
Silencing Mutant Huntingtin by Adeno-Associated
Virus-Mediated RNA Interference Ameliorates Disease

Manifestations in the YAC128 Mouse
Model of Huntington’s Disease

Lisa M. Stanek, Sergio P. Sardi, Bryan Mastis, Amy R. Richards, Christopher M. Treleaven,
Tatyana Taksir, Kuma Misra, Seng H. Cheng, and Lamya S. Shihabuddin

Abstract

Huntington’s disease (HD) is a fatal autosomal dominant neurodegenerative disease caused by an increase in
the number of polyglutamine residues in the huntingtin (Htt) protein. With the identification of the underlying
basis of HD, therapies are being developed that reduce expression of the causative mutant Htt. RNA inter-
ference (RNAi) that seeks to selectively reduce the expression of such disease-causing agents is emerging as a
potential therapeutic strategy for this and similar disorders. This study examines the merits of administering a
recombinant adeno-associated viral (AAV) vector designed to deliver small interfering RNA (siRNA) that
targets the degradation of the Htt transcript. The aim was to lower Htt levels and to correct the behavioral,
biochemical, and neuropathological deficits shown to be associated with the YAC128 mouse model of HD. Our
data demonstrate that AAV-mediated RNAi is effective at transducing greater than 80% of the cells in the
striatum and partially reducing the levels (*40%) of both wild-type and mutant Htt in this region. Concomitant
with these reductions are significant improvements in behavioral deficits, reduction of striatal Htt aggregates,
and partial correction of the aberrant striatal transcriptional profile observed in YAC128 mice. Importantly, a
partial reduction of both the mutant and wild-type Htt levels is not associated with any notable overt neuro-
toxicity. Collectively, these results support the continued development of AAV-mediated RNAi as a therapeutic
strategy for HD.

Introduction

Huntington’s disease (HD) is an inherited neurode-
generative disease caused by an expansion of the CAG

repeat in exon 1 of the huntingtin gene (HTT). The resulting
extension of the polyglutamine tract in the N-terminal region
confers a toxic gain-of-function to the mutant huntingtin
protein (mHtt). mHtt toxicity may arise from the formation of
insoluble mHtt-containing aggregates, transcriptional dysre-
gulation, and perturbations in protein homeostasis, all of
which can lead to neuronal death (Saudou et al., 1998;
Zuccato et al., 2003; Schaffar et al., 2004; Benn et al., 2008).
Pathological findings in patients with HD include cortical
thinning and a striking progressive loss of striatal neurons
(Rosas et al., 2002). Disease onset typically occurs during the
third to fourth decade of life; symptoms include choreiform
movements, impaired coordination, progressive dementia,

and other psychiatric disturbances (Vonsattel et al., 1985).
HD is ultimately fatal, with death occurring approximately
10–15 years after the onset of symptoms. Although the ge-
netic basis of HD has been known for almost 20 years, current
therapies are largely palliative and do not address the un-
derlying cause of the disease. This is likely due in part to the
fact that the etiology of this disease is complex, with detri-
mental effects observed in a wide variety of cellular pro-
cesses. Hence, the focus of drug development has been
directed at addressing the primary offending trigger, namely,
the mutant HTT gene itself.

The potential for silencing mHtt expression as a thera-
peutic strategy for HD was first demonstrated in a condi-
tional mouse model of the disease (Yamamoto et al., 2000).
When the expression of mHtt was induced in these mice,
pathological and behavioral aberrations became apparent.
Subsequent tetracycline-mediated repression of the mHtt
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transgene reversed these abnormalities, indicating that a
reduction of mHtt levels allowed protein clearance mecha-
nisms within neurons to normalize mHtt-induced changes.
Hence, therapeutic strategies that reduce mHtt levels could
potentially halt disease progression and alleviate HD
symptoms. Proposed approaches to blocking Htt expression
include the use of antisense oligonucleotides (ASOs) as well
as RNA interference (RNAi) that uses either duplex RNAs
(dsRNAs) or chemically modified single-stranded RNAs
(ssRNAs) (Harper et al., 2005; DiFiglia et al., 2007;
Boudreau et al., 2009b; Drouet et al., 2009; Sah and Aronin,
2011; Matsui and Corey, 2012; Yu et al., 2012). We re-
ported that the intracerebroventricular infusion of an ASO
directed against mutant Htt mRNA yielded a therapeutic
benefit in three distinct mouse models of HD (BACHD,
YAC128, and R62) (Kordasiewicz et al., 2012). However,
hurdles to translating this approach into the clinic may in-
clude the need to incorporate a device to facilitate repeated
and chronic infusions of ASO into the CNS, and the need to
adequately distribute the drug to target regions in a large
brain.

To circumvent these potential issues with ASOs, we ex-
amined the merits of employing adeno-associated virus
(AAV)-mediated expression of small interfering RNA
(siRNA), which offers the potential for increased safety,
increased efficiency, and longer-lasting efficacy. In nature,
gene regulation by RNAi occurs through small RNAs
known as microRNAs (miRNAs) (Ambros, 2004; Krol
et al., 2010). MicroRNAs have emerged as powerful regu-
lators of diverse cellular processes, and when delivered by
viral vectors artificial miRNAs are continuously expressed,
resulting in robust and sustained suppression of target genes.
The elucidation of the mechanisms involved in miRNA
processing has allowed scientists to co-opt the endogenous
cellular RNAi machinery and direct the degradation of
a target gene product with the use of artificial miRNAs
(Davidson and Monteys, 2012).

As patients with HD express both mutant and wild-type
Htt alleles, a majority of siRNA targeting sequences will
likely degrade both alleles. However, non-allele-specific Htt
silencing in HD mice has been shown to be well tolerated
and can afford the same benefit as reducing mutant Htt alone
(Boudreau et al., 2009b; Drouet et al., 2009; Kordasiewicz
et al., 2012). Moreover, the partial and sustained suppres-
sion of wild-type Htt in the putamen of nonhuman primates
after AAV-mediated RNAi reportedly did not have any
untoward effects, which suggests that the adult brain can
tolerate reduced levels of wild-type Htt (McBride et al.,
2011; Grondin et al., 2012).

