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Abstract The frequency of autosomal-dominant cere-
bellar ataxia (ADCA) subtypes was examined in 86
unrelated families originating from Nagano prefecture.
In Nagano, the prevalence of spinocerebellar degenera-
tion (SCD) was approximately 22 per 100,000 popula-
tion. Among ADCA families, SCA6 was the most
prevalent subtype (16 families, 19%), followed by
DRPLA (nine families, 10%), SCA3/MJD (three fami-
lies, 3%), SCA1 (two families, 2%), and SCA2 (one
family, 1%). No families with SCA7, SCA12, or SCA17
were detected. Compared with other districts in Japan,
the prevalence of SCA3/MJD was very low in Nagano.
More interestingly, the ratio of genetically undetermined
ADCA families was much higher in Nagano (55 families,
65%) than in other districts in Japan. These families
tended to accumulate in geographically restricted areas
such as Kiso, Saku, and Ina, indicating that the founder
effect might be responsible for the high frequency of
ADCA in these areas. Most patients clinically showed
slowly progressive pure cerebellar ataxia of late-onset
(ADCA III). In the case of 36 patients from 36 geneti-
cally undetermined ADCA III families, however, no one

was completely consistent with the founder allele pro-
posed for 16q-ADCA. These results indicate that there
might be genetically distinct ADCA subtypes in Nagano.
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Introduction

The autosomal-dominant cerebellar ataxias (ADCAs)
are clinically and genetically a heterogeneous group of
neurodegenerative disorders characterized by variable
degrees of cerebellar and brainstem dysfunction. To
date, causative genes or gene loci responsible for at least
20 ADCAs have been identified. Expansions of triplet or
pentanucleotide repeat have been found to be the
pathogenic mutations for several forms of ADCAs,
including spinocerebellar ataxia type 1 (SCA1) (Orr
et al. 1993), SCA2 (Imbert et al. 1996; Pulst et al. 1996;
Sanpei et al. 1996), SCA3/Machado–Joseph disease
(SCA3/MJD) (Kawaguchi et al. 1994), SCA6 (Zhu-
chenko et al. 1997), SCA7 (David et al. 1997), SCA10
(Matsuura et al. 2000), SCA12 (Holmes et al. 1999),
SCA17 (Nakamura et al. 2001), and DRPLA (Koide
et al. 1994; Nagafuchi et al. 1994). More recently, point
mutations in the protein kinase C gamma gene
(PRKCG) have been proven to be pathogenic for
SCA14 (van de Warrenburg et al. 2003; Yabe et al.
2003). Eight additional gene loci have also been mapped:
SCA4 on 16q (Flanigan et al. 1996), SCA5 on 11p
(Ranum et al. 1994), SCA11 on 15q (Worth et al. 1999),
SCA15 on 3p (Knight et al. 2003), SCA16 on 8q (Mi-
yoshi et al. 2001), SCA19 on 1p (Verbeek et al. 2002),
SCA21 on 7p (Vuillaume et al. 2002), SCA22 on 1p
(Chung et al. 2003), and SCA 25 on 2p (Stevanin et al.
2004).

In Japan, the prevalence of spinocerebellar degener-
ation/ataxia (SCD/SCA) including multiple-system
atrophy (MSA) is 15.68 per 100,000 (Sasaki et al. 2003).
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About 40% of SCD patients are classified as hereditary
forms, most of them showing autosomal-dominant
inheritance. Several studies have indicated that SCA6,
SCA3/MJD, and DRPLA are the most prevalent
subtypes of ADCA in Japan despite a considerable
variation in the frequency of each subtype among dis-
tricts (Sasaki et al. 2003). The frequency of ADCA
subtypes also varies among countries (Jardim et al. 2001;
Tang et al. 2000; Stevanin et al. 1997; van de Warren-
burg et al. 2002; Silveira et al. 1998; Soong et al. 2001).

