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Abstract Background: Optic atro-
phy, attenuation of the oscillatory
potentials (OPs) of the electroretino-
gram (ERG), and enlargement of
corneal endothelial cells, have been
reported in patients with spinocere-
bellar ataxia type 1 (SCA1). These
patients have a trinucleotide repeat
expansion in the SCA1 gene and
show neurological anticipation. The
purpose of this study was to deter-
mine whether the ophthalmological
findings are correlated with the neu-
rological disorders, and whether
ophthalmological anticipation is
present in patients with SCA1.
Methods: The visual acuity, ERGs,
and corneal endothelial cell density
were examined in 14 patients whose
DNA analysis revealed an expanded
trinucleotide repeat in an allele of
the SCA1 gene. The results of the
tests were compared with the trinu-
cleotide repeat number and the 
duration of the neuronal disease.
Results: The neurological disorders

in the patients showed anticipation.
The negative correlation between the
trinucleotide repeat number and the
neurological disorder was statistical-
ly significant (P<0.0001). However,
the correlations between trinucle-
otide repeat number and visual acui-
ty, amplitude of OPs, and corneal en-
dothelial cell density were not signif-
icant. Statistically significant corre-
lations were found between the dura-
tion of the neuronal disease and the
visual acuity, OPs, and corneal endo-
thelial cell density (P<0.0001,
P=0.0004, and P<0.0001, respective-
ly). The ophthalmological disorders
were prominent in patients who had
neuronal disease for more than 10
years. Conclusion: Unlike the neuro-
logical findings, the ophthalmologi-
cal disorders in patients with SCA1
were not correlated with the trinucle-
otide repeat number of the SCA1
gene. The ophthalmological findings
were most highly correlated with the
duration of the neuronal disease.
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Ophthalmological findings in patients 
with spinocerebellar ataxia type 1 are not 
correlated with neurological anticipation

Introduction

Spinocerebellar ataxia type 1 (SCA1) is classified as one
of the autosomal dominant cerebellar ataxias (ADCAs)
that are hereditary and heterogeneous neurodegenerative
disorders with cerebellar phenomena and ophthalmopar-
esis [17]. Several classifications of ADCAs have been
made using clinical [12] or pathological [17] features. In
the eye, optic atrophy [1, 11], electroretinographical ab-
normalities [2, 1], pigmentary macular dystrophy [12,
17], and corneal endothelial abnormalities [4, 2] are as-

sociated with the ADCAs. These ophthalmological char-
acteristics are at times important for classifying the dis-
ease process.

The genes responsible for these diseases have been
examined using advanced molecular biological tech-
niques such as linkage analysis [10, 13, 14, 16, 22, 24].
One feature of these genes is that they have an unstable
trinucleotide repeat of CAG, which is expanded in one of
the alleles of the affected patients. This feature is also
observed in patients with other types of neurodegenera-
tive diseases [6, 18, 19, 23]. Patients who have longer
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(SeaKem, FMC BioProducts, Rockland, Me, USA) containing
0.05 µg/ml ethidium bromide, or on 6% denaturing polyacryla-
mide gel with an automated DNA sequencer (Pharmacia LKB
ALF DNA sequencer, Pharmacia, Uppsala, Sweden).

Statistical analysis

The ophthalmological findings, neurological findings, and the
number of trinucleotide repeats were statistically compared by un-
paired t-tests and Pearson’s correlation coefficients. AP <0.05 was
considered significant.

Human research

The tenets of the Declaration of Helsinki were followed, and in-
formed consent was obtained from all subjects who participated in
this study.

Results

All patients exhibited an autosomal dominant family his-
tory (Table 1). The ophthalmologic findings at succes-
sive follow-up examinations in 6 of the 14 patients
(cases 1-2, 4-2, 8-2, 9-2, 13-2, and 14-2) are also pre-
sented in Table 1. Seven patients were men and seven
were women. Their ages at the initial ophthalmological
examination ranged from 24 to 77 years. One patient
(case 11) was considered an asymptomatic carrier.

The CAG repeat number was between 22 and 37 from
122 chromosomes of 61 neurologically healthy controls.
All patients had an expanded allele of the SCA1 gene
(Table 1). The repeat number of the expansion was dif-
ferent between patients, even in those from the same
family. Cases 1 and 12 were from the same family and
had 44 and 49 repeats respectively, and cases 3, 4, and 5,
from another family, had 46, 43, and 47 repeats, respec-
tively. The shortest repeat was 40 (case 6) and the long-
est was 58 (cases 10 and 14).

Ophthalmological data were analyzed from both eyes.
A negative correlation between the trinucleotide repeat
number and the age of neurological onset was found and
was statistically significant (n=13, r=-0.895, P<0.0001).
Case 11 (age=31 years) was an asymptomatic carrier and
was excluded from this analysis (Fig. 1). The neurologi-
cal onset was earlier and more severe in patients who
had longer repeats than in those with shorter repeats.

