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Abstract

Huntington disease (HD) is a fatal progressive neurodegenerative disorder associated with expansion of a CAG repeat in the first exon of
the gene coding the protein huntingtin (htt). Although the feasibility of RNA interference (RNAi)-mediated reduction of htt expression to
attenuate HD-associated symptoms is suggested, the effects of post-symptomatic RNAi treatment in the HD model mice have not yet been
certified. Here we show the effects of recombinant adeno-associated virus (rAAV)-mediated delivery of RNAi into the HD model mouse
striatum after the onset of disease. Neuropathological abnormalities associated with HD, such as insoluble protein accumulation and
down-regulation of DARPP-32 expression, were successfully ameliorated by the RNAi transduction. Importantly, neuronal aggregates
in the striatum were reduced after RNAi transduction in the animals comparing to those at the time point of RNAi transduction. These
results suggest that the direct inhibition of mutant gene expression by rAVV would be promising for post-symptomatic HD therapy.
� 2006 Elsevier Inc. All rights reserved.

Keywords: Polyglutamine; Huntington disease; DARPP-32; Adeno-associated virus; RNAi
Huntington disease (HD) is an autosomal dominant neu-
rodegenerative disorder, characterized by cognitive abnor-
malities and involuntary movements. Selective loss of brain
neurons and the formation of intranuclear aggregates were
observed [1]. HD is resulting from polyglutamine repeat
(CAG repeat: polyQ) expansion in the protein huntingtin
(htt). Expanded polyQ alters the protein conformation and
then recruits many essential proteins such as transcription-
regulating proteins, molecular chaperones, and ubiquitin-
binding proteins [2–6]. Mutant htt also impairs the function
of the ubiquitin-proteasome system [4,7] and also induces
mitochondrial calcium defects [8].

For therapeutic treatment of HD, several substances,
such as Congo red and trehalose, have beneficial effects to
inhibit oligomerization or stabilize polyQ bearing molecules
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[9,10]. These approaches targeted downstream of mutant
protein expression. In contrast, gene silencing by RNA
interference (RNAi) targets mRNA of mutant protein in a
sequence-specific manner and reduces mutant protein
expression [11]. Introduction of 21-nt short interfering
RNAs (siRNAs) into mammalian cells effectively inhibits
endogenous genes without a non-specific viral response.
Vector-based synthesis of siRNAs became available to use
in various cells and tissues [12–14]. Taking advantage of this
approach, gene silencing of mutant mRNA through RNAi
provides a direct approach in the treatment of
neurodegenerative diseases. Lentiviral vector-mediated
delivery of short hairpin siRNAs (shRNAs) targeting
SOD1 (superoxide dismutase 1) to the SOD1 mutant mouse
resulted in the delayed onset, improvement of behavioral
defects, and protection from neuronal degeneration in the
spinal cord [15]. shRNAs targeting ataxin-1 were also deliv-
ered to the cerebellum by recombinant adeno-associated
virus (rAAV) to improve pathological abnormalities, reduc-
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ing the intranuclear inclusions and restoring the cerebellar
morphology [16]. In HD, many studies have suggested toxic
gain-of-function by mutant htt plays a role, thus a gene
silence strategy is likely a promising therapy for HD. More
recently, injection of vector-based shRNA against hunting-
tin improved motor disturbance and neuropathological
abnormalities [17,18]. Furthermore, introduction of synthe-
sized siRNA against htt delayed disease onset with the
improvement of motor disturbance, neuropathological
abnormalities, and longevity in the HD model mouse
[15,19]. However, these RNAi treatments were provided
at the early pre-symptomatic stage of neurodegenerative
disorder in each transgenic model.

Previously, a conditional model of HD using a tetracy-
cline-regulation system showed that mice expressing a
mutated htt fragment demonstrated neuronal inclusions
and progressive motor dysfunction [20]. In this model,
blocking expression in symptomatic mice led to the disap-
pearance of inclusions and amelioration of the behavioral
phenotype. Thus, reduction of htt expression by RNAi
may attenuate HD-associated symptom progression even
if treatment is carried out after the onset of symptoms. In
this study, taking advantage of truncated htt-EGFP trans-
genic mouse in which the aggregates are visualized by
EGFP fluorescence, we investigated the neuropathological
changes in HD model mice by suppression of transgene
with shRNAs delivered by rAAV.