In the present study, we examined the therapeutic po-
tential of AAV-mediated RNAi (conferred by artificial
miRNAs) to provide sustained reduction of Htt levels and
improvement of HD-associated abnormalities in the
YAC128 transgenic mouse model of HD. Previous studies
evaluating AAV-mediated RNAi for HD have employed the
use of the R6/1- and N171-82Q fragment-based HD mouse
models (Harper et al., 2005; Rodriguez-Lebron et al., 2005;
Machida et al., 2006; Boudreau et al., 2009b). These models
display an aggressive and rapidly progressing phenotype
that makes long-term behavioral and functional testing
challenging. By contrast, the yeast artificial chromosome
(YAC) mouse model of HD harbors a mutant human Htt

gene bearing 128 CAG repeats and exhibits characteristic
HD pathology and progressive motor abnormalities. This
model also exhibits age-dependent neuropathology, making
it a useful mouse model with which to evaluate therapeutic
interventions.

Materials and Methods

Animals

All procedures were performed according to a protocol
approved by the Institutional Animal Care and Use Com-
mittee at Genzyme, a Sanofi Company (Department of
Health and Human Services, NIH Publication 86-23). Mice
used included YAC128 mice (a yeast artificial chromosome
harboring the full-length human mutant HTT transgene with
128 CAG repeats on a pure FVB/NJ background) and FVB/
NJ littermate mice (Slow et al., 2003; Van Raamsdonk
et al., 2005). Both the YAC128 mice and FVB/NJ litter-
mates were obtained from a Genzyme colony that was
housed at Charles River Laboratories (Wilmington, MA).
The mice were maintained on a 12-hr light/dark cycle with
food and water available ad libitum. All behavioral testing
was performed during the animals’ light cycle (between the
hours of 8 a.m. and 4 p.m.).

Plasmids and viral vectors

To generate recombinant AAV2/1 serotype vectors en-
coding an miRNA-based hairpin against the huntingtin gene
(AAV2/1-miRNA-Htt), the cDNA for human HTT was
cloned into a shuttle plasmid containing the AAV2 inverted
terminal repeats (ITRs) and the 1.6-kb cytomegalovirus
enhancer/chicken b-actin (CBA) promoter. Control vectors
contained either an empty vector backbone (AAV2/1-Null)
or expressed enhanced green fluorescent protein under the
control of the same promoter (AAV2/1-eGFP). All viral
vectors were generated by triple-plasmid cotransfection of
human 293 cells, and the recombinant virions were column
purified as previously described (Passini and Wolfe, 2001).
The resulting titer of AAV2/1-miRNA-Htt was determined
to be 4.5 · 1012 vector genomes (VG)/ml, and the titer of
AAV2/1-Null was 2.3 · 1012 VG/ml, using quantitative
PCR.

Surgical procedures

Animals were anesthetized with 3% isoflurane and placed
into a stereotaxic frame. Intracranial injections were per-
formed as previously described (McBride et al., 2008).
Briefly, 2 ll of the recombinant viral vector (AAV2/1-eGFP
or AAV2/1-miRNA-Htt) was injected into the striatum
(anteroposterior, + 0.50; mediolateral, – 2.00; dorsoventral,
- 2.5 from bregma and dura; incisor bar, 0.0), using a 10-ll
Hamilton syringe at the rate of 0.5 ll/min. The needle was left
in place for 1 min after the completion of infusion. One hour
before surgery and for 24 hr after surgery, the mice were ad-
ministered ketoprofen (5 mg/kg) subcutaneously for analgesia.

Animal perfusion and tissue collection

The mice were perfused through the heart with phosphate-
buffered saline (PBS) to remove all blood. The brains were cut
sagittally along the midline, and the left hemisphere was
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postfixed in 4% paraformaldehyde followed by 30% sucrose and
then sectioned into 20-lm sections, using a cryostat. The right
hemisphere was cut along the coronal axis into 2-mm slabs,
using a mouse brain matrix (Harvard Apparatus, Holliston, MA),
and then flash-frozen in liquid nitrogen and stored at - 80�C until
use. For the analysis of Htt aggregates, the brains were postfixed
in 4% paraformaldehyde for 48 hr, washed with PBS, and then
sectioned into 40-lm coronal sections, using a vibrating mi-
crotome (Vibratome; Leica Biosystems, St. Louis, MO).

Cell culture and transfection

HEK293 cells were infected with 5 · 109 VG of either
AAV2/1-eGFP or AAV2/1-miRNA-Htt and harvested 3 days
later. RNA levels were measured by quantitative real-time
RT-PCR. Total RNA was isolated with a TaqMan Cells-to-
CT kit (Ambion, Austin, TX). Quantitative PCRs were con-
ducted and analyzed on an ABI Prism 7500 sequence detector
(Applied Biosystems/Life Technologies, Carlsbad, CA) as
described previously (Winer et al., 1999). Expression levels
were normalized to peptidylprolyl isomerase (PPIA) levels.

Quantitative real-time PCR (TaqMan)

RNA levels were measured by quantitative real-time RT-
PCR. Brain tissue samples from brain slab 2 were used for all
RT-PCR analyses. Total RNA was extracted with an RNeasy
mini kit (Qiagen, Valencia, CA) and then reverse transcribed
and amplified with a TaqMan One-Step RT-PCR master mix
kit (Applied Biosystems/Life Technologies) according to the
manufacturer’s instructions. Quantitative RT-PCRs were
conducted and analyzed on an ABI PRISM 7500 real-time
PCR system (Applied Biosystems/Life Technologies). The
expression levels of Htt mRNA were normalized to hypo-
xanthine-guanine phosphoribosyltransferase-1 (Hprt1) mRNA
levels. Standard curves were generated with 5-fold serial di-
lutions of mouse brain cDNA. Each sample was run in du-
plicate. Relative gene expression was determined by using the
standard curve or DDCT method and normalizing to Hprt1
mRNA levels.

Western blotting

Tissues, at a final concentration of 50 mg/ml in T-PER
lysis buffer (Pierce Biotechnology/Thermo Fisher Scientific,
Rockford, IL) and containing complete protease inhibitor
cocktail (Roche, Indianapolis, IN), were homogenized. The
homogenates were cleared by centrifugation at 10,000 · g
for 6 min at 4�C. The protein concentration was measured
by bicinchoninic acid (BCA) assay (Pierce Biotechnology/
Thermo Fisher Scientific). Twenty to 30 lg of the homog-
enates was resolved on a 3–8% Novex Tris–acetate gel and
then transferred to a nitrocellulose membrane. The mem-
branes were probed with a mouse anti-huntingtin mono-
clonal antibody (Mab2166, 1:2000 dilution; Millipore,
Bedford, MA) and rabbit polyclonal anti-b-tubulin antibody
(1:750 dilution; Santa Cruz Biotechnology, Santa Cruz,
CA). The membranes were then incubated with infrared
secondary antibodies (1:20,000 dilution; Rockland, Gil-
bertsville, PA), and the proteins were visualized by quanti-
tative fluorescence, using an Odyssey imager (LI-COR
Biosciences, Lincoln, NE). To control for loading variances,
Htt protein was normalized to b-tubulin and expressed as a

percentage of untreated or saline-treated animals. Molecular
weight markers were used to verify the identity of the
proteins.

