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vitro, although a role in polyQ neurotoxic- =
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tion of phospho-c-Jun (Fig. 54). Accumu-
lation of phospho-c-Jun before onset of
detectable apoptosis suggests a role for this
transcription factor in mediating polyQ-
expanded AR toxicity. To test this hypoth-
esis, MN-1 cells were cotransfected with
Nt-AR112-GFP and dominant-negative
forms of ¢-Jun. TAM67 is a dominant neg-
ative mutant of c-Jun that was generated
by removal of the transactivation domain
(Chiariello et al., 2000). Coexpression of
Nt-AR112-GFP with increasing ratios of
TAMG67 led to reduced cytotoxicity (Fig.
5B). SID-c-Jun is another potent
dominant-negative mutant generated by
replacing the transactivation domain with
the Sin3A-binding domain of Mad (lav-
arone et al.,, 2003). SID-c-Jun yielded a
similar reduction in Nt-AR112-GFP cyto-
toxicity (supplemental Fig. 3A, available at
www.jneurosci.org as supplemental mate-
rial). These observations suggested that
c-Jun-mediated transcription contributes
to polyQ-expanded AR neurotoxicity, We
then examined the role of JNK and c-Jun
phosphorylation in our primary neuron
model, and found that truncated AR112,
but not AR19, yielded rapid accumulation
of phospho-c-Jun; similar to neurons treated with taxol, a drug
that activates the JNK pathway (Fig. 5C-E). Phosphorylation of
¢-Jun occurred at the 18 h time point, well before loss of MAP2
staining, activation of caspase-3, or nuclear condensation. To
determine whether INK activity is required for AR112-induced
apoptosis in primary cortical neurons, we pretreated cultures
with the JNK inhibitor SP600125 at a concentration specific for
JNK (10 pm) (Bennett et al, 2001; Donovan et al., 2002;
Bogoyevitch et al., 2004). Pretreatment with the SP600125 kinase
inhibitor prevented neurite degeneration, caspase-3 activation,
and apoptotic cell death in AR112-transfected neurons (Fig. 5F).
To confirm that this effect was INK-dependent, we repeated this
experiment with a different JNK inhibitor, and again noted sig-
nificant reductions in caspase-3 activation, neurite degeneration,
and apoptotic cell death in AR112-transfected neurons (supple-

=}

not shown).

Figure 4.  AR112 truncation fragment expression activates apoptosis via the intrinsic pathway, A, Bc-2 protects MN-1 cells
against AR112-Induced cell death (*p < 0.01; Student's test). B, Primary cortical neurons derived from Bdl-2transgenic mice are
strongly protected against AR112 neurotoxicity (*p < 0.01; ANOVA). €, Primary cortical neurons derived from Bax null mice are
fully protected from AR112 neurotoxddity (*p < 0.01; ANOVA). D, E, Here we see representative Images of AR-transfected neurons
using four-channel imaging: DAPI (blue), GFP (green, left), Cy3-labeled active caspase-3 (red), and Cy5-labeled MAP2 (green,
right). 0, Transfection of Nt-AR112-GFP into Bax null néurons does not cause toxicity, Left, We see a neuron expressing AR112. At
24 h after transfection, no active caspase-3 [red) is detected in the AR112-transfected neuron (middle), Cy5 (green) labeling of
MAFP2 reveals normal, healthy neurites in this AR112-expressing neuron (right). £, Transfection of Nt-AR112-GFP into Bax*’

neurons does produce neurotondcity. Left, We see a neuron expressing AR112. At 24 h after transfection, Immunostaining for
active caspase-3 (red) strongly labels this AR112-expressing neuron (middie). While numerous nontransfected cortical neurons
exhibit healthy MAP2-positive processes (Cy5, green), the AR112-expressing cortical neuron displays no MAP2 stalning (right). In
all cases, nuclear condensation indicative of neuron cell death corespanded to caspase-3 activation In these experiments (data

mental Fig. 3B, available at www.jneurosci.org as supplemental
material). These results indicated that truncated polyQ-
expanded AR activates [NK leading to phosphorylation of c-Jun,
which then initiates a Bax-dependent apoptotic cascade. To de-
termine the broader relevance of our findings to polyQ neurode-
generation, we obtained N-terminal truncated huntingtin (htt)
expression constructs and transfected them into Bax null and
control primary cortical neurons. We noted polyQ-htt length-
dependent caspase-3 activation and loss of MAP2 immunoreac-
tivity that was almost completely prevented by the absence of Bax
(supplemental Fig. 3C, available at www.jneurosci.org as supple-
mental material). N-terminal truncated polyQ-expanded htt ex-
pression also elicited marked phosphorylation of ¢-Jun (supple-
mental Fig. 3D, available at www.jneurosci,org as supplemental
material),
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Figure 5. NK activation of (-Jun mediates polyQ-AR neurotoxicity. A, Western blot analysls for activated (serine-63-
phasphorylated) c-Jun in nuclear extracts isolated from untransfected MN-1 cells (UT), AR19-expressing MN-1 cells (AR19),
AR112-expressing MN cells (AR112), or staurosporine-treated MN-1 cells (sts; positive control). TATA-binding protein (TEP)
served s the loading control. The ratio of -Jun-P(563):TBP s markedly increased for AR112-expressing MN-1 cells (6.5 <) and
staurosporine-treated MN-1 cells (14.1). B, FACS-assisted cell viability assay d that ¢ jon of c-Jun
dominant-negative TAMS7 protects MN-1 cells from AR112 cytotoadcty (*p << 0.01, **p < 0.001; Student’s f test). €, Taxol, 2
positive control for INK activation of c-Jun, yields numerous anti-c-Jun-P-positive neuron nuclei at 18 h after treatment (DAPI,
blue; ¢-Jun-P, red). D, Primary neurons expressing the AR19 truncation fragment da not display activation of c-Jun-P at 18 h after
treatment (AR19-GFP, green; DAP, blue; c-Jun-P, red). E, Primary neurons expressing AR112 truncation fragment display activa-
tion of c-Jun-P at 18 h after treatment (AR112-GFP, green; DAPL, blue; c-Jun-P, red). F, Primary neurons treated with the JNK
inhibitor SP6001 25 are protected from AR1 12 neurotoxdcity (*p << 0.01, **p << 0.001; ANOVA). In all cases, nuclear condensation
indicative of neuron cell death corresponded to caspase-3 activation in these experiments (data not shown)

Truncated AR112 apoptotic activation is mediated

by DP5/Hrk

To assess the role of BH3-only proteins in mediating apoptosis
induced by polyQ-expanded AR, we obtained Bim knock-out
mice and DP5/Hrk knock-out mice (Putcha et al, 2001;
Imaizumi et al., 2004 ), We transfected cortical neurons from DP5
null mice and DP5 heterozygous littermates with Nt-AR19-GFP
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and Nt-AR112-GFP, quantified caspase-3
activation in AR-expressing neurons, and
found that absence of DP5/Hrk provided a
partial, yet highly significant degree of
protection against AR112-induced apo-
ptosis (Fig. 6A). While the degree of pro-
tection afforded by the absence of DP5/
Hrk was only partial, it did approximate
the level of protection observed in other
single BH3-only knock-out neuron stud-
ies (Putcha et al., 2001; Imaizumi et al.,
2004). We then performed a similar exper-
iment, this time using primary neurons
from Bim null mice, but observed no pro-
tective effect against AR112 neurotoxicity
(Fig. 6 B). As complete absence of a BH3-
only protein in knock-out mice may result
in compensatory upregulation of other re-
lated BH3-only proteins, we reasoned that
acute knock-down experiments were war-
ranted. To evaluate the role of DP5 and
Bim in polyQ-AR neurotoxicity, we de-
rived plasmid-based U6 promoter-driven
DP5 shRNA and Bim shRNA knock-down
constructs. After validating these con-
structs in neuro2a cells (supplemental Fig.
4A, B, available at www.jneurosci.org as
supplemental material), we cotransfected
primary cortical neurons with Nt-AR112-
GFP and the DP5 shRNA knock-down
construct or the Bim shRNA knock-down,
using empty vector as a negative control in
each case, DP5 knock-down yielded an
even greater degree of protection from
polyQ-AR neurotoxicity (Fig. 6C), while
Bim knock-down again provided no pro-
tection against polyQ-AR neurotoxicity
(Fig. 6 D).

