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ABSTRACT

Spinocerebellar ataxia 17 (SCA17) belongs to the family of 9 genetically inherited, late-onset
neurodegenerative diseases, which are caused by polyglutamine (polyQ) expansion in different
proteins. In SCA17, the polyQ expansion occurs in the TATA box binding protein (TBP), which
functions as a general transcription factor. Patients with SCA17 suffer from a broad array of motor
and non-motor defects, and their life expectancy is normally within 20 y after the initial appearance
of symptoms. Currently there is no effective treatment, but remarkable efforts have been devoted
to tackle this devastating disorder. In this review, we will summarize our current knowledge about
the molecular mechanisms underlying the pathogenesis of SCA17, with a primary focus on
transcriptional dysregulations. We believe that impaired transcriptional activities caused by mutant
TBP with polyQ expansion is a major form of toxicity contributing to SCA17 pathogenesis, and
rectifying the altered level of downstream transcripts represents a promising therapeutic approach
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for the treatment of SCA17.

SCA17 as a neurodegenerative disease caused by
polyQ expansion

The polyQ tract, encoded by a tandem repeat of CAG
trinucleotides, is a domain commonly found in many
human proteins. The exact number of glutamines
within a polyQ tract varies greatly among different
proteins and individuals. Once the glutamine number
within a polyQ protein reaches above certain thresh-
olds, the polyQ protein becomes misfolded and leads
to neurodegeneration in specific brain regions,
depending on the protein context." Thus far, 9 types
of polyQ diseases have been identified, and SCA17 is
the latest addition to this disease family. In 1999,
Koide et al. were the first to describe a Japanese patient
with unique neurologic symptoms that are associated
with the expansion of CAG repeat in the TBP gene.
This disease was later named SCA17.> In human TBP,
the normal range of polyQ number is between 25 and
42,* whereas disease onset could occur in patients
with as few as 47 repeats.’ SCA17 is late-onset,

meaning that the disease symptoms in patients nor-
mally start to appear in the middle age. Nonetheless,
similar to other polyQ diseases, an inverse correlation
between polyQ number and age of onset was found.”
SCA17 patients normally display diffused cortical
and brain stem atrophy, as well as subcortical white
matter lesions, revealed by brain magnetic resonance
imaging (MRI).>® However, the most prominent degen-
eration occurs in the cerebellum, especially the Purkinje
neurons within the cerebellum are the most vulnerable.”
The distinct brain pathology explains the wide spec-
trum of disease symptoms in SCA17 patients, which
typically include motor defects, such as ataxia, dystonia
and parkinsonism, as well as non-motor defects, includ-
ing dementia, psychiatric abnormalities and seizures.>>*
It is noteworthy that SCA17 is alternatively named
Huntington’s disease-like 4, as its clinical features such
as rapidly progressive dementia followed by concurrent
chorea are also characteristic in Huntington’s dis-
ease.”® To date, most SCA17 cases were reported
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from China, Japan, Korea, Italy and England.>>''"?
Although the scarcity of reported cases makes it difficult
to predict the prevalence of SCA17, it is possible that
expanded polyQ repeats can affect the vital function of
TBP and early embryonic development such that very
few live SCA17 patients were reported.

Transcriptional dysregulations in SCA17

Unlike most polyQ proteins, whose biological functions
remain elusive, the functions of TBP is well understood.
TBP is a general transcription factor that is involved in
transcription by all 3 nuclear RNA polymerases.'* During
mRNA transcritpion, TBP directly binds TATA-box,
which is a highly conserved DNA sequence (TATAAA)
typically locates about 25 to 30 nucleotide upstream of
the transcription start site in metazoans, and 40 to 100
nucleotide upstream of the transcription start site in the
yeast Saccharomyces cerevisiae. TBP then recruits
approximately 13 TBP-associated factors (TAFs) to form
TFIID complex, followed by coordinated accretion of
TFIIA, TFIIB, non-phosphorylated RNA polymerase II,
TFIIF, TFIIE and TFIIH to form the preinitiation com-
plex, which is a large protein complex essential for tran-
scription to occur.'>'® Homozygous TBP knockout
embryos do not survive beyond the blastocyst stage,
highlighting the critical functions mediated by TBP."”

