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of laxity on outcome measures such as grip strength measured by myom-
etry in the normal population (children from 4 years to adults). Our results
suggest that children and adults with upper limb joint laxity have reduced
power in grip when compared to values for normal. In children with neu-
romuscular disorders, the problems of joint laxity, when combined with
weakness, can prevent or delay functional activities including propping,
getting to sitting, crawling and pulling to stand. It can delay walking,
cause tip-toeing, knee pain and fatigue. At the same time in some condi-
tions such as DMD joint laxity can confer advantages. We suggest that
joint laxity, which appears to confer both advantages and disadvantages
to children with neuromuscular disorders, must be considered when look-
ing at natural history studies as it might allow the further stratification of
different populations of patients.

doi:10.1016/j.nmd.2011.06.768
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Glucocorticoid therapy in a non-ambulant six year old boy with Duchenne
muscular dystrophy

U. Schara®, A. Sprinz®, S. Lutz®

“ University of Essen, Pediatric Neurology, Essen, Germany; ® Outpatient
Centre Haus Walstedde, Pediatric Neurology, Drensteinfurt, Germany

Duchenne muscular dystrophy is a X-linked progressive muscular
dystrophy with an incidence of about 1:3500 male newborns. Symptoms
usually appear before the age of 6 but also as early as infancy. They
include delay of motor, mental and speech skills. The boys usually show
pseudohypertrophic calf muscles as well as worsening muscle weakness,
frequent falis, positive phenomenon of Gowers, a dull gait and loss of
ambulance around nine to ten years of life. There is no known cure
so far, but a drug therapy with steroids to start at the age of five in usu-
ally ambulant patients is recommended to slow the decline of muscle
strength and function. We report on a boy first seen in our outpatient
clinic at the age of two years. In the context of a common cold blood
samples were taken and showed a markedly increased result of creatine
kinase level of about 36,000 U/l. Genetic analysis (sequencing) showed a
deletion of two bases in exon 27 in the dystrophin gene leading to an
out-of-frame-mutation confirming the diagnosis of Duchenne muscular
dystrophy. Until this age the boy showed a motor delay in sitting stable
(age 27 months), in crawling (age 30 months), in babble (age 12 months).
Until the age of six he was not able to walk independently, only a few
steps with assistance. Nevertheless we decided to treat the patient with
daily Deflazacort (0.9 mg/kg daily). The next four to six weeks he
started to walk independently and by that he improved his social skills.
Despite missing values or standards in non ambulant patients with a
very early manifestation of Duchenne muscular dystrophy a medical
treatment with steroids should be considered. Although there is no evi-
dence, we think the acquisition of ambulance might be a consequence of
steroid therapy.

doi:10.1016/).nmd.2011.06.769
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Comparative pharmacokinetics (PK) in primates and humans of AVI-4658, a
phosphorodiamidate morpholino oligomer (PMO) for treating DMD
patients

S.B._Shrewsbury®, P. Sazani®, F. Muntoni®

Y AVI BioPharma, Clinical Development, Bothell, United States; ® AVI

BioPharma, Preclinical development, Bothell, United States; © Institute of

Child Health, London, United Kingdom

AVI1-4658 is a PMO that skips dystrophin exon 51, restores the read-
ing frame and enables dystrophin expression in a substantial subset of

Duchenne muscular dystrophy (DMD) patients. To characterize the
plasma PK and understand the PK/Pharmacodynamic relationship, data
has been collected in non-dystrophic non-human primates (NHP) and
DMD patients. This paper studied the PK profile of AVI-4658 to assess
whether the non-metabolized PMO PPK behavior is similar between ani-
mals and humans, and to better guide development assumptions for pro-
gressing additional PMOs into development. (1) Cynomolgus monkeys
were dosed IV with 0, 5, 40 or 320 mg/kg (Maximum Feasible Dose)
and 320 mg/kg subcutaneously weekly for 12 weeks, with blood and
urine collected for 24h post Ist and 11th dosing as part of a GLP
IND-enabling toxicology study. (2) 19 DMD patients were dosed with
0.5, 1.0, 2.0, 4.0, 10.0 or 20.0 mg/kg weekly for 12 weeks, with blood
and urine collected after 1st, 6th and 12th doses. The PK profile of
AVI-4658, a neutral, non-metabolized 30-mer PMO, was consistent
across species and time points with similar 7, (NHP: 1.6-3.9h;
DMD: 1.6-3.6 h); dose-proportional Cy,, and AUC and steady clear-
ance (NHP: 3.6-6.7mL/min/kg; DMD: 3.9-10.2 mL/min/kg). The
subcutaneous dosing in NHP at MFD provided at least 100% bioavail-
ability. AVI-4658, the first PMO for DMD, demonstrates consistent
PK across dose, species and disease states, with rapid urinary elimination
(unmetabolized) from the plasma. If preclinical data suggests consistent
behavior across different sequences and different length oligomers, this
may support acceleration of the development of other PMOs for addi-
tional DMD genotypes.

doi:10.1016/j.nmd.2011.06.770

CARDIORESPIRATORY: POSTER
PRESENTATIONS
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Comparison between courses of home mechanical ventilation patients with
muscular dystrophy and mechanical ventilation inpatients

T. Saito®, K. Tatara®, S. Shinno®, S. Sakoda®, H. Fujimura®

* National Hospital Organization Toneyama National Hospital, Neurology,
Toyonaka, Japan; ® National Hospital Organization Tokushima National
Hospital, Pediatrics, Tokushima, Jupan

In Japan, there are 27 hospitals specializing in muscular dystrophy
treatment, which have managed wards for inpatients with muscular dys-
trophy and other neuromuscular disorder. We have been conducted sur-
vey of inpatients of these wards and home-mechanical ventilation patients
(HMV patients) with muscular dystrophy and neuromuscular disorder
annually since 1999, to construct the muscular dystrophy database. To
evaluate efficacy of mechanical ventilation therapy for HMV patients
and ventilation-dependent inpatients (MV inpatients) with those wards.
By using these databases, we analyzed the courses of HMV patients
and those of MV inpatients of wards, those of both groups started
mechanical ventilation after 1999. Examination points are mechanical
ventilation periods, outcome and caregiver (for HMV patients). HMV
patients group included 434 patients; 262 patients with Duchenne muscu-
lar dystrophy (DMD), 60 myotonic dystrophy (MD), 14 spinal muscular
atrophy (SMA), and so on. MV inpatients group included 583 inpatients;
339 DMD, 103 MD, 16 SMA, and so on. The range of mechanical ven-
tilation introduction age for HMV patients was 6.3 ~ 72.8 years old
(mean 37.6), and that of MV inpatients was 10.0 ~ 76.0 years old
(31.7). The number of NPPV introduction cases of HMV patients was
417, and that of MV inpatients was 418. Survival analysis showed that
75% life time of HMYV patients was 1689 days, while that of inpatients
surpassed the observation period. The number of death cases of HMV
patients was 57, and that of MV inpatients was 65. The former included
more sudden death cases than latter, and had some accidental cases. Care-
givers for 80% of HMV patients were patients’ families. The course of
HMV patients was fairly good. However, burden of caregivers was
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supposed to be severe. The muscular dystrophy wards may be requested
to offer the circumstances for those who have difficulties in continuing
HMV,

doi:10.1016/j.nmd.2011.06.771
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Duchenne muscular dystrophy and optoelectronic plethysmography: A lon-
gitudinal study of respiratory function

M.G. D’Angelo®, M. Romei ®, A. Lo Mauro ¢, E. Marchi ¢, S. Gandossini %,
S. Bonato®, D. Colombo¢, A.C. Turconi®, A. Pedotti®, N. Bresolin®,
A. Aliverti®

