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Sacsin-related ataxia
(ARSACS): Expanding
the genotype
upstream from the
gigantic exon

Abstract—The authors describe a Japanese autosomal recessive spastic
ataxia of Charlevoix-Saguenay (ARSACS) patient with a compound heterozy-
gous mutation (32627-32636delACACTGTTAC and 31760delT) in a new exon
of the SACS gene. The new exons upstream of the gigantic one should be
analyzed when a case is clinically compatible with ARSACS, even without any
mutation in the gigantic exon.

NEUROLOGY 2006;66:1103-1104

Y. Ouyang, MD; Y. Takiyama, MD, PhD; K. Sakoe, PhD; H. Shimazaki, MD, PhD; T. Ogawa, MD;
S. Nagano, MD, PhD; Y. Yamamoto, MD, PhD; and I. Nakano, MD, PhD

Autosomal recessive spastic ataxia of Charlevoix-
Saguenay (ARSACS; MIM 270550) was first reported
in the late 1970s.! ARSACS is characterized by
early-onset spastic ataxia, dysarthria, nystagmus,
distal muscle wasting, finger or foot deformities, and
retinal hypermyelination.!

In 2000, the gene responsible for ARSACS (SACS)
was identified in Quebec patients.? The SACS gene
consists of a single gigantic exon spanning 12,794 bp
with an 11,487-bp open reading frame and encodes
the protein sacsin.? To date, over 20 mutations in the
gigantic exon have been found in Quebec? and non-
Quebec patients including ones in Japan,®5 Italy*®
Tunisia,” Turkey,® and Spain,® and ARSACS thus
shows a worldwide occurrence. We sometimes en-
counter patients with clinical features identical to
those of ARSACS who have no mutation in the gi-
gantic exon. Eight new exons located upstream of the
gigantic one were recently found (GenBank,
AL157766). We report a Japanese patient with
ARSACS with a compound heterozygous mutation in
a new exon of the SACS gene.

Methods. Clinical study. We encountered a 25-year-old
woman with early-onset spastic ataxia. The patient was an only
child born to nonconsanguineous parents. Detailed neurologic ex-
aminations were performed on the family members including the
patient and her unaffected parents. In addition, we performed
brain MRI and a nerve conduction study of the patient.
Molecular analysis. Blood samples were obtained with in-
formed consent from the patient and her parents. Genomic DNA
was extracted from peripheral blood leukocytes. Including the gi-
gantic exon described previously,? nine exons were initially re-
trieved from the National Center for Biotechnology Information
(NCBI). The accession number is AL 157766, and the protein
product number is CAI 13923 (4579 aa) in NCBI. Exons 1 through
9 are shown according to their location in figure 1. Primer pairs
were designed to amplify each exon including the gigantic one
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Medical School, Tochigi, Japan; and the Department of Neurology (S.N.,
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(exon 9) (the primer sequences are available on request). Each
exon was amplified by PCR from 200 ng of genomic DNA and
sequenced directly with an ABI PRISM 310 genetic analyzer. To
confirm the mutations, the amplified fragments were subcloned
into a TA-cloning plasmid vector (TOPO TA Cloning Kit; Invitro-
gen). Each mutation was screened in the chromosomes from 100
Japanese controls in order to exclude polymorphisms. This study
was approved by the Medical Ethical Committee of Jichi Medical
School.

Case report. This 25-year-old woman first walked at 18
months of age, but the speed of her gait and running was low in
her first decade. In her school days, she could not run as fast as
her classmates. Her gait disturbance progressed slowly, and from
age 23, she needed some assistance when walking. Her speech
also became slow and dysarthric at age 23.