Nagano prefecture, the central district of the main
island of Japan, is located in a mountainous area sur-
rounded by the Japan Alps. From geographical, his-
torical, and cultural viewpoints, it has been divided into
four different areas, the Northern (Hokushin), Eastern
(Toshin), Central (Chushin), and Southern areas
(Nanshin). This characteristic may be one of the factors
responsible for a considerable accumulation of families
with particular inherited diseases in restricted areas in
Nagano. For example, there are well-known foci for
transthyretin-type familial amyloidotic polyneuropathy
(FAP) or autosomal-dominant amyotrophic lateral
sclerosis (Ikeda et al. 1987; Fujimori et al. 1979).

To determine the frequency of ADCA subtypes in
Nagano, we examined patients from 86 ADCA families
and screened for mutations for SCA1, SCA2, SCA3/
MJD, SCA6, SCA7, SCA12, SCA17, and DRPLA.

Materials and methods

Subjects

Clinical data from 112 patients from 86 ADCA families
and 26 patients without apparent family history were
collected. They were all reported to originate from
Nagano prefecture. The diagnosis of ADCAs was made
by experienced neurologists. Dominant inheritance was
presumed when affected individuals with cerebellar
ataxia were observed in at least two generations. Pa-
tients with familial spastic paraplegia or with sporadic
MSA were not included in this study. Genetically
undetermined families were tentatively classified
according to the criteria of Harding (1993). The classi-
fication was mainly based on data of the proband when
it was ambiguous because of some differences in clinical
symptoms in affected members in the same family.
ADCA III was defined as pure cerebellar ataxia with late
onset (50 years or over) (Harding 1993), so it was ex-
cluded for such families that included at least an affected
individual with onset before 40 years of age. The study
was approved by the Ethics Committee of Shinshu
University School of Medicine.

Molecular analysis

Informed consent was obtained prior to molecular
analysis from all individuals studied. Genomic DNA

was extracted from peripheral blood leukocytes with a
PUREGENE DNA purification kit (Gentra). Screening
for CAG repeat expansion for SCA1, SCA2, SCA3/
MJD, SCA6, SCA7, SCA12, SCA17, and DRPLA was
performed by PCR. The PCR reaction mixture con-
tained the following components: 10 ll of 2· GC buffer
(Takara), 200 lM each of dNTP, 10 pmol of each pri-
mer (one of the primers was labeled with Cy5), 100 ng
genomic DNA and 0.25 U of LA Taq (Takara) in 20 ll.
Initial denaturation at 95�C for 1 min was followed by
30 cycles of denaturation for 30 s at 95�C, annealing for
30 s at 60�C, extension for 30 s at 72�C, and a final
extension step at 72�C for 7 min. The gene-specific
primers used in this study have already been published
(Orr et al. 1993; Imbert et al. 1996; Pulst et al. 1996;
Sanpei et al. 1996; Kawaguchi et al. 1994; Zhuchenko
et al. 1997; David et al. 1997; Holmes et al. 1999;
Nakamura et al. 2001; Koide et al. 1994; Nagafuchi
et al. 1994). The PCR products were run with an ALF
express Sizer 50–500 (Pharmacia Bioscience) in Urea gel
(final conc. 7 M), including Long Ranger (FMC
Bioproducts, final conc. 8%) by ALF express DNA
sequencer (Pharmacia Bioscience), and the size of the
products was analyzed by AlleleLinks software. In this
study, the SCA8, SCA10, and SCA14 mutations were
not analyzed.

According to the methods described by Takashima
et al. (2001) and Li et al. (2003), we screened 36 patients
from 36 genetically undetermined ADCA III families for
16q-linked ADCA (16q-ADCA). Seven microsatellite
markers (TTCC01, GATA01, TTTA001, CTTT01,
D16S496, D16S3067, and GT01) were used for analyz-
ing alleles constructing a common founder haplotype for
16q-ADCA (Takashima et al. 2001; Li et al. 2003). The
PCR mixture and conditions and fragment analysis were
basically the same as described above, with slight mod-
ification.

