHvidse &Rl SMNL &) »°
BAEXRL LiL, SMN2 BT HEESD
SMN2 mRNAD KEm iz =2 v 7% RAT-
SMN2 mRNA (& % v 1% 40 #i % SMN2 mRNA)
THY, CIPLERINIBEAROKIBT T
IV ITIHRT OB AL 2R LVAT-
SMNZ #ET (5 WV IidigHil SMN2 HE) Th o,

FL-SMN2 mRNA

YOI B, NAIP BImT 7 v v 5 OEHES
& NAIPy @R FICIEFEL 2D TH B,

[SMN E B O#EE] SMN1 #i{z T3, fEREEsh
TEBETLHEUL T ozl bh b, HiEo
FHEAHMETH o7, LAL, SMNEHIRSESESR
ERLHEGLTHAEEREERLTYAL I EBH LI
), SEIELMBATTOILREEHICHS L
TWaEEZOLND LIkl ThETIZ, SUN
EHPMES TR REEAGR YR TR = 2N
BELTwaHZ LANEHShTAE. L2L, Zhb
@ SMN ZH BRI OMBIcET ALY XS
AdbDTHY, SMADGFREOFLTH L IEE
Za—0rOEWRHREE OBBRFES A TIE R Do
7. Ld L, ®fil%-> T, SMN &HAS, M=z —
O OMBERT 4 F 37 AZHEML, ERE%H
RGHEGHMOBRBICERLFE R -LTwEI LD
WEEZH ST de - TE Y,

[NAIP ZEBO#EEINAIP #{5FiL, 7R b~ AR
EHIEF 7 7 21— (the inhibitor of apoptosis (IAP)
gene family) IWBE L TW5. FOBEFEYTH S
NAIP &HIZ, #WAN—FYO@BE+HEEL, #BETE
PP A EWHIT HEEET S, NAIP BIZF L H
FEY BHEARL, SMA BAHC, REESBITONS. K
BT AR MM, NAIP ZERIC L - THH &
NEZEFMEIRTVEY, &K, <7 A0 NAIP
5%&HA(k b NAIP Bz FERALEHEETFEAL, <
7 A Naip BIZTFEBHEOBRTE L ERBEETO
B 12k o T NLRC4 B§E 4 ~ 7 5 <V —24 (Inflam-

1317-(3)

masome) ASIEHE(L SN2 S D Sk 5720, 2
D e, Y AT NATPS & A S x4
5EBRREREEMboTWATZ LEZRLTVA. L
L, NAIPEFAREXED L HIWC L TTFRED
Zoa—uroiERE, RECMbo T30k
WTHE, &L 50o TWhRW,

MR TR & IR & Yo B AT

(1) SMN1 #{=-FRIZW, NAIP @z FRILE
JiE

DRETFRESH B, SMA ORKRSEIX, Ei2,
%%Em&#%mwbﬁszDVA%%mtsmm

R FREBWICL > THEESINTWAS. b L SMNI
BAZTRENBD ST hiE, SMNT #ETHER
PHRETHIEICRA. T2, NAIP BIZTFHRAE, &
FEFEDOTFIICH VSRS,

SMNT #fnF L iF & A EFH U LR S % 2 HFE
BT (SMN2 #{=T) OFFFED, SMNI BET DK
T WOH WA KHEICT 5. @O PCREOAT,
SMN1 BIRTFOREE RIMT ORATETH 5. @H
@ PCR #: T, SMNI1 #{ZT & SMN2 =T O J7
FHBLTLEI NS TH A,

FIT, 27V T O—EIENEN (c873C>T  C
A% SMNT Bz FH R IE, T 2% SMN2 #5745 2
By, v v 8o—EoE (c1155G>A 1 G
A% SMNT BEFHRERIELE, A A SMN2 B FHEE
RosEIE) #FH LT, SMN1I#ifz F 27 v vT7k
SMN2 #fsFxz v v 7%#K5L, SMNI#EFLs
V8L SMN2BIET Ly Y 8 KA LTHRIET
BIENLELEL (K2).

COHBD/HIZ, SSCP #%, PCR-H|REEFR &Y,
MLPA & #7 # (Multiplex Ligation-dependent Probe
Amplification : TN F T Ly 7 A - S5 —a ME
7 o — 7R "SHws RS,

NAIP B{5F OREOHFEIZOWTIL, NAIP EIZF
TV Y5 OEEEFIH NAIPy SEFICHELELTY
VI EEFMATRIE NAIP @ {=F 0 #4RE PCR
WIEASTRETH A, PCRTNAIPEETFZ IV VS
DEEEFIHFBEEI AV E &I, NAIP BIETRE
LHIES NG,

(BB X2z, R/ bHEM L2 SMNI, NAIP
BIETFREERD 1HIZRT. ZOBETIE, SMNI
EEzFrsrv 7,7V 8 NAIP EZFZIYV /5
BRELTH: (WTFRIREEROFEEEERT
Hotz). W2 (A) 12, 22V 7,8DEEDENE
3. B2 (B) &, PCR-HIBREERIEIC X % SMNI
EIETFHRAE, PCRBIBEIZ X 5 NAIP BIZTFRED
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1318-(4) HARNERESHEE $118% H9 5
#1 SMNI B LU NAIP BEFREFER (1996 F 1 A~ 20144 4 A, #HEKF)
SMNT NAIP T 1 T 2 T 3 T 4 Total
[ e e [ ota
Exon7 | Exzon8 Exon 5 P P P e

del del del 38 5 1 1 45

del del non-del 27 33 20 4 84

del non-del non-del 3 5 4 0 12

non-del non-del non-del 2 0 7

Total 71 45 27 5 148

BaRd. BESIHEL o TWAHE> L, <SMNI E=TES

Iz BAH WA PCR-FIBER KT, HIRES
Dral % SMN2 BIEFL 7 V¥ 70O T TR LIzEE
ZEHE L, PCREWZN T 5. 7, HIREEE Dde 1
DBSMN2 BIZFZI V8D A*%TRLAERES
L, PCREMZUN T 5. UL, SMNI EETF
IV TOPCREWIIHIBEZ D] TS
3, SMN1BIEFLZ V¥ 8 b HIREEE Dde I THINT
I, FNBETIIHBEE TN Iz PCR
EMDPEET S, BRETCRIBBECINIALY
PCR BMIDPHEEL T,

CFELIE, RABAT1996FE 1 AH 014FE4 AT
IZ#RBR L 7= SMA B & 0 SMNI1, NAIP & 1= FRAE#
BoER%RT. SMN1 BEFZ7V Y TORE (K
REROFEHEAME) 1T, 148 Fldt 141 FloEE (95%)
CBWTHEDON, SO Ed5, SMADRY Y —
= 7%, SMN1BEFL7 VY TREEFERNER
W kb5,

$7-, NAIP BIEFT 7V Y5 DRERKEEDFR
EHEAK) 13, SMAL BEZ 71 Fld 38 61 (53%) (<
Bd bz b OBRRREERTIL, NAIP Bz Fx 7
VY ERREBOBLEBEDFH, NAIP BEFZ7 Y
VERKEZOLVEELIVIBENEL, LVEE
BREEZRLTW . Bl Lz L9512, NAIP EHR K
HEDESIIZLTTHES -2 — o oBiEr2, B
EIZHbLoTVHEOPIIDOVTIE, &{fhoTik
W, L& L, NAIP BETFORR(REREEZOREES
) HSMA OEEEICHEb->TWAI LIIEEL L
ITHAB.

