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Spinocerebellar ataxia type 7 (SCA7) represents a very rare and severe autosomal
dominantly inherited cerebellar ataxia (ADCA). It belongs to the group of CAG-repeat
or polyglutamine diseases with its underlying molecular genetical defect on chromo-
some 3p12-p21.1. Here, we performed a systematic study of the neuropathology on
unconventional thick serial sections of the first available brain tissue of a genetically
confirmed late-onset SCA7 patient with a very short CAG-repeat expansion. Along with
myelin pallor of a variety of central nervous fiber tracts, we observed i) neurodegenera-
tion in select areas of the cerebral cortex, and ii) widespread nerve cell loss in the cer-
ebellum, thalamus, nuclei of the basal ganglia, and brainstem. In addition, upon immu-
nocytochemical analysis using the anti-polyglutamine antibody 1C2, immunopositive
neuronal intranuclear inclusions bodies (NI) were observed in all cerebellar regions, in
all parts of the cerebral cortex, and in telencephalic and brainstem nuclei, irrespective
of whether they underwent neurodegeneration. These novel findings provide explana-
tions for a variety of clinical symptoms and paraclinical findings of both our and other
SCA7 patients. Finally, our immunocytochemical analysis confirms previous studies
which described the presence of Nl in obviously degenerated brain and retinal regions
as well as in apparently well-preserved brain regions and retina of SCA7 patients.

Brain Pathol 2005;15:287-295.

INTRODUCTION 45, 46). The SCA7 gene has been mapped

Spinocerebellar ataxia type 7 (SCA7) is
a very rare, severe and genetically defined
autosomal dominant cerebellar ataxia
(ADCA), accounts for 1% to 11% of ge-
netically diagnosed ADCAs in diverse
populations, corresponds to the progres-
sive ADCA type II and may be associated
with a retinal degeneration (6, 12, 15-17,
22, 25, 26, 29, 35, 45). Based on its un-
derlying molecular genetic defect, SCA7
is assigned to the group of CAG-repeat
or polyglutamine diseases whose currently
known members share expanded, coding
and meiotic unstable (CAG) trinucleotide
repeats at specific gene loci (16, 22, 25, 26,

on chromosome 3p12-p21.1, encodes the
disease protein designated ataxin-7, and
in healthy individuals contains repeat se-
quences of 4 to 35 CAG triplets. In SCA7
patients and at-risk carriers it is expanded
to approximately 38 to 70 CAG-repeats,
while owing to its pronounced meiotic in-
stability may show expansions of even up to
460 CAG-repeats (3, 6, 12, 15-17, 26, 29,
35). Though widely expressed in the cen-
tral nervous system, retina, and in a variety
of peripheral tissues, the normal form of
ataxin-7 is found predominantly neuronal
within the central nervous system and retina
and localized to the cytoplasmic compart-

ment, whereas the mutated form of ataxin-
7 is restricted to neuronal nuclei, where it
tends to aggregate into nuclear inclusions
(NI) (3, 12, 16, 26, 29, 34, 35, 45). CAG-
repeat expansions of approximately 60 and
more commonly are associated with early
onset and rapid progression of SCA7, pres-
ent with the inital disease symptoms of vi-
sual impairments alone or in combination
with ataxic symptoms, and commonly lead
to blindness caused by degeneration of the
retina. In contrast, patients with less than
60 expanded CAG-repeats in the mutated
allele suffer from late SCA7 onset and first
clinically exhibit ataxic symptoms, which
may be followed by a progressive visual im-
pairment (16, 25, 29, 33).