Flow cytometry and cell sorting

Single-cell suspensions were analyzed and isolated with a
FACSAria II cell sorter (BD Biosciences San Jose, CA) with
a 100-lm nozzle at the Genzyme Flow Cytometry Core
Facility. Analysis of cells was performed by discriminating
live single cells from debris by gating on the forward scatter
(FWD-Sc) and side scatter (SSC). eGFP-positive cells were
collected, using detector E with a 530/30 BP filter 505LP.
The eGFP fluorescence data profile was displayed as a
single-parameter histogram and sorting decisions were
based on eGFP - and eGFP + . Sorted cells were collected in
tissue culture medium containing 5% fetal bovine serum and
plated onto 4-well chambered slides (Lab-Tek; Nalge Nunc
International, Naperville, IL) at a concentration of 50,000
cells per well.

Immunohistochemistry

Vibratome sections were processed for immunostaining
with EM48, an antibody that preferentially recognizes ag-
gregated huntingtin (Gutekunst et al., 1999). The free-
floating sections were first treated with dual endogenous
enzyme block (Dako, Carpinteria, CA) for 30 min to block
endogenous peroxidase activity. They were then washed
with 0.01 M PBS (3 min) followed by three washes with
0.5% Triton X-100 in PBS (10 min each). Nonspecific sites
were blocked by incubating the sections in Rodent Block M
(Biocare Medical, Concord, CA) for 1 hr at room tempera-
ture. Sections were probed with the EM48 antibody (1:25
dilution in PBS; Millipore) by incubating at 4�C on a gentle
rocker in a cold room overnight. The next day, sections were
incubated with secondary antibody (MM HRP Polymer;
Biocare Medical) for 1 hr at room temperature on a rocker.
After three washes in PBS (15 min each) the signal was
detected with a 3,3¢-diaminobenzidine (DAB) peroxidase
substrate kit (Vector Laboratories, Burlingame, CA). After
washes, sections were mounted onto SuperFrost Plus slides,
dried overnight, and coverslipped with Acrytol mounting
medium.

Behavioral analysis

Accelerating Rotarod test. Motor coordination and motor
learning were assessed on an accelerating Rotarod apparatus
(AccuScan Instruments, Columbus, OH). Mice were trained
on the Rotarod with three trials per day for three consecutive
days. On the first training day, the Rotarod was set to accel-
erate from 0 to 5 rpm over 300 sec. Mice that fell off the rod
before completion of the 300-sec time period were placed
back on the rod until the full 300-sec period had expired. On
the second and third days of training, the Rotarod was set to
accelerate from 0 to 40 rpm over 300 sec, again requiring all
mice to complete the full 300 sec on the rod. On the fourth day
(test day), the mice were placed on the Rotarod set to accel-
erate from 0 to 40 rpm over 300 sec. Animals were not re-
placed after falling, and the latency to fall was recorded over
three trials. Latency to fall was defined by the time elapsed
until the animal fell from the Rotarod.
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Porsolt swim test. Immobility in the Porsolt swim test
was used as a measure of depression in rodents (Porsolt et al.,
1977; Cryan et al., 2002a,b). The test was conducted by
placing mice in individual glass cylinders (height, 20 cm;
diameter, 10 cm) filled with water at 23�C up to a height of
15 cm. The mice were placed into the cylinders for a period
of 7 min. The first 3 min of this period was considered an
acclimation period, during which time no data were collected.
During the last 4 min of the test session, the performance of
the mice was scored by a blinded observer using a time-
sampling technique to rate the predominant behavior over
10-sec intervals. Swimming and immobility behaviors were
measured and recorded at the end of every 10 sec, which
resulted in 24 data points per test. The percentage of time
spent in an immobile state was calculated for each mouse.

Statistics

Mean values were used for statistical analyses. Data are
expressed as means – SEM. For studies that used two
groups, the Student t test was used for statistical compari-
son. For comparisons of more than two groups, one-way
analysis of variance (ANOVA) was used followed by the
Tukey multiple comparison post-hoc test (Prism; GraphPad
Software, San Diego, CA). p < 0.05 was considered a sta-
tistically significant difference.

Results

AAV2/1-miRNA-Htt reduces Htt expression in vitro

A targeting sequence that was previously shown to ef-
fectively target mouse and human Htt mRNAs (McBride
et al., 2008) was embedded into an artificial miRNA back-
bone and cloned into a previral vector. This plasmid was
engineered to express the miRNA targeting Htt and an en-
hanced GFP (eGFP) reporter gene under the transcriptional
control of a chicken b-actin (CBA) promoter (pSP70-CBA-
eGFP) as illustrated in Fig. 1A. The candidate targeting se-
quence, which was selected from the Htt coding region, was
5¢-TAGACAATGATTCACACGGT-3¢. High-titer recombi-
nant AAV2/1 serotype vectors encoding the targeting se-
quence (AAV2/1-miRNA-Htt) and control vectors (AAV2/
1-eGFP and AAV2/1-Null) were generated and their gene-
silencing activities tested by infecting human embryonic
kidney (HEK) 293 cells. Cells were infected with 5 · 109 VG
of AAV vector. Using fluorescence-activated cell-sorting
(FACS) analysis, we confirmed that this dose resulted in
greater than 90% infection efficiencies in HEK293 cells af-
ter infection with AAV-eGFP-miRNA-Htt (Supplementary
Fig. S1; supplementary data are available online at www
.liebertpub.com/hum). Cells infected with AAV2/1-eGFP
did not show any reduction of endogenous Htt levels when
analyzed by real-time PCR 3 days postinfection; however,
cells infected with AAV2/1-miRNA-Htt exhibited an ap-
proximately 40% reduction in Htt mRNA levels (Fig. 1B).

