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Allele-specific silencing of mutant Ataxin-7 in SCA7
patient-derived fibroblasts

Janine Scholefield1,3, Lauren Watson1,2,3, Danielle Smith2, Jacquie Greenberg2 and Matthew JA Wood*,1,2

Polyglutamine (polyQ) disorders are inherited neurodegenerative conditions defined by a common pathogenic CAG repeat

expansion leading to a toxic gain-of-function of the mutant protein. Consequences of this toxicity include activation of heat-

shock proteins (HSPs), impairment of the ubiquitin-proteasome pathway and transcriptional dysregulation. Several studies in

animal models have shown that reducing levels of toxic protein using small RNAs would be an ideal therapeutic approach for

such disorders, including spinocerebellar ataxia-7 (SCA7). However, testing such RNA interference (RNAi) effectors in

genetically appropriate patient cell lines with a disease-relevant phenotype has yet to be explored. Here, we have used primary

adult dermal fibroblasts from SCA7 patients and controls to assess the endogenous allele-specific silencing of ataxin-7 by two

distinct siRNAs. We further identified altered expression of two disease-relevant transcripts in SCA7 patient cells: a twofold

increase in levels of the HSP DNAJA1 and a twofold decrease in levels of the de-ubiquitinating enzyme, UCHL1. After siRNA

treatment, the expression of both genes was restored towards normal levels. To our knowledge, this is the first time that allele-

specific silencing of mutant ataxin-7, targeting a common SNP, has been demonstrated in patient cells. These findings

highlight the advantage of an allele-specific RNAi-based therapeutic approach, and indicate the value of primary patient-derived

cells as useful models for mechanistic studies and for measuring efficacy of RNAi effectors on a patient-to-patient basis in the

polyQ diseases.
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INTRODUCTION

Polyglutamine (polyQ) disorders are a group of neurodegenerative
diseases caused by a common CAG repeat expansion mutation, which
confers a toxic gain-of-function on the translated protein.1 They are
characterised by the late onset of clinical symptoms, and a
progressive, unrelenting phenotype caused by specific neuronal
degeneration. To date, nine polyQ disorders have been identified,
including Huntington disease (HD), dentatorubralpallidoluysian
atrophy, spinal bulbar muscular atrophy and spinocerebellar ataxias
(SCA) 1, 2, 3, 6, 7 and 17.
Mutant polyQ proteins have been shown to cause a multitude of

downstream pathogenic events resulting in neuronal degeneration
including aggregation of mutant proteins, aberrant protein interac-
tions, impairment of misfolded protein clearance pathways and
transcriptional dysregulation.1 Pre-empting these downstream events
by inhibiting formation of the toxic mutant protein would thus be a
favourable therapeutic strategy.
The selection of appropriate models of disease which are easy to

access and manipulate, and which accurately represent the genetic
context of the mutation, remains one of the major challenges in the
development of effective therapies for neurodegenerative conditions.
Several studies have demonstrated the potential of RNA interference
(RNAi) based silencing as a therapeutic approach for HD, SCA1,
SCA3, SCA6 and SCA7.2–11 However, most of these reports have used
overexpression models or transgenic animal models to demonstrate
efficacy—models which fail to mimic the precise genomic context of
mutation found in patients. These models have also failed to provide

answers to important questions regarding the necessity and feasibility
of allele-specific silencing of the mutant transcript alone, without
concomitant silencing of the wild type. Thus, genetically accurate
patient-derived cell lines would provide ideal models—both for
therapeutic screening and for addressing the requirement for allele
specificity. The demonstration of a disease-relevant phenotype in
easily accessible peripheral cells, such as fibroblasts, which could be
used to measure the efficacy of therapeutic molecules, would further
enhance the value of such a model.
SCA7 occurs at an unusually high prevalence in the South African