Although very few brains from patients
who experienced early disease-onset and
had long CAG-repeat expansions have
been studied according to routine neuro-
pathological procedures (3, 12, 22, 45),
the current literature assumes that SCA7
may be associated with olivopontocerebel-
lar atrophy (OPCA), retinal degeneration,
involvement of the pallidum, substantia
nigra, red nucleus, lateral geniculate body
of the thalamus, spinal cord, and atrophy
of the spinocerebellar tracts and cerebellar
peduncles (3, 12, 22, 26, 35, 45). Here, we
present the results of an initial systematic
study of the neuropathology performed on
the first available brain tissue of a geneti-
cally confirmed late-onset SCA7 patient.
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Age (years) Clinical and paraclinical findings
50 Disease onset with disequilibrium, gait and stance ataxia.
Gait and stance ataxia, mild ataxia of the upper and lower limbs, increased stretch reflexes in
57 K . L A
the upper and lower limbs, decreased sense of vibration in the lower limbs.
Additional dysarthria, repeated falls, dysmetrical horizontal saccades, saccadic smooth
59 R : . .
pursuits. Brain CT: Slight atrophy of the cerebellar vermis
60 Use of a walking cane
62 Use of a walker; later use of a wheelchair. Severe upper and lower limb ataxia, progressive
problems with writing, beginning muscle atrophy.
72 Funduscopy: Retinal dystrophy not present.
73 Dependence on nursing care.
76 Patient is bedridden and unable to feed herself due to emerging dysphagia.
77 Death in a poor state of general and nutritive health as a result of a recurrent pulmonary
infection and heart failure

Table 1. Summary of the clinical course of the SCA7 patient.

A

Figure 1. The cerebellum and lower brainstem. A. Paramedian aspect of the right cerebellum of a
representative 50-year-old male control individual in comparison to that of (B) the SCA7 patient. Note the
remarkable width of the primary fissure (PF), atrophy of lobules I-VII, as well as of the hemispheres of the
anterior (AL, asterisk) and posterior lobes (PL, arrowhead), and the cerebellar tonsil (arrow). C. Anterior
aspect of the pons and medulla oblongata of a representative 74-year-old male control individual in
comparison to (D) that of the SCA7 patient, which showed an atrophy of the pons with loss of traversing
pontocerebellar fibers (arrowheads) and reduction of the medial cerebellar peduncle (asterisk). Scale
bar is valid for A-D. (Abbreviations: AL— Anterior lobe: |, II, lll - Lobules |, II, lll=Lingula and central lobule;
IV, V-Lobules IV, V=Culmen; PL-Posterior lobe: VI-Lobule VI=Declive; VII-Lobule VII=Tuber and
folium; VIl - Lobule VIl = Pyramis; IX - Lobule IX=Uvula; FL - Flocculonodular lobe: X—Lobule X=Nodule;
HF —Horizontal fissure; PF—Primary fissure; PLF - Posterolateral fissure).
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PATIENT AND METHODS

In the present investigation the brain of
a clinically diagnosed 77-year-old female
SCA7 patient along with the brains from
6 individuals without medical histories
of neuropsychiatric diseases (3 females, 3
males; mean age at death 68.7 +10.4 years)
were studied. The examination of these
brains was approved by the Ethical board of
the Faculty of Medicine at the J. W. Goethe
University of Frankfurt/Main.

The 77-year-old female patient descend-
ed from a well-known autosomal dominant
cerebellar ataxia type II (ADCA II) family
in the northern region of the Netherlands.
In 1997 when the patient was 70-years-old,
the clinical diagnosis ADCA type II was
confirmed genetically with the demon-
stration of 10 CAG-repeats in the normal
and 39 copies in the mutated SCA7 gene
on chromosome 3p12-p21.1 (15, 17). Her
clinical course is summarized in Table 1.

An autopsy was performed in the SCA7
patient within 15 hours postmortem and
in the control cases within 16.5+ 2.5 hours.
Subsequent to the fixation of the brains,
spinal cords and the eyes in a 4% aqueous
formaldehyde solution, the brainstems to-
gether with the cerebella of the SCA7 pa-
tient and the control individuals were cut
perpendicular to the long axis of the brain-
stem at the level of the inferior colliculus.
Thereafter the cerebella were removed from
the brainstems by sagittal sections through
the cerebellar peduncles. For purposes of
routine neuropathological ~examination
(performed by RAI de V), the following
tissue blocks were embedded in paraffin:
i) 24 tissue blocks from the left cerebral
hemisphere and midbrain, i) 12 tissue
blocks from the spinal cord, as well as 7ii)
10 tissue blocks from the left cerebellum.
The cerebral tissue blocks were cut into 6-
pm thick frontal sections, the spinal tissue
blocks into 6-pm thick horizontal sections
and the cerebellar tissue blocks into 6-pm
thick sagittal sections. At least 4 represen-
tative sections from each tissue block were
immunostained either for o-synuclein,
calbindin, glial fibrillary acidic protein,
neurofilament, synaptophysin, ubiquitin,
or the hyperphosphorylated form of the
cytoskeletal protein tau and counterstained
with hematoxylin, or only stained with he-
matoxylin and eosin (H&E). In addition,
at least 4 representative conventional thick
tissue sections from each block were immu-



