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Spinocerebellar ataxia 7 (SCA7)

Seon-Yong Jeong, Seok-Hun Jang, and Hyon J. Kim
Department of Medical Genetics, School of Medicine, Ajou University, Suwon, Korea

The autosomal dominant spinocerebellar ataxias (SCAs) are a group of neurodegenerative diseases,
clinically and genetically heterogeneous, characterized by degeneration of spinocerebellar pathways with
variable involvement of other neural systems. At present, 27 distinct genetic forms of SCAs are known:
SCA1-8, SCA10-21, SCA23, SCA25-28, DRPLA (dentatorubral-pallidoluysian atrophy), and 16q-liked
ADCA (autosomal dominant cerebellar ataxia). Epidemiological data about the prevalence of SCAs are
restricted to a few studies of isolated geographical regions, and most do not reflect the real occurrence
of the disease. In general a prevalence of about 0.3-2 cases per 100,000 people is assumed. As SCA are
highly heterogeneous, the prevalence of specific subtypes varies between different ethnic and continental
populations. Most recent data suggest that SCA3 is the commonest subtype worldwide; SCA1, SCA2,
SCA6, SCA7, and SCAS8 have a prevalence of over 2%, and the remaining SCAs are thought to be rare
(prevalence <1%). In this review, we highlight and discuss the SCA7. The hallmark of SCA7 is the asso-
ciation of hereditary ataxia and visual loss caused by pigmentary macular degeneration. Visual failure
is progressive, bilateral and symmetrical, and leads irreversibly to blindness. This association represents
a distinct disease entity classified as autosomal dominant cerebellar ataxia (ADCA) type II by Harding.
The disease affectsprimarily the cerebellum and the retina by the moderate to severe neuronal loss and
gliosis, but also many other central nervous system structures as the disease progresses. SCA7 is caused
by expansion of an unstable trinucleotide CAG repeat in the ATXN7 gene encoding a polyglutamine
(poly@Q) tract in the corresponding protein, ataxin-7. Normal A7TXN7 alleles contain 4-35 CAG repeats,
whereas pathological alleles contain from 36->450 CAG repeats. Immunoblott analysis demonstrated that
ataxin-7 is widely expressed but that expression levels vary among tissues. Instability of expanded re-
peats is more pronounced in SCA7 than in other SCA subtypes and can cause substantial lowering of
age at onset in successive generations termed ‘anticipation’ so that children may become diseased even
before their parents develop symptoms. The strong anticipation in SCA7 and the rarity of contractions
should have led to its extinction within a few generations. There is no specific drug therapy for this
neurodegenerative disorder. Currently, therapy remains purely symptomatic. Cellular models and SCA7
transgenic mice have been generated which constitute valuable resources for studying the disease mecha-
nism. Understanding the pathogenetic mechanisms of neurodegeneration in SCAs should lead to the
identification of potential therapeutic targets and ultimately facilitate drug discovery. Here we summarize
the clinical, pathological, and genetic aspects of SCA7, and review the current understanding of the
pathogenesis of this disorder. Further, we also review the potential therapeutic strategies that are
currently being explored in polyglutamine diseases.
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Ay A §5 A %% (spinocerebellar ataxia, SCA)&
ARZHBE A T v, FE AP SsEE, ?Qﬂ
off(dysarthria), €153l (dysphagia) 52 EFC=® &=
Adgott?, Heawyg $EAxFLS A7 27%9]
S0l Buxx YrP? DRPLA (dentatorubral-palli-
doluysian atrophy)$} 16g-liked ADCA (autosomal domi-
nant cerebellar ataxia)E #| &3t FHEE HZ 7} vfAA
Ao o] 7k QIS A Al w5y of
AT ¥ (Table 1). o] aiﬂ A5 GAA ol A Akl 3
AE fFaxke] A7 Be ] AR o3, SCA9
9} SCA24= o= A °H7\] ] 2 ):.T’_ SCA199} SCA22+= &
A FHA ool ogk FAg d3o] B thE FFo W

Table 1. Genetic classification of spinocerebellar ataxias (Reproduced from Duenas et al.? and Bird TD.%)
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UH(Table 1). th