AAV2/1-miRNA-Htt injection into YAC128 mice results
in widespread striatal transduction and reduction
of Htt mRNA

After verification of the ability of AAV2/1-miRNA-Htt to
suppress Htt mRNA levels in vitro, we next evaluated the
ability of this vector to silence Htt expression in the striatum

of YAC128 mice. To determine the percent transduction of
cells within the striatum after intrastriatal injections of
AAV2/1-miRNA-Htt, FACS was employed. Adult YAC128
mice received bilateral intrastriatal injections of AAV2/1-
eGFP-miRNA-Htt (4.5 · 1012 VG/ml) or the control vector,
AAV2/1-eGFP (5.6 · 1012 VG/ml). One month after injec-
tion the striatal region of each animal was microdissected
and eGFP-containing versus non-eGFP-containing cells
were sorted and quantified by FACS analysis (Fig. 2A and
B). The data showed that greater than 80% of the striatum
was transduced by our vector as demonstrated by the pres-
ence of eGFP within a majority of the sorted striatal cells
(Fig. 2C).

To evaluate the ability of our vector to reduce Htt in vivo
and to monitor the longevity of the response, adult mice
received bilateral intrastriatal injections of AAV2/1-miR-
NA-Htt (4.5 · 1012 VG/ml) (n = 16, n = 8 + 8 per time point)
or the AAV2/1-Null control vector (2.3 · 1012 VG/ml)
(n = 8), and the brains were analyzed 1 or 5 months post-
treatment. Fluorescence microscopy analysis of brain sec-
tions from mice treated with AAV2/1-miRNA-Htt at both
time points showed widespread eGFP fluorescence
throughout the entire striatum and surrounding brain re-
gions, consistent with our FACS analysis suggesting almost
complete striatal transduction (Fig. 2D). The levels of eGFP
expression in the brains of mice attained at 1 month post-
treatment appeared undiminished at the 5-month time point
(Fig. 2D). The striatal level of mutant human Htt mRNA
was significantly reduced in the AAV2/1-miRNA-Htt-
injected mice when compared with AAV2/1-Null-treated
controls, and an equivalent extent of reduction (approxi-
mately 45%; p < 0.01) was noted at both time points (Fig.
2E). We also evaluated striatal levels of endogenous mouse

FIG. 1. AAV2/1-miRNA-Htt mediates the reduction of Htt
levels in vitro. (A) Schematic of the previral construct used to
generate AAV2/1-miRNA-Htt. The plasmid was designed to
express GFP and an miRNA sequence against Htt under the
transcriptional control of the chicken b-actin (CBA) pro-
moter. ITR, inverted terminal repeat; eGFP, enhanced green
fluorescent protein. (B) Quantitative PCR analysis evaluating
Htt mRNA levels in HEK293 cells 48 hr after AAV-2/1-
miRNA-Htt treatment. PPIA served as a normalization con-
trol gene. Values are given as means – SEM. *p < 0.05. Color
images available online at www.liebertpub.com/hum
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Htt mRNA and found that levels were significantly reduced
after AAV2/1-miRNA-Htt treatment when compared with
AAV2/1-Null-treated controls. An equivalent extent of re-
duction (approximately 45%; p < 0.01) was noted at both
time points (Supplementary Fig. S2).

AAV2/1-miRNA-Htt injection into YAC128 mice does not
cause overt toxicity in the brain

To determine whether injections of AAV2/1-miRNA-Htt
and the consequent reduction of Htt conferred neurotoxicity
and inflammation, cellular morphology and integrity of
striatal sections were examined by hematoxylin and eosin
(H&E) staining. Levels of the neuroinflammatory markers
glial fibrillary acidic protein (GFAP, a marker of astrocytes)
and Iba-1 (a marker of microglia) were also examined 1 and
5 months posttreatment. Analysis by H&E staining showed
no remarkable histopathological changes in the injected
brain regions (Fig. 3A, panels a–c). No notable increases in
either the number of GFAP-positive astrocytes (visualized

by immunohistochemistry) or the levels of GFAP mRNA
(quantitated by qPCR) were observed in the injected regions
1 or 5 months postinjection when compared with AAV2/1-
Null-treated animals (Fig. 3A, panels d–f and Fig. 3B).
However, an increase in the number of activated microglia,
as evidenced by an increase in Iba-1 immunostaining (Fig.
3A, panel h) and Iba-1 mRNA levels in the striatum were
noted at 1 month postinjection (Fig. 3C). Interestingly, at 5
months postinjection, microglial activation returned to
control levels (Fig. 3A, panel i and Fig. 3C), suggesting that
the response was transient. As the AAV2/1-Null control
vector used in this study did not harbor an eGFP gene, we
speculate that the expression of eGFP from AAV2/1-miR-
NA-Htt was likely responsible for the transient microglial
activation. Taken together, these results corroborate and
extend the findings that AAV2/1-miRNA-Htt is capable of
mediating sustained Htt silencing not only in vitro but also
in the striatum of YAC128 mice. Moreover, partial sup-
pression of Htt levels for up to 5 months does not lead to
overt toxicity or neuroinflammation in the mouse brain.

FIG. 2. Widespread striatal transduction and Htt reduction after intrastriatal injection of AAV2/1-miRNA-Htt into
YAC128 mice. (A) Flow cytometric scatter profile of striatal cells with eGFP. Forward light scatter A (FSC-A) represents
relative cell size, area and SSC-A represents relative cell complexity, area with each dot representing one cell. (B) Dot plot
based on FSC-A versus FITC-A analysis. Dead cells were sorted out and eGFP + and eGFP - cells were selected. GFP
expression from these cells was evaluated, quantified, and shown in (C), a fluorescence plot of eGFP fluorescence intensity
collected with a 530/30BP filter 505LP. (D) Fluorescence microscopy showing widespread eGFP expression throughout the
striatum after intracranial administration of AAV2/1-eGFP-miRNA-Htt. (E) Quantitative PCR analysis evaluating Htt
mRNA levels in the striatum 1 and 5 moths after injection of AAV2/1-miRNA-Htt or AAV2/1-null control vector. PPIA
served as a normalization control gene. Values are given as means – SEM. *p < 0.05. AAV2/1-miRNA-Htt-treated YAC128
mice (n = 8) showed an approximately 50% reduction in Htt mRNA levels in the striatum when compared with AAV2/1-
Null-injected mice (n = 8 per time point) at 1 and 5 months posttreatment.
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Striatal delivery of AAV2/1-miRNA-Htt corrects
the aberrant behavioral and neurochemical profiles
in YAC128 mice