Neurologic examination at age 25 revealed marked spasticity
and moderate distal weakness in the lower extremities. Tendon
reflexes were markedly increased with Babinski signs, but absent
in the ankles. She showed limb and truncal ataxia, slurred speech,
and a defect in conjugate pursuit ocular movements. Vibration
sensation in the toes was reduced. She showed pes caves and pes
varus. Her gait was markedly ataxic and spastic. Myelinated ret-
inal nerve fibers were not observed. Brain MRI revealed cerebellar
atrophy, especially in the upper vermis (data not shown). Motor
nerve conduction velocity was mildly reduced in the median and
ulnar nerves. A compound muscle action potential was not evoked
in the posterior tibial nerve. A sensory nerve action potential was
not evoked in the sural nerve (data not shown).

Results. Molecular analysis. No mutation in gigantic
exon 9 was found in the patient, and a compound heterozy-
gous deletion mutation (32627-32636delACACTGTTAC
and 31760 delT) was identified in a new exon, 7, of the
SACS gene, which results in a frameshift and a subse-
quent stop codon at amino acid residues 407 (W395-
fsX407) and 718 (V687-fsX713) (figure 2A). This mutation
leads to truncation of the predicted sacsin protein. This
mutation was found in a heterozygous state in the unaf-
fected father (32627-32636delACACTGTTAC) and mother
(31760delT) (figure 2B and C). None of these mutations
were found in the chromosomes from 100 Japanese
controls.

Discussion. We consider the present compound
heterozygous mutation (32627-32636delACACT-
GTTAC and 31760delT) responsible for our patient’s
condition. First, this mutation in the new coding
exon results in premature termination of the pre-
dicted protein (W395-fsX407 and V687-fsX713). Sec-
ond, 32627-32636delACACTGTTAC was found in the
father and 31760delT in the mother, supporting au-
tosomal recessive inheritance as in ARSACS.

All causative mutations previously reported were
in the gigantic exon.?® QOur results, however, show

Copyright © 2006 by AAN Enterprises, Inc. 1103



£xon 1

del ACACTGTTAC del T
Figure 1. Schematic representation of the SACS gene.
Nine exons of the SACS gene, including gigantic exon 9
originally described,? and their locations are shown. The
arrows indicate the compound heterozygous mutation of
32627-32636del ACACTGTTAC and 31760delT.

the need to analyze the new exons when a patient
without any mutation in the gigantic one is clinically
suspected to have ARSACS. A Turkish family with a
mutation linked to the ARSACS region on chromo-
some 13q, the clinical symptoms being identical to
those in the other ARSACS patients studied, showed

31760 del T Normal Normal

AAAT GACACTT G
MWM M

32627-32636 del ACACTGTTAC  32627-32636 del ACACTGTTAC 31760delT

v M

€ CcCcAaCAC AAA TGACACTT G

CCCACACTGTTACACAC AAATGACATICTT G

CCCACAC

O o

A B C
Figure 2. Identification of mutations of the SACS gene.
The sequences in the patient (A), father (B), and mother
(C) are shown. A compound heterozygous mutation
(32627-32636del ACACTGTTAC and 31760delT) was iden-
tified in exon 7 of the SACS gene in the patient, which re-
sults in a frameshift and a subsequent stop codon at
amino acid residues 407 (W395-fsX407) and 713 (V687-
fsX713). This mutation leads to truncation of the
predicted sacsin protein. This mutation was found in a
heterozygous state in the unaffected father (32627-
32636delACACTGTTAC) and mother (31760delT).
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no mutation in the gigantic exon of the SACS gene.?
It is possible that this family also had a mutation in
the new exons in the SACS gene.