1, SCA89] 7
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SCA subtype Locus Gene Protein Mutation ';gg]sl Interrerggg{ate A?Qgggal
SCA1 6p22.3 ATXNT Ataxin 1 CAG repeat 6-44 36-38 39-91
SCA2 1202413 ATXNZ Ataxin 2 CAG repeat ~30 . 33—>500
SCA3 14932.12 ATXNS Ataxin 3 CAG repeat ~47 48-51 53-86
SCA4 16g24—qter SCA4 u U . .
SCA5 11913.2 SPTBNZ Beta-lll spectrin D, MM . . .
SCA6 19p13.13 CACNAIA CACNAIA CAG repeat 18 19 20-33
SCA7 3p21.1-p12 ATXN7 Ataxin 7 CAG repeat 4-35 28-35 36—>450
SCA8 13g21 KLHLIAS Kelch-like | CTG repeat 15-50 50-70 80—>800
SCA9 Not assigned U u U . . .
SCA10 22013.31 ATXNT10 Ataxin 10 ATTCT repeat 10-22 280—>4500
SCA11 15914-0g21.3 SCATT u U . .
SCA12 532 PPF2RZB PPP2R2B CAG repeat 7-31 55-78
SCA13 19g13.33 KCNC3 KCNC3 MM . .
SCA14 19913.42 PRKCG PRKCG MM

SCA15 3p24.2—pter U u U

SCA16 8023-924.1 U U U . .
SCA17 6027 1BP TBP CAG repeat 25-44 45-63
SCA18 7031-032 U U U . .
%%&:9’3 Clinical Chaljé)&él’lgﬁés of SCA7 LLganents reprgduoed from David eltJ al.” and Lebre and Brice.)

§@A§§J% of patients %5;;5;1'5_1 U 25-75% g patients U 0-25% of patients,

BerdBlar gait ataxia 1021-023 U Decreasdd vibration sense U Detreased hearing

BeBllar limb ataxia?0p13-p12.2 U Dysphagt U Postural tremor

Bdstthria Not assigned U Babinski \dign U Axonal neuropathy

BeAdBsed visual acudp21-p15 U Ophthaindplegia U Extrapyramidal rigitiity

Biapetbefiexia 19p13.3 U Extensor\plantar reflexes U Fatial myokymia °

SCA27 13q33.1 FGFBow sadcalidd MM Mental deterioratioh

SCA28 18p11.22-g11.2 U Deep sekbory loss U Pyramidal sign .
DRPLA 12013.31 ATN]SphinCtepAapﬁbiﬁbahces CAG repeat DAé'Bﬁentia 48-93
16g-linked ADCA™  16g22.1 PLEARF gy IirﬁvféﬁQﬁWMW 5 SNS Scoliosis .

*SCA19 and 22 are likely allelic forms of the-WPhdiMRAYaSINElinked autosomal dominant E%’r%tﬁé\ilﬁr ataxia. The gene encoding pura-
trophin | lies on the same chromosomal regidiW#EPBNihe SCA4 gene localizes. DRPLA, denfilsiiigrag¥gallidoluysian atrophy; D, deletion;

M, missense mutation; SNS, single-nucleotide substitution; U, unknown.
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Fig. 1. Retinal degeneration in SCA7. Fundoscopy images of a non-affected (A) and two SCA7 patients
(B, C). (A) Note the normal appearance of the macula (black arrow) and the optic disk (arrowhead),
and the well-developed vasculature (white arrow) in the control individual. (B) The retina of a patient
aged 40 with 52 CAG repeats displays an atrophic macula (black arrow), very pale optic disk
(arrowhead), and poor vasculature (white arrow). (C) The retina of a patient who was decreased
eyesight at the age of 20 years and died at 28 years shows an extremely pale optic disc (arrowhead),
and atrophy of the pigmentary epithelium and choroid layer (arrow) (Excerpted from the review by
Michalik et al.?).
o WA 2Zwel wyde 2 F40 474 1 SCATSl JHS
of ARIAZE ATh BE WEALL] SE 357 F4E
Ao M lE e vhobxm, 53] SCAL 2, 3, 79] A5l 1. A
E38 =X (anticipation) ] %Ato] =LA YER}EH), o]AE
K‘]]Tﬂg ﬂ;q 1H3:]7]'°ﬂ U}ﬂ— uL= Q_}r\_ﬂ_ 011/]_ z/\]—o] -1 ‘Q’ i#—’?il%*é '1?:% Az % 11]76:](SCA7)% 1‘4/‘21 % 9’]"“
Table 2. Modified Harding's classification of atosomal dominant cerebellar ataxias (ADCAs) (excerpted from Duenas et al.?)
ADCA type ADCA | ADCA I ADCA Il

