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Abstract

Background—Cerebellar ataxia is an exclusion criterion for clinical diagnosis of progressive 

supranuclear palsy (PSP), but a variant with predominant cerebellar ataxia has been reported. The 

aims of this study were to estimate the frequency of PSP with predominant cerebellar ataxia in an 

autopsy series from the United States, and to compare clinical, pathologic, and genetic differences 

between PSP with and without predominant cerebellar ataxia.

Methods—We selected 100 consecutive patients with pathologically-confirmed PSP who had 

been evaluated at Mayo Clinic (referred to as the Mayo Clinic patient series) from our brain bank 

database (N = 1085). We next enriched in cases likely to have cerebellar ataxia by searching the 

remaining 985 cases for (1) an antemortem diagnosis of multiple system atrophy (MSA), or (2) 

neuropathological evidence of prominent degeneration of the cerebellum or cerebellar afferent 

nuclei. Subsequently, clinical, pathologic and genetic features were compared between the two 

groups.

Results—One patient in the Mayo Clinic patient series (1%) met criteria for PSP with 

predominant cerebellar ataxia and had both cerebellar and mild midbrain atrophy on MRI. Four 

patients were identified with the targeted search. Four of the five patients were clinically 
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misdiagnosed as MSA. The severity of tau-related pathology and cerebellar degeneration were not 

different between the two groups. No differences were detected in tau genotypes.

Conclusions—While our data cannot provide definitive information about how to make an 

accurate clinical diagnosis, it should serve to raise awareness of PSP with predominant cerebellar 

ataxia in the differential diagnosis of MSA.
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Introduction

Progressive supranuclear palsy (PSP) is an atypical parkinsonian disorder associated with 

supranuclear gaze palsy, dysarthria, dysphagia, balance problems, falls and cognitive 

impairment.1-6 This clinical heterogeneity and lack of specific biomarkers make PSP 

difficult to diagnose before the patient's death.7-9 Our previous study has revealed that 

patients with PSP are sometimes misdiagnosed as multiple system atrophy (MSA) because 

of the presence of cerebellar ataxia.10 Although the first report of PSP described 4 of 9 

patients with cerebellar ataxia,2 cerebellar ataxia is one of the exclusion criteria in clinical 

criteria for PSP.5 Recent studies, however, have reported pathologically-PSP patients with 

predominant cerebellar ataxia as their initial and principal symptoms (PSP-C).11-14 The 

frequency of PSP-C varies considerably between cohorts of European descent (0% (0/30) in 

Austria 15 and 0% (0/100) in a multicenter study in Europe and Canada 16) and in Japanese 

(14% (3/22) in Japan).11 There are no studies addressing the frequency of PSP-C in the 

United States. Distinctive pathological features of PSP-C are suggested to include excessive 

Purkinje cell loss,17 more severe tau pathology in the cerebellar dentate nucleus, and greater 

frequency of tau-positive inclusions in Purkinje cells.11 The aims of this study were to 

estimate the frequency of PSP-C in a large autopsy series of PSP from the United States, and 

to assess clinical, pathologic, and genetic features of PSP-C compared with PSP.

Subjects and Methods

Patient selection

To estimate the frequency of PSP-C, we selected 100 consecutive patients with 

pathologically-confirmed PSP that had been evaluated at Mayo Clinic between 1998 and 

2014 (referred to as the Mayo Clinic patient series) from a brain bank of 1085 

pathologically-confirmed PSP patients. In order to enrich for PSP patients that would have 

ataxia or other cerebellar signs, we searched the database for (1) those with an antemortem 

diagnosis of MSA, or (2) neuropathologic findings of cerebellar degeneration, inferior 

olivary hypertrophy, or prominent hindbrain tau pathology (referred to as the Mayo Clinic 

brain bank series).18 The study design is shown schematically in figure 1.
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Pathological assessment and diagnosis

All brain autopsies were obtained after consent of the legal next-of-kin or one with legal 

power of attorney and all underwent a standardized neuropathological assessment. The 

