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Twenty CAG repeats are suYcient to cause the
SCA6 phenotype

Katsuhide Komeichi, Hidenao Sasaki, Ichiro Yabe, Isao Yamashita, Seiji Kikuchi,
Kunio Tashiro

EDITOR—Spinocerebellar ataxia type 6 (SCA6)
is a dominantly inherited form of spinocerebel-
lar ataxia, which usually manifests as a
syndrome of progressive pure cerebellar ataxia
with a late onset, and is caused by a small
expansion of CAG repeats in the coding region
of the álA subunit of the P/Q type voltage
dependent calcium channel gene
(CACNA1A).1 In the original study, normal
alleles were shown to have four to 16 CAG
repeats, while expanded alleles with 21-27
CAG repeats were specifically associated with
the clinical disorder. Subsequent studies have
shown that pathogenic expansion ranges from
21-33 CAG repeats and that its size is inversely
correlated with the age of onset,2–9 whereas the
majority of normal alleles have 4-18 repeats
and a few carriers possess 19-20 repeats.2 The
frequency of relatively larger alleles in the nor-
mal population correlates with the prevalence
of various forms of dominant SCA caused by
tandem repeat expansion10 and the intermedi-
ate allele of SCA6 itself can potentially harbour
de novo mutations.11 In all of these studies, an
allele with 21 CAG repeats was considered to
be the smallest expansion generating the clini-
cal disorder.1–3 6–9 However, it is still uncertain
whether 20 repeats can also cause clinical
manifestations. We describe here two sibs with
SCA6, who were both homozygous for 20
repeat alleles and presented with late onset
pure cerebellar ataxia (fig 1).

Case reports
A 56 year old man (patient 1) first noticed mild
loss of balance on standing at the age of 50. At
the age of 53, he noted transient dizziness when
looking upwards or turning his head, as well as
some diYculty when looking downwards or
during driving. His gait became progressively
unsteadier thereafter and he was first admitted
to our neurology clinic at the age of 56. Neuro-
logical examination showed limb and truncal
ataxia, ataxic gait, slurred speech, disturbance
of smooth pursuit eye movements, and conju-
gate downbeat nystagmus that was elicited
when his neck was flexed or extended. This
positional nystagmus corresponded with his
positional vertigo. Otherwise, limb reflexes,
sensory perception, and autonomic function
were normal. Routine laboratory tests of the
blood and urine, ECG, and chest x ray were all

normal. Brain MRI showed atrophy of the cer-
ebellum, with no abnormalities of the cer-
ebrum or brain stem. 123I-IMP single photon
emission computed tomography (SPECT)
showed selective reduction of blood flow in the
brain stem and cerebellum.

A 51 year old woman (patient 2) was a sister
of patient 1 and first noticed positional vertigo
at the age of 40. This occurred repeatedly when
she adopted a recumbent position with her
neck extended or when she lay supine on a bed.
At the age of 45, unsteady gait and speech dis-
turbance developed and became progressively
worse thereafter. At the age of 51, she was first
admitted to our clinic. Neurological examina-
tion showed slurred speech, disturbance of
smooth pursuit eye movements, gaze evoked
nystagmus, positional downbeat nystagmus (as
observed in patient 1), limb ataxia, and ataxic
gait. There were no other abnormalities. Brain
MRI showed atrophy of the cerebellum, with
no alterations of other CNS structures.

We also examined their parents. Neurologi-
cal examination of their mother (80 years old)
showed no signs or symptoms of ataxia. Brain
MRI showed multiple lacunar infarcts, but no
atrophy of the cerebellum. Also, cerebellar
blood flow was not reduced on 123I-IMP

Figure 1 The age at examination is shown for each
subject. The number of CAG repeats in each SCA6 allele is
shown in parentheses. Solid symbols show aVected subjects.
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SPECT. Their father (86 years old) was bed
ridden, but had no history of ataxia or episodic
vertigo. CT scanning showed periventricular
low density areas suggesting cerebral ischae-
mia, with no atrophy of the cerebellum. After
obtaining informed consent, CAG repeats of
the SCA6 gene were analysed in each subject.
Their mother had 13 and 20 CAG repeats,
while their father had 11 and 20 CAG repeats
of the SCA6 alleles. Patients 1 and 2 were both
homozygous for 20 CAG repeats of this allele.
Their parents were unrelated. GAA repeat of
the frataxin gene was not expanded in any of
them.

