260/280 was 1.62. The DNA of this sample was sufficiently deteriorated to prevent
amplification with 45 cycle PCR using 50 ng of DNA. However, this was an
exceptional case. Other samples, including three 8-year-old DBS samples, were

successfully used for PCR-HRMA.
PCR-HRMA data

The melting curves were normalized after subtraction of the post-melting area
fluorescence at 81.3—82.5°C from the pre-melting area fluorescence at 69.8-70.8°C.
Normalized melting curves of SMA patients with SMNI deletion and SMN2 retention
[SMNI(—)/SMN2 (+) curves] were located near the curves of controls with SMNI
retention and SMN2 deletion [SMN1(+)/SMN2(—) curves], but far from the curves of
controls with SMNI and SMN2 retention [SMNI(+)/SMN2(+) curves] (Figure 3). It
should be noted in this study that the SMNI(—)/SMN2(+), SMNI(+)/SMN2(-) and
SMNI1(+)/SMN2(+) curves formed their own groups, but the curves in each group did
not converge into one line. In addition, the melting curves of samples with the same

genotype did not converge into one line.

Comparison with PCR-RFLP data

The PCR-HRMA data were completely consistent with the data obtained by
conventional PCR-RFLP methods (sensitivity = 1.0, specificity = 1.0) (Table 1).
However, we failed to determine the relationship between the difference plots and thé
copy number of the SMNI and SMN2 genes in the control samples. We also failed to
determine the relationship between the difference plots and the copy number of the

SMN2 gene in SMA patient samples.

—145—



10

Discussion

We have developed a rapid, accurate and simple method for SMA screening,
which consists of DNA extraction from DBSs on filter paper and PCR-HRMA. We
previously reported a PCR-RFLP method of detecting SMA using DNA extracted from
DBSs [15]. However, when DNA extracted from DBSs is used for PCR-HRMA, the
problem of DNA quality/quantity must be confronted. To overcome this problem, others
have performed nested PCR before HRMA [10]. Our strategy to overcome the DNA
quality/quantity problem was to simply increase the number of PCR cycles. We
increased the PCR cycle number by 50%, obtaining successful results. Our method to

overcome the quality/quantity problem looks very easy, once it has been done.

The other problem in HRMA is generating allele-specific melting curves. The
melting curves of SMA patients with SMNI deletion can be distinguished from those of
controls with SMN2 deletion by conducting PCR with a special probe [11], or by adding
driver DNA (SMN1/SMN2=0:3) to the sample DNA prior to PCR [13]. Also used is a
method incorporating calibrated short-amplicon melt profiling with an oligonucleotide
forming a hairpin structure, which increases the resolution between the curve profiles
because of the tightened clustering of curves [14]. However, our method does not
require probes, drivers or calibrated short-amplicon melt profiling. Our study showed
that the primer set designed by Lefebvre et al (R111 and 541C770) [2] enabled
sufficient differentiation of the melting curves in PCR-HRMA. The primer set was
firstly reported in the article of cloning SMNI in 1995 [2], but has not been used in
PCR-HRMA in all laboratories except ours [12].

The primary outcome measure of our screening method was to determine the
accuracy of the PCR-HRMA with DBS-DNA. The accuracy of PCR-HRMA with
DBS-DNA was evaluated by the rate of concordance between PCR-HRMA with DBS-
DNA and PCR-RFLP with DNA from freshly collected blood. Our study demonstrated
that the results of PCR-HRMA with DBS-DNA were completely concordant with those
of PCR-RFLP with DNA from freshly collected blood (Table 1). The secondary
‘outcome of our study was to determine the length of time a DBS on filter paper will last

without deteriorating. PCR amplification cannot be performed using DNA from
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deteriorated DBS. In our study, we found only one deteriorated DBS sample among the
70 samples with storage period of 1-8 years. Thus, we concluded that even if stored

more than 8 years, the DBS samples can be used for PCR.

We should mention here some limitations of PCR-HRMA using DBS-DNA for
SMA screening. First, PCR-HRMA with DBS-DNA cannot determine the copy number
of alleles, because the melting curves of samples with the same genotype did not always
converge into one line. This limitation may be partly due to the variable deterioration of
DNA extracted from DBSs that have been stored for extended periods (years). Second,
PCR-HRMA can detect only SMNI deletion, and cannot detect any intragenic mutations
in SMN1.