When we compared the ophthalmological findings
with the trinucleotide repeat number, no significant 
correlation was observed between the repeat number and
most recent visual acuity (n=28, r=0.283, P=0.145;
Fig. 2a), the amplitude of the OPs (n=24, r=0.250,
P=0.242; Fig. 2b), and the corneal endothelial cell densi-
ty (n=26, r=0.335, P=0.0945; Fig. 2c). Although these
findings indicate that the ophthalmological severity is
not correlated with the trinucleotide repeat number, sig-
nificant correlations were found between the duration 
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expanded CAG repeats have an earlier age of onset and
have more severe neurological symptoms than patients
who have shorter repeats. This phenomenon of earlier
onset with longer trinucleotide repeat expansion of the
responsible gene is referred to as anticipation.

Patients who have trinucleotide repeat expansion of
the SCA7 gene also show pigmentary retinal degenera-
tion with neurological anticipation. We have reported
that the macular degeneration in patients with SCA7
showed ophthalmological anticipation [5].

Patients with trinucleotide repeat expansion in the
SCA1 gene have been shown to have neurological antici-
pation. Ophthalmological disorders such as decreased vi-
sual acuity due to optic atrophy, attenuation of the OPs,
and enlargement of the corneal endothelial cells also
have been reported in patients with SCA1 [2]. However,
to the best of our knowledge, ophthalmological anticipa-
tion in patients with a mutation of the SCA1 gene has not
been reported. Thus, the purpose of this study was to 
determine whether the ophthalmological findings are 
correlated with the neurological disorders, and whether
ophthalmological anticipation is present in patients with
SCA1.

Patients and methods

Fourteen patients from 11 unrelated pedigrees whose DNA analy-
sis revealed an allele of the SCA1 gene with expanded CAG re-
peats were examined neurologically and ophthalmologically. The
ophthalmic examinations included best corrected visual acuity,
slit-lamp biomicroscopy, visual field analysis, color vision testing,
specular microscopy, fundus examination, and electroretinogra-
phy. Specular microscopy and data analyses were performed by
Konan specular microscopy ROBO-CA (Konan, Tokyo, Japan).

The ERGs were recorded using the guidelines of the Interna-
tional Society for Clinical Electrophysiology of Vision [8]. A stan-
dard white flash (20 J) was used to elicit the maximum responses
of the rods and cones after 30 min of dark-adaptation.

The ocular media were clear in all patients, and none of the pa-
tients had a history of eye surgery, eye disease, or trauma. As in
our previous study [2], we analyzed the visual acuity, the ampli-
tude of the OPs of the ERG, and the corneal endothelial cell densi-
ty. For control, we analyzed the amplitude of the OPs in 77 eyes
and the corneal endothelial cell density in 55 eyes of healthy peo-
ple who showed normal ocular findings except for mild senile cat-
aracts and who had no history of trauma or intraocular surgery.

DNA and sequence analysis with polymerase chain reaction (PCR)

DNA was extracted from the peripheral blood lymphocytes (about
20 ml) of each patient[1]. PCR and analysis of repeat numbers
were performed, as previously reported [1]. PCR was carried out
with the thermocycler (Perkin Elmer, Norwalk, Conn, USA) on 50
µl of reaction mixture containing 1 µg of the patient’s genomic
DNA and 20 µM of each primer (Rep-1: 5′-AACTGGAAA-
TGTGGACGTAC-3′ and Rep-2: 5′-CAACATGGGCAGTCTG-
AG-3′) or fluorescein isothiocyte (FITC)-labeled primer of Rep-2;
200 µM each of dATP, dCTP, dGTP, and TTP; 50 mM of KCl;
10 mM of Tris-Cl (pH 8.3); 1.5 mM of MgCl2; 0.001% gelatin;
and 2.5 units of Taq polymerase. The reaction cycles were 35. In
each case, the amplified DNA was separated on 3% agarose gel



724

of the neuronal disease and the visual acuity (n=40,
r=–0.619, P<0.0001), the amplitude of OPs (n=30,
r=–0.596, P=0.0004), and the corneal endothelial cell
density (n=32, r=-0.707, P<0.0001) (Fig. 3). These data
were obtained from both eyes, including the asymptom-
atic carrier, and from successive follow-up periods. In
addition, patients who had a longer duration of neurolog-

ical disease were more likely to show severe ophthalmo-
logical findings. Thus, the ophthalmological findings in
patients with a duration neuronal disease of less than 10
years were significantly less severe for the visual acuity,
amplitude of the OPs, and decrease of the corneal endo-
thelial cell density (P=0.0007, P=0.0018, and P<0.0001
respectively; Fig. 4) than in patients with a duration of
more than 10 years. 