Clinical presentation

Cerebellar syndrome with ophthalmo-plegia, pyra-
midal and extrapyramidal signs, cognitive impair-
ment, and peripheral neuropathy

Cerebellar syndrome with pig- Pure cerebellar syndrome
mentary retinopathy

Neuropathology Degeneration of the cerebellum, and of the basal  Cerebellar and pigmentary re- Cerebellar degeneration
ganglia, cerebral cortex, optic nerve, pontomedul- tinal degeneration
lary systems, spinal tracts, and peripheral nerves
Genetic loci SCAs 1, 2, 3, 4, 8, 10, 12, 13, 17, 18, 19/22, 20, 21,  SCA7 SCAs 5, 6, 11, 14, 15, 16,
23, 25, 27, 28, DRPLA 26
2] vEbar, AlsHAl vebdS ofnlgith ek W 2 (pigmentary retinopathy) S 54 S 2 3hcf 7.
Harding 1742 Sl wel A4 4 2948 & Froment 570 ©la] A& Baslon], v#de] ws- o
FALF(ADCAS Al M fFEoz ERaAUDE (Table  F& 9353, 49 A%, wdzgor 544"
2). H1Z o] BHE FAAJN EFHE ohuAR, A 1R V. SCATS Fggoleh AshgolE Butals Ay A
Zhol=giQlom A gk e 93 ALY M E SRR, SAANE] 2ol Mo AyS s
st ol oA vl 83tk ADCA IIell+= SCAT7e] = WA WA S (pigmentary retinal dystrophy)S £
Q3 Zg}, ERo g g} 8 W (Taple 3). 272} 0T 2MA &F
Ax27F @A) Hell F Aol dIt FAAIH ] o] o]
HA vy gee] H sk @A olal, Aol Al
o2 Atk (Fig. 1). Fig. 2¢] MRI Z3}ol A B 4= 9l%o]
Zx Rkl AR f15e] dojubA He, FAZTel 3]
CAG WHE7F A2 546 WHE, 444l vl&l CAG wHE5
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Fig. 3. Neuronal intranuclear inclusions (see arrows) in regions of the brainstem in a
juvenile case of SCA7 detected by the polyglutamine-specific monoclonal 1C2 antibody.
(A) Inferior olivary complex. (B) Pontine nuclei. Bar 25 pm. (Excerpted from Holmberg

et al."”)
7F B AHA33WHE, 44 9] 24 915e] ¥ wEA Py 4™ At AddsiA vepu, 5l Ak, &%
Flkehs YASAE O AzdE (Fig. 2A-0). 53], 28 2§ 2859 242 43 2997 gt P,
7ol vehd 79, Fi AR 10t FHkel A 200

S -

GC PG =ML EGCEIPe - ML

Fig. 2. Cerebellar degeneration in SCA7. Magnetic resonance imaging of a control individual
(A) and a SCA7 patient aged 44 with 46 CAG repeats (B) and his son aged 4 with 113 CAG
repeats (C). (B) Note marked wasting of brainstem and cervical spinal cord and mild
vermian atrophy. (C) There is massive cerebellar atrophy with pronounced enlargement of
the cisterna magna, and normal apparence of brainstem and cervical spinal cord. Histology
of the cerebellar cortex of a control individual (D) and a SCA7 patient with 55 CAG repeats
(B), stained with an antibody against calbindin to visualize Purkinie neurons. Note the
intensely labeled bodies of Purkinje cells (PC) (arrows), and their dendritic extensions within
the molecular layer (ML) in the control cerebellum (D). The cerebellum of a SCA7 patient
(E) who was decreased at the age of 20 years and died at 45 years displays a dramatic loss
of Purkinje neurons (arrows). GC, granular cell layer (Reproduced from Infante et a."” and

Michalik et al.?).
ZRroR oS war) o) ol WA AdHE & 2. 2ol
Eoh Wk Fabe] G wh, Sl Wehis 4ol -
_ = s} ] o 7|HtEnj g o
Q7 A, FHE Ao, axlel 5o sg axy ATINT UEE SCAD Sl CAG SIS
oz ZHoRE SEzdoly AFoENELLE 2 TE(36 o))l o8] WolH ataxin-7 EAWo] TiHe
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Fig. 5. Correlation between the age at onset and the number of
CAG repeats in expanded alleles in 77 SCA7 patients. Values in
parentheses indicate the number of patients (Excerpted from
David et al?).
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= .
#, 31 & =4 (Huntington's disease, HD)9| A2 32 Z3
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tﬂ% o]_c;lg;y\—]gtqw)’ O] g
72 2w SCATS) Z$ol= 447 ATXNT f37ke] 7]

o7
o] Aghe] gle] #o] & The A= w4 gtk

T
PN
O]-o——ye T ]EO]

