
Spinal and Bulbar Muscular Atrophy - Clinical Features and Pathogenesis

Clinical features
SBMA, or Kennedy’s disease, is an inherited lower motor
neuron disease characterised by adult-onset muscle atro-
phy, weakness, contraction, fasciculations, and bulbar
involvement1,2. The onset of weakness is usually between
30 and 50 years, but often preceded by nonspecific symp-
toms such as tremor, muscle cramps and fatigue3,4. Muscle
atrophy and weakness are predominant in the tongue and
proximal musculature. Deep tendon reflex is diminished
or absent with no pathological reflex. Sensory involve-
ment is largely restricted to vibration sense which is
affected distally in the legs2. Male patients often demon-
strate signs of androgen insensitivity such as gynecomas-
tia, testicular atrophy, impotence and decreased fertility5,6,
some of which are detected before the onset of motor
symptoms. Hyperlipidemia, liver dysfunction and glucose
intolerance are also seen in some cases3,7. SBMA chiefly
affects males, whereas females with the mutation are usu-
ally asymptomatic even when homozygous8,9,10. The preva-
lence of SBMA has been estimated 1 in 40000 in areas
with high ascertainment11, although a considerable num-
ber of patients may have been under diagnosed12,13.

The disease progresses slowly in general, although
repetitive respiratory tract infection often occurs in the
advanced stage of the disease, resulting in early death in
some patients4. No specific treatment for SBMA has been
established. Testosterone has been used in some patients,
although it has no effects on the progression of
SBMA14,15,16.

Genetics
The molecular basis of SBMA is the expansion of a trinu-
cleotide CAG repeat, which encodes the polyQ tract, in
the first exon of the androgen receptor (AR) gene17. The
number of CAG repeat within AR is 11 to 35 in normal
subjects, but it expands from 40 to 62 in patients11,17,18.
Expanded polyQ tracts have been found to cause several
neurodegenerative diseases including SBMA,
Huntington’s disease (HD), several forms of spinocere-
bellar ataxia, and dentatorubral and pallidoluysian atro-
phy (DRPLA)19,20,21. There is an inverse correlation
between the CAG repeat size and the age at onset, or the
disease severity adjusted for age at examination in
SBMA22,23 as well as other polyQ diseases19,24. These obser-
vations suggest that common mechanisms underlie the
pathogenesis of polyQ diseases, despite the fact that the

causative protein for each of the diseases are different
except for the existence of polyQ stretch. Although the
expansion of polyQ tract in AR disrupts the transcrip-
tional activities of AR25,26, motor impairment has never
been observed in severe testicular feminisation patients
lacking AR function27. Therefore, as in other polyQ dis-
eases, a toxic gain of mutant AR function has been con-
sidered to cause neuromuscular disorder in SBMA.

Pathology
Lower motor neurons are markedly depleted through all
spinal segments and in brainstem motor nuclei except for
the third, fourth and sixth cranial nerves in autopsy cases
of SBMA (Fig. 1A)2,28. A striking pathologic hallmark of
most polyQ diseases is the presence of nuclear inclusions
(NIs), which has been considered relevant to the patho-
physiology19. In SBMA patients, NIs containing the
mutant AR are detected in the residual motor neurons
(Fig. 1B)29 as well as in other visceral organs30. Although
the exact role of NIs in the pathogenesis is to be elucidat-
ed, nuclear accumulation of mutant protein is essential
for inducing neuronal cell dysfunction and degeneration
in the majority of polyQ diseases20. In support of this
hypothesis, the dysfunction of nuclear transcriptional
regulatory proteins have been considered crucial in polyQ
pathogenesis31,32. Since ligand facilitates the nuclear
translocation of AR, it appears to be logical that SBMA
pathogenesis is ligand-dependent (Fig. 2).
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Histopathology of SBMA
In Kluver-Barrera’s stain of the lumbar anterior horn (A), motor neurons
are depleted in SBMA compared with normal control. A residual motor
neuron in the lumbar anterior horn shows a nuclear inclusion detected by
anti-polyglutamine antibody (B, arrow).