nostained for the mutated form of human
ataxin-7 with a polyclonal anti-ataxin-7
antibody (1: 2000; gift from Prof. C. van
Broeckhoven; see Acknowledgments) (34)
and counterstained with hematoxylin.

Finally, after paraffin embedding of the
left eye of the SCA7 patient, it was cut into
a complete series of conventional 4-pm
thick horizontal sections. Three represen-
tative sections through the eye containing
the optic nerve and the retina were either
stained with H&E, or immunolabeled for
the mutated human ataxin-7 (1:2000; gift
from Prof C. van Broeckhoven; see Ac-
knowledgments) and counterstained with
hematoxylin (34).

The right cerebral hemispheres, right
cerebella, as well as the brainstems of the
SCA7 patient and control individuals were
embedded in polyethylene glycol (PEG
1000, Merck, Darmstadt, Germany) (44).
The cerebral tissue blocks were cut into un-
interrupted series of 100-pm thick frontal
sections, the cerebellar tissue blocks into
uninterrupted series of 100-pm thick sag-
ittal sections, and brainstem tissue blocks
into uninterrupted series of 100-pm thick
horizontal sections. A collection of the first,
11%, 21%, etc, of these 100-um thick cere-
bral, cerebellar and brainstem sections were
stained for lipofuscin pigment (aldehyde-
fuchsin) and Nissl material (Darrow red)
(10, 41, 43) and employed for the neuro-
anatomical delineation (8, 27, 37-39, 50)
and assessment of neurodegeneration in
the SCA7 patient. The second, 12%, 22",
etc, serial cerebral, cerebellar and brainstem
sections of the SCA7 patient and control
individuals were processed according to a
modified Heidenhain procedure to evalu-
ate the structural integrity and myeliniza-
tion of the central nervous fiber tracts (23,
39). Furthermore, in the SCA7 patient and
all control individuals, a collection of the
third, 13%, 23", etc, of the cerebral, cerebel-
lar and brainstem serial sections was treated
with a rabbit polyclonal antibody against
glial fibrillary acidic protein (GFAP) (1:500,
Dako, Glostrup, Denmark) to visualize re-
active astrocytes. Finally, in each instance
the collection of the fourth, 14%, 24%®
etc, of the unconventional 100-pm thick
serial sections through the cerebral hemi-
spheres, cerebella and brainstems were im-
munostained with the monoclonal mouse
anti-polyglutamine antibody 1C2 (1:1000;
Chemicon, Temecula, Calif). In contrast to

800 pm

Figure 2. Deep cerebellar nuclei, primary motor cortex, and thalamus. A. Sagittal section through
the right cerebellar hemisphere of a representative 65-year-old male control case without a previous
medical history of neurological or psychiatric disease showing the fastigial nucleus (FN). B. Frontal
section through the right cerebral hemisphere of a 75-year-old female control individual depicting the
precentral gyrus with the primary motor cortex, which is characterized architectonically by i) the absence
of an inner granular layer, and ii) the presence of giant pyramidal cells (ie, Betz cells) (arrows) in layer V (V).
C. Frontal section through the extraterritorial reticular nucleus (RT) and the dorsolateral portion of the
ventral anterior thalamic nucleus (VA) of a 79-year-old female control case without a medical history of
neuropsychiatric diseases. D. Frontal section through the RT and dorsolateral portion of the ventral lateral
thalamic nucleus (VL) of a representative 74-year-old male control individual. E. Severely degenerated
FN of the 77-year-old female Dutch SCA7 patient. F. Considerable loss of giant pyramidal cells (ie, Betz
cells) in the primary motor cortex of the SCA7 patient. Arrows indicate surviving giant pyramidal cells. G.
Marked neurodegeneration in the VA and RT and (H) VL and RT of the Dutch SCA7 patient. Arrows point to
remaining nerve cells (A-H: aldehyde-fuchsin Darrow red staining, 100-um PEG sections). (Abbreviations:
FN - Fastigial nucleus; RT - Reticular thalamic nucleus; VA -Ventral anterior thalamic nucleus; VL -Ventral
lateral thalamic nucleus; V- Layer five of the primary motor cortex).

