BENRENTE T, WEZ A7 EITHT 5 E3
ERBTHIEICLIVFERI VXV BEEDOL DR
B SEHEFEIT, £R SOD LKL 2 HEE = —w
VEEHAS— FOLY) ERTORBIZESNE
HHEIBRBE CHHLEELAD, 202X TF -7
0T 7Y — ARDMERIZ L B EREMR B OIRE
BRI IL, B Y T BOEENIRK & 72D ALS B
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BETETEERFERIIRA D,

Dorfin MEAIZ LY ALS BT NVEMTH HE R
SOD1-Tg = U ADAEFHMZ LR L AT, £ DF)
BIEHRICAT I3 E R+ Ty, Z0EE &
LT, B4R Dorfin iZ in vivo IZRBWTHBEAD
D THEL \Tg vV AR THomRE it R
ST 2 LN L N BB D, o T,
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HrLHEEEL, 8 B3 EEEFETHH RS
B EEEHES Th B CHIP O = &% F LALIEPEERNL
LRAET A LI, BAR Dorfin IZHHES LT
LD TR SRR SODL D B R F AL - SfiE
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VORI TNV E IR EICBWTHERER
WEZRIZLTHWAZEPRHRESNTWND, ALSD
JRHRIZ VCP/p97 OHERETH 5 ERAD B E D X H 1B

BELTWAEDONMZDOWTIESHE S LIRS MLE
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EEFBEREMREGNE (ZH0RBEREHRFER)
DEE = 2—0 EBOREICED CAEREDRRK] B
SHEPRHEE

ERESBRROBIEICE HERI = 21— 0O VR B O FHAEHE A

SEPRE B FZ ERBHRKEFREHER - BTk

MEER

EE = o —n COEFEEREE L2 EAENRMOBEBICER L ifET 5 & kic, oMK
RORRE LTRIET 2HREERFORRNEZMA L, TOREEOBREEBHE L, &
BEFETIE, - b L RE) COBABOSMEERICHEE T2 CHIP(Y v 1 AR = b F
V) H =) E/NEERIZ BT D BEE A E O BEIE(ERAD: /MR E IS4 5 SCF™
FEEHEZRBT 22X F U U T =20 TH T2 B\ A L~V TOMIT 21TV, T
HOBRDEAEDMEEHICRTHEN LM Lz, & <18 SCF™ O IEEY FRIE
W2 ko THEEHGFRAI D4y FHEME A RIAT 5 & 2, Fbsl A== —nr NTIE, SCE™ U 4 —
e LTHEET LM, BEABEIZRENR STy Xa U EREZF S W ) F LW
REfl, S6icA— 77 V—(BRIEMLVEREOMEETHICEG T LA L,
MR ONEEHICIT, 2 8FF 70T 7Y —LReET— 770 — U Y —LRN
BEEL TWD I MR THDCIERA Lz, FEdi=a—n UK KEEZED TEHL OMRE
EHREBDOBEMTIL, 7077 YV —2OMBEEFTLRESNTVER, ZOEKITEL
RHTHD, £ ZTARMETIE, HREMERIZIBIT A a7 7 Y —LO"RE O %8
KL~V TR T 27O EREAICL D 70T 7 Y — AOERETETF LVOERE2TT
Tro BIfE, BREBAEOERIC LS 0T 7 Y —AOMEEIRE D ERAD EMEDOEK FA2E X |
T OFEFR, AR 7/ AR A B L AN S TRV ER, =2 —8a U OWN TR

PR S LEYRIF R TH D,

TRZEMEBBIIE D E T2 DRI & T 2N ER TH 225, AT Z OEFHRICEIETE A6

A. TFEBER

AT EBGEFERESCERREG R EICK
DLIFLITEARAE L)L TRA R L RAEKS
LIEEMHEOMELZ & -7, BEflma—n
OTEFEHEMER (B Mg 2 B0 ERE 0B
BRICHER L CHIET 2 & 3ic, ZOREED
FER L U CIAE T 2 MR MR R O UK f#
B aEEREEE BT, i —m v
EMEBROBEOREIMOIFEAT RIZBW
TLIRLIEBES N TV AR R F UL
B D B VE R R IR (B AR) OIEE I,
2R FURBMROBRESESBEE LT
BHo Mo T, T OE AR RN & B
HEOMFIT, BE= o —no VR B ORER
WA RESEBMT 2 Z 88N 5,
B, EBEi= o — 0 VRE RS Tk & 2
FRIEPER B ORIEMAE & LT, MiaNo&E
HEOMEEHE, IR E0E &R
WEXH LT, BEEAEZERBICHHE
L CHRET D OREFERRIR T\ 5,
T, ma—arRHRNOR LR E R