Materials and methods

HD model mouse. The HD190QG transgenic mouse was used as a HD
model in this study. The HD190QG transgenic mouse harbors mutant
truncated N-terminal htt containing 190 CAG repeats fused with EGFP in
its genome. This animal shows progressive motor abnormality, and neu-
ropathology such as formation of aggregates in brain, and shorter viability
[21]. All the experiments with mice were approved by the Animal Exper-
iment Committee of the RIKEN Brain Science Institute.

Construction and production of rAAV. Ten candidate sequences for
short hairpin RNAs targeting EGFP mRNA were ligated into a pSilencer
A plasmid (Ambion, Inc., Austin, TX). Neuro2a cells were co-transfected
with each shRNA in pSilencer and EGFP expression vector pEGFP-N1
(BD Biosciences Clontech, Palo Alto, CA). The effect of gene silencing was
evaluated by Western blot analysis using GFP antibody (Roche Molecular
Biochemicals, Indianapolis, IN) to choose an effective sequence of shRNA
(shEGFP) and non-effective sequence as a control (shEGFPcontrol). The
shEGFP expression cassette containing U6 promoter was obtained by
PCR with primers containing a Hind III restriction site, forward primer:
5 0-CCCAAGCTTGGGATCTTACCGCTGTTGAGA-3 0 and reverse
primer: 5 0-CCCAAGCTTGGGCCACACTTCAAGAACTC-3 0. The
monomeric red fluorescence protein (mRFP) cDNA was derived from
mRFP1 in pRSETB [22] and ligated into pcDNA3 (Invitrogen Corpora-
tion, Carlsbad, CA). The shEGFP expression cassette was ligated into a
proviral vector plasmid bearing inverted terminal repeats derived from
AAV2 or AAV5 (pAAV-LacZ or pAAV5-RNL) to create pAAV2-shE-
GFP or pAAV5-shEGFP. mRFP expression cassette driven by CMV
promoter was also inserted into the vector plasmid to visualize trans-
duction (Fig. 1A). rAAV-shEGFP and rAAV-shEGFPcontrol were pre-
pared according to three-plasmid transfection protocol described
previously [23,24]. The viral stock was titrated by dot-blot hybridization
with plasmid standards to make a stock of 1 · 1010 genome copies/ll.

In vitro assay of shRNA effect. HEK 293 cells was transfected with the
pEGFP-N1 or plasmids expressing N-terminal htt exon 1 gene containing
16, 60, and 150 CAG repeats fused with EGFP (Nhtt16QG, Nhtt60QG,
and Nhtt150QG, respectively). Four hours after transfection, rAAV2-
shEGFP or shEGFPcontrol was added to the culture medium at 1 · 105

genome copies/cell. The EGFP fluorescence intensity was analyzed by the
CellomicsTM Array Scan�VTI System (Beckman Coulter Inc., Fullerton,
CA) after 48 h of viral transduction. The relative level of GFP intensity
within the RFP-positive area transduced with rAAV-shEGFP or rAAV-
shEGFPcontrol was estimated.

Virus injection into the mouse brain. Virus injection was performed by
using the following coordinates with respect to the bregma; 0.5 mm anterior,
2 mm lateral, 3 mm depth, 0.3 ll/min infusion rate, and 3 ll per site. An
equal amount of buffer was simultaneously injected into the contralateral
side of the brain. The viral injection was carried out at the age of 8 weeks or
12 weeks, and analysis was performed at the age of 24 weeks.

Detection of virus transduction and aggregates by fluorescent imager.

Mouse brains were perfused and fixed overnight with 4% paraformalde-
hyde. Serial-cut 40-micrometer sections were analyzed with a laser-scan-
ning imaging system (Molecular Imager FX; Bio-Rad Laboratories,
Hercules, CA) with an external laser (Bio-Rad Laboratories). Sections
were imaged using the 488-nm laser with the standard 530 bandpass
emission filter for detection of GFP fluorescence and 532-nm laser with the
standard 640 nm bandpass emission filter for detection of RFP fluores-
cence as described previously [21].

Immunohistochemistry and aggregate count. Serial-cut 40-micrometer
free-floating sections were used for immunohistochemistry. Sections were
treated with anti-RFP antibody (Clontech) followed by AlexaFluor 568-
labeled anti-rabbit secondary antibody (Molecular Probes). Aggregates
were counted using images of immunohistochemistry with antibodies
against EGFP (Nacalai Tesque, Inc., Kyoto, Japan), htt (Chemicon
International, Inc., Temecula, CA), and ubiquitin (Dako, Glostrup,
Denmark) followed by detection using ABC Elite kit (Vector Laborato-
ries, Inc., Burlingame, CA). The number of aggregates was calculated
using MacSCOPE (Mitani, Tokyo, Japan) after normalizing the contrast
and brightness of the digital images as described previously [10].