In conclusion, we demonstrated the strength of our PCR-HRMA method: the
rapidity, the accuracy and the simplicity. As to the required time from the start of PCR
to the end of HRMA, our method takes only 1.5 hours, while PCR-RFLP takes more
than 8 hours. The machine in our study, LightCycler®480 System II, can handle as
many as 384 samples, according to the manufacturer’s instruction. As to the accuracy,
our results of PCR-HRMA with DBS-DNA were completely concordant with those of
PCR-RFLP with DNA from freshly collected blood. In addition, our method does not
need the second PCR procedures. Our method needs neither special probes nor drivers.
Our method needs only “a single PCR with a primer set”. Thus, our “PCR-HRMA with
DBS-DNA” may be a useful screening method to detect SMNI deletion. It should also
be noted that DNA from 8-year-old DBSs can be used as template for PCR-HRMA. All
of these findings suggest that our method is practicable for a large population study

and/or for a long period study.
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Table and Figure legends

Table 1 HRMA with DBS-DNA vs PCR-RFLP with DNA freshly collected
blood.
Figure 1 PCR primers. (A) Positions and directions of the oligonucleotide

primers. G and A in intron 6, and C and T in exon 7 indicate nucleotide differences
between SMNI and SMNZ2. (B) Primer sequences. The expected size of the PCR product
is 202 bp.

Figure 2 Amplification curves and melting curves of PCR products. (A)
Amplification curves of PCR products. (B) Melting curves of PCR products. DBS-DNA
was used as template DNA. Blue-colored curves represent amplified products, and
orange-colored curves (or lines) represent non-amplified ones. The non-amplified
curves were obtained from one DBS-DNA sample (*) and a negative control without
DNA (**).

Figure 3 HRMA data of three genotypes. (A) Normalized and shifted melting
curves. (B) Normalized and temperature-shifted difference plot. HRMA clearly
distinguished three genotypes: SMNI(+)/SMN2(+) (SMNI and SMN?2 retention; normal
control individuals), SMNI(+)/SMN2(—) (SMNI retention and SMN2 deletion; normal
control individuals), and SMNI(—)/SMN2(+) (SMN1 deletion and SMN2 retention; SMA

patients).
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Table 1 HRMA with DBS-DNA vs PCR-RFLP with DNA freshly collected blood.

(A) PCR-RFLP with DNA
from freshly collected blood Total
SMINI (+) SMNI (-)
HRMA with SMNI (+) 29 0 29
DBS-DNA  spanvi () 0 40 40
Total 29 40 69

sensitivity 1.0, specificity 1.0

(B) PCR-RFLP with DNA
from freshly collected blood Total
SMN2 (+) SMN2 ()
HRMA with  SMN2 (+) 66 0 66
DBS-DNA  span2 () 0 3 3
Total 66 3 69

sensitivity 1.0, specificity 1.0
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Figure 1 PCR primers.

(A SMIN
R111 - «——3281C770

intron 6 exon 7

SMINZ

R111
—_—

intron 6 ’ exon 7

(B) Primer Sequence Size  Reference

R111 5-AGA CTA TCA ACT TAA TTT CT-3'
541C770 5’-TAA GGA ATG TGA GCA CCT TCCTTC-3’

202 bp [2]

(A) Positions and directions of the oligonucleotide primers. G and A in intron 6, and C
and T in exon 7 indicate nucleotide differences between SMNI and SMNZ2. (B) Primer
sequences. The expected size of the PCR product is 202 bp.
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Figure 2 Amplification curves and melting curves of PCR products.

(A} Amplification curves of (B) Melting curves of
2 PCR products ‘ 60 W[’\CR products

1 5 9 13 17 21 25 29 33 37 41 45 65 70 74 78 82 8 S0 94
Cycles Temperature (°C)

(A) Amplification curves of PCR products. (B) Melting curves of PCR products. DBS-
DNA was used as template DNA. Blue-colored curves represent amplified products,
and orange-colored curves (or lines) represent non-amplified ones. The non-amplified
curves were obtained from one DBS-DNA sample (*) and a negative control without

DNA (**).
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Figure 3 HRMA data of three genotypes.
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(B) Normalized and
temp-shifted difference plot

L SMNL (4) ] SMN2 4)

~

SMNI (+)/ SMN2(+)

SMN1 () / SMN2 (+)

70 72 74 76 78 80

Temperature (°C)

70 72 74 76 78 80 82

Temperature {°C)

18

(A) Normalized and shifted melting curves. (B) Normalized and temperature-shifted

difference plot. HRMA clearly distinguished three genotypes: SMNI(+)/SMN2(+)