As JNK activation results in the trans-
activation of both Bim and DP5,
cided to measure the expression level of
DP5 in Bim null neurons and in Bim
knock-down neurons. We observed signif-
icant upregulation of DP5in Bim null neu-
rons (Fig. 6 E), and marked upregulation
of DP5 in Bim knock-down
(supplemental Fig. 4C, available at www,
jneurosci.org as supplemental material),
suggesting that compensation by DP5 may
account for the lack of Bim null protec-
tion. Analysis of Bim expression in DP5
null cortical neurons, however, did not re-
veal compensatory upregulation of Bim
(data not shown). Compensatory upregu-
lation of DP5 in Bim null cortical neurons
thus led us to derive double knock-out

we de-

neurons

(DKO) mice null for both Bim and DP5/Hrk. When we trans-
fected DKO cortical neurons with Nt-AR112-GFP expression
constructs and scored AR112-expressing neurons for caspase-3
activation and loss of MAP2 immunoreactivity, we found no
evidence for protection against AR112-mediated neurotoxicity
(Fig. 6F). To determine why DKO cortical neurons could not
protect against polyQ-AR stress, we examined the expression lev-
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Figure 6.  Absence or knock-down of DPS, but not Bim, protects against AR112 neurotoxic-
Ity. A, DPS null cortical neurans are protected against AR112 neurotoxdcity (*p << 0.01, **p <
0.001; ANOVAJ. B, Bim null status does not protect primary cortical neurans from AR112 neu-
ratoxicity { p = 0.88, p = 0.20; ANOVA). €, We performed cotransfection of wild-type primary
cortical neurons with Ni-AR112 and a OP5 shRNA expression construct (DPS i:.dJ of empty
vector (EV). Knock-down of DP5 significantly protected AR112-exp
toxicity (*p <= 0.05; ANOVA). D, Similar cotransfections of wild-type primary cm'tkal nedrons
with Nt-AR112 and a Rim shRNA expression canstruct (Bim k.d.) ylelded no protection against
AR-polyQ neurotoxicity ( p = 0.38, p = 0.36; ANOVA). E, Real-time RT-PCR analysis of DS
gene expression as a ratio of B-actin gene expression is shown for wild-type (Wt), Bim het-
erozygous null (Bim *'~), and Bim homozygous null (Bim ~/~) neurons. Expression of DP is
significantly Increased in Bim ~/~ neurons compared with either Bim '~ or Wt neurons
(*p =< 0.05; two-tailed I test). F, Bim~DPS double knock-out (DKO) neurons do not protect
against AR112 neurotoxicity ( p = 0.26, p = 0.29; ANOVA),

els of other BH3-only proteins. We documented marked induc-
tion of Puma in stressed DKO neurons (supplemental Fig. 54,
available at www.jneurosci.org as supplemental material). In-
deed, induction of Puma at the protein level was apparent in Bim
null cortical neurons (supplemental Fig. 5B, available at www.
ineurosci.org as supplemental material). Evaluation of taxol-
induced Noxa activation in Bim null and DKO neurons yielded
similar results (data not shown), supporting pronounced com-
pensation of multiple BH3-only proteins in Bim null and DKO
mice.

Discussion

One important theme in neurodegeneration has been the recog-
nition of protein misfolding as a common feature (Taylor et al.,
2002). Accumulation of misfolded proteins (or peptide frag-
ments thereof) has been linked to endoplasmic reticulum (ER)
stress in such disorders (Kouroku et al., 2002; Nishitoh et al,,
2002; Rao et al,, 2004). In the polyQ diseases, inadequate degra-
dation of misfolded proteins or peptide fragments by the
ubiquitin-proteasome system may represent an early step in dis-
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ease pathogenesis, and likely sets the stage for ER stress activation
(Sherman and Goldberg, 2001). Although nuclear localization of
polyQ disease proteins appears to be an essential step in discase
pathogenesis for HD, SBMA, and SCA! (Skinner et al., 1997;
Saudou et al., 1998; Katsuno et al., 2002), the pathogenic cascade
may also involve stress activation pathways in the cytosol (Lind-
holm et al., 2006; Sekine et al., 2006). To determine the series of
molecular steps culminating in cell death in our AR-polyQ mod-
els, we began by characterizing the terminal events. Condensed
nuclear morphology, DNA laddering, and caspase-3 activation
indicated that cellular demise was apoptotic. Apoptosis may be
triggered by binding of “death receptors™ to activate the caspase-8
dependent extrinsic pathway, or by an intrinsic Bax-dependent
pathway culminating in caspase-9 activation (Yuan and Yankner,
2000). Our results revealed that AR polyQ length-dependent cell
death is mediated by the intrinsic pathway, Indeed, transfection
of N-terminal AR-polyQ into Bax null neurons yielded complete
protection against AR polyQ length-dependent apoptotic cell
death. Previous studies of polyQ neurotoxicity have yielded con-
flicting data, as one group detected Bax activation in cerebellar
neurons expressing either polyQ-expanded ataxin-3 or ataxin-7
(Chou et al., 2006; Wang et al., 2006), while another group re-
ported that isolated polyQ expansion tracts produce nonapop-
totic, Bax-independent neurotoxicity in cultured cerebellar neu-
rons (Moulder et al., 1999). Our results, however, indicate that
Bax is essential for apoptotic activation in polyQ neurodegenera-
tion, albeit for truncated AR and htt proteins.

As polyQ-expanded proteins are known to elicit ER stress
(Kouroku et al., 2002; Nishitoh et al., 2002; Rao et al., 2004), and
ER stress has been coupled to JNK activation (Urano et al., 2000),
we reasoned that AR polyQ length-dependent cell death would be
INK-dependent, and noted significant protection against AR
polyQ neurotoxicity with two different JNK inhibitors (Bennett
et al,, 2001; Donovan et al,, 2002; Holzberg et al., 2003). To de-
lineate the pathway by which AR-polyQ activates apoptosis, we
considered how JNK activation could produce Bcl-2 inhibition in
neurons. The balance of pro-apoptotic and anti-apoptotic activ-
ities of the Bcl-2 family of proteins constitutes a critical check-
point regulating apoptosis. The “BH3-only” members of the
Bcl-2 family are initiators of programmed cell death and stress-
induced apoptosis mediated by the mitochondrial pathway
(Huang and Strasser, 2000). The BH3-only proteins function by
antagonizing anti-apoptotic Bcl-2, Mcl-1, and Bcl-xy, leading to
Bax and/or Bak-dependent loss of mitochondrial membrane in-
tegrity. As Bim and DP5/Hrk are activated downstream of JNK
and c-Jun in neuronal apoptosis (Inohara et al., 1997; Imaizumi
et al,, 1999; Harris and Johnson, 2001; Putcha et al., 2001; Whit-
field et al,, 2001; Imaizumi et al., 2004), we hypothesized that
AR-polyQ neuron cell death might be mediated by these BH3-
only proteins. DP5/Hrk is a particularly attractive candidate, as it
has been implicated in neuron death both in DP5 null mice and in
human ALS patients (Imaizumi et al., 1997; Shinoe et al., 2001;
Imaizumi et al., 2004). DPS null status conferred significant pro-
tection against AR-polyQ neurotoxicity, akin to the level of pro-
tection afforded in other stress paradigms performed in single
BH3-only knock-out neurons (Putcha et al., 2001; Imaizumi et
al, 2004). Absence of Bim, however, did not yield protection
against AR-polyQ in primary neurons. We attributed this lack of
Bim protection to compensatory upregulation of other BH3-only
proteins, as we documented increased DP5/Hrk expression in
both Bim null neurons and in acute Bim shRNA knock-down
experiments. Interestingly, Bim — DP5 DKO cortical neurons also
could not protect against AR polyQ stress. Although the basis for
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this lack of protection was unclear, significant compensatory up-
regulation of yet another BH3-only protein, Puma, may account,
at least in part, for this observation. Markedly pronounced com-
pensation of BH3-only proteins in Bim null neurons is consistent
with an emerging view of Bim as a key regulator of intrinsic
pathway activation and as a sensor of ER stress (Puthalakath et al.,
2007; Willis et al., 2007); hence, a role for Bim in mediating
polyQ-AR apoptotic activation cannot be excluded by this study.
Nonetheless, our results clearly implicate DP5/Hrk in AR polyQ
length-dependent apoptotic activation, suggesting DP5/Hrk up-
regulation could be involved in SBMA disease pathogenesis. To
our knowledge, this investigation is the first to directly document
a role for a BH3-only protein in polyQ neurodegeneration.

In this study, we found that expression of an N-terminal AR
fragment produced polyQ length-dependent neurodegeneration
and cell death in MN-1 motor neuron-like cells and in primary
neurons. While the role of N-terminal truncation fragments in
some polyQ diseases may be unclear, evidence for the existence of
pathogenic N-terminal truncation fragments in SBMA is strong.
The pathologic hallmark of SBMA is the presence of both cyto-
plasmic and nuclear AR inclusions that are detectable in motor
neurons of the brainstem and spinal cord, neurons of the dorsal
root ganglia, and peripheral tissues including the skin, testis and
other visceral organs (Li et al., 1998a,b; Adachi etal., 2005). These
inclusions are detected by antibodies that recognize the N termi-
nus of the AR protein, but not by antibodies against the middle or
C terminus, suggesting that the C terminus of AR is truncated or
masked. Mouse and Drosophila models of SBMA in which full-
length, polyQ-expanded AR is expressed are also characterized by
AR inclusions recognized by antibodies against the N terminus of
AR (Takeyama et al., 2002; Walcott and Merry, 2002; Chevalier-
Larsen et al., 2004). Extraction of AR protein from affected tissues
in these animals, followed by immunoblotting, demonstrates the
accumulation of N-terminal fragments that correlate with disease
progression (Takeyama et al., 2002; Li et al., 2007). These results
strongly suggest that AR truncation, rather than epitope masking,
is the basis for detection of N-terminal AR epitopes in SBMA
patient tissue and animal models. Moreover, there is extensive
evidence that an N-terminal truncation product mediates the
cytotoxicity observed in SBMA (Kobayashi et al., 1998; Merry et
al., 1998; Ellerby et al., 1999b; Li et al., 2007).

