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Abstract

Huntington’s disease (HD) is an autosomal dominant neurodegenerative disorder characterized by
chorea, incoordination, and shortened life-span, and by huntingtin inclusions and neurodegeneration.
We previously screened the 1040 FDA-approved compounds from the NINDS compound library
and found that a compound, nipecotic-acid, significantly reduced mutant huntingtin aggregations
and blocked cell toxicity in an inducible cell model of HD. Because nipecotic-acid does not cross
the blood-brain barrier (BBB), we studied its analogue, tiagabine, which is able to cross the BBB, in
both N171-82Q and R6/2 transgenic mouse models of HD. Tiagabine was administered
intraperitoneally at 2 and 5 mg/kg daily in HD mice. We found that tiagabine extended survival,
improved motor performance, and attenuated brain atrophy and neurodegeneration in N171-82Q HD
mice. These beneficial effects were further confirmed in R6/2 HD mice. The levels of tiagabine at
effective doses in mouse serum are comparable to the levels in human patients treated with tiagabine.
These results suggest that tiagabine may have beneficial effects in the treatment of HD. Because
tiagabine is an FDA-approved drug, it may be a promising candidate for future clinical trials for the
treatment of HD.
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Introduction

HD is an autosomal dominant neurodegenerative disease with expanding polyglutamine
repeats in the protein huntingtin and abnormal folding of the huntingtin protein (Wanker
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2000; Landles and Bates 2004; Ross and Poirier, 2004) that results in the formation of neuronal
intranuclear inclusions in the striatum and cortex (DiFiglia et al., 1997). There is gross striatal
atrophy with cell loss in the striatum, cortex, amygdala, and thalamus in patients with HD
(Petersen etal., 1999). There is currently no therapy available to delay onset or prevent disease
progression of HD patients.

In 2001, the National Institute of Neurological Disorders and Stroke (NINDS) compiled a drug
library of 1040 compounds, selected in association with MicroSource Discovery Systems
(Gaylordsville, CT), consisting mainly of FDA-approved drugs (Aiken et al., 2004; Wang et
al., 2005) that were likely candidates for the treatment of neurodegenerative disorders. We
applied this compound library to our inducible PC12 cell model of HD, and found nipecotic
acid to be one of most effective compounds that protect cells against mutant htt toxicity (Wang
et al., 2005). Nipecotic acid does not cross the blood brain barrier efficiently, however. We
therefore tested its derivative tiagabine, which has an attached lipophilic group that enables
the drug to cross the blood-brain barrier (Andersen et al., 2001; Krogsgaard-Larsen et al.,
2000) in HD mouse models.

Tiagabine has been used as an anti-epilepsy drug (Luer and Rhoney 1998; Stefan and Feuerstein
2007). The exact mechanism of action of tiagabine in epilepsy is not fully understood, but it
is believed to enhance activity of gamma-aminobutyric acid (GABA) in the central nervous
system (Soudijn and van Wijngaarden 2000). GABAergic medium spiny neurons are the most
vulnerable neurons and often degenerate in Huntington’s disease (Vonsattel et al., 1998; Albin
etal., 1995, Reiner etal., 1988). Prevention of the neurodegenerative process could be achieved
by enhancing GABAergic activity or by other yet unknown mechanism(s). We report here that
tiagabine increased survival, improved motor performance, and attenuated brain atrophy in
two mouse models of HD. The data obtained in the current studies may provide preclinical
insight that could facilitate clinical trials of tiagabine in humans with HD.

Materials and methods

Mice and drug administration

N171-82Q transgenic HD mice were mated to hybrid mice (C3H/HEJ x C57BL/6J F1, Taconic,
NY). All mice were housed under standard conditions with free access to food and water for
24 h, and 12-h light/dark cycle. We used male N171-82Q HD mice for all our studies since we
found that there is significant variability in all phenotypes between male and female N171-82Q
mice (Duan et al 2003). N171-82Q male mice usually develop motor performance deficit after
19 weeks of age; the average life-span in these mice is about 22 weeks. R6/2 mice with a CBA/
C57BI6 background were purchased from Jackson Laboratory (Bar harbor, ME). Mice were
genotyped and CAG repeat size was determined by PCR. CAG repeat lengths of R6/2 mice
are about 110-118. These mice develop motor phenotypes as early as 4 weeks of age. The
average life-span for R6/2 mice is about 12-14 weeks. The animals were kept on a 12-h light/
dark cycle, with food and water continuously available. There is no sex-dependent difference
in R6/2 mice from our experience and other reports (Hersch and Ferrante 2004). therefore both
male and female R6/2 mice were used in our studies. Experiments were carried out by
procedures that minimized pain and discomfort. All animal experiments were performed
according to procedures approved by the Institutional Animal Care and Use Committee.