The fact that TBP functions as a general transcription
factor helped researchers to focus their attention on
potential transcriptional dysregulations during SCA17
pathogenesis. Indeed, in vitro electromobility shift assay
revealed that mutant TBP with polyQ expansion binds
less DNA containing TATA-box, compared with wild
type TBP.'® However, when tested in luciferase assays,
mutant TBP with polyQ expansion stimulated, rather
than suppressed, TATA-box dependent transcriptional
activities."®" This observation is in agreement with a
microarray analysis using brain samples from SCA17
mouse models, as only a few hundred transcripts were
down-regulated in the presence of mutant TBP with
polyQ expansion.”® Therefore, mutant TBP with polyQ
expansion might not disrupt global gene expression.
Considering TBP is involved in the formation of numer-
ous transcriptional complexes, it is likely that mutant
TBP affects the functions of some more specialized tran-
scription factors, which leads to impaired transcription
in certain restricted pathways.

This hypothesis has been confirmed by a plethora
of studies. In a cellular model of SCA17, expression of

mutant TBP with 105Q led to decreased cell viability
and defective neurite outgrowth. Moreover, mutant
TBP showed enhanced interaction with transcription
factor Sp1, which caused reduced occupancy of Spl
on TrkA promoter and decreased TrkA expression.”!
In a drosophila model of SCA17 expressing mutant
human TBP with 80Q, the function of Suppressor of
Hairless (Su(H)), a transcription factor that partici-
pates in Notch signaling, was impaired, which contrib-
utes to SCA17 like phenotypes including progressive
neurodegeneration, late-onset locomotor impairment
and early death.*” Interestingly, the number of gluta-
mines within TBP varies greatly among different spe-
cies: yeast TBP does not contain a polyQ region;
drosophila TBP has less than 10 glutamines within the
polyQ region; whereas rodent TBP has nearly 15 glu-
tamines in the polyQ region. This phenomenon indi-
cates that rodent models should be preferable in
faithfully recapitulating SCA17 disease conditions. To
date, several SCA17 rodent models have been estab-
lished, including transgenic mouse and rat models, as
well as conditional knock-in mouse models. These
models displayed SCA17 like phenotypes, such as
motor deficits and shortened life span. Moreover, pro-
nounced cerebellum degeneration, especially Purkinje
cell death, was found in all these models.*****’ Close
examination of these models revealed a handful of
transcription factors whose functions were affected by
mutant TBP with polyQ expansion. For example, the
function of transcription factor IIB (TFIIB), another
general transcription factor, was impaired by mutant
TBP, which resulted in a reduced level of the small
heat shock protein HSPBI1 in a transgenic mouse
model expressing TBP105Q.*>*®* Mutant TBP also
sequestered and impaired nuclear factor-Y (NFY), a
master regulator of the chaperone system, and
reduced the expression of several chaperones includ-
ing Hsp70, Hsp25 and HspA5 in a neuron-specific
knock-in mouse model.*>*” The toxicity of mutant
TBP is commonly assumed to be caused by certain
gain of function mechanisms, which means mutant
TBP shows enhanced interaction with certain proteins
and damages their endogenous functions. However, 2
recent studies indicate that some loss of function
mechanisms could also contribute to the pathogenesis
of SCA17. X-box binding protein 1 (XBP1), a tran-
scription factor involved in ER stress response, and
MyoD1, a muscle-specific transcription factor, were
found to bind less mutant TBP than wild type
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Figure 1. Transcriptional dysregulations in SCA17 A brief summary of our current understanding about the transcription factors and
their mediated cellular processes impaired by mutant TBP. Mutant TBP affects the activities of these transcription factors through 2 dis-
tinct mechanisms. One is gain of function, which means mutant TBP showed enhanced interactions with the transcription factors,
thereby sequestering them from their functional locations. The other one is loss of function, which means while wild type TBP is an
essential component of the transcriptional complexes, mutant TBP fails to carry out the same functions as wild type TBP.

TBP.**”” The decreased interactions suggest that
mutant TBP may not be as efficient as wild type TBP
in facilitating transcriptional activities mediated by
these transcription factors (Fig. 1). Moreover, these
findings suggest that a gain of toxic function or a loss
of function of mutant TBP is also dependent on the
length of the expanded polyQ repeat.”’