My HlEoEh—& L TEHIPREK
(ER: endoplasmic reticulum) DOFE|H
HENTWb, FRZ/PRaENTHRA LR
HEAOE AT HHE & U /R
45 #% (ERAD : ER associated degradation)
OEEMRANREANICER L TWSD, b
ik, ERAD (28535 N BIEEBEE % ¥
B ENE T2 TF T —F
SCF™! B3R L7=, £ LT, SCF™ izoWn
THEE., WRE. RRBICBT 22 mi a4
EREALCE R, ZOMBAORIAESLZ &
. FERICEELRBETH D,

UED XS, AFERIZBNTIE, 7
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HORFEEEUHEO ST HELZMTIT D
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1) A HE  Varverr VERE
3. KIBE® A2 WIZERMBRCTREA - B
WL, N EANTA L EhrOt
XFMT v A REBEL, 2 FF
VA —BIEEEBIE Lz, TOM, BRI
#) (SDS-PAGE) - Western blot “3#77 &I
DNTIE, EIEIZHE > TiT o T,

2) BEAYFENHE BNEAE E K
EHCRKEBICHIAIE-%, B ELioEi
L7c, BREREZRAELL TEONK (B
W) WiEE X R REEREITIC L - THRT
LAV LT, FE MBI UT MR
(R EE) 248 U CHEERT
DT BBEEERFE L,

3) MIEAEYFETIE  WHLE ORI
77 —IZHWEHE Y32 — NL7 cDNA %4
AR MBI E A Lz, MRS 28
BT, ETENEBMLET O siRNA Z MW
WEALTCEBEWEHEORHE 2 MmE L
loss—of-function MOFEE (MluIZ 5 %2 5
) R,

oyl b 11 BREANIZLD 0T
TV = AOIEHER T ET A O/ERL

1) BRREAR ¥ — L EBRRA YT o2
v MBS Z—O{ERL : pRS316, pRS315
AR Z—@ EcoRI-Xhol RElIZ. B 5 (PRE2) D
Bl = R4 1500bp B S f&1E = R
500bp FHEET. &/ L XD PCR 1E CHINE
S/ BB EHA L2, pRS315- B subunit
BB~ H — |2, Quick-change Site-
Directed Mutagenesis Kit Z#/HWT 173
J BREHR AR - S¥ 7,

2) BHERMERERKEO/ER  4nl YPD
REMTREE LA FO B 5 BN ST
2 (EREEZ BN, WT @ B subunit Z3HEH
95 pRS316 X7 Z —% Transform L., 55
AT TR B MR & Wk o 3 & 6 U 4 F- AT
WCEVT DB ERESN, BEALL
7T A FRIFEGIZHFEN FIRE & 72 » T W
LR BN L, BAUZOKE 4ml OY P
DR Tl L CEIL L 7=, pRS315
N7 Z—=ZWT b L<IZEEM B subunit &
MAIAATE T A FEE AL, pRS316-8
5WT % 7= pRS315 X7 Z—|Z Wl % L<
TERBIB S NHEARAENTZTTAI ND
I FFOFCE R T LT,