(2) SMN2 Bz Fa¥—HELEEE

[SMN1 BEFH 5 SMN2 BIEFADEEGEFEE]
SMABETIE, SMNIEBEZFTIYNVERET S
(SMN1 Bz FOa ¥ - WP T %) —F T, SMN2
BEFT7VNIENT S (SMN2 BETF 03—
WIS 5) BFXEEICLY. BETE, ZoBKER
DEIZHEIATWEY, T4 bh, [SMNI EETF
PRELTWE] LI BE, <EBRICISMNI &5+

S SMN2 BETEFICERICER LIl R )
b SMN1 BETEFHFZL BoTWBEE>HH 5.
ZFLT, BEOEHAIZIE, <SMN1E#ETFOIE—#
PP L, SMN2 BIZFOa¥—EENTsI Iz
BE>hITTHA.

[SMN2 Bz FaAE—-HEEEE] SMNI &z %
RELTWEEE RREEOFEEEGNH) TR,
SMN2 BEFOV-HRIEREEZROLFAFO—D
THaY. Fizbd, [SMN2 B=Fa¥—Erdin
FLEEEILL, SMN2 BERT IS0z E8E
3 AEAPDHZ L EHRELTELY. Z0HE
12, BEOEERERR, SMN2 BEFLOEEShARE
M SMNEHOEZKBLTWA I LE2RELT
Wb,

CEEFIE—HORIEE] £7-H1%, #XEPCR-H
gy —4 v —EY YT LF A4 A PCRIEY, MLPA
EEXHOTSMN2 BZFa—#E2lELTE/2 B
EOrI s, fhlzbiz, BERLIZMOEARDL, U
FUTALAPCREZFATHWTWS. 751,
MLPA &1, sq ko REHHZELMIZLAW
L& BOERETS.

[BEBRPE] R2i2, b BEBLZSMAERSR
(SMN1 BIZFR%EHF) OKE L Z0 SMN2 BIEZF 2
E—#Z2RY. RAb0BBIBVWTYH, BEEEL
SMN2 BfEFa ¥ —HoICiE, KeFENICEELHE
BEhids, LHL, SMN2EEFOIE-HZTT,
e DBEZIZOWT, ZOFHREBEICTFHTE 2L
TLEH->TBLLEN DL F2ITRT LI,
SMN2 BZF#%#3aE—FHoTWVwEEEBADI
B 1L AR TR, 41 A28 13 A 38, 1 A4
BCThotz. Thbb, SMN2EZTE#3aE—FH-
T TH IBEVIFBRLTHIRLLZVDOTHS.

(3) SMNI1 BIzFHRERLEEE

[SMN1 BEFREFEVEE] BRERD S SMA
=55 HE, £9 SMN1 BZFTrv 7,778
DREDEERZARLZ LIRS, H L SMNI BIEF
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FR264E9 A 1 H

1319-(5)

F2 SMNI RIBEILZBITHMYE SMN2 a ¥ — ¥ oMl (1996 4 1 A ~

20149 4 H, #F RS

1 copy 2 coples 3 copies 4 copies Mean (SD)

Type 1 1 46 11 0 217 (042)

Type 2 0 1 41 0 2.98 (0.15)

Type 3 0 1 13 6 323 (0.60)

Type 4 0 0 1 4 380 (040
Total 1 48 66 10

PEEIIR I LTWHDTHRIE (SMNT #ifsT x4k
DR EEEE), FOBEFIESMA EHEESHTE 5.
SMNI #{zFHPEET B E &I, wICEIThiZR
WOh, IOk &, SMNLEETO - R iR
BLFENEH B, SMNTBEFH1aE—-K - Tunh
X, ZOR - Twvb SMNT BIETPHNIESRDAFAE LT
WhhrbMhkwv. Thbh, SMNT#fEFREE
SMNI BIZFWER (AER) oia~Taiiahk
DU EEZ 2O TH L. Fhlzb OB L,

DL RIERNIE SMA BED S%NIMIGEDO HS.

LA L, SMASEEOMEIRYSH D, SMNT #BEFHT1
Y= 5> TWTh, SMNI B{EFHRERNZWE &
X, SMA USOIRRE# 2 HLENH 5H. SMNT #IE
Fola—Eo Tl Fhdtaiciec,
SMN & HBA D CIERIER S 2 Wik 3 Th 5
(FERE, SMA OFREE W, @5, EEETH 5). SMA
FUOERDSDH Y, SMNT #ETAH 1 a¥—FKoTw
T, SMNI1 R FWNEREDZVEHZ L, hoBIZTFo
BT L AR R D B VIR BICRE L TWw S
LEZDBRETHA).

SMA B OIERADH Y, SMNT EEZFH2 a3 —
Y 5 & &1, SMNT BIZFHNEROREHAERD
BENTOEEE o0, BEETFOREEEZ
ZITHIEZ 6w, 72721,
ThbEEbA.

[SMN1 BIETREZEOREFE] Lol & 51,
SMA B OEIRD DY, SMNI BREFH1ITE—
BoTWABEEZROTLLE, bk, TR
TwW5 SMNI BERFORNTIHAERDFEEREES .
FLT, BEHMBDZ ) A DNA ZHNT, &7V
VOB - v AR THEERF OB T LI
LTw5.

PPy Y VICERERDT A I ESEER
i, Wi, TOEEHN SMN1 BEFRIZHBS D0,
SMN2 BEFRICHBHDEHRD L. OB, FA
=bid, BEHMERO RNA 2 AWV CGEEE PCR(RT-
PCR) #1792 L ¥%w. B5N/ART-PCREMZ
SMN1 & 1= F mRNA E# & SMN2 &1z F mRNA &

COL S PR

Wiz L, ZERFEE 50 mRNA EWICE TR T
WAHEDHEMERLTWBEY,

(BB 22 312, B/-BAMEER L7z SMNT iz
LR O L 70 SMN2 B{ETF 2 ¥ —8E R
SMNT AR T MNZERFNC BV T, EAERE & SMN2
BIEF A —HOMICHEELRMEL D2V, Eok
9 Y A T OBBEFNERY, SMN1LBIRTFOEDH
LIS L Thich b wg) S eh, EEEZHELT
W5 &) THaEY.