population, the result of a founder effect in patients of Black African
ethnic origin.12 Consequently, South African SCA7 patients display a
unique phenomenon—a SNP (rs3774729) within the causative gene,
ataxin-7, is linked to the mutation in all patients studied to date, with
approximately 43% of these individuals heterozygous for the poly-
morphism (genotype data publically available in the next build of
dbSNP, B140, at https://www.ncbi.nlm.nih.gov/SNP/).13 This SNP
provides an ideal target for developing an allele-specific silencing
therapy. We have previously shown that allele-specific RNAi treatment
removes polyQ aggregations in an over-expression cell model of
SCA7.10 Here we have developed a method for measuring endogenous
allele-specific silencing and show selective knockdown of the mutant
ataxin-7 transcript using siRNAs targeting a SNP linked to the polyQ
expansion in South African SCA7 patients. We further identified two
transcripts, differentially expressed in SCA7 patient dermal fibroblasts
compared with controls, whose expression could be restored
towards normal levels following administration of RNAi—providing
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preliminary evidence of the restoration of a disease-relevant pheno-
type in patient cells by targeting a common SNP.
These results demonstrate that SCA7 patient-derived fibroblast cell

lines are a valuable tool for screening therapeutic molecules, and
further support the superiority of an allele-specific silencing approach.

MATERIALS AND METHODS

Sizing of ataxin-7 CAG repeat
PCR primers were designed to flank the CAG repeat region in the ataxin-7

gene (ENSG00000163635) and used in the following 10ml reaction: 1�
Failsafe Premix buffer J (Epicentre Biotechnologies, Madison, WI, USA),

0.4mM primers (forward and reverse), 0.6U GoTaq DNA polymerase

(Promega, Madison, WI, USA), 100 ng DNA. Primer sequences: forward

primer 50-HEX-ATTGTAGGAGCGGAAAGAATG-30; reverse primer 50-CCAG
CATCACTTCAGGAC-30. Cycling conditions: 95 1C for 5min; 30 cycles of

95 1C for 30 s, 53 1C for 6 s and 72 1C for 40 s; single cycle of 72 1C for 7min.

All PCR products were analysed by capillary electrophoresis on the ABI 3100

Genetic Analyzer (Applied Biosystems, Carlsbad, CA, USA). The GeneScan 500

Rox Size Standard (Applied Biosystems) was used and results were analysed

using GeneMapper software (version 3.0, Applied Biosystems). Repeat sizes

were calculated using the formula y¼ 0.3063x�76.475 (adapted from

Dorschner et al14).

Genotyping of SNP rs3774729
The PCR was carried out in a 25-ml reaction mixture with 1� GoTaq Buffer

(Promega), 200mM dNTPs (Bioline, London, UK), 0.4mM of each primer, 0.5U

GoTaq Polymerase (Promega) and 100 ng DNA. Cycling conditions were 95 1C

for 5min; 30 cycles of 95 1C for 30 s, 61 1C for 30 s and 72 1C for 40 s; single

cycle of 72 1C for 7min. Forward primer 50-AATGAACTGCCTGTCAACTC-30,
reverse primer 50-GCTCACAGTCCATTTCCTAC-30. PCR products were

sequenced using a standard cycle sequencing reaction and conditions. In a

10-ml reaction mixture: 1� BigDye Terminator Sequencing Buffer (Applied

Biosystems), 1ml BigDye Terminator v3.1 Cycle Sequencing RR-100 (Applied

Biosystems), 0.4mM forward primer, 2ml PCR product. Cycling: 98 1C for

5min, followed by 25 cycles of 96 1C for 10 s, 50 1C for 15 s, 60 1C for 4min.

Sequencing products were precipitated with ethanol and analysed on the ABI

3100 Genetic Analyzer. Sequence alignments were performed using the BioEdit

Sequence Alignment Editor version 7.0.9.0 (Ibis Biosciences, Carlsbad, CA, USA).

Cell culture and transfections
Written informed consent was obtained from patients before acquiring skin

biopsies (University of Cape Town Human Research Ethics Committee

reference number 460/2010, renewed annually). Control lines were obtained

from the Coriell Institute for Medical Research. Patient fibroblasts were

isolated by sterile 4mm punch biopsy using standard procedures.15 The

resulting cells were dissociated manually and by enzymatic treatment and

grown in DMEM with 10% fetal calf serum (Invitrogen, Carlsbad, CA, USA)

to establish fibroblast cell lines. These lines were cultured at 37 1C with 5%

CO2. Cells were transfected with one of two siRNAs, allele-specific siR-P16 or

non-allele-specific siR-atxn7. SiR-P16 was designed to mismatch the SNP at

position 16 with position 1 designated as the first nucleotide on the 50 end of

the guide strand, as previously published.10 siR-atxn7 was designed by Juerg

Hunziker, Novartis. Both siRNAs were supplied by Novartis (Basel, Switzerland).