3) F—0T 4 TRy F—DERL . =7
A B 5 (Psmbb) Bis T #ETe BAC 7 m—2 &

v, LTI T W oA BOBE L
pBluescript-SKII %7/ g —=1 /795
ZETE—TT 4 TRy Z— R LT,
2.0kb @ SacI-Sacl Wif % 5 {AIF8[EIERAL.
5.5kb @ BamHI-Baml W fr % 3 {AIFAIRIERAL &
L=, #O/IZ exon?, exon3 @ 8 5cDNA B
B, pcDNA3-3 XFLAG HH3 ™D 3 XFLAG BEl¥E
SORY A Ny 7 vlidd], £ L THRY
T4 TERN O DI MCL R E—F— DR
A=A v oMt EmF Neo) &, lox EFINIZ
BATEERINEY T/ —= 7 Lz, 3
A lox BdAI & 3 {AAERIE AL & D BIZIX
exon2, exon3 @ B 5cDNA BEHNZ FN F( =
DERZEAL-H D, pcDNAZ-3XHA Hi3k
D 3 XHA BEAFRB XK Y A s 7Bl
o/ F s e 7 s —= 7 L,
SHIZZNE ORI %, ERP B THeA
D 3 HHIEIERAL & DI exon?, exon3 O
B 5cDNA BZ%1], pcDNA3-Venus B3P Venus
BRSIRB LOKRY A (s 7 ids & o7
Friy a2y 7 ra—=r 7Lk, FEMER
KA ZNIRTDRTT 4 TBBID =D
1.0kb WrAr oY 77 U 7ERELETF MCIDT-
A% SFHEFAMLO T 7 7 —=
L7,

a2 b I EBAEOWEEHEERE
DFREHA |

AT R ITHEEIEICE>TA R L— T
BETHRE(/ v T UM RAEfERL
Tofh, BRUEMLG FIZ7lox” A L TED
B FORBEZon-of I TX 25 o
YTFa4vat NGB v I T U vy
AHIER LT,

(fERmE~ DB )
AWML, EELTEERRBE IV R
AW EBOM RS IOV ar e b
ERHEETRHWEAELZERMRTH D, o
T, ZTNODOEROERICIL, WEEm~D
BLEBIIARE CThH o7z,

C. D.WFsERE R L BE
(ay=27 "1 :SCF* U h—F¥DHF
FE1E & A FRTSAR O fREA |
bivhid N FEREEAENEET
HHEANLZ FUERRTHIAMNT, &~
V)= AREEE Lo T 2 F a2 BV
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L C o MR 2 fRAT L7 R, Fbsl
(BI#5 Fbx2/Fbgl) DorBEIZALE) LTz, Fbsl
12 F-box 77 IV —EHEBDOD—D>THY,
SCF #4&& Skpl-Cullinl-F-box & HE (I
2 F-box)-Rocl Bl XF o U HT—FD
BRI Y7 2=y N Th o7z, SCF A=
vxF ) H—F ik Skpl-Cullinl-F-box—
Rbx1/Rocl m LA Sz 4 0+ B EET
Ho ., EAENY 2=y N TH B F-box
EEWT AT LT > TR HEHE L
o= EREHRIEE ol e R
FL ) H—EThHD,

HERE NEESCR 2 W Tt 6|
A SCF™' AN N A IKIFIICEER
BAER) X F b s2FF 00
—EBTHDHZ EMNHEBRA L (), Fbsl DF
BUIRAM., Fhb=oa—a UV EBERUTH
%, —F. BT, Fbs 12347 &b 55
BOTA Y7 +—LNFEL, ZHB2NE
BT 773V —%RFEHRLTWDZ EERH
LTz, T LTCHEX OMBIC B X & 223
B LTV 5 Fbs2/Fbg2 A3, SCEF™! & [EREIZ,
SCF™2 &% k. ERAD IC/Ef§ 52
FF L) HT—BTHDHIEERHLE,

FHiZhhbiik, Fbsl B4+ KO
Fbsl &% hEF—R L DESED X RS
FEEREATIZ & B ARSI IZ A E) L | Fbsl
W2k DA B AR A R L UL TR L
7z, Fbsl DOFEGEAES N A A > (SBD) DK
&L 10 ROWIPAT BHEES ZBIZER -
oYy FA o F#EEEZ LTEY., O
WAL EBET D — 7 HEBIC L D EEBRE TIE
HEHE OB TERMBICMNBEBTHF hEA— R
(G1cNAcB1-4GlcNAc) ZFFE LA S L T 5,
Lo F o DMEEEE LTV v FA v T
WX BHREBETH DN, TNE TS
EEEORE SNV T F o OBESEFEIRES
AEVEB — MEEEECTH - 7= DIZxF L SBD Tik
Jo— TR CHEH L RS T A HT Lkl E
Lo T,