Androgen receptor (AR) dynamics in SBMA
AR is a member of the steroid/thyroid receptor superfamily. In a normal
cell (A), AR is confined to a multi-heteromeric inactive complex with heat
shock proteins (HSPs) in the cell cytoplasm. Ligand-binding facilitates its
dissociation from this complex and translocation into the nucleus. ARs
undergo comformational change, form a dimer, bind to androgen
response elements (ARE) in the DNA, and function as ligand-dependent
transcription factor. In SBMA (B), mutant AR is partially cleaved and
translocates into the nucleus in a ligand-dependent manner. In the
nucleus, mutant ARs aggregate and form nuclear inclusions as a
consequence. This inhibits the function of critical cellular proteins
inhibited by soluble and/or aggregated AR, resulting in transcriptional
dysregulation. On the other hand, the decreased transactivating function
of mutant AR may contribute to the androgen insensitivity and
neurodegeneration in SBMA.
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Ligand-dependent pathogenesis
We generated transgenic mice expressing the full-length
human AR containing 97 CAGs under the control of a
cytomegalovirus enhancer and a chicken ß-actin promot-
er33. The mice (AR-97Q) showed small body size, short life
span, progressive muscle atrophy and weakness as well as
reduced cage activity, all of which were markedly pro-
nounced and accelerated in the male AR-97Q mice, but
were either not observed or far less severe in the female
AR-97Q mice. Western blot analysis and immunostaining
showed markedly more abundant nuclear accumulation
of mutant AR in male mice than in their female counter-
parts, in agreement with the symptomatic differences
with gender. Gender effect on the phenotypes has also
been demonstrated in another transgenic mouse model
of SBMA34.

Castrated male AR-97Q mice showed marked improve-
ment of symptoms, histopathologic findings, and nuclear
localisation of the mutant AR compared with the sham-
operated male AR-97Q mice. In contrast to castration of
the male mice, testosterone caused significant aggravation
of symptoms, histopathologic features, and nuclear local-
isation of the mutant AR in the female AR-97Q mice.
Since the nuclear translocation of AR is ligand-depen-
dent, testosterone appears to show toxic effects in the
female AR-97Q mice by accelerating nuclear transloca-
tion of the mutant AR. By contrast, castration prevented
the nuclear localisation of the mutant AR by reducing the
testosterone level. In support of this hypothesis, the lig-
and-dependent neurodegeneration has also been revealed
in a Drosophila model of SBMA35. Alternatively, castra-
tion may enhance the protective effects of heat shock pro-
teins, which exert beneficial effects in cell and mouse
models of SBMA36,37.

Based on successful treatment of AR-97Q mice with
castration, we investigated the effects of testosterone
blockade therapies, using the LHRH analogue and AR
antagonist, in the transgenic mice38. Leuprorelin and
LHRH analogue reduces testosterone release from the
testis and showed marked amelioration of symptoms,
histopathologic findings, and nuclear localisation of the
transgene protein compared with the vehicle-treated AR-
97Q mice. Leuprorelin initially increased the serum
testosterone level by agonising the LHRH receptor, but
subsequently reduced it to undetectable levels.
Leuprorelin-treated AR-97Q mice showed transient dete-
rioration of motor function due to this initial increase in
testosterone level. This symptomatic and pathologic
aggravation was followed by sustained amelioration along
with consequent suppression of testosterone production.
Our results indicate that leuprorelin is a promising thera-
peutic strategy of SBMA, and that polyQ pathogenesis is
reversible at least in its dysfunctional stage.

By contrast, flutamide AR antagonist, did not amelio-
rate symptoms, pathologic features, or nuclear localisa-
tion of the mutant AR in the male AR-97Q mice,
although there was no significant difference in the andro-
gen blockade effects between flutamide and leuprorelin.
Although flutamide suppresses the androgen-dependent
transactivation, it does not inhibit, but may even facili-
tate, the nuclear translocation of AR39,40. Flutamide also
promotes nuclear translocation of mutant AR containing
expanded polyQ in a cell and Drosophila model of
SBMA35,41. This may be the reason why flutamide demon-
strated no therapeutic effect in our transgenic mouse
model of SBMA.

Therapeutic perspective
As mentioned above, our recent study indicated that
leuprorelin exerts therapeutic effects in the SBMA trans-
genic mouse model. LHRH analogue can easily be applied
to human SBMA therapy, because this drug has exten-
sively been used as medical castration in the therapy of
prostate cancer42. However, any clinical trial using this
approach is difficult as the patient’s desire for fertility
should be taken into account, and the appropriate clinical
dose should be carefully determined.
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