The impact of the AAV-mediated reduction of mutant Htt
levels on the well-characterized phenotypic deficits that are
present in the YAC128 mouse model of HD was also ex-
amined. Age-matched (2 months old) YAC128 and wild-
type littermate mice received bilateral intrastriatal injections

of either AAV2/1-miRNA-Htt or AAV2/1-Null vector and
were then killed 3 months after treatment (Fig. 4A). As
expected, an analysis of brain sections demonstrated eGFP
expression throughout the entire striatum and surrounding
regions, as previously observed (Fig. 4B). Western blot
analysis of brain homogenates showed that the levels of both
mutant human and endogenous mouse Htt proteins were
significantly reduced in the striata of AAV2/1-miRNA-Htt-
injected YAC128 and wild-type mice (approximately 55%

FIG. 3. Sustained lowering of Htt levels in YAC128 mice by AAV2/1-miRNA-Htt does not cause overt neuroin-
flammation. (A) Panels a–c: Hematoxylin and eosin (H&E) staining of striatal tissue sections 1 or 5 months after AAV-
miRNA-Htt injection. Panels d–i: GFAP and Iba-1 immunohistochemical staining of sections from YAC128 mice treated
with AAV2/1-miRNA-Htt or AAV2/1-Null vector. All photographs were exposure-matched for accurate comparisons.
Scale bar: 0.25 mm. (B) Striatal levels of GFAP mRNA levels by qPCR 1 or 5 months after the injection of AAV2/1-
miRNA-Htt. (C) Iba-1 mRNA levels by qPCR 1 or 5 months after the injection of AAV2/1-miRNA-Htt. Values are given as
means – SEM. *Significant difference, p < 0.05; ANOVA. Color images available online at www.liebertpub.com/hum
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reduction; p < 0.01) when compared with AAV2/1-Null-
treated controls (Fig. 4C and D). Real-time quantitative PCR
analysis indicated that a commensurate reduction in mRNA
levels was also attained (data not shown).

YAC128 mice have been reported to exhibit motor co-
ordination deficits (which can be revealed by the Rotarod
test) and a depressive phenotype (using the Porsolt swim
test) beginning at 3 months of age (Slow et al., 2003; Van
Raamsdonk et al., 2007). Rotarod testing of AAV2/1-Null-
treated YAC128 mice 2 months postinjection showed sig-
nificant motor coordination deficits when compared with
AAV2/1-Null- or AAV2/1-miRNA-Htt-treated wild-type
littermates (ANOVA, p < 0.01) (Fig. 4E). However, YAC128

mice that had been treated with AAV2/1-miRNA-Htt showed
performance levels that were indistinguishable from those of
wild-type mice (ANOVA, Tukey post-hoc test; wild-type Htt
vs. YAC128 Htt, p = not significant [NS]; wild-type Null vs.
YAC128 Null, p < 0.05). Hence, a partial lowering of mutant
Htt levels was sufficient to correct the motor deficits of
YAC128 mice. There were no significant differences in Ro-
tarod performance between wild-type mice that received
AAV2/1-miRNA-Htt and wild-type mice that received AAV2/
1-Null.

Previous reports indicated that YAC128 mice (beginning
at 3 months of age) exhibit a depressive phenotype that can
be detected by the Porsolt swim test (Pouladi et al., 2009).

FIG. 4. Striatal administration of AAV2/1-miRNA-Htt reduces behavioral deficits in YAC128 mice. (A) Illustration of
experimental timeline. Two-month-old YAC128 (YAC) and wild-type (WT) mice received bilateral striatal injections of
either AAV2/1-miRNA-Htt (YAC, n = 8; WT, n = 8) or AAV2/1-Null control (YAC, n = 8; WT, n = 8) and were subjected to
a Rotarod test and the Porsolt swim test at 4 and 5 months of age, respectively. All mice were killed at 5 months of age, and
tissues were then collected for biochemical and histological analyses. (B) Fluorescence microscopy showing eGFP ex-
pression in the striatum 3 months posttreatment. (C and D) Mouse and human Htt protein levels by Western blot 3 months
after AAV2/1-miRNA-Htt treatment. (E) Accelerating Rotarod test 2 months after the injection of AAV2/1-miRNA-Htt. (F)
Time spent immobile in the Porsolt swim test 3 months after the injection of AAV2/1-miRNA-Htt. Values are given as
means – SEM. *Significant difference, p < 0.05; ANOVA followed by Tukey post-hoc test.
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Animals are deemed to exhibit a depressive state if they are
immobile for an extended period when placed into a con-
tainer of water. Using a basic swim speed test (in which
swim latency to reach a platform was measured), research-
ers have demonstrated that this depressive phenotype in the
Porsolt swim test is unrelated to the swimming ability of
YAC128 mice and is independent of the well-documented
motor coordination deficits observed in this model (Pouladi
et al., 2009, 2012). Two-month-old YAC128 and wild-type
littermate mice were injected with AAV2/1-miRNA-Htt or
AAV2/1-Null vector and tested 3 months later in the Porsolt
swim test. Untreated YAC128 mice displayed an increased
period of time in an immobile state when compared with
either AAV2/1-miRNA-Htt-treated YAC mice or AAV2/1-
Null-treated wild-type animals (Fig. 4F; ANOVA, p < 0.05).
Again, there were no significant differences in the perfor-
mance of wild-type mice that received either AAV2/1-
miRNA-Htt or AAV2/1-Null. YAC128 mice that had been
injected with AAV2/1-miRNA-Htt spent significantly less
time in an immobile state than did AAV2/1-Null-treated
controls. Indeed, the performance of AAV2/1-miRNA-Htt-
treated YAC128 mice was similar to that of their wild-type
littermates, suggesting a near-complete correction of this
aberrant phenotype (ANOVA, Tukey post-hoc test; YAC
Htt vs. YAC Null, p < 0.05) (Fig. 4F).

Transcriptional dysregulation of a number of genes en-
riched in the striatum has been observed in HD brains
(Richfield et al., 1995; Augood et al., 1997; Sugars et al.,
2004; Desplats et al., 2006). This aberration is also evident
in YAC128 mice, as illustrated in particular by their sig-
nificantly lower striatal levels of DARPP-32 (dopamine- and
cAMP-regulated phosphoprotein Mr 32 kDa) and D1 dopa-
mine receptors compared with those of wild-type animals
(Pouladi et al., 2012). To examine whether the suppression
of Htt levels in YAC128 mice corrected this altered tran-
scriptional profile, real-time quantitative PCR analysis was
performed on striatal tissues of YAC128 mice that had been
treated at 2 months of age with AAV2/1-miRNA-Htt and
analyzed 3 months later. An analysis of brain extracts of
AAV2/1-Null-treated YAC128 mice indicated that the

mRNA levels of DARPP-32 and D1 dopamine receptor
(D1R) were significantly lower when compared with age-
matched wild-type controls (ANOVA, Tukey post-hoc test;
wild-type Null vs. YAC128 Null, p < 0.05) (Fig. 5A and B).
YAC128 mice that were administered AAV2/1-miRNA-Htt
exhibited higher levels of DARPP-32 and D1R mRNA than
those treated with AAV2/1-Null vector; however, these
levels were still lower than those observed in the wild-type
controls (ANOVA, Tukey post-hoc test; wild-type Null vs.
YAC Htt, p = NS). Thus, the AAV2/1-miRNA-Htt-mediated
reduction of Htt levels in YAC128 mice conferred a partial
correction of the aberrant striatal transcriptional profile. It is
possible that examination at later time points (greater than 5
months posttreatment) may reveal a more complete cor-
rection of this aberrant profile.