Transfection was performed using the Neon Transfection System (Invitrogen)

according to manufacturer’s instructions and under the following modified

electroporation conditions: pulse width¼ 20, voltage¼ 1700, pulse number¼ 1.

Cells were harvested for RNA extraction 4 or 7 days after electroporation.

RNA isolation and quantitative PCR (qPCR)
RNA was isolated using the High Pure RNA Isolation kit (Roche Applied

Sciences, Penzberg, Germany) and cDNA synthesised using the High Capacity

cDNA reverse transcription kit (Applied Biosystems). qPCR assays were

completed using the Rotor-Gene 6000 real-time rotary analyser (Qiagen,

Venlo, The Netherlands) and the SensiMix SYBR kit (Bioline). Primers for

ataxin-7, DNAJA1, Hsp27, Hsp70, Hsp150, UCHL1 and b-actin were designed

and validated by PrimerDesign (Southampton, UK). In each case, gene

expression was determined relative to b-actin. Allele-specific primers were

designed and validated to specifically amplify the A or G allele of the ataxin-7

SNP (rs3774729). For optimisation purposes, cDNA samples of all three

genotypes were used to validate the specificity of the qPCR. Template quality

was confirmed before cDNA synthesis; cDNA synthesis per data set took place

in the same reaction set up to minimise variation. All primers were optimised

before use. Each qPCR experiment was performed in experimental duplicate

relative to b-actin; a standard curve for both the gene of interest and b-actin
was performed for every set of results to take into account the small changes in

experimental efficiency between data sets, including variations in cDNA

synthesis quality. Primer reproducibility was optimised by ensuring the PCR

efficiency demonstrated by each standard curve approached 100%, with an r2

value 40.998, and a gradient of �3.4. Data from experimental samples were

only used if the values fell within the range of the standard curve.

Immunostaining
Fibroblasts grown on coverslips were washed three times with 1� PBS and

fixed with 4% paraformaldehyde for 30min at room temperature. Thereafter,

cells were washed three times with 1� PBS and incubated with blocking/

permeabilisation solution (5% fetal bovine serum, 0.01% Triton-X in 1�
PBS) for 1 h at room temperature. The primary antibody (Ataxin-7 polyclonal

antibody, Thermo Scientific, Waltham, MA, USA) was added at a 1:400

dilution in blocking solution and incubated overnight at 4 1C. The following

day, cells were washed three times with 1� PBS and incubated with secondary

antibody (1:500 dilution, Cy3 Donkey anti Rabbit IgG, Jackson Immuno-

Research, West Grove, PA, USA) for 2 h at room temperature. Finally, cells

were stained with Hoechst solution (0.5mg/ml) for 5min and washed three

times with 1� PBS. Coverslips were mounted with Mowiol and observed with

an Axiovert 200M microscope (Zeiss, Oberkochen, Germany). Images were

analysed using AxioVision 4.8 software (Zeiss).

Statistical analysis
Transfections were carried out in triplicate. Each qPCR reaction was performed

in duplicate. All P-values were calculated using a one- or two-tailed t-test

where appropriate.

RESULTS

Allele-specific silencing of endogenous ataxin-7
A critical question in an RNAi-based therapy is whether allele-specific
or non-allele-specific approaches should be adopted. We have previously
shown that an siRNA targeting mutant ataxin-7 (siR-P16) is allele
specific in an over-expression cellular model,10 targeting a common
SNP linked to the mutation.13 The patient cell line used in this study
is heterozygous for the same SNP present in the South African
population (Supplementary Figure 1). To assess allele-specific silencing
in primary cells, we therefore designed and validated qPCR primers
capable of specifically amplifying each allele of the SNP. A common
reverse primer, placed 30 to the SNP, was used together with a forward
primer matching either the A or G allele of the SNP to amplify the
mutant and wild-type transcripts, respectively (Supplementary Figure 2).
The qPCR was validated to be specific in both reactions, that is, no
product was detected using G allele primers on homozygous AA
samples, nor did A allele primers detect a product using homozygous
GG samples (Supplementary Figure 2). siR-atxn7 is a non-allele-
specific siRNA, which targets the 30 UTR of both mutant and wild-type
ataxin-7, whereas siR-P16 has been designed to specifically silence the A
allele associated with the mutant transcript, with reduced activity
against the G allele associated with the wild-type transcript (Figure 1a).
Allele-specific qPCR showed that siR-atxn7 silences both the mutant
and wild-type transcripts with similar efficacy across all three doses
(Figure 1b). In contrast, siR-P16 has no silencing effect on the wild-
type transcript at 1 nM, yet silences the mutant transcript by 34%
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(Po0.05; Figure 1c). This allele specificity is maintained at 5 nM;
silencing the mutant transcript by 49% and the wild-type by only 25%.
Allele specificity is only ablated at the highest dose of 20nM, although
saturating effects at higher doses are well established.

