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pars compacta,

rAAV-Neurturin

Putamen

Fig. 1 Three different rAAV vector-based strategies for Parkinson's disease, Gene transfer of aromatic L-amino acid decarboxylase | -

(AADC) restores dopamine synthesis from orally administered L-dopa in the putamen. Expression of neurturin, a neurotrophic factor, in
the putamen protects dopaminergic neurons from degeneration. Transduction of the subthalamic nucleus (STN) with rAAV vectors
expressing glutamic acid decarboxylase (GAD) produces y-aminobutyric acid (GABA), an inhibitory transmitter, in the nucleus and
modaulates its function, GPe: external portion of the globus pallidus, GPi: internal portion of the globus pallidus, SNec: substantia nigra
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BT 2004 4 12 AWCKE D UCSF THs S vz, 27
OrI—VTH, & - -BHEDOIHET, EESHO

FERISHETFEL TS, 20064 4 IS KEMEES
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E#ENSIVESRL, L-dopa DARDAE & T2 8|E
TERVEZONL, EFVEMOERTIE, 038
BORMBRFEARCL 2 EHMEOUBENRIERI S
TWBN, ELITH— P8I VEENBRICR o 5
I, THRIEFORH LT 2 bIEEHEE R A L
AAVRIZ S —DRBIED LN TS Y,

O, L83 CBRBEBRICL 3 BETFRE

R T # @ deep brain stimulation (DBS) & [F#E 7 YIRS
THRLT, MHENBEEYETH S Y-aminobutyric
acid (GABA) 2 &8T5 7V 3 VB REbEES glutamic
acid decarboxylase (GAD-65 B & U GAD-67) O ®/IEF %
BRTROMIICEA L, RREFEED T % 551



150 1REEAIRNABEINRE Vol 4S5, No.2, 2006

Table1 Clinical trials currently underway for gene therapy for Parkinson's disease

. Aromatic L-amino acid Glutamic acid
Therapeutic gene Neurturin
decarboxylase (AADC) decarboxylase (GAD)
Synthesize y-aminobutyric Neurotrophic factor
Function of Convert L-dopa to
acid (GABA), an for dopaminergic
therapeutic gene | dopamine
inhibitory neurotransmitter | neurons
Phase 1 1 1
Sponsor Genzyme Neurologix Ceregene
Dose of vectors Low 910! Low 3.5%10° Low 2Xx]10"
(vector genomes |  Middle 3x10' Middle 1.0%X10" High 8x10"
or particles) High 9x 10! High  3.5%10%
Subject number 15 (each group 5) 12 (each group 4 ) 12 (each group 6)
Unilateral Subthalamic
Target region Bilateral Putamen Bilateral Putamen
nucleus
PE [’SF] Fluoro-m-tyrosine [’8F] Fluoro-deoxyglucose ['*F] Fluoro-DOPA
T
(FMT) (FDG)
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Recombinant adeno-associated viral vectors bring gene therapy

for Parkinson's disease into the clinical arena

Abstract:’

- Shin-ichi Muramatsu

Stereotaxic surgery has played an important role in the treatment of medically refractory idiopathic Parkinson's

disease (PD). While deep brain stimulation becoming more popular in clinical practice, advances in stem cell
research has raised hopes of creating novel cell-replacement therapies for PD. If cell-replacement therapies work by
restoring dopaminergic neurotransmission, then gene therapy to produce dopamine-synthesizing enzymes is much

simpler and more straightforward approach than cell therapy. With recombinant adeno-associated viral (rAAV)
vectors, which are derived from non-pathogenic viruses,