The amplitude of the OPs and corneal endothelial cell
density were also analyzed in both the normal healthy
controls and the patients (Fig. 5). Statistically significant
correlations of the amplitude of OPs and age were ob-
served in both normal controls and patients (n=77,
r=–0.445, P=0.0002; and n=30, r=–0.405, P=0.0285 re-
spectively; Fig. 5a). However, the patients with SCA1
showed lower mean amplitude of the OPs than those of
the normal controls at all ages. Statistically significant
correlation of the corneal endothelial cell density and
age also was observed in both normal controls and pa-
tients (n=55, r=–0.470, P=0.0002; and n=32, r=–0.540,
P=0.0037 respectively; Fig. 5b). The mean corneal endo-
thelial cell density in patients with SCA1 was lower than
that of normal controls at any age.

Discussion

Recently, several genes associated with ADCAs have
been cloned [10, 13, 14, 16, 22, 24], and the SCA1 gene
is located on the short arm of chromosome 6. This gene

Table 1 Ophthalmic findings in study patients with SCA1
[Age/gend age and gender of patients, Repeat (expanded/normal)
ratio of the trinucleotide repeat number of expanded and normal al-

lele of the SCA1 gene, ERG electroretinogram, (a) a-wave of ERG,
(b) b-wave of ERG, (OPs) oscillatory potentials, Endothel corneal
endothelial cell density, nd no examination was performed]

Case Age/gend Repeat Duration Visual ERG (a) ERG (b) ERG Endothel 
(expanded/normal) (years) acuity (µV) (µV) (OPs) (µV) (cells/mm2)

R L R L R L R L R L

1 52/F 44/27 11.0 0.6 0.6 330 330 560 570 205 240 nd nd
1–2 57/F 44/27 16.0 0.1 0.1 390 370 620 600 83 35 770 700
2 60/F 46/27 15.0 1.0 1.0 280 260 370 385 140 200 870 1090
3 45/F 46/27 11.0 0.7 0.7 282 282 400 400 165 141 874 890
4 58/F 43/27 14.0 0.4 0.15 370 280 470 380 125 95 nd nd
4–2 63/F 43/27 19.0 0.08 0.07 320 300 390 390 47 53 668 620
5 53/F 47/27 11.0 0.6 0.6 nd nd nd nd nd nd 1034 998
6 77/M 40/31 20.0 0.6 0.4 300 300 430 430 200 212 2415 1529
7 32/M 47/28 1.0 1.2 1.5 350 380 580 580 300 300 3115 3030
8 66/F 41/28 2.0 0.5 0.4 300 300 540 540 nd nd 2049 2164
8–2 67/F 41/28 3.0 0.4 0.4 nd nd nd nd nd nd 2040 2169
9 31/M 54/27 3.0 1.2 1.5 259 283 400 353 153 153 nd nd
9–2 36/M 54/27 8.0 0.7 0.7 nd nd nd nd nd nd 1597 852

10 24/M 58/29 3.0 1.0 1.0 271 253 429 406 200 183 2777 2991
11 31/M 43/29 0.0 1.2 1.2 420 460 560 620 171 200 2262 2610
12 44/F 49/27 8.0 0–2 0.3 280 270 400 390 176 206 nd nd
13 32/M 51/28 5.0 1.5 1.2 400 430 610 650 223 241 2500 2824
13–2 34/M 5J/28 7.0 1.2 1.2 nd nd nd nd nd nd 2008 2421
14 25/M 58/30 2.0 1.5 1.5 405 380 575 545 235 235 2577 2688
14–2 31/M 58/30 8.0 0–7 0.6 340 320 480 420 219 170 2409 2506

Fig. 1 The CAG trinucleotide repeat number (X-axis) and the age
of neurological onset (Y-axis) are plotted. A dot in a circle shows
the asymptomatic carrier. The coefficient was calculated for an ex-
ponential regression (r=-0.895).
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has CAG trinucleotide repeat in the coding region simi-
lar to the other ADCA genes. The repeat is expanded in
some patients, and the younger members show neurolog-
ical anticipation [7, 15, 20, 22]. The expanded trinucle-
otide of CAG code polyglutamine and the mutant protein
(ataxin-1) has been reported to localize in the nucleus
and create a novel function that would lead to cell-spe-
cific neuronal degeneration [9].