B2 oEEREICBWTERM SN
TSR DR TEE L, BEEBHOXTF R
A LHAEEMN L TWDTZHOFbsl & OFES
HEREETHD EEZ NS, L LFbsl®D
1= & 72 D BEE A IXERADIZ B\ Tl ia
S ESN-ERBEEDOREN-EAETH
HIEMB, BRADOF FEA— AT HIE
BICEH L T2 EB 26157 9HI1Fbs]
CHAMRANRMEE R LHEESNE, &

OZEEFRIUNFEERBEEOE COEMES
T 5, Fhsl&E BWHEHMAMMEE T LW H E
BEELL-KLTBY, 26D &d
5HFbs1AS 4y T O St THESH & i B A&
THIENE, T 7=V RIRREBIZH DM
EAE L AMLEZEEERETHZ 72K,
aAEFFUEMMTAEDICAREbEINTZ
WHETHHEZEZDOND, EIZARF, Fbsl-
Skpl ®D — BEAR D XHELRE S E AT IC B R L,
SCF™s! 2K 0 & Yk A 1 D & 7 AT b D)
Lz, EBICEETHD RNase S LT
SCF™ ! 2R DFFIEMTIC RS LIz, T D
FER, SCF*'o=abvxF U A—EE LT
DAERIE N 77T L~V THIB LTz,

(FaYxzr b 11 BREANCLDZ S aT
T = AOTEME T E TV O/ER

Chymotrypsin #RIEMHEDIK T L7-EERE®
ERAER . v 22 [WEEREIT O AT
W2, BALLYE LTWAEENEYTH
HE S 0E, BEFHNBITARS THD
HEERER 2 O TR 21T 72, REEY
0E— X —CRBTAHAEERERE A5 KL
Ry BE—FBAN LTI LT, AR BS
DBEFERESHE, 208 TuT T Y —A
NEEBICESRERB LS 7=y MIE
XHadb Hkk % B5(A20T), B 5(M4BK), B 5
(M45R) 1= DUNTHRISE LT,

B LEBEERWT, o577 Y —
L OTEM % Caspase, Trypsin, Chymotrypsin
EIE MO Zflic >WTHIE L= Z A, B
AERRIZETZERE T 30% 40% 7000
Chymotrypsin #RIGTEDIK T 2R D T2,
Caspase, Trypsin FRIEMEIZZE L L TV 722 5>
STz, T ORIZIEE OEB M (YPD
i, 26°C) Tk, AL REOEETHE S
KL T X /7T ) u /Th % Canavanine
WZBWThH, EFICKE 2T < MR
(B % Chymotrypsin AEIEHEIMET L TWA
BR) DB T FOEEZMEE LD LT,

WIZEBICEALEZLD LRI UERE S
LA - S Ay ¥ —HERLL
203T MERAIC R TI v R 7=/ va v iz, M
Fan 6B AE & %, EEEITIC 2
g, ZV e — VREARICL T T
NETT I g WS m, Sue-LLVY-AMC
ERAWTIEMRIE O RO, WILEMR
WCBWTHEREEREOERERT-EL Z
L C Chymotrypsin #RDOIEMHNMETTHZ &
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NHERTE, £/, V=R H Ty h
EOFRRID, EHEORFENE 208 7
257 Y —Ah, 26S FrFT Y — MBS
ThHhdEFRINEZT T 7 a0, BE
K| XF BT 2=y hONY RBREN,
TaT TV — AOBESERICIER ICH AR E
NTNDZ ERERTE,

00 #—F T 4Ry —%xT L7 b
Al — 3 BRIV ES MRICEA L,
Z ORI A G418(GIBCO) & ¥:n L 7= ES
B TGN EAN SN2 =R Lz,
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NRONDHDOEBERT UL, 5.1kb,3.5kb
MO R OEERRONDLDE ) v
A7 V& LTHIFEME 2 BS g% E
E L7,

[Foy=r b U BEAEONEE FRE
DI )