Discussion
Our two homozygous patients showed the typi-
cal phenotype of SCA6. However, their parents
with one normal SCA6 allele and one 20 CAG
repeat allele had not developed ataxia even late
in life. These observations clearly indicate that
the 20 CAG repeat allele is pathogenic for
SCA6. It has been controversial whether inter-
mediate sized alleles with 19-20 repeats can
produce the clinical disorder of SCA6.

Four subjects with 19 repeats were reported
to be neurologically normal aged 70-75.2

Recently, a patient with 7/19 CAG repeats was
reported to show progressive ataxia at the age
of 48.12 However, this patient also had pyrami-
dal signs as well as lacunar infarcts in the basal
ganglia and the pons. In addition, the age of
onset seems to be too early because previous
reports have indicated that the age of onset for
subjects with 19 repeats is expected to be at
around 70 years. Therefore, investigation of
similar cases is necessary to establish whether
19 repeats can cause the disorder. At present,
six subjects with a normal allele and a 20 CAG
repeat allele have been reported to show
ataxia.2 13–15 Among them, the case described by
Ishikawa et al2 did not show any signs of ataxia
at the age of 30, so the clinical outcome is not
clear. The three patients reported by Jodice et
al13 showed clinical features of episodic ataxia
type 2, rather than progressive ataxia as
observed in SCA6. In other reports, progres-
sive ataxia was seen in a woman with onset at
age 6514 and also developed in another woman
at the age of 60.15 The latter patient died of
sepsis aged 72 and necropsy showed that
changes were confined to the cerebellum,
including obvious loss of Purkinje cells and
mild loss of granule cells. When compared with
these two patients, the age of onset was 50 in
our patient 1 and 40 in patient 2, implying that
the age of onset is younger in homozygotes
than in heterozygotes with 20 CAG repeats. A
gene dosage eVect has been detected in some
previous studies,3 6 8 15 but not in others.2 7 17

The findings in our family seem to support the
existence of such an eVect since our two
homozygotes with 20 CAG repeats showed
obvious ataxia, whereas neither of their parents
with only one 20 CAG repeat allele developed
ataxia.

Based on our experience and previously
published reports, it seems reasonable to
conclude that 20 CAG repeats is the critical

size of the expansion that generates the pheno-
type of SCA6, and this needs to be taken into
consideration during DNA testing and genetic
counselling for late onset ataxia.

1 Zhuchenko O, Bailey J, Bonnen P, Ashizawa T, Stockton
DW, Amos C, Dobyns WB, Subramony SH, Zoghbi HY,
Lee CC. Autosomal dominant cerebellar ataxia (SCA6)
associated with small polyglutamine expansions in the áIA-
voltage-dependent calcium channel. Nat Genet 1997;15:62-
9.

2 Ishikawa K, Tanaka H, Saito M, Ohkoshi N, Fujita T,
Yoshizawa K, lkeuchi T, Watanabe M, Hayashi A,
Takiyama Y, Nishizawa M, Nakano I, Matsubayashi K,
Miwa M, Shoji S, Kanazawa I, Tsuji S, Mizusawa H. Japa-
nese families with autosomal dominant pure cerebellar
ataxia map to chromosome 19p13.1-p13.2 and are strongly
associated with mild CAG expansions in the spinocerebel-
lar ataxia type 6 gene in chromosome 19p13.1. Am J Hum
Genet 1997;61:336-46.

3 Geschwind DH, Perlman S, Figueroa KP , Karrim J, Baloh
RW, Pulst SM. Spinocerebellar ataxia type 6. Frequency of
the mutation and genotype-phenotype correlations. Neurol-
ogy 1997;49:1247-51.

4 Riess O, Schöls L, Böttger H, Nolte D, Vieira-Saecker AM,
Schimming C, Kreuz F, Macek M Jr, Krebøsová A, Macek
MS, Klockgether T, Zuhlke C, Laccone FA. SCA6 is
caused by moderate CAG expansion in the álA-voltage-
dependent calcium channel gene. Hum Mol Genet 1997;6:
1289-93.

5 Stevanin G, Dürr A, David G, Didierjean O, Cancel G,
Rivaud S, Tourbah A, Warter JM, Agid Y, Brice A. Clinical
and molecular features of spinocerebellar ataxia type 6.
Neurology 1997;49:1243-6.

6 Matsumura R, Futamura N, Fujimoto Y, Yanagimoto S,
Horikawa H, Suzumura A, Takayanagi T. Spinocerebellar
ataxia type 6. Molecular and clinical features of 35 Japanese
patients including one homozygous for the CAG repeat
expansion. Neurology 1997;49:1238-43.