Results

Before molecular analysis, we investigated the preva-
lence of SCD in Nagano prefecture. By October 2003,
491 personal check-sheets for SCD were collected in the
prefecture (population 2,211,949 in 2004). This sheet is
authorized by the Ministry of Health, Labour, and
Welfare, and has been recently revised to exclude MSA.
Thus, the prevalence of SCD not including MSA was at
least 22 per 100,000 in Nagano. The prevalence was
approximately ten per 100,000 in the Hokushin, 25 in
the Toshin, 29 in the Chushin, and 28 in the Nanshin
areas (Fig. 1). The prevalence was much higher in par-
ticularly restricted areas such as Kiso (58 per 100,000),
Saku (35), and Ina (32) (Fig. 1).

A total of 112 patients from 86 ADCA families were
examined for eight different SCA mutations, and 31
families (35%) were positive for disease-causing repeat
expansions (Table 1). Twenty-four patients from 16
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families (19%) were shown to have the SCA6 mutation.
The DRPLA mutation was detected in 11 patients from
nine families (10%), the SCA3/MJD mutation in four
patients from three families (3%), the SCA1 mutation in
two patients from two families (2%), and the SCA2
mutation in a patient from one family (1%). No SCA7,
SCA12, or SCA17 mutations were detected. The
remaining 70 patients from 55 families (65%) were
genetically unidentified (Table 1). Furthermore, the ra-
tios of genetically unknown families were much higher in
the Kiso (14/15 families, 93%), Saku (13/14, 93%), and
Ina areas (10/13, 77%) where the prevalence of SCD was
quite high. Of the 26 patients without an apparent
family history, only three (12%) were found to carry
disease-causing repeat expansions: two for SCA6 and
one for SCA3/MJD.

Clinical features of the 70 patients from 55 genet-
ically undetermined ADCA families are summarized in
Table 2. Of the 55 families, two (4%) and 45 (81%)
were classified into ADCA type I and type III,
respectively. The remaining eight families (15%) were
classified into the others, and no family was found to
be compatible with ADCA type II. The mean ages of
onset were 43.0 in ADCA I, 60.0 in ADCA III, and
17.4 in the others. In most patients (54/70, 77%), the
initial symptom was standing or gait disturbance. In
45 families with ADCA III, cerebellar ataxia of late-
onset with no other particular symptoms was a pre-
dominant feature. In eight families in the others, the
reasons for the classification were pure cerebellar
ataxia with onset before 30 years of age (five families),
higher brain dysfunction and childhood-onset cerebel-
lar ataxia with marked genetic anticipation (one fam-
ily), DRPLA-like symptoms (one family), and
cerebellar ataxia plus vertical gaze impairment and
mental retardation of infantile onset (one family).
Only five families out of all 55 showed apparent ge-
netic anticipation.

We screened 36 patients from 36 ADCA III families
for founder alleles of 16q-ADCA. Investigation with

Fig. 1 The prevalence of spinocerebellar degeneration (SCD) in
Nagano prefecture. The numbers indicate the number of patients
with SCD per 100,000 population in four different areas (Hoku-
shin, Toshin, Chushin, and Nanshin) in Nagano. The numbers are
also specified in particular endemic areas such as Kiso, Saku, and
Ina

Hokushin
10

Toshin
25

Nanshin
28

Chushin
29 [Saku 35]

[Ina 32]

[Kiso 58]

Nagoya

Tokyo
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seven different microsatellite markers showed no one
was completely consistent with the founder haplotype
(Table 3). The frequency of alleles shared among
16q-ADCA patients was almost the same in our patients
as in general populations (Li et al. 2003), except for an
allele detected by D16S3067.