EEH o B F ) T —8(CHIP)I Hsp70
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IR LEENERE BRI e R
FAkT B0 T—ETHDH, Hsp70 OVEH
20X Hspd0 DXL D 7ea vy Xa U BLET
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LEEBREORESNCER LTS Z L
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WIZEEBHEOEME TR T 5 W HEMEN
FREINDZDOT, ZONBERICEbLL2E
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AT EE OERE B UM O EER
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Eﬁ]:;““lﬂ ?/%@U*ﬁﬁ D=2 —1 ‘/G:F'Eﬁ_‘
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Pathogenesis, animal models and therapeutics in
Spinal and bulbar muscular atrophy (SBMA)
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Abstract

Spinal and bulbar muscular atrophy (SBMA) is a hereditary neurodegenerative disease characterized by slowly progressive muscle weakness
and atrophy of bulbar, facial, and limb muscles. The cause of SBMA is expansion of a trinucleotide CAG repeat, which encodes the polyglutamine
tract, in the first exon of the androgen receptor (AR) gene. SBMA chiefly occurs in adult males, whereas neurological symptoms are rarely
detected in females having mutant AR gene. The cardinal histopathological finding of SBMA is loss of lower motor neurons in the anterior horn of
spinal cord as well as in brainstem motor nuclei. Animal models carrying human mutant AR gene recapitulate polyghitamine-mediated motor
neuron degeneration, providing clues to the pathogenesis of SBMA. There is increasing evidence that testosterone, the ligand of AR, plays a
pivotal role in the pathogenesis of neurodegeneration in SBMA. The striking success of androgen deprivation therapy in SBMA mouse models has
been translated into clinical trials. In addition, elucidation of pathophysiology using animal models leads to emergence of candidate drugs to treat
this devastating disease: HSP inducer, Hsp90 inhibitor, and histone deacetylase inhibitor. Utilizing biomarkers such as scrotal skin biopsy would
improve efficacy of clinical trials to verify the results from animal studies. Advances in basic and clinical researches on SBMA are now paving the
way for clinical application of potential therapeutics.
© 2006 Elsevier Inc. All rights reserved.

Keywords: Spinal and bulbar muscular atrophy; Polyglutamine; Androgen receptor; Testosterone; Luteinizing hormone-releasing hormone analog; Heat shock
protein; Geranylgeranylacetone; 17-Allylamino geldanamycin; Histone deacetylase inhibitor; Axonal transport
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History and nomenchature

More than g hmdred vears have elapsed since the first
deseription of spinal and bulbar muscular atrophy (3BMA)
from Hiroshi Kawahars, who described the clinieal and
lereditary  characteristics of two Japanese brothers with
progressive bulbar palsy (Kawahare, 1897y This work was
followed by severa! reports on similar cases with or without X-
linked patiern of inheritance (Katsuno ot ol., 2004). 8BMA Is
also known a3 Kennedy disease (K3, named after Willlam R,
Kemedy, whose study on 11 patients from 2 famidlies depicted
the olinical, genetics], and pathologica! features of this disorder
(Kennedy et al., 1968). Other names for this disease are
bulbospinal nevronopathy and bulbospinal muscular atrophy.

In 1991, the cause of BBMA was identified as the expansion
of g winucleotide CAG repeat in the androgen receptor (AR)
gene {La Spada et al, 1981} This was the first discovery of
potyghitamine-mediated newrodegensmative diseases, and sub-
sequent studies using transgenic animal models opened the dooy
to development of psthogenesis-based theraples for this
devastating disease.

Clinieal features

SBMA exclusively affects adult males. The prevalence of
this discase is estimated to be 1-2 per 100,000, whereas a
considerable sumbey of patients may have been misdiagnosed
as other newromuscular discases including amyotrophic lateral
sclerosis (Fischberk, 1997). Patients of various ethnic back-
grounds have been reported around the world.

