Familial and Sporadic Chronic Progressive Degenerative Parietal Ataxia
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Abstract
Background & Objective: Parietal ataxia has been mainly reported as a consequence
of acute ischemic stroke, while degenerative parietal ataxia has not been reported.
Methods: We investigated clinical characteristics, neuroimaging data, and genetic
analysis of patients with cerebellar ataxia plus parietal atrophy.
Results: We identified seven patients, including five patients from two families, with
chronic progressive cerebellar ataxia due to degenerative parietal atrophy but not stroke.
Age at onset of ataxia was 57.6 + 6.9 years. All patients showed chronic progressive
cerebellar ataxia with severity of ataxic gait > limb ataxia > dysarthria. Patients showed
no cognitive dysfunction, muscle weakness, or parkinsonism, and only two patients
showed mild sensory disturbances. The seven patients showed lateralized limb ataxia
with greater contralateral parietal lobe atrophy by magnetic resonance imaging, and
hypoperfusion by single photon emission computed tomography, without any abnormal
cerebellar pathology (i.e., crossed cerebellar diaschisis). Pathogenic mutations in the
microtubule-associated protein tau gene were not found using two single nucleotide
polymorphisms.
Conclusions: This is the first description showing unique clinical features of familial

and sporadic chronic progressive degenerative parietal ataxia.
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Parietal ataxia is defined as secondary cerebellar ataxia attributable to primary
cerebral parietal lesions. Appenzeller et al., [1] and Ghika et al., [2] reported that
ischemic stroke patients with parietal lobe infarctions show cerebellar ataxia with no
muscle weakness or sensory deficits. Likewise, Futamura ef al., [3] reported 13 cases of
ataxia in acute parietal lobe infarction without any organic lesions in the cerebellum or
brainstem. Ischemic parietal ataxia is characterized by cerebellar signs in limbs
opposing the primary brain infarct area, which is interpreted as the phenomenon of
crossed cerebellar diaschisis (CCD) [4], i.e., acute stroke damage in an unilateral
parietal lobe reduces metabolic activity and blood flow of the contralateral cerebellar
hemisphere via deactivation of the cortico-cerebellar pathway [5] [6]. Although parietal
ataxia has mainly been reported as a consequence of acute brain infarction, Steilin ef al.,
[7] described two children with congenital cerebellar ataxia and parietal lobe atrophy by
computed tomography (CT). Here, we report seven patients with degenerative parietal
ataxia, including five patients from two families, who show chronic progressive

cerebellar ataxia with brain atrophy limited to the parietal lobe.

2. Materials and Methods
2.1. Case presentation

Patients with cerebellar ataxia plus parietal atrophy without any organic lesions
(such as strokes and tumors) in the parietal lobe were retrospectively recruited. In total,
seven patients were identified, including five patients from two families. All subjects
provided a clinical history and underwent a clinical examination and evaluation. For

cerebral cortical function, mini-mental state examination (MMSE) [8], aphasia, apraxia,



and agnosia were examined. Other neurological findings examined included ataxia,
tendon reflexes, muscle tonus, muscle atrophy, muscle weakness, sensory disturbance,
and parkinsonism. Ataxia was assessed by presence of a wide-based gait, the
finger-nose test, heel-knee test, diadochokinesis, existence of dysarthria, and
gaze-evoked nystagmus. For sensory functions, pain, touch, vibration, position sense,

two-point discrimination, and graphesthesia were examined.

2.2. Neuroimaging

Brain magnetic resonance imaging (MRI) with a 1.5 Tesla or 3.0 Tesla scanner
was performed on all seven individuals. High-resolution anatomical images were
acquired by MR angiography (MRA) in sagittal (T1-weighted), coronal (T1-weighted),
and axial (TIl-weighted, T2-weighted, fluid attenuation inversion recovery, and
diffusion weighted) planes.