To assess the relevance of our findings to other polyQ) diseases
involving “toxic fragments,” we transfected N-terminal trun-
cated polyQ-huntingtin (htt) into primary cortical neurons from
wild-type and Bax null mice. N-terminal polyQ-htt protein ac-
cumulated in the cytosol, yielded caspase-3 activation and neu-
rodegeneration, and was Bax-dependent, akin to polyQ-AR. In
HD, the necessity of proteolytic cleavage for disease pathogenesis
is supported by absence of neurodegeneration in HD YAC trans-
genic mice expressing htt-128Q with a caspase cleavage site mu-
tation at amino acid position 586 (Graham et al., 2006). Subse-
quent studies have suggested that htt cleavage is mediated by
caspase-6 in the nucleus, and that htt truncation fragments move
out of the nucleus into the cytosol (Warby et al., 2008). In SCA3,
proteolytic cleavage of polyQ-ataxin-3 enhances misfolding and
neurotoxicity in neuroblastoma cells and transgenic mice by
yielding a C-terminal polyQ-ataxin-3 fragment (Haacke et al.,
2006; Colomer Gould et al., 2007), but the cleavage enzyme, sub-
cellular site of cleavage, and cellular toxicity process remain
unknown.

An unresolved question in the neurodegenerative disease field
is the contribution of apoptosis to neuron dysfunction and cell
death. While considerable evidence exists for prominent activa-
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tion of apoptotic pathways in degenerating neurons from pa-
tients with neurodegenerative disorders (for review, see Mattson,
2000; Yuan and Yankner, 2000), evidence for neuron death me-
diated by apoptosis is scant in both patient material and animal
models (Turmaine et al., 2000; Conforti et al., 2007). Why is this
the case? As postmitotic neurons wired into complex synaptic
pathways are difficult, if not impossible, to replace, many
“brakes,” including anti-apoptotic factors such as XIAP and
NAIP, prevent the loss of neurons in the face of apoptotic activa-
tion (Perrelet et al., 2002). Indeed, modifications of classic apo-
ptosis pathways may explain the cell death process in neurons
(Sperandio et al., 2000; Okada and Mak, 2004). However, even if
diseased neurons do not die by classic apoptosis, activation of
apoptotic mediators could play a crucial role in the pathogenic
cascade. For example, elaboration of caspases and other proteo-
Iytic enzymes downstream of the INK activation pathway may be
an early and crucial step in the production of misfolded toxic
peptides. In AD and HD, mouse models expressing disease mu-
tations do not become affected when disease proteins contain
second site mutations at putative caspase cleavage sites (Galvan et
al,, 2006; Graham et al,, 2006). Other in vivo studies in mice
similarly point to a contribution of active caspases and other
apoptotic mediators in disease pathogenesis (Ona et al., 1999;
Yuan and Yankner, 2000). In ALS, crossing SOD1 mutant mice
with Bel-2-overexpressing transgenic mice significantly retards
disease progression (Kostic et al., 1997). Our findings support the
view that apoptotic activation contributes to SBMA disease
pathogenesis. Furthermore, the delineation of the [NK-c-Jun-
phosporylation-DP5-Bcl-2-Bax pathway in AR polyQ neuro-
toxicity provides us with a framework to investigate how these
events intertwine with ligand dependency, proteolytic cleavage,
and subcellular localization. If cross talk does exist between this
pathway and key processes of AR poly(Q) neurotoxicity, then ra-
tional decisions about how to pursue therapy for SBMA should
be possible,
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Background: Patients with painful sensory neuropathy associated with Sjdgren's syndrome-associated
neuropathy often show severe neuropathic pain which is not relieved by conventional treatments.
Objective: To evaluate the effect of intravenous immunoglobulin (IVig) therapy in the treatment of neuropathic
pain associated with Sjégren’s syndrome.

Patients and methods: We examined 5 patients affected by painful sensory neuropathy associated with
5jbgren’s syndrome. All patients were treated with Vg (0.4 g/kg/day for 5 days) and pain rating was assessed
by the Visual Analogue Scale (VASL

Results: All five patients showed a remarkable improvement in neuropathic pain following IVig therapy, Pain,
assessed by the determination of mean VAS score, was reduced by 73.4% from days 2-14 following treatment.
The observed clinical improvement persisted for 2 to 6 months. One patient, examined by quantitative sensory
testing (QST), showed an improvement of superficial sensory deficit accompanied by pain relief.

Conclusion: IVlg might be an effective treatment for pain in Sjégren’s syndrome-associated neuropathy. Further

studies should be done in a controlled, blind study.

© 2008 Elsevier B.V. All rights reserved,

1. Introduction

Various forms of peripheral neuropathy have been reported to
be associated with Sjégren's syndrome, including sensory ataxic
neuropathy, painful sensory neuropathy without sensory ataxia,
trigeminal neuropathy, multiple mononeuropathy, multiple cranial
neuropathy, radiculoneuropathy, and autonomic neuropathy with
anhidrosis [1-7]. The presence of such a diverse array of neuropathic
states suggests that multiple mechanisms are involved in the patho-
genesis of neuropathy associated with Sjégren's syndrome. Further-
more, the therapeutic efficacy of major treatments for Sjbgren's
syndrome, such as corticosteroid therapy, IVIg therapy and immuno-
suppressant therapy, appear to vary amongst the different forms of
neuropathy [5], most probably reflecting differences in the underlying
pathology, We previously reported, as an anecdotal case report, the
effectiveness of IVlg therapy in the amelioration of painful symptoms
of sensory neuropathy without the sensory ataxia associated with
Sjogren’s syndrome [8]. Pain in this type of neuropathy is often un-
controlled with conventional symptomatic treatment using NSAIDs,
tricyclic antidepressant and anti-epileptic drugs, and can thus sig-
nificantly compromise the activity of daily living [ 5]. Control of pain in

* Corresponding author. Department of Neurology, Nagoya University School of
Medicine, Nagoya 466-8550 Japan, Tel.: +81 52 744 2385; fax: +81 52 744 2384,
E-mail od; bueg@med. nagoya-wacp (G. Sobue).

0022-510X/$ - see front marter © 2008 Elsevier B.V. All rights reserved.
doi: 10,1016 /4,jns.2008.12.018

the painful form of neuropathy without sensory ataxia is a major
problem in Sjégren's syndrome-associated neuropathy, although
this painful form is not widely recognized as a sub-form of Sjdgren's
syndrome-associated neuropathy [5].

In the present study, we evaluated the efficacy of IVlg therapy
in five patients with painful sensory neuropathy associated with
Sjogren's syndrome but without sensory ataxia and further character-
ize this type of neuropathy.

2. Patients and methods

We recruited five patients affected by the painful sensory neuro-
pathy associated with Sjogren's syndrome. All five patients fulfilled
the diagnostic criteria for Sjbgren's syndrome. The diagnosis of
primary Sjbgren’s syndrome was established by criteria proposed by
the Diagnostic Committee of Health and Welfare of Japan [9] and by
the American-European Community | 10]. One of our patients (patient
1) has been described previously [8]. In the present study, we further
present additional novel information regarding this patient, particu-
larly in terms of long-term follow up and therapeutic outcome.
Patients were excluded if they presented with other causes of neuro-
pathy, including diabetes mellitus, impaired glucose tolerance,
vitamin B12 deficiency, folic acid deficiency, autoimmune disease,
and paraproteinemia. Hypothyroidism was evident in two patients
{patients 4 and 5), although medication regulated thyroid function at
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Table 1
Laboratory findings and clinical features
Patient Dryeye]  Positive findings Initial Motor involvemnent  Sensory involvement Autonomic
o drymouth of Sjogren's " Progression  ijeak phy Distribub Superfical deep’ Spontaneous Chamacieristics  Involvement
syndrome pain of pain
1 - SSA B Pain Chronic - - 1" (distal) 3 = prve ‘Aching 123455.
67/M lip biopsy hyperalgesia
T (middle portion)
2 4+ Lip biopsy Pain Chronic - - L (distal) - = ot Tingling 124
¥ hyperalgesia
H® (Jeft side back)
3 e S5-B Sensory Subacute - - Right hand (radial)  + - 441 Tingling =
54/M lip biopsy disturbance static allodynia
L (dital) hyperalgesia
T (upper portion)
4 e S5-A Pain Subacute - - 1° (distal) - - e Aching 24
57fF lip biopsy hyperaigesia
5 = 55-A Pain Chronic + - F (left side) + + e Tingling 234
59/F lip biopsy hyperaigesia
L* (upper)
L (right> left)

1, Abnormal pupils: 2, Hyp

3, Orth

4, Constipation; 5, Urinary disturbance; 6, Decreased uptake of "1-MIBG.

* Superficial: reduction of superficial sensation i.lﬂ':ll:\clilﬂ light touch and pinprick perception and temperature sensation.

" Deep; reduction of deep sensation including vibration and joint position.
© F, Face; H, Head; L, Limb; T. Trunk.
@ +A[A, moderate pain; 'A{AAL, severe pain,

normal levels in these patients. Prior to treatment, all patients under-
went neurological examination, blood studies, CSF studies, nerve
conduction studies (NCS), and sural nerve biopsy. Profiles of the
patients are summarized in Tables 1, 2, and 3. The group of patients
included two men and three women, ranging from 54 to 72 years old.
In all patients, the initial symptom of neuropathy was paraesthesia or
painful peripheral dysaesthesia in the distal portion of the extremities.