Mayo Clinic brain bank operates under protocols approved by the Mayo Clinic IRB. One 

neuropathologist (D.W.D.) made all neuropathological diagnoses. The neuropathologic 

protocol includes assessment of Alzheimer-type pathology,19 including assignment of Braak 

neurofibrillary tangle (NFT) stage 20 and Thal amyloid phase 21 with thioflavin S fluorescent 

microscopy.22 Immunohistochemistry for tau (CP13, 1:1000, from Dr. Peter Davies, 

Feinstein Institute, North Shore Hospital, NY) was used to establish neuropathological 

diagnosis of PSP.5 Evaluation of the densities of pretangles/NFT, coiled bodies and tau-

positive threads in the cerebellum, dentate nucleus, inferior olivary nucleus, pontine base, 

subthalamic nucleus, substantia nigra, and globus pallidus was performed semiquantitatively 

using a four-point scale (0, absent; 1, mild; 2, moderate; 3, severe pathology).23 To assess 

the frequency of tau-positive Purkinje cells, the number of CP13-positive Purkinje cells was 

counted in slides of cerebellar vermis. Diagnosis of cerebellar degeneration and inferior 

olivary hypertrophy were made as part of the standard neuropathologic evaluation. The 

diagnosis of cerebellar degeneration was made by loss of Purkinje cells and granule cells 

with accompanying Bergmann gliosis. The diagnosis of inferior olivary hypertrophy was 

made by detecting swollen and fenestrated neurons and bizarre astrocytes in hematoxylin 

and eosin (H&E)-stained slides of medulla.24

Quantitative analysis of cerebellar Purkinje cells

To systematically assess Purkinje cell loss in the cerebellar vermis, we measured the linear 

densities of Purkinje cells (cells/mm) as described in other studies of human 

cerebellum.25, 26 H&E-stained slides of cerebellar vermis were scanned on the Aperio 

ScanScope XT slide scanner (Aperio, Vista, CA) and converted to high-resolution digital 

images. A single observer (S.K.) randomly chose regions of the vermis where the folia were 

cut perpendicular to the long axis on the folia. The observer drew 10 lines per slide and the 

number Purkinje cells along linear segments was counted. Purkinje cell layer length was 

measured using Aperio ImageScope tool (Aperio) (Fig. 2A). Linear density was calculated 

as the total number of Purkinje cells divided by the line length.

Clinical Assessment

A diagnosis of PSP-C was rendered in any patient with a pathological diagnosis of PSP in 

which the clinical records revealed cerebellar ataxia including ataxic gait, limb ataxia, ataxic 

speech, and nystagmus as the initial and principal symptom over the course of the 

disease.11, 12 For further clinicopathologic analysis, we defined “PSP with ataxia” as 

patients with any degree of cerebellar ataxia, including those that met criteria for PSP-C. We 

considered patients to have cerebellar ataxia based on the descriptions of neurologists or 

movement disorder specialists who examined the patients. Clinical data abstraction was 

blinded to pathological information. Clinical data were abstracted from available medical 

records collected throughout the course of disease and entered into a database and included: 

sex, age at symptomatic onset (time of first reported symptom), age at death, initial and final 

clinical diagnoses, signs and symptoms recorded during the disease course and their timing, 
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neurological findings as documented by a neurologist or movement disorder specialist.27 For 

each patient, a particular clinical symptom or sign was considered present if specifically 

stated as present in the clinical records. If clinical symptoms or signs were not described, 

then for the purpose of analysis, they were considered to be absent. The information on 

symptoms was gathered from a combination of medical records and pathology records 

summarizing clinical history.