Single photon emission computed tomography (SPECT) with *™Tc-ethyl
cysteinate dimer (*’™Tc-ECD) was performed in five affected individuals. Statistical

imaging analysis was performed using the easy Z-score imaging system (eZIS) [9].

2.3. Genetic analysis

Genomic DNA was extracted from peripheral blood leukocytes of five affected
individuals with written informed consent. All 16 exons (04, 4A, and 5-14) and all
splicing sites between each exon of the microtubule-associated protein tau gene (MAPT)
were amplified by polymerase chain reaction (PCR). Amplification products were
subjected to the Sanger method for direct sequencing, covering all coding regions and

splicing sites with known mutations.



There are three relatively common allelic variants of apolipoprotein E (APOE),
known as APOE-g£2, APOE-¢3, and APOE-e¢4, which are defined by two single
nucleotide polymorphisms (SNPs): rs429358 and rs7412. PCR amplification products

including these two SNPs were subjected to direct sequencing.

3. Results
3.1. Clinical characteristics

Table 1 summarizes the clinical findings of the seven patients. Pedigrees A and B
are shown in Fig. 1. Autosomal dominant inheritance is suspected in Pedigree A. Mean
age at disease onset was 57.6 £ 6.9 years (mean = SD; range 44—64 years), with an
ataxic gait being the most frequent initial symptom. Mean illness duration was 9.1 years,
and mean age at examination was 66.7 years. MMSE was conducted in five patients
with MMSE scores of 28.0 + 2.8 (range 23-30). No patient showed aphasia, apraxia, or
agnosia. Symptoms of cerebellar ataxia were categorized as ataxic gait, limb ataxia
(hypermetria, decomposition, and dysdiadochokinesis), dysarthria, and gaze-evoked
nystagmus. All patients showed chronic progressive cerebellar ataxia, with severity in
the following order in most cases: ataxic gait > limb ataxia > dysarthria. Although
individual III-5 in Pedigree A did not show limb ataxia, the other six patients showed
limb ataxia with laterality (Table 1). No patient showed gaze-evoked nystagmus. Four
patients showed hyperreflexia in the upper and lower limbs with increased muscle tone.
Muscle atrophy and weakness were not observed. Only two patients (individuals II-1
and II-2 in Pedigree B) showed disturbances of superficial, deep, and combined

sensation. The other five patients did not show any sensory disturbances. Parkinsonism



was not found.

3.2. Neuroimaging findings

Brain MRI showed atrophy of the bilateral parietal lobe in six patients (Fig. 2,
arrows and arrowheads), excluding individual III-5 in Pedigree A, who had the shortest
illness duration (2 years). In contrast, the cerebellar hemispheres and vermis were well
preserved in all cases. Further, ®™Tc-ECD SPECT in one patient (individual II-6 in
Pedigree A) and eZIS analysis in four patients (individuals II-1 and -2 in Pedigree B,
and sporadic patients 1 and 2) revealed hypoperfusion in bilateral parietal lobes but not
the cerebellum (Fig. 2, bottom, arrows and arrowheads).

Patients who exhibited atrophy by MRI and greater hypoperfusion in the right
hemisphere by SPECT showed greater limb ataxia on the left side (arrowhead of
individual II-6 in Pedigree A and sporadic patient 2). Similarly, patients who exhibited
atrophy and greater hypoperfusion in the left hemisphere showed greater contralateral
limb ataxia (arrowhead of individual II-7 in Pedigree A and sporadic patient 1).
Individuals II-1 and II-2 in Pedigree B showed lateralized ataxia without strong

lateralization by brain neuroimaging (Fig. 2, arrows).

3.3. Genetic analysis

The five individuals (individuals II-6 in Pedigree A, II-1 and -2 in Pedigree B,
and sporadic patients 1 and 2) examined had no known mutations in coding regions and
splicing sites of the MAPT gene. Sequence analysis identified two SNPs at ¢.1321c>T
and c.*1145 *1146insT which are unlikely to affect protein function [10-14]. Sequence

analysis of APOE identified four individuals with €3/e3 genotypes and one individual



with €2/€3 genotype (Table 1).