Tiagabine hydrochloride (purity 99%) was purchased from R&S Pharmchem Co. Ltd
(Hangzhou, China). Mice were treated daily with 2 or 5 mg/kg of tiagabine freshly prepared
in saline by intraperitoneal injection.
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HD cell model and drug treatments

Tet-off PC12 cells expressing tTA(Clontech), were stably transfected with htt-N63-148Q ( the
first 63 N-terminal amino acid of huntingtin (htt) with 148 polyglutamine repeat). Htt gene
expression was turned on when doxycycline (Dox; a tetracycline derivative) was removed from
the culture medium (Wang et al., 2005). Cells were differentiated in the presence of NGF (50
ng/ml). Htt expression and cell differentiation were induced at the same time in order to
determine htt toxicity in neuronal cells. Tiagabine was added to the medium once cells attached
to the plate at about 4 hours after plating. Cells were trypsinized and washed with PBS, and
100 pl of cells at density of 1 x 10° cells/ml were plated in collagen I-coated plates (BD
Biosciences) with differentiation medium.

Doxycycline (200 ng/ml) was added to the differentiation medium to suppress mutant htt
expression in the control group. LDH release was used to measure cell toxicity at 4 days after
induction of htt. Tiagabine was dissolved in sterile saline as a at 10 mM stock solution and
added to medium at the indicated concentrations. Pan-caspase inhibitor z-VAD was purchased
from R&D systems, Inc. and was used as a positive control compound since we had consistent
protection of this compound in our culture system (Wang et al., 2005).

Behavioral test and Survival study

Histology

All mice were randomly divided into each group. Nontransgenic control mice are wild type
littermates. Each group contained 15 mice at the beginning of the survival study and for motor
behavioral analyses. We used the same set of animals for survival analyses and motor
performance tests.

Survival was monitored twice daily, in the early morning and late afternoon, by two
experienced investigators (NM and QP). The mice were euthanized when HD mice were unable
to right themselves after being placed on their backs and initiate movement after being gently
prodded for 30 sec.

Motor behavioral performance was assessed with a rotarod apparatus (Columbus Instrument,
OH) in which the time that the mouse remained on the rod at accelerating speeds from 4 to 40
rpm was measured. Each mouse was trained for 5 min and the training session was followed
by a 1-h rest period in the home cage. Mice were then placed back on the rotarod for three trials
of maximal 5 min at accelerating speeds (4-40 rpm) separated by a 30-min rest period. Mice
were tested for 3 consecutive days, by which time a steady baseline level of performance was
attained.

Mice were perfused with 4% ice-cold paraformaldehyde following 1 x PBS perfusion
transcardially, and brains were post-fixed in 4% paraformaldehyde overnight, and then
transferred to 20% sucrose until the brains sank to the bottom of the tube. Coronal sections, 30
pm, were processed with a sliding microtome for histological staining. Silver staining for
neurodegeneration was performed on free-floating sections by using the commercially
available FD neurosilver Kit 1 (FD Neuro Technologies, Ellicott City, MD) according to the
manufacturer's instructions. The degenerating neurons were identified by dark silver positive
staining by using a computer via a CCD Digital camera (Hamamatus Photonics K.K.,
Hamamatus, Japan). Immunostaining for the mutant huntingtin protein was done by using
EMA48 (Chemicon, 1:200), a polyclonal antibody to mutant human huntingtin protein that labels
mutant huntingtin aggregates (Li et al., 2001). The EM48-immunoreactive product was
visualized with biotinylated goat anti-rabbit 1gG (1:200 dilution) in ABC (avidin—biotin
complex) / DAB (3,3 - diaminobenzidine-4HCI) kit (Vector Labs, Burlingame, CA) and DAB
according to the manufacturer's guidelines.
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Measurement of volume of striatum and size of lateral ventricles