Genetic Assessments

DNA from frozen brain tissue was obtained with standard protocols. For genotyping, 

genomic DNA was extracted from frozen brain by standard procedures. Genotyping for 

MAPT H1/H2 (SNP rs1052554 A/G, A = H1, G = H2) and APOE alleles (SNP rs429358 

C/T and rs7412 C/T) was performed using a Taqman SNP genotyping assay (Applied 

Biosystems, Carlsbad, CA, USA). Genotype calls were obtained with SDS v2.2.2 software 

(Applied Biosystems).28

Statistical Analysis

All statistical analyses and generation of the graphs were performed in SigmaPlot 12.3 

(Systat software, San Jose, CA). Chi-square test or Fisher's exact test were performed for 

group comparisons of categorical data as appropriate. The t-test or Mann-Whitney U test 

was used for analyses of continuous variables as appropriate. P-values <0.05 were 

considered statistically significant.

Results

Demographic and clinical features of PSP patients

In the Mayo Clinic patient series, all 100 patients had adequate medical documentation. One 

patient met criteria for PSP-C; hence, the frequency of PSP-C in this series was 1%. Among 

the remaining 985 pathologically-confirmed PSP patients, we identified 98 patients who met 

search criteria, and 66 of them had adequate medical records (Fig. 1). Four patients met 

criteria for PSP-C: 2 for clinical diagnosis of MSA, 1 for clinical diagnosis of MSA and 

cerebellar degeneration, and 1 for pathologic diagnosis of inferior olivary hypertrophy. 

Therefore, in total, we identified five patients that met criteria for PSP-C (Fig. 1). Clinical 

and pathologic information for the five PSP-C patients are summarized in the supplementary 

table. Clinical and pathologic information comparing PSP-C and PSP (data derived from the 

other 99 patients from Mayo Clinic patient series) are shown in table 1. Early falls and 

vertical gaze palsy, which are characteristic clinical features of PSP, were less frequent in 

PSP-C. Autonomic failure, fulfilling Gilman's criteria for clinical diagnosis of probable 

MSA29 was not noted in any of the PSP-C patients.

Patients reports of PSP-C

Patient 1—A 71-year-old Caucasian woman had a 9-year history of ataxic gait. Her family 

history was negative for neurodegenerative disease. At age 62, she started having unsteady 

gait and was initially diagnosed with alcoholic ataxia due to a 20-year history of alcohol 

abuse and MRI finding of cerebellar atrophy (Fig. 2). In retrospect, the MRI also had 

atrophy of superior cerebellar peduncle and mild atrophy of the midbrain (Fig. 2), which are 
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characteristic findings in PSP.30, 31 In contrast, there was no atrophy of middle cerebellar 

peduncle, “hot cross bun” sign or hummingbird sign. Her symptoms progressed over the 

years, and her gait ataxia worsened. She also developed appendicular ataxia. Genetic screens 

for mutations causing spinocerebellar atrophy 1, 2, 3, 6, 7, 8, 10, 17, dentato-rubro-pallido-

Luysian atrophy, and Friedreich's ataxia were negative. She developed appendicular rigidity, 

vertical supranuclear gaze palsy, spastic dysarthria, pyramidal signs, urinary incontinence, 

dizziness, and photophobia She also had cognitive impairment consistent with frontal lobe 

dysfunction and executive difficulties. Truncal rigidity and tremors were not described. 

Based on her cerebellar ataxia, parkinsonian symptoms, autonomic failure, and pyramidal 

signs, her final clinical diagnosis was MSA-C.

Patient 2—An 81-year-old Caucasian woman had a 7-year history of cerebellar ataxia. Her 

family history was positive for a sister with Friedreich's ataxia. She developed slurring of 

speech at age 74, and was diagnosed with ataxic dysarthria; she also had pancerebellar 

ataxia affecting upper and lower limbs, as well as gait. The results of DNA examination 

(similar test battery as in patient 1) were negative. MRI of the brain revealed cerebellar 

atrophy and signal changes in white matter of the brainstem. At age 78, she developed 

swallowing difficulty and mild memory decline. Neurological examination at age 78 

revealed slow saccades without vertical supranuclear gaze palsy and asymmetric lower 

extremity ataxia worse on the left. Rapid alternating hand movements were very slow, more 

so on the left than right. She needed a cane to ambulate due to her unsteady gait, and she 

could not perform tandem gait. She was diagnosed with MSA-C.