PD. Efficient and long-

gene therapy is becoming a feasible therapeutic option for
term expression of genes for dopamine-synthesizing enzymes in the striatum restored local

dopamine production and allowed behavioral recovery in animal models of PD. A phase I clinical investigation is
underway in which rtAAV vector-based gene transfer of aromatic L-amino acid decarboxylase (AADC) is combined
with oral administration of L-dopa. Although this method would riot relieve patients of the need to take L-dopa to
control their PD symptoms, the L-dopa dose would be lowered and the duration of the ON period would be
prolonged after AADC transduction. Two other rAAV vector-based clinical trials for PD are also underway. One

is transduction of the subthalamic nucleus (STN)

with tAAV vectors expressing glutamic acid decarboxylases to

produce Y-aminobutyric acid (GABA), an inhibitory transmitter. This strategy aims at modulating "hyperactive”
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Key words:

STN neurons, which is what deep brain stimulation does, although its mechanism remains unknown and there are
some theoretical concerns for chemical alterations, The other clinical trial is delivery of rAAV vectors expressing
neurturin, a neurotrophic factor for dopaminergic neurons, into the putamen to slow down the ongoing degenera-
tion. In addition to improved vectors, improved neuroimaging techniques have advanced clinical trails of gene
therapy. A magnetic resonance imaging-directed method has improved the precision of the delivery of vectors to the
target regions and reduced the risk of injuring blood vessels. Positron emission tomography with various tracers can
be used to monitor the effects of therapeutic gene expression i vivo. Gene therapy using rAAV vectors may be a
promising option for treatment of PD in the near future.

Parkinson's disease, Gene therapy, Adeno-associated virus, Dopamine

Division of Neurology, Department of Medicine, Jichi Medical University
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Embryonic stem cells for the treatment of Parkinson's disease
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Shin-ichi MuramMATsU
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ERBSRPERSLTSY, 5%, RENFRIOBELERE E£75 28 TLY SVEBHIE S h 3 a4e
PHD. REOWEMREES 13 ES Mg RBMIZICKD S FH—Mlss L TEIH S hTH Y, ESH
R o MRS e /NS SRR R L HMEFE T3 AR BRI TE TV S, ES BROBEKS
RICERL T, RAMEMIBORAIC L BEHEORER, MOBMBEEORSDRAE TE 32 (FERT 5104
ErH5. BRTROETRRPEETARL L, BERROE L WMBOKRERE SIS L, MBEBEOES %

BMRTIIEHEETHS.

t“fvgl;d Parkinsonfs, ESHiia, #iafEiE, RIS

BED 15 FRIC RO B h & MR Mm% 4
BELSEET 2 A EOMFES, b FMEk®ME
(embryonic stem cell : ES #lif) D17 7 & O sl
EHFOHE, FRERERICNT 2 BEELHE
DEEERL TV 3, BREAHEFRI o -
ES Mifa D IRERF D X ) Bl L5 s
BET I L a0, PIRMERERICNT 3
TEBESRIC KR E LR H 5 2 L 3RHE LA
vy, 72T h Parkinson I TIC BB RN ®
R L BEBESERICBWTIThRTED,
ES flEZIGA L BEEZHEONSRE LTE
—IHT oD I LS, RHH0D ES g
S MREEMAL S oSS VR AIR L { Sk
FET 2 HEOES, EFNVBY~OBEER
DBHBHDL  OMEETITHN TV 3,

& EABORR
Parkinson JE 3 BI{ERBIR, MBS - B8, Z3I5E
B, Bl COEHEEY TERE L, SihE

T Alzheimer W IR\ CHE OB W R IS M
BTH5, —EOREM Parkinson i IC DWW T ik
a-synuclein, Parkin, DJ-1, NR4A2(NURRI1),

UCH-L1, PINKI, LRRKZ 7z ¥ OBETFEEHIYH
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T, FACS PHAY — XXk 2582 Tb i
CTHRT ES Ml 7 4 — 5 — DR A DS
BLAEERREE ARBICHETE 3,
EEZSIETAINVHA FAE, 2B ILEE
#H ES B koM RalEEBIEL T, 203
REEZLWEZBT EERZ2T-o>Tw3, FU7
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RS 2 A%RICE D, A=274¥LD ES fias
ORI SMFE L Ao RA~RBIEL
7o, BHEEIED PET I2 & BBIFOBE, P33 v
DRIEPE TH 3 [B-1'C]L-DOPA & Fo83 v+
TVAR—F—DYH Y FTH3B-CFT DELA
HDOEMzRDT, o6, AL7PYy7293 v
BEIC X D BEMOBERT S ok eE
INBIELED, FARIUBEEROYFYFTH 3
[*C] raclopride FEABEDIET & L CRlEMICR &
N7, TNoDZEds, BEHOERICEBLT
FoSS VESRESEIIE L 72 Z EDSEAS D E fn o 7,