(1) SMN2 #ZTF % KRR & 3 % HIikeg

[SMN2 3& BT & B ERRIEROMEE] SMA 1Z/9 5
R 2 AR HBEIIMETL LTS, g [RIF
LT\ % SMN2 #15T 5 & B e 4 FL-SMN &H %
FCEAESED ] L) BRI EZ ONRDS X9
W27z, 8D SMA BE OBETFRIT O RS,
SMNT #{zF & SMN2 BIZF A2 EHITRELTWS
SMA BERIFLELEVEEZ LR TWS. 72, SMN
2BIEFO I —HHLENITE, SMA OFERIZEE %
BIEDHSIPII R oTE, EFIVY T AERER
T, b P SMN2 #IzFEEHav—EA L EFRE
BAEECEEICH B, SO L) RHROERLI S, BE
SMN2 #{=F %2 FIH T 5 IREREHE TN IRE
72Bi%, BAEL TV 5B SMN2 BIETF4 & BfeRy 7 FL-
SMN BB+ ICEATENE, ERBRSEET
EBLEZ-OTHA.

(SMN2 Bz FEENE T2 2BBO G EHE]
SMN2 BIZF 2 HHEEN L FLSMN&H % T4 IcE
E S5 70 DEEEIKIE, RO 2EEIITTATZE
BTEE. Tabb (DBEF7OE—F—IZ@HE 2
'}, SMN2 EZTOEE % {2 L, FL-SMN2mRNA
ZHIN S, BRI FL-SMN EH0#EME B8 7
Tu—F (RERERK) &, (2) SMN2 B Fx 7 v
VTDATITA YT REEZBIEL, FLSMN2
mRNA ZH#ns¥, &EHICFLSMN EZHO#EM%
HIET7 70 —F(RT7I54 ¥ v 7IBEREK) TH 5.
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1320~(6) HADERZRME $118% $9%
#3 SMNIBIEFHAEEZHETHEE (1996F1 A~ 201444 5, fERE)D
SMN?2 Nucleotide Amino acid .
Sex Onset Type copy no. | Change (exon) change Domain
Patient 1 F 5m 1 3 ¢.275 G>C p.Trp92Ser Tudor
(exon 3)
Patient 2 M 6m 1 3 c.275 G>C p. Trp92Ser Tudor
{exon 3)
Patient 3 M Om 1 2 ¢.819_820 insT p.Thr274Tyr C-terminal
(exon 6) fsX32
Patient 4 F 12m 2 1 c830 A>G p.Tyr277Cys C-terminal
(exon 6)
Patient 5 M 11y 3 1 ¢35 C>T p.Ala2Val N-terminal
(exon 1)
Patient 6 F 13y 3 1 ch C>T p.Ala2Val N-terminal
. (exon 1)

M4 v bMUBETEFVERERERIC L 28ET
7 E— ¥ —iEFHEAL.

B HDACIEE A P BT EF VILERE
HDAC inhibitor IZ¥ A b Y7 F N{LBERE
#., AcHe R M EBHOTEFALESRTRT. 70
TFUEHMETAEATHLILA IR, FON
RKBEOCA MY F—LOTEFLLEALT, 7
DY F U EEPEEEE. suvF v BEOE
bid, BEREEHOTOE—F —~OFESIIE
BE52 BENELLEARTS. L) EKIZE,
Q) 7TEFMICEoTER Py F—LITEWHY
IRk, (2) BX Fr & DNA OESITEL L
L%, ) EEHEEHIIDNAILESLSTL
7Y, 4 FofFR BET7uE-F—-BEE
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Introduction

Abstract

Background: Valproic acid (VPA) is expected to become an effective therapeutic
agent for spinal muscular atrophy (SMA) because of its histone deacetylase inhibi-
tor effect.

Aim: To evaluate the effectiveness of VPA for SMA.

Methods: Seven consecutive Japanese SMA patients (three males, four females)
were recruited. Of those, six were type 2 (cases A-E, G) and one was type 3
(case F). One female patient (case E) was aged 2 years and 10 months, whereas
the others ranged in age from 15 to 42 years. VPA was administered for 6 months
with L-carnitine. We carried out SMN transcript analysis of peripheral white
blood cells, and evaluated using the Modified Hammersmith Functional Motor
Scale for SMA (MHFMS), vital capacity (VC), maximum insufflation capacity
(MIC), and cough peak flow (CPF) before and at 1, 3 and 6 months after starting
treatment.

Results: Cases B-E and G completed the study. The final VPA dosage in
cases B-D and G was 400 mg/day, whereas that in case E was 100 mg/day. The
quantity of the FL-SMN transcription product showed a tendency to increase.
Case E showed a remarkable improvement in MHFMS, and gained motor func-
tion to turn from side to side during the study period. Although no significant
changes were observed in MHFMS in the older cases, VC, MIC and CPF were
improved in those.

Conclusion: Our findings suggest that VPA treatment is effective for improving
MHFMS and respiratory function in some SMA patients. A placebo-controlled
randomized trial is warranted to confirm the efficacy of VPA for SMA.

namely SMNI and SMN2.* The disease is caused by loss of
SMNI, with more than 95% of SMA patients showing a

Spinal muscular atrophy (SMA) is an autosomal recessive
neuromuscular disorder characterized by degeneration of the
anterior horn cells of the spinal cord, resulting in progres-
sive muscular atrophy, and weakness of the limbs and
trunk, with the incidence reported to be approximately one
in 6000-10 000 live births.! SMA is classified into five
groups; type 1 (Werdnig-Hoffman disease; severe form),
type 2 (Dubowitz disease; intermediate form), type 3 (Ku-
gelberg-Welander disease; mild form), type 4 (adult form)
and type 0 (prenatal).!”

The gene responsible for SMA is the survival motor neu-
ron (SMN), which exists as two highly homologous copies
within the SMA gene region on chromosome 5q11.2-13.3,

Neurology and Clinical Neuroscience (2014) 1-9
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homozygous deletion or interruption in SMNI, resulting in
a deficiency of the SMN protein.*® SMNI and SMN2 are
nearly identical, with the only difference being a single
nucleotide change in the coding region, which shows that
nucleotide +6 of exon 7 in SMNI is C and that of SMN2
is T.

Although SMNI and SMN2 encode the same protein
because of a synonymous nucleotide change, SMN2 does
not fully compensate for the loss or dysfunction of SMNI.
As the C to T change in SMN2 at nucleotide position +6 in
exon 7 induces exon skipping, SMNI and SMN2 show dif-
ferent splicing patterns.”® All SMNI-derived transcripts
contain exon 7 and produce full-length SMN (FL-SMN),
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whereas the majority of SMN2-derived transcripts lack
exon 7 (A7-SMN).

Phenotypic variations in SMA are inversely correlated
with SMN2 copy number, and a higher SMN2 copy number
ameliorates the clinical phenotype."”'" SMN2 might com-
pensate for the loss of SMN/ by modifying disease severity
through production of a small amount of full-length SMN
protein. Thus, treatment strategies for SMA have focused
on increased production of the SMN protein from SMN2.

Valproic acid (VPA) is a histone deacetylase (HDAC)
inhibitor as well as an anticonvulsant used for treatment of
epileptic patients, as it increases SMN levels in SMA
patients through activation of SMN2 transcription and
splicing correction of SMN2 exon 7.2 Its effects as a ther-
apeutic agent of SMA are expected.'™ In the present
study, we evaluated the efficacy of VPA in SMA patients.