Major symptoms of SBMA are weakness, atophy, and
fascivulations of bulbar, facial and limb muscles (Sperfeld etal,
2002; Katwono et al, 2004) In exbremities, iovolvement is
usually predominant in proximal musculature, The opset of
weakness is usually between 30 and 60 yems but is often
preceded by nonspecific symptoams such as posturad tremor and
muscle cramps. Although fasciculations n the extromities are
rarely prosent at vest, they are easily indoced when patients hold
their svns horizondally Or bend their legs while lying on their
backs, These contraction fasciculations gre eapecially noticeable
in the face, neck, and tongue and are usually present in the early
stage. Fatigability afler exercise might also be accompanied.
Hilsteral facisl and maasseter muscle weakness, poor uvuls and
soft palatal movements, and atrophy of the tongue with
fasciculations are often encountered. Specch has a nasal quality
in most cases due to rediced velopharynges! closure, Advineed
vases often develop dysphagia, eventually resulting in aspiration
or choking. Muscle tone is-usually hypotonic, and no pyramidal
signs are detected. Decp tendon reflex s diminished or absem
with oo pathological reflex. Bedsory Involvement is largely
restricted to vibration sense which is affected distally in the legs.
Cerebellar svmptoms, dysautonomia, and cognitive impairment
are absent. Patients occasionally demonstrate signs of androgen
Insensiivity such s gynecomastia, testicular atrophy, dyserec-
flon, and decressed fertility, some of which are detected before
the onset of motor symptoms, Abdominal obesity is common,
wheress niale patiorn baldness s rare o patients with SBMA,

Electremyogram shows neurogenic abnonnalities, and dist)
motor latencies are ofien prolonged in nerve conduction study.
Both sensory nerve action potential and sensory evoked
potential are reduced or absent, Endocrinologies! exaninations
frequently revedd partial andropen resistance with elevated
serum testosterone level. Serum creating Kinase level is elevated
in the majority of patients. Hyperlipideniia, liver dysfunction,
and glucose intolerance e also detected In some patients,
Profound facial fascleulations, bulbar signg, gynecomastia, and
sensory disturbance are the main clinical featares distinguishing
SBMA from other motor pewon diseases, although gene
analysis is indispensable for dingnosis. Female patiems are
usually asymptomatic, but soroe express subcliical phenotypes
inchuding high amplitude motor unit potentials on electromy-
ography (Sobue e al., 1993

The progression of SBMA iz usually slow, but u considerable
munber of patients need assistance to walk in their fiftles or
sixties, Life-threatening respirstory tract infection oflen pocurs
in the advanced stage of the disease, resulting in carly death in
some patiems. No specific therapy for 5BMA has been
established, Testosterone has bezen used in some patients,
although it hag no effects on the progression of SBMA,

Etiology

The canse of $BMA ig expansion of » trinueleotide CAG
repeat, which encodes the polyglutamine tract, in the first exon
of the androgen receptor {AR) gene (La Spada etal, 1991). The
CAG repeat within AR ranges in size fiom 9 10 36 in normal
subjects but from 38 to 62 in SBMA patients. Expanded poly-
glutamine tracts have been found to cause several neurodegen-
erative diseases including SBMA, Huntington's disease, several
forms of spinocerebellar ataxia, and dentatorubralpallidoluy-
stan atrophy (Gatchel and Zoghbd, 2008). These disorders,
known as polvglutamine disesses, share salient clinical features
including anticipation and somatic mosaicism, as well as select-
ive neurongl and nonneuronal involvement despite witdespread
expression of the nuatant gene. There ds an inverse correlation
between the CAD repeat size and the age af onsetor the disease
severity adjusted by the age al exwmination in SBMA as
documented in other polvglutaniine diseases (Doyva etal, 1992,
These abservations explicitly suggest that common mechanigims
urderlie the pathogenesis of polyglutamine discases,