It should be noted that mutant TBP does not have
to bind to the DNA sequence to impact gene tran-
scription. Some genes without TATA-box in their pro-
moter sequences can also be affected by mutant
TBP.?® Moreover, a truncated form of mutant TBP
without the DNA binding domain sequestered TFIIB
and inhibited TATA-box dependent transcriptional
activity in cultured cells. When the same construct
was used to generate a transgenic mouse model, the
mice showed even more severe pathological pheno-
types and died at the age of 3-8 weeks.'®

Concluding remarks and future directions

SCA17 is a devastating neurodegenerative disease with-
out effective treatments. Nonetheless, our deep under-
standing about TBP and the availability of several good
animal models make SCA17 an ideal polyQ disease
model to study how polyQ expansion impairs endoge-
nous protein functions and induces neurodegeneration.

Although the effects of mutant TBP on gene transcrip-
tion have been well documented, it remains unclear
how SCA17 also shows selective pathology in specific
types of tissues or cells, a phenomenon that is well
known for other polyQ diseases. It is likely that polyQ
expansion confers toxicity in a cell-type dependent
manner, depending on the cell-type related expression
and posttranslational modulation polyQ proteins and
their partners. To address this issue, we have generated
floxed TBP105Q knock-in mouse model. By crossing
these mice with different lines of Cre transgenic mice,
we are able to control mutant TBP expression at
endogenous level in specific types of cells. Some of the
discoveries discussed above were done using this
approach.>?” We are in the process of incorporating
more Cre lines to get a more comprehensive picture.
On the other hand, Purkinje cell specific transcriptome
analysis, achieved by laser capture microdissection™ or
Purkinje cell specific promoter,” has been successfully
performed in SCA1, another polyQ disease. These tech-
niques could be readily transferred to SCA17 research,
and bring us much needed information about Purkinje
cell specific degeneration in SCA17. Given the well-
characterized functions of TBP and its associated pro-
teins, SCA17 would offer an ideal system to investigate
the mechanisms underlying the selective pathology in
polyQ diseases.
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Despite impressive advances in understanding the
molecular mechanisms underlying SCA17 pathogenesis,
how to translate our current knowledge into therapeutic
strategies remains one of the greatest challenges. Gene
silencing techniques (such as antisense oligonucleotide,
microRNA and shRNA) are being actively pursued as an
option to treat polyQ diseases.”>”> Considering the
essential functions of TBP, it is highly desirable that
mutant allele-specific silencing is used when testing the
efficacy for SCA17 treatment. Alternatively, normalizing
the expression of transcripts disrupted in SCA17 could
also be tested for therapy. Mesencephalic astrocyte-
derived neurotrophic factor (MANF) is one of such pro-
teins whose expression was reduced by mutant TBP.
Increasing MANF level by genetic approaches in a
SCA17 knock-in mouse model had robust improvements
in both behavioral performances and neuropathology.*®
MANEF is also neuroprotective in several other neurologic
disorders, including Parkinson disease and ischemic
stroke.”®® Therefore, developing the MANF-based ther-
apeutic approach has the potential to alleviate or treat
multiple diseases. More efforts are needed to expand our
reservoir of potential therapeutic targets, and to validate
these targets for SCA17 treatment.

Disclosure of potential conflicts of interest
No potential conflicts of interest were disclosed.

Funding
This work is supported by NIH grant NS095279 (to Shihua Li).

References

[1] Orr HT, Zoghbi HY. Trinucleotide repeat disorders. Ann
Rev Neurosci 2007; 30:575-621; PMID:17417937; http://
dx.doi.org/10.1146/annurev.neuro.29.051605.113042

[2] Koide R, Kobayashi S, Shimohata T, Ikeuchi T, Maruyama
M, Saito M, Yamada M, Takahashi H, Tsuji S. A neurological
disease caused by an expanded CAG trinucleotide repeat in
the TATA-binding protein gene: a new polyglutamine dis-
ease? Hum Mol Genet 1999; 8:2047-53; PMID:10484774;
http://dx.doi.org/10.1093/hmg/8.11.2047