Patient 3—A 74-year-old Caucasian man had an 8-year history of cerebellar ataxia. His 

family history was negative for neurodegenerative disorders. He presented with progressive 

gait unsteadiness and poor coordination of his limbs at age 66, when he was first noted to 

have evidence of ataxia. He also had intermittent syncope and episodes of rapid eye 

movement sleep behavior disorder. Neurological examination at age 71 showed normal 

cognitive function and eye movements without nystagmus. He had an ataxic dysarthria. He 

had increased muscle tone, with rigidity in his upper and lower extremities, as well as 

bradykinesia. Truncal rigidity was not described. His reflexes were brisk, and his plantar 

reflexes were up-going. He was not ambulatory due to severe ataxia of his lower extremities. 

The upper extremities had minimal ataxia. He was diagnosed with MSA-C.

Patient 4—A 79-year-old Caucasian man had a 6-year history of ataxic gait and cognitive 

impairment. He had a family history of Alzheimer's disease in his sister and his aunt. He 

developed balance problems and an ataxic gait at age 73. On examination he could not stand 

on one leg or perform tandem gait. He required support to ambulate. Over time he fell 

frequently, usually forward, and he developed short-term memory loss and personality 

change, being described as aggressive and angry. On neurological examination at age 74, eye 

movements were intact, and no parkinsonian symptoms were observed. Given a medical 

history of type II diabetes mellitus, his ataxia was considered to be largely due to a 

peripheral neuropathy. At age 75, neurological examination revealed axial rigidity, a few 

beats of slow nystagmus in a horizontal direction, limitation of upward gaze, truncal ataxia, 

and finger-to-nose dysmetria. The possibility of a paraneoplastic cerebellar ataxia and 
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progressive supranuclear palsy were considered. An MRI of the brain showed mild 

generalized brain atrophy and ventricular enlargement. Atrophy of midbrain and superior 

cerebellar peduncles were not described. By age 76 his speech became slurred and 

swallowing was affected. At the age of 76, he was diagnosed with PSP.

Patient 5—An 82-year-old Caucasian woman had an 18-year history of cerebellar ataxia. 

Her family history was negative for neurodegenerative disease. She presented initially with 

slurred speech and gait unsteadiness at age 64. Examination revealed gait ataxia. Her gait 

difficulty progressed slowly, and by age 71 she was using a wheelchair. Although the 

etiology of her symptoms was unknown, she was given a tentative diagnosis of vitamin B12 

deficiency at age 73. She later developed dysphagia, urinary incontinence, cognitive decline, 

and visual hallucinations. Neurological examination at age 81 revealed ataxic dysarthria, 

slow saccadic pursuit, limb dysmetria on finger-to-nose testing, and cognitive impairment, 

including impairment of concentration and attention. Supranuclear gaze palsy, truncal 

rigidity, and tremors were not described. An MRI of the brain revealed midline cerebellar 

atrophy. Atrophy of midbrain and superior cerebellar peduncle were not described. She was 

diagnosed with MSA-C.

Pathological Assessment

Diffuse cytoplasmic phospho-tau immunoreactivity (pretangles), tau-positive thread-like 

processes, and oligodendroglial tau-positive inclusions (so-called “coiled bodies”) were 

found in cerebellar dentate nucleus (Fig. 2B) or cerebellar white matter (Fig. 2C) in both 

PSP-C (N = 5) and PSP (N = 99 in the Mayo Clinic patient series). Purkinje cells with 

cytoplasmic phospho-tau immunoreactivity (pretangles), but without obvious NFT formation 

(Fig. 2D), were found in 60% of PSP-C patients (3/5) and in 62% of PSP patients (61/97) in 

cerebellum (Table 1). The linear density of Purkinje cells was not significantly different 

between the two groups (Table 1). We further assessed the severity of tau-related pathology 

in cerebellum, cerebellar afferent system, and other vulnerable regions in PSP, including 

subthalamic nucleus, substantia nigra, and globus pallidus; however, there were no 

significant differences between the two groups (Table 1). Patient 4 had inferior olivary 

hypertrophy as well as severe neuronal loss in the inferior olivary nucleus. Severity of tau-

related pathology in inferior olivary nucleus was not significantly greater in this patient 

compared to other PSP-C patients.