Discussion

Among the genetically determined families (35%), SCA6
is the most common ADCA (19%) in Nagano, followed
by DRPLA (10%), SCA3/MJD (3%), SCA1 (2%), and

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]
[10]

Nagano

33%16%NENE0%14%32%5%1%178Tokyo[5]

26%15%NENE2%10%24%1%25%117Sendai[2]

36%8%NENENE23%30%2%2%61Akita[3]

37%14%NENE0%31%17%0%0%35Kagoshima[10]

46%12%NE0%0%33%4%3%3%76Hiroshima[9]

50%5%NENE0%25%5%0%15%20Tottori[8]

25%12%NENE0%30%24%5%3%148Nara[7]

17%13%NENE0%20%39%8%4%182Nagoya[6]

18%8%NE0%0%27%43%2%2%157Niigata[4]

27%3%NE0%0%29%24%8%10%155Hokkaido[1]

Districts

18%20%NENENE11%43%5%3%202Japan

OthersDRPLASCA17SCA12SCA7SCA6SCA3
/MJD

SCA2SCA1

FrequencyNumber 
of  

ADCA 
families

Country

65%10%0%0%0%19%3%1%2%86Nagano
(this study)

NE: not examined

Table 1 Frequencies of autosomal-dominant cerebellar ataxia (ADCA) subtypes in Nagano and other districts of Japan

Table 2 Clinical characteristics of genetically undetermined families autosomal-dominant cerebellar ataxia (ADCA)

ADCA type I III Others

Number of patients/families 3/2 55/45 12/8
Gender F/M 1/2 25/30 5/7
Age of onset, mean ± SD 43.0±9.9 60.0±9.5 47.4±12.4
Duration of illness, mean ± SD 14.3±6.8 11.5±7.5 19.1±12.7
Symptoms, number of patients (%)
Symptoms at onset
Standing or gait disturbance 2/3 (67) 44/55 (80) 8/12 (67)
Ataxic dysarthria 1/3 (33) 13/55 (24) 1/12 (8)
Motor dysfunction of upper extremities 0/3 (0) 3/55 (5) 0/12 (0)
Limited eye movement 0/3 (0) 0/55 (0) 3/12 (25)
Clinical symptoms
Truncal ataxia 3/3 (100) 55/55 (100) 12/12 (100)
Limb ataxia 3/3 (100) 55/55 (100) 12/12 (100)
Ataxic dysarthria 3/3 (100) 55/55 (100) 12/12 (100)
Limited eye movement 0/3 (0) 2/55 (4) 3/10 (30)
Horizontal nystagmus 1/3 (33) 19/55 (35) 4/10 (40)
Hyperreflexia 1/3 (33) 12/53 (23) 2/10 (20)
Hyporeflexia 1/3 (33) 7/53 (13) 3/10 (30)
Positive Babinski reflex 1/3 (33) 2/54 (4) 0/10 (0)
Parkinsonism 0/3 (0) 1/54 (2) 0/11 (0)
Involuntary movement 1/3 (33) 1/54 (2) 0/11 (0)
Peripheral neuropathy 0/3 (0) 1/49 (2) 0/10 (0)
Dysphagia 0/3 (0) 4/55 (7) 0/11 (0)
Dementia/mental retardation 1/2 (50) 1/54 (2) 6/11 (55)

Brain MRI
Cerebellar atrophy 2/2 (100) 51/51 (100) 11/11 (100)
Brainstem atrophy 2/2 (100) 8/51 (16) 3/11 (27)
Anticipation, number of families 1 3 1
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SCA2 (1%). Compared with the averaged frequency of
ADCA subtypes in other districts of Japan (Table 1)
(Takano et al. 1998; Sasaki et al. 2003), the low fre-
quency of SCA3/MJD is characteristic of Nagano.
SCA3/MJD is the most prevalent ADCA subtype in
Japan (Table 1) as well as in the majority of countries
(Jardim et al. 2001; Tang et al. 2000; Stevanin et al.
1997; van de Warrenburg et al. 2002; Silveira et al. 1998;
Soong et al. 2001). This is also the case in the Niigata
(43%) and Nagoya (39%) districts, which are geo-

graphically adjacent to Nagano; therefore, the low fre-
quency of SCA3/MJD in Nagano (3%) is noteworthy.
As reported in most districts in Japan, the frequency of
SCA1 and SCA2 is also low in Nagano. Two families
with SCA1 originated from the Hokushin area where
families with Iiyama-type FAP (FAP accompanied by
SCA1) have accumulated (Ikeda et al. 1996) although we
could not confirm any relationship between the two
SCA1 families described in this study and families
known to have Iiyama-type FAP.