Patient 1, a 67 year old man, was diagnosed as Sjdgren’s syndrome
16 vears ago, had suffered painful dysaesthesia and numbness in the
feet for 10 years, which spread to the proximal portion of the legs and
arms, Neurological examination revealed a reduction in superficial
sensation, including light touch/pinprick perception and temperature
sensation; painful dysaesthesias were elicited over the middle portion
of the trunk and the four extremities. The pain experienced in this
patient's hands was so intense that he could not extend his fingers or
touch objects. The pain in his feet almost precluded ambulation. Pa-
tient 2, a 72 year old woman had experienced painful dysaesthesia and
numbness in the legs and hands for 3 years, Neurological examination
revealed reduced superficial sensation along with painful dysaesthe-
sias in the distal portion of the four extremities, Parient 3, a 54 year old
man, had experienced pain in all four extremities and the head for
4 years. Neurological examination revealed no reduction in superficial

sensation. Hyperalgesia was evident over the left side of the back of
the head, the upper portion of the trunk, and the radial side of the
right hand and feet. The patient needed to wear gloves to protect
himself from the hand pain during his normal daily life. Sometimes,
the patient also experienced difficulty walking as a direct result of
pain. Patient 4, a 57 year old woman had suffered pain in her left foot
for 1 year. Neurological examination revealed a reduction in super-
ficial sensation; painful dysaesthesias were elicited over distal parts
of the four extremities. Patient 5, a 59 year old woman had suffered
spontaneous pain for 20 years along with painful dysaesthesia and
numbness in all four extremities, but predominantly on the right side,
Neurological examination revealed reduced superficial sensation.
Painful dysaesthesias were elicited over the left-side cheek, the radial
side of the upper extremities, and the lower extremities, predomi-
nantly on the right side. The pain in this patient’s legs almost pre-
cluded ambulation.

Fluctuation in the intensity of pain was seen, to some extent, in
all patients. Asymmetric pain symptoms and sensory impairments
were seen in three patients (patients 3, 4, and 5). Although deep
sensation, such as joint position and vibration, was mildly impaired in
the distal portion of the extremities in one patient (patient 5), this was
not accompanied by sensory ataxia, pseudoathetosis in the hand, or a

Table 2
Nerve conduction study
Patient Median nerve Tibial nerve Sural perve
MCV (m/s) DL (ms) CMAP (mV) SCV (mys) ) MCV (mjs) DL (ms) CMAP (mV) SCV (myjs) SNAP (jiV)
1 56 34 54 48 52 42 42 7] 47 39
2 55 31 a5 64 23 32 41 57 43 17
3 55 31 126 63 251 48 39 158 51 272
4 54 29 103 58 416 40 45 105 60 155
5 55 27 61 252 42 34 159 48 15
Controls 5761338 34104 82429 563153 280115 46038 40106 11.8+35 492+48 168478

Control values were obtained in 171 normal volunteers for the median nerve, 161 for the ulnar nerve, and 163 for the sural nerve [11].
MCV = motor nerve conduction velocity: DL = distal latency; CMAP = compound muscle action potential,

SCV = sensory nerve conduction velocity; SNAP = sensory nerve action potential.
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Table 3
Pathological findings In the sural nerve
Patient Myelinated fiber density (nojmm?) Small/large Unmyelinated Tested-fiber study (%)

Total fiber Large fiber Small fiber ratio :'b?' '5'-‘1;-;'“1' Dejre-myelination Axonal degeneration

nofmm

1 4557 1778 779 16 19.245 30 240
2 5728 2594 3134 12 13557 80 03
3 6085 2845 3240 11 17118 05 05
4 6902 3530 3n 1.0 13397 11 19
5 4807 2766 2041 0.7 2153 6.2 28
Controls (n=10) mean+5SD FOB7£1413 272617 436311067 1.7£05 3087643713 ap+59 18220

Control values were obtained from subjects with nonneurologic disease at autopsy.

positive Romberg's sign, Muscle strength was preserved in all patients
except for patient 5; this particular patient could not exert full muscle
strength in the right lower extremity due to severe pain, and appeared
to reveal slight weakness, Autonomic dysfunctions, including con-
stipation, orthostatic hypotension and hypohidrosis were seen in
four of the patients. Reduced uptake of '**I-MIBG was evident in two
patients (Table 1). Cerebrospinal fluid cell count was normal in all
patients, while protein was elevated in two patients (patients 1 and 5),
Nerve conduction studies revealed preserved motor and sensory con-
duction velocities and distal latencies (Table 2). Amplitudes of com-
pound muscle action potential (CMAP) and sensory nerve action

o °8,°o %Oo??c

00 5g 69 Q
325 % 630
- T

YO

Fig. 1. Sural nerve pathology. (A) Specimen from patient 4. (B) Specimen from a control
patient. Specimen from patient 4 revealed predominantly small-fiber loss. No axonal
sprouting was seen, Vasculitis was not observed. Scale bar=20 pm.

potential (SNAP) were greater than the mean 25D of normal control
subjects [ 11], except for SNAP of the median nerve in patient 1. Sural
nerve specimens revealed mild reduction in small-myelinated fibers
and unmyelinated fibers in all patients (Fig. 1, Table 3). The density
of large myelinated fibers was 27204627 fibers/mm?® (100% of mean
control values), while that of small myelinated fibers was 2913+
535 fibers/mm? (66% of mean control values), indicating a predomi-
nant reduction in the number of small myelinated fibers, The density
of unmyelinated fiber was 16,970+3550 fibers/mm? (55% of mean
control values). Axonal degeneration was evident in patient 1. There
was no evidence of axonal sprouting in any of the patients, suggesting
ganglionopathy as a cause of neuropathy. Vasculitis was not observed
in any patient.

All patients were treated with 0.4 g/kg intravenous immunoglo-
bulin (IVig) for 5 days. In all patients, the effect of IVlg treatment was
scored by use of the Visual Analogue Scale (VAS) [12]. In addition, we
performed quantitative sensory testing (QST) to determine the cold
detection threshold (CDT), vibration detection threshold (VDT), and
heat-pain (HP) threshold in both the upper and lower extremities
using computer aided sensory evaluation version (CASE : Medical
Electronics, Michigan). This evaluation was carried out on one patient
(patient 5), before and after treatment. For the CDT, a series of cold
stimulation tests, using a range of different temperatures were
delivered with a sensor placed on the dorsum of the foot. Patients
were asked to respond when the stimulus was felt. The testing algo-
rithms used were the 4, 2, and 1 stepping method for CDT [13], the
aim being to determine the smallest temperature differential from
the baseline temperature that can be reliably detected. For the VDT,
a series of vibration stimulation tests were delivered with a sensor
placed on the great toe using the 4, 2, and 1 stepping method, For the
HP thresholds, a series of warm stimulation tests were delivered to
the dorsum of the foot, using the non-repeating ascending with null
stimuli algorithm [14]. HP: 0.5 is the heat-pain detection threshold,
HP: 5.0 is a intermediate heat-pain response and the difference bet-
ween the two (HP: 5.0-0.5). CASE IV normative data were used in
accordance with previous studies [13]. Abnormal CDT and VDT were
defined as above the 97th percentile (hypoesthesia), and an abnormal
HP: 0.5 was defined as below the 3rd percentile (hyperalgesia). QST
studies were performed by the same technician in two different
patients (patients 4 and 5).

3. Results

All patients responded well to [VIg therapy. Severe pain had been
reduced from 7.6£2.9 to 2.2+1.5, according to the Visual Analogue
Scale (VAS) (Fig. 2). Several relapses were seen in two patients
(patients 1 and 2) over long-term follow up. IVlg treatment was
effective at each relapse, but the effect of IVIg became less pronounced
in patient 2 after 6 years of treatment (Fig. 2 B). The effect on pain
was reported to begin 2 to 14 days after the [Vlg infusion started.
The clinical improvement lasted for about 2 to 6 months (4.0%
2.65 months). The second IVIg therapies were performed in four
patients when relapse occurred, with the interval of second IVig
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Fig. 2. Clinical course of the Visual Analogue Scale. A 10 cm VAS was anchored by two extremes of pain (left, no pain; right, the worst pain imaginable), Pain ratings were applied
subjectively according to the manner described by Kelly [12]. (A) Clinical course of patient 1, (B} Clinical course of patient 2. (C) Clinical course of patient 3, (D) Clinical course of

patient 4, (E) Clinical course of patient 5.

treatment ranging from 7 months to 1 year. IVIg therapy reduced pain
by 50-100% on the VAS scale; the significant effect of IVlg upon pain
relief was clearly evident (p<0.01). All patients experienced accom-
panied superficial sensation, such as numbness, tingling or painful
dysaesthesia, but these showed simultaneous improvement. Muscle
strength in patient 5 also improved. Following IVIg treatment, patients
1,3 and 5 were able to walk smoothly and patient 3 no longer required
gloves. Direct evidence of sensory improvement was clearly demon-
strated by CASE IV analysis in patient 5. VDT 5 was less than +25D and
there was no significant difference before and after treatment. Before
treatment, CDT was 28.1 °C (hand) and 10.0 °C (foot), representing

abnormal levels greater than +2SD. Following IVig therapy, CDT
improved to 29.8 °C (hand) and 17.3 *C (foot), which was within the
normal range of =1.045D (hand) and +1.88SD (foot). These results
clearly demonstrate significant improvement in superficial sensory
impairment following IVlg therapy. HP threshold was not different
before and after treatment.

4. Discussion

IVlg therapy was effective in alleviating pain symptoms in all 5
patients involved in the present study. Painful symptoms involved
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proximal regions of the limbs, face, or trunk in a non-length de-
pendent manner with predominantly superficial sensory involve-
ment. Motor nerve function was well preserved. Pathologically, there
was a predominantly small-fiber axon loss with relative preservation
of large myelinated axons, without evidence of regenerating fibers.
Pathological evaluation of the dorsal root ganglia in patients with
major causes of ganglionopathy have been reported for patients with
Sjégren's syndrome and paraneoplastic syndrome, via the analysis
of tissue obtained by biopsy or autopsy [2,15]. The major symptom
in these syndromes is sensory ataxia resulting from the impairment
of deep kinaesthetic sensation corresponding to the involvement of
large-sized neurons [2,15]. On the other hand, it is uncommon for
ganglionopathy to preferentially affect small-diameter neurons [16,17).
However, recent studies have suggested that this type of ganglionopathy
may occur in patients with Sjbgren's syndrome accompanying pain-
ful symptoms [5,17]. Our patients were well concordant with these
clinico-pathological features of ganglionopathy with preferential invol-
vement of small-sensory neurons. The concept of ganglionopathy,
preferentially involving small neurons, although not vet widely
recognized, is rapidly becoming a clinically important field [17].

