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Abstract

We generated transgenic mice that expressed a highly expanded 239 polyghutamine (polyQ) repeat under the control of human androgen
receptor promoter. These transgenic mice developed progressive neurological phenotypes of muscular weakness and ataxia, small body size
and short life-span. PolyQ nuclear inclusions (WNIs) were remarkable and widespread but found in selective regions of the central nervous
system (CNS) such as the spinal cord, cerebrum ard cerebellum as well as in selective peripheral visceral organs. This distribution pattern
somewhat resembled that of spinal and bulbar muscular atrophy (SBMA), but was more widespread. In the neuronal tissues, NIs were
present in the astrocytes as well as the neurons. Cytoplasmic and axonal inclusions were not observed. In the CNS regions with abundant NIs,
neuronal populations were well preserved, and neither neuronal cell death nor reactive astrogliosis nor microghal invasions were  detected.
These findings suggested that polyQ alone can induce the neuronal dysfunction which precedes gross neuronal degeneration, and provides a
clue to investigate the molecular mechanism that underties the pathway to neuronal dysfunction from polyQ expansion, particularly of
SBMA mutation.

Introduction

Spinal and bulbar muscular atrophy (SBMA) is a late-onset X-linked motor neuron disease caused by an expansion of polyglutamine
(polyQ) repeat in androgen receptor (AR} (1), one of the neurodegenerative disease caused by a polyQ expansion such as Huntington's
disease, SCA1, 2, 3, 6, 7 and dentatorutarral-pallidoluysian atrophy (2.3). The major neuropathological finding of SBMA is neuron loss of
bulbar and spinal motor neurons showing progressive limb muscular atrophy and difficulty in swallowing and speech. Mild sensory
impairment due to mild sensory neuron degeneration (4,5), testicular atrophy, gynecomastia and feminized skin change are also present (4.5).
An inverse correlation between age of onset and expansion of CAG repeats has been reported (6-8). Nuclear inclusiens (NIs) consisting of
mutant and truncated AR with expanded polyQ in combination with many components of ubiquitine-proteasome and molecular chaperone
pathways are found in the resicual motor neurons in the brain stem and spinal cord as well as in the skin, testis, kidney, heart and some other
visceral organs of the SBMA patients {(9,10).

A neuronal cell line expressing truncated AR with expanded-polyQ, was found to present nuclear aggregates of mutant AR and
apoptosis by TUNEL staining (11). However, only extremely truncated AR with highly expanded polyQ induced NIs and apoptosis,
suggesting that the expanded polyQ plays an essential role in aggregate formation and apoptosis. Both NIs and apoptosis were well
prevented by co-expression of molecular chaperons Hsp 70, Hsp 40 and others with truncated AR harboring a highly expanded polyQ
{11,12), also suggesting that the expanded polyQQ plays a central role in cell toxicity. In many other in vitro models of CAG repeat diseases,
NIs and apoptosis have also been demonstrated, but aggregate formation and apoptosis are not necessarily linked (13,14). However, a
functional impairment without apoptosis can be present in these in vitro models (15).

An in vive transgenic mouse model with a transgene harboring expanded CAG repeats for HD, SCA1, SCA3 and SCA7 driven by
potent promoters (16-23) showed evidence of neuronal degeneration and neuron loss accompanied by apparent astrogliosis (17-21.23).
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