The volume of the striatum and lateral ventricles by histological analysis was evaluated
according to the principle of Cavalieri (Cyr et al., 2005) (volume = s1d; + S»d5...S,dp, Where
s = surface area and d = distance between two sections). We used different sets of mice for the
volumetric measurement study. Each group contained four mice. The Cavalieri approach
requires an initial random cut through the reference space of interest, with subsequent cuts at
consistent intervals. Provided that the sections through the reference space are systematic-
random, and that all sections through the reference space had an equal probability of being
sampled, the Cavalieri method gives an unbiased total volume estimate from reference areas
on sections. Using the Cavalieri principle, the mean total volume of an arbitrary-shaped
reference space can be estimated without bias from the areas on systematic-uniform-random
sections. The Cavalieri principle was applied to histological data because of the limited number
of sections selected. We chose the first section when the striatum was first detected, and chose
every four series sections for volumetric analysis. We considered approximately 11 anatomical
levels of the striatum for the volume estimation of every brain by randomly selecting the first
section. Image capturing was performed by using a light microscope coupled to a color digital
camera (Retina 2000R, QImaging). The surface area was calculated in each of the 11 Nissl-
stained sections by contour drawing the striatum and lateral ventricle on each brain hemisphere
by using the Aperio Imagescope software (Aperio Technologies). Data were expressed as the
average Cavalieri volume (mm?3) + SEM of four mice per group.

Quantification of Htt aggregates

The EM48-positive nuclei were evaluated with a40 x magnification in eight microscopic fields
from each indicated brain region, including cortex, hippocampus, and striatum, and the mean
number of aggregates per area was determined (DiFiglia et al., 2007).

Measurement of tiagabine by HPLC/MS/MS

Statistics

Brain homogenates were mixed and centrifuged at 2500 x rpm for 10 min at 4 °C. A volume
of 100 ul of the top organic layer was transferred to a disposable borosilicate glass culture tube
(13x100 mm) and 100 ul of deionized water were added to this tube, mixed vigorously for 10
s, and centrifuged at 13,000 x rpm for 5 min. Volumes of 20 pl were injected onto the HPLC
instrument for quantitative analysis. Serum samples were prepared as previously described
(Zhao et al., 2005). Chromatographic analysis was performed using a Waters X-Terra™ MS
(C1g 3.5 um, 50 x 2.1 mm i.d). Separation of the analyses from potential interfering material
was achieved at ambient temperature by using the Waters X-Terra™ MS packed with a 3.5-
UM ODS stationary phase, protected by a guard column packed with Waters Xterra TM (RP18,
3 um). The mobile phase used for chromatographic separation was composed of 70% formic
acid (0.1%) in CH3CN, 30% ammonium acetate (10 mM), and was isocratic at a flow rate of
0.2 ml/min. Method validation runs for serum and brain tissue calibration standard and quality
controls were performed on 3 consecutive days and included a calibration curve processed in
duplicate, and quality control samples, at four different concentrations, in triplicate. The
accuracy and precision of the assay was assessed by the mean relative percentage deviation
from the nominal concentrations and the within- and between-run, respectively.

Data are expressed as the mean + SEM. Data were analyzed by using Student's t test or Fisher's
exact test. Survival data were assessed by log rank test.
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Results

Tiagabine protects cells against mutant Htt induced toxicity

In order to determine whether tiagabine has the same degree of protection as nipecotic acid in
HD cells, we used our inducible HD cell model (Wang et al., 2005). Cells inducibly expressed
mutant htt and were differentiated by NGF. Tiagabine inhibited the LDH release induced by
mutant htt in PC12 cells in a concentration-dependent manner, indicating that tiagabine
protected cells from mutant htt-induced toxicity (Fig. 1).