*JRCCS E. Medea, NeuroRehabilitation Dept., Bosisio Parini-Lecco,
Italy; ®IRCCS E. Medea, BioEngineering Dept., Bosisio Parini-Lecco,
Italy; © Politecnico Milano, BioEngineering Dept, Milano, Italy; “ IRCCS
INRCA, Cuasatenovo-Lecco, Italy; ©IRCCS Fondazione Policlinico Uni-
versity of Milano, Neuroscience Dept, Milano, Italy

Respiratory muscle weakness starts as early as the second decade of
life in Duchenne Muscular Dystrophy (DMD) but signs and symptoms
are subtle and not easy to detect. Identify early markers of respiratory
insufficiency and rule out the role of pharmacological and surgical ther-
apies (i.e. steroids and spinal fusion) through a longitudinal study in a
large group of DMD patients, in which multidisciplinary clinical evalu-
ations are combined with Optoelectronic Plethysmography (OEP). 114
DMD patients spanning the whole range of disease severity (age range
of 3-30 years). Clinical protocol: Muscular and functional evaluation
(MRC and MFM scale, North Star Ambulatory Assessment and 6 min
walk test), degree of scoliosis — cardiac function (ECG, 24 h ECG and
echocardiography) - respiratory function (spirometry, MIP, MEP,
PCF, polysomnography). OEP: abdominal contribution to chest wall
volume variations (ABD) during quiet breathing, slow vital capacity
and cough. The DMD patients subdivided into 4 groups according to
age, showed that ABD during quiet breathing is a strong indicator of
diaphragm impairment, which occurs at different times in different
patients. A subgroup of 40 adolescent DMD patients showed differences
in ABD related to the time spent with low oxygen saturation during
night, despite similar spirometric parameters. The influence of steroids,
scoliosis and spinal fusion are under analysis. Additionally, the inade-
quate pre-inspiration and insufficient expiratory flow, particularly of
the rib cage muscles, seemed to be the cause underlying the progressive
ineflicient cough typical of the natural course of the disease. Our results
are able to identify carly signs of respiratory impairment and initial alter-
ations of some mechanisms such as cough, that could improve the cor-
rect timing of the interventions with non invasive ventilation or cough-
assisting devices.

doi:10.1016/1.0nmd.2011.06.772
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Respiratory pattern during water swallowing in patients with Duchenne
muscular dystrophy and myotonic dystrophy type 1

S. Nozaki®, S. Sugishitah, Y. Umaki®, T. Matsumura, K. Tatara®
“Hyogo University of Health Sciences, Hyogo, Japan; Y Tokushima
National Hospital, Tokushima, Japan; © Toneyama National Hospital,
Osaka, Japan

To analyze the respiratory change during swallowing is important for
the management of dysphagia in patients with muscular dystrophy. We
evaluated the respiratory cycle at rest and after water swallowing, and
apnea/hypopnea during water swallowing. We evaluated the respiratory
patterns during water swallowing in 10 patients with Duchenne muscular

dystrophy (DMD) (19.6 £3.2years old, %FVC: 22.6+18.1%), 10
patients with myotonic dystrophy type 1 (MD-1) (46.5 % 11.6 years
old, %FVC: 55.2 4+ 16.6%), and 10 healthy volunteers as control subjects
(43.9 = 10.3 years old). The respiratory patterns were evaluated by the
simultaneous recording of cervical swallowing sound during water swal-
lowing. A thermistor was used for pneumography and a hypersensitive
microphone was used for detecting cervical sound. The means of four
continuous respiratory cycles at rest and after 3 ml water swallowing
were used for analysis. The respiratory cycle, in which the amplitude
was smaller than half of that at rest, was defined as apnea/hypopnea.
In DMD patients, the respiratory cycle was 2.8 +0.6s at rest, and
2.9+0.7s after swallowing. Tn MD-1 patients, that was 2.6 =0.5s at
rest, and 3.0£0.6s after swallowing. In control subjects, that was
4.2 £0.8s at rest and 4.0 = 0.9 s after swallowing. The apnea/hypopnea
duration during water swallowing were 8.4+ 4.1s in DMD patients,
3.7+ 1.6s in MD-1 patients, and 3.2+ 1.6 s in control subjects. The
respiratory cycles in DMD and MD-1 patients were shorter than that
in control subjects. The apnea/hypopnea duration in DMD patients
was longer than those in MD-1 patients and control subjects. Prolonged
apnea/hypopnea was observed during water swallowing in DMD
patients.

doi:10.1016/j.0md.2011.06.773
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Cardiac transplantation in Duchenne muscular dystrophy: A case report
L. Cripe, K. Kinnett, K. Uzark, P. Eghtesady, B. Wong, R. Spicer
Cincinnati - Children’s Hospital Medical Center, The Heart Institute,
Cincinnati, United States

Despite significant advances in the management of Duchenne mus-
cular dystrophy (DMD), dilated cardiomyopathy and heart failure
remain causes of morbidity and mortality. Although cardiac transplan-
tation is an accepted form of therapy for most patients with end stage
dilated cardiomyopathy, the severely limited donor pool excludes
patients with poor long-term survival and quality of life. We report
the case of a 14-year-old patient with intermediate DMD and severe
dilated cardiomyopathy who underwent successful cardiac transplanta-
tion. The patient was diagnosed at age three, when he presented with
delayed motor milestones and weakness. Genetic testing demonstrated
duplication of exon 2 in the dystrophin gene and <2% dystrophin in
skeletal muscle. He was treated with deflazacort for six years, and
remained ambulatory. Cardiac screening at age 10 years demonstrated
dilated cardiomyopathy. He was treated with digoxin, enalapril, and
carvedilol. Decompensated congestive heart failure ensued at age 14
and he was referred for cardiac transplantation. Although ambulatory,
he had marked activity intolerance. Echocardiography demonstrated a
left ventricular shortening fraction of 12%. He was treated with percu-
taneous intravenous home milrinone infusion with clinical improvement.
Pulmonary function testing demonstrated mild respiratory muscle weak-
ness which predicted he would not require ventilatory support for 5-10
years. Following discussions with medical, surgical, and bioethical per-
sonnel, he was listed. Two months later, he underwent uncomplicated
cardiac transplantation. His cardiac immunosuppression includes Prog-
raf, Imuran, and Prednisone, and he has had no rejection or serious
infections. He remains ambulatory four years following cardiac trans-
plantation. Our experience suggests that cardiac transplantation can
be successful in selected patients with DMD who have a phenotype
of severe cardiomyopathy with preserved pulmonary function and skel-
etal muscle integrity.

doi:10.1016/.nmd.2011.06.774
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BIZFTEVETNTS VS LDKRE SND, EEBLE
WEE, BOBNTETH o 7.

VNG ) Y RIBEEETH o 2%, BERBREERRTY
7% — 1%, BiRHEE PCR BB L, 547 % Hh o A
VETYFR, V77 VY Y, 2T =, K5 VFIF
5. BE3MH, WBEBEOLDYBEARE L.

ERREhE, BARIRECREE 72 , EEREE 2 A k7. BILE
AR, SRR ETH o 72 SBRITEETH o 2 0MF B <
Horz. BEBRLNLY, Bk 2 LHMENEREREC
Hols WEIARTEE A EREEERICE) 840 7298
FEEBZ EWRET, BERF ORI L 22 2. L ATRET
B o720, BT RUERE BB TORBRTETH - 7. T
BREIELAELZSEFR~BEREL, N VA3 —#EE
BEHThHo .

PR IERE DG SN2, 37~38 BEOBKENE
el EEIRREREE AR S Lz, $56 W E I, PR
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Fig. 1 Brain MR images.
(A) High intensity areas can be seen in the left caudate nucleus head and putamen in fluid-
attenuated inversion recovery (FLAIR) images (axial; TR 7,000 ms, TE 1125 ms).
(B) The high intensity areas are shown spread to the bilateral hippocampus and basal ganglia in

FLAIR images (axial; TR 8,000 ms, TE 144 ms).