(SMN1 and SMN?2 retention; normal control individuals), SMNI(+)/SMN2(—) (SMN1

retention and SMN2 deletion; normal control individuals), and SMNI(—)/SMN2(+)
(SMN1 deletion and SMN?2 retention; SMA patients).
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BHRMEHEWE BLF2WDoeREBBET
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LR ESE (SMA : spinal muscular atrophy) 1%, 48 - WEEMEHEMIZHES - 7
KT 2RI EEETUES 2 -0 EETHE. RKETRE, ¥ReghstiEzERs2Ls, 5
Fgfak q13 HIBEE SMA 23k . 1995 4, KBEEET L LT SMNI &=zFoRAE sz B
(%, BEETRATATEICRD, 95% DEZIX SMNI BEFREOFEEARTHL I EFHHL
Twb. $7z, SMN1 BT L HF % SMN2 B 5T 0 2 ¥ —HHF$ T hiE, SMA 285ELd 518
MiZHbZEPELPICL o7 WEEFOEY THS SMN EHIE, MOEHICHEEL TSMN
BEBEZEEL, SHICbh2MEESHCEboTWwA. BENE IS, AMEBANEEERZ
B LT WwaS, SMN2 BIE T DEERERRE, H5\0 L SMN2BIZFDORT T4 Y » 7iBIE
HRIZE D CIRBENERIN, ZRS0FEHRII O TREPED LN TS,

F—TJ— K FRHMSERE, BEF2W, SMNI&ETF, SMN2EERF, SMNEH,

REBLBETOMRE

(1) HFREEBERIEOBE

[EH] T ZEMHE (spinal muscular atrophy ;
SMA) ¥, FHMTAMEOEY - BREZEY, K -
RN EREM OB TN - IR T 2R T EEE TR
BH-—2—nVERTHE RETHE, 5FLEH Q13
FEIRICEELZ-SMA 2395, TO5FREBEMAEI3HE
BWICEE L7 SMA L, BREASEEEEXZ L 5,
REMNBHEHERED—OTHY, HHETZES D
REBEEZZLLE IR OSTERITRERETH 5.

[(BERR] SMA OB 2 BEIRIE, EAAH
WO b —X 2T, HHERT, SERENWE FE
B, BRSNS - HETH L. FAERE - FLRHIC
BIAGHHETIE, WAHOKT, EF0NHEL LE,
BERZ AL (frogleg posture), BEIFZEEL WIHFTAT
OB LN, T, ZORHOBRERMEIN
ik, BOERRMOBIT 2L B L LTEDLNRS
T EBS.

EAESSHERT © (T650-0017) #A T P RXHEHT 7—5—1
WA RERFRREF AR BRI SRS -
R AR EE ST HE A%

[EEZHRE, EXEEYNRE, HREENRE]
Munsat 5 DB A4 F74 vz L iV, @i CK
fEix, IEEEBED 10FM LICHEmT s &3k
7, TEHEHERTR TR, BEBREN,
BMMERERIZD LN, MENRRHERRR I,
BHEMEMMUP)PEEM, FRIEMERZRL,
BADMET D THERICBIT L v, B EERE
X, EETRMED 70% T TH5. MEMHEHEEN
NEEFBDDLILIDHDH. ERHICL 2REZHOR
HTIE, BEEESRERINV-TEERL, BEXE
(BT 1B PFPBRETLLWIHPES
n5.

Wk HEDWERLLDIIHERISITORCES
P, ESREBETRETCEHZ2HBET 52 &58%<
ot

(ERARME] SMA IE, 6k, RBERD L ESRIo
EREICLD 3o0REISEI TSR

1 &l (Werdnig-Hoffmann %) 1Z4# 6 A FTIIR
ETAREFERTHS. BNTEMEZERTHENL
BETHIERL, 2REIFCICATHRERED 5 WIE
REDEREPLEHIENE V. | HEE T, BTEE
LR EPHED B2 5.

28 (PEE) ZERZIBPAETICRET 2HSE
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e soo (CIDC I T THTID

GTF2H2 NAIPW  SMN2Z CERF1 CERF1 SMN1 NAIP GTF2H2

Bl1 SMA O R {zTHE.
5 it fk q13 ik o> 7 1 A 7RI SMNI, NAIP
BFBEEL, £ X 7D SMN2, NAIPy il
BF DT 5. BETF O RO X 32ES O H
BT

BTHhb, AICTHEEEHFZTETH S, BHHTE
L, BT BN AR T HITIEES v, 2 BB
T, W TROELYRRREE QI FHEE (I
&) AWMU D,

38 (Kugelberg-Welander 9%) 13 18 7% H DAFEIC 565
THEBMEMTH L. HITEIL, HIT3T5 I LA
BThH, TOHDETIE BRIMCRSRLEL H
g, FEMDREES RS H 5. Kulid, 20 g
FRIZHSSE LERI 2 A B e T 5 2 238 oo 122,
4/, FIFAMEEM U THRITTRETH L 2 EPE 0
k59 ThH5s.