Filter trap assay. The striatum, cortex, and hippocampus were sampled
and homogenated in 5 volumes of IMAC buffer (20 mM Hepes, pH 7.4,
140 mM potassium acetate, 1 mM magnesium acetate, and 1 mM EGTA
with EDTA-free complete protease inhibitor cocktail tablets; Roche) with
seven strokes using the digital homogenizer (As One, Osaka, Japan) at
1000 rpm. Homogenate containing 10 lg of protein was diluted with
0.2 ml of 2% SDS and filtered through a 0.2 lm cellulose acetate mem-
brane (Advantec Toyo Roshi Kaisha Ltd., Tokyo Japan). Captured
insoluble protein was detected by incubation with antibodies against GFP
(Roche) and htt (Chemicon) followed by incubation with secondary
antibodies and fluorescence substrates. Insoluble protein was quantified
using LAS-1000plus/Image Gauge software (FUJIFILM, Tokyo, Japan).

In situ hybridization. For in situ hybridization, serial-cut 40-micrometer
sections and non-radioactive digoxigenin-labeled cRNA probe against
DARPP-32 (the dopamine- and cAMP-regulated phosphoprotein, Mr
32,000) were used as described previously [21].

Quantitative RT-PCR. Total RNA was extracted from the striatum
using TRIZOL� Reagent (Invitrogen). Contaminating genomic DNA was
removed with RQ1 RNase free DNase (Promega, Madison, WI) and 2 lg
of total RNA was used for RT-PCR using SuperscriptTMIII First-Strand
Synthesis System (Invitrogen). TaqMan PCR was performed using the
TaqMan primer and probe sets as described [21]. Expression of GAPDH
was estimated in each sample using the same methods for normalization.

Statistical analysis. Statistical significance was determined by Student’s
t test using StatView 5.0 (SAS Institute Inc., Cary, NC).
Results

Gene silencing by rAAV-shRNA

In vitro screening was used to identify the efficiency of
mRNA ablation of shRNAs directed to EGFP and



Fig. 1. rAAV-shEGFP reduced GFP expression in vitro. (A) AAV-shEGFP viral vector construct. ITR, inverted terminal repeat. CMV and U6
promoters were used for RFP and shEGFP. (B) Fluorescence photomicrographs of HEK-293 cells transfected with EGFP, Nhtt16QG, Nhtt60QG, and
Nhtt150QG expression vectors and transduced with rAAV-shEGFP or rAAV-shEGFPcontrol, respectively. The photograph was taken after 48 h after
viral transduction. Scale bar refers to all panels, 100 lm. (C) The relative level of GFP fluorescence intensity of rAAV-shEGFP transduced cells was
compared to that of shEGFPcontrol transduced cells. The relative level of GFP fluorescence intensity of rAAV-shEGFPcontrol transduced cells (black
bars); rAAV-shEGFP transduced cells (white bars). Values are given as means ± SEM (n = 5). *p < 0.001.
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EGFP-fused truncated htt-polyQ. EGFP-fused truncated
htt-190Q is identical to the pathogenic transgene present
in the HD190QG mouse [21]. The gene silencing function
of 10 candidate shRNA sequences targeting EGFP was
evaluated by the EGFP expression of co-transfected
Neuro2A cells with shRNA and EGFP (data not shown).
An shRNA targeting EGFP sequence 5 0-GCAAGCTG
ACCCTGAAGTTCAT-3 0 (shEGFP) successfully reduced
EGFP and EGFP-fused truncated htt expression signifi-
cantly. Another shRNA targeting EGFP sequence 5 0-GT
TCATCTGCACCACCGGCTT-3 0 had no gene silencing
effect and was therefore used as a control (shEGFPcon-
trol). We next constructed an AAV-based vector
(Fig. 1A). To test whether rAAV-mediated delivery of
shEGFP could silence gene expression from EGFP or
EGFP-fused truncated htt-polyQ, HEK293 cells were first
transfected with EGFP or EGFP-fused truncated htt-pol-
yQ expression vectors (EGFP, Nhtt16QG, Nhtt60QG,
and Nhtt150QG, respectively), and subsequently trans-
duced with rAAV2-shEGFP or rAAV2-shEGFPcontrol.
shEGFP, but not shEGFPcontrol, significantly decreased
GFP fluorescence intensity (Fig. 1B). The GFP intensity
levels of shEGFP compared to those of shEGFPcontrol
transduced cells were 0.43 ± 0.014, 0.37 ± 0.033,
0.50 ± 0.032, and 0.58 ± 0.027 (mean ± SEM, n = 5), in
EGFP, Nhtt16QG, Nhtt60QG, and Nhtt150QG, respec-
tively (Fig. 1C).
Expression and effect of shRNA in the mouse brain