In Quebec patients, two ancestral haplotypes
(6594delT/6594delT and C5254T/6594delT in exon 9)
have been identified,? and patients with these two
haplotypes are known to show clinical homogeneity
of ARSACS with the core clinical features of early-
onset spastic ataxia and prominent myelinated reti-
nal fibers.»? Meanwhile, although early-onset spastic
ataxia is the core clinical features in non-Quebec
patients,®® retinal hypermyelination and mental re-
tardation are variable. Furthermore, we previously
reported a phenotype without spasticity in a Japa-
nese family with ARSACS,* reinforcing the notion
that the clinical features are heterogeneous in non-
Quebec patients. However, the genotype-phenotype
correlation in ARSACS has remained unclear so far.
In the present study, our patient showed the core
clinical features of early-onset spastic ataxia without
retinal hypermyelination, and we did not observe
any difference in the clinical features between our
patient with a truncated protein encoded by the new
exon and patients with a truncated protein encoded
by or a missense mutation in the original gigantic
exon. However, as more SACS mutations are identi-
fied in the new exons, the clinical spectrum of sacsi-
nopathies will expand, and a finer genotype-
phenotype correlation study will be possible.

Acknowledgment
The authors thank the family for participating in this study.

References

1. Bouchard JP, Barbeau A, Bouchard R, Bouchard RW. Autosomal reces-
sive spastic ataxia of Charlevoix-Saguenay. Can J Neurol Sci 1978;5:61~
69.

2. Engert JC, Bérubé P, Mercier J, et al. ARSACS, a spastic ataxia common
in northeastern Québec, is caused by mutations in a new gene encoding
an 11.5-kb ORF. Nat Genet 2000;24:120-125.

3. Ogawa T, Takiyama Y, Sakoe K, et al. Identification of a SACS gene
missense mutation in ARSACS. Neurology 2004;62:107-109.

4. Shimazaki H, Takiyama Y, Sakoe K, Ando Y, Nakano I. A phenotype
without spasticity in sacsin-related ataxia. Neurology 2005;64:2129~
2131.

5. Hara K, Onodera O, Endo M, et al. Sacsin-related autosomal recessive
ataxia without prominent retinal myelinated fibers in Japan. Mov Dis-
ord 2005;20:380-382.

6. Criscuolo C, Banfi S, Orio M, et al. A novel mutation in SACS gene in a
family from southern Italy. Neurology 2004;62:100-102.

7. El Euch-Fayache G, Lalani I, Amouri R, et al. Phenotypic features and
genetic findings in sacsin-related autosomal recessive ataxia in Tunisia.
Arch Neurol 2003;60:982-988.

8. Richter AM, Ozgul RK, Poisson VC, et al. Private SACS mutations in
autosomal recessive spastic ataxia of Charlevoix-Saguenay (ARSACS)
families from Turkey. Neurogenetics 2004;5:165-170.

9. Criscuclo C, Sacca F, De Michele G; et al. Novel mutation of SACS gene
in a Spanish family with autosomal recessive spastic ataxia. Mov Disord
2005;20:1358-1361.



Journal of the

Neurological
Sciences

Joumnal of the Neurological Sciences 247 (2006) 180—186

www.elsevier.corm/locate/jns

16g-linked autosomal dominant cerebellar ataxia:
A clinical and genetic study

Y. Ouyang ?, K. Sakoe ®, H. Shimazaki *, M. Namekawa ?, T. Ogawa , Y. Ando *,
T. Kawakami 2, J. Kaneko °, Y. Hasegawa °, K. Yoshizawa 4 T. Amino ¢,
K. Ishikawa ¢, H. Mizusawa ©, I. Nakano ?, Y. Takiyama **

* Department of Neurology, Jichi Medical School, Tochigi 329-0498, Japan
® Kaneko Clinic, Gunma 373-0841, Japan
¢ Department of Neurology, Showa University School of Medicine, Tokyo 142-8553, Japan
4 Department of Neurology, National Mito General Hospital, Ibaraki 311-3193, Japan
© Department of Neurology and Neurological Science, Graduate School, Tokyo Medical and Dental University, Tokyo 113-8519, Japan

Received 31 January 2006; received in revised form 24 March 2006; accepted 19 April 2006
Available online 15 June 2006