We also compared cerebellar pathology in PSP patients with and without cerebellar ataxia. 

Among 99 PSP patients in the Mayo Clinic patient series, 38 patients had some degree of 

cerebellar ataxia. We compared 43 PSP with cerebellar ataxia (5 PSP-C + 38 PSP) and 61 

PSP without cerebellar ataxia (Table 2). The brain weight was less in PSP with cerebellar 

ataxia than in PSP without cerebellar ataxia, but in a multiple logistic regression analysis 

adjusting for age at death, the difference in brain weight was not significant. There were no 

differences in tau-related pathology or Purkinje cell loss between the two groups (Table 2). 

In summary, we did not find any significant correlation between the frequency of cerebellar 

ataxia and the severity of cerebellar pathology.
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We identified 26 PSP patients with significant cerebellar degeneration, usually most 

apparent in the anterior vermis, as part of the standard neuropathologic evaluation from 985 

PSP patients in the Mayo Clinic brain bank series. To determine if there was a correlation 

between cerebellar degeneration and tau pathology, we measured cerebellar pathology in 

these 26 patients. The severity of coiled bodies and tau-positive threads in cerebellar white 

matter and dentate nucleus were not different from PSP patients without cerebellar 

degeneration (data not shown). We selected 5 patients with most severe cerebellar atrophy 

and assessed Purkinje cell pathology. The linear density of Purkinje cells was lower than 

PSP (median = 1.5), but the number of tau-positive Purkinje cells was not different. These 

results suggest that even in PSP patients with significant cerebellar degeneration (26/985 in 

our database), it is not likely related to tau pathology.

Genetic Assessments

Genetic analysis revealed no significant difference for either MAPT H1/H1 genotype or 

APOE ε4 frequency between PSP-C and PSP (Table 1). Similarly, there were no significant 

differences for either MAPT H1/H1 genotype or APOE e4 frequency between PSP with and 

without cerebellar ataxia (Table 2).

Discussion

This autopsy series of patients with neuropathologically-confirmed PSP suggests that PSP-C 

is a rare clinical variant in the United States; we identified only five patients with PSP-C in 

1085 pathologically-confirmed PSP patients. Based on the Mayo Clinic patient series, the 

frequency of PSP‐C is 1% in the United States, a frequency that is closer to that reported 

from Western countries 15, 16 than from Japan.11 The differences in frequency might be 

related to ethnic and genetic factors as is the case with cerebellar ataxia in MSA – MSA-C is 

more common in Japan than European countries or the United States.32, 33 Other disorders, 

that have cerebellar variants, such as adrenoleukodystrophy, also appear to be more frequent 

in Japan.34 Indeed, ethnic differences in frequency of the MAPT haplotype are well 

known.35 The H2 haplotype is almost exclusively found in Caucasians, while it is almost 

completely absent in Japanese.35 Further epidemiological and genetic investigations are 

needed to determine risk factors for PSP-C.

Because the clinical features of PSP-C overlapped with MSA-C, PSP-C patients were often 

misdiagnosed as MSA-C.12, 27 Recently, Shimohata and colleagues proposed diagnostic 

criteria for PSP-C.36 Required items include (A) slowly progressive course, (B) onset > 40 

years, (C) supranuclear gaze palsy, (D) truncal and limb ataxia within 2 years after symptom 

onset, and (E) postural instability with falls within 2 years after symptom onset. Exclusion 

criteria include marked dysautonomia and “hot cross bun” sign on brain MRI. Probable PSP-

C requires A+B+C+D+E, and possible PSP-C requires A+B+D+E. According to these 

criteria, Patient 1 was consistent with probable PSP-C, and three other patients (Patient 2, 4, 

and 5) were consistent with possible PSP-C, due to absence of supranuclear gaze palsy. 