@/‘ Parkinsoni®DE 5 ILEN

BREERICETEVEEFINSYHUES D, Park-
inson R Cl&, RERED N/(E VAR EiRg
[CHREYT SHREE LA U EEFILBYSESN TN
D, PAUDTERBEEBIEULZED Parkinson |
REFRRULIEDS, e LTEENTLYE 1-
methyi-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP)
BREENE. AZIAFIUIC MPTP E18IEH0IC51R
RETHIEICKIDIRE, |8 B8, 588, sE
B8 E, & MO Parkinson & BEDBEER 5T
L., BEO NS V#EESERIESE LTS LS :
{FRITBTEHTES, BIETERIEN Parkinson 75 |
TBEFERNBD SN, Lewy IMOBRAHTEHI |
® a-synuclein B A VAN 5 —=FERUTRE|C
BRIFRSEDTLITED, RZ U BBREEEEE

ETITETIEPDBRREINTND.
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AL7t b ESHifigz R L CRKOEEZT
TEY, EFALTILVOFERICB L TRIERROE
ExERALTWB (™ 1), H=24 9/ ES g
T PAG Ik D LB E L B BE L T
HEESE SN L WIREL INT LB,

& SHORE

ES Rk MERHEoBRICAICEL T
X, EHEOREEZHCHELH D, ZTOHR
Sl s R T 3 AW R, H—, THEN
T L7 L BRI 2 HREETOEARLY
OEMEARS TN TS, £/, BHEL L ES
MEoEECEL TR Y ADREFHIEE
74— — LTHEAL, VYRFLER L2
Mo inz Cvs 228, BEAMEOREICEL T’
B BRI R R AOBER T 5 Z LY F L v (xeno-
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tion) WAL ER L TR Y, BETFAEDLERH
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FHRE P2 B B BB e ik &
HOEH HA B e ik

ZBIFURER - SIMBEE

SRS

Mlaomici s I I aMRASBECHBER, &
HEXmRNAZ R Lo L T2EBGFHHFEL, Thb
HEEE 2> TYERFEICEE P RVEZZIONDD
T D, L LHERIRARD SOV A WS R (§H)
KR LCERBOI bt T SELREERIYT. 20
ZriE, MBORTYAWNARIERIEE - LEATON
TWBILERLTVA. MROFOERZEDFER
YL aBET, SFVBRECHEERL YRGS AT
2y IR TwAI LR RBL TS, WHAT
DEIENTNTAHIRS T EIRBESIELLN, TO
A EN R RO TE®ET 2 DO THENE VAT
ALHEETL. LAL—FTR, TOLIREEVAT
ATERL, BHAEEEALLZVAT AL ELERE
BEEESTWA, WHER LAY AT APEDL I
WAL TV AP RS DI, HIRORTHFHFED
BEEMCH IS TEI0PREENET S 2 LN
EEEARDL. ZOL) BHBACSGFOBE ZNET S
FEe LT, I TIRERMEESIEE (fluorescence
correlation spectroscopy : FCS) ##A4 5. E72, £
SFOH i, RUSFE) L, EFHEE2o720TF
YA ESLY, BARML AP OBETRRAL T

WMEORTEE LTV R FOBHINIEBEN EDLSICE>TWVDD, BRTEFELTVLSDN,
FNEDAEHBSECSENTVBONELEEH DD, TORTHFHEDOREREDBICH
LT ENTEDONEBBAET A ENEEENRD. TOKIEHMBBADOFOBEZAET S
HEE LT, TTTIREEESNEE (FCS) BBNTD. &ie, ERFDTFOZ JFEMRTHRRE
BT LR, ZLOBAR, BUAFESUD, ERRELE LI FLOESHEEDLD, BHE
ER UMD SEEERIBL TS, COLKSHHEFREDTOEHEVSBRNSHBINT DFE
EUT, BHBEARRESYE (FCCS) ZENT 5.