Abstract

The autosomal dominant cerebellar ataxias (ADCAs) comprise a genetically and clinically heterogenous group of neurodegenerative
disorders. Very recently, a C-to-T single nucleotide substitution in the puratrophin-1 gene was found to be strongly associated with a form of
ADCA linked to chromosome 16q22.1 (16g-linked ADCA; OMIM 600223). We found the C-to-T substitution in the puratrophin-1 gene in
20 patients with ataxia (16 heterozygotes and four homozygotes) and four asymptomatic carriers in 9 of 24 families with an unknown type of
ADCA. We also found two cases with 16g-linked ADCA among 43 sporadic patients with late-onset cortical cerebellar atrophy (LCCA). The
mean age at onset in the 22 patients was 61.8 years, and that of homozygous patients was lower than that of heterozygous ones in one family.
Neurological examination revealed that the majority of our patients showed exaggerated deep tendon reflexes in addition to the cardinal
symptom of cerebellar ataxia (100%), and 37.5% of them had sensorineural hearing impairment, whereas sensory axonal neuropathy was
absent. The frequency of 16q-linked ADCA was about 1/10 of our series of 110 ADCA families, making it the third most frequent ADCA in
Japan.
© 2006 Elsevier B.V. All rights reserved.

Keywords: 16g-linked ADCA; Puratrophin-1 gene; Heterozygote; Homozygote; Haplotype analysis

1. Introduction

Autosomal dominant cerebellar ataxias (ADCAs) com-
prise a genetically and clinically heterogeneous group of
neurodegenerative disorders characterized by progressive
cerebellar ataxia that can be variably associated with other
neurological features [1]. ADCAs are now classified on the
basis of the causative genes or gene loci. To date, at least 26
subtypes of ADCA have been identified including spinocer-
ebellar ataxia (SCA) type 1, 2, Machado-Joseph disease

* Cormresponding author. Tel.: +81 285 58 7352; fax: +81 285 44 5118.
E-mail address: ytakiya@jichi.acjp (Y. Takiyama).

0022-510X/$ - see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/}.jns.2006.04.009

(MJD/SCA3), 4-8, 10-19/22, 21, 23, 25-28, and dentator-
ubral and pallidoluysian atrophy (DRPLA) [2,3].

Among these subtypes, SCA4 was mapped to chro-
mosome 16¢22.1 in a Scandinavian family residing in
Utah and Wyoming in 1996 [4]. This family showed pro-
minent sensory axonal neuropathy and pyramidal tract
signs in addition to cerebellar ataxia. In 2003, 2 German
family characterized by cerebellar ataxia and sensory axo-
nal neuropathy was assigned to the same locus as SCA4
[51

Meanwhile, the gene locus responsible for six Japanese
families with ADCA was mapped to the same region as
SCA4 in 2000 [6]. Although SCA4 and this form of ADCA
might be allelic, the clinical features of the Japanese families
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were sorﬁewhat different from those in the case of SCA4,

i.e., pure cerebellar ataxia without obvious evidence of
extracerebellar neurological dysfunction. Therefore, the term
“16q-linked ADCA” instead of “SCA4” was used to describe
these Japanese families [7]. It is considered that 16g-linked
ADCA shows prominent cerebellar ataxia with a later age at
onset (>55 years) than that in SCA4 [8]. Very recently, a
heterozygous C-to-T single nucleotide substitution in the 5’
untranslated region (UTR) of the puratrophin-1 gene was
found to be strongly associated with 16g-linked ADCA [9].
Thereafter, a substantial number of patients with this
mutation showed progressive sensorineural hearing impair-
ment in addition to cerebellar ataxia [10]. The clinical
spectrum and the prevalence of 16q-ADCA, however,
remain unclear.

We report here the clinical and molecular features of 20
patients including four homozygotes and four asymptomatic
carriers in nine families, and two apparently sporadic
patients with 16g-linked ADCA. Furthermore, we describe
the frequency of 16q-linked ADCA in our series of 110
Japanese families with ADCA.