the polyclonal anti-ataxin-7 antibody ap-
plied to conventional thin sections, this an-
tibody is directed against antigenic regions
of pathologically altered proteins contain-

ing expanded polyglutamine stretches (46,
47). The specificity of the immunostaining
was analyzed by omission of the primary
antibodies. For single immunostaining,
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Figure 3. Oculomotor cranial nerve nuclei and premotor oculomotor nuclei. Horizontal section (A)
through the caudal midbrain with the trochlear nucleus (IV) and (B) through the pontomedullary
junction with the abducens nucleus (VI) of a representative 65-year-old male control case. C. Horizontal
section through the rostral pons showing the reticulotegmental nucleus of the pons (RTTG, Nucleus of
Bechterew) together with the pontine nuclei (PN) of a representative 69-year-old female control case. D.
Horizontal section through the pontomedullary junction with the nucleus raphe interpositus (RIP) of a
typical 65-year-old male control case. E. Obviously degenerated IV, (F) marked neuronal loss in the VI, (G)
severely impaired RTTG and marked degeneration of the PN (asterisk), and (H) serious neurodegeneration
in the RIP of the Dutch SCA7 patient. Framed areas in D and H are depicted at higher magnification
at top right. Arrows in E-H point to remaining nerve cells. (A-H: aldehyde-fuchsin Darrow red staining,
100-um PEG sections). (Abbreviations: DR-Dorsal raphe nucleus, supratrochlear part; PN-Pontine
nuclei; PNO-Pontine reticular formation, oral nucleus; MLF - Medial longitudinal fascicle; RIP-Raphe
interpositus nucleus; RTTG - Reticulotegmental nucleus of the pons (Bechterew); IV-Trochlear nucleus;
VI-Abducens nucleus; VI- Abducens nerve; VIl - Facial nerve).

incubation with the primary antibod-
ies was performed for 12 hours at room
temperature followed by incubation with
biotinylated anti-mouse immunoglobulins
for 1% hours at room temperature. Bound
antigens were visualized with the ABC-
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complex (Vectastain, Vector Laboratories,
Burlingame, Calif) and 3,3-diaminoben-
zidine-tetra-HCI/H,O, (DAB, D5637 Sig-
ma, Taufkirchen, Germany). The extent of
central nervous nerve cell loss, astrogliosis,
and fiber loss and myelin pallor was quali-

tatively assessed in the SCA7 patient (none
discernible 0, obvious +, severe ++). All
investigations of unconventional thick sec-
tions including those immunostained with

the 1C2 antibody were performed by UR.

RESULTS
Routine  neuropathological  findings.
Routine  neuropathological  investiga-