[3] Nakamura K, Jeong SY, Uchihara T, Anno M, Nagashima K,
Nagashima T, Ikeda S, Tsuji S, Kanazawa 1. SCA17, a novel
autosomal dominant cerebellar ataxia caused by an
expanded polyglutamine in TATA-binding protein. Hum
Mol Genet 2001; 10:1441-8; PMID:11448935; http://dx.doi.
org/10.1093/hmg/10.14.1441

[4] Rubinsztein DC, Leggo ], Crow TJ, DeLisi LE, Walsh
C, Jain S, Paykel ES. Analysis of polyglutamine-coding
repeats in the TATA-binding protein in different

(11]

human populations and in patients with schizophre-
nia and bipolar affective disorder. Am ] Med Genet
1996; 67:495-8; PMID:8886170; http://dx.doi.org/
10.1002/(SICI)1096-8628(19960920)67:5%3c495:: AID-
AJMG12%3e3.0.CO;2-1

Tsuji S. Spinocerebellar ataxia type 17: latest member of
polyglutamine disease group highlights unanswered
questions. Arch Neurol 2004; 61:183-4; PMID:14967764;
http://dx.doi.org/10.1001/archneur.61.2.183

Rolfs A, Koeppen AH, Bauer I, Bauer P, Buhlmann S,
Topka H, Schols L, Riess O. Clinical features and neuro-
pathology of autosomal dominant spinocerebellar ataxia
(SCA17). Ann Neurol 2003; 54:367-75; PMID:12953269;
http://dx.doi.org/10.1002/ana.10676

Bruni AC, Takahashi-Fujigasaki J, Maltecca F, Foncin JF,
Servadio A, Casari G, D’Adamo P, Maletta R, Curcio SA,
et al. Behavioral disorder, dementia, ataxia, and rigidity
in a large family with TATA box-binding protein muta-
tion. Arch Neurol 2004; 61:1314-20; PMID:15313853;
http://dx.doi.org/10.1001/archneur.61.8.1314

Manto MU. The wide spectrum of spinocerebellar ataxias
(SCAs). Cerebellum 2005; 4:2-6; PMID:15895552; http://
dx.doi.org/10.1080/14734220510007914

Stevanin G, Brice A. Spinocerebellar ataxia 17 (SCA17) and
Huntington’s disease-like 4 (HDL4). Cerebellum 2008;
7:170-8; PMID:18418687; http://dx.doi.org/10.1007/s12311-
008-0016-1

Toyoshima Y, Yamada M, Onodera O, Shimohata M,
Inenaga C, Fujita N, Morita M, Tsuji S, Takahashi H.
SCA17 homozygote showing Huntington’s disease-like
phenotype. Ann Neurol 2004; 55:281-6; PMID:14755733;
http://dx.doi.org/10.1002/ana.10824

Brusco A, Gellera C, Cagnoli C, Saluto A, Castucci A,
Michielotto C, Fetoni V, Mariotti C, Migone N, et al.
Molecular genetics of hereditary spinocerebellar ataxia:
mutation analysis of spinocerebellar ataxia genes and
CAG/CTG repeat expansion detection in 225 Italian fam-
ilies. Arch Neurol 2004; 61:727-33; PMID:15148151;
http://dx.doi.org/10.1001/archneur.61.5.727

Craig K, Keers SM, Walls TJ, Curtis A, Chinnery PF. Mini-
mum prevalence of spinocerebellar ataxia 17 in the north
east of England. ] Neurol Sci 2005; 239:105-9;
PMID:16223509; http://dx.doi.org/10.1016/jjns.2005.08.009
Wu YR, Lin HY, Chen CM, Gwinn-Hardy K, Ro LS,
Wang YC, Li SH, Hwang JC, Fang K, et al. Genetic test-
ing in spinocerebellar ataxia in Taiwan: expansions of tri-
nucleotide repeats in SCA8 and SCA17 are associated
with typical Parkinson disease. Clin Genet 2004; 65:209-
14; PMID:14756671; http://dx.doi.org/10.1111/j.0009-
9163.2004.00213.x

Nikolov DB, Burley S.K. Two.l A resolution refined
structure of a TATA box-binding protein (TBP). Nat
Struct Biol 1994; 1:621-37; PMID:7634102; http://dx.doi.
org/10.1038/nsb0994-621