Methods

The present study was carried out from January 2012 to
March 2013.Seven consecutive Japanese SMA patients were
recruited, of whom six were type 2 and one was type 3. The
type 2 patients were as follows: case A, 34-year-old man;
case B, 33-year-old woman; case C, 23-year-old man;
case D, 30-year-old woman; case E, 2 years and 10-month-
old girl; and case G, 15-year-old girl, whereas the type 3
patient was a 42-year-old man denoted as case F.

None of the participants possessed the SMN/ gene, and
had three copies of SMN2 and the neuronal apoptosis
inhibitory protein. All except for cases B and E used non-
invasive ventilation at night. The demographic features of
the patients are summarized in Table 1. All patients under-
went physiotherapy, such as range of motion exercises of
the extremities and respiration, before, during and after the
study. The frequency and contents of physiotherapy differed
among the patients, and were dependent on their situation
including hospitalization, outpatient status and other fac-
tors.

VPA was given daily for 6 months to reach trough levels
of 50-100 mg/dL, a dosing level typical of that used in epi-
lepsy patients. L-carnitine was also given. We evaluated

T Saito et al.

using the Modified Hammersmith Functional Motor Scale
for SMA (MHFMS),”" and also examined respiratory func-
tion and carried out SMN transcript analysis using quantita-
tive real-time polymerase chain reaction (qRT-PCR)
measurements with peripheral white blood cell samples®
obtained from the patients before and 1, 3 and 6 months
after starting VPA treatment. Blood samples were obtained
from all patients in the daytime after fasting.

For SMN transcript analysis, we measured total-SMN,
FL-SMN and A7-SMN ftranscript levels using qRT-PCR,
with the latter two quantitated from the levels of the prod-
ucts encompassing SMN exons 7 and 8, and exons 5, 6 and
8, respectively. We used glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) as an endogenous reference gene, and
the levels of SMN are expressed relative to those of GAP-
DH2* The detailed methods utilized for qRT-PCR have
been described.?* We also evaluated the ratio of FL-SMN
to A7-SMN transcript (FL/A7-SMN). For respiratory func-
tion, we assessed vital capacity (VC), maximum insufflation
capacity (MIC) and cough peak flow (CPF).>*** In addition,
we also checked subjective symptoms, side-effects and body-
weight changes in each patient.

Statistical analysis. aNova with Tukey’s or a Games—
Howell post-hoc test were used to evaluate the differences in
SMN transcript levels for each evaluation time. Statistical
significance was accepted at P < 0.05.

Ethics. Written informed consent (for adults), or parental
consent and assent (for children) were obtained for all par-
ticipants. The study protocol was approved by the local eth-
ical committees of Toneyama National Hospital and the
University of Kobe.

Results

VPA and L-carnitine administration. Table 2 shows
the dose of VPA administered and VPA concentration in
each patient. Case A was climinated before the l-month
evaluation because of sleepiness induced by VPA and dis-
comfort caused by L-carnitine. Cases B-E and G completed

Table 1 Demographic features of patients with spinal muscular atrophy

SMN2
Age SMN1 SMN1 copy
Case Sex (years) Type exon?7 exon8 number NAIP Respiratory status Scoliosis Motor function
A Male 34 2 Delete Delete 3 (+) Night NPPV (++) Assisted sitting
B Female 33 2 Delete Delete 3 (+) Voluntary (+) Assisted sitting
C Male 23 2 Delete Delete 3 (+) Night NPPV (-++) Assisted sitting
D Female 30 2 Delete Delete 3 (+) Night NPPV + O2 (+++) Assisted sitting
inhalation in daytime
E Female 2 years 2 Delete Delete 3 +) Voluntary (+) Assisted sitting
10 months
F Male 42 3 Delete Delete 3 (+) Night NPPV (+/-) Sitting
G Female 15 2 Delete Delete 3 (+) Night NPPV (+)Spinal Assisted sitting
surgery
NAIP, neuronal apoptosis inhibitory protein; NPPV, non-invasive positive pressure ventilation.
2 Neurology and Clinical Neuroscience (2014) 1-9
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Table 2 Results obtained from each patient. Dose of valproic acid, valproic acid concentration, score for Modified Hammersmith Functional Motor Scale for SMA, respiratory function, tran-

scription amount of SMN and change in body weight.

Time VPA VPA
period  administration concentration vC MIC  CPF Body weight
Case (months) (mg) (pg/mL) MHFMS  (mL)  (mL)  {L/min) FL-SMN A7-SMIN FL/A7-SMN Total -SMN (ka)
A Pre 0 965 - 115 0.51 (£0.06) 1.77 (£0.13) 0.28 (+0.02) 1.19 (0.37)
B Pre 4 840 960 140 0.56 (+£0.02) 1.12 (£0.19) 0.50 (+0.07)* 1.02 (+0.03) 31.4
1 400 50 4 1000 810 95 0.80 (+0.05) 0.68 (+0.03) 1.17 (£0.03)* 5.47 (£2.11)
3 400 45 5 850 1000 165 0.86 (+0.35) 0.92 (+0.39) 0.95 (+£0.14) 3.27 (£1.33)
6 400 42 5 810 1060 130 1.08 (+0.13) 0.568 (+0.26) 2.05 (£0.57) 1.61 (£0.13) 33.4
o Pre 0 380 630 85 0.39 (£0.03) 2.02 (+0.47) 0.20 (+0.04) 2.82 (£0.67) 16
1 200 39 0 400 600 80 0.49 (£0.09) 1.37 (£0.24) 0.36 (+£0.07) 4.78 (£0.09)*,**
3 400 ) 62 0 430 580 95 0.51 (£0.17) 1.16 (£0.76) 0.78 (+0.80) 2.96 (+£0.34)*
6 400 75 0 500 710 100 0.45 (£0.24) 1.26 (£0.25) 0.39 (+0.27) 3.09 (£0.15)** 17.5
D Pre 0 380 440 75 0.60 (£0.40) 0.83 (+0.13) 0.73 (£0.14) 3.61 (£0.19)*,** 19
1 200 35 0 350 550 80 0.67 (£0.24) 1.13 (£0.13) 0.60 (£0.24) 2.96 (£1.27)
3 200 34 0 350 610 85 0.61 (+0.004) 1.14 (£0.69) 0.77 (+£0.67) '2.51 (£0.10)*
6 400 70 0 370 750 90 1.07 (£0.35) 1.09 (£0.18) 0.98 (£0.33) 2.25 (£0.11)** 20
E Pre 1 410 - - 0.83 (£0.02)*,** 1.25 (£0.05)* 0.67 (£0.03)* 2.69 (£0.21)* 10
1 25 13 11 400 - - 1.04 (£0.004) * 1.12 (£0.17) 0.95 (£0.16) 3.18 (£0.18)**
3 75 25 i 250 - - 1.16 (£0.08)** 1.31 (£0.05)**  0.88 (+0.03)* 4.27 (£1.00)+*
6 100 34 18 410 - - 0.57 (+£0.13) 0.99 (£0.06)*,**  0.58 (+0.15) 0.68 (-£0.35) * ** #4* 1
F Pre 10 3950 - 400 0.31 (+£0.06) 0.25 (+0.08)* 1.29 (£0.19) 1.01 (£0.03) 76
1 200 18 10 4200 - 400 1.02 (+0.07) 1.18 (£0.21)* 0.88 (+0.10) 1.37 (4+0.39)
3 400 26 9 4290 - 420 1.64 (£0.91) 1.37 (+£0.55) 1.15 (£0.25) 1.24 (£0.43) 79
G Pre 1 400 1570 95 0.62 (+£0.16) 1.13 (£0.16) 0,65 {+0.02) 112 (£0.11)* 19
1 200 47 1 410 1440 95 0.66 (+0.15) 1.09 (£0.17) 0.60 (£0.08) 1.31 (£0.32)
3 400 50 1 410 1350 105 0.57 (+0.13) 1.44 (£ 0.10) 0.40 (& 0.10) 0.73 (£0.01)*
6 400 43 1 420 1200 95 0.76 (£0.01) 1.65 (+0.78) 0.53 {£0.21) 1.77 (£0.02)* ** 18