Together, these results corroborate earlier in vitro and
in vivo findings that AAV2/1-miRNA-Htt is capable of
mediating a sustained lowering of Htt levels. Importantly,
we show that this reduction in striatal Htt levels in YAC128
mice results in measurable improvements in motor function
and behavior as well as a partial correction of the well-
characterized transcriptional dysregulation in the striatum.

Striatal delivery of AAV2/1-miRNA-Htt reduces Htt
aggregates in the brains of YAC128 mice

The appearance of Htt aggregates and inclusion bodies in
the CNS is a neuropathological hallmark of HD. Lowering the
levels of these aggregates in HD mice has been correlated with
notable improvements in pathology (Harper et al., 2005; Ro-
driguez-Lebron et al., 2005). The YAC128 mouse model re-
portedly exhibits significant and widespread accumulation of
Htt aggregates in the striatum by 12 months of age (Slow et al.,
2003; Pouladi et al., 2012). Immunohistochemical staining of
brain sections of 6-, 9-, and 24-month-old YAC128 mice in our
colony, using the anti-Htt antibody EM48, also showed evi-
dence of aggregates in both the striatum and cortex as early as
6 months of age that progressed over time (Fig. 6A). Twelve-
month-old tissues (16-lm frozen sections) were also analyzed
and shown to have a similar extent of aggregates as the

FIG. 5. Treatment with AAV2/1-miRNA-Htt partially corrects the transcriptional dysregulation of DARPP-32 and D1
receptor in YAC128 mice. DARPP-32 and D1 receptor mRNA levels in the striatum of YAC128 and wild-type (WT) mice
were assessed by qPCR 3 months after the injection of either AAV2/1-miRNA-Htt (YAC, n = 8; WT, n = 8) or AAV2/1-Null
control (YAC, n = 8; WT, n = 8). (A) Striatal DARPP-32 mRNA levels in YAC128 and FVB wild-type littermate mice after
AAV2/1-Null or AAV2/1-miRNA-Htt treatment. (B) Striatal D1 receptor mRNA levels in YAC128 and FVB wild-type
littermate mice after AAV2/1-Null or AAV2/1-miRNA-Htt treatment. Values are given as means – SEM. *Significant
difference, p < 0.05; ANOVA followed by Tukey post-hoc test.
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24-month-old cohort; however, nonspecific background stain-
ing in our frozen sections was significantly higher than in the
Vibratome sections (data not shown).

To examine whether the AAV-mediated reduction of
mutant Htt levels lowered the extent of accumulation of Htt

aggregates in the brains of postsymptomatic YAC128 mice
(7 months old) and, in turn, correct the motor and behavioral
deficits, mice were subjected to bilateral intrastriatal injec-
tions of either AAV2/1-miRNA-Htt or AAV2/1-GFP. The
animals underwent Rotarod testing 3 months postinjection

FIG. 6. Intracranial administration of AAV2/1-miRNA-Htt ameliorates motor deficits and reduces mutant Htt aggregates
in the striatum of aged YAC128 mice. (A) Immunohistochemical staining of YAC128 mouse brain sections showing mutant
Htt aggregates in the striatum. Aggregates were observed in 6, 9, 12 (data not shown), and 24-month-old YAC128 mice.
Wild-type mice exhibited no aggregates at all ages tested. (B) An illustration of the experimental timeline for testing AAV2/
1-miRNA-HTT in aged YAC128 and wild-type mice. Seven-month-old mice received bilateral intrastriatal injections of
AAV2/1-miRNA-Htt (YAC, n = 6; WT, n = 4) or AAV2/1-GFP control (YAC, n = 6; WT, n = 4) and were then subjected to
behavioral testing at 10 months of age. Brains were harvested 5 months postinjection (when the mice were 12 months old).
(C) Performance of aged YAC128 mice on the Rotarod test 3 months after injection of AAV-miRNA-Htt. (D) EM48
immunohistochemical analysis of brain sections of AAV2/1-miRNA-Htt- or AAV2/1-eGFP-treated YAC128 mice 5 months
posttreatment.
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(the animals were 10 months old) and killed 5 months
postinjection (when the mice were 12 months old) (Fig. 6B).
AAV2/1-miRNA-Htt-treated YAC128 mice on the Rotarod
exhibited a level of competency that was comparable to that
of their wild-type littermates (Fig. 6C; ANOVA, Tukey
post-hoc test; p = NS). However, these results did not reach
statistical significance because of the low numbers of mice
used in the study (wild-type, n = 4; YAC128, n = 6). Im-
munohistochemical staining of striatal sections with the
EM48 antibody showed the presence of significantly fewer
Htt aggregates in AAV2/1-miRNA-Htt-treated than in
AAV2/1-GFP-treated YAC128 mice (Fig. 6D). The brains
of AAV-miRNA-Htt-treated YAC128 mice were essentially
indistinguishable from those of wild-type mice.

To confirm that the observed reduction in aggregates with
AAV2/1-miRNA-Htt was not due to neuronal loss or po-
tential neurotoxicity, H&E staining as well as immunohis-
tochemical staining for NeuN (neuronal marker), GFAP
(astrocytic marker), and Iba-1 (microglial marker) were
performed on adjacent sagittal brain sections. Compared
with AAV-2/1-Null-injected controls, AAV2/1-miRNA-Htt-
injected animals showed the same abundance of NeuN-
positive neurons in the striatum by fluorescence microscopy.
Using light microscopy, H&E staining of adjacent coronal
brain sections also appeared normal, providing supporting
evidence of this lack of neuronal loss; however, because
stereology was not performed we could not quantify these
results. In addition, as observed in our earlier studies, we did
not detect an increase in either GFAP or Iba-1 staining in
AAV2/1-miRNA-Htt-treated mice 5 months postinjection.