tion revealed a markedly reduced brain
weight of the SCA7 patient as compared
to those of the control cases (1023 g versus
1336+50.2 g). Reduction of the cerebellar
white matter, atrophy of the vermal portion
of the cerebellar lingula and central lobe,
culmen, declive, tuber and folium, hemi-
sphere of the anterior and posterior lobes,
and cerebellar tonsil confirmed the findings
of the previous neuroradiological examina-
tion (Figure 1A, B; Table 1). The brainstem
exhibited atrophy of the pons with loss of
traversing pontocerebellar fibers and reduc-
tion of the medial cerebellar peduncle (Fig-
ure 1C, D). Light microscopic investigation
of conventional thin sections revealed: i) a
marked atrophy of the cerebellar molecular
and granular layers, severe and diffuse loss
of the cerebellar Purkinje cells, most promi-
nent in the central lobule, culmen, declive,
tuber and folium of the vermis (Figure 4C,
QG); i) considerable nerve cell loss and eo-
sinophilic granular degeneration of the cer-
ebellar dentate nucleus and a marked my-
elin pallor in its hilus; 7i7) neuronal loss and
reactive astrogliosis in the substantia nigra,
red nucleus, and internal and external seg-
ments of the pallidum; 7») severe myelin
pallor of the dorsal columns, shrunken
spinal cord motoneurons and destruction
of the Clarke column in the thoracic part
of the spinal cord; ») a slight concomitant
Alzheimer disease (AD)-related cortical
neurofibrillary pathology corresponding to
Braak stage I (12); and »7) a chronic axonal
neuropathy of the sural nerve. vii) Ataxin-
7 immunoreactive neuronal nuclear inclu-
sion bodies were present in the posterior
cingulate gyrus, amygdala, putamen, cau-
date, and accumbens nuclei, as well as in
the lateral geniculate body of the thalamus
(Figure 4H).

Retinal findings. Microscopic exami-
nation of the conventional thin sections
through the patient’s retina showed aside
from macular retinoschisis no additional



pathological alterations. A few intraneu-
ronal ataxin-7 immunoreactive nuclear in-
clusions were detected in the outer nuclear
layer of the retina (Figure 4D).

Findings of the systematic neuropatho-
logical study. The investigation of uncon-
ventionally thick Pigment-Niss! stained tis-
sue sections confirmed all of the results of
the routine neuropathological examination
of the SCA7 patients brain. However, in
contrast to the routine neuropathological
examination, we also found an affection of
the deep cerebellar nuclei (Figure 2A, E),
the cerebral cortex (Figure 2B, F), thalamus
(Figure 2C, D, G, H), and basal ganglia nu-
clei (Table 2). In addition, in the patient’s
midbrain, pons and medulla oblongata a
variety of limbic, somatomotor, oculomo-
tor (Figure 3A-H), visceromotor, somato-
sensory, viscerosensory, auditory, vestibular,
precerebellar, and reticular nuclei under-
went neurodegeneration (Table 2).

In tissue sections stained for myelin, all
of the SCA7 patient’s fiber tracts related to
the central optic system were well-preserved
(Figure 4A, E). However, considerable my-
elin pallor and/or atrophy was present in a
large number of central nervous commis-
sural and projection fiber tracts, as well as
in a subset of cranial nerves (Figure 4B, F;
Table 3).

Substantial GFAP-immunopositive as-
trogliosis was found in a variety of the
SCA7 patients central nervous fiber tracts
(Table 3) and in all central nervous gray
components (Table 2) .

As opposed to the control cases, the un-
conventional thick central nervous tissue
sections of the SCA7 patient showed an
abundance of strongly 1C2-immunoposi-
tive neuronal intranuclear inclusions (NI).
These NI not only were observed in surviv-
ing nerve cells of neurodegenerated CNS
regions, but were present in nerve cells of
all well-preserved central nervous regions

(Table 2).