All data for SMN transcription are expressed as the mean (+SD).
*xxkrk P < 005 Tukey's or a Games—Howell post-hoc test was used to evaluate the differences in each level of SMN transcript or ratio of FL/A7-SMNin each patient.
CPF, cough peak flow; MIC, maximum insufflation capacity; VC, vital capacity.
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the 6-month study, whereas case F was eliminated after
3 months because of chronic cholecystitis (no evident rela-
tionship to VPA trial).

VPA was started at 25-200 mg/day and gradually
increased, with a final dosage in cases B, C, D and G of
400 mg/day, and 100 mg/day in case E, while the dose in
case F at 3 months was 400 mg/day. VPA concentration
reached an optimal range after 3 months in case C, and
6 months in case D. In cases B and G, the transient moder-
ate VPA concentration was decreased under the optimal
range at 6 months. In cases E and F, VPA concentration
was at less than the optimal range during the study. Serum
levels of VPA concentration in each patient are summarized
in Table 2.

In cases A and B, L-carnitine was administered at 300 mg
throughout the study. In case C, after starting L-carnitine at
300 mg, the dosage was decreased to 100 mg from the sec-
ond week because of abdominal discomfort, and then
increased to 200 mg from week 6. In case D, L-carnitine
was started atl00 mg and increased to 200 mg in week 5,
then decreased to 100 mg in week 6 because of discomfort.
In cases E and G, L-carnitine was administered at 100 mg
throughout the study. In case F, L-carnitine was started at
100 mg and increased to 200 mg in week 5.

MHFMS, respiratory function and SMN
transcript. Table 2 shows sequential changes in scores for
MHFEFMS, respiratory function and transcription amount of
SMN for each patient. Furthermore, Table 3 presents a
summary of changes in MHFMS score, and rates of change
in respiratory function and FL-SMN transcription from pre-
treatment to 6 months after beginning VPA administration
in each case (3 months in case F).

MHFMS for cases C, D and G did not change during the
dosage period (cases C and D: 0 points, case G: 1 point).
MHFMS in case B was 4 points in a pretreatment evalua-
tion and 5 points at 6 months later, while that in case F
was 10 points at pretreatment and 9 points at 3 months.
MHFMS in case E was 11 points at the pretreatment evalu-
ation and increased to 18 points at 6 months. Case E gained
motor function to turn from side to side.

There was a great number of improved respiratory func-
tion items even in cases with a VPA blood level lower than
optimal, all of which were cases with progression. VC
increased in cases C, F and G, while MIC increased in

T Saito et al.

cases B, C and D, but decrecased in case G, and CPF
increased in cases C, D and F.

The transcription amount of FL-SMN generally showed
an increasing tendency, whereas that of A7-SMN and total-
SMN, and the ratio of FL/A7-SMN showed no consistent
tendency in accordance with VPA administration in the
patients. In some cases, the difference in level of SMN tran-
script or ratio of FL/AT-SMN was significant.

VPA concentration, MHFMS, respiratory function
and transcription amount of FL-SNMIN in each
case. Case B: VPA blood level after 6 months administra-
tion was lower than an optimal level. However, MIC
increased and the FL-SMN transcription product quantity
showed an increasing tendency.

Case C: VPA blood level was within an optimal level,
whereas VC, MIC and CPF increased, and the quantity of
the FL-SMN transcription product showed an increasing
tendency.

Case D: VPA blood level was within an optimal level,
whereas MIC and CPF increased. The quantity of the FL-
SMN transcription product showed an increasing tendency.

Case E: MHFMS score was dramatically improved, as
described earlier. However, VPA blood level at 6 months
after administration was lower than optimal, and the quan-
tity of the FL-SMN transcription product showed a decreas-
ing tendency.

Case F: Although VPA blood level was lower than an
optimal level and MHFMS worsened, VC and CPF
increased, and the quantity of the FL-SMN transcription
product showed an increasing tendency.

Case G: VPA blood level was lower than an optimal level
and MIC decreased. There was no change in MHFMS,
However, VC increased and the quantity of the FL-SMN
transcription product showed an increasing tendency.

Subjective symptoms, side-effects and changes
in bodyweight. Case A: Malaise, sleepiness and a pre-
cordial sense of incongruity.

Case B: Condition immutability and sleepiness.

Case C: Condition immutability and a precordial sense of
incongruity.

Case D: Difficulty with fatigue and a precordial sense of
incongruity.

Case E: Parents think that tremors have decreased.

Table 3 Summary of data obtained for each patient at end of administration of Valproic acid (6 months, 3 months for Case F). Valproic acid con-
centration, changes in Modified Hammersmith Functional Motor Scale for SMA, respiratory function and transcription amount of FL-SMN.

Case VPA concentration MHFMS Ve MIC CPF FL-SMN

B Below 1 ~3.6 10.4 -7.1 Increasing tendency
C Optimal 0 31.6 12.7 17.6 Increasing tendency
D Optimal 0 -2.6 70.5 20 Increasing tendency
E Below 7 0 - - Decreasing tendency
F Below -1 8.6 - 5 Increasing tendency
G Below 0 5 -23.6 0 Increasing tendency

Data shown represent changes in score of Modified Hammersmith Functional Motor Scale for SMA (MHFMS), rate of change (%) in respiratory
function from pretreatment to 6 months after administration of valproic acid (VPA) {3 months in case F).
CPF, cough peak flow; MIC, maximum insufflation capacity; VC, vital capacity.
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Case F: Condition immutability.

Case G: Condition immutability and sleepiness.

Many of the patients reported no subjective symptoms.
Three complained of sleepiness including a dropout case
(case A), while a precordial sense of incongruity was noted
by three patients, including case A. There was also a com-
plaint of belching, which was thought to be an effect of car-
nitine administration. There was no liver function
abnormality reported and carnitine fractionation was nor-
mal. Table 2 shows changes in bodyweight for each patient.
In five of the six patients, bodyweight increased by 1-3 kg
from pretreatment, whereas that decreased by 1 kg in
case G.