7 Matsuyama Z, Kawakami H, Maruyama H, Izumi Y,
Komure O, Udaka F, Kameyama M, Nishio T, Kuroda Y,
Nishimura M, Nakamura S. Molecular features of the
CAG repeats of spinocerebellar ataxia 6 (SCA6). Hum Mol
Genet 1997;6:1283-7.

8 Ikeuchi T, Takano H, Koide R, Horikawa Y, Honma Y,
Onishi Y, Igarashi S, Tanaka H, Nakao N, Sahashi K, Tsu-
kagoshi H, Inoue K, Takahashi H, Tsuji S. Spinocerebellar
ataxia type 6: CAG repeat expansion in álA voltage-
dependent calcium channel gene and clinical variations in
Japanese population. Ann Neurol 1997;42:879-84.

9 Yabe I, Sasaki H, Matsuura T, Takada A, Wakisaka A,
Suzuki Y, Fukazawa T, Hamada T, Oda T, Ohnishi A,
Tashiro K. SCA6 mutation analysis in a large cohort of the
Japanese patients with late-onset pure cerebellar ataxia. J
Neurol Sci 1998;156:89-95.

10 Takano H, Cancel G, lkeuchi T, Lorenzetti D, Mawad R,
Stevanin G, Didierjean O, Dürr A, Oyake M, Shimohata T,
Sasaki R, Koide R, Igarashi S, Hayashi S, Takiyama Y,
Nishizawa M, Tanaka H, Zoghbi H, Brice A, Tsuji S. Close
associations between prevalences of dominantly inherited
spinocerebellar ataxias with CAG-repeat expansions and
frequencies of large normal CAG alleles in Japanese and
Caucasian populations. Am J Hum Genet 1998;63:1060-6.

11 Yabe I, Sasaki H, Yamashita I, Tashiro K, Takei A, Suzuki Y,
Kida H, Takiyama Y, Nishizawa M, Hokezu Y, Nagamatsu
K, Oda T, Ohnishi A, Inoue I, Hata A. Predisposing chro-
mosome of spinocerebellar ataxia type 6 (SCA6) in
Japanese. J Med Genet 2001;38:328-32.

12 Katayama T, Ogura Y, Aizawa H, Kuroda H, Suzuki Y,
Kuroda K, Kwoda Kikuchi K. Nineteen CAG repeats of
the SCA6 gene in a Japanese patient presenting with ataxia.
J Neurol 2000;415:711-12.

13 Jodice C, Mantuano E, Veneziano L, Trettel F, Sabbadini G,
Calandriello L, Francia A, Spadaro M, Pierelli F, Salvi F,
OphoV RA, Frants RR, Frontali M. Episodic ataxia type 2
(EA2) and spinocerebellar ataxia type 6 (SCA6) due to
CAG repeat expansion in the CACNAIA gene on chromo-
some 19p. Hum Mol Genet 1997;6:1973-8.

14 Shizuka M, Watanabe M, Ikeda Y, Mizushima K, Okamoto
K, Shoji M. Molecular analysis of a de novo mutation for
spinocerebellar ataxia type 6 and (CAG)n repeat units in
normal elder controls. J Neurol Sci 1998;161:85-7.

15 Kusunoki J, Hasegawa K, Mitomi T, Ryo M, Sakai F, Yana-
gishita S. Clinical features and oculomotor disturbance in
three genetically verified cases of SCA6 - comparison with
sporadic cortical cerebellar atrophy. Annual Report of the
Research Committee on Ataxic Diseases, the Ministry of Health
and Welfare of Japan, March 1999:32-4 (in Japanese).

16 Kato T, Tanaka F, Yamamoto M, Yosida E, lndo T, Watan-
abe H, Yoshiwara T, Doyu M, Sobue G. Sisters
homozygous for the spinocerebellar ataxia type 6 (SCA6)/
CACNAlA gene associated with diVerent clinical pheno-
types. Clin Genet 2000;58:69-73.

17 Takiyama Y, Sakoe K, Namekawa M, Soutome M, Esumi E,
Ogawa T, Ishikawa K, Mizusawa H, Nakano I, Nishizawa
M. A Japanese family with spinocerebellar ataxia type 6
which includes three individuals homozygous for an
expanded CAG repeat in the SCA6/CACNL1A4 gene. J
Neurol Sci 1998;158:141-7.

2 of 2 Electronic letter

www.jmedgenet.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.38.11.e38 on 1 N
ovem

ber 2001. D
ow

nloaded from
 

http://jmg.bmj.com/