Discussion

The present study supports the merits of lowering mutant
Htt levels as a therapeutic strategy for HD and demonstrates
that the partial reduction of mutant Htt in the striatum
produces behavioral, biochemical, and neuropathological
improvements in a full-length transgenic mouse model of
HD, the YAC128 mouse model. Previous efforts at evalu-
ating this therapeutic strategy were performed on mouse
models harboring fragments of the mutant HTT gene, such
as R6/1 and N171-82Q HD mice (Harper et al., 2005; Ro-
driguez-Lebron et al., 2005; Machida et al., 2006; Boudreau
et al., 2009b). A partial reduction in the levels of the mutant
Htt conferred a modest survival benefit in some of the more
severe models, such as the N171-82Q HD mouse model, but
not in others (e.g., the R6/1 mouse model) (Harper et al.,
2005; Rodriguez-Lebron et al., 2005; Machida et al., 2006;
Boudreau et al., 2009b). Motor improvements were also
noted in these studies using the Rotarod and stride-length
tests; however, the severity of these models precluded the
long-term evaluation of treatment on behavioral, neuro-
pathological, and biochemical aberrations.

In the present study, we used the YAC128 mouse model
(this model harbors a mutant human HTT gene containing
128 CAG repeats), which develops progressive motor ab-
normalities and age-dependent neuropathology. Compared
with other HD mouse models, YAC128 mice are well suited
for testing therapeutic efficacy because they recapitulate the
salient genetic and clinical features of the human disease.
The natural history of disease-related changes in YAC128
mice is well defined, and the animals exhibit phenotypically

uniform disease characteristics that have low interanimal
variability. YAC128 mice develop an altered striatal tran-
scriptional profile, a trait that is not observed in other,
similar mouse models, such as BACHD mice (Pouladi et al.,
2012), and show age-dependent striatal neurodegeneration.
As such, the testing of therapeutic interventions and the
measurement of outcomes in this model may have more
predictive value for clinical translation (Slow et al., 2003).

Using YAC128 mice, we demonstrated that AAV2/1-
mediated expression of an miRNA targeting mutant human
Htt led to a significant reduction in striatal levels of Htt
mRNA and protein. Associated with the lowering of this
offending entity were significant improvements in function
as assessed by Rotarod and Porsolt swim tests 5 months
posttreatment as well as a significant reduction in Htt ag-
gregates within the striatum. It is notable that the level of
Htt reduction observed in our studies was only approxima-
tely 40% of control, suggesting that a partial reduction of
mutant Htt was sufficient to produce a significant thera-
peutic benefit in this mouse model. Moreover, 80% trans-
duction of the striatum with our AAV vector led to only a
partial Htt reduction. A similar phenomenon was seen in
HEK293 cells in culture, in which approximately 90–95%
transduction efficiencies yielded only a consequent 40–50%
reduction in endogenous Htt levels (see Supplementary Fig.
S1). These findings are consistent with previous studies in
rodents and primates showing only a partial reduction of Htt
levels using comparable strategies of miRNA-based silenc-
ing (McBride et al., 2008, 2011; Boudreau et al., 2009b;
Grondin et al., 2012). There are a number of potential hy-
potheses as to why miRNA produces only partial target
knockdown in the transduced region. The miRNA stem–
loop format used to mediate Htt silencing requires proces-
sing by the cell before generating functional small inter-
fering RNAs. This requirement for cellular processing may
thus set natural limits on the extent of RNA silencing im-
parted by miRNA-based hairpins. A report by Boudreau and
colleagues (2009a) described the improved safety of miR-
NA-based platforms for therapeutic silencing in the mam-
malian brain and highlighted the improved toxicity profiles
of miRNAs compared with traditional short hairpin struc-
tures. This improvement in safety could be due to the
reliance of miRNA on endogenous cellular processing
mechanisms (Boudreau et al., 2009a). Despite these pro-
posed hypotheses, the exact mechanisms behind miRNA-
based Htt silencing in the brain are still unknown; however,
the data presented here suggest that partial Htt reduction
can achieve therapeutic benefits, at least in a mouse model
of HD.

As the functional role of Htt remains unclear, there is an
obvious concern associated with deploying therapeutic
strategies that confer non-allele-specific silencing. Our
studies indicated that partial lowering of endogenous mouse
Htt in the CNS of wild-type mice, as well as diseased
YAC128 mice, for up to 5 months was well tolerated. Ad-
ministration of AAV-miRNA-Htt reduced wild-type mouse
and mutant human Htt by approximately 40%, thus allowing
for the preservation of at least 60% of wild-type Htt levels
while still maintaining the therapeutic benefits of silencing
mutant toxic Htt. No overt toxicity or aberrant behaviors
were observed. The current data are consistent with previous
studies showing a similar lack of toxicity after non-allele-
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specific Htt silencing in HD mice and wild-type mice for
up to 9 months after treatment (Boudreau et al., 2009b).
The safety of the partial suppression of wild-type Htt has
also been reported in nonhuman primates (McBride et al.,
2011; Grondin et al., 2012), providing further confidence
that the partial lowering of levels of normal Htt may not lead
to significant detrimental consequences. This study further
demonstrates that partial suppression (*40%) of both mu-
tant and wild-type Htt in the YAC128 mice was therapeutic,
as evidenced by their performance in a variety of behavioral
tests, and was not associated with any obvious adverse is-
sues. Previous reports had suggested a role for Htt in em-
bryogenesis and postnatal neurogenesis (Bhide et al., 1996;
Reiner et al., 2003; Cattaneo et al., 2005). However, to date,
several preclinical studies demonstrate that partially reduc-
ing wild-type Htt levels in adult brain appears to be well
tolerated in both mouse and nonhuman primates (Boudreau
et al., 2009b; McBride et al., 2011; Grondin et al., 2012).
Clearly, more stringent investigations of the safety of the
long-term RNAi-mediated silencing of wild-type Htt levels
in the adult primate brain will be needed before clinical
testing.

Although it may be possible to design siRNAs that spe-
cifically target disease-linked single-nucleotide polymor-
phisms (SNPs) on the mutant Htt transcript, it remains
uncertain whether this specificity will be conserved in a
clinical setting (Liu et al., 2008; van Bilsen et al., 2008;
Lombardi et al., 2009; Pfister et al., 2009; Seyhan, 2011).
Unfortunately, no one SNP has yet been identified that
would allow for the specific silencing of the mutant Htt
allele in all patients with HD. Therefore, the clinical
application of allele-specific targeting may require the de-
velopment of unique inhibitory RNA sequences on a patient-
by-patient basis. On the basis of our current data that partial
suppression of both mutant and wild-type Htt is both safe
and efficacious (at least at the time points examined), a non-
allele-specific therapeutic approach may be feasible as a first-
generation therapeutic strategy for the treatment of HD.