AR, the causative protein of BBMA, 13 an 110-kDa nuclear
receptor which belongs to the steroid/thyroid bormone receptor
family (Poletii, 2004). AR mediates the effects of androgens,
testosterone, and dibvdrotestosterone, through binding to an
androgen response eloment in the farget gene o regulate i
expression, AR is essential for mador androgen offects including
normal mele sexual differentintion and pubertal sexual devel-
opment, although AR-independent nongenomic {unction of
androgen has been reported. AR is expressed not anly in primary
and secondary sexual organs but also In nonreproductive organs
including the kidney, skeletal muscle, adrenal gland, skin, and
nervous systomn, suggesting its far-resching influence on a
variety of mammalian Hssues. In the central nervous gystem, the
expression level of AR is relatively high in spinal and brainstem
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wietor neurons, the same cells which are vulnerable in SBMA.
The AR gene is located on chromosome Xqll-12. This 90-kb
DINA contains eight exons coding for the functional domaing
specific to the nuclear veceptor family. The first exon codes for
the M-terminal transactivating domain, Exons 2 and 3 code for
the DINA-binding domain, whereas exons 4 through 8 code for
the Hgand-binding domain. The Neterminal transactivating
domain, in which a CAG tinucleotide repeat locates, pussesses
4 major fransactivation function maintained by inferaction with
general wanscriptional cosctivators such as c-AMP responge
glement binding protein-binding protein (CBP), TAFIII30, and
sterotd recepior coactivator-1 {SRC-1). The CAG repest
beginning at codon 58 in the fust exon of AR encodes
polyglutamine tract. The length of this repeat is highly variable
becsuse of the slippage of DNA polvmerase upon DNA
replication, Whereas its abnommal elongaton causes SBMA,
the shorter CAG repest is Hkely to increase the risk of prostate
cancer (Clark e gl 2003). Transcriptional coactivators also
possess glutemine-rich reglons medulating protein-protein
interaction with the N-terminal transactivating domain of AR
The expansion of a polyghitamine fract in AR has been
implicated in the pathogenesis of SBMA in two different, but
not mumally exclusive, ways; loss of normal AR function
induces neuronal degeneration; and the pathogenic AR acquires
toxic property demaging wmotor neurons, Since AR possesses
trophic effects on neuronal cells, one can assume that loss of AR
function may play a role in the pathogenesis of SBMA.
Expansion of the polyglotemine tract mildly suppresses the
tanscriptional activities of AR, probably because it disrupts
mierction between the N-terminal transactivating domsin of
AR and tronseriptiona] coavtivators (Poletil, 2004). Although
this foss of function of AR may conbribute to the androgen
insensitivity in SBMA, the pivot] cause of neurodegeneration
in SBMA has been believed to be o gain of toxic function of the
pathogenic AR due o expansion of the polyglusming tract,

This hypothesis is supported by the cbservation that motor
impairment has never been observed In sovere testicular
feminization {THin} patients lacking AR function or in AR
kuockout miice. Morgover, a transgenic mouse model carrying
an clongated CAG repeat driven by human AR promoter
demonstrated motor impairment, suggesting that the expanded
polyglutaming tract is sufficient o induce the pathogenic
process of SBMA {Adachi et ol 20011

Aggregation of abnormal protein has been considered to be
central 1o the pathogenesis of neurodegenerative diseases such
as Alzheimer disease, Parkinson disease, amyotrophic lateral
selerosis, and prion disease. An expanded polyglutmmine streich
alters conformation of causative proteins, resulting in aggrega-
tion of the proteing. It is now widely acoepted that aggregation
of these abnormal proteins in neurons is the primary event in the
pathogenesis of polyglutamine diseases. The rate-limiting step
of agpregation has been proposed © be the fonmation of
oligomeric nucleus, which may occur form sfter avepeat length-
dependent conformational change of polygluamine monomer
from @ random coil to a paraliel, helical R-sheet {Wyttenbach,
2004} Several experimemal observations indicate that forma-
tion of toxic oligomers, or intermedistes, of abnormal
polyglutamine-containing protein instigates o series of cellular
pvents which lead to newrodegeneration (Muchowski and
Wacker, 2005). This hypothesis is likely o be the case in
SBMA.

Pathology

Histopathological studies provide important information on
the pathogenesis of polyglutamine-mediated neurodegenera-
Hon, The fundamental histopatholegical finding of 8BMA is
loss of lower motor neurons dn the swtetior horn of spingl coxd

and sixth cranial perves (Fig. 1AY (Sobue et gl, 1989). The

Fig. 1. Histopathology of SBMA. (A) A transvarse seotion of spind] cord demonstrates madked depletion of motor nevrons in the anterior horn, {B-and € HE staining

of skedetal musele shovs buth pawogenic [B, arrows) snd myogenic changes (€, arows). (1) A residig

prciesr aciapmdation of pathe
sonneuronal Ussues such s serotal skin (B),
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