Discussion

After a 6-month administration of VPA, many items related
to respiratory function were improved in the participants of
the present study. Our items used to evaluate respiratory
function, such as MIC and CPF, were not utilized in previ-
ous reports. Increasing MIC and CPF is important for
patients with neuromuscular diseases to maintain good
respiratory condition.”®> Our results showed that those
improved values indicate the effectiveness of VPA adminis-
tration to maintain a good respiratory condition even in
adult SMA patients who show progression. Although Swo-
bota reported improvements in maximum inspiratory pres-
sures, forced vital capacity and forced expiratory volume in
1 s in patients aged over 5 years in an open label study,'’
there were no changes in any results of pulmonary function
testing carried out in a double-blind trial thereafter.!” Fur-
thermore, no previous studies have reported that respiratory
function was clearly improved with VPA administration,
except for one that speculated that improved respiratory
function might have been a result of growth and develop-
ment.'®

As a next step, our evaluation items of respiratory func-
tion, such as MIC and CPF, which have not been used in
previous studies, should be evaluated as part of a placebo-
controlled randomized trial to confirm the effects of VPA
on respiratory condition in SMA patients.

In contrast, there was no relationship between VPA blood
level and change in FL-SMN transcription products. Also,
the level of VPA in blood in cases with improved MHFMS
was less than an optimal level. Thus, improvement at the
study end-point was not necessarily associated with VPA
blood level or FL-SMN transcription product.

Past reports of VPA administration in SMA patients are
summarized in Table 4, with most of those cases being
SMA type 2 and 3.>2° The VPA dose in each of those
reports is assumed to have been in accordance with the dose
or blood level when used as an anticonvulsant. In four
reports, carnitine administration was combined.'>!"** Two
of those were designed as a double-blind study, whereas the
others were open label.!”?° In six reports, either SMN tran-
scription level or SMN protein level was evaluated.'*182
As an evaluation of motor function, the original Hammer-
smith Functional Motor Scale (HFMS) or MHFMS was
used in four reports,">!""'? whereas a muscle strength test

Neurology and Clinical Neuroscience (2014) 1-9
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was also used in five reports.!*!"® One study found
increased levels of SMN mRNA in association with VPA
administration,'* and another noted increased levels of
SMN protein with VPA administration.'® However, in three
reports, there was no evident change in SMN transcription
level with VPA administration'>!”!3 In the report by Weihl,
motor function efficacy was noted in SMA type 3 and 4
patients,'> whereas Darbar reported that HFMS improve-
ment in SMA type 3 was not observed.'® Kissel reported no
statistically significant differences regarding changes in maxi-
mum voluntary isometric contraction in ambulatory SMA
adults.® Also, Swoboda reported that children aged under
5 years,'” furthermore, those aged 2-3 years with SMA
type 2 showed MHFMS improvement with VPA adminis-
tration.!”

So the effects of VPA on SMA patients are controversial.
Based on the present results, we expect that respiratory func-
tion in adult patients with progression, as.well as motor
function in younger children, has a possibility to improve
after VPA administration. However, our open study was lim-
ited by the number of cases analyzed, and establishment of a
control was difficult. We cannot conclude that the change in
end-point after VPA administration is exclusively related to
VPA administration. In particular, in the MHFMS of
case E, growth development could have influenced our evalu-
ation of clinical manifestations. The effects of growth devel-
opment on motor functional evaluation should be evaluated
in a placebo-controlled randomized trial.

As for the effects of VPA on SMN, promotion of SMN2
gene transcription by activation of the SMN2 gene promoter
(production increase of full length type SMN2 mRNA and
A7-SMN2 mRNA), splice progress of the SMN2 gene
exon 7 by gene activation to encode a splicing related pro-
tein and a combination of these two mechanisms have been
considered.!"'? An increase in FL- and A7-SMN transcrip-
tion product quantity is expected to occur with VPA admin-
istration. Furthermore, VPA is a multifunctional drug that
is expected to have a neuroprotective effect.”” Therefore, it
is also speculated that VPA blood level, FL-SMN transcrip-
tion product quantity and improvement in outcome are not
necessarily linked.

Regarding the change in quantity of the SMN transcrip-
tion product after VPA administration, we considered the
effects of fluctuations in the system of measurement.
Whether an increase in SMN protein in peripheral blood
leukocytes reflects an increase in that in ventral horn cells
remains unknown. It is also not clear if an increase in SMN
protein in the ventral horn cells is directly associated with
clinical manifestation improvement. In addition, if an imper-
ceptible change in motor function occurs, it might not be
possible to detect the difference using the method of evalua-
tion utilized in the present study. Thus, subtle changes in
clinical signs and symptoms might not be detected by the
present evaluation method.

It was also difficult to evaluate the effects of physiother-
apy on motor and respiratory functions in a comprehensive
manner because of variations in each patient. In the present
cases, uniform physiotherapy was not possible because of
functional differences among our patients, the therapeutic
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Table 4 Summary of reports related to administration of valproic acid in patients with spinal muscular atrophy

Evaluation
Clinicat . R .
trial SMA Motor
Author phase VPA Carnitine type n  Age Duration function PFT SWIN Others  Results Conclusion Year Hef
Weiht Open Administration - 34 7 17-45 years 1-15 months Muscle - - - Improvement of VPA e 13
et al. 500-1000 mg/day {mean 17 years} {mean swrangth moter th and s
Mean serum fevel & months) subjective benefit efficacious in
87 ng/mL atul SMA
type I4
Brichta Open Administration - Carrier 10 50.0 + 10.9 years >5 weeks ~ - SMN protsin - Increased Long-term 2008 14
et al. 1200-1800 mg/day analysis SMN messenger clinical wisls
Serum level SMM2 messenger BNA and protein in SMA patients
70-100 mg/L ANA Iblcod) levels in that comelate
Serum level 1 5 1.6 % 0.9 years >4 weeks SMN2 messenger SEven camiers SMN expression
38-99 mg/L ANA blood) Eievated in blood with
Serum level 2 11 103 % 7.1 years SMN2 messanger ndvichal
47.9-98.3 mg/L ANA fovels in motor funotion
Serum level 3 4 20.8 + 6.9 years seven patents 1518 are
68.5-89.0 mg/L Unchanged or requived
decreased in
13 patients
Swoboda  Open Serum level Administration 1 2 2-Byears 6 months MHFMS FVC, FEV1, Cuantitative CMAP, increased mean The study W08 15
et al. 50-100 mg/dL 50 ma/ka/day 2 29 2-14 years MEP, MIP assassment MUNE, seore on the provides good
3 11 2-31 years {over 5 years]  of SN DEXA WMHFMS scale in evidence that
mARNA SMA 2 VPA an ba used
However, significant safely i
inprovement SMA subjects
restricted 10 SMA 2 over 2 yaars of age
partcipants under in the setting of
5 years of ags close rmonitosing
Some items of camniting status
improved in PFT
Unchanged Full langth
SMN levels
Significantly reduced
A7-SMN levels
Piepers Open Serum level - 23 8 1.6-16.5 years 4 months - - SMN protein - Sigrificantly incrogsed SN protein 2010 18
et al. 70-100 mg/mt concentration of [ SMN protein fevals: quantification
ymphocyte fiver of six by ELISA s
a usehl ool
for evaluating
the effects of
weatment
in SMA
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Table 4. Continued