(C) The high intensity lesions are reduced in the bilateral putamen and globus pallidus in FLAIR
images, while brain atrophic changes have progressed (axial; TR 8000 ms, TE 144 ms). High
intensity lesions were also observed in the bilateral pulvinar nucleus, occipital lobes, and temporal
lobes in diffusion-weighted images (DWI). (1.5 T; TR 6,000 ms, TE 88.7 ms, b value =1,000 secs/mm3).

GICRIR L Twva 728, 61 f A, MENRRER - o
AU e eodz, HI3HAICIE, DEORRICIIZLZABS
LW L72A, EFOBBFELARTIEEE 2ol

BNU~T6HBIKAF VT L F=v 1y 1,000mg/HDAF
A FAVAEE OSVARE) BT L £8WHEICI
HRENOEREAHE L2228, $ 80 % B I BHTRE .
Y, HEEFWH IR HMIRTEL 2o 2. E78HEE D
f MRI @ FLAIR T3, MBS &, MRKIE, Bk
VIR CEEH R PO EBET B KL T (Fig 1
B).

2 86~88 FHHIC 2 M B DV AWEE HT L 7218, lEER
FOWMEEE 20, BRHFAIITEFHREF, EFRODLTH
LB TRE L 2 o 72,

#00~101 W HIIC 3B O/ AEER T L7z 5102
WH, BRODDRBEFEATRETH o 72285, ¥ - HiTh EAF
THRETREL Y, FBEBRRPEFEOB X TTEOEEEE
HAREE ol BU—WTAREL 2D, BOBNZEHBEL
7z, ERRBEKACHEL, BHELZZIEIPTEL 2o
7z,

B 121~123 MBS 4 BB O OV AR T L7 R
B, BEEORSREAT O FIRGIBI bl o9,
7OV A BEOBEICEREERIZ®EL 7. B MR © FLAIR

BTOERFETHOMBILIR~ SR/ L7228, ARSI, K
BT EIRERILIE S THEIT L.

138 H, Bkl  BRRREE, BETD - R0 - LR LICH
REERPBBE L. 72/ N VEY— b, VT ERARET
EEIIIHI S Nzt EEHE2 BROE 40BE IR - T
b, BARBCHRETA2BEOERL NV THRIEDL Ldo .
EHRHE 2 L 20, £ ELBHRRGOTEL, WEOER % 2 &
Doz 8 140 % H O MRI T2, FLAIR 50 RBIRE
B, B RERR EOBETBEER~HEEL TR, kK
VLG L, ECasE (DWL) TR, g - pEse
RECBEEREA LD (Fig1C).

8 141~1439% H, $I150~152WH ISV A EE4, &
HUI~U5FRBICT Y 2 a8k iks L, R4 ICRERE
WEAETHLI ko P, B#L VO EE L ERL
7z.

5 190 W HE D 5 THRAHE, 8l FUERR S % & TS
L7, B1IBHAERSWE LA LWEBBH SR L 7.
iR 39 ERICERE L, RIERSHN, AMBkEEE AL D,
BIEZ 9 7245, seEF a7 v, BgREAFul F, ¥
RVAZ Y bF M) T ARERES L2, 197 HHIH
TL%Z #RRzohLdol.

BAEMR @ SRR ORM, —BELPICELERZALD
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Table 1 Summary of antibody titers to virus.

Serum Cerebrospinal fluid

Measles (EIA)

I1gM negative (day 54)

I1gG positive (day 54) IgG negative (day 67)

Herpes simplex (EIA)

IgM negative (day 54)

1gG positive (day 54) IgG 0.32 (normal < 0.2)(day 67)

HHV-6 (EIA)

HHV-6

IgM negative (day 68)
IgG positive {(day 68)
PCR negative (day 85)

Herpes zoster (EIA)

IgM negative (day 54)
1gG positive (day 54)

Mumps (EIA)

IgM negative (day 65)
IgG positive (day 65)

Cytomegalovirus (EIA)

IgM negative (day 68)
IgG positive (day 68)

Rubella (EIA)

IgM negative (day 54)
IgG positive (day 54)

Japanese encephalitis (CF)
Japanese encephalitis

Japanese encephalitis (JaGAT)(HI)

% 4 (normal<4)Xday 82) negative (day 85)
virus RNA (RT-PCR) negative {(day 85)

% 20 (normal<10)(day 86) negative (day 85)

Table 2 Summary of laboratory data of cerebrospinal fluid.

day 17 30 40 59 67 | 8 140 149 170
cell (/mm?) 4 3 5 47 7 6 35 24 20
protein (mg/dl) 28 28 27 31 33 25 38 70 37
sugar {mg/dl) 46 46 49 60 69 75 57 52 53
IgG index 046 0577 0.8168 05873 0.5857 0.6296
NSE (ng/mi) 179 243 114
MBP (pg/mj) 799 80.8

NSE, neuron-specific enolase; MBP, myelin basic protein

Tip o7z, % 59 W H AT OMBRA TOME - EW - HIEH
REE XY, HUEREE PCR Y, WRBZBLBME TH -2 BR
BRARFEIIIER, FPRRPUEIIRETh o7 VI FET
(RF) 219 (E¥<10) LBHETH o205, £HATHAR
Bl Tdh oz, CAI99815U/ml, CEA 29ng/ml, CYFRA
2.3ng/ml, pro-GRP 28.7pg/ml &, JEE~—# —D LRI AL
Do 7z

MFETE D £ N AHAMELBERS* RIERTH o 72 (Ta-
ble 1). BEHAFEMAINL N 196 HiAFIZ 032 (<02) & T8
BEERLTwds, W5 [gG ¥k, HHV6PCR 2HTh o
7o, MEOHARERY 4 VAGMBIZ CRETEB(<D, Yy
H—tR T HIET20/ (<10) Tho/zas, D H AR
# 4 VA RNA (RT-PCR) 3B, ¥4 v Ak (CF &)
b, Vyh-thpifk HIE) bBETHo

METHEEIL2 L7y —HAF, 8 39% 8 T 881U/ml,
/67 HE T 1,020U/ml & LR L Twiz

54 H QMM IR, CALY VBRTEETHo 7. Bl
R 166mg/dl, ¥V ¥ VERIE 094mg/dl L BREDO LR
BHEDZN, I PAVFY TRETERIA LD 2ho 72,

%5 170 % H O B8 T-tau &1 1,401pg/ml (>1,300), 14-
3I3EARBY (EEEE) Thorz

BT RORFE L% Table 210577, 88 % 78 UM
BERBBETH- . £ I138HHEOWREKRIR, FH,
NSE 0¥z A L.

$L GluRe2 #iAk i3, %67 - AOWHAMEE D4 A/ 7Oy
METERETH- 22, #6895 AIMET, IgMBHE, 16
(=), B 40WBIMIET, IgMBY IgCBHETH o7 67
i H R O ELISA 3Tl N K, CRiCH§ 2 Hihd it
Hom.

Mk, A FERE L, TAPAMERP PSDIEA LD
holz, BECT - - BRE CT/MRI T, JEEMRES
AREDm; o

£ =
AR, LR - HERICER - 500X TRIEL, FiMEM

E, BEHEMLEOBLGRICEL EEL LN BERICILEE S
T, ERME SEEELCSELEREZEL, BINEEA T
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A FAORSEEZR LS00, BITFEOREZ M- 7.
MRI ERRZEEER BB 2 OS50 T, R RRIE
EW, I PaY Y7 REES BEN T, RREED S 3RE
ORI Do LBV EEZI LN,

SRS - R, U4V AEBER KA, R
TS, SRR - B, @ BHBEIRA Bl - BE, &
BRI SNY, RATHERIRESNT, FIRERE
FELIEE, RERBHTH o720 HOHARBRETH- -
JiAE B BATHI B L 7228, PR MR RE B EN T, ¥ 1 v
APEMOE 2 LR E2 AR LD ho 72 B GluRe2 Hifh s
B Cdh o 25, IR - HESICRE LT\ 5 5, SiEER
CARRAL, B - MIBEER R E R E L8R 22 BT
Ho Tz

FERRICHEE U Z-E - RO B BRSNS, BIE
VB AR XM STV KBTI, BIERNICHK
WASH D RIS F bR BHBED Do 2. FIED TR
Geir B R IS E R 2278, iEH GluRe2 Fifl i3 BT, B
ROFBERBT 5 LAHEEEND.