Tiagabine extends survival, improves motor function but does not affect body weight in
N171-82Q mice

To further determine whether tiagabine has neuroprotective effects in vivo, we used N171-82Q
HD transgenic mice. HD-N171-82Q mice (line 81) express an N-terminal fragment of
huntingtin with 82 glutamines (Schillings et al., 1999). The neuropathological features of
N171-82Q mice more closely resemble human HD in that huntingtin aggregates are more
prominent in cortex than in striatum, and neurodegeneration is more prominent in these mice
than in the other HD mouse model (Yu et al., 2003). The rotarod deficit is usually detected
after 10 weeks of age in N171-82Q mice. Beginning at 8 weeks old, tiagabine was administered
to HD mice until the end of their life. The survival in tiagabine-treated HD mice was
significantly extended. The average survival was 122.3 + 5.0 (mean £SE) in the HD-control
group, 126.6 + 2.7 in the HD-vehicle group, 134.0 + 5.9 in the HD —tiagabine 2 mg/kg group,
and 160.0 + 5.8 in the HD-tiagabine 5 mg/kg group. (Fig. 2a). HD mice exhibited progressive
body weight loss after 8 weeks of age. Tiagabine administration did not affect the body weight
in wild type littermate control mice and did not affect body weight loss in HD mice (Fig. 2b).

We further evaluated the motor function of mice at indicated ages. There was significant
impairment of motor function in N171-82Q HD mice at these ages, as indicated by significantly
reduced running time on the rotarod (Fig 2c &d) compared to wild type littermate control mice.
Tiagabine-treated mice showed superior dose dependent motor performance on the rotarod
(Fig. 2c &d).

Tiagabine attenuates brain atrophy and neurodegeneration in N171-82Q HD mice

In order to determine whether the improved motor function and increased survival of HD mice
treated with tiagabine resulted from slowed progression of the neurodegenerative process in
the brain, we performed histological analyses of the brains of HD mice that had been treated
with tiagabine or vehicle. As the disease progressed, brain atrophy occurred in the HD mice
as indicated by an increase in the size of the lateral ventricles and decrease in the volume of
striatum compared to those in nontransgenic mice (Fig. 3a—c). Tiagabine treatment attenuated
brain atrophy, indicated by smaller ventricle size and larger striatal volumes in HD mice treated
with tiagabine compared to those in HD mice treated with vehicle (Fig. 3a—c). Neurosilver
staining was used to identify degenerative neurons. Silver positive neurons were found in HD
mice after 18 weeks of age in both cortex and striatum (Fig. 3d). HD mice treated with tiagabine
exhibited fewer silver positive neurons in both piriform cortex and striatal regions (Fig. 3d-f).

Tiagabine does affect huntingtin aggregates in N171-82Q HD mice

The extended polyglutamine repeat in huntingtin protein leads to abnormal folding and
accumulation of aggregates in neurons (DiFiglia et al., 1997; Ross and Poirier, 2004). The
EMA48 antibody was used to determine the relative amount of aggregates in HD mouse brains.
Interestingly, the most EM48-positive neurons were found in piriform cortex and hippocampus
and there were fewer in striatum in N171-82Q HD mice. Treatment with tiagabine had no effect
on htt aggregates in these brain regions (Fig. 4a—c).

Neurobiol Dis. Author manuscript; available in PMC 2009 June 1.
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Tiagabine decreases mortality and motor impairment, but does not prevent body weight loss
in R6/2 mice

To further confirm the beneficial effects of tiagabine in HD, we examined R6/2 mice, which
are widely used in preclinical trials (Hersch & Ferrante 2004). We found that R6/2 mice
developed motor behavioral deficit as early as 4 weeks of age. Thus, tiagabine was administered
to symptomatic R6/2 mice starting at 6 weeks of age. R6/2 mice treated with tiagabine at 5 mg/
kg showed significantly decreased mortality compared to R6/2 mice treated with vehicle (Fig
5a). The average survival in HD mice treated with vehicle was 84.2 + 3.5 (mean £SE), but was
102.0 £ 2.9 in HD mice treated with tiagabine 5 mg/kg. We next evaluated the motor function
in an accelerating rotarod test at 10 and 12 weeks of age since R6/2 mice showed severe deficit
of motor function at these ages; however, R6/2 mice treated with tiagabine showed significantly
improved motor performance at 10 weeks of age (Fig. 5¢) and 12 weeks of age (Fig. 5d). R6/2
mice lost body weight with the progression of disease, and tiagabine administration did not
prevent body weight loss in R6/2 mice (Fig. 5b).