(2) SMNT #{xT & NAIP B{=T

[(RBBEE TR 1990 4E 12 SMA O BB A5
Fegetn RER (5q13) 1oy 78R 1995 4R 1[4
Whoru—=or 7S 2 o085 F5 SMA O
Bz e LCHE SN/ (). Survival Motor
Neuron1 (SMN1) #{ZF & Neuronal Apoptosis Inhibi-
tory Protein (NAIP) #{ZFTdH5"".

D5 H, SMNI BIZFRE (REEROFEHES
1K) 12 SMA BE D 95% D EiciBdohs &, $i
SMN1 B TFHROBMNERH S5 SMA BE b FE
FTAHEIEWELPIC R oY LD &b,
SMN1 BIZTFPREBRETCHHLEEZONE L)
Wl ofe. —7, NAIP BIZFRIERREROREH
A1) 1E SMAl BEZFOEZL LI bhil & &
NP NAIP BIEFREH SMA OEFERE & BHE L T
HEEZLNTWA.

(5q etk 13 8HI%] & = A T, 5q13 $HIRICIT KA
HREEFPELTHT, FRATAEEY bo X 7EI
HERBEEFIFICL2BATRE (K1Y

SMNI BZFR 7T ATHICHFETAERETTH
5. LT, SMNI BEFizHmdsey baxX 74
ORI BIEFAS, SMN2 BEZFTHA (K1), SMNI
FEIEF L SMN2 Bz FRRIFE A LR —0EREET %
ETA 7V VEBOBEBNEVWRZIE WEEFOHOL
7YY T O—FEOE (c873C>T : C 45 SMNI &

HERE 118 (9). 2014

(A) g C a a G

SMN2 w7
a T* g g A**

(B) Marker Patient Control

2: SMN1 exon 7
SMN2 exon 7

4 SMN1 exon 8
1 © SMN2exon 8
© SMN2 exon 8

bl < NAJP exon 5

2 PCR#HIBREE#EEIC L D SMNIT HET L SMN2
WARTF ORI,

(A) SMNI #IETF & SMN2 #E{EF oM DFE .
(B) PCR-HIBREEE T X A SMNT M {5 FHid
PCR #il#:1C & A NAIP #i{EFHAOKE "o
RAFEDWTiE, RXTHWAT 5.

IR, T A% SMN2 B{ETHERNIEE) &,
Ty v 8 D—HIEDEN (c1155G>A : G A5 SMN1
G THE R AEIE, A 2% SMN2 {5 U R sk E) 72
WThsb a—F4 rTHEHBOBEVEVWZE oY
7 O—HFEOFENIZITTH S (B 2)Y7.

LHb, SMN2 #fzFoxy vy 70—k,
(c873C>T) 137 I VBRBHAFIER I Wiz,
Z? SMN2 #EIZFH 5 H SMNI mRNA LR LE XD
SMN2 mRNA (FL-SMN2mRNA & 5 W ide & ER
SMN2 mRNA) A & h, BB 2 ZEBH (FL-SMN2
EHHLHVIIEEER SMN2 &H) bELASRLIFT
THA.

L2 L, SMN1 #&{n¥ & SMN2 #ETTIEAT T4
VYT Ny =R o TS, SMN2 BEFPS
BEHE SN D SMN2 mRNA OKEFIZL s VY 72K
% (A7-SMN2 mRNA & 5 2485 % SMN2 mRNA)
(I 3)*, SMN2 BIZFHSHEESh S SMN2 EZHE
DREBHTZ 7V TICHRT AN AL V2R
TVOTHD (A7T-SMN EHD 5 WG MR SMN &
BH).