2. Subjects and methods
2.1. Clinical study

Clinical data were collected for 20 patients, four
asymptomatic carriers in nine Japanese ADCA families,
and two sporadic -patients with a C-to-T substitution in the
puratrophin-1 gene (16g-linked ADCA). Fig. 1 shows the
pedigrees of the nine families. Pedigrees 1 and 2 were
partially described in the previous reports [6,8,9]. In pedigree
2, the parents (generation I) were first cousins, and thus
consanguinity was present. In addition to neurological
examination, brain MRI (n=15), peripheral nerve conduc-
tion studies (n=8), and audiograms (n=8) were performed in
the patients as much as possible.

2.2. Molecular analysis

Blood samples were obtained with informed consent from
190 patients in 110 Japanese families with ADCA seen in the
past 14 years (from 1992 to 2005). Genomic DNA was
extracted from peripheral blood leukocytes. Screening for
CAG repeat expansion for SCA1, SCA2, MID/SCA3, SCAG,
SCA7, SCA8, SCA12, SCA17, and DRPLA was performed
by PCR as described elsewhere [11-19]. In this study, the
SCA10, SCA14, and FGF mutations were not analyzed.

The C-to-T substitution in the puratrophin-1 gene were
analyzed in 33 patients, 16 at risk individuals, and 5 normal
spouses in 24 of 110 families after exclusion of SCAI,
SCA2, MJD/SCA3, SCA6, SCA7, SCAS, SCAIL2, SCALT,
and DRPLA gene mutations (unknown ADCA families), and
43 sporadic patients with LCCA (late-onset cortical
cerebellar ataxia without apparent extracerebellar signs or
genetic inheritance). Using the primer pair of UK1-EIF1 (5'-

CAGCGCGTTCACACTGAGA-3") and UKI-EIR1 (5'-
GGCCCTTTCTGACAGGACTGA-3"), exon 1 flanking
the C-to-T change in the 5' UTR of the puratrophin-1 gene
was amplified by PCR from 200 ng of genomic DNA [9],
and then sequenced directly with an ABI PRISM 310 genetic
analyzer; analysis was performed with Sequencing Analysis
software, ver. 3.4.1 (Applied Biosystems). The PCR
products of exon 1 with the primers were digested with
EcoNI at 37 °C, subjected to electrophorests on 2% agarose
gels, and then stained with ethidium bromide. In addition, we
performed haplotype analysis for the family members in
pedigrees 1 and 3 using chromosome 16q markers TAOOL,
GAO001, TTTA001 and CATG003 [9].

This study was approved by the Medical Ethical
Committee of Jichi Medical School.

3. Results
3.1. Clinical study

We found 20 patients (16 heterozygotes and four
homozygotes) with 16g-linked ADCA and four asymptom-
atic carriers (two with and two without clinical signs) in 9 of
24 families with an unknown type of ADCA (Fig. 1).
Furthermore, we found two sporadic patients with 16g-
linked ADCA among 43 with LCCA.

Table 1
Clinical features in the patients with 16q-linked ADCA

22 (Male 13, Female 9)

Number of patients

Age at examination (years)

Range 61-88
Mean 74.5
Age at onset (years)
Range 50-83
Mean 61.8
Disease duration (years)
Range 1-13
Mean 12.5
Initial symptoms (%)
Unsteadiness of gait 713
Dysarthria 13.6
Tremor 9.1
Clinical features (%)
Cerebellar
Ataxic gait 100
Dysarthria 100
Nystagmus 773
Pyramidal
Spasticity 13.6
Brisk DTRs 54.5
Babinski signs 0
Peripheral
Depressed DTRs 13.6
Decreased vibration sense 13.6
Hearing impairment 37.5°
Tremor 13.6

* Audiograms revealed hearing impairment in three of the eight patients
examined.
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Table 1 summarizes the clinical features in the 22 patients
with 16g-linked ADCA. The age at onset in the patients
ranged from 50 to 83 years, the mean age at onset being
61.8 years. In pedigree 2, the mean age at onset in
homozygous patients (n=4) was 55.6 years and that in
heterozygous ones (n=2) was 68.5 years, showing an earlier
age at onset in the former than in the latter. In pedigrees 1 and
3, anticipation was not noted.