¥ GluRe2 Hifbid, A4 v VAR FEEEENES
THRB ETHREENSREBT - —TH 2P, RBHR
Hid e, BIEENRE, V40 ABRSICRET 5 05 R M
% BEREARETOHEL 25, i GluRe2 FLEBEA D
MEMRIEIRE L CEBHREDNZ VI, KFITH BREES
I OB AA L D SNz # GluRe2 Hifk D BE T 5 F ek
FelT, B liced i) R CiEE &7 GluRe2 4
F & AGERIE % B O3 MR OFLA2S, MBI O RiRE 72
ETHEMBRICV2D, WRERICHE S 3RS E 2
STV 205, EAEET - MR i A B P o B TRER
FEIET, EREEETZ L8R5 KDY GluRe2
Hifkiz, #5685 HEM T ELISA BTN &R, CERICHNT2
DB mETbf A, 70y PETESHHTIE
(£), MIRHEROE OB TRBETH o 2. THIZAKIE
BIOFIRZEALRS, T GluRe2 FAAELE BITTHZ & 2R L,
AFEF OB ICH GluRe2 PR BET 2 2 L 2RT
DEHEEEND.

AREOFFRBEL MRI T2, FLAIR B O¥8, %Kz &
DEAZBBIEHE/N LT z9s, DWICHEE - B hul b
L7 KBRS TAHRRL S BE B A L o7, fiE I, #
NECORRIERELTETWRZERRL, BERZENY
LR KBS % b 0L #ET 20, BEORKMREIR, £R
BWro4ry 7zt ¥a7H (vCID) BROBEBFTR*EL
Tz, =7, REICIEE 170 % H O 1433 BHIEEETH-
7z B 14-3-3 BE O CJD OREEHR L TH L 249, EhiE
BB CBRROBEI LD o2 ELONB DD, BRE
BOAPSOCID OBEREIZEERICZS EB % Lz,

BRMLCHESEL BT 2581, w{orHEEIhTY
%7, vCIJD T® MRI T O Wl Btk o R AL BE 5L

pulvinar sign & IHENYY, KM ERBREEOBES LY D
& ERBT. ABIORERFEETOBEIL VTR O [
BT, vCID &3z ko BRSNS,

AENE, EEREICHRET 2 8% V< AR SE (AJF-
NHE) I O—#HEOREICHDEETHLEND 500, AJR-
NHE (2 b #i GluR #0211 5 2%, ¥ MRI B L2k
EREAD NI ENEL, FERAD L) BHERZ DL
L7ZEFEROFREIAR LD v, T2, KETIE, BEBEEN
TRBARRIER b 2 & © 3, ApIE AJFNHE O I 1T
ALRLEZOND. AFTREARIIZ SNLh o 72728 R
DREFADREZIRFI L DEAEHIZ T NG,

B IV P TREFERERBELTLE S o7, B
it - MBEERMEY Y ¥ —HRETER SEHE—%E Tta
BEBH, 1433 FBEELCLEE o7, BBEKERFEBERESF
b R, REREERSEY - HEBRHEREA X
WREFATR - HERM R #ALEFLET.
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Abstract

Encephalitis associated with positive anti-GluR antibodies showing abnormal appearance in basal ganglia,
pulvinar and gray matter on MRI—Case report

Toshio Saito, M.D.”, Tomoko Saito, M.D.”, Yukitoshi Takahashi, M.D.2,
Yosuke Kokunai, M.D.? and Harutoshi Fujimura, M.D.?
"Division of Neurology, National Hospital Organization Toneyama National Hospital
?National Epilepsy Center, Shizuoka Institute of Epilepsy and Neurological Disorders
?Department of Neurology, Osaka University Graduate School of Medicine

We treated a 25-year-old woman with encephalitis. Following delivery, the patient developed fever, conscious-
ness disturbance, cognitive dysfunction, and progressive motor dysfunction. In addition, mycobacterium tubercu-
losis was found in the lung, though there was no evidence of such infection in the central nervous system. Cere-
brospinal fluid analysis revealed a slight elevation of mononuclear cells with a normal protein level, indicating a
possible viral infection. We could not find the origin of the infection, though the serum anti-glutamate €2 receptor
antibody was positive. Intravenous administration of methylprednisolone (1,000 mg/day for 3 days) was temporar-
ily effective for improvement of the clinical signs and symptoms. However, she finally demonstrated rapid deterio-
ration resulting in death. Diffusion-weighted brain magnetic resonance imaging demonstrated abnormal high in-
tensity lesions in the bilateral pulvinar and gray matter, with an abnormal appearance mimicking pulvinar sign.

(Clin Neurol 2011;51:192-196)

Key words: anti-glutamate receptor antibody, encephalitis, Pulvinar sign
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Valproic acid increases SMN2 expression and modulates
SF2/ASF and hnRNPA1 expression in SMA fibroblast cell lines
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Abstract

Spinal muscular atrophy (SMA) is a common autosomal recessive neuromuscular disorder that is caused by loss of the survival
motor neuron gene, SMNI. SMA treatment strategies have focused on production of the SMN protein from the almost identical
gene, SMN2. Valproic acid (VPA) is a histone deacetylase inhibitor that can increase SMN levels in some SMA cells or SMA
patients through activation of SMN2 transcription or splicing correction of SMN2 exon 7. It remains to be clarified what concen-
tration of VPA is required and by what mechanisms the SMN production from SMN2 is elicited. We observed that in two fibroblast
cell lines from Japanese SMA patients, more than 1 mM of VPA increased SMN2 expression at both the transcript and protein
levels. VPA increased not only full-length (FL) transcript level but also exon 7-excluding (A7) transcript level in the cell lines
and did not change the ratio of FL/A7, suggesting that SMN2 transcription was mainly activated. We also found that VPA mod-
ulated splicing factor expression: VPA increased the expression of splicing factor 2/alternative splicing factor (SF2/ASF) and
decreased the expression of heterogeneous nuclear ribonucleoprotein A1 (hnRNPA1). In conclusion, more than 1 mM of VPA acti-
vated SMN2 transcription and modulated the expression of splicing factors in our SMA fibroblast cell lines.
© 2011 Published by Elsevier B.V. on behalf of The Japanese Society of Child Neurology.

1. Introduction spinal cord. The incidence of the disease is approxi-

mately 1 in 6,000 live births, and the carrier frequency

Spinal muscular atrophy (SMA) is a common autoso-
mal recessive neuromuscular disorder characterized by
progressive muscular atrophy of the limbs and trunk,
resulting from degeneration of a-motor neurons in the

* Corresponding author at: Department of Community Medicine
and Social Healthcare Science, Division of Epidemiology, 7-5-1
Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan. Tel.: +81 78 382
5540; fax: +81 78 382 5559.

E-mail address: nishio@med.kobe-u.ac.jp (H. Nishio).

is 1/40-1/50 [1]. SMA can be classified into three groups:
SMA type I (Werdnig-Hoffman disease; severe form),
SMA type II (intermediate form) and SMA type III
(Kugelberg-Welander disease; mild form) [2]. This
classification is based on the age of onset and the
achievement of motor milestones. The gene responsible
for SMA is the survival motor neuron (SMN), which
is present as two highly homologous copies within the
SMA gene region on chromosome 5q11.2-13.3: telomer-
ic SMN (SMNI) and centromeric SMN (SMN2) [3-6].