DISCUSSION

The present study represents a further
step toward clarifying the extent of the
pathological changes of SCA7, especially
since it was performed on the first avail-
able brain tissue of a clinically diagnosed
and genetically-confirmed SCA7 patient
with a very short expansion of 39 CAG-
repeats. As with other known late-onset
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Figure 4. Fiber tracts and cytological findings. A. Frontal section through the basal forebrain at the
level of the rostral pole of the thalamus with the optic chiasm (OC) and optic tract (OT) of a 79-year-old
female control case without a medical history of neurological or psychiatric disease. B. Horizontal section
through the pontomedaullary junction of the same control individual depicting the abducens nerve (VI),
the medial lemniscus (ML), and the crossing fibers of the trapezoid body (TZ). C. Sagittal section through
the cortex of the cerebellar declive of a typical control individual showing the molecular (ML), Purkinje
(PL) and granular (GL) cell layers. Arrows point to calbindin-immunopositive Purkinje cells. D. Ataxin-7-
immunopositive intranuclear inclusion bodies (arrows) in surviving nerve cells of the outer nuclear layer
of the retina in the SCA7 patient. E. Intact OC and OT of the SCA7 patient. F. Intact ML, atrophy and myelin
pallor in the VI, and myelin pallor of the crossing fibers of the TZ (arrow) of the SCA7 patient. G. Marked
loss of Purkinje cell bodies and dendrites in the cortex of the cerebellar declive of the SCA7 patient. Arrows
point to surviving calbindin-immunopositive Purkinje cells. H. Ataxin-7-immunoreactive intranuclear
inclusion body (arrow) in a surviving nerve cell of the posterior cingulate gyrus of the SCA7 patient. (A, B, E,
F: modified Heidenhain staining, 100-um PEG sections; C, G: Calbindin-immunostaining, counterstaining
with hematoxylin, 6-um paraffin sections; D: anti-ataxin-7 immunostaining, counterstaining with
hematoxylin, 4-pm paraffin section; H: anti-ataxin-7 immunostaining, counterstaining with hematoxylin,
6-um paraffin section). (Abbreviations: CU - Cuneate nucleus; CU - Cuneate fascicle; GR-Gracile nucleus;
GR-Gracile fascicle; ML-Medial lemniscus; OC-Optic chiasm; OT-Optic tract; TZ-Trapezoid body;
VI-Abducens nerve).
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NI GFAP Neuronal loss N
Cerebellum In all layers of the cerebellar In all layers of the cerebellar Purkinje cell layer ++
cortex and in the deep nuclei cortex and in the deep nuclei
Dentate nucleus +
Fastigial nucleus ++
Telencephalon In all neo- and allocortical areas In all neo- and allocortical areas Entorhinal and transentorhinal cortices (pre-alpha layers) +
Primary motor cortex (Betz giant pyramidal cells) +
In all nuclei of the basal In all nuclei of the basal Reticular thalamic nucleus +
ganglia, basal forebrain, ganglia, basal forebrain,
thalamus, habenula, thalamus, habenula, Fasciculosus thalamic nucleus ¥
hypothalamus, amygdala hypothalamus, amygdala Nediodorsalthalamicnucleus T+
Ventral anterior thalamic nucleus +
Ventral lateral thalamic nucleus +
Ventral posterior lateral thalamic nucleus
Inferior and lateral subnuclei of the pulvinar
External and internal segments of the pallidum
Subthalamic nucleus +
Midbrain In all midbrain nuclei In all midbrain nuclei Rostral interstitial nucleus of the medial longitudinal fascicle +
Interstitial nucleus of Cajal +
Red nucleus +
Edinger-Westphal nucleus +
Oculomotor nucleus +
Substantia nigra +
Ventral tegmental area +
Pedunculopontine nucleus +
Trochlear nucleus +
Inferior colliculus ++
Pons In all pontine nuclei In all pontine nuclei Sagulum +
Nuclei of the lateral lemniscus ++
Pontine nuclei +
Reticulotegmental nucleus of the pons ++
Pontine reticular formation +
Principal trigeminal nucleus +
Motor trigeminal nucleus AF
Superior vestibular nucleus ++
Abducens nucleus +
Facial nucleus +
Raphe interpositus nucleus ++
Superior olive +
Lateral vestibular nucleus ++
Interstitial vestibular nucleus ++
Prepositus hypoglossal nucleus +
Medial vestibular nucleus ++
Dorsal paramedian reticular nucleus +
Cochlear nuclei +
Vermiform nucleus +

Table 2. Continued on next page.

SCA7 patients, our patient was not affected
by disease-related impairments of the visual
system (16, 22, 25, 29), shown here by ab-
sence of a retinal degeneration as normally
found in SCA7 patients (29, 35).