Lee TI, Young RA. Transcription of eukaryotic protein-cod-
ing genes. Ann Rev Genet 2000; 34:77-137; PMID:11092823;
http://dx.doi.org/10.1146/annurev.genet.34.1.77


http://dx.doi.org/17417937
http://dx.doi.org/10.1146/annurev.neuro.29.051605.113042
http://dx.doi.org/10484774
http://dx.doi.org/10.1093/hmg/8.11.2047
http://dx.doi.org/11448935
http://dx.doi.org/10.1093/hmg/10.14.1441
http://dx.doi.org/8886170
http://dx.doi.org/10.1002/(SICI)1096-8628(19960920)67:5&percnt;3c495::AID-AJMG12&percnt;3e3.0.CO;2-I
http://dx.doi.org/10.1002/(SICI)1096-8628(19960920)67:5&percnt;3c495::AID-AJMG12&percnt;3e3.0.CO;2-I
http://dx.doi.org/10.1002/(SICI)1096-8628(19960920)67:5&percnt;3c495::AID-AJMG12&percnt;3e3.0.CO;2-I
http://dx.doi.org/10.1002/(SICI)1096-8628(19960920)67:5&percnt;3c495::AID-AJMG12&percnt;3e3.0.CO;2-I
http://dx.doi.org/14967764
http://dx.doi.org/10.1001/archneur.61.2.183
http://dx.doi.org/12953269
http://dx.doi.org/10.1002/ana.10676
http://dx.doi.org/15313853
http://dx.doi.org/10.1001/archneur.61.8.1314
http://dx.doi.org/15895552
http://dx.doi.org/10.1080/14734220510007914
http://dx.doi.org/10.1007/s12311-008-0016-1
http://dx.doi.org/10.1007/s12311-008-0016-1
http://dx.doi.org/14755733
http://dx.doi.org/10.1002/ana.10824
http://dx.doi.org/15148151
http://dx.doi.org/10.1001/archneur.61.5.727
http://dx.doi.org/10.1016/j.jns.2005.08.009
http://dx.doi.org/10.1111/j.0009-9163.2004.00213.x
http://dx.doi.org/10.1111/j.0009-9163.2004.00213.x
http://dx.doi.org/7634102
http://dx.doi.org/10.1038/nsb0994-621
http://dx.doi.org/11092823
http://dx.doi.org/10.1146/annurev.genet.34.1.77

(16]

Burley SK, Roeder RG. Biochemistry and structural biology
of transcription factor IID (TFIID). Ann Rev Biochem 1996;
65:769-99; PMID:8811195; http://dx.doi.org/10.1146/
annurev.bi.65.070196.004005

Martianov I, Viville S, Davidson I. RNA polymerase II
transcription in murine cells lacking the TATA binding
protein. Science 2002; 298:1036-9; PMID:12411709;
http://dx.doi.org/10.1126/science.1076327

Friedman M]J, Wang CE, Li X], Li S. Polyglutamine expan-
sion reduces the association of TATA-binding protein with
DNA and induces DNA binding-independent neurotoxicity.
J Biol Chem 2008; 283:8283-90; PMID:18218637; http://dx.
doi.org/10.1074/jbc.M709674200

Reid SJ, Rees MI, van Roon-Mom WM, Jones AL, Mac-
Donald ME, Sutherland G, During M]J, Faull RL, Owen
M], et al. Molecular investigation of TBP allele length: a
SCA17 cellular model and population study. Neurobiol
Dis 2003; 13:37-45; PMID:12758065; http://dx.doi.org/
10.1016/S0969-9961(03)00014-7

Friedman M]J, Shah AG, Fang ZH, Ward EG, Warren ST,
Li S, Li X]J. Polyglutamine domain modulates the TBP-
TFIIB interaction: implications for its normal function
and neurodegeneration. Nat Neurosci 2007; 10:1519-28;
PMID:17994014; http://dx.doi.org/10.1038/nn2011

Shah AG, Friedman MJ, Huang S, Roberts M, Li X]J, Li S.
Transcriptional dysregulation of TrkA associates with
neurodegeneration in spinocerebellar ataxia type 17.
Hum Mol Genet 2009; 18:4141-52; PMID:19643914;
http://dx.doi.org/10.1093/hmg/ddp363