Evaluation
Clinical
trial SMA Motor
Author  phase VPA Carnitine type n  Age Duration function PFT SMN Others  Results Conclusion Year Ref
Swoboda Double Serum level Administration 2,3 30 1.8-8.7 years 6+6 months MHFMS, FVC, FEV1, Quantitative CMAP, Children ages No benefit 2010 17
et al. blind 50-100 mg/dL 50 mg/kg/day (mean 4.3 years) Myometry MEP, MIP assessment DEXA, 2-3 years that of treatment
{maximum of measurement (over 6 years) of SMN PedsQL  received with VPA and
1000 mg) mRNA 12 months L-carnitine
Placebo Placebo 23 31 2.1-7.9 years Placebo treatment had in young
(mean 4.4 years) 6 months + VPA significantly non-ambulatory
6 months improved SMA
MHFMS scores
No change of QOL,
CMAP, myometry
measurements, and
SMN
Treatment not
associated with
changes in the
PFT outcomes
{over 5 years)
Excessive weight gain
was the most frequent
drug-related adverse
event
Kisse! Open Serum level Administration 2,3 33 2.8-16.3 years 12 months MHFMS-Extend, FVC, FEV1, Quantitative CMAP, Weight gain of 20% VPA is not 2011 18
et al. 50~100 mg/dL 50 mg/kg/day  standers and {median 6.9 years) TTF, FMM, MEP, MIP assessment DEXA, above body weight effective in
(maximum of walkers Myometry (over 5 years} of SMN PedsQL  occurred in 17%. improving
1000 mg) measurement mRNA No significant strength or
{over 5 years) change of function in
MHFMS-Extend, SMA children
TTF, FMM,
PedsQL and SMN
transcript level
FVC, FEV1 showed
improvement at
one year as expected
with normal growth
Darbar Open Administration Administration 23 22 2-18 years 1 year MRC method, - - Barthel Gained no muscle strength  VPA may be a 2011 19
et al. 20 mg/kg/day 100 mg/kg/day (mean 5.5 years) HFMS Index SMA 2 presented potential
significant gain in alternative to
HFMS, but not type 3 ameliorate the
improvement of progression of
Barthe! Index SMA
Kissel Double Administration - Ambulant adults 33 19.9-55.3 years Placebo MVICT, SMAFRS, FVC, SMN2 copy number, CMAP, There was no change VPA did not 2014 20
etal. blind, 10-20 mg/kg/day with SMA {mean 37.2 years) 6 months + VPA  hand-held FEV1, MIP mRNA levels, and MUNE, in outcomes at improve
Cross over Trough levels of 6 months dynamometer, SMN protein levels DEXA, 6 or 12 months strength or
50-100 mg/dL {cross over) distance in 6-min walk, QoL function in
time to climb 4 standard SMA adults

stairs

CMAP, maximum ulnar compound muscle action potential; DEXA, dual-energy X-ray absorptiometry; ELISA, enzyme-linked immunosorbent assay; FEV1, forced expiratory volume in 1's;
FMM, fine motor modules; FVC, forced vital capacity; HFMS, Hammersmith Functional Motor Scale; MEP, maximum expiratory pressure; MIP, maximum inspiratory pressure; MHFMS, Modi-
fied Hammersmith Functional Motor Scale for SMA; MHFMS-Extend, Modified Hammersmith Functional Motor Scale-Extend; MRC method, Medical Research Council method; MUNE, motor
unit number estimation; MVICT, maximum voluntary isometric contraction testing; PedsQL, Pediatric Quality of Life Inventory; PFT, pulmonary function testing; QOL, quality of life; SMAFRS,
modified SMA Functional Rating Scale; TTF, timed tests of function.

‘e 10 oyes |

VINS 10} Apnmis vdA



VPA study for SMA

environment (hospitalization, outpatient status and so on)
and ethical reasons. Thus, variations in physiotherapy
should be minimized to better evaluate the effectiveness of
VPA in future studies.

We found no serious side-effects caused by VPA adminis-
tration. However, many of our patients gained bodyweight
as compared with pretreatment, which was induced by VPA.
Excessive weight gain has negative effects on motor and
respiratory conditions in such patients, thus careful adminis-
tration of VPA is required. As for carnitine administration,
we should recognize side-effects including a precordial sense
of incongruity and a complaint of belching, which have not
been reported in previous reports.

VPA is expected to show good effects as a therapeutic
drug for SMA in younger patients for motor functional
improvement and even in adult patients for respiratory
improvement. To fully elucidate its effectiveness and efficacy
in SMA patients, development of an evaluation method to
better determine minimal changes in clinical manifestations
including respiratory function items, such as MIC and CPF,
which were not used in previous reports, as well as introduc-
tion of a new biomarker that can be easily evaluated and is
able to differentiate responders to VPA treatment {rom non-
responders are required. Although improvements in
MHFMS in the young girl and respiratory function
improvements in the older subjects were observed in the
present study, our results are difficult to interpret because of
the open label nature and small scale. The effects of growth
development on motor functional evaluation in child cases,
respiratory function using MIC and CPF, and efficacy of
VPA for SMA should be evaluated using a placebo-con-
trolled randomized trial protocol.

Acknowledgments

This work was supported by a Grant-in-Aid from the Minis-
try of Education, Science, Sports and Culture of Japan, and
a Grant-in-Aid from the Research Committee of Spinal
Muscular Atrophy (SMA) from the Ministry of Health,
Labor and Welfare of Japan. These findings were reported
at the 57th Annual Meeting of Japan Socicty of Human
Genetics (Tokyo) and 12th Asian Oceanian Congress on
Child Neurology (Riyadh, Saudi Arabia). The authors
declare no conflict of interest.

References

1 Kolb SJ, Kissel JT. Spinal muscular atrophy: a timely review.
Arch. Neurol. 2011; 68: 979-84.

2 Zerres K, Davies KE. 59th ENMC InternationalWorkshop:
Spinal Muscular Atrophies: recent progress and revised
diagnostic criteria 17-19 April 1998, Soestduinen, The
Netherlands. Neuromuscul. Disord. 1999; 9: 272-8.

3 Wang CH, Finkel RS, Bertini ES ¢t a/. Consensus statement for
standard of care in spinal muscular atrophy. J. Child Neurol.
2007; 22: 1027-49.

4 Lefebvre S, Biirglen L, Reboullet S et /. Identification and
characterization of a spinal muscular atrophy-determining gene.
Cell 1995; 80: 155-65.