Tiagabine attenuates brain atrophy but does not affect htt aggregation in R6/2 mice

There was severe brain atrophy indicated by enlarged ventricles, smaller striatum, thinner
cortex, and reduced size of whole brain in R6/2 mice at 10 weeks old (Fig 6a). Tiagabine
treatment attenuated brain atrophy (Fig. 6a—c). Widely distributed htt inclusions were detected
by EM48 antibody in R6/2 mouse brains. Tiagabine treatment did not affect htt aggregates

(Fig. 6d-f).

Reinforcement of the GABA pathway does not appear to be involved in the mechanism of
protection by tiagabine

In order to further determine whether protection of tiagabine in HD mice is due to its
reinforcement of GABA pathway, we performed western blot analysis. There was no difference
in the protein levels of GAD65/67 in HD mice treated with tiagabine compared to HD mice
treated with vehicle (see suppl Fig), suggesting that the protection of tiagabine is not due to
reinforcement of GABA signal.

Effective levels of tiagabine in mice are comparable to achievable levels in humans

In order to study whether effective doses in mice are comparable to doses achievable in humans,
we used LC/MS/MS to measure the levels of tiagabine in both blood and brain tissues.
Tiagabine was injected daily to mice for 1 week, and blood samples and brain tissues were
collected for measuring drug concentrations. The blood concentrations were 17.2 + 4.8 ng/ml
(mean = SD, n=10) in the 5 mg/kg group. The levels are comparable to the effective levels in
patients who take 2 mg/day for 5 days (the plasma concentration of tiagabine is 20-50 ng/ml,
Gustavson and Mengel, 1995). Drug concentrations in brain tissues were 177.0 £ 14.2 ng/g
wet weight.

Discussion

There are currently no effective therapies either for preventing the onset or for slowing the
progression of HD. Current therapies are symptomatic, and include the use of neuroleptics and
psychotropic medications to decrease chorea, to address psychiatric symptoms including
depression, obsessive compulsive symptoms, and psychaosis. Our current studies demonstrated
the beneficial effects of tiagabine in HD mice. We found that tiagabine prolonged survival,
improved motor performance, and attenuated brain atrophy and neurodegeneration in both
transgenic models of HD. Our initial studies were performed in N171-82Q mice that display
a gradual onset of disease; we then confirmed the neuroprotective effect of tiagabine in R6/2
mice. It was important to test the effects of tiagabine in both N171-82Q and R6/2 models,
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because these two models have been used extensively in evaluating preclinical neuroprotective
treatments of HD (Hersch & Ferrante, 2004), and we can easily compare the potency of
tiagabine with that of reported compounds. Tiagabine treatment was started at the
presymptomatic stage in N171-82Q mice and at the symptomatic stage of R6/2 mice; in both
cases, tiagabine provided protection, suggesting that tiagabine may be given both to
symptomatic patients and to gene-positive presymptomatic individuals.

In HD, the most vulnerable neurons are medium-sized spiny GABA projection neurons in
striatum; consistent with the finding of loss of projection neurons was the early finding that
GABA levels were markedly reduced in the caudate-putamen of HD patients (Perez-De La
Cruz & Santamaria, 2006). The projection neurons are themselves divided into two classes.
Both types contain GABA as a primary neurotransmitter, but of the two populations of striatal
projection neurons, those of the indirect pathway (i.e., enkephalin/GABA-containing neurons)
are affected first, thus providing an anatomical substrate for the increased movement that is
the hallmark of HD (Reiner et al., 1988; Albin et al., 1992). In later stages of adult HD, both
populations of striatal projection neurons are affected, with concomitant loss of markers of the
direct pathway (i.e. , substance P/dynorphin/GABA-containing neurons), including dopamine
D1 receptors and substance P (Reiner et al., 1988; Richfield et al., 1991). Tiagabine is one of
the nipecotic acid analogues that successfully completed clinical trials and consequently was
introduced to clinical practice. Although the exact mechanism of antiepileptic action of
tiagabine is not fully understood, it is believed that this compound acts exclusively on
GABAergic synapses by preventing GABA uptake by GAT-1, thus augmenting GABA-
mediated inhibitory neurotransmission (Angehagen et al., 2003; Schachter 2001). Therefore,
augmenting of GABAergic function may also be involved in neuroprotection by tiagabine in
HD. Additionally, because tiagabine protected neurons against mutant huntingtin-induced
toxicity in cultured cells, tiagabine may also provide direct neuroprotection in HD.