In our patients, painful symptoms were very severe and signifi-
cantly interfered with the activity of daily living. Conventional treat-
ments for painful neuropathies, including anticonvulsants, tricyclic
antidepressants, SSRI (selective serotonin reuptake inhibitor) or
opioids, were not sufficient to ameliorate pain in our patients. Conse-
quently, it was highly evident that other new approaches were
needed. Although the mechanisms of pain in painful sensory neuro-
pathy associated with Sjégren’s syndrome have yet to be fully clarified,
it is considered that immunomodulatory therapy may be effective,
based on the hypothesis that painful sensory neuropathy is a con-
tinuum of the sensory ataxic form as described above. In the sensory
ataxic form, the lesion is located at the level of the sensory ganglion
neurons associated with T-cell infiltration [2]. Indeed, IVlg therapy
has proved to be effective, to some extent, in the sensory ataxic form
|5.18-21]. The putative IVlg effect mechanism includes blockade of the
Fc receptor, enhanced antibody catabolism and the suppression of
pro-inflammatory cytokines. Therefore, macrophage and B-cell func-
tions would be inactivated and circulating auto-antibodies reduced.
IVlg can also exert effect upon superantigens and can modulate T-cell
function and antigen recognition [22]. In the ataxic type of Sjdgren's
syndrome, some of the remaining dorsal root ganglion neurons, which
tend to be impaired owing to inflammation, may have regained func-
tion because of the IVIg treatment [21]. We speculate that IVig would
elicit the same effect upon small dorsal root ganglion neurons in
painful Sjogren’s syndrome-neuropathy.

Pro-inflammatory cytokines such as TNF-alpha, IL-1 beta, and IL-6
contribute to the development of inflammatory and neuropathic pain,
and hyperalgesia [23,24]. Indeed, in patients with painful neuropathy,
or complex regional pain syndrome, TNF-alpha has been reported
to correlate with the presence of mechanical hyperalgesia |25,26].
However, participation of such cytokines in painful sensory neuro-
pathy associated with Sjogren’s syndrome remains largely unknown.
In one of our patients, some serum cytokines, e.g., TNF-c, IL-8 were
shown to be reduced by 1VIg (patient 3, data not shown). A question of
IVig treatment is cost. It is certain that IVIg is very expensive, but IVig
bring rapid and sufficient improvement. Therefore, IVIg treatment is
considered to be useful for patients who have severe pain or have
insufficient improvement by conventional treatment. Therefore, IVig
might be an effective treatment for pain in Sjégren’s syndrome-asso-

ciated neuropathy. Further studies should be done in a controlled,
blind study.
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Objective: Spinal and bulbar muscular acrophy (SBMA) is a hereditary motor neuron disease caused by the expansion of a
polyglutamine tract in the androgen recepror (AR). Animal studies have shown thar the parhogenesis of SBMA is dependent on
serum testosteronc level. This study is aimed ar evaluating the efficacy and safety of androgen deprivarion by leuprorelin acetate
in patients with SBMA.

Methods: Fifty SBMA partients underwent subcutaneous injections of leuprorelin acetate or placebo in a randomized, placebo-
controlled trial for 48 wecks, followed by an open-label trial for an additional 96 weeks, in which 19 patients of the leuprorelin
group and 15 of the placcbo group received lenprorelin acetate. The patients who did not participare in the open-label trial were
also followed up for the 96-week period (UMIN000000474).

Results: Leuprorelin acetate significantly extended the duration of cricopharyngeal opening in videofluorography and decreased
mutant AR accumulation in scrotal skin biopsy. The patients treated with leuprorelin acetate for 144 weeks exhibited signifi-
cantly greater functional scores and better swallowing parameters than those who received placebo. Autopsy of one patient who
received leuprorelin acerarte for 118 weeks suggested thar androgen deprivarion inhibits the nuclear accumulation or stabilization,
or both, of mutant AR in the motor neurons of the spinal cord and brainstem.

lmerpremtiom These observations suggest that administration of |cupmm|in acetate suppresses the deterioration of neuromus-
cular impairment in SBMA by inhibiting the toxic accumulation of mutant AR. The results of this phase 2 trial supporr the stare
of large-scale clinical trials of androgen deprivation for SBMA.

Ann Neurol 2009;65:140-150

Spinal and bulbar muscular atrophy (SBMA), also
known as Kennedy's discase, is the first of the neuro-
degenerartive discases for which the molecular basis was
discovered to be the expansion of a trinucleotide CAG
repeat in the gene of the causative protein. SBMA is an
adult-onset, motor neuron disease characterized by
muscle atrophy, weakness, contraction fasciculations,
and bulbar involvement.'"* Its prevalence has been es-
timated o be | to 2 per 100,000, although a consid-
erable number of patients may be misdiagnosed with
other neuromuscular diseases such as amyotrophic lat-

eral sclerosis (ALS).>® The progression of SBMA is

usually slow, but life-threatening respirarory tract infec-
tions often occur in the advanced stage of the disease,
resulting in death.” Laboratory tests show increased se-
rum levels of crearine kinase and liver enzymes in most
cases. The expanded CAG rripler repear sequence,
which encodes a polyglutamine tracr, is found in the
androgen receptor gene (AR).2 The CAG repeat num-
bers range from 38 to 62 in SBMA patients, whereas
healthy individuals have 9 to 36 CAGs.>®'° The
number of CAGs is correlated with disease severity and
inversely correlated with the age of onset, as observed
in other polygluramine-related neurodegenerative dis-
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cases, including Huntington's disease and several forms
i bell ja/ e | i i
of spinocercbellar araxia. n polyglutamine dis-
eases, nuclear localizarion of the respective mutant pro-
tein is considered important for indul:ing neuronal cell

dysfunction and degeneration." ' The extent of dif-
fuse nuclear accumulation of mutant AR in spinal mo-
tor neurons is closely related ro the CAG repeat length
in autopsicd SBMA cases.’® In addition, nuclear accu-
mulation of murant AR in scroral skin correlates with
both disease severity and CAG repear length, suggest-
ing that the number of scrotal skin epithelial cells pos-
itive for 1C2, an anti-polyglutamine antibody, is a po-
tent pathogenic marker of SBMA and can serve as a
useful biomarker in therapeutic trials,'”

A characteristic clinical fearure of SBMA is thar full
disease manifestations occur in male but nor in female
mdmdua]s cven when they are homozygous for the
mutation.'®'? The sex dcpcnd:ncy of disease manifes-
tation in SBMA may arise from a testosterone-
dependent nuclear accumulation of mutant AR
In mousc models of SBMA, surgical castration delays
disease onset and progression, as well as reverses neu-
romuscular phenotypes.®®* Leuprorelin acetate, a lu-
teinizing hormone-releasing hormone agonist that re-
duces testosterone release from the testis and inhibits
nuclear accumulation of mutant AR, ameliorates motor
dysfunction in male tansgenic mice carrying full-
length mutant human AR with an expanded polyglu-
tamine tract,”

Although dara from animal studies indicated that
androgen deprivation via leuprorelin acetate is a prom-
ising therapeutic agent for SBMA,***! clinical experi-
ence using this drug in SBMA parients is limited.™
The safety and efficacy of leuprorelin acetate were
demonstrated for treating prostate cancer, endometrio-
sis, uterine fibroids, and central precocious puberty in
children®® To determine whether androgen dcprwa-
tion therapy prevents the progression of SBMA in hu-
mans, we conducred a two-arm, randomized, placebo-
controlled, phase 2 clinical rrial of leuprorelin acetate
in patients with SBMA for 48 wecks, followed by an
open-label trial for an additional 96 weeks.

Patients and Methods

Patients

Inclusion criteria of this trial included: (1) genetically con-
firmed SBMA male Japanese patients with more than one of
the following symproms: muscle weakness, muscle atrophy,
bulbar palsy, or hand tremor; (2) parients whose AR CAG
repeat length was more than 38; (3) patients who were 30 1o
70 years old at the ume of informed consent; (4) patients
who had no desire to father a child; and (5) patients who
gave written informed consent. Patients were excluded if
they met any of the following criteria: (1) medical history of
allergy to leuprorelin acetate; (2) had raken restosterone
within 8 wecks before the informed consent; (3) had severe
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complications; or (4) were nor eligible for other reasons (eg,
previous use of luteinizing hormone-releasing hormone ago-
nists or medical history of allergy to barium sulfare).