The cardinal clinical feature was cerebellar ataxia
including ataxic gait (100%), dysarthria (100%), and
nystagmus (77.3%). Fifteen patients showed lateral gaze
nystagmus, and two showed down-beat nystagmus. Oscil-
lopsia was noted in one patient with down-beat nystagmus.
Although external ophthalmoparesis was not evident, 13.6%
of the patients complained of diplopia. Brisk deep tendon
reflexes were found in the majority of the patients (54.5%),
but Babinski signs were absent. In pedigree 3, three of the
four patients examined showed moderate spasticity of the
lower extremities in addition to brisk deep tendon reflexes.
Meanwhile, 13.6% of the patients showed depressed deep
tendon reflexes and depressed vibration sense in the toes.
Audiograms revealed hearing impairment in three (37.5%)

of the eight patients examined. Tremor was noted in 13.6%
of the patients. Unfortunately, since we examined each
homozygous or heterozygous patient in pedigree 2 only one
time, we could not compare the disease course progression in
them. However, there seemed to be no apparent differences
in clinical phenotype between them. Among the four
asymptomatic carriers, two individuals (mean, 46.0 years
old) showed transient nystagmus and mild hyperreflexia.

Brain MRI (n=15) revealed cerebellar atrophy whereas
the brainstem was of normal size and shape. Brain MRI of a
homozygous (disease duration, 20 years) and a heterozygous
patient (disease duration, 22 years) showed cerebellar
atrophy of the same degree (Fig. 2). The results of a motor
and sensory nerve conduction study (n=8) including two
patients with depressed deep tendon reflexes or depressed
vibration sense were normal, there being no sensory axonal
neuropathy.

3.2. Molecular study

Fig. 1 shows the results of a heterozygous or homozygous
C-to-T substitution of exon 1 in the puratrophin-1 gene. Fig.

Fig. 2. (A) Brain MRI in a homozygous patient (disease duration, 20 years). Top: Reversed T2-weighted, sagittal slice. Bottom: T1-weighted, axial slice. (B)
Brain MRI in a heterozygous patient (disease duration, 22 years). Top: Tl-weighted, sagittal slice. Bottom: T1-weighted, axial slice. Both patients showed

cerebellar atrophy of the same degree.
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Fig. 3. (A) Nucleotide sequences of exon | in the Puratrophin-1 gene. A G-to-A change (complementary strand) in a patient with a heterozygous or a
homozygous state, and the normal sequence in 2 normal individual are shown. (B) The PCR products after EcoNI digestion. Lane M, 100 bp size markers; lane 1,
anormal individual; lane 2, a patient with a heterozygous C-to-T change; lane 3, a patient with a homozygous C-to-T change. The wild-type EcoNI-digested PCR
products gave three bands (209, 92, and 59 bp). Meanwhile, the EcoNI-digested PCR products with a heterozygous C-to-T change gave four bands (268, 209, 92,
and 59 bp), and those with a homozygous C-to-T change gave two bands (268 and 92 bp). Two EcoNI-digested bands (52 and 59 bp) cannot be seen.

3A shows the results of GeneScan analysis of the nucleotide
sequence flanking the C-to-T change (complementary
strand) in the puratrophin-1 gene in a heterozygous or
homozygous patient and a normal individual in the same
family. Fig. 3B shows the results as to the EcoNI-digested
PCR products in the heterozygous or homozygous patient
and the normal individual.