Ren ], Jegga AG, Zhang M, Deng J, Liu J, Gordon CB,
Aronow BJ, Lu L], Zhang B, et al. A Drosophila model of
the neurodegenerative disease SCA17 reveals a role of
RBP-J/Su(H) in modulating the pathological outcome.
Hum Mol Genet 2011; 20:3424-36; PMID:21653638;
http://dx.doi.org/10.1093/hmg/ddr251

Solaroglu I, Jadhav V, Zhang JH. Neuroprotective effect
of granulocyte-colony stimulating factor. Front Biosci
2007; 12:712-24; PMID:17127331; http://dx.doi.org/
10.2741/2095

Kelp A, Koeppen AH, Petrasch-Parwez E, Calaminus C,
Bauer C, Portal E, Yu-Taeger L, Pichler B, Bauer P, Riess
O, et al. A novel transgenic rat model for spinocerebellar
ataxia type 17 recapitulates neuropathological changes
and supplies in vivo imaging biomarkers. ] Neurosci
2013; 33:9068-81; PMID:23699518; http://dx.doi.org/
10.1523/JNEUROSCI.5622-12.2013

Huang S, Ling JJ, Yang S, Li XJ, Li S. Neuronal expression
of TATA box-binding protein containing expanded poly-
glutamine in knock-in mice reduces chaperone protein
response by impairing the function of nuclear factor-Y
transcription  factor.  Brain = 2011;  134:1943-58;
PMID:21705419; http://dx.doi.org/10.1093/brain/awr146
Yang S, Huang S, Gaertig MA, Li X]J, Li S. Age-dependent
decrease in chaperone activity impairs MANF expression,
leading to Purkinje cell degeneration in inducible SCA17
mice. Neuron 2014; 81:349-65; PMID:24462098; http://
dx.doi.org/10.1016/j.neuron.2013.12.002

(27]

(36]

RARE DISEASES e1223580-5

Huang S, Yang S, Guo ], Yan S, Gaertig MA, Li S, Li X]. Large
Polyglutamine Repeats Cause Muscle Degeneration in
SCA17 Mice. Cell Rep 2015; 13:196-208; PMID:26387956;
http://dx.doi.org/10.1016/j.celrep.2015.08.060

Friedman MJ, Li S, Li X]J. Activation of gene transcription by
heat shock protein 27 may contribute to its neuronal protec-
tion. J Biol Chem 2009; 284:27944-51; PMID:19656944;
http://dx.doi.org/10.1074/jbc.M109.037937

Lee LC, Chen CM, Wang HC, Hsieh HH, Chiu IS, Su
MT, Hsieh-Li HM, Wu CH, Lee GC, et al. Role of the
CCAAT-binding protein NFY in SCA17 pathogenesis.
PloS one 2012; 7:¢35302; PMID:22530004; http://dx.doi.
org/10.1371/journal.pone.0035302

Cvetanovic M, Patel JM, Marti HH, Kini AR, Opal P.
Vascular endothelial growth factor ameliorates the ataxic
phenotype in a mouse model of spinocerebellar ataxia
type 1. Nat Med 2011; 17:1445-7; PMID:22001907;
http://dx.doi.org/10.1038/nm.2494

Ingram M, Wozniak EA, Duvick L, Yang R, Bergmann P,
Carson R, O’Callaghan B, Zoghbi HY, Henzler C, et al.
Cerebellar Transcriptome Profiles of ATXN1 Transgenic
Mice Reveal SCA1 Disease Progression and Protection
Pathways. Neuron 2016; 89:1194-207; PMID:26948890;
http://dx.doi.org/10.1016/j.neuron.2016.02.011
Scholefield ], Wood MJ. Therapeutic gene silencing strategies
for polyglutamine disorders. Trends Genet 2010; 26:29-38;
PMID:19962779; http:/dx.doi.org/10.1016/j.tig.2009.11.005
Fiszer A, Krzyzosiak WJ. Oligonucleotide-based strate-
gies to combat polyglutamine diseases. Nucleic Acids Res
2014; 42:6787-810; PMID:24848018; http://dx.doi.org/
10.1093/nar/gku385