During macroscopic investigation obvi-
ous gross abnormalities only were detected
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in the cerebellum and pons of our SCA7
patient. However, detailed neuropatho-
logical analysis of her brain revealed a more
widespread telencephalic, cerebellar and
brainstem lesional pattern than reported in
the very rare previous postmortem studies,
which were exclusively performed on brains

from genetically confirmed early-onset
SCA7 patients (3, 12, 22, 45). Among the
central nervous lesions seen in our SCA7
patient, only the considerable neuronal loss
in the pre-a layers of the transentorhinal
and entorhinal regions may be attributable
to a potential destructive effect of a slight



NI GFAP Neuronal loss N

Medulla oblongata In all nuclei of the medulla In all nuclei of the medulla Arcuate nucleus +
oblongata oblongata - A

Gigantocellular reticular nucleus +

Dorsal paragigantocellular reticular nucleus +

Spinal vestibular nucleus ++

Ambiguus nucleus +

Inferior olive +

Conterminal nucleus +

Spinal trigeminal nucleus +

Hypoglossal nucleus +

Nucleus of Roller +

Lateral reticular nucleus ++

External cuneate nucleus +

Cuneate nucleus +

Gracile nucleus +

Medial reticular nucleus +

Dorsal reticular nucleus +

Table 2. Presence of neuronal intranuclear inclusion bodies (NI) and GFAP-immunopositive astrocytes (GFAP), and extent of central nervous neuronal loss in the
SCA7 patient (N, neuronal loss; none discernible 0, obvious +, severe ++).

accompanying AD-related neurofibrillary
pathology corresponding to stage I of the
Braak staging system (9). Finally, in con-
trast to the hitherto reported genetically
confirmed early-onset SCA7 patients (3,
22, 45), the visual pathway of our SCA7
patient, except for the presence of reactive
astrocytes, displayed no noteworthy degen-
erative alterations. This may indicate that
not only the clinical course of SCA7 (6, 12,
15, 16, 25, 29, 35) but also the extent of the
underlying pathological process is triggered
by the length of the expanded CAG-repeat
sequence in the mutated SCA7 gene.

Our detailed neuropathological analysis
was performed on unconventionally thick
serial tissue through the right cerebral
hemisphere and right cerebellum of the
SCA7 patient and confirmed the results of
the routine neuropathological examination
of conventional paraffin sections through
her left cerebral hemisphere and left cer-
ebellum, but revealed additional obvious
neurodegeneration in the cerebral cortex,
deep cerebellar nuclei, thalamus and brain-
stem. These striking discrepancies demon-
strate the superiority of the systematic neu-
ropathological approach in comparison to
the routine neuropathological approach in
the field of basic pathoanatomical research
(10, 41, 43).

In view of their known functional rel-
evance, deterioration of distinct central
nervous structures seen in our study can
account for the presence of the following

symptoms reported in our and other SCA7
patients: damage of 7) giant Betz pyramidal
cells in the primary motor cortex for pyra-
midal signs (2, 4, 15, 16, 22, 26, 29, 33,
35, 36, 50); #7) components of the cerebel-
lothalamocortical circuits (pontine nuclei,
cerebellar cortex and dentate nuclei, ventral
lateral thalamic nucleus) and some of the
precerebellar nuclei (arcuate, conterminal,
dorsal paramedian reticular, external cune-
ate, lateral reticular, pontine, red, subven-
tricular and vermiform nuclei, inferior ol-
ive) for the occurrence of ataxic symptoms
and dysarthria (2, 4, 15, 16, 19, 26, 27, 29,
33, 35, 36, 45); iii) the pallidum, ventral
anterior and mediodorsal thalamic nuclei
for cognitive impairments (1, 6, 12, 15, 16,
25,26,29,35,43); iv) the peripheral nerves,
ventral posterior lateral thalamic, gracile
and cuneate nuclei for somatosensory defi-
cits and pathologically altered somatosen-
sory evoked potentials (13, 15, 16, 25, 28,
29, 32, 33, 45); v) the rostral interstitial
nucleus of the medial longitudinal fascicle,
interstitial nucleus of Cajal, and oculomo-
tor and trochlear nuclei for slowing and
palsy of vertical saccades (11, 20, 30, 31,
33, 36, 37, 45); vi) the Edinger-Westphal
nucleus for impaired pupillary function
(14, 20, 30); vii) the abducens nucleus for
diplopia (20, 30, 31, 36); viii) the nucleus
raphe interpositus for slow horizontal sac-
cades (4, 29, 30, 33, 36, 37, 45); ix) the
reticulotegmental nucleus of the pons and
the cerebellar fastigial nucleus for saccadic