We constructed haplotypes for pedigrees 1 and 3, the two
families large enough for haplotype analysis, and the results

Table 2
Frequencies of various subtypes of ADCA in 110 Japanese families
Number of % Number of %
families patients
MID/SCA3 36 327 79 41.6
SCA6 27 24.5 44 23.1
16g-linked 9 8.2 20 10.5
DRPLA 9 8.2 i1 5.8
SCA2 7 6.4 12 6.3
SCALl 6 5.5 6 32
SCA8 1 0.9 1 0.5
Unknown 15 13.6 17 9.0
Total 110 100 190 100

Approximately 80% of the 110 families were from the Kanto region, in a
central region of the mainland of Japan. Five of the nine families with 16g-
linked ADCA were from the Kanto region, whereas the remaining families
were from the other regions of Japan.

revealed that all patients in the two families were segregated
with the haplotype 1-2-3-2 for the chromosome 16q markers
TA001, GAOO1, TTTA001 and CATGO03 (Fig. 1). The
genotypes of the remaining patients and carriers were also
identical with the haplotype 1-2-3-2 (data not shown).
Furthermore, the specific allele, 2, of GA0O] was only seen
in all 22 patients and the four carriers with 16q-linked
ADCA. The results indicate that the GAOO] marker is very
specific for the diagnosis of patients with16q-linked ADCA.

3.3. Frequency of 16q-linked ADCA

The frequencies of various subtypes of ADCA in Japan
are shown in Table 2. The results showed that the frequency
of 16g-linked ADCA families is 8.2%, this being lower than
those of MID/SCA3 (32.7%) and SCA6 (24.5%) ones, and
thus it is the third most frequent ADCA together with
DRPLA in Japan. Similarly, concerning the number of
patients, 16¢-linked ADCA was the third-most frequent next
to MID/SCA3 and SCAS6.

4. Discussion
In the present study, we found 22 Japanese patients with

16g-linked ADCA, and revealed some characteristic clinical
features of this disease in comparison with those found in
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earlier studies on 16g-linked ADCA in Japan, and SCA4 in
Utah and Germany, most of which involved linkage analyses
[4~10,20,21]. First, the mean age at onset in our patients was
61.8 years, this being later than those in two earlier reports
on Japanese families with 16qg-linked ADCA (mean, 55.9
and 56.7 years old) [6,20]. Moreover, the mean age at onset
in our patients was much later than that in the SCA4 patients
in Utah and Germany (mean, 39.3 and 38.3 years old) [4,5].
The age at onset in our patients with 16g-linked ADCA is
much later than that in the patients with SCA6 (mean,
45.0 years old) [6], which indicates late-onset pure cerebellar
ataxia. Therefore, 16g-linked ADCA appears to exhibit the
oldest age at onset among the ADCA subtypes with assigned
loci [9]. Second, we found that although cerebellar ataxia
was the most common and predominant feature in 16g-
linked ADCA, 54.5% of our patients showed exaggerated
deep tendon reflexes. Furthermore, moderate spasticity in the
lower limbs was noted in three of the four patients examined
in pedigree 3. Thus, although we observed no Babinski signs
in our patients, possible pyramidal tract signs can accompa-
ny cerebellar ataxia in 16g-linked ADCA, as described for
SCA4 [4,5]. Since spasticity in the lower limbs was noted
only in one pedigree, the presence of some modifying
genetic factors for this phenotype is suggested. Meanwhile,
the sensory axonal neuropathy described in SCA4 [4,5] was
absent in our patients, as in the earlier reports of 16g-linked
ADCA [6—10,20,21]. Sensorineural hearing impairment was
considered to be another important clinical feature of the
disease [9,10], and 6 (42.8%) of 14 families were reported to
have this condition in addition to age-related hearing loss [9].
In our study, audiograms revealed that 37.5% of the patients
examined had hearing impairment. However, since we
examined only eight patients by means of audiograms,
further examinations including audiograms and brainstem
auditory evoked potential measurement will be necessary to
clarify whether or not hearing impairment is associated with
16g-linked ADCA. Third, we found two asymptomatic
carriers with transient nystagmus and mild hyperreflexia,
suggesting they are early clinical signs of this disease.