0387-7604/$ - see front matter © 2011 Published by Elsevier B.V. on behalf of The Japanese Society of Child Neurology.
doi:10.1016/j.braindev.2011.04.010
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SMNI and SMN2 are identical apart from several
nucleotide differences. There is a single nucleotide
change in the coding region: nucleotide +6 in exon 7 is
C in SMNI and T in SMN2. However, SMN/ and
SMN?2 encode the same protein, because the nucleotide
change is synonymous. SMN/ is homozygously deleted
or interrupted in more than 95% of SMA patients [7,8],
and deleteriously mutated in the remaining patients
[9-11]. Although it encodes the same protein, SMN2
does not fully compensate for the loss or dysfunction
of SMNI. In addition, SMN2 is deleted in approxi-
mately 5% of normal individuals [6]. Based on these
findings, SMNI, but not SMN2, has been recognized
as the SMA-causing gene.

Interestingly, SMN2 has never been reported as
absent in SMA patients. In addition, the SMN2 copy
number correlates inversely with the disease severity: a
higher SMN2 copy number may ameliorate the clini-
cal phenotype [1,12]. Accordingly, a study using
SMA model mice reported that increased copies of
SMN2 could rescue embryonic lethality in mice, indi-
cating modulation of phenotypic severity [13]. Thus, it
is thought that SMN2 may compensate for the loss of
SMNI to some degree by modifying the severity of
the disease through the production of a small amount
of functional SMN protein. Increased expression of
SMN2 thus may provide a treatment strategy for
SMA, for which there is currently no effective therapy.

SMNI and SMN2 show different splicing patterns. All
SMNI-derived transcripts contain exon 7, i.e., the full-
length SMN transcript (FL-SMN transcript), while the
majority of SMN2-derived transcripts lack exon 7 (A7-
SMN transcript), because the C-T change in SMN2 at
nucleotide position +6 in exon 7 induces exon skipping
[14,15]. In SMNI, a heptamer sequence motif including
the C at nucleotide position +6 in exon 7 forms a splicing
factor 2/alternative splicing factor (SF2/ASF) binding
site as an exonic splicing enhancer (ESE) leading to exon
7 inclusion [16-18]. Meanwhile, the corresponding
T nucleotide in SMN2 disrupts the ESE motif and
forms a heterogeneous nuclear ribonucleoprotein Al
(hbnRNPA1) binding site as an exonic splicing silencer
(ESS), leading to exclusion of exon 7 [19].

Two SMA treatment strategies targeting SMN2
have been proposed. The first strategy involves splicing
correction which would prevent exon 7 skipping in
SMN?2, thus facilitating the inclusion of exon 7 in the
SMN2 mRNA. Several pharmacological compounds
and synthetic nucleotides have been reported as suit-
able for the first strategy. These pharmacological com-
pounds include aclarubicin (known as an anthracycline
antibiotic) [20], sodium vanadate (a phosphatase inhib-
itor) [21], hydroxyurea (a cell cycle inhibitor) [22] and
salbutamol (a P2-adrenoceptor agonist) [23-25]. The
synthetic nucleotides are termed ESSENCE (exon-spe-
cific silencing enhancement by small chimeric effectors)

Indra Sari Kusuma Harahap et al. | Brain & Development xxx (2011) xxx-xxx

[16], TOES (targeted oligonucleotide enhancers of
splicing) [26] and antisense oligonucleotides masking
exonic splicing suppressors [27-29]. Recently, a tetracy-
cline-like compound, PTK-SMA 1, has been identified
as an alternative to synthetic nucleotides in stimulating
splicing of exon 7 [30]. The second strategy is through
the activation of SMN2 transcription. Drugs known to
activate SMN2 transcription are interferons [31] and
histone deacetylase (HDAC) inhibitors. HDAC inhibi-
tors which have been reported to activate SMN2 tran-
scription include sodium butyrate [32], valproic acid
(VPA) [33,34], phenylbutyrate [35], benzamide M344
[36], suberoylanilide hydroxamic acid (SAHA) [37],
Trichostatin A (TSA) [38] and hydroxamic acid
LBHS589 [39]. Among these HDAC inhibitors, sodium
butyrate, benzamide M344 and VPA are also able to
indirectly correct the splicing abnormality, mainly
through the upregulation of splicing factors.

VPA has been approved by the U.S. Food and
Drug Administration and is already widely used for
the treatment of epileptic patients. Some studies have
shown that VPA increases the expression of FL-
SMN?2 transcript [33,34]. According to Brichta et al.,
VPA may activate the SMN2 promoter and correct
abnormal splicing of SMN2 exon 7 in SMA fibro-
blasts [33]. However, some patients did not respond
to VPA treatment at the normal dose given to epilep-
tic patients [40,41]. In this study, we determined the
effect of VPA dose on SMN2 expression in fibroblasts
from two Japanese SMA patients. In addition, we also
demonstrated changes in two trans-acting splicing fac-
tors, SF2/ASF and hnRNPAI1, which regulate the
splicing of SMNI and SMN2 exon 7.

2. Materials and methods
2.1. Cell culture and VPA treatment

Fibroblast cell lines from a type I SMA patient
(OK11, skin biopsy at 10 months old, passage 3-10),
a type I1 SMA patient (AM21, skin biopsy at 25 years
old, passage 3-10) were used in this study. Both SMA
cell lines are deleted for SMNI. OK11 cells carry two
copies of SMN2, and AM21 cells carried three copies
of SMN2. In the control cells (CO31), two copies of
SMNI and SMN2 are present respectively. These
fibroblast cell lines were maintained in Dulbecco’s
Modified Eagle’s medium (Sigma-Aldrich, St.Louis,
MO) containing 100 U/ml penicillin, 100 pg/ml strep-
tomycin and 10% heat-inactivated fetal bovine serum
(Biological Industries, Haemek, Israel) in a 5% CO,
atmosphere at 37 °C. VPA (Sigma-Aldrich, St. Louis,
MOj was dissolved in aqua dest and was freshly pre-
pared before each use [37]. For the dose-dependency
experiment, the fibroblasts were incubated with VPA
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at final concentrations of 0 (mock), 0.05, 0.5, 1 and
10 mM for 16h in a 5% CO, atmosphere at 37 °C.
This optimal time was established in previous experi-
ment [33].

This study was approved by the ethical committee of
Kobe University, and inform consent was obtained from
the patients and/or their parents.

2.2. Cell viability assay

To evaluate the cell viability and cytotoxicity of VPA,
the 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay
was performed. The cytotoxic effect of 10 mM VPA was
studied using OK11 fibroblasts. One hundred microliters
of the cell suspension (1 x 10° cells/ml) was placed in the
wells of a 96-well culture dish (Iwaki, Chiba, Japan) and
incubated in a 5% CO, atmosphere at 37 °C. When the
cells reached 90% confluency, VPA was added to each
well. The final concentration of VPA in the assay was
10 mM. The cell viabilities 2, 4, 8, 16 and 24 h after the
addition of VPA were determined using a CellTiter 96
Aqueous One Solution Cell Proliferation Assay Kit (Pro-
mega, Madison, WI) which measures the conversion of
MTS to violet formazan by dehydrogenases in metaboli-
cally active, proliferating cells.

2.3. RNA extraction and cDNA synthesis

Total RNA was isolated from fibroblast cultures in
6-well plates using Sepasol RNA I reagent (Nacalai
Tesque, Kyoto, Japan) according to the manufac-
turer’s protocols. After DNase treatment with DNasel
Amplification Grade (Invitrogen, Carlsbad, CA), total
RNA was denatured for 10 min at 65°C and chilled
on ice. Reverse transcription was performed at 55 °C
for 30 min in a total volume of 20 ul containing 1 pg
of total RNA, 60 uM of random hexamer primers,
1 mM dNTPs, 50 mM Tris/HCI, 30 mM KCI, 8 mM
MgCl, pH 8.5, 20U of protector RNase inhibitor
and 10 U of Transcriptor reverse transcriptase (Roche
Diagnostics GmbH, Mannheim, Germany).