Identification of transcriptional differences between SCA7 and
control fibroblasts
SCA7 patient fibroblasts show no sign of gross morphological
abnormalities, including morphology, doubling time and disease
protein aggregation, consistent with the notion that these cells do

not contribute to the patient disease phenotype (Supplementary
Figure 4). However, given the ubiquitous expression of Ataxin-716 and
its role in gene expression regulation through association with the
widely expressed SPT3/TAF9/GCN5 acetyltransferase (STAGA)
histone acetylation complex,17 it is likely that many cell types
(including those of unaffected tissues) may show some sign of the
transcriptional alterations, considered early manifestations of
disease.18

We thus sought to identify gene expression differences between
SCA7 patient and control dermal fibroblasts, which might act as
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Figure 1 Allele-specific silencing in patient fibroblasts. (a) Schematic showing the allele-specific design of siR-P16 targeting the A allele of SNP

rs3774729, and a non-allele-specific siRNA, siR-atxn7, targeting the 30 UTR. The CAG repeat expansion ((CAG)ex) and the normal sized repeat ((CAG)n)

are linked to the A and G allele of the SNP, respectively. (b) Levels of wild-type allele are not significantly different from levels of mutant allele transcript

following treatment with siR-atxn7. (c) Treatment with siR-P16 reduces levels of mutant allele at a similar rate to that of siR-atxn7. Levels of wild-type

allele are significantly unaffected by siR-P16 over low doses. All qPCR values are relative to that of a non-specific siRNA at the equivalent concentrations.

Results are compiled from an n¼2 (experimental).
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markers of disease progression and therapeutic efficacy. We chose six
candidate transcripts previously shown to be differentially expressed
in SCA7 models of disease and linked to general, rather than
neuronal- or retinal-specific, pathways involved in polyQ patho-
genesis.19,20 These included proteins involved in cellular stress, such as
the HSPs-27, -70, -105 and DNAJ/HSP40 homologue, subfamily A,
member 1 (DNAJA1) as well as an RNA chaperone, RNA-Binding
Motif protein 3 (RBM3); and the ubiquitin carboxy-terminal
hydrolase L1 (UCHL1), a protein involved in de-ubiquitination.
qPCR analysis was performed to compare transcript levels of these
six genes between multiple control (n¼ 2) and SCA7 patient (n¼ 3)
fibroblast cell lines (Figure 2). Consistent with the SCA7 models
previously described,19 we observed a twofold increase in DNAJA1
(corresponding to an early upregulation in the heat-shock response
observed in 6-month-old SCA7 transgenic mice) and a twofold
decrease in UCHL1 in SCA7 patient fibroblasts relative to control
lines. We observed no significant changes in levels of Hsp27, -70, -105
and RBM3.

Effect of ataxin-7 silencing on DNAJA1 and UCHL1 expression
To assess whether the above-mentioned transcriptional changes were
affected by inhibiting production of mutant polyQ protein, fibroblast
cell lines were transfected with siR-atxn7 or siR-P16. For comparative
purposes, total ataxin-7 levels were used as a measure of gene
silencing efficiency, as mutant allele levels could not be assessed in
control fibroblasts. Both siRNAs were found to silence total ataxin-7
in a dose-dependent manner 7 days after treatment, ranging from 21
to 77% knockdown for siR-P16, and 29 to 68% for siR-atxn7, as
measured by qPCR (Figure 3a).
We then measured expression levels of DNAJA1 and UCHL1 7 days

post ataxin-7 silencing. At low levels of silencing (less than 50%),
there was no significant change in DNAJA1 levels (Figure 3b).
However, when silencing of over 50% was achieved, expression of
DNAJA1 was significantly reduced (Po0.05) by 30% (siR-P16) and
41% (siR-atxn7)—approaching the levels observed in control
fibroblasts. Interestingly, robust silencing by both siRNAs did not
normalise levels of DNAJA1 if assessed at a shorter time point of 96 h

(Supplementary Figure 3). This may indicate that sustained inhibition
of ataxin-7 expression is required to achieve a reduction in mutant
polyQ protein, sufficient to alleviate the cell stress response as
measured by DNAJA1 HSP induction.
We further measured transcript levels of UCHL1 (Figure 3c).