Study Design

We conducted a 48-weck, prospective, randomized,
placebo-controlled, single-site trial and a 96-week open-
label follow-up trial at Nagoya University Hospital (Fig 1),
Fifty patients were included berween September 2003 and
March 2004. The last patient terminated the randomized
controlled wrial (RCT) in February 2005. The protocol for
the trial was filed with the open dlinical trial registry
(www.umin.ac jp/ctr/index.htm) under the Identifier Num-
ber UMINO00000474. In the 48-week RCT, parients were
randomized in a 1:1 rao of leuprorelin acetare or identi-
cally appearing placebo using the minimization method by
an independent investigator, Dynamic allocation was per-
formed based on parient age and severity to reduce bias.™
Patients were blinded throughour the RCT, and ar week
48, they decided whether 1o parricipate in the follow-up
trial without knowing ro which drug group they had been
allocated. As a result, 19 patients in the leuprorelin group
and 15 in the placcbo group entered the open-label
follow-up trial berween August 2004 and March 2005. The
remaining 15 patients who declined to participate in the
open-label trial were followed up for these 96 weeks: 1 pa-
tient who discontinued ecarly in the 48-week RCT was nor
followed up. The last paricnt rerminated the follow-up trial
in February 2007,

All the examinations and treatments were performed ar
the Nagoya University Hospital throughour the rrials, The
patients were hospitalized for 7 days at weeks 0 and 48, and
were evaluated every 4 weeks in the 48-week RCT. During
the 96-week follow-up trial, they were examined every 12
wecks. Blinding was ensured by the use of identical opaque
injection syringes. Clinical scores and muscle strength were
assessed by blinded neurologists throughout the RCT period.

Treatment

Leuprorelin acerare was subcutancously injected at a dose of
3.75mg every 4 weeks in the 48-week RCT, and 11.25mg
was administrated every 12 weeks in the 96-week follow-up
wial. Leuprorelin acetate suppresses testosterone release by
downregulating luteinizing hormone-releasing hormone re-
ceprors in the piritary. We did not conduct a dose-response
study in this rrial, because previous studies suggested thar
leuprorelin-mediated androgen deprwauon ls incomplete ar
dosages less than 3.75mg/4 weeks in men.””?*

Outeame Measures

The primary end poinr of this trial was motor function mea-
sured by the widely used and validated Revised ALS Func-
tional Rating Scale (ALSFRS-R; Japanese edirion). Although
there are no validated scales for SBMA, all the items in the
ALSFRS-R are applicable to this disease.'”***" Secondary
outcome measures included cricopharyngeal opening dura-
tion visualized by videofluorography (VF), the frequency of
1C2-positive cells in scrotal skin biopsies, lung funcrion val-
ues [forced expiratory volume in 1 second/forced viral capac-
ity (FEV,/FVC) and vital capacity as the percentage of pre-
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Fig 1. Parient selection flow diagram. RCT = randomized consrolled trial.

dicted (%VC)], and serum levels of the Followmg enzymes:
L~ -aspartate aminotransferase, L-alani and
creatine kinase. As other outcome measures, we analyzed the
sum of the following three ALSFRS-R subscores: speech, sal-
ivation, and swallowing. We also measured muscle strength
using maximum voluntary isometric contraction and con-
ducted a nerve conduction study. The Beck depression in-
ventory and standard laboratory parmmeters were checked for
evaluating safety. Scrotal skin biopsies were performed ar
weeks 0 and 48 of the 48-week RCT. The ALSFRS-R, lung
function test, maximum voluntary isometric contraction, and
Beck depression inventory were measured every 24 weeks
throughout the trials, wh VF was d at weeks 0
and 48 in the 48-weeck RCT, and ar the end of the 96-week
follow-up trial. The nerve conduction study was conducted
at weeks 0 and 48 in the 48-week RCT. All laboratory tests
were performed ar weeks 0, 4, 8, 12, 24, 36, and 48 in the
48-week RCT, and every 12 weeks in the 96-week follow-up
trial. Outcome for the efficacy analysis was assessed ar the
final visit ar the end of 48-week RCT and at the end of the
96-week follow-up trial.

In VF examinations, patients were instructed ro swallow
3ml of 40% wi/vol barium sulfate twice in a standing posi-
tion. VF data were recorded on Mini DV videotape (Sony,
Tokyo, Japan) ar 30 frames/sec. For scrotal skin biopsies ar 0
and 48 wecks, three specimens were taken from each parient
ar each ame by punch biopsy using a 3mm diameter Der-
mapunch (Nipro, Tokyo, Japan) under local anesthesia (li-
docaine acetate, 10ml) and processed for immunohistochem-

ical analysis using an anti-polyglutamine (1C2) antibody, as
described later. All 50 patients underwent biopsies at week 0,
but 2 patients’ specimens did not arach to the slides and
were not included in the analyses. All patients who under-
went biopsy sterilized the wound for several days themselves
and underwent antibiotic therapy after the procedure, as
needed. Serum creatine kinase levels were determined in
blood samples obtained on the second day of admission by
ultravioler measurement using hexokinase and glucose-6-
phosphate.?’ Serum testosterone levels were measured by ra-
dioimmunoassay using the DPC total testosterone kit (Diag-
nostic Products Corporation, Los Angeles, CA).

Quantitative Measurement in Videofluorography

To identify the appropriate parameters for the outcome mea-
sure in this trial, we performed a preliminary analysis of
quantitative swallowing evaluation using VF in 18 additional
SBMA patients (see Supplemental Tables 1 and 2). In this
preliminary study, we assessed the reliability and validity of
pharyngeal residue and those of the various temporal mea-
sures; pharyngeal delay time, cricopharyngeal opening dura-
tion, and rotal duration of maximal laryngeal clevation. As a
result, we found thar cricopharyngeal opening duration was
the mast reliable measurement of swallowing, and that this
duration correlated well with functional scores such as the
Norris Scores and the ALSFRS-R. None of the other param-
eters exhibited both high reliability and correlation with
functional scores. Therefore, we adopted cricopharyngeal
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opening duration as the secondary end point of this trial and
measured other parameters as references. All the parameters
were measured blindly by two independent evaluators ac-

cording to standard procedures.”** In brief, duration of cri-

copharyngeal opening was defined as the length of time dur-
ing which the cricopharyngeal sphincter was open.
Pharyngeal delay time was defined as the interval from the
bolus passing the base of the tongue to the onsct of laryngeal
elevation, whereas duration of maximum laryngeal elevation
was the length of time during which the larynx was maxi-
mally elevated from its rest position. Pharyngeal residue was
measured using semiquantitative saales: 0, 2, 5, 10, 20, 30,
40, 50, 60, 70, 80, 90, and 100%.

Immunobistochemical Detection of Mutant

Andragen Receptor

Immunochistochemistry of scrotal skin (from biopsies), spinal
cord, and pontine base (from autopsies) specimens were con-
ducred as described previously.'™'” In brief, Gum-thick,
formalin-fixed, paraffin-embedded sections were prepared,
deparaffinized, rehydrated, and pretreated by immersing in
98% formic acid for 5 minutes and then microwaving for 15
minutes in 10mM citrate buffer at pH 6.0, Sections were
incubated with a mouse antiexpanded polygluamine anri-
body (1C2; 1:20,000; Chemicon, Temecula, CA)** 1o eval-
uate the nuclear accumulation of mutant AR.'**?' Immune
complexes were visualized using the Envision-plus kit (Dako,
Glostrup, Denmark). Sections were counterstained with
Mayer's  hematoxylin. Quantmadve assessmemt of 1C2-
positive cells in scrotal skin was performed as described pre-
viously.'” In bricf, the frequency of diffuse nuclear staining
was calculated from counts of more than 500 nuclei in 5
randomly selecred fields of each section (BX51TF; Olympus,
Tokyo, Japan). To assess the nuclear accumulation of mutant
AR in spinal cord motor neurons, we prepared ar least 100
serial transverse sections from the cervical spinal cord and
immunostained  every I0th secrion with the anti-
polyglutamine 1C2 antibody. For the purposes of counting,
a neuron was defined by the presence of its obvious nucleo-
lus in a given 6um-thick section. The numbers of 1C2-
positive and -negative cells within the ventral horn on both
the right and left sides were counted under the light micro-
scope with a compur isted image analyzer (BXS1TF;
Olympus), as described previously."®**** For quantification
of 1C2-positive neurons within the pontine base, the fre-
quency of diffuse nuclear staining was caleulated from counrs
of more than 500 neurons in a total of 50 or more felds
from each section (BX51N-34; Olympus), as described pre-
viously.”” Populations of 1C2-positive cells were expressed as
percentages of the total cell counts.

Autopsy Study

Autopsy specimens of cervical spinal cord (seven patients)
and pons (five patients) were obtained from nine control,
generically confirmed SBMA patients who had nor paici-
pated in any therapeuric trials (52-83 years old; men; 41-52
CAG repeats) and one subject (70 years old) who died at
week 67 of the 96-week follow-up study (Patient 16), who
had been allocared 1o the leuprorelin group in rthe 48-week
RCT and had continued leuprorelin administration in the

96-week follow-up trial. The last administration of leuprore-
lin acetate was ar week G0 of the follow-up trial. The causes
of death of the conwrol patients were pneumonia in three,
respiratory failure in three, unknown in two, and lung cancer
in one. Immunohistochemistry of the specimens was per-
formed as described carlier. The collection of tissues and
their use for this study were approved by the Ethics Com-
mittee of Nagoya University Graduate School of Medicine.

Genetic Analysis

Genomic DNA was extracted from peripheral blood of the
patients using conventional techniques, and the CAG repeat
size was determined as described previously.”""* In brief,
polymerase chain reaction amplification of the CAG repeat
in exon 1 of the AR gene was performed using a fluorescein-
labeled forward primer (5'-TCCAGAATCTGTTCCAGA-
GCGTGC-3") and a nonlabeled reverse primer (5'-TGG-
CCTCGCTCAGGATGTCTTTAAG-3'). Size of the CAG
repeat was analyzed using Fraglys software version 2.2 (Hi-
tachi Electronics Engincering, Tokyo, Japan) by comparison
with coelectrophoresed polymerase chain reaction standards
with known repear sizes. Patients with 38 or more CAGs
were diagnosed with SBMA.'? All patients gave their written
informed consent to genetic analyses.