rAAV5-shEGFP was injected into one side of the stria-
tum and the same amount of buffer was injected into the
other side of the striatum at 12 weeks old. The treated mice
were sacrificed at 24 weeks old and serial-cut 40-microme-
ter sections were observed with laser-scanning imaging
system. RFP fluorescence was expressed in the rAAV5-
shEGFPinjected region and could show the infected cells
(Fig. 2A). GFP fluorescence intensity was preferentially
detected in the striatum, whereas the signal was decreased
in the RFP-positive area. Further analysis at a higher mag-
nification revealed that GFP fluorescent aggregates were
absent in the RFP-positive neuronal cells up to three
months after transduction of shEGFP in the striatum
(Fig. 2B). In contrast, aggregates were abundantly
observed in the contralateral side of the striatum. RFP
expression was detected in the striatum as well as the cor-
tex, lateral globus pallidus, hippocampus, and substantia
nigra. However, reduction of GFP-positive aggregates
was preferentially observed in the striatum, cortex, and
hippocampus (data not shown).

Reduction of aggregate formation by shEGFP

Immunohistochemistry was performed using antibodies
against GFP, htt, and ubiquitin. GFP and htt antibodies



Fig. 2. rAAV-shEGFP transduction in the mouse brain decreases EGFP-positive aggregates (direct observation of EGFP fluorescence). (A) A montage of
rostral-to-caudal coronal sections illustrates the extent of expression of RFP and EGFP in the brain. Three microliters of buffer was injected into striatum;
sham, and rAAV-shEGFP was simultaneously injected into the contralateral side; shEGFP. Dark areas show fluorescent signal. Scale bar is 1 mm and
refers to all panels. (B) EGFP fluorescence of the shEGFP-transduced striatum in high magnification. EGFP fluorescence was directly observed, while
RFP was detected by anti-RFP because of the weak fluorescence after fixation. Scale bar is 20 lm and refers to all panels.
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detect nuclear aggregates as well as cytoplasmic aggregates,
and ubiquitin antibody detects large nuclear aggregates in
HD190QG and R6/2 HD transgenic mice [10,21,25].
Reduction of aggregates is one of the indicators for the
improvement of pathology in the HD mouse model
[9,10,17,19]. In the HD190QG transgenic mouse, aggregate
formation was first observed in the striatum at 4 weeks of
A B
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Fig. 3. shEGFP decreased antibody-positive aggregates and ameliorated ag
ubiquitin-positive aggregates in the sham-injected or shEGFP-transduced st
aggregates in the striatum is shown. rAAV-shEGFP was injected into the str
aggregate number in the sham-injected striatum at 24 weeks old (1), shEGFP-tra
striatum, at the time point of shRNA transduction (3), and non-treated 24 w
number of GFP-positive aggregates (B), htt-positive aggregates (C), and ubiq
indicates the number of aggregates/mm2. Sham-injected, shEGFP-transduced,
n = 4). *p < 0.0001. (E) Quantitative analysis of filter trap assay indicates re
fluorescence levels of sham-injected side (black) and shEGFP-transduced side
age. Then, tremor, ataxia, and involuntary movements
were observed at 6 weeks [21]. The shRNA was delivered
to the striatum in 12 weeks old HD190QG mice to investi-
gate the RNAi effects on disease pathology. At 24 weeks,
mice brains were prepared for histological study. Immuno-
histochemistry was performed using antibodies against
GFP, htt, and ubiquitin (Fig. 3A). The number of aggre-
C