2 10 CAGZF AA 9] 70-80%Z 2} 3he}. AA kol A 28—
35 CAGE A9 05% olstoltl™. ATXN7 -2 7ke] CAG
HHE4=71 36 ol g du FAjato] EghEH 450 o]/l WhE
o] a1y A$% QtHTable 1). AF7HA ®ig SCA73S
ZFe] Hat CAG v 4801H AE915-H Y (IQR, inter-
quartile range):= 43-55=2 ®.a1% 31 3t} (Fig. 4). SCA79
e CAG uHESo) whe) vhan g I aEe 30
Aol AHEEH A IQR)E 18-41410] . SCATS SCA

TSN E ZAFTo] ZsiAl velv™, CAG WHE¢}
s del o vl gl ek eI TH? (Fig. 5).
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CAG Size
Fig. 4. Histogram representation of CAG repeat size in 212
SCA7 patients. The data is summarized in a box-whisker plot

[Median (diamond), 48 repeats; IQR, 43-55 repeats] (Excerpted
from the review by Michalik et al?).
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T T3] SCAdA &
A AT ARy jlom, W Mg
T e Y E ok o A olal BFEd s ey
o] Alg) ¥ A&¥ a1 |, B SCA $xe] U
o= budipine®]t} clonazepame A X oz Fold 53]
SCA29] Wilell&= w4 A A a8 e A As5ads o
715 G, 71E 2317304l = botulinum toxing:, thi--
°] SCAe dwrAQl 7 & ol mF1vl4s, chinine, mexi-

letine2, 7 Z ol = baclofen, tizanadine, mimentineS <] 3l

e AR A eE Az Rl 2
ofu} wa7] ol weld wxy| ok 7bg mabaeln, qlof
Aololl = AFE w277, Aol WA wEH ool

= 59 P olu AdEEtart ARSEH, Z1EE @atskAly v
Bl B A7 BEQ Apg-® T},

Ataxin-7 THHZIo| 1k 31 AX|(localization)

1. ATXN7 R X2} ataxin-7 THHZE

1995 SCA7 Z&ke] ¥l FdA7F 311 A 3p21.1-
pl2ell $1Agth= Aol wre g om™® 19973 positional
cloning®ll 2]3l SCA79] ¥ FHAHATXND7} &A= A
o, 75 kb =719 AAMA| (transcript) = 44913} Ejo} x2]
o] ofrjol A}t HAATG Y. SCAT cDNAE 892712] o}v]
ik 2 PAE ataxin-7 (95 kDa) @A E sty
ATXNPN = 13709] d<=(exon)o] EA8HH, f42te] & =2
7] oF 140 kbl &

ATXN7) splicing variant®= 245
ataxin-7bE WA M, ataxin-7o] Hl&] AL 129} 13
Atelell 67 bpe] @717} F7FH o w2 EAfEte] 94570 9] ofn|
=2H101 kDa)o® Ao e Aol we Aty o
variants 52 S3FAAACNS)o EA8HH, CAGZE &%

H9S woll= WS Jo)= Aoz G, Ataxin-
7ol B M T E = Gel A6
polyglutamine (polyQ) RHE-A]
(NLS)Z % 7§9] serine-rich region®] Ao &gt}
PolyQ 99| &}Fol+ SH3-binding domain®. 2 F4 5+
47119] polyproline A @o] EA)stt}t. T3k Mushegian &<

arrestin®| 4] F A &= motif$}t A4S 2 &2 motifE

=, o] Thd

=1, polyalanine &

4, nuclear localization signal

Table 4. Prevalence of spinocerebellar ataxia subtypes in Korean patients with progressive cerebellar staxia

Subtype Jin et al® Kim et al? Lee et al® Bang et al? Korean total Japanese® Worldwide”
SCA1 0% (0 40% ( 3) 24% ( 6) 3.0% (2 2.3% 5.5% 10%
SCA2 12.6% (11) 14.5% (11) 6.7% ( 17) 45% (3 8.7% 24% 10%
SCA3 46% (4 15.8% (12) 59% ( 15) 14.9% (10) 8.5% 27.6% 29%
SCA6 6.9% ( 6) 26% (2 4.0% ( 10) 14.9% (10) 5.8% 25.5% 13%
SCA7 0% ( 0) 26% (2 1.6% ( 4) 16.4% (11) 3.5% 0% 3%
DRPLA 35% (3 - - - 0.6% 7.3% -
Rare* - - - - 0% 0.3% 2%
Unknown 72.4% (63) 60.5% (46) 79.4% (201) 6.3% (31) 70.6% 31.5% 33%
Study No.™ 87 76 253 67 483 330 1429