¥ 72, NAIP EIZTiX, SMNI EETFEBIE-T,
Fu X TENCEET A (K1), NAIP #ETFIZHET 5
L hu X 7ROEREETS, NAIPy BZFTH 3
(K 1)". NAIP BIZF & NAIPy BfzF & TR, =27V
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SMN2 mRNA (& % x84 # B SMN2 mRNA)
ThHY, TIPoARINZ2EQEORBHIT
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MLPA f& #7 # (Multiplex Ligation-dependent Probe
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—157—



1318-(4)
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VY EREREFRDDLBEOHA, NAIP BIzFLr v
VERKEBDLEVEZF LD SRENFREL, LDEE
HEEERLTWA Bl Lz & 51, NAIP ZERR %
BEDEILTCTHNEH = ~— 1 v oBERES, B
HIZH D> TWADORPIZONTIE, £&<5hos T
v, L2 L, NAIP Bz TFORE(REEROSEES
1K) SMA OEEEICEbL> TWAH I LITHES &
HTH5B.

(2) SMN2 BIZFa¥—3 L EEE

[SMN1BEF 55 SMN2 B FANDEGTFER]
SMABEZE T, SMNIEEFTUNMNERET S
(SMN1 BT 0 a ¥ —EPBmP$T5) —H T, SMN2
BEFT7TUNHFENT 2 (SMN2 EETF 03 ¥—E0¢
ins 5) FAEEICEV. BETIE ZoORKIEK
DEIIHFHBEINTHBEY, Thbb, [SMNI EET
BRELTVE]EVWIBE, <EBIZSMNI &ETF

BlHIAHE L Tr o TOBEE > L, <SMNI #{EFEF
25 SMN2 AR FECHNZSE R B L7272 I R
L SMN1 BAZTEFIA % { le o TV AEGESDH 5.
FLT, BEOHAIZIE, <SMN1 #BZTFna¥—$
IR L, SMN2 #{EF O a €—Ehsims 5 2 ki
LB >bIFTH5D.

[SMN2 BIEFOAE B EBEE] SMNI #{z T %
RFELTVBEH (REEROREHEER) T,
SMN2 iR Fa ¥ —b BREEEZHDDLEFO—D
THHY. b b, [SMN2 BT 3 =D
FEEHEGEL, SMN2 85T 2 ¥ —HD0% I EEE
b sMEEPH LI L2 RELCELYY, ZOHR
1, BEFEOEEEIX, SMN2 BIZT0 5 EASINDHE
REMZ: SMN BREORERMLTWH I L ERB LT
W,

CEfEFIE—-ROBAEE] /- 6%, #6PCR-H
B — 4 v —iEY, YTy A4 s PCRIE", MLPA
EEROTSMN2 @5 Fa—HezillE L&/ B
LA, Hizbix, MifEEEaX boshrs, 1)
FVI A LPCRE#FATHCWTWS, 7L,
MLPA 31, 5q Refa ko R MBI % B &2z L7z w
LE, BOERET 5. ‘

(BBRE] &2, b BHRLASMARE
(SMN1 #HZTFREH]) OFHE L Z0 SMN2 #izF 2
V—#%RY. RA-bOBREIIBNTDH, BEEL
SMN2 #fz¥ a ¥ —EoMici, HetEmIcEEL2H
MAiHBH. LL, SMN2EETOIE—-EKIZTT,
e DEBEIIOVT, ZOFHEHEICTFHUTE L
ZEEMOoTBLLENDSL. R2IIRT LI,
SMN2 EIZF %232 —HoTWwBHEEEADD
B 1TARTEL 41 A28, 1338, 1 AI34
BTHhotz. Tibb, SMN2EBETR33E—F-o
THTHITHECHIBFIRLTHLL ZVDTHS.

(3) SMNI BInFHERLEREE

[SMN1 BIZFREHF HOEHE] BERERS S SMA
EEEIGE, FTSMNIBEFZI VYT, 208
DREOFELZRARDLZ L%, b L SMNI #ET
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1319~(5)

%2 SMNIRKRBEICBUAKRMESMN2 OV —HBoMEE (199641 A~

0144 B, WIEKRE)

1 copy 2 copies 3 copies 4 copies Mean (SD)
Type 1 1 46 11 0 217 (042)
Type 2 0 1 41 0 298 (0.15)
Type 3 0 1 13 6 323 (0.60)
Type 4 0 0 1 4 3.80 (0.40)
Total 1 48 66 10

PEEIIRELTVWBEDTHRIEX (SMNI BiEFRE
DFREEEE), FOBEBZBIISMA LEEZH TX 5.
SMN1 Bz FAEFET B L &1, RIZEHITHIER
woh. Tk XX, SMNIBETOaIE—#HEHAR
LUENSHEH. SMNIEBETHEIIE—-FKo TR
X, Z0%o> T 5 SMNI BETHICEENFELT
wWahrbmhizw., $hbb, SMNTIEETFRELE
SMN1 BIEFHRERE BUNER) oBE~NTUEEHK
DU EEUEEZZLDOTHS. BI-EORBIZLINE,