E

gregation pathology. (A) Representative images show GFP-, htt-, and
riatum. Scale bar is 20 lm and refers to all panels. (B–D) Number of
iatum at 12 weeks old and analyzed at 24 weeks old. The bars indicate
nsduced striatum at 24 weeks old (2), non-treated 12 weeks old HD190QG
eeks old HD190QG, as non-treatment control (4). The graphs show the

uitin-positive aggregates (D). Data are shown as average ± SEM (Y axis
and 12 weeks old control striatum; n = 3, 24 weeks old control striatum;
lative amount of insoluble protein in the treated striatum. The relative
(white) are shown as the average ± SEM (n = 4). *p < 0.0001.
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gates in the shEGFP-transduced striatum was much
reduced than that in sham-injected striatum. The number
of GFP-positive aggregates in shEGFP-transduced stria-
tum was decreased to 19.4% of GFP-positive aggregates
in sham injection striatum (Fig. 3B, bars 1 and 2). The
number of htt-positive aggregates in shEGFP-transduced
striatum was reduced to 17.7% of sham injection
(Fig. 3C, bars 1 and 2), and the number of ubiquitin-posi-
tive aggregates in shEGFP-transduced striatum was
reduced to 34.1% of sham injection (Fig. 3D, bars 1 and 2).

Furthermore, the number of aggregates in shEGFP-
transduced striatum was significantly less than the number
of aggregates formed in the striatum at the same age of
shEGFP-transduction (Figs. 3B–D, bars 2 and 3). In this
study, shEGFP-transduction was performed at 12 weeks
old. The number of aggregate in shEGFP-transduced stri-
atum at 24 weeks old was compared to that in 12 weeks old
transgenic mice. The number of GFP-positive aggregates in
shEGFP-transduced striatum was decreased to 26.8% of
GFP-positive aggregates in 12 weeks old transgenic mice
striatum (Fig. 3B, bars 2 and 3). The number of htt-positive
aggregates in shEGFP-transduced striatum was reduced to
41.1% of 12 weeks old transgenic mice striatum (Fig. 3C,
bars 2 and 3), and the number of ubiquitin-positive aggre-
gates in shEGFP-transduced striatum was reduced to
42.9% of 12 weeks old transgenic mice striatum (Fig. 3D,
bars 2 and 3). These results suggest that shEGFP was effec-
tive not only for inhibition of aggregation formation but
also for clearance of aggregates that already existed in
the nucleus and cytoplasm. The number of aggregates in
the sham injection site was similar to that in the 24 weeks
old transgenic mouse (Figs. 3B–D, bars 1 and 4). This
result certifies that the injection procedure did not affect
aggregation formation in the striatum. The number of
aggregates was also not affected by rAAV-shEGFPcontrol
transduction (data not shown).

We further investigated the effect of shEGFP on the
accumulation of insoluble protein in the brain. In the
HD190QG mouse brain, insoluble proteins including intra-
and extra-nuclear aggregates increased in an age-dependent
manner [21]. Filter trap assays revealed that insoluble
protein accumulation was significantly suppressed in
the shEGFP-transduced region compared to that in the
sham-treated striatum, whereas it was not changed in the
cortex. The reduction was 73% in the striatum and 5% in
the cortex (Fig. 3E). Similar results were also obtained
using htt antibody (data not shown).

Restoration of DARPP-32 expression by shRNA

To investigate the effect of shEGFP on striatal-specific
transcripts, we first performed in situ hybridization using
DARPP-32 probe, because DARPP-32 is known to be
down-regulated in HD mouse [21,26]. We found the ten-
dency of restored expression of DARPP-32 (Fig. 4A).
Thus, we carried out the quantitative TaqMan RT-PCR
analysis and confirmed that DARPP-32 and enkephalin
mRNA expression was higher in the shEGFP-transduced
striatum than the sham-injected side (Fig. 4B), suggesting
that those gene expressions were partially restored.

Discussion

In this study, we demonstrated that neuropathological
abnormalities associated with HD, such as insoluble pro-
tein accumulation and down-regulation of DARPP-32
expression, were successfully ameliorated by RNAi trans-
duction. Following shRNA transduction, the number of
neuronal aggregates in the striatum detected by ubiquitin
antibody was reduced to 34.1% of that in the sham-treated
striatum. Importantly, the number of aggregates in the
shEGFP-transduced striatum was less than that in the stri-
atum at the same time point of RNAi transduction.