PP KEY WORDS : $3¢6HIE #EUEH ESE B1SFRE 2FEREFR

. Z0XHBMEMFEREBNTSFEE LTEAHEEL
HBA4-SEH: (fluorescence cross correlation spectroscopy -
FCCS) %8N 5.

B, FCSIKHMT A8 LWRHIZW DT TILH
ENHELDT, FROEEHZICLTEILVWTY, T,
#ik+ 5 FRAP & FCS & O HAC oW THIE O fiFH Y
BEOBEEL 2.

MEORTHFORHERTIEMETLFELLT,
FCSOIEMIZ X LMbNT WA HEE LTI, HEED
MR (# 4 55 7 A) 2 SMT (single molecule
tracking) , FRAP (fluorescence recovery after
photobleaching), iFRAP (inverse FRAP) % &% 5.
WERL MR EAERTOSTORE L ZTOES &
WA 5 HETHY, ZOBRSIILEHER EOEET
WEIEAY = Ficdhizs) L LTRENE. RLASFT
MO ORENE L TH 7% 5, TOHEGERIZEL
Lizve, b L, BEPETHRE, FTFOFETLR
S L7, b L RATFORBERTHRIELE
S ERET. BEOELE LTIEEOZRLeMRA O
WA EOELAE L bNE. —F, FTORRPEE
DELE LT, BEROBES 2 BMMLEENERDL
Nb, BEOBETHI %S, BERIEPLELWELEOR

Shintaro Mikuni, Masataka Kinjo, dtigi#iks ETFHENER BH T 7 P25 % E-mail : kinjo@imd.eshokudai.acjp
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E, 737 VBB EV)FFORE IR L3R
b0V ARIEGERE LTS, OS5y Fan
EENC LD MEEE AL TEAD T HERSFOH) &
RFHSELZEL TEEREOHEE LTRSS, =0
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L, #o&LLTHMsS LA,

BT, GFINEL, BT I VBHE LTWws e
EEMERBE L EBT 2HEE 20, BIOLMEDE
L EDEALFRIL LD (B2a). #MICHFAKRE L, B
W7 I UERE L TWAE BN EEE L BB A0
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() HFDHPDIFENE T LRTEES
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(d) ZFHHBNEE (LTS NDIE
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KBRORTIGE—LTFRLEOT, 1B
FIUVRRE UTERHAISN, CTTR
Lie77O70& 3B TIHFEVC &
[FEESNEL.

B5A (1)

BERE (1)

(F2b). 2Fh, BLEOBREDLEMIZE "SFOK
3" (AFE, B) CHTAEREEIN TSI L
bk, ELEOBBIERELCEBEOMEEL Vo iHF
DEPNTVBEREICHRET 5.
DTOEPLZNEE, WIRZHITIIFEY 1 ROSF
PWHEBEHEHANT5 L &1, MERBERIHTF2HE
ETHLEEELRWE ET0O~100% DR THILHRED
REZELOEPBEU NS (F2c). FIHFOHMRE
WEE, 7ok ZITFH 100018 05T A EEIRICH B
£ &, I00BOGFr—BIIHADZLTH bTr
10% DENRED/NELELELIBRM SN2 (K2
d. 2FD, BLoEOKEEDRPIE "FFOR 1T
M5 AHEmRIEEN TS,

4. BCHEBEIREIC K28R

DEDXH)ICHNEEDES ¥Rl "HFDOKR
B EHFOE CHTAERIEIN TS, L
2L, INLDOFERIZENBEOES E2POT VB
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CARBYBA %L (fluorescence auto-correlation function ;
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FRBEDEIOFET L. 22T, ( ) @37 vyy
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