D &S ERIZ SMA BED S5%HIMNIED LD,

LA L, SMAEDOERKY»SH Y, SMNI EEFH1
T —FoTWThH; SMNI BEFHREENZVE &
12, SMA B OBREREZ 2 2 LEND 5. SMNI &=
FAl1a¥—-RKRoTcwhiX, #A85+5IEWT,
SMN ZEHBAPICETKERIR S ZVIETTH S
(R, SMA OERE L, B%, BEFEETH ). SMA
FEPOERSED Y, SMNIBEFHF1 a8 —KoTw»
T, SMNI BIZFHEENZWEER, HoEETFO
BEICESCHARKED L VEHRAEIZBRLTVES
LEZBRETHAS.

SMA #ELDERS S ), SMNI BEFH2 ¥ —
HFHET H L &, SMNI BETHREEOFEEAES,
BE~TFOESE HoviE, MEEFORELEZ
ZURELRSw. L, 20X 2EIIEEICHE
ThbrLBEbhb.

[SMN1 BEFREROERE] Ltk X 51,
SMAEMDOEIRSDH D, SMNI EZTFH1a¥—
BoTWhHEELZHOII-LE, f-blE, F0B-o
Twb SMNI1 BEFONBIBMAEROFELES.
LT, BEOMIOF L DNAZHWT, &7V
YOBEEY -7 v AETEERN OB Z1T) 2 LI
LTwh.

EIHhDOLIVVIIEREROTA I EBHRN
1, Wi, FOEEREH SMNI BEFHRIZHE DO,
SMN2 BIZFRIZHL{OEHRD L. ZOIZ, #
7-bi, BEHMEKO RNA % v Ti#i#EE PCR(RT-
PCR) %2179 2 4% v, B 5 h7/RTPCREY %
SMNT1 &= F mRNA EH & SMN2 & {ZF mRNA &

WiIoEwL, EEFELLO mRNAEWICETINT
WEDDPEERLTNEY,

(BEBRFIIE 3, bR L7 SMNT E{zTH
EREFIOFIME FO SMN2 BizFa¥—#EZRTY.
SMNI Bf=THEEGIZB VT, EEE L SMN2
BEFa¥—HoMCEELREEZ RO 2. Lok
%y A4 TOBIBZTFHNERD, SMNIEETOEDEH
MITFEELTW b w) 2E), BEEEEZHELT
WAL ThHBY.

(BRI

(1) SMN2 B F 2 EN LT 5 IRBEHE

[SMN2 BzTF & 2ERKEROER] SMA IXX3 3
BRI RAMEREERHEY LW, BE [BRE
LTw5b SMN2 Ei=T4 5N %2 FLSMN ZH %
THCEESED] L) HEERBEFEZOND LD
Wl o7z, 80 SMA BEOEETFRITOERES,
SMN1 BfEF & SMN2 BEEZFE2 L BIIRELTVS
SMA BEREELZVWEZZSRTWA. $72, SMN
2BEFOIE—HISVITE, SMA DERIZEL &
HZEBHLPI 2TV E., EFAY T AERER
Th, & SMN2 BEF2EHa¥—EA LR
BELERICH D, SO0 RMAOERNS, BE
SMN2 BIEF 2 FHT BB E TR, FRE
7=biE, BEL TS SMN2 BT SN L FL-
SMN ZHPHHICEETENE, ERBRSEET
BHEEZI-DTH5.

[SMN2 BRFE2ENET 3 2BHOAEERE]
SMN2 Ef=FH 5 HEEN 2 FLSMN ZH 2 40 &
HEXEDLDOGBEENIE, ko 2BEIIMIAZE
BTEL. Thbbh (DEEF7UE-Y—IHEH
¥, SMN2 =T DEEZ{E# L, FL-SMN2mRNA
RHINSE, RO FLSMN EOoiEnz BigS7
Tu—F (EEREEK) &, (2) SMN2 BZFx 7V
CIDAT AV Y TEERBIEL, FL-SMN2
mRNA NS¢, HFEMWICFL-SMN EZROEN%E
BT 7 7u—F(R7 543 VY TEIEEIE) Th 5.
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#3 SMNTBIETFHWERLTHTLEE (1996 4F 1 A~ 201444 F, HERH) 20
SMN2 Nucleotide Amino acid .
Sex | Onmset | 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 c275 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 c5 C>T p.AlaZVal N-terminal
(exon 1)