4. Discussion

Parietal ataxia is a rare condition of cerebellar ataxia caused by parietal lobe
lesions, which is mainly due to brain infarction [1-3, 15]. In the present study, we
identified seven patients, including five patients from two families, with chronic
progressive cerebellar ataxia due to degenerative parietal atrophy but not stroke. The
initial symptom in the patients was ataxic gait, followed by limb ataxia and dysarthria.
Limb ataxia usually showed lateralization, which was associated with greater
contralateral parietal atrophy (Table 1). The patients had no cognitive dysfunction,
higher brain dysfunction, muscle weakness, or parkinsonism. Further, only two patients
(29%) showed mild sensory disturbances (Table 1). Although the present patients have
suspected tauopathy, which encompasses several different neurodegenerative disorders,
pathogenic mutations in the MAPT gene were not found with only two known SNPs
(Table 1).

Based on previous reports using positron emission tomography (PET) and
SPECT, parietal ataxia is caused by CCD [4], in which acute stroke damage in one
cerebral hemisphere reduces metabolic activity and blood flow of the contralateral
cerebellar hemisphere via deactivation of the cortico-cerebellar pathway [5, 6].
Brodmann area 5 is the main parietal area projecting to and from the cerebellum via the
pontine nucleus or thalamic ventrolateral nucleus [16, 17]. Thus, damages in the
superior and inferior parietal lobes, where Brodmann area 5 is located, may cause

cerebellar ataxia through interruption of the cortico-cerebellar pathway [3].



In the present seven patients, basically the same mechanism is suspected as CCD
with parietal atrophy (Fig. 3). Nonetheless, we did not detect lateralized cerebellar
hypoperfusion by SPECT in 5 of 7 present cases (Fig. 2). Meneghetti et al. reported that
a persistent contralateral cerebellar blood flow depression was observed in patients with
a large infarct, however, in patients with a small infarct, a transient crossed cerebellar
low flow was observed, while the clinical symptoms persisted. They speculate that a
large infarct suggests a permanent deactivation of cortico-cerebellar tracts, however, a
small infarct suggests a reversible deactivation of the tract [18]. In the present patients,
slowly progressive parietal degeneration may induce a reversible deactivation of the
cortico-cerebellar tracts, therefore, decrease of contralateral cerebellar metabolic
activity and blood flow may be a reversible event. Accumulation of more cases and
long-term follow-up may clarify the detailed pathophysiological mechanism of

cerebellar ataxia due to parietal atrophy.
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Figure captions
Figure 1. Pedigrees A and B of individuals with cerebellar ataxia due to parietal
atrophy
Affected individuals are shown with filled symbols, and deceased individuals with
diagonal lines. Squares indicate males and circles females. Arrows indicate probands.
The number at the lower left corner is the age at onset, while lower right corner is the

current age or age at death.

Figure 2. Brain MRI (a—c) and SPECT (d, e) of the seven patients

Brain MRI showed bilateral parietal lobe atrophy in six patients, excluding individual
ITI-5 of Pedigree A (a and b). In contrast, the cerebellar hemispheres and vermis were
well preserved in all cases (c). With *™Tc-ECD SPECT, five patients showed
hypoperfusion in bilateral parietal lobes but without cerebellar pathology (d and e).
Arrows indicate atrophy or hypoperfusion. Arrowheads indicate greater atrophy or

hypoperfusion compared with the contralateral hemisphere.



Figure 3. Theoretical model of parietal ataxia
Brodmann area 5 is the main parietal area, projecting to the contralateral cerebellum via
the pontine nucleus (efferent pathway), and receiving cerebellar input via the thalamic

ventrolateral nucleus (afferent pathway).



