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<Fo3r>

ALS (FRZEREEMIZRIEIE) 1ZZ KW FHEEBTHY . 2ANRT 7' 1 —FIC X 2 FBUBEEIROAIH
ML S5, T, MRRRBICRIT 2 RRAHEEH (NMJ) OO BEMEN R S50
%, NMJ ORI A2 Z /X T —F MuSK IZL - THIBI S D25, HFEE M A Ic
it L7= Dok-7 7% MuSK O RN fEik C BHAER L, IEMEL 2 2 & 28 NMJ Bk > 7 /L O BR#hC
VIETH D Z L0, ZDRE N NMI ORI L 5 EE 2 EESAERE 2 29 5 S KM 28 )
(DOK7CMS,/ DOK7HH M I5E) ORI THDHZ L&A L, &5I2, Dok-7 OiEEIFEE N~
7 AD NMJ JERE @IS 2 2 & 2%/ L, Dok-7 ORI [NMJ R4 & 2 iEH)
PERERREE 1503 2 B 7o 2R IR BN ORI ICERE T2 &£ B2 T2, £ 2T 7T Btk D A /L 2 (AAV)
ZHWi-t b DOK7&GF 3B % — (AAV-D7) Z{EH L, T O#EER~ 7 20D NMJ %% KK
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([HEERS 5 Z L (NMJ JERETR) & R L7z, ARFZETIE, SbomRAEZEE A, ALS (269 %
NMJ JERH RIS OBATE 2 AR & L, LU T ORCRZ 2R L7z,

1) ABFEOHIINCIB W TIE, NMJ AR ISR 2 NMJ TERGHE IR O A 0 & #EEd 5 2617
IR D—H %A Fhi L. AAV-DT OFRIEHR OF G, NMJ EA 2% 279 %5 DOKT-CMS R0 Yt
(KB Emery-Dreifuss B A hr 7 ¢ —~< 0 2D NMJ B A HE0R L, EEEe - A HE %
SETHZ L EEIELT (Science, 345:1505-8, 2014),

2) AIEOMEEZEE 2, FiE%E ALS Of 2 El% 59 % SOD1 (Superoxide dismutase 1) 28 #.7
D ALS ET N~T A (SODI-GISA N T AV == /<7 A) \ZxT 5 AAV-DT OF %I

FEL72, ZOREE, YL ALS BT L~ U ADORIEROHREGIZL Y, ONMJ ERAEOHH, @

FEREOMH, OIEEEREOUGE ., @LEFHIRIDIER, 23580 bivle (EMBO Mol. Med., in press) ,

3) RPEOERIL, AUFZEABTEE BT NMJ Badshinm e < &b SODI-GI3A D ALS
ETNYTRACHENTHDLZE2FEETHHLDOTH D, L LN D, LRl iiFsE TH - AAV-
D7 I3 ROV CMV 7 u®—4% —|2 kW DOK7-EGFP &8s+ % 3684 5 JeAThrge
DRy 2—Th 0, 1RERHERZ BT IERRRBRICITE S 20, 22T, v 7 AZEB W CHEED

NMJ BN EE & RN 6, OFFREOEW T mE—2 =2 LV, @G DOK7EILT

wRBT LB E LToe N DOK7#8~7 % — (AAV-DOK7) #B% L7z,

4) R & LT L7c AAV-DOK7 122\ Tk, FERRRERER H o 4] 2 GMP il ciiE L, £
DOEVERER, W NS - RO IR EME B 2 Ehi U, S~ ¥ — &2 =20 ] - 2hig
B O UG 2 HE A T2,

5) AWIFENBIZFIRROBRBEMIETH LM 2B E 2, AEE LA LT DOK7 B FIZET
DR ISR DABIE LU R F U — 2 70 7T AOZRERE L, T ORRER T, 4
A L DA HE LTV, FBROBERTFNEN L 2R LT,

6) B SO R THEEZ PMDA & OFEFEIZAHRIZ OV TIE, EPSOBIHITERAZINE L, FEEE
IR OBED T, O 2 —8UEIZ B 2 W 2 ka9 F2 0 L. AFFEotER 2B E 2 >0,
2 B DEFTNHRZAT > 7o, 2D DMK TR EHA LFLIERIRRBR O RITEN STV D I
e s EOBEERRIR L2 D