Patient 6 F 13y 3 1 cHC>T p.Ala2Val N-terminal
(exon 1)

B4 e b rB7 T AR AN X 2 HET
70 E— & — AL

M OHDACIE A P Y7 &F L {LBEE

HDAC inhibitor iz A b V7 L F M {LBEEEE
#, AclBe A BEHOTEFLEELRY. 20
TF T ERMBETAEATHAE LRIV, FON
KMOEA P F— VDT EFMLEMLT, ¥
owF UEEEREREEDL. suwF CHlEOE
{bid, BHMEEEAO T TE—F —~OFEIW
Brehz WEPHRELEAT L. LD EENICE,
1) 7EFMEICE o TR A b ¥ 7 — L ILHEMN
IR, (2) BA vk DNA OEEAIEL L
A7z8, (3) EEMEZRMAITIDNA ICEALPTL
Y, (4) Zoffg MEFIToEe—5—2HEE
BRI R Y, FORETFOEESMEES
na.

[GERESHE  EXA M E7EF IV {EBFEEEA
Tk BiR#E] 2001 LAk, ESHRIEE (BkERS bV
A, NVTOBE 7o VEEEE), b FudY AREE
(TSA, SAHA), )XY X7 3 Fb&H (M344) o
ANVRT 2 F NVALEERBEER S, SMA BEHED
MALICBIT 2 SMN EHEZ M ST L) B|EN
WA LBERIN ()P, X VBT E2FVALEE
FHEEHSSMN EAEZHEMSE28F L LTI,
(DSMN2 BEFOTOE— ¥ —HEHAL S I, SMN2

HMAETOEEEAYEE L, FL-SMN2 mRNA O AR
W5, QATI5A4 Yy FHlEAY 2— F§4 58
ZFOTOE—Y —IBEERILENT, ThHEDATS
42 FWEEHPEEIEE L, £O/E SMN2 iz
FLIIVVIDATTA L IIBIESND (A% y
Cr7hikang), (3) ik 2 onlFEisfladb
ENTW5D, OIOOTEENEZ G,
IOV, TADAREE LTHERFTHNYS
NTWBEHTH LA, ik, A YET7TLF VL
BERIEA L LCoREENER SIS L)k o7
2003 %, Brichta & @ 7 v — 7 & Sumner & D 7 )b —
THISMA BFEEROHBEFMZIC BT, v T
BeAs FL-SMN EE AR NS5 ]2 & & i Lo,
MW olZ, HLoH T, 7OV 7 afEd SMN2 5T Oz
HErtEL, 22 SMN2 BIZF LTIV Y TDAT T4
VUTBRHE L] S ERHLPICLE

2006 4E, Brichta 5k, 7SV 7B ERISHICE R
L. 120 A SMA BEIZS )V Fups# 0% 5 L7
LA T ADBEORMIMMALIZENT SMN EZHD
WinERH/]Z 2 RE LY. [FE, Wehl b,
[7 A®D 3~4 BISMA BEII AV Tult P8 »A
x5 L, MhoEzEdr] 2L xHRE LY.
2009 %E, Swoboda & 1%, [27 A 2 B SMA B2
V7afE% 12 A %5 L, Hammersmith s AEAER
EHREIREOREZ RO/ E#H|E LY. HS
i, WXOFT, RS OWHEIZFEICS KU TN
Bilzgoohiz] EBRRTWAE. Thb0MEE, »
VT OB X o TERFHE S »IC®ET 5 SMA
BEPONLIEZRLTWS.
(RTSALTEESRE . 7oF 2 RICLDHE
B 2006 A0, TVFEVA-FYTXILF
F FCTSMN2 BIEFZ 2V VY TRABOATIA Vv
FHIHIESS] (hnRNPAL/AZEEHM) 2~ X730
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e
A1
7 P—c ]
SMN2 re—mRNA A7-SMNZ mRNA

)
47/42
(s > [e]7 58]

IS8 FL-SMNZ mRNA
SMN2 pre-mRNA

B3 7vFER-FIVIXIVFFFIZLEBRT
543y TIBE.
(A) BEDHE, SMN2BEETF premRNA D4 ¥
b w2 7123 % intronic splicing suppressor (ISS)
BlH1iZi, haRNP AI/A2 2 WIH A7 54 07
MHFIEEIEESL, =27V ¥ 71 mRNA ICHAR
FNe BB (AXy795). B T7rFErA-
FUYIRXZVAF FHEETSHL, hnRNP Al/A2
IZISSICHETE L %Y, =7V ¥ 7iEmRNA
CHEARTNBILIERE (ATF4 YV 735
EE3h3).