Rodriguez-Lebron E, Costa Mdo C, Luna-Cancalon K,
Peron TM, Fischer S, Boudreau RL, Davidson BL, Paul-
son HL. Silencing mutant ATXN3 expression resolves
molecular phenotypes in SCA3 transgenic mice. Mol
Ther 2013; 21:1909-18; PMID:23820820; http://dx.doi.
org/10.1038/mt.2013.152

Ramachandran PS, Boudreau RL, Schaefer KA, La Spada
AR, Davidson BL. Nonallele specific silencing of ataxin-7
improves disease phenotypes in a mouse model of SCA7.
Mol Ther 2014; 22:1635-42; PMID:24930601; http://dx.
doi.org/10.1038/mt.2014.108

Voutilainen MH, Back S, Porsti E, Toppinen L, Lindgren
L, Lindholm P, Perdnen ], Saarma M, Tuominen RK.
Mesencephalic astrocyte-derived neurotrophic factor is
neurorestorative in rat model of Parkinson disease. |
Neurosci 2009; 29:9651-9; PMID:19641128; http://dx.doi.
org/10.1523/JNEUROSCI.0833-09.2009

Yu YQ, Liu LC, Wang FC, Liang Y, Cha DQ, Zhang JJ,
Shen YJ, Wang HP, Fang S, et al. Induction profile of
MANF/ARMET by cerebral ischemia and its implication
for neuron protection. ] Cereb Blood Flow Metab 2010;
30:79-91; PMID:19773801; http://dx.doi.org/10.1038/
jcbfm.2009.181

Lindholm P, Saarma M. Novel CDNF/MANF family of
neurotrophic factors. Dev Neurobiol 2010; 70:360-71;
PMID:20186704


http://dx.doi.org/10.1146/annurev.bi.65.070196.004005
http://dx.doi.org/10.1146/annurev.bi.65.070196.004005
http://dx.doi.org/12411709
http://dx.doi.org/10.1126/science.1076327
http://dx.doi.org/18218637
http://dx.doi.org/10.1074/jbc.M709674200
http://dx.doi.org/12758065
http://dx.doi.org/10.1016/S0969-9961(03)00014-7
http://dx.doi.org/10.1038/nn2011
http://dx.doi.org/19643914
http://dx.doi.org/10.1093/hmg/ddp363
http://dx.doi.org/21653638
http://dx.doi.org/10.1093/hmg/ddr251
http://dx.doi.org/17127331
http://dx.doi.org/10.2741/2095
http://dx.doi.org/23699518
http://dx.doi.org/10.1523/JNEUROSCI.5622-12.2013
http://dx.doi.org/10.1093/brain/awr146
http://dx.doi.org/24462098
http://dx.doi.org/10.1016/j.neuron.2013.12.002
http://dx.doi.org/26387956
http://dx.doi.org/10.1016/j.celrep.2015.08.060
http://dx.doi.org/19656944
http://dx.doi.org/10.1074/jbc.M109.037937
http://dx.doi.org/22530004
http://dx.doi.org/10.1371/journal.pone.0035302
http://dx.doi.org/22001907
http://dx.doi.org/10.1038/nm.2494
http://dx.doi.org/26948890
http://dx.doi.org/10.1016/j.neuron.2016.02.011
http://dx.doi.org/10.1016/j.tig.2009.11.005
http://dx.doi.org/24848018
http://dx.doi.org/10.1093/nar/gku385
http://dx.doi.org/23820820
http://dx.doi.org/10.1038/mt.2013.152
http://dx.doi.org/24930601
http://dx.doi.org/10.1038/mt.2014.108
http://dx.doi.org/19641128
http://dx.doi.org/10.1523/JNEUROSCI.0833-09.2009
http://dx.doi.org/10.1038/jcbfm.2009.181
http://dx.doi.org/10.1038/jcbfm.2009.181
http://dx.doi.org/20186704

	Abstract
	SCA17 as a neurodegenerative disease caused by polyQ expansion
	Transcriptional dysregulations in SCA17
	Concluding remarks and future directions

	Disclosure of potential conflicts of interest
	Funding
	References