“Rare (less than 1%) SCA subtypes including SCA10, SCA12, SCA14, SCA17, SCA27, etc. ™

Total study number of the patients with

progressive cerebellar ataxia. ( )" Case number. DRPLA, dentatorubral pallidoluysian atrophy.
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Fig. 6. Cytoplasmicstaining of neurons in different brain regions of a juvenile case of SCA7 detected by the

polyglutamine—specific monoclonal 1C2 antibody. (A) Hippocampus. (B) Striatum.

(Excerpted from Holmberg et al.'”)
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Fig. 7. Composition of intranuclear inclusions (Nlls) in human SCA7 brain (B), SCA7 cellular
models (C) and SCA7 mouse models (M): CBP: CREB-binding protein, PML: promyelocytic
leukaemia protein, HSP: Heat shock protein, HDJ1/2: proteins of the HSP40 family;
SH3P12GP: SORBS1 gene products. (Excerpted from the review by Lebre and Brice”).
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Table 5. Potential molecular targets that could be used for treating
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ataxin—7-interacting domain-<
(glutamine-rich region)®l|,
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HAFA ool poly Q AEhe] oA Fad HEE &
Yok e

ofo
ot

microarray S © {XP?——_}H ATE F3 dentatoru-
bral-pallidoluysian atrophy (DRPLA)$} A€ EY nl--w
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AP o] 4ol s

et tH”. DRPLA, HD, SBMA (Spinal Bu
Atrophy), SCA7 np-2~R @ o] Axo F7
3l 478
binding protein 5 (/GFBP5), myristoylated alanine-rich
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cha o) o Sl FE

= 58 5 3
Ibar Muscular
A2 A

A AHenkephalin, insulin-like growth factor—

spinocerebellar ataxias (excerpted from the review by Duenas et

al_G))

Molecular target SCA subtype Pathway Potential drug

Akt 1 P13K/Akt Akt regulators, IGF-1

PP2 1, 12 PP2 PP2 regulators

PRKC 1, 14 PRKC PRKC regulators

Gene transcription 1,2, 3, 6,7, 17, DRPLA  Several HDACIs: SAHA, Sirtuins, etc.

Aggregation 1,2, 3,6, 7, 17, DRPLA  Several Suppressor polypeptides, chaperones, Congo Red, etc.
Aggregation 1,2, 3 6,7, 17, DRPLA  Autophagy Rapamycin

Aggregation 1,3, 7 SUMOQylation Regulators

Aggregation 1,2, 3 6,7, 17, DRPLA  Transglutaminase Transglutaminase inhibitors: cystamine

Molecular chaperones 1,2, 3,6, 7, 17, DRPLA ER UPR, HSR HSR induction: arimoclomol, geldanamycin, etc
Ubiquitin/proteasome 1,2, 3, 6,7, 177, DRPLA UPS UPS enhancers

Mitochondrial function All Several Coenzyme Q10, creatine, TUDCA

Calcium homeostasis All: 1, 6 Calcium Ca2+signalling blockers

Dopaminergic signaling 1, 2, 3, 6, 17, 27 Dopamine Amantadine, levodopa, dopaminergic and anticholinergic drugs
Neurotransmission Al Glutamate, GABA Inhibitors of mGlu and NMDA receptors, gabapentin
Caspases All Apoptosis/Caspases  Caspase inhibitors: cystamine, CrmA, minocycline, FADD DN
Mutant Ataxins Al RNAI RNAi

DRPLA, dentatorubral pallidoluysian atrophy; ER, endoplasmic reticulum; HSR, heat-shock response; IGF-1,

insulin  growth factor 1;

mGIuR, metabotropic glutamate receptor; NMDAR, N-methyl-d-aspartate glutamate receptor; PP2; serine/threonine protein phosphatase

2, PRKC, protein kinase C; RNAI,
ubiquitin/proteasome  system; TUDCA, taurousodeoxycholic acid.

RNA interference; SUMO, small ubiquitin-related modifier; UPR, unfolded protein response; UPS,
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