E, 229V TOAFy EYFHRHIEENE Z LA
HEINLPT(”S). COHRCEIVT, EFVTY
2T FEVR-FIIRZ VAF FHPEASH

(HMERES), EROZXESELNLY. B, Klsis
Pharmaceuticals £ 45, BEEEPIVESTBIZ & L COBER
3 (ISIS-SMN Rx) Z Bl L, RECEIRERZ MG
L%,

(2) SMN2 Bz FE B E L WIRRERRE

(BB = 2 — D RE] #ERERTTH 2 HIRRA
BV E RSV E Y (thyrotropin-releasing hor-
mone, TRH) 7z SMA iEEORAIL, bAEHO
HAEFHFIZRREITHRELDNTH S, 1994
%4, Takeuchi &%, TRH BRIMIES T, [SMA] B EH
WKiRIEFEAEENE Do 7225, SMA2 EI, SMA3
RBZIIBWTEGREOREZRD] Lz @k
L 7-™. 200048, Tzeng & i&, [TRHIEEZ Z T 7=
SMA BEBCHAIMMmEHED. L L, TRHEE
FRT b o7 SMA BEFCTEHIERIIED S
ol JEHE LM 2009 4, Kato 5%, [TRH ##F
Of5 L5, fihoHs BHREORELR
W7 SMA3 BUEFREN & | L2¥.

BRATHE, Ef=—u Y REL BT ARG
1, SMARBENEELWI LD, EFoz—O ViR
ERRCH T AEEENBEO L SRR EEZS. L
2L, BE-2—uvicBiT s SMN EZEHORER,
SMNEZH L HEMEHAT2EAPBHEHINLSLICON
T, E& =20 vREL BB TIHFEERIE SMA
BRNERERK L LTREL T TEELZ SO T

1321-(7)

5.

DEETFEA - MfagiE] k% SMN1 &5 F%
BAT 2 EEFIHRES 2, S REMRSMENR 2 F 8T
FITAE S L HEHRMRBEYIL, [SMN1 &ETF%
BATE] v HERKRICEYT . TF, WEES
ERNRETAEGTHEBRIICHTE BN ¥ —H R
Sh, MEHRMEORE - BEERSREL, o0k
I L RBEBE NSO PICHEREFOCE . £,
OHPEOLPMBLEICL > THESI N IPSH
(NIt ssila) Mok n, v MRt X
EICAECXLBEAIF LI LFHINRTVS. &
ZFEA - MBI, BHEREYEREREOHRE
ETL» 20D, JFRIE SMA HEO—#IREE LT
BmExhsdbntEbhs,

(FRABREEOBFE]Oprea 512, EEEDELLE
BAWS SMARERHIZOWTKRET LY. ohb
DFREIE, BEXBLFEL SMN BETEZRLT
WAHIZHEDLLY, EKEEROZENE AT, £
LT, ShbniMny Y ISERTIX, PLSIAEEF
mRNA 25BECHEHL T,

PLS3 BT DEMTH 5 Plastin 3 (PL3) EHIZT
TFUVHEAFHHLTWAZESORTVS., 22
T, Oprea 51X SMA EFVEIMIC PLS3 EH % 8H
REIELLI S, FEEY, EF—2—Or#@EDN
fRREESWE LY.

Z @ Oprea 5 OHFFELME, SMA 2B 2 REH#
FAFIVAORENRREND L HITho/20 &
B2, THIEEY A F I 7 ZA0HIHE] L) REERE
CEDSCHEBIELIRET L LEDREY,

BB, BIEOBELEIRYE- TAE I, SMA
DEREREZBHTLEF (H50iE SMA OEEE
HETHRT) ZREEL, WEEHOHIZT L%
B, Z0EEFHREFEORRBICORFoTniZ L
ZEBLTB& W, COFEER, [H3% SMA B#E
BRI T H72D1C1E, bed side-to-bench, bench-to-
bed side & W) WA EEOHENART R TH Y, BRER
B¥, EREZOBNVEETHL] ZE2HmIRE
LTw5,

HE CoBEid, BEASEHREMERMESHEER
BTN (AR B AT R ) [/ i St
MG EREICH T A2V 7l U Y LS HEEIER
B SRR MR (FRREE FENRTFELE) o
BRI Lo TBIhbhT L ELEBEHLETET.

Ha/p R EEne0 2ABMARICET AR IES
DEEA.
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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 5ql11.2-13.3,
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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 SMNZ2 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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