Statistical Analyses

The effectiveness analysis and safery evaluation were con-
ducted on data from the intention-to-trear population in the
48-week RCT. We analyzed the data by Pearson's coeffi-
cient, Spearman’s rank correlation, and Student’s ¢ test. The
Mann-Whitney U test was used to analyze serum restoster-
one levels. p values less than 0.05 were considered indicarive
of significance. For multiple comparisons, p values were cor-
rected using the Dunnett test. Computations were performed
with SPSS software (version 14.0] for Windows; SPSS Japan,

Tokyo, Japan).

Ethics

This study was conducted according to the Declaration of
Helsinki (Hong Kong Amendment). Written informed con-
sent was obtained from each patient. Patients were free o
withdraw from the study ar any time for any reason. The
protocol was approved by the Nagoya University Hospiral
Institutional Review Board. Confidentiality was ensured by
assigning a stucdy code to cach patient. All studies conformed
to the ethics guidelines for human genome/gene analysis re-
search and the ethics guidelines for epidemiological studies
endorsed by the Japanese government.

Results

Demaographics

Fifty participants mert the eligibility criteria, gave in-
formed consent, and were assigned to cither the leu-
prorelin or placebo group. There were no significant
differences in the characteristics of the rwo groups (Ta-
ble 1). There were no protocol deviarions, although
one patient in the leuprorelin group discontinued the
drug after 16 weeks because of the patient’s schedule,
but this patient was included in the end-point analyses.
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Table 1. Characteristics of Patients in the 48-Week Randomized Controlled Trial (RCT)

Characteristics Leuprorelin (n = 25) Placcbo (n = 25) P
Mean age = SD, yr 52874 520 £ 89 NS
Mean height = SD, cm 167.5 = 6.2 168.1 £ 6.1 NS
Mean weight *+ SD, kg 584 = 5.7 602+ 62 NS
Mean duration of weakness = SD, yr 10.8 = 6.3 129 = 82 NS
Mean (CAG)n = SD 485 = 32 48.1 £ 25 NS
Mean ALSFRS-R score = SD (Japanese edition) 41,1 37 42.0 = 34 NS
ADL (cane-assisted/independent) 6/19 7/18 NS
et 9 A 0 e (B G e e e

No patients discontinued treatment prematurely be-
cause of adverse events during the 48-weck RCT. Ar
the end of the 48-weck RCT, 34 of the 50 patients
clected 1o receive leuprorelin administration in the
follow-up trial before the key was broken. During this
96-week follow-up trial, one patient discontinued treat-
ment mainly because of depression but was followed
up withour leuprorelin administration. One  patient
(Patient 16) died of acure cardiac failure ar week 67
and was not included in the end-point analyses (see Fig

1).

Forty-eight-Week Randomized Controlled Trial

The outcome measures of the 48-week RCT are shown
in Figure 2. In patients who received leuprorelin ace-
tate, serum testosterone levels decreased to near zero
within 4 weeks of the treatment (see Fig 2A). In the
placcbo group, ALSFRS-R scores had declined by 0.9
point at week 48, suggesting that the change in motor
function of patients in this trial was similar to that in a
previous study on the natural history of SBMA.?? Al-
though there was no significant difference in the
changes in ALSFRS-R roral scores ar week 48 in the
leuprorelin and placebo groups (sce Fig 2B), there was
a tendency for the swallowing subscores to be im-
proved in the leuprorelin group (see Fig 2C). This view
was supported by the fact that the cricopharyngeal
opening duration was significantly extended in the leu-
prorelin group compared with the placebo group, sug-
gesting that androgen deprivation suppressed deteriora-
tion of swallowing function in SBMA (p < 0.05; see
Fig 2D). The serum level of creatine kinase, a marker
of muscular involvement in SBMA, and those of liver
enzymes also tended to be decreased in the leuprorelin
group (see Fig 2E; see Supplemental Table 3). Diffuse
nuclear staining was predominantly observed in the
scrotal skin biopsy. The frequency of 1C2-positive cells
in the scrotal epithelium was significantly decreased at
week 48 in the leuprorelin group (p < 0.001; see Fig
2F). There were no significant effects of leuprorelin ac-
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etate on all other secondary end points (see Supple-
mental Table 3). Although we performed strarified
analyses, neither CAG repear size nor age had any in-
fluence on the outcome measures (data not shown).

Ninety-six-Week Follow-up Trial

All but one patient, who discontinued treatment early
in the 48-week RCT, underwent an additional 96-
week follow-up. Fifteen parients declined to conrinue
leuprorelin administration mostly because of economic
reasons. As shown in Table 2, at the time of enroll-
ment in the follow-up trial, there were no differences
in the characteristics of patients who participated and
those who were not enrolled, indicating no selection
bias for the enrollment.

In the follow-up trial, we compared ALSFRS-R
scores and VF findings of the following groups: Group
A—patients who were allocated to the leuprorelin
group for 48 weeks and received leuprorelin for an ad-
ditional 96 weeks; Group B—patients who were allo-
cated to the placebo group and received leuprorelin for
an additional 96 weeks; Group C—patients who were
allocated to the leuprorelin group for 48 weeks bur did
not receive treatment during the 96-week follow-up;
and Group D—patients who were allocared to the pla-
cebo group and were followed up without leuprorelin
treatment for 96 weeks. Multiple comparisons were
performed with Group D as the control. We did not
include the following two subjects in these analyses:
one patient in Group A who died during the follow-up
period and one in Group C who was diagnosed with
multiple myelomas during the follow-up period. At
week 96 of the follow-up trial, ALSFRS-R scores were
significantly greater in Groups A and B than in Group
D (Figs 3A, B). Similarly, the swallowing subscores of
the ALSFRS-R were significantly greater in Group A
than in Group D (see Fig 3C). Cricopharyngeal open-
ing duration in VF was also significandly longer in
Groups A and B than in Group D (see Fig 3D).
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w
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Fig 2. Efficacy results of the 48-week randomized controlled trial (RCT). (A) Treatment with leuprorelin acetate (black circles)
rapidly depleted serum levels. White circles represent placebo group. (B) There was no significant difference in the
change in Revised Amyotrophic Lateral Sclerosis Functional Rating Seale (ALSFRS-R) score between the groups. (C) There was a
favorable rendency in the swallowing subscores of the ALSFRS-R in the leuprorelin group. (D) Cricopharyngeal opening duration
was significantly extended by the 48-week leuprorelin treatment. (E) Serum creatine kinase (CK) levels alio tended to be decreased
in the leuprorelin group. (F) The frequency of diffuse nuclear 1C2 staining (indicative of mutant androgen receptor [AR]) in the
scrotal epithelial cells was significantly decreased after the 48-weck administration of lewprorelin White bars represent pla-
cebo group; black bars represent leuprorelin acetate group. Scale bars = 50um. Data are expressed as means * standard ervor of

the mean. p < 0.05; **p < 0.001.

Safety and Tolerability

There were a toral of 58 adverse events recorded during
the 48-week RCT; none was so serious as to require
hospitalization (Table 3). The most frequent adverse
event in the leuprorelin group was a loss of sexual
function, recorded as erectile dysfunction, bur this
symptom was also often seen in the placebo group,
suggesting androgen insensitivity in SBMA patients.
Although increases in total cholesterol, triglyceride,
fasting blood sugar, or glycosylated hemoglobin
(HbAlc) were scen in the leuprorelin group, no
marked exacerbations were observed. The derails of ad-
verse events during the 96-week follow-up trial were
obtained from Groups A, B, and D. As shown in Table
4, there were no treatment duration-dependent adverse
effects of leuprorelin acetate as reported previously.*®

-54.

Autopsy Srudy

One participant (Patient 16) who received leuprorelin
acetate in the 48-week RCT and continued to receive
leuprorelin acetate in the 96-week follow-up trial died
118 weeks after initiation of the trearment. Autopsy of
the patient indicated acute cardiac failure caused by
cardiac arrthythmia as a possible cause of dearh. Other-
wise, no specific causes of death were reported. Aurop-
sied specimens were assessed by anti-polyglutamine
(1C2) immunohistochemistry as in the scrotal skin bi-
opsy and were compared with the findings of previ-
ously autopsied SBMA cases who had not been treated
with leuprorelin acetare or with relevant drugs. In the
spinal motor neurons, diffuse nuclear staining of 1C2
was predominantly observed, and nuclear inclusions
were less frequent. The frequencies of 1C2-positive
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Table 2. Characteristics of Patients in the 96-week Follow-up Trial
Leuprorelin in 48-week RCT Placebo in 48-week RCT
(n = 22) (n = 25)
Leuprorelin =~ No Treatment  p Leuprorelin =~ No Treatment  p
Treatment in 96-week (Group A, (Group C, (Group B, (Group D,
Follow up n = 18) n = 4) o= 15) n = 10)
Age (yr) 52065 563 £ 8.1 NS 525+ 82 51.3 £ 102 NS
Height (em) 168.6 + 5.8 1643 £ 9.4 NS 168550 167.6 £ 7.7 NS
Weight (kg) 86+59  S88+62 NS 596+56 612%73 NS
Duration of Weakness (yr) 1.7 £ 64 B3*x74 NS 128 £ 55 13.0 £ 11.5 NS
(CAG)n 49.1 £33 458 + 22 NS 480+ 25 482+ 26 NS
ALSFRS-R (Japanese Edition) * 413 28 40577 NS 421+26 420+ 45 NS
412 %37 398 £ 67 NS 40.7 £ 36 419 x50 NS
ADL (car isted/independent) * 315 1/3 NS 4/11 a7 NS
711 22 NS 6/9 an NS
er values indicate daea at inclusion in the 48-weck RCT, and lower values those at inclusion in the 96-week follow-up rial. Other
are data at inchssion of 48-week RCT. (CAG)n = number of expanded CAG repeans in the receptor gene; ALSFRS-
R = revised amyvtrophic lateral sclerosis funcrional rating scale. Dara rep: *Snwﬁc L
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Fig 3. Efficacy results of the 96-weck follow-up trial. (A, B)
Changes in the Revised Amyotrophic Lateral Sclerosis Func-
tional Rating Scale (ALSFRS-R) scores showed treatment du-
ration—dependent improvements in the leuprorelin-rreated