2.4. Development of a method for quantification of SMN
and splicing factor gene transcript levels

To assess whether VPA is able to influence SMN
transcript and protein expression, we treated three
passages from each of the two SMNI-deleted fibro-
blast cell lines and the control cell line (OKI11,
AM21 and CO31, respectively) for 16 h with different
concentrations of VPA ranging from 0.05 to 10 mM.
After reverse transcription of RNA extracted from
the fibroblasts, SMN and splicing factor gene tran-
script levels were determined by quantitative real-time
PCR (gqRT-PCR).

2.5. Quantitative real-time PCR

qRT-PCR was performed on a LightCycler 1.5
instrument (Roche Diagnostics GmbH, Mannheim,
Germany) using FastStart DNA Master SYBR Green
I (Roche Diagnostics GmbH, Mannheim, Germany).
To evaluate the total transcript levels of the SMIN genes,
we amplified ¢cDNA fragments encompassing SMN
exons 1, 2a and 2b. The FL-SMN and A7-SMN tran-
script levels were quantitated from the levels of the
products encompassing SMN exons 7 and 8, and
SMN exons 5, 6 and 8, respectively. We used glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) as an
endogenous reference gene, and the levels of SMN were
expressed relative to those of GAPDH.

The primers for the FL-SMN and A7-SMN tran-
scripts have been described previously [36]. For the
amplification of total-SMN transcripts, the primers were
designed to bind in SMN exon 1 (5-GCT ATG GCG
ATG AGC AGC GGC-3) and SMN exon 2b (5-GTT
GTA AGG AAG CTG CAG TA-3). GAPDH was
amplified using primers in exon 2/3 (5-GAG TCA
ACG GAT TTG GTC GT-3') and exon 4 (5-GAC
AAG CTT CCC GTT CTC AG-3').

Conditions for all PCRs were optimized regarding
the primer concentration, MgCl, concentration and
annealing temperatures. A mastermix of the following
reaction components was prepared at the indicated final
concentration: 9.4 ul of water, 1.6 pl of MgCl, (3 mM),
1 pl of forward primer (0.5 uM), 1 ul of reverse primer
(0.5 uM), 2 pl of Fast Start DNA Master SYBR Green
I and 5l of cDNA (equivalent to 40 ng of total
RNA). The LightCycler experimental run protocol was
as follows: denaturation (95 °C for 10 min), 45 cycles
of amplification (95°C for 15s, 58-64°C for 10s,
72 °C for 25 s with a single fluorescence measurement).
Quantitation of the PCR products was performed with
the second derivative maximum method of the Light-
Cycler software, using the external standard curve
method. gqRT-PCR products levels, which correspond
to the transcript levels were normalized to those of
GAPDH. All sample measurements were repeated at
least three times and the results were expressed as the
mean =+ SD.

2.6. Protein extraction and western blotting

Proteins were extracted from the fibroblast cultures
by homogenization in lysis bufler containing 1 mM
sodium orthovanadate, 1% sodium dodecyl sulfate
(SDS) and 10 mM Tris (pH 7.4). Subsequently, the
homogenized protein samples were subjected to western
blotting. The protein samples were electrophoresed on
10% SDS polyacrylamide gels and transferred to a poly-
vinylidene difluoride membrane (Bio-Rad Laboratories,
Hercules, CA) by wet blotting. Then, the membranes
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were blocked in TBS-T buffer containing 5% dry-milk
(ECL™ Blocking Agent; GE Healthcare, Little Chal-
font, UK) overnight at 4 °C. Immunostaining of the
membranes was performed using several antibodies,
each according to the manufacturer’s instructions.
Detection of the signals with Amersham™ ECL Plus
Western Blotting Detection Reagents (GE Healthcare)
was carried out using an LAS mini 3000 (Perkin-Elmer
Life Sciences, Oak Brook, IL).

The following antibodies were used: mouse anti-SMN
(BD Transduction Laboratories™, Franklin Lakes, NJ;
1:1000), mouse anti-splicing factor-2 (SF2/ASF) (Invitro-
gen Camarillo, CA; 1 pg/ml), mouse monoclonal anti-
hnRNPA1 [4B10] (Abcam®, Cambridge, MA; 1:1000),
mouse monoclonal anti-beta-actin (Abcam® Cambridge,
MA; 1:1000) and peroxidase-linked sheep anti-mouse
IgG (ECL, Amersham Biosciences; 1:5000). The intensity
of the signals was determined using ImageJ (National
Institutes of Health, Bethesda, MD; downloaded from
http://rsbweb.nih.gov/ij/). The protein levels were nor-
malized to those of beta-actin. All protein measurements
were repeated at least three times and the results were
expressed as the mean & SD.

2.7. Statistical analysis

Statistical analysis of the data was performed using
Microsoft Excel 2003 software and Statistical Package
for the Social Sciences (SPSS Inc, Chicago, USA). Stu-
dent’s ¢ test was conducted to evaluate the differences
between groups. A probability of less than 0.05 was con-
sidered statistically significant. All data were expressed
as the mean + SD. Analysis of variance test was used
to examine the differences between data obtained from
the mock and VPA-induced cell cultures.

3. Results

3.1. Cytotoxicity analysis of VPA using a fibroblast cell
line

We used the MTS assay to analyze the cytotoxicity of
10 mM VPA in the OK 11 cell line after 0, 2, 4, 8, 16 and
24 h incubation with 10 mM VPA. The MTS assay mea-
sures survival and/or proliferation of cells [42].

As shown in Fig. 1, the 16 h and 24 h incubation with
10 mM VPA decreased cell viability by 14% and 17%,
respectively. This suggests that the 16 h incubation with
VPA at this concentration was not particularly toxic to
the cell line. Based on these data, we incubated the cells
for 16 h in all subsequent experiments.

3.2. VPA induces SMN expression

To confirm the effect of VPA on SMN gene expres-
sion [33,34], we compared the levels of VPA-induced
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Fig. 1. Cytotoxicity analysis of VPA using the MTS assay. The cell
viability of SMA type I fibroblast cell line (OK11) was measured after
0, 2,4, 8, 16 and 24 h incubation with 10 mM VPA. The cell numbers
decreased by only 14% and 17% after 16 h and 24 h incubation with
VPA, respectively.

SMN transcripts and SMN protein levels with their
respective baseline (mock status) levels in the cell lines,
OK11, AM21 and CO31. The culture medium contained
VPA at 0.05-10 mM. We measured the total-SMN, FL-
SMN and A7-SMN transcript levels and SMN protein
levels. Transcript levels were normalized to GAPDH,
and protein levels were normalized to beta-actin.

The highest VP4 concentration used in this study,
10 mM, induced the highest total-SMN and FL-SMN
transcript levels in all three cell lines (Fig. 2a and b).
The changes in total-SMN transcript levels from 0 to
10mM of VPA were all statistically significant, at
0.29-0.75 in OK11, 0.44-0.78 in AM21 and 0.68-1.2
in CO31 (arbitrary units relative to GAPDH). The
changes in FL-SMN transcript levels from 0 to 10 mM
of VPA were also all statistically significant, at 0.21-
0.51 in OK11, 0.38-0.83 in AM21 and 0.75-1.6 in
CO31. Notably, the VPA-induced total-SMN and FL-
SMN levels were similar between OK11 (SMA type I)
and AM21 (SMA type II), but that the VPA-induced
total-SMN and FL-SMN levels in CO31 (control) were
significantly higher than those in the SMA cell lines. A7-
SMN transcript levels were also significantly increased
with 10 mM VPA treatment in cell lines AM21 and
CO031 (Fig. 2c). However, no change in the ratio of
FL-SMN to A7-SMN (FL/A7 ratio) was observed in
any cell lines (Fig. 2d).