Various treatments have shown an improvement of HD-
associated abnormalities including pathological and behav-
ioral deficits in a mouse model of HD [9,10,27–30]. Most
treatments targeted downstream and possibly indirect effect
of disease allele of htt, resulting in the delayed disease pro-
gression. Silencing of mutant gene expression was demon-
strated using a conditional mouse model of HD [20].
Inhibition of mutant gene expression provides a direct
approach to treat neurodegenerative diseases caused by
toxic gain of function. RNAi is promising as a powerful
tool for targeting gene knockdown. The silencing effect of
synthesized siRNA injection was sustained more than 14
days in the newborn mouse brain to delay onset and pro-
long the life span of R6/2 [19]. In contrast, vector-based
RNAi stably persisted more than 2–5 months after trans-
duction, resulting in the improvement of motor dysfunc-
tion and neuropathological abnormalities [17,18]. AAV5
is efficient to transduce neuronal cells in the mouse brain
[17,31,32], and shRNA expression by U6 promoter has
been reported in mouse striatum [17]. Here we showed a
drastic improvement of HD pathology in the mouse brain
by rAAV5-mediated delivery of shRNA even the transduc-
tion was performed after the pathology appeared.

RNAi-mediated strategy has been performed as a
pre-symptomatic treatment in the previous studies. We
investigated whether RNAi treatment is functional on the
pathology in the HD model after onset of disease. Gene
silencing effects were observed at 2 weeks after virus injec-
tion in the symptomatic brain (data not shown), and the
effect lasted for more than 3 months. Aggregate formation
was effectively inhibited by shRNA transduction and the
number of aggregates was decreased significantly com-
pared with that in animals at the age of transduction. This
result suggests that AAV-mediated delivery of shRNA
could realize stable acquired gene knockdown in the trans-
genic mouse, and aggregate pathology was ameliorated as
reported previously [20].

Expression of mutant htt leads to a decreased level of a
subset of striatal-specific mRNAs of the HD190QG, R6/2,
and R6/1 mouse [18,21,26]. DARPP-32, which is predom-
inantly expressed in striatum, was down-regulated by 50%



Fig. 4. shRNA restored DARPP-32 and enkephalin expression. (A) In situ hybridization of DARPP-32 at 24 weeks old after rAAV-shEGFP injection into
the striatum at 9-week-old. Scale bar shows 1 mm. Higher magnification images of striatum are shown in inset, respectively, and scale bar is 20 lm. (B)
DARPP-32 and enkephalin mRNA expression in striatum was determined by TaqMan RT-PCR analysis at 24 weeks after rAAV-shEGFP injection into the
striatum performed at 12 weeks old. The expression levels of mRNA were normalized by that of GAPDH. DARPP-32 showed a significant increase in the
shEGFP-injected side and enkephalin showed not significant but the tendency to restore. The values are given as means ± SEM (n = 3). *p < 0.05.
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in the 8-week-old HD190QG mouse compared with wild-
type [21]. Here, we showed the restoration of DARPP-32
expression. Although the pathology was improved as
shown in this report, we could not observe apparent
improvement of the symptom or life span in this experi-
ment. This is partly due to the injection was performed
only in the one side to confirm the amelioration of the
pathology and due to the injection time point, which
restricted the full restoration of the function. Further study
to determine the critical time of viral transduction for the
functional recovery is necessary.

In this study, we used shRNA against EGFP for
HD190QG mouse to suppress only the transgene. This
shEGFP is designed to modulate mutant htt expression
in our animal model but not applicable to the clinical inves-
tigation of human HD gene therapy. Although either
siRNA or shRNA against htt was produced and investigat-
ed previously [17–19], this siRNA sequence reduced not
only mutant htt but also wild-type htt simultaneously.
Since wild-type htt is essential to embryogenesis, the com-
plete loss of wild-type htt results in embryonic lethality and
reduction of wild-type htt leads to behavioral abnormali-
ties and neuronal loss [33]. In fact, loss of wild-type htt
in YAC128 mice induced motor dysfunction and survival
was worse compared with YAC128 mice expressing wild-
type htt [33]. For these reasons, it is required to design a
siRNA sequence, which selectively silences mutant htt
but not wild-type htt. When a technology is developed to
solve this issue, RNAi-based therapy would be practical
for pre- and post-symptomatic treatment strategy for HD
therapy [15,24].

In summary, we showed that RNAi dramatically
improved HD-associated pathological abnormalities in a
mouse model of HD, although the treatment was carried
out after onset of symptom. Our data suggested that
reduction of mutant gene expression by RNAi would be
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promising to attenuate disease progression in post-symp-
tomatic neurodegenerative disorders.
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