Patient 3 did not meet the criteria because postural instability with falls was absent. None of 

the five PSP-C patients had marked dysautonomia sufficient to meet Gilman's criteria for 

clinical diagnosis of probable MSA, and none had evidence of hot cross bun sign on brain 
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MRI. The preliminary criteria for PSP-C seem to fit patients in the United States as well as 

those in Japan. It is noteworthy that 39% (39/100) of the PSP patients in the Mayo Clinic 

patient series developed some degree of cerebellar ataxia. The frequency of cerebellar ataxia 

in PSP, including the original patient reported by Steele, et al.,2 is between 6% and 

44%,2, 11, 37, 38 suggesting that cerebellar ataxia is not uncommon in PSP and perhaps 

should not be an exclusion criteria for clinical diagnosis.

Although pathological features of PSP-C have been studied in only a few patients, our 

pathological analysis did not reveal any difference between PSP-C and PSP. In addition, we 

did not find differences if we widened the spectrum to include PSP with any degree of 

cerebellar ataxia. The presence of tau-positive Purkinje cells was considered to be a 

pathological feature in PSP-C,11 but the frequency and number of tau-positive Purkinje cells 

were not different between PSP-C and PSP. In fact, 60% of patients with PSP without 

cerebellar ataxia also had a few tau-positive Purkinje cells similar to that reported in another 

study.39 Taken together, the results suggest that a small number of tau-positive Purkinje cells 

is unlikely to be related to cerebellar ataxia. Although Purkinje cell loss is related to both 

limb and gait ataxia in patients with MSA,40 we did not find significant Purkinje cell loss in 

PSP-C or in PSP patients. We also examined cerebellar tau pathology in PSP patients with 

cerebellar degeneration regardless of clinical presentation. Of the 26 PSP patients that had 

cerebellar vermal degeneration, there was no correlation to severity of cerebellar tau 

pathology. Cerebellar degeneration in PSP, like that in other chronic neurologic disorders, 

may be caused by concomitant nutritional, cerebrovascular or alcoholic disorders.41 This 

result also confirms that cerebellar ataxia in PSP is unrelated to cerebellar tau pathology.

Some studies have reported that tau pathology in the dentate nucleus is more severe in PSP-

C than PSP,11, 13 but we did not find a difference between the two groups. The dentate 

nucleus is one of the most vulnerable regions in PSP, and if dentate nucleus pathology was 

the underlying cause of cerebellar ataxia, then the majority of PSP patients should have 

significant ataxia.

Finally, we assessed the cerebellar afferent system (i.e. inferior olivary nucleus and nuclei of 

the pontine base) and other vulnerable regions (i.e. subthalamic nucleus, substantia nigra, 

and globus pallidus); however, the severity of tau-related pathology was not different 

between PSP-C and PSP. One patient (patient 4) had severe neuronal loss in inferior olivary 

nucleus, but it did not seem to be a contributing factor to cerebellar ataxia. We identified 

four additional patients with severe neuronal loss in inferior olivary nucleus among 30 PSP 

patients with inferior olivary hypertrophy, but none had cerebellar ataxia. Although a clinical 

feature of inferior olivary hypertrophy is thought to be palatal myoclonus,42 this obscure 

clinical finding was not reported in any of the PSP patients with inferior olivary hypertrophy. 

Taken together, we did not find any pathological differences between PSP-C and PSP.

There are some clear limitations of our study. First, it is a retrospective analysis, so 

symptoms associated with cerebellar ataxia might be underestimated. It is also difficult to 

judge cerebellar ataxia in some cases. For example, patient 4 in our PSP-C cohort developed 

ataxia, but the possibility of sensory ataxia could not be ruled out. Videos of neurologic 

examination would be helpful, but unfortunately, these were not available in this study. 
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Secondly, we screened PSP-C patients using selective inclusion criteria we hypothesized 

would increase the likelihood of detecting patients with ataxia, hence we may have missed 

some PSP-C patients had we reviewed medical records on all PSP patients in the brain bank. 