18.1 %15.3 %61.1 %33.3 %77.8 %37.5 %59.7 %Allele 
frequency#

GT01D16S3067D16S496CTTT01TTTA001GATA01TTCC01

36

35

34

33

32

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

15.8 %41.9 %54.2 %28.2 %65.0 %44.1 %60.5 %Allele 
frequency*

*: The frequency of a common founder allele in the general population is indicated (Li et al. 2003).  #: The frequency of 
each allele in this study is indicated. The closed and hatched squares mean the patient (No. 1-36) is homozygous and 
heterozygous for a founder allele, respectively. A blank indicates the patient does not carry a founder allele. Patients 1-4, 
5-12, 13-27, 28-36 originate from the Hokushin, Toshin, Chushin, and Nanshin areas, respectively.

Table 3 Allele analysis for
16q-autosomal-dominant
cerebellar ataxia (ADCA)
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More importantly, the ratio of genetically undeter-
mined ADCA families was much higher (65%) in Nag-
ano. This ratio was particularly high in the Kiso, Saku,
and Ina areas. The undetermined families have thus not
dispersed throughout Nagano but have concentrated
mainly in the localized areas described above. These
areas are particularly high in the prevalence of SCD,
with 58 per 100,000 in Kiso, 35 per 100,000 in Saku, and
32 per 100,000 in Ina. Geographically, population
mobility has been lower in these areas, and ancestral
mutations have distributed themselves inside these
localized areas through the generations. The existence of
these endemic areas likely explains the fact that the
prevalence of SCD is much higher in Nagano than in
other districts of Japan.

Forty-five (81%) of the 55 genetically undetermined
families revealed pure cerebellar ataxia of late onset
and were classified as ADCA III based on the criteria
of Harding (1993). In the patients in this group,
neurological symptoms other than cerebellar ataxia
were less remarkable, but some showed hyperreflexia
(23%), hyporeflexia (13%), or positive Babinski reflex
(4%). Limited eye movement was observed in two
patients (4%), aged 87 and 88, and might be associ-
ated with the long duration of illness (20 and 28
years). Similarly, horizontal nystagmus, observed in
only 19 patients (35%), increased in frequency with
duration of illness: 33% (from 0 to 10 years), 37%
(from 11 to 20 years), and 67% (over 21 years). Some
aged patients showed rigidity, bradykinesia, dementia,
numbness of the extremities, or impaired hearing, but
it was quite likely that these symptoms were caused by
aging or complications such as cerebrovascular disease
and degenerative spine disease.

Recently, a novel form of cerebellar ataxia linked to
16q (16q-ADCA) has been proposed (Takashima et al.
2001; Li et al. 2003;Mizusawa et al. 2004).Mizusawa et al.
indicated that 16q-ADCA is the third-most prevalent
subtype ofADCAnext to SCA6andSCA3/MJD in Japan
and that it is distributed nationwide (Mizusawa et al.
2004). 16q-ADCA is clinically characterized by late-onset
pure cerebellar ataxia; therefore, we screened genetically
undeterminedADCA families inNagano for 16q-ADCA,
but no one had all the founder alleles according to seven
microsatellite markers. Our results do not necessarily
imply that 16q-ADCA is uncommon in Nagano because
themarkers used in this study are known to be distributed
in the region over 3 Mb, and recombination events may
occur in this region. Thus, there is a possibility that un-
known ADCA families in Nagano might belong to the
16q-ADCA subtype with a haplotype different from a
common founder haplotype. The identification of the
16q-ADCA gene will be needed to further clarify the gene
frequency of ADCAs in Nagano.

In summary, the frequency of SCD is high in Nagano
prefecture. This is probably explained by the fact that
genetically undetermined ADCA families have accu-
mulated in certain geographically restricted areas. These
families are relatively similar in clinical features within

particular areas. It is likely, therefore, that founder ef-
fects may have contributed to the high ratio of geneti-
cally undetermined ADCA families in each area of
interest. Further, genome-wide linkage analysis is now in
progress on these families.
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