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Fig. 1 Pathophysiological and symptomatic progression in spinal and bulbar muscular atrophy
(SBMA)
Ligand-dependent nuclear accumulation of the pathogenic androgen receptor has been construed
as a causative event in early stages of neurodegenerative process in SBMA, which leads to tran-
scriptional dysregulation, axonal transport deficits, and mitochondrial dysfunction. These down-
stream changes, which precede the onset of neurological symptoms, give rise to neuronal dysfunc-
tion and eventual cell death. It is thus of importance to develop combination therapies and to start
interventions during early stages of the disease.

3. EREOREER

Bavrs7EPEHSP)BISLEFF r—70uT 7V —
2% (UPS) (3 MM ISR L 72 B & o I #b =50
BT HMER LA L, MR T 2 A ko B A
ELTHEENRTWSY., SBMA 7V~ 7 2 DMEHRET
13 UPS DI HAHER SN THB Y, UPSIZL % AR D%
it 3 3 % FH| T » 5 17-allylamino-17-demethoxygeldana-
mycin (17-AAG) & SBMA EF VY7 AIZBWTRY Vg
IVOIEREL AR AR BHE 2 EBIUWIZ5 M (degrada-
tion) L, SERRPHHITREZLET LI EPHLNEL > T
27 F7z, Ba v s &AE (HSP) (3HEEEL L7 EAH
ZIEH SIS D &3 (refolding) /E 2 H$ 5 2 LA M SR
T W % %%, Hsp70 i% & %] T & 5 geranylgeranylacetone
(GGA) & SBMA ¥ A 2B\ T Hsp70 % £ D5 % HH
L, MREEEZIHIT 22 EHOM LR > TWEY, DIEX
D, UPS G L= HSP #3524 L 7216tk 1d SBMA 22 &0
FRA R B OWREZ LT 2 HLRERE LS 2.

4. T DMORERR

RYTNE I VIR TIIBNICER L - EREHE ) EIN
FOWBEREETLZLAMONTEY, BERELRET
AL LT R b VBLT TV {LEEE (HDAC) EH 7% &
MEHEINTWEI0, L U2 SBMA RNV F ¥ b VKT,
I MY NYTHEEGTFORBET Y P a—- VTSGR T
T & % peroxisome proliferator-activated receptor gamma,
coactivator 1 (PGC-1) % L DEEFORBLTAI ra v F
Y 7 OFERERE 2 TREMEAVRIZ SN TE Y, HERAEO
WEZENEEZEZONTWRY, 255 51, ST EmZR
XKEFHE—F —HHE TH 5 dynactin 1 DFBIZER AR
OBNERICL VKT TA2ZL2AWELTBY, W%
DREENSBMA ICB T 5 EH =2 —0 Y EHEO—HEE 2
5z,

BhiJIZ
ER7 v Fay v BERoOEL L 0 REERIZSBMA

DIFRED LI E ST 5 L EZONLH, TOTITETRE
&R LEE, I o v N TR & SRk 4 BT A



ERABAE G MIE (3 5 50 T 1% 49 : 919

N NPHARELRY, HRMBRIZECHL bOLEEZ SN
% (Fig.1). 4, SBMA OJRREZE Ik 3 2 A EELE O
S WICHED B 720121, FEBED O BRI L 2507112
LD BLEDDH D, ZD70I21F, EEMEICHEWTIEH
Ro#We 7 Vol <, £ A0 RAREOBETS, £ 7R
78 (FEI% LATZE) \2B W CiipEsh R o e i (R AR
BBV FESL VD) O RBIER R OHERMNA, LA
R T —ORER EDVEEGZFETHLEEZDNL.