The selective search criteria were established based on our experience that PSP can be 

misdiagnosed as MSA.10 Thirdly, it cannot be ruled out that the responsible lesions are 

present in other areas than those we assessed, although we did not find any difference in tau-

related pathology between PSP-C and PSP.

In our previous study, we evaluated clinical diagnostic accuracy and causes of misdiagnosis 

of clinically diagnosed MSA. Among 134 cases of MSA, 15 cases had PSP at autopsy and 

the main reason for clinical misdiagnosis was presence of cerebellar ataxia.10 These findings 

were consistent with PSP-C, and in this study we determined the frequency of PSP-C in our 

brain bank. PSP-C is rare in the United States and Europe and possible less so in Japan. 

Clinical features of PSP-C were similar to those of MSA-C, but PSP-C lacked significant 

autonomic failure fulfilling Gilman's criteria.29 In some cases, brain MRI may help 

differentiate PSP-C from MSA-C. In addition to cerebellar atrophy expected in MSA, 

characteristic features of PSP, such as atrophy of midbrain and superior cerebellar 

peduncles,30, 31 can be seen in PSP-C. While this study cannot provide definitive 

information about how to make an accurate clinical diagnosis, the data should serve to raise 

awareness of PSP-C and spur further clinical, neuroimaging, and neuropathological research 

into this variant. Finally, physicians should be aware of this clinical variant when evaluating 

patients with atypical parkinsonism and ataxia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow chart of study design. Abbreviations: PSP, progressive supranuclear palsy; PSP-C, 

progressive supranuclear palsy with predominant cerebellar ataxia; MSA, multiple system 

atrophy; Cbl, cerebellar degeneration; IOH, inferior olivary hypertrophy; HB, hindbrain 

predominant PSP.
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Figure 2. 
Representative MRI findings of PSP-C patient 1 at age 62. A Sagittal section on FLAIR 

reveals obvious cerebellar atrophy and mild atrophy of midbrain (A). An axial section on 

FLAIR shows thin superior cerebellar peduncles and cerebellar atrophy (B). Coronal 

sections on T1-weighted images disclose atrophy of cerebellar vermis (C) and superior 

cerebellar peduncles (D). Arrows indicate the superior cerebellar peduncles (B, D).
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Figure 3. 
Histopathological images in cerebellum of PSP-C patients. An example photograph for 

analysis of Purkinje cell loss (A). We use cerebellar vermis section stained with 

hematoxylin-eosin and drew 3 mm-length lines in the cerebellar Purkinje cell layers. 

Purkinje cells are indicated with arrows (A, arrows). Immunohistochemistry for CP13 

reveals pretangles and tau-positive threads in dentate nucleus (B), coiled bodies in cerebellar 

white matter (C), and pretangles in Purkinje cell layer (D, arrow, inset). A: hematoxylin-

eosin stain; B-D: CP13 immunostain. Bars = 200 μm in A and D, 100 μm in B and C.
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Table 1
Clinical and pathologic features comparing between PSP-C vs PSP