At low levels of ataxin-7 knockdown (21–48%), UCHL1 levels
were elevated towards that observed in control samples with
30–59% increased expression of UCHL1. However, when the non-
allele-specific siRNA, siR-atxn7, reduced total ataxin-7 expression by
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68%, UCHL1 expression reverted to that observed in the absence of
ataxin-7 silencing. In contrast, the allele-specific siR-P16, which
demonstrated noticeably greater total ataxin-7 silencing (77%),
sustained a 25% increase in UCHL1 expression.
To validate that normalisation of these transcripts was associated

with removal of mutant ataxin-7, we performed parallel
silencing experiments in control fibroblasts. Dose-dependent
silencing by both siRNAs was highly similar to that observed
in patient fibroblasts ranging from 30 to 64% knockdown (Figure 4a).

However, no significant correlative decrease in DNAJA1 was observed
(Figure 4b). Furthermore, at low doses of siRNA, no elevation of
UCHL1 was observed (Figure 4c). We did, however, note a 30%
decrease in UCHL1 expression (Po0.05) at high doses of
siR-atxn7 in control cells, consistent with the reduced expression in
patient cells at the same levels of silencing.

DISCUSSION

RNAi-based therapies have shown great potential for treating several
neurodegenerative diseases where the disease-causing gene has been
identified and shown to have a toxic gain-of-function, as is the case
with the polyQ disorders.6,11,21 However, only a few studies
have assessed silencing in patient-derived cells, which exhibit
physiologically relevant levels of endogenous expression.3,22–25

We sought to address whether polyQ patient-derived fibroblasts
might be a useful model for assessing therapeutic strategies, such as
comparing allele-specific and non-allele-specific silencing approaches
in genetically accurate cells. All the polyQ patient-derived cell line
studies to date3,22–26 have focused on the development of allele-
specific silencing approaches targeting SNPs linked to the mutation
and/or the mutation itself, and show increasingly promising results.
We used an siRNA designed to target a common SNP in the ataxin-7
transcript in the South African SCA7 population, in an allele-specific
manner. A criticism of targeting SNPs is the low frequency of such a
target, requiring multiple SNPs to be identified to incorporate the
entire patient population.27 However, this SNP is linked to the polyQ
expansion in 100% of the South African SCA7 patients and is
heterozygous in 43% of this population,10,13 making it a promising
target for therapies aimed at treating large numbers of patients. Here,
we compared the efficacy of two siRNAs, one allele-specific, one non-
allele-specific, by measuring the expression of endogenous mutant
and wild-type transcripts in patient cells. We show that the allele-
specific siRNA silences the mutant transcript more efficiently than the
wild-type transcript in comparison to the consistent silencing of both
alleles by siR-atxn7. Although allele selectivity is lost at the highest
dose of siRNA, the likelihood of saturation of the endogenous RNAi
pathway at such doses28 suggests that our allele-specific silencing
approach may still have significant clinical relevance.
Having established the allele specificity of our two siRNAs, we then

investigated whether there might be transcriptional differences
between patient and control fibroblast cell lines, which could be used
to measure the efficacy of each silencing approach, as transcriptional
dysregulation is considered a key feature of SCA7 pathogenesis.29,30

Data from a SCA7 mouse model19 and patient-derived lymphoblasts20

have revealed a spectrum of transcriptional dysregulation. From these
reports, we selected a subset of six transcripts in which robust changes
had been published, and could be linked to a more general cell
response that might present in fibroblasts, which are not considered
to be a disease-susceptible cell type. Of these six, the HSP, DNAJA1,
and the de-ubiquitinating enzyme, UCHL1, were found to be
differentially expressed in patient cell lines compared with control
lines, corresponding to changes observed in a SCA7 mouse model.19