The decrease of corneal endothelial cell density 
has been observed not only in patients with SCA1 but
also in patients with dentatorubral-pallidoluysian atrophy
(DRPLA) [4]. Decreased lens epithelial cell density, with
typical lens opacity in patients with myotonic dystrophy
(MD) whose DNA analysis showed trinucleotide repeat
expansion of the MD gene, has also been reported [3].
These observations suggest a cellular dysfunction in

Fig. 2 a The CAG trinucleotide repeat number (X-axis) and visual
acuity (Y-axis) are plotted. The visual acuity was from most 
recent examination. b The CAG trinucleotide repeat number 
(X-axis) and the amplitude of oscillatory potentials (OPs) (µV) are
plotted. c The CAG trinucleotide repeat number (X-axis) and corneal
endothelial cell density (cells per square millimeter) are plotted. The
fitted regression lines are either linear (a and b) or exponential (c)

Fig. 3 a The duration of the neurological disease (X-axis) and the
visual acuity (Y-axis) are plotted. The fitted linear regression line
has a coefficient of r=–0.619. b The amplitude of the oscillatory
potentials (OPs)(r=–0.596), c corneal endothelial cell density
(cells/mm2)(r=–0.707) are plotted.
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these diseases where the trinucleotide repeat expansion
of each responsible gene may be expressed. Although
the distribution of the SCA1 gene in ocular tissues is still
unknown, the presence of optic atrophy, attenuated OPs,
and decreased corneal endothelial cell density [2] may
provide a clue on the localization of the gene expression.

The neurological symptoms in this disorder usually be-
gin during the third or fourth decade of life, and the disease
gradually worsens, often resulting in complete disability
and death 10–20 years after the onset. One man (case 11,
31 years old), who had the short repeats (43 CAG repeats)

and normal ophthalmological and neurological findings,
was an asymptomatic carrier. As seen in Fig. 1, this patient
may develop neurological disorder at around age 45 and
may show the typical ophthalmological disorders if we
continue to follow him for another 10 years.

We reported that macular degeneration in patients
with SCA7 started earlier in patients with longer trinu-
cleotide repeat expansion in the SCA7 gene than in those
with shorter trinucleotide repeat expansion [5]. Patients
who had earlier onset of the disease also typically have a
more rapid progression of the phenotype, and death at a
younger age [7]. This means that the follow-up periods
in patients with longer trinucleotide repeat may be limit-
ed. If we could follow patients with SCA1 for more than
10 years, we may find a higher incidence and more se-
vere ophthalmological disorders. This is one reason why
we could not examine ophthalmological disorders among
successive generations in a family.

From the strong negative correlation between the tri-
nucleotide repeat numbers and the age of neurological
onset in our patients, we had expected that ophthalmo-
logical anticipation would be present in our patients with

Fig. 4 a Visual acuity, b oscillatory potentials (OPs), and c corne-
al endothelial cell density are compared in patients who suffered
from the disease for less than 10 years (<10) and patients with the
disease for more than 10 years (≥10). Statistically significant cor-
relations were observed (asterisks)

Fig. 5 a Age of the patients or normal control (X-axis) and ampli-
tude of oscillatory potentials (OPs) are plotted. The coefficients
are calculated for linear regression (r=-0.405 and –0.445, respec-
tively). b Age of the patients or normal control (X-axis) and cor-
neal endothelial cell density (cells/mm2) are plotted (r=–0.504 and
–0.470 respectively)
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SCA1. However, when we compared the ophthalmologi-
cal disorders with the trinucleotide repeat numbers of the
SCA1 gene, no significant correlation was observed.
However, ophthalmological findings did progress during
the successive follow-up examinations (cases 1, 4, 8, 9,
13, and 14; Table 1), and were more prominent 10 years
after the onset of neurological disorder (Fig. 4). From
these results we conclude that, unlike the ophthalmologi-
cal findings in patients with SCA7, the ophthalmological
findings in patients with SCA1 do not show anticipation
as did the neurological findings. However, it should be
remembered that, unlike the macular degeneration in the
patients with SCA7, the ophthalmological changes in
SCA1 are less obvious to the patient and do not require a
visit to an ophthalmologist. Thus, an earlier onset may
be missed in patients with SCA1. In addition, SCA1 pa-
tients with higher repeat numbers tend to die earlier of
neurological disorders, and the severity of the ophthal-
mological findings would not be detected.

Systemic neurodegeneration may demonstrate a pre-
disposition for ophthalmological abnormalities. In Pcd/pcd
(Purkinje cell degeneration) mice an autosomal recessive
mutation leads to an almost complete loss of Purkinje

cells between the ages of 3 and 5 weeks and photorecep-
tor cell degeneration of only 25% to 30% at 2 months of
age. [21] This slower degeneration of cells in the retina
than those in the cerebellum in a systemic neurodegener-
ation mouse model is similar to our patients with SCA1.

The transcriptional and translational regulations of
ataxin-1 are complex and the expression in skeletal
muscle is variable [7]. It is also possible that the expres-
sion of this protein may be different between neuronal
tissues and ocular tissues. Moreover, reports have de-
scribed a variation of the CAG repeat number in differ-
ent tissue [15], and thus the repeat number may be dif-
ferent between ocular tissues and neural tissues. Further
examination of the transcription or translation of the
gene may reveal differences between neural and ocular
tissues.
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