groups. (C, D) The ALSFRS-R bulbar subscores (C) and
videofluorography (VF) findings (D) were also significantly
improved in the lewprorelin-treated patients. Data are ex-
presed as means = standard error of the mean. "p < 0.05;
*p < 0.005; ***p < 0.001 with respect to Group D. Red
represents Group A: 48-week leuprorelin/96-week leuprorelin
(n = 18); orange represents Group B: 48-week placebo/96-
week lewprorelin (n = 15); light blue represemss Group C:
48-week leuprorelin/96-week no treatment (n = 4); blue rep-
resents Group D: 48-week placebo/96-week no treatment

(m = 10).

Fig 4. Eﬁwnfkufm'nhmunm{urmmuhmn
g sgen receptor (AR). (A, B) Accumulation of
mutant AR in neurons was remarkable both in the pontine
base and in the spinal anterior horn of all the control, non-
treated autopsied cases, but the number of 1C2-positive neu-
rons was relatively small in the leuprorelin-treated patient
(Patient 16). Scale bars = 100um. (C) Mutant AR accumiu-
lation in scrotal ckin epithelial cells thar underwens biopsy was

reduced by lesprorelin acetate in Patient 16 (Patient
16 was excluded from this mean.) Scale bars = 50pm. Data
are expressed as means * standard deviation.
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Table 3. Adverse Events in 48-Week Randomized
Controlled Trial
AFs Leuprorelin Placebo
(n = 25) (n = 25)
At least one AE 21 (84%) 9 (36%)
At least one AE other
than ED 16 (64%) 6 (24%)
ED* 13 (52%) 4 (16%)
Hypenriglyceridemia 7 (28%) 0
Lumbago 5 (20%) 1 (4%)
Headache 5 (20%) 1 (4%)
Numbness 3(12%) 2 (8%)
Hand arthralgia 4(16%) 0
Fatigue 3(12%) 0
Hot flush 3 (12%) 0
Injection site lump 3(12%) 0
Hypertension 2 (8%) 0
Fracture 0 2 (8%)
S::;be: ﬂ:: %ﬂ::mkqumlnnnmm on every visit. AE =

neurons in the anterior homn and brainstem of Patient
16 were less than those in non-treated SBMA patients
(Figs 4A, B). By way of comparison, the pretrearment
frequency of 1C2-positive cells in the biopsied scrotal
skin of Patient 16 was a lictle higher than the mean
value of other study participants at week 0 bur de-
creased after 48 weeks of leuprorelin trearment in the
RCT (see Fig 4C). Hence, this patient’s pretrearment
frequency of 1C2-positive cells in the anterior horn
and brainstem were prcsumcd to also be greater than
the posttreatment levels.!”

Discussion

Recent research on neurodegenerarive diseases has re-
peatedly shown thar abnormal protein accumulation in
neuronal cells is lmporrant ln the molecular pathogen-
esis of neurodegeneration.”! In polyglurammc diseases
including SBMA, the aberrant proteins thar conrain an
extended polyglutamine tract accumulate chiefly in the
nucleus, resulting in the disruftiun of cellular func-
tions such as transcription.'*** To date, no discase-
modifying therapies for polyglutamine diseases have
proved beneficial in clinical trials. The results of this
interventional trial suggest that androgen deprivation
therapy for SBMA is a promising therapy targeting the
molecular pathogenesis of polyglutamine diseases.

In this study, we demonstrated that leuprorelin ace-
tate suppressed toxic accumulation of the mutant AR
protein, and thereby slowed down the progression of
SBMA. As shown previously in animal and human
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studies, leuprorelin-mediated androgen deprivation sig-
nificantly decreased mutant AR accumulation in scrotal
skin.'”?! Furthermore, our histopathological analysis
in the autopsied case suggests that leuprorelin treat-
ment also atenuates the nuclear accumuladon of
pathogenic AR within neuronal cells. AR did not ag-
gregate even in the cyroplasm of scrotal epichelial cells
or in that of spinal motor neurons, presumably because
androgen deprivation destabilizes AR and facilitates
degradation of the protein.*® Alternarively, androgen
deprivation may enhance the protective effects of heat
shock proteins, which are normally associared with AR
and dissociate on ligand binding,

The 48-week treatment with leuprorelin acerare sig-
nificantly extended cricopharyngeal opening duration,
indicating that this therapy blocked disease progression
measured with the most reliable VF parameter. The
opening of the cricopharyngeal sphincrer is triggered
by the motion of the larynx and is widened by pha-
ryngeal pressure.* Therefore, cricopharyngeal opening
duration reflects the swength of deglutition and has
been used as a quantitative parameter of swallowing
function in disease conditions such as stwoke and in-
flammatory myopathy.**#¢ Morcover, in patients with
ALS, cricopharyngeal opening duration is shortened as
a consequence of delayed opening or premarture closure
of the cricopharyngeal sphincter, or both, and this
shortening correlates well with the severity of dyspha-
gia."” The amelioration of dysphagia by androgen de-
privation is also supported by the 96-week follow-up
trial, in which leuprorelin treatment significandy pro-
longed cricopharyngeal opening duration and im-
proved the bulbar subscores of the ALSFRS-R. Given
that pneumonia and respiratory distress are the main
causes of death in this disease, leuprorelin treatment
appears to be beneficial for the prognosis of SBMA pa-
tients,”

Although the effect of leuprorelin acetate on general
motor function was not clear in the 48-week RCT, the
total ALSFRS-R score was significantly greater in pa-
tients who received androgen deprivation therapy for
144 or 96 wecks than in those who received no therapy
throughour the wial. Although the toral ALSFRS-R
score is a reliable marker of the pmg{mmn of ALS,
this score is less sensitive for SBMA.**** This smdy
suggests that the ALSFRS-R score is not an appropriate
end point in a short-term trial but may be useful in a
long-term clinical trial on SBMA.

No unexpected or serious safety issues associated
with the long-term use of leuprorelin acetate were
identified during this study. The adverse effects of leu-
prorelin acetate did not differ from those in trials for
prostate cancer.””” Although erectile dysfunction after
leuprorelin administration was more frequent in this
trial than in previous wials for prostate cancer, this is
likely because of pre-cxisting androgen insensitivity in
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Table 4. Adverse Events during Leuprorelin Administration (48-Weck Randomized Controlled Trial and 96-Week

Group B (a = 15) Group D (n = 10)
15 (100%) 7 (70%)
1 (73%) 5 (50%)
9 (60%) 2 (20%)

3 (20%) 2 {20%)
5 (33%) 1 (10%)
4 (27%) 0
4 (27%) 0
1 (7%) 1 (10%)
2 (13%) 0

0 0

0 1 (10%)
1 (7%) 0
1(7%) 1 (10%)
1(7%) 0

0 0

0 0

0 0
1(7%) 0
1 (79%) 1 (10%)
1 (7%) 1 (10%)

Follow-up)

AEs Group A (n = 19)*
At least one AE 18 (95%)
Ar least one AE other than ED 15 (79%)
ED" 13 (68%)
Numbness 7 (37%)
Arthralgia 5 (26%)
Hot flush 5 (26%)
Injection-site lump 5 (26%)
Lumbago 5 (26%)
Myalgia 2(1%)
Edema 3(16%)
Headache 3 (16%)
Fatigue 2(11%)
Hyperglycemia 2(119%)
Hypertension 1 (5%)
Death 1(5%)
Neuralgia 1 (5%)
Pallakiuria 1 (5%)
Depression 0
Fracture 0
Hyperlipidemia 0

3 2 " : 1 b |
uﬂiﬂp;mnﬂpa::{:ﬂmlwed including Patient 16, "Number was «

| by g on every visit. AE = adverse even; ED =

SBMA.?' The high tolerability of leuprorelin acetate
was also supported by the low dropout rate in this trial.

An important limitation in this study is the trial du-
ration. SBMA is a slowly progressive disease, with a
disease duration of approximarely 20 years.” Given thar
leuprorelin acetate did not suppress the decline in
ALSFRS-R scores in our 48-weck RCT, a long-term,
placebo-controlled trial may be necessary to evaluare
the efficacy of leuprorelin acetate on general motor
function in SBMA. Based on this study, cricopharyn-
geal opening duration in VF appears to be a practical
biomarker ro evaluare therapy efficacy for SBMA in
short-term rrials.

In conclusion, the results of this study suggest thar
leuprorelin acerare administration suppresses nuclear
accumulation, stabilization, or both of mutant AR, the
causarive protein of SBMA, and appears to inhibit
funcrional deterioration of the patients. The resules of
this phase 2 trial support the start of large-scale clinical
trials of androgen deprivation for SBMA.
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