DNAJA1 is elevated in the brains of the SCA7 mouse model in the
early stages of disease, but is later decreased compared with control
mouse brains. This phenomenon, in which an initially robust heat-
shock response becomes progressively impaired in polyQ diseased
animals of advanced age, is thought to arise from histone hypo-
acetylation, resulting in a decrease in heat-shock gene transcription
over time.31 The initial increase in mouse brain and the observed
increase in our patient-derived fibroblasts may represent a general
response to cellular stress not specific to neurons. Cellular stress from
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Figure 4 Effects of ataxin-7 silencing in control fibroblasts. (a) Two siRNAs
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accumulation of mutant polyQ protein is well established (reviewed
in Huen et al32). Thus, it was not surprising to observe restoration of
transcript levels to that of the control lines after suppression of
mutant polyQ protein expression. We further observed that this
restoration only occurred after sustained mutant ataxin-7 silencing.
This may be indicative of the reported stability of mutant polyQ
protein;33 such that improvements were noted only after sufficient
silencing of the ataxin-7 transcript allowing for degradation of
residual protein.
It should be noted that restoration of DNAJA1 expression was

achieved only at non-allele-specific doses of siRNA. Nevertheless, the
fact that silencing of ataxin-7 at equivalent doses in control fibroblasts
had no effect on DNAJA1 expression suggests that normalisation of
DNAJA1 expression in patient cells results from removal of mutant
Ataxin-7 protein (ATXN7), rather than loss of normal ATXN7
function. That this effect is observed only at the concentrations at
which siRNA is no longer allele specific is a small concern. However,
the dosage effects in this in vitro assay may not equate to those in vivo.
It is therefore possible that sustained allele-specific silencing in vivo
would restore DNAJA1 over time, while maintaining allele specificity.
We observed decreased UCHL1 expression in patient cells relative

to controls as previously reported.19 UCHL1 is a neuronal transcript,
which recycles ubiquitin thereby maintaining protein degradation.34

Decreases in its expression, resulting in impairment of the ubiquitin
proteasome pathway, have been linked to several neurodegenerative
disorders, including Parkinson disease, Alzheimer’s disease and
HD.35–37 Furthermore, a mouse model with a loss-of-function
UCHL1 deletion displays an ataxic phenotype,38,39 validating the
changes seen in SCA7 patient cells.
Ataxin-7 silencing in patient cells resulted in an initial restoration

of UCHL1 levels towards that observed in control lines. This is
encouraging given that boosting UCHL1 levels has been suggested as a
therapeutic strategy for Alzheimer’s disease.39 However, this initial
increase was mitigated at higher levels of ataxin-7 knockdown after
treatment with the non-allele-specific siRNA. In contrast, the allele-
specific siRNA maintained elevated levels of UCHL1, implying that
loss of UCHL1 expression at high doses of non-allele-specific silencing
may be caused by loss of normal function of the wild-type ATXN7
protein. Although only significant after treatment with siR-atxn7, we
observed a similar loss of UCHL1 expression in control fibroblasts.
This suggests that in the context of SCA7 pathogenesis, loss of
UCHL1 expression may be caused by both the toxic gain-of-function
of the mutant polyQ protein as well as by loss of wild-type ATXN7
function. ATXN7 functions as a critical component of the STAGA
transcriptional co-activator complex17 and polyQ-expanded ATXN7
has been shown to inhibit this function.40 Therefore, reduced UCHL1
expression as a result of decreased ATXN7 function fits well with our
understanding of polyQ pathogenesis including aspects of both loss
and gain of function.
We acknowledge that quantification of endogenous levels of

ATXN7 protein would have served to enhance our understanding of
the transcriptional dysregulation observed. Although we were able to
successfully measure over-expression of co-transfected exogenous
ATXN7 protein in HEK293 cells (data not shown), this was not
reliably transferred to a robust measurement of equivalent endogenous
protein. Nevertheless, we believe our novel allele-specific transcript
quantification has yielded valuable information for South African
patient-specific treatment.
We have shown that SCA7 patient-derived cell lines, which are

generated and manipulated with relative ease, are highly suitable for
studies of therapeutic efficacy (in this case, allele-specific vs non-allele

specific siRNAs). To the best of our knowledge, this is the first time
the superiority of an allele-specific silencing approach targeting a
common SNP has been demonstrated in patient-derived cells. This
suggests that although fibroblasts are not susceptible to the neuronal-
specific degeneration exhibited in polyQ disorders, they may be a
valuable tool for screening therapeutic molecules as well as providing
insight into the mechanisms of polyQ disease.
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