The baseline (mock status) levels of the total-SMN,
FL-SMN and A7-SMN transcripts in the SMA type I
fibroblast cell line, OK11, were significantly lower than
those in the SMA type II fibroblast cell line, AM2]
(Fig. 2). These baseline SMN levels may reflect the dif-
fering copy number of the SMN2 gene among the cell
lines. However, during VPA treatment, the increases in
the transcript levels in OK11 and AM21 were similar
to each other, which does not reflect the copy number.

To determine the SMN protein levels, we performed
western blotting with a monoclonal antibody directed
against the amino-terminus of the SMN protein.
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Fig. 2. Quantitative analysis of SMN transcripts. Upregulation of SMN transcript levels determined by quantitative real-time PCR in the cell lines,
incubated for 16 h with different concentrations of VPA. All data are expressed as mean & SD in arbitrary units relative to G4 PDH. (a) Total-SMN.
(b) FL-SMN. (c) A7-SMN. All SMN transcript levels reached their maximum at the highest VPA concentration, 10 mM. “p < 0.05 vs. the baseline
(mock). (d) The calculated FL/A7 ratios showed nearly unchanged levels, suggesting no effect on SMN2 splicing after treatment with up to 10 mM
VPA for 16 h.

Because the A7-SMN protein is essentially undetectable shown in Fig. 3a, western-blotting revealed a slight
by western blotting [43], the SMN protein that we increase in SMN protein expression in all three cell lines.
detected in this study was mainly FL-SMN protein. As The changes in SMN protein levels upon treatment with
a ~ b
o e TR oMy 2.50
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° ~+-C031 (Control)
o -
B A | — SMN ..‘?: 1.50
AM21 — 3
(SMAtypelly | ramerw | Bactin g 1.00
Q
2 050
i W . | SMIN Z
co31 - - % oo , ‘ . :
(Healthy CONTOY) | o i | B-actin Mock 805 05 1 10

Concentration of VPA (mM})
Mock 005 65 1 10

Concentration of VPA {mM}

Fig. 3. Quantitative analysis of SMN protein. (a) Representative western blotting data illustrating the increase in SMN protein levels with VPA
concentration. (b) Upregulation of SMN protein levels determined by western blotting in the cell lines, incubated for 16 h with different
concentrations of VPA. The data are expressed as mean = SD in arbitrary units relative to beta-actin. Densitometry revealed a 1.5-fold increase in
SMN protein at 1 and 10 mM VPA relative to the baseline (mock) levels. *p < 0.05 vs. the baseline (mock).
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0-10 mM of VPA were 0.63-1.05 in OK11, 0.73-1.08 in
AM21 and 1.3-1.86 in CO31 (arbitrary units relative to
beta-actin; Fig. 3b). The change from the baseline only
reached significance for the OK11 line at 1 mM VPA.
Compared with the baseline levels of SMN protein
(0 mM), we observed an approximately 1.5-fold increase
in SMN protein expression in SMA cell lines treated
with 1-10 mM.

The baseline SMN protein levels in the SMA type 11
cells, AM21, were slightly higher than those in the SMA
type I cells, OK11. However, during VPA treatment, the
SMN protein levels were almost identical. SMN2 copy
number did not contribute to the increase in SMN
protein levels in both of our SMA cell lines.

3.3. VPA modulates splicing factor expression

Brichta et al. reported that VPA increased the levels
of the splicing factors SF2/ASF, Htra2-B1 and SRp20
[33]. However, they did not describe the effect of VPA
on other splicing factors, such as hnRNPA1. Thus, we
studied whether VPA treatment changes SF2/ASF or
hnRNPA1 protein levels relative to the baseline (mock
status) levels in cultured fibroblasts.

Transcript levels of the splicing factors, SF2/ASF or
hnRNPA1, upon treatment with 0-10 mM of VPA were
fluctuated in our fibroblast cell lines, showing no tendency
to increase or decrease with VPA amount (data not
shown). However, western blotting revealed an increase
in SF2/ASF protein expression in all three cell lines with
1-10mM VPA (Fig. 4a). The maximum changes in
SF2/ASF protein levels were 0.59-0.91 in OKII,
0.65-1.25 in AM21 and 0.96-1.56 in CO31 (arbitrary
units relative to beta-actin). Compared with the baseline
(mock status), we observed a 1.5-2-fold increase in SF2/
ASF protein expression in all cell lines treated with 1
and/or 10 mM VPA (Fig. 4a). On the other hand, treat-
ment with 1-10 mM VPA led to a significant decrease in
hnRNPA1 protein expression in all three cell lines
(Fig. 4b). The changes in hnRNPA1 protein levels were
0.56-0.29 in OK11, 0.77-0.29 in AM21 and 0.85-0.51 in
CO31. Compared with the baseline (mock status), we
observed an approximately 2-fold decrease in hnRNPA 1
protein expression in all cell lines treated with 10 mM
VPA. It should be noted that the ratio of SF2/ASF to
hnRNPA] also increased with increase in the VPA con-
centration (Fig. 4c).

4. Discussion

4.1. VPA induction of FL-SMN transcript and SMN
protein

We showed in this study that VPA treatment
increased total-SMN transcripts, FL-SMN transcripts
and SMN protein levels in SMA fibroblast cell lines.

VPA is an HDAC inhibitor [44,45]. Treatment with
HDAC inhibitors increases acetylated histone levels
and relaxes chromatin structure, resulting in the activa-
tion of many genes including SMN2 [33-39,46]. Our
SMA cell lines demonstrated an approximately 2-fold
increase in FL-SMN transcripts and a 1.5-fold increase
in SMN protein levels after 16h incubation with
10 mM VPA. These results are consistent with previous
studies of the effect of VPA on SMN expression [33,34].

Brichta et al. reported that a 16 h incubation with
VPA at concentrations less than 0.5mM increased
FL-SMN transcripts in SMA fibroblast cell lines [33].
These authors also reported that 0.5 nM-0.5 mM VPA
increased the production of FL-SMN2 transcripts and
SMN protein levels 2 to 4-fold. They also predicted that
a considerable increase in SMN protein could be
obtained at even lower VPA concentrations than those
used in epilepsy treatment, because the serum VPA level
required for epilepsy therapy is 0.48-0.7 mM [47].

In contrast, Sumner et al. reported that a 24 h incuba-
tion with 1 mM VPA did not increase FL-SMN tran-
scripts in SMA fibroblast cell lines [34]. This agrees
with our data showing that a 16h incubation with
I mM VPA did not increase FL-SMN expression in
our SMA fibroblast cell lines. The effective concentra-
tion of VPA may depend on the responsiveness of
SMN to VPA in the cell line.

With regards to SMN2 copy number, our study show
that, before VPA treatment, the OK11 fibroblast cell
lines with zero SMNI and two SMN2 copies showed
significantly lower baseline levels of FL-SMN tran-
scripts and SMN protein than those of the AM21 fibro-
blast cell lines with zero SMNI and three SMN2 copies
(Figs. 2b and 3). However, during VPA treatment, both
fibroblast cell lines produced similar levels of FL-SMN
transcript and SMN protein. Contrary to our expecta-
tions, our SMA fibroblast cell lines responded similarly
to the VPA treatment, regardless of their different
SMN?2 copy numbers. This suggests that the SMN2 cop-
ies are not equivalent in response to VPA treatment.

4.2. Modulation of splicing factor expression by VPA

Brichta et al. and Sumner et al. reported that, in
SMA fibroblasts, the FL/A7 ratio increased 1.5-2-fold
after VPA treatment [33,34]. Both of these reports con-
cluded that the increase in VPA-induced FL-SMN could
be explained not only by SMN2 transcriptional activa-
tion but also SMN2 exon 7 splicing correction. The
upregulation of the FL/A7 ratio suggested modulated
production of splicing factors in the cells.