<TEL>

ALS—amyotrophic lateral sclerosis, also known as Lou Gehrig’s disease—is a progressive,

multifactorial neurodegenerative disorder of motor neurons with severe muscle atrophy and

paralysis. However, only the glutamate release inhibitor riluzole has shown beneficial effects on
patient life span, prolonging it by a few months. Thus, new treatment strategies for ALS have
long been desired. The neuromuscular junction (NMJ), the essential synapse between a motor
neuron and skeletal muscle, has recently emerged as an attractive therapeutic target, because
studies of ALSS model mice and patients revealed that degeneration of motor nerve terminals such
as size-reduction and denervation at NMdJs precedes proximal motor neuron degeneration. This
research group and its collaborators previously reported, 1) the muscle protein Dok-7 is an
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essential cytoplasmic activator of the muscle-specific kinase MuSK, which governs the formation
and maintenance of NMJs, 2) mutations in the human DOK7 gene cause DOK7 myasthenia
(DOK7CMS), which is characterized by defective NMJ structure or NMJ synaptopathy, and 3)
postnatal infection of mice with an adeno-associated virus vector for DOK7 expression (AAV-D7)
enlarges NMdJs. In this project, we performed non-clinical and translational studies with the aim

of developing a new therapeutic strategy for ALS, and obtained the following results.

1) To see if therapeutic administration of AAV-D7 (DOK7 gene therapy) aimed at enlarging NMdJs
is beneficial to neuromuscular disorders associated with NMd defects, we first utilized mouse
models of DOK7 myasthenia or autosomal dominant Emery-Dreifuss muscular dystrophy. We
successfully demonstrated that DOK7 gene therapy enhances motor activity and life span in
these models (Science, 345:1505-8, 2014).

2) Given these results, we further tested if DOK7 gene therapy benefits a mouse model of ALS
(SOD1-G934), and found that the NMdJ-targeted therapy indeed suppresses size-reduction of
the motor nerve terminals and subsequent denervation at NMdJs in ALS model mice. In addition,
we found that this therapy further suppresses muscle atrophy and enhances motor activity and
life span in ALS mice (EMBO Mol Med., in press).

3) These findings established proof of concept with the ALS mouse model that DOK7gene therapy,
or potentially other methods that are able to enlarge neuromuscular junctions after ALS onset,
may be a novel treatment approach for this motor neuron disease. However, the DOK7
expression vector AAV-D7 is not suitable for further tests in preparation for future clinical trials,
because it carries the non-tissue-specific CMV promoter and the EGFP-DOK7fusion gene. Thus,
we developed AAV- DOK 7vector, which carries a muscle-specific promoter, which drives only the
human DOK7 gene without any fusion partners.

4) Also in preparation for future clinical trials, we manufactured AAV-DOK?7 for preclinical
studies under GMP standard. We performed preclinical toxicity test with rodent under GLP
standard, and prepared for further preclinical studies.

5) Given that this project aims ultimately to developing DOK7 gene therapy for patients with
ALS, we performed competitive patent research for the DOK7 gene, and found no obvious one.

6) In preparation for future clinical trials, we have made consultation with PMDA twice. For
the consultations, we collected relevant information nationally and globally. These

consultations helped us set up the abovementioned preclinical studies.
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II. REOHE (BIEFFRRE)
MRBRRESHE I L D ME DRSS