It is noteworthy that we found two sporadic patients with
16g-linked ADCA who had been diagnosed as having
LCCA. The parents of the two sporadic patients were all
normal until death in their 40s and at 73, 74, and 94 years
old, and there were no individuals with cerebellar ataxia in
their families. Since the age at onset in our patients with 16q-
linked ADCA is very late, the parents who could have
harbored a C-to-T mutation in the puratrophin-1 gene
appeared to be neurologically free until their death.
Otherwise, incomplete penetrance can be suspected in 16g-
linked ADCA. Thus, there is a possibility that a patient with
this disease can be misdiagnosed as having sporadic LCCA,
and we should analyze the puratrophin-1 gene even in an
apparently sporadic case with cerebellar ataxia.

In pedigree 2, four of the six patients were homozygous for
the C-to-T substitution in the puratrophin-1 gene. Comparing
the mean age at onset in homozygotes with that in

heterozygotes in this pedigree, the former was earlier than
the latter. Unfortunately, we could not accurately compare the
phenotypic severity during the disease course in them. Since
the number of observation is low, we should be prudent in
interpretation for a gene dosage effect in 16g-linked ADCA.
In SCAS®, although a gene dosage effect is considered [22—
24}, the increase in the severity of symptoms with homo-
zygosity is not as great as that observed in MJID/SCA3 [13].
Similarly, a gene dosage effect in 16g-linked ADCA, if one
exists, might be mild and similar to that in SCA6. Further
studies are required to clarify whether a gene dosage effect
indeed exists in 16q-linked ADCA or not, because the brain
MRI findings revealed similar atrophy of the cerebellum in a
homozygous patient and a heterozygous one.

Our study revealed that 16g-linked ADCA was the third-
most frequent subtype of ADCA next to MJID/SCA3 and
SCAG6 in 110 Japanese families with ADCA. Although
SCA6, MJD/SCA3, and DRPLA are considered to be the
most prevalent subtypes of ADCA in Japan despite
considerable variation in the frequency of each subtype
among districts [25], our study showed that 16qg-linked
ADCA is also frequently seen among Japanese patients with
ADCA, and thus this disease may be widespread in Japan.
Meanwhile, 13.6% of our ADCA families still remained to
be caused by an unknown molecular basis. The clinical
features of these families showed adult-onset cerebellar
ataxia with or without extracerebellar neurological dysfunc-
tion. Although a linkage analysis could not be performed on
these families because of a small number of the family
members, we should elucidate the molecular etiology of
these ADCA families in the near future.

We confirmed that a C-to-T single nucleotide substitution
in the 5" UTR of exon | in the puratrophin-1 gene is strongly
associated with a distinct form of ataxia. This substitution
appears to be the mutation that causes 16qg-linked ADCA for
the following reasons. First, this change was completely
segregated with the disease in 52 Japanese ADCA families,
whereas such a change was not seen in 1000 control
chromosomes [9]. Second, the C-to-T change resulted in
reduced expression in the in vitro luciferase assay, which was
consistent with the tendency for reduction in mRNA
expression in the cerebellum in 16g-linked ADCA [9].
Third, puratrophin-1 was aggregated in the major target
neurons, 1.e., Purkinje cells, in 16g-linked ADCA [9]. In the
present study, we also confirmed that allele 2 of GA001 was
only seen in all affected and asymptomatic carriers with the
C-to-T substitution. Since allele 2 (“allele 4” in the previous
report) has been seen in all affected individuals in all 52
families with 16g-linked ADCA, but in only 1 in 1000
control chromosomes, GAQ01 shows strong linkage dis-
equilibrium [9]. Although we could perform haplotype
analysis in only two families, the haplotype of “1-2-3-27
(TAO01-GAOO1-TTTAO001-CATGO003) was common in the
two families, suggesting a founder effect in 16g-linked
ADCA. Similarly, a strong founder effect has been observed
for 16g-linked ADCA in Japan [7, 9].