Tiagabine improved rotarod performance in both R6/2 and N171-82Q mice, but did not affect
rotarod performance in nontransgenic control mice. These results suggest that tiagabine
improved motor function by attenuating the pathological changes causing motor deficits
induced by mutant huntingtin, not by improving the general activity and performance of mice.

Tiagabine reduced brain atrophy and neurodegeneration, but not huntingtin aggregates in HD
mice. These data suggest that the neuroprotective effect of tiagabine does not appear to due to
any effect on huntingtin aggregates. Interestingly, the brain regions that have most huntingtin
aggregates are not those regions with large amounts of neurodegeneration. We found that,
although there were large numbers of cells with aggregates in hippocampus of N171-82Q mice,
neurodegeneration was not prominent in this region. There were very fewer cells with
huntingtin aggregates in striatum, however, which is the region that has most
neurodegeneration in HD. This is consistent with the finding that huntingtin protein that forms
aggregates does not correlate positively with neuronal death and that it is the amount of diffuse
intracellular huntingtin that leads to neuronal loss (Arrasate et al., 2004).

There is evidence of body weight loss in HD patients and mice, which may be due to the
metabolic changes in HD. Tiagabine treatment could not prevent the body weight loss in both
mouse models of HD, indicating that the neuroprotective effect of tiagabine is independent of
a correction in metabolic change.

Our current studies suggest that tiagabine protects neurons in HD mice by mechanism(s) other
than reinforcement of GABA pathway. Further study is needed to evaluate the neuroprotective
mechanism of tiagabine in HD, and because tiagabine is a well-tolerated FDA-approved drug,
it may be a good candidate for effective treatment of HD and other age-related
neurodegenerative disorders.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Tiagabine (TGB) protects neurons against mutant huntingtin (htt)- induced toxicity in
cultured cells

The N-terminal sequence of mutant htt with 148 polyglutamine repeats (N63-148Q-myc) was
inducibly expressed in PC12 cells by withdrawal of doxycycline in culture medium in Tet-off
system. Cells were differentiated by adding NGF (50 ng/ml) in culture medium. Cell toxicity
was assessed by LDH release from dead cells. *p<0.05 compared to the values of Dox(+)
group; **p<0.05 compared to the values of Dox(—) group. Three individual experiments with
triplicates in each experiment. Standard Student’s t-test was used for statistical analysis.

Neurobiol Dis. Author manuscript; available in PMC 2009 June 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Masuda et al.

a

n
o

o
o
&

@
o
L

Survival (%)

na
(=]
1

=—e— Control
—0— vehicle
—¥— Tiagabine 2
=A== Tiagabine 5

[ —
o
(=T =]

Time on the rod (s)

(=]

140 4
120 4
100 4

n & O @
o o o o
I L i I

Figure 2. Tiagabine extends survival and improves motor performance in N171-82Q HD mice
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Tiagabine was administered to mice at doses of 2 and 5 mg/kg/d. Survival was monitored daily.
(a) Tiagabine at 5 mg/kg (red line) significantly extended survival of N171-82Q mice. p=0.028
comparison between tiagabine 5mg/kg group and vehicle group by log-rank test. (b) tiagabine
did not affect body weight in N171-82Q mice. Motor behavioral performance was evaluated
by an accelerating rotarod apparatus in mice at 16 weeks of age (c) and 18 weeks of age (d).