<fn3C>

WP A4 % G e RS 7 BB RE R 2 45 ALS ICB W T, MRS (NMJ) OEARED
HEMDREI22H 5, NMJ ORI FER A 70 B R % ) — € MuSK (2 X - THITEH S 5 03,
ARBFZED BTN FEH 1T Dok-7 % B L. 2 MuSK O a PN fEk (S BEEEH LISPE(Ed 5 2 &8
NMJ ey 7TV OEREHNC A TH H 2 &0, T DO HE D NMJ O AR A & B 2 E i RE R E
Z 2D ERMEMESE (DOKT-CMS) DOJFRKTH LD Z & 2 L7z (Science,312: 1802-5,2006;
Science,313:1975-8,2006) , & 51T, Dok-7 DIEFIFEH A~ 7 A D NMJ JERL & @ E IR+ 2 2 &
%5 L7= (Science Signal.,2:ra7,2009), LA EOEFERIE LT Dok-7 DFEBIEHRA TNMJ 2
FRANENT K 2 BBV RE PR T o6k 2 8 2 2 iR B ORI ) (CHEDS L WIRetE 2 RS D 7200 BIFEAR
RELWH LT T Btk A V2 (AAV) %\ 2 DOK78n TR B2 % — (AAV-DT) O#5R
B & F2hfi U 7=, & OfE R SRR BB T T UIC BT 5 DOKT 3N  NMJ B A2 % &4 % DOKT-
CMS ~ 7 AH Yett (KB E Emery-Dreifuss B A hr 7 ¢ — (AD-EDMD) ~ 7 A®D NMJ &
ARz TR L, GEENASAE - A I 2 UGB T 5 2 L 2 EFEL 72 (Science, 2014), S HIZ 2 S ORI
I E 2 TSR TALS (2x9 %5 NMJ JERGHTRIGIFE OB Oitse [REEHZ HW =%
&~ U ADRERRNT) AHEE L, LT ORREE ST,

) ~—Ety MBSO AAV-DT OF N5 K 5 e ~ DOK7 Ol 58 T, 5% 6 1,
H LI, 2 1HIZKIT S F DOKT ORBFEIIMEFRF SN TR | BERFEBIMHENTFRD S 72
Molz, T, BELEZETOT U TR TYER7 ¥ —ICERT 2EISIFBE SN o
Too ZORTIE, H1ETOOMATIID D0, UKIERENROL2MEEZ RRT O EF R 5,

2) AAV-D7 12 £ % ALS ~ 7 A DWEIR % 5 8 T B RE O UE2h BT O W TR A R MEEZ N2 5 B
BT, T VFRES T 7 4 —IC K DM RED EBRIE R Z ML LT, E%~ U A3 X ORI E
FNWZX D MEREREDIK FRMONTWAHTA R 7 4 —FT /) mdx ¥~V AR LN ALS €7 /L~
U A& AW T, BIESRMFOBREZITO, BHHUIREEIC BT 2 BRI OMEAR L OWRK 7 7 — O ER
MRS 2L Lo, 2RI KD ShEIN D ORFFHIFEEREDOE =2 ) I ARE L e o Tz,

<HLV>
The neuromuscular junction (NMJ) has recently emerged as an attractive therapeutic target of
amyotrophic lateral sclerosis (ALS) that is a progressive severe neurodegenerative disorder of
motor neurons with motor and respiratory dysfunction. The muscle protein Dok-7, which is
originally isolated by the principal investigator, is an essential cytoplasmic activator of the
muscle-specific kinase MuSK that governs the formation and maintenance of NMJs (Science,312:
1802-5,2006; Science Signal.,2: ra7,2009), and mutations in the human DOK7 gene cause DOK7
myasthenia, which is characterized by defective NMdJ structure or NMdJ synaptopathy
(Science,313: 1975-8, 2006). In collaboration with the principal investigator, we previously
reported that postnatal transduction of mice with an adeno-associated virus vector for DOK7

expression (AAV-D7) enlarges NMJs (Science, 2014). In this project, non-clinical and
2



translational studies to develop a new therapeutic strategy for ALS were conducted. We focused
on the investigation of AAV vector-mediated DOK?7 transduction effects in non-human primates

and mice respiratory dysfunction to obtain the results described below.

1) Forced expression of DOK?7 in the common marmoset skeletal muscle transduced with AAV-D7
suggested efficient transgene expression at six and twenty-one weeks after the transduction.
Importantly, robust DOK7 expression was sustained in the course of the study, whereas the
adverse events related to the AAV-mediated transduction were not observed.

2) A quantitative measurement protocol of respiratory function by plethysmography to analyze
the effects of AAV-D7 on respiratory dysfunction in the ALS mouse was performed. The
measurement conditions were established using wild type, ALS mice, and mdx mice, a Duchenne
muscular dystrophy model with impaired respiratory function due to respiratory muscle
involvement. The stable monitoring condition of long-term exhalation and inhalation flow under
the unconstrained environment was achieved by using plethysmography. The technical expertise
would enable the monitoring of therapeutic effects on respiratory dysfunction in infant disease

model.
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