X ®

1) Adachi H, Katsuno M, Minamiyama M, et al: Widespread
nuclear and cytoplasmic accumulation of mutant andro-
gen receptor in SBMA patients. Brain 2005; 128: 659—670

2) Katsuno M, Adachi H, Kume A, et al: Testosterone reduc-
tion prevents phenotypic expression in a transgenic
mouse model of spinal and bulbar muscular atrophy. Neu-
ron 2002; 35: 843—854

3) Katsuno M, Adachi H, Doyu M, et al: Leuprorelin rescues
polyglutamine-dependent phenotypes in a transgenic
mouse model of spinal and bulbar muscular atrophy. Nat
Med 2003; 9: 768—773

4) Banno H, Katsuno M, Suzuki K, et al: Phase 2 trial of le-
uprorelin in patients with spinal and bulbar muscular at-
rophy. Ann Neurol 2009; 65: 140—150

5) Adachi H, Waza M, Tokui K, et al: CHIP overexpression
reduces mutant androgen receptor protein and amelio-

rates phenotypes of the spinal and bulbar muscular atro-

6)

7)

8)

9)

10)

11)

12)

phy transgenic mouse model. ] Neurosci 2007; 27: 5115—
5126

Tokui K, Adachi H, Waza M, et al: 17-DMAG ameliorates
polyglutamine-mediated motor neuron degeneration
through well-preserved proteasome function in a SBMA
model mouse. Hum Mol Genet 2009; 18: 898—910

Waza M, Adachi H, Katsuno M, et al: 17-AAG, an Hsp90
inhibitor, ameliorates polyglutamine-mediated motor neu-
ron degeneration. Nat Med 2005; 11: 1088—1095

Katsuno M, Sang C, Adachi H, et al: Pharmacological in-
duction of heat-shock proteins alleviates polyglutamine-
mediated motor neuron disease. Proc Natl Acad Sci
U S A 2005; 102: 16801—16806

Minamiyama M, Katsuno M, Adachi H, et al: Sodium bu-
tyrate ameliorates phenotypic expression in a transgenic
mouse model of spinal and bulbar muscular atrophy.
Hum Mol Genet 2004; 13: 1183—1192

Butler R, Bates GP: Histone deacetylase inhibitors as
therapeutics for polyglutamine disorders. Nat Rev Neuro-
sci 2006; 7: 784—796

Ranganathan S, Harmison GG, Meyertholen K, et al: Mito-
chondrial abnormalities in spinal and bulbar muscular at-
rophy. Hum Mol Genet 2009; 18: 27—42

Katsuno M, Adachi H, Minamiyama M, et al: Reversible
disruption of dynactin 1l-mediated retrograde axonal
transport in polyglutamine-induced motor neuron degen-
eration. ] Neurosci 2006; 26: 12106—12117



49 : 920 FRERHRAES  49%11% (2009 : 11)

Abstract
Molecular-targeted therapies for spinal and bulbar muscular atrophy

Masahisa Katsuno, M.D."”, Haruhiko Banno, M.D."”, Keisuke Suzuki, M.D.",
Hiroaki Adachi, M.D.”, Fumiaki Tanaka, M.D."” and Gen Sobue, M.D."
"Department of Neurology, Nagoya University Graduate School of Medicine
“Institute for Advanced Research, Nagoya University

Spinal and bulbar muscular atrophy (SBMA) is a polyglutamine-mediated lower motor neuron disease charac-
terized by slowly progressive muscle weakness and atrophy. The cause of this disease is the expansion of a trinu-
cleotide CAG repeat, which encodes the polyglutamine tract, within the first exon of the androgen receptor (AR)
gene. SBMA exclusively occurs in adult males, whereas both heterozygous and homozygous females are usually
asymptomatic. Testosterone-dependent nuclear accumulation of the pathogenic AR protein has been considered
to be a fundamental step of neurodegenerative process, which is followed by several molecular events such as
transcriptional dysregulation, axonal transport disruption, and mitochondria dysfunction. Androgen deprivation
suppresses the toxicity of the mutant AR in animal models of SBMA, and these insights have been translated to
clinic. Animal studies have also suggested that activation of protein quality control systems are potential thera-
pies for SBMA. To optimize “proof of concept”, the process for testing candidate therapies in humans, it is of im-
portance to identify responders to each therapy, to initiate interventions in early stages of the disease, and to es-
tablish biomarkers which can be used for evaluating the efficacy of treatment.

(Clin Neurol, 49: 917—920, 2009)
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