—160—

13

14

15

19

21

22

T Saito et al.

Lefebvre S, Burlet P, Liu Q et al. Correlation between severity
and SMN protein level in spinal muscular atrophy. Nat. Genet.
1997; 16: 265-9,

Wirth B. An update of the mutation spectrum of the survival
motor neuron gene (SMNI) in autosomal recessive spinal
muscular atrophy (SMA). Hum. Mutat. 2000; 15: 228-37.
Monani UR, Lorson CL, Parsons DW et al. A single nucleotide
difference that alters splicing patterns distinguishes the SMA
gene SMN/ from the copy gene SMN2. Hum. Mol. Genet. 1999;
8: 1177-83.

Lorson CL, Hahnen E, Androphy EJ, Wirth B. A single
nucleotide in theSMN gene regulates splicing and is responsible
for spinal muscular atrophy. Proc. Natl Acad. Sci. US4 1999;
96: 6307-11.

Mailman MD, Heinz JW, Papp AC ¢f al. Molecular analysis of
spinal muscular atrophy and modification of the phenotype by
SMN2. Genet. Med. 2002; 4: 20-6.

Harada Y, Sutomo R, Sadewa AH ef al. Correlation between
SMN2 copy number and clinical phenotype of spinal muscular
atrophy: three SMN2 copies fail to rescue some patients from
the disease severity. J. Neurol. 2002; 249: 1211-9.

Brichta L, Hofmann Y, Hahnen E er al. Valproic acid increases
the SMIN2 protein level: a well-known drug as a potential
therapy for spinal muscular atrophy. Hum. Mol. Genet. 2003;
12: 2481-9.

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

Weihl CC, Connolly AM, Pestronk A. Valproate may improve
strength and function in patients with type III/IV spinal muscle
atrophy. Neurology 2006; 67: 500-1.

Brichta L, Holker I, Haug K, Klockgether T, Wirth B. In vivo
activation of SMN in spinal muscular atrophy carriers

and patients treated with valproate. dnn. Neurol. 2006; 59:
970-5.

Swoboda KJ, Scott CB, Reyna SP et al. Phase 1I open label
study of valproic acid in spinal muscular atrophy. PLoS ONE
2009; 4: 5268,

Piepers S, Cobben JM, Sodaar P et al. Quantification of SMN
protein in leucocytes from spinal muscular atrophy patients:
effects of treatment with valproic acid. J. Neurol. Neurosurg.
Psychiatry 2011; 82: 850-2.

Swoboda KJ, Scott CB, Crawford TO et al. SMA CARNI-VAL
trial part I: double-blind, randomized, placebo-controlled trial
of L-carnitine and valproic acid in spinal muscular atrophy.
PL0S ONE 2010; 5: ¢12140.

Kissel JT, Scott CB, Reyna SP ef al. SMA CARNIVAL TRIAL
PART 1I: a prospective, single-armed trial of L-carnitine and
valproic acid in ambulatory children with spinal muscular
atrophy. PLoS ONE 2011; 6: e21296.

Darbar IA, Plaggert PG, Resende MB, Zanoteli E, Reed UC.
Evaluation of muscle strength and motor abilities in children
with type II and III spinal muscle atrophy treated with valproic
acid. BMC Neurol. 2011; 11: 36.

Kissel JT, Elsheikh B, King WM et al. SMA valiant trial: a
prospective, double-blind, placebo-controlled trial of valproic
acid in ambulatory adults with spinal muscular atrophy. Muscle
Nerve 2014; 49: 187-92.

Krosschell KJ, Maczulski JA, Crawford TO, Scott C, Swoboda
KJ. A modified Hammersmith functional motor scale for use in
multi-center research on spinal muscular atrophy. Neuromuscul.
Disord. 2006; 16: 417-26.

Harahap IS, Saito T, San LP et al. Valproic acid increases
SMN?2 expression and modulates SF2/ASF and hnRNPA1

Neurology and Clinical Neuroscience (2014) 1-9
© 2014 Japanese Society of Neurology and Wiley Publishing Asia Pty Ltd



T Saito et al. VPA study for SMA

expression in SMA fibroblast cell lines. Brain Dev. 2012; consensus statement. Am. J. Respir. Crit. Care Med. 2004;
34: 213-22. ' 170: 456-65.

23 Kang SW, Bach JR. Maximum insufflation capacity: vital 25 Sugai F, Yamamoto Y, Miyaguchi K et al. Benefit of valproic
capacity and cough flows in neuromuscular disease. Am. J. acid in suppressing disease progression of ALS model mice. Eur.
Phys. Med. Rehabil. 2000; 79: 222-7. J. Neurosci. 2004; 20: 3179-83.

24 Finder JD, Birnkrant D, Carl J er al. Respiratory care of the
patient .with Duchenne muscular dystrophy: ATS

Neurology and Clinical Neuroscience (2014) 1-9 9
© 2014 Japanese Society of Neurology and Wiley Publishing Asia Pty Ltd

—161—



/. Spine Res. 5 18-23, 2014

}z?\ % Original Article

PR IR N & 2 BRERIBICKE 5
FHESFRRGRE T ~ o — bk

A Questionnaire Study on Surgical Treatment for Scoliosis in
Neuromuscular Disorders
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Abstract

Purpose © Spinal fusion is recommended for patients with neuromuscular disorders such as
spinal muscular atrophy (SMA) and Duchenne muscular dystrophy (DMD). However, the actual
condition in Japan is not clear. A questionnaire study on spine surgery in Japan was performed.

Subjects and methods : Questionnaire mails on spinal surgery were sent to institutes appeared
on Homepage of Japanese Scoliosis Society. The questionnaire included experience of spine surgery
of neuromuscular disorders, summary of operated cases, and adaptation standard for surgery, and so
on.

Results : Eighty eight institutes answered the questionnaire (38%) . Spine surgery operation was
done in 14 institutes (15% of answer) . Seventy operation cases were reported, including 14 patients
with SMA, 22 with muscular dystrophy, 16 with cerebral palsy, 5 with spina-bifida, 3 with Chiari-
malformation, and so on. Distributions of the numbers and varieties of operation cases were
different among institutes. Complications of operation were respiratory failure, infection, heart
failure, and so on. Fourteen SMA cases included 6 males and 8 females aged 11~23 years old
(mean 13.6). Values of Cobb angle of pre-operation were 55~ 143 degree (mean 106.7), and those
of post-ope were 17~83 (mean 43,6). While, 19 with DMD were males aged 12~22 years old
(mean 13.9). Values of Cobb angle of pre-operation were 35.7~115 degree (mean 65.3), and those
of post-ope were 5~50(mean 23.7). Postoperative remarks of patients and families were almost
satisfactory for sitting balance, however also included deteriorated difficulties of care. For
adaptation standard for spine surgery, lower limit of age ranged from 3 to 15 years old, and upper
limit from 10 to 75 years old. Lower limit of Cobb angle ranged from 25 to 90 degrees, and upper
limit from 60 to 150 degrees. Unstable sitting balance was stated as indication for surgery.
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