smooth pursuits and dysmetrical saccades
(24, 30, 33, 36, 42); x) the auditory brain
stem nuclei (inferior colliculus, sagulum,
nucleus of the lateral lemniscus, trapezoid
nucleus, superior olive, dorsal and ventral
cochlear nuclei) for auditory impairments
and pathologically altered brainstem audi-
tory evoked potentials (6, 7, 15, 16, 29, 33,
35, 45, 48); xi) the lateral vestibular nucle-
us for falls (5, 18, 33); xii) the facial nucleus
for impairments of facial movements (6,
20, 29, 49); and xiii) the motor, principal
and spinal trigeminal nuclei, and ambigu-
us, and hypoglossus nuclei for dysphagia
(4, 16, 25, 26, 29, 33, 41, 45). Finally, in
view of the integration of the inferior and
lateral subnuclei of the pulvinar into neural
circuits crucial for the generation of visual
attention (21, 40), the superior and medial
vestibular nuclei into the oculomotor cir-
cuits that subserve optokinetic nystagmus
(11, 30) and vestibulo-ocular reaction (11,
30), as well as the role of the medial ves-
tibular and prepositus hypoglossal nuclei in
the pathogenesis of gaze-evoked nystagmus
(11, 30, 31), their degeneration seen in the
present study may suggest that visual atten-
tion deficits, impairments of optokinetic
nystagmus, the vestibulo-ocular reaction
and gaze-evoked nystagmus develop during
the clinical course of SCA7.

Our study provides the first detailed anal-
ysis of the central nervous pattern neuronal
intranuclear inclusions (NI) in SCA7, and
confirms previous studies which described

Pathoanatomy of SCA7—RUb etal 293



Affected white matter component M A+M GFAP
Cerebellum Cerebellar white matter + - +
Telencephalon Corpus callosum + - +
Anterior commissure - = dr
Posterior commissure - = dr
Fornix - - +
Corona radiata - - +
Internal capsule - - +
Extreme and external capsules - - +
Mamillothalamic tract - = o
Habenulointerpeduncular tract - - +
Triangular area of Wernicke - = 4
Midbrain Cerebral peduncle - - +
Capsule of red nucleus - + -
Brachium of the inferior colliculus - - -
Oculomotor nerve - + -
Pons Lateral lemniscus + - -
Superior cerebellar peduncle - - +
Mesencephalic trigeminal tract + - -
Abducens nerve = e -
Trapezoid body + - -
Pontocerebellar fibers - + -
Medial cerebellar peduncle - - +
Inferior cerebellar peduncle - - +
Medulla oblongata Pyramidal tract + - -
Internal arcuate fibers - + -
Olivocerebellar fibers - + -
Cuneate fascicle + - +
Gracile fascicle + - +
Spinocerebellar tracts + - _

Table 3. Extent of myelin pallor (M), atrophy and myelin pallor (A+M), as well as GFAP-immunopositive
astrogliosis in the central nervous fiber tracts of the SCA7 patient (none discernible 0, obvious +, severe

+4).

the presence of NI in obviously degener-
ated brain and retinal regions as well as in
apparently well-preserved brain regions and
retina of SCA7 patients (3, 12, 22, 26, 29,
34, 45). Owing to the presence of SCA7-
related NI in affected as well as unaffected
brain regions, as in other polyglutamine
diseases, the precise role of NI in the patho-
genesis of SCA7 is uncertain and it remains
an open question whether these inclusions
are pathogenic structures directly linked to
the disease process underlying SCA7 (12,
29, 33).
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