VPA activates not only SMN2, but also many other
genes, including those encoding splicing factors. Brichta
et al. showed that VPA induced overexpression of the
splicing factor, Htra2-B1, in the SMA cells, and these
authors speculated that overexpressed Htra2-pl plays
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Fig. 4. Quantitative analysis of SF2/ASF protein. (a) Upregulation of SF2/ASF protein levels determined by western blotting in the cell lines,
incubated for 16 h with different concentrations of VPA. The data are expressed as mean = SD in arbitrary units relative to beta-actin. Densitometry
revealed increasing SF2/ASF protein levels with increasing concentration of VPA. "p<0.05 and “p<0.01 vs. the baseline (mock). (b)
Downregulation of hnRNPAI protein levels determined by western blotting in the cell lines, incubated for 16 h with different concentrations of VPA.
The data are expressed as mean = SD in arbitrary units relative to beta-actin. Densitometry indicated decreasing hinRNPAT protein levels with
increasing VPA concentration. Asterisks indicate a significant decrease compared with the mock status in each cell line. "p < 0.05 and *"p < 0.01 vs.
the baseline (mock). (c) The calculated [SF2/ASF)/hnRNPA1 ratios showed modulation of splicing factor expression induced by VPA. The FL/A7
ratio was not affected by the increase in the [SF2/ASF]/ hnRNPA1 ratio, suggesting that SMN2 gene splicing was not affected by modulation of SF2/
ASF and hnRNPA1 levels. “p <0.05 and ""p <0.01 vs. the baseline (mock).

an important role in correcting the splicing pattern [33].
This notion was supported by previous studies showing
that Htra2-B1 overexpression can promote the inclusion
of SMN2 exon 7 [39,48.49].

We examined two crucial splicing factors: SF2/ASF,
related to SMNI exon 7 inclusion, and hnRNPAI,
related to SMN2 exon 7 exclusion. In our study, VPA
increased SF2/ASF and decreased hnRNPA at the pro-
tein level (Fig. 4a and b). It should be noted here that
VPA does not always activate gene expression, but
sometimes inactivates gene expression indirectly. For
example, HDAC inhibitors such as trichostatin A and
VPA suppress the expression of steroidogenic gene
CYI11AIl and reduce CY11Al levels in adrenocortical
cell lines [50].

According to Kashima et al., SMN2 exon 7 inclusion
was enhanced by treatment with small interfering RNAs
against hnRNPA1 [19]. Thus, it can be expected that
decreased hnRNPA1 expression prevents the skipping
of SMN2 exon 7, correcting the splicing of SMN2 exon
7. In contrast, our experiment shows that VPA did not
change the FL/A7 ratio in any cell line, indicating that
the decrease in hnRNPA1 caused by VPA did not
contribute to a splicing correction of SMN2 exon 7. This
may be explained by at least three possibilities. The first
explanation is that the decrease in hnRNPA1 was insuf-
ficient for splicing correction. The second is that addi-
tional effects of VPA may weaken the influence of
decreased hnRNPA1 expression in correcting the splic-
ing. As an example of the latter case, if VPA could
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increase or retain the amount of hnRNPA?2 which is
related and potentially redundant with hnRNPALI [51],
it may attenuate the influence of decreased hnRNPA1
expression in splicing correction. The third is the possi-
bility that in our cell lines, VPA could not increase
Htra2-B1. If VPA could increase the amount of Htra2-
B1, the ratio of FL/A7 would have been corrected. Fur-
ther analysis of the effects of VPA on splicing factors,
including Htra2-B1, is required.

4.3. Clinical application of VPA in SMA treatment

Brichta et al. showed the effect of VPA treatment in 20
SMA patients [40]. There was an increase in SMN tran-
script and SMN protein levels in blood cells in 7 patients
(1 of 5in type I; 4 of 11 in type 11 and 2 of 4 in type 111).
According to these authors, there are two types of SMA
patients: responders and nonresponders to the VPA treat-
ment, mantaining serum VPA levels of 0.48-0.70 mM
[40]. Responders showed a 1.6-3.4-fold elevation of
FL-SMN transcripts while nonresponders showed only
minor changes in FL-SMN transcript levels. For nonre-
sponders, a higher dose of VPA may be required to obtain
a sufficient increase in FL-SMN transcripts or SMN pro-
tein. However, Brichta et al. did not demonstrate an effect
of VPA on the improvement of clinical symptoms includ-
ing muscle strength.

Weihl et al. presented evidence for improvement in
muscle strength in seven adult patients with SMA type
III/1V patients after VPA treatment [52]. These authors
collected quantitative data of muscle strength deter-
mined by hand-held dynamometry [53]. They also
reported the patient’s subjective benefits from VPA
treatment, such as feeling stronger, ease of breathing,
ease of rising from chairs, ability to dress themselves,
ability to comb hair and pick grapes and walking endur-
ance in a marching band.

Tsai et al. reported that age may play a role in the
improvement of muscle strength in six SMA patients
(two SMA type II and four SMA type III) with VPA
treatment [41]. The therapeutic effects of VPA in SMA
patients were inversely related to age. These authors
assessed the muscle strength of SMA patients using
the Medical Research Council score (from 0 to 5) [41].
Two SMA children showed some improvement in mus-
cle power, and two SMA adolescents showed a slight
increase. In contrast, two SMA adult patients showed
no response to VPA.

Swoboda et al. [54] reported results similar to those of
Tsai et al. and found that the Modified Hammersmith
Functional Motor Scale showed some improvement in
gross motor function in 27 SMA type II children upon
VPA treatment. However, no children >5 years of age
showed a six-point improvement after 1 year. In 8 of
16 children (50%) under 5 years of age, the improvement
was significantly more pronounced.

In light of these data, the question arises as to
whether VPA can have a negative effect on the motor
neuron function. Rak et al. found that VPA can increase
Smn expression and lead to reduced growth cone size
and decreased excitability in axon terminals of the
motor neurons of SMA mice (Smn™"; SMN2) [55]
These authors reported that the potential positive effects
of VPA are counteracted by its negative effects of on
neuronal excitability and axon growth. Similarly, Van
der Berg et al. reported that VPA reduced neuronal exci-
tation through sodium channels [56]. Recently, Swo-
boda et al. have demonstrated no benefit from six
months treatment with VPA and L-carnitine in a young
non-ambulatory cohort of subjects with SMA [57].
However, their patients may have included responders
and non responders to VPA. We should rather empha-
size the importance of estimating prior to the treatment
whether the SMA patients are responders or non
responders to VPA. If we can identify the responders
for VPA treatment before clinical trial, feasible outcome
would be gained.

We can say that it is worthwhile treating SMA
patients with VPA, especially who are VPA-respond-
ers, because it is a safe, widely-used and long-term
drug used in epileptic children. Based on the studies
using cells derived from SMA patients, including ours,
the responsiveness to VPA of SMN2 expression may
vary from patient to patient. Some patients require a
small dose of VPA to activate SMN2 expression and
improve clinical symptoms, but others require a much
larger dose. Thus, dose-related side effects should
always be considered. In fact, children need a higher
dose of VPA per kilogram than adults to obtain an
equivalent serum concentration [58]. Regular monitor-
ing of serum VPA levels is necessary to avoid any
harmful side effects.

5. Conclusion

We demonstrated here that VPA increases FL-SMN2
transcript and SMN protein levels, suggesting that VPA
is a candidate drug for SMA. Because splicing correc-
tion of SMN2 exon 7 was not observed, the increase
in FL-SMN2 transcript and SMN protein levels may
be explained mainly by the activation of SMN2
transcription.

In addition, we also demonstrated that VPA modu-
lates the expression of the splicing factors SF2/ASF
and hnRNPAI in our cell lines: VPA increased
SF2/ASF protein levels and decreased hnRNPA1 pro-
tein levels. Based on our data, SMN2 exon 7 splicing
may be regulated not only by SF2/ASF and hnRNPA1
but also by other factors as well. However, the number
of SMA cell lines in our study was very limited: we could
not neglect the possibility that these findings were spe-
cific to our SMA cell lines. Thus, it is necessary to study
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the VPA-effects on expression of the splicing factors
using a larger number of cell lines.
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