n=10-15. Values are the mean and SE. *p<0.05 compared to the value of WT-vehicle

group; #p<0.05, compared to the value of HD-vehicle group by standard student t-tests.
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Figure 3. Tiagabine attenuates brain atrophy and neurodegeneration in N171-82Q HD mice
Tiagabine was administered to HD mice beginning at 8 weeks of age, mice were perfused at
18 weeks old, brain sections were processed for Nissl staining (2) and neurosilver staining for
detecting degenerative neurons (b). (a) Representative photographs of brain sections of Nissl
staining from indicated group. Scale bar=120 pm. note that N171-82Q mouse brain exhibited
enlarged ventricles and shrunk striatum. Tiagabine treatment reversed the brain atrophy in HD
mice. (b—c) Quantification data of brain atrophy. Tiagabine treatment significantly attenuated
the brain atrophy in N171-82Q mice. =4 mice. *p< 0.05, compared to the values of
nontransgenic-vehicle group ( Nontg-veh); **p< 0.05, compared to the values of N171-82Q
mice treated with vehicle (HD-veh) by standard student t-tests. (d) Representative silver
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staining results, the dark staining neurons represent cells undergoing neurodegeneration. Note
more dark stained neurons were found in vehicle-treated brain compared to tiagabine-treated
brain in both cortex and striatum regions. Scale bars = 20 pm. (e—f) Quantification of silver
positive neurons in piriform cortex and striatum. There were fewer silver-positive neurons in
both piriform cortex and striatum in tiagabine-treated samples. n=4 mice. *p< 0.05, compared
to the values of vehicle group by standard student t-tests.
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Figure 4. Tiagabine did not affect huntingtin aggregates in N171-82Q mice

HD mice were treated with vehicle (saline) or tiagabine (5 mg/kg) from 8 weeks of age. Mice
were perfused for EM48 immunostaining to detect the mutant huntingtin aggregates at 18
weeks of age. (a) Representative photographs of brain sections stained with EM48 antibody
from indicated group. Scale bars=20 um. (b—c) There was no difference in the density of cells
with htt aggregates both in piriform cortex and hippocampus between N171-82Q mice treated
with vehicle and tiagabine. n=4 mice.
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Figure 5. Tiagabine increases survival and improves motor performance in R6/2 mice

(a) 6-week-old R6/2 mice were injected with either vehicle (saline) or tiagabine (5 mg/kg)

daily, and survival was monitored daily. Tiagabine at 5 mg/kg (red line) significantly increased
survival. P<0.05 comparison between R6/2 —vehicle ( black line) and R6/2 tiagabine-treated
group ( red line) by log rank test. (b) tiagabine did not affect body weight in R6/2 mice. (c)
Motor behavioral performance was evaluated by an accelerating rotarod apparatus with mice
at indicated ages, n=8-15. Values are the mean and SE. *p<0.05 compared to the value of WT-
vehicle group; #p<0.05, compared to the value of HD-vehicle group by standard student t-tests.

Neurobiol Dis. Author manuscript; available in PMC 2009 June 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Masuda et al. Page 16

a WT-vehicle R6/2-vehicle R6/2-tiagabine
b C
14 &
*
@ e T o ]’
*k [
E + o3 £ **
‘é’ i T E 4 T
3 § 3 T
g o
T . g2
® =
E . 2
7
0 T T T o T T T
Nontg-veh R6/2-veh  R6/2-Tia Nontg-veh R6/2-veh  R6/2-tia
d » .‘
Rm -vehicle . R6/2- tr»]p
X
) Q‘. e ' 1 55-
1Y &,
Ok '-.0"-: -"‘ *, ‘
..#.. -qf"l"" ,'m
R6/2:yeh W¥Rei2-tiagabine
E gy e AW
2+%st0 68 " ¥
» B &
) 3 L L o |
,,3 Fe 1 3 ¢ PR
2Ny 9% .
I - : _s L
e f
frontal cortex striatum
5 3004 o 250
o = I I
= T z T
3 200 4 §
a g 150
2 g
& B 00
@ 100 @
-] E
I I 5o
0 T T 0
Vehicle Tiagabine vehicle Tiagabine

Figure 6. Tiagabine attenuates brain atrophy, but does not affect htt aggregates in R6/2 mice

(a) Representative photographs of brain sections of Nissl staining from indicated group. Scale
bar=120 pm. Note that R6/2 mouse brain showed enlarged ventricles and smaller striatum.
Tiagabine treatment reversed the brain atrophy in R6/2 mice. (b—c) Quantification of brain
atrophy. Tiagabine treatment significantly attenuated the brain atrophy in R6/2 mice. n=4 mice.
*p< 0.05, compared to the values of nontransgenic-vehicle group (Nontg-veh); **p< 0.05,
compared to the values of R6/2 mice treated with vehicle (R6/2-veh) by standard student t-
tests. (d) Representative photographs of brain sections stained with EM48 antibody from
indicated group. Scale bars=20 um. (e—f) There was no difference in the density of cells with
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htt aggregates both in frontal cortex and striatum between R6/2 mice treated with vehicle and
tiagabine. n= 4 mice.
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