A notable hallmark of HD pathology in both mouse
models and human patients is the presence of mutant Htt-
immunoreactive aggregates (DiFiglia et al., 1997; Scher-
zinger et al., 1997). The precise role of aggregates within
the cascade of pathophysiological events in HD continues to
be a matter of debate (Lansbury and Lashuel, 2006) and the
suggestion of a causal relationship between mutant Htt ag-
gregates and disease remains controversial (Bates, 2003;
Arrasate et al., 2004). However, there is consensus that the
formation of insoluble protein aggregates confers an in-
creased burden on cellular degradative processes (Yama-
moto et al., 2000). We observed that YAC128 mice
displayed widespread striatal aggregates as early as 6
months of age (earlier than previously reported) and injec-
tion of AAV2/1-miRNA-Htt at 7 months of age (after ag-
gregates had already formed) significantly reduced the
number of EM48-positive Htt aggregates within the striatum
to nearly wild-type levels. These data suggest that AAV2/1-
miRNA-Htt treatment may diminish the available pool of
Htt, significantly alleviating the burden of mutant Htt ag-
gregates and thus potentially contributing to the functional
improvements noted in this mouse model.

In addition to the substantial removal of Htt aggregates,
AAV-miRNA-Htt treatment also conferred a behavioral

benefit in YAC128 mice. YAC128 mice begin to exhibit
deficits on the Rotarod test starting at 3 months of age, and
by 7 months they show severe impairment (Slow et al.,
2003). YAC128 mice treated with AAV2/1-miRNA-Htt at 7
months of age (when motor coordination would be signifi-
cantly impaired) showed improvements on the Rotarod test,
suggesting a reversal of established motor deficits was ob-
tained. Although reductions in Htt aggregates have been
reported previously (N171 and R6/2 fragment models)
(Rodriguez-Lebron et al., 2005; Machida et al., 2006), this
is the first report to demonstrate amelioration of aggregates
and concomitant behavioral improvements in a full-length
mouse model of HD. We also observed a significant im-
provement in the Porsolt swim test after AAV-miRNA-Htt
injection into the striatum. This is the first report to show an
improvement in this depressive phenotype after AAV-RNAi
and, importantly, these results suggest that reduction of Htt
levels in the striatum was sufficient to improve the depres-
sive phenotype exhibited in the YAC128 model. Finally,
when 7-month-old YAC128 mice were treated with AAV-
miRNA-Htt (postsymptomatic treatment) we found a sig-
nificant reduction in Htt aggregates in the striatum and a
potential reversal in the motor coordination deficit exhibited
by this model. These data suggest that postsymptomatic
treatment with AAV2/1-miRNA-Htt may alleviate the mHtt
burden within cells and provide a therapeutic benefit even
after mHtt aggregates have formed.

Suppression of striatal Htt also resulted in a modest cor-
rection of DARPP-32 and D1 receptor mRNA levels, two
transcripts that decline progressively with age in YAC128
mice and human patients with HD. However, a more com-
plete correction of this aberration might have been realized
if the animals were analyzed at a later time point (greater
than 3 months postinjection). Mutant Htt is known to con-
found a number of cellular processes, leading to neuronal
dysfunction and transcriptional dysregulation (Cha, 2000). If
the affected neurons were accorded sufficient time to re-
cover from the insult, a more robust improvement in the
striatal transcription profile may have been realized. Tran-
scriptional dysregulation may also be due to local as well as
distal neuropathology and thus more global reduction of Htt
may be required to confer a complete correction of this
phenotype.

We, as well as others, have shown that lowering of mutant
Htt may also be realized by using antisense oligonucleotides
(ASOs) or synthetic siRNAs (Wang et al., 2005; Korda-
siewicz et al., 2012). Although these approaches were also
able to provide some measure of correction of the disease
characteristics in HD mice, because the moieties are unable
to efficiently traverse the blood–brain barrier and the effects
are transient (e.g., 4-week half-life for ASOs), delivery may
require the deployment of a device for chronic and repeated
infusions into the brain. The use of AAV-mediated gene
transfer vectors would circumvent this issue as they can
confer sustained gene silencing over a significant period. For
example, AAV vectors have been shown to facilitate gene
expression in nonhuman primate brains for up to 10 years
and in human brains, up to 6 years (the longest time point
evaluated) posttreatment (Bankiewicz et al., 2006; Christine
et al., 2009). Moreover, the growing clinical experience
with delivering recombinant AAV vectors into the brain
coupled with advances in both vectorology and CNS
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delivery portend the therapeutic potential of this strategy for
neurodegenerative diseases (LeWitt et al., 2011; Mingozzi
and High, 2011; Mittermeyer et al., 2012).

In summary, this study confirms similar findings in other
mouse models of HD, by demonstrating that AAV-mediated
RNAi could significantly improve HD-related behavioral
abnormalities in the YAC128 mouse model of HD. Fur-
thermore, it also extends these findings as this is the first
report to show that the AAV-mediated delivery of an
miRNA targeting Htt can lead to sustained suppression of
Htt levels, correction of cellular and neuropathological ab-
errations, and improvements in motor and behavioral defi-
cits in a transgenic mouse model of HD without overt
toxicity.

Off-target effects associated with the targeting sequence
as well as perturbations of the endogenous microRNA
(miRNA) processing pathway will need to be extensively
investigated before clinical testing. Work has begun to ad-
dress these concerns, and a number of potential solutions are
now being implemented to mitigate these potential risks
(Boudreau et al., 2011). The careful design of RNAi se-
quences that minimizes their interaction with off-targets,
along with extensive long-term safety and tolerability
studies, will be critical before transitioning this practice into
the clinic. Advancement in AAV vectorology continues to
encourage the clinical testing of this drug delivery system,
and there are several ongoing clinical studies employing
centrally delivered AAV for neurologic indications ( Janson
et al., 2002; Leone et al., 2012; Mittermeyer et al., 2012).
The data generated here are suggestive of a transformative
therapy for HD. With a growing understanding of the
mechanism of RNAi, AAV-mediated RNAi has the poten-
tial to treat not only HD but also a number of other toxic
gain-of-function neurodegenerative disorders.
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