Features PSP-C (5) PSP (99) P value

Demographic

 Sex, % male 2 (40%) 61 (62%) 0.690a

 Age at onset 67.8 ± 5.4 66.9 ± 7.7 0.789b

 Age at death 77.4 ± 4.7 74.2 ± 8.3 0.406b

 Disease Duration 7.0 (5, 9) 8.0 (8, 8) 0.171c

Symptoms

 Falls 4 (80%) 90 (91%) 0.976 a

 Early falls 0 (0%) 62 (63%) 0.020 a

 Memory cognitive complaints 4 (80%) 69 (70%) 0.992 a

 Speech/voice complaints 5 (100%) 83 (84%) 0.732 a

 Swallowing difficulties/choking 3 (60%) 64 (65%) 0.789 a

Neurological signs

 Axial/neck rigidity 3 (60%) 91 (93%) 0.113 a

 Resting tremor 0 (0%) 18 (18%) 0.658 a

 Vertical supranuclear gaze palsy 1 (20%) 82 (83%) 0.004 a

 Gait ataxia 5 (100%) 23 (24%) 0.001 a

 Limb ataxia 5 (100%) 15 (15%) <0.001 a

 Nystagmus 0 (0%) 10 (10%) 0.976 a

 Upper motor neuron signs 4 (80%) 39 (39%) 0.182 a

Pathologic features

 Brain weight (g) 1148 ± 88 1184 ± 146 0.573 b

 Braak NFT stage IV (0, IV) II (I, III) 0.532 c

 Thal amyloid phase 0 (0, 3) 0 (0, 3) 0.777 c

 Ratio of Purkinje tau positive 3/5 (60%) 61/97 (62%) 0.731 a

 Number of pretangles in Purkinje cell layer 1.0 (0, 2) 1.0 (0, 3) 0.490 c

 Pretangles linear density (cells/mm) 3.3 (3, 4) 3.6 (3, 4) 0.357 c

Semi-quantitative analysis

 Coiled bodies in cerebellar white matter 2.0 (2, 2) 2.0 (1, 3) 0.704 c

 Tau threads in cerebellar white matter 2.0 (2, 2) 2.0 (1, 2) 0.674 c

 Coiled bodies in dentate nucleus 1.0 (0, 1) 1.0 (0, 1) 0.948 c

 Tau threads in dentate nucleus 2.0 (1, 2) 2.0 (1, 2) 0.918 c

 Pretangles/NFT in dentate nucleus 2.0 (2, 2) 3.0 (2, 3) 0.128 c

 Pretangles/NFT in pontine base 3.0(3, 3) 3.0 (2, 3) 0.509 c

 Pretangles/NFT in inferior olivary nucleus 2.0 (2, 2) 2.0 (1, 2) 0.305 c
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Features PSP-C (5) PSP (99) P value

Genetic analysis

 MAPT: H1H1 genotype 5/5 (100%) 73/82 (89%) 0.434 a

 MAPT: H1H2 genotype 0/5 (0%) 9/82 (11%) 0.434 a

 APOE: ε4 genotype: 2/5 (40%) 20/87 (23%) 0.386 a

Data are displayed as mean ± SD or median (25th, 75th range) as appropriate. Abbreviations: PSP, progressive supranuclear palsy; PSP-C, PSP, 
progressive supranuclear palsy with predominant cerebellar ataxia; NFT, neurofibrillary tangles.

a
Fisher exact test,

b
t-test,

c
Mann-Whitney rank sum test
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Table 2
Pathologic features comparing between PSP with and without cerebellar ataxia

Ataxia (43) No ataxia (61) P value

Demographic

 Gender, % male 23/43 (52%) 40/61 (65%) 0.255 a

 Age at death 74.8 ± 9.0 73.9 ± 7.4 0.585 b

Pathologic features

 Brain weight (g) 1120 (1060, 1195) 1200 (1110, 1320) 0.011 c

 Braak NFT stage III (II, III) II (I, III) 0.069 c

 Thal amyloid phase 1.0 (0, 3) 0 (0, 3) 0.200 c

 Ratio of Purkinje tau positive 27/42 (64%) 36/60 (60%) 0.817 a

 Number of pretangles in Purkinje cell layer 1.0 (0, 2) 1.0 (0, 3) 0.910 c

 Pretangles linear density (cells/mm) 3.6 (3, 4) 3.7 (3, 4) 0.421 c

Semi-quantitative analysis

 Coiled bodies in cerebellar white matter 2.0 (1, 3) 2.0 (1, 3) 0.860 c

 Tau threads in cerebellar white matter 2.0 (1, 3) 1.0 (1, 2) 0.496 c

 Coiled bodies in dentate nucleus 1.0 (0, 1) 1.0 (0, 1) 0.732 c

 Tau threads in dentate nucleus 2.0 (1, 2) 2.0 (1, 2) 0.332 c

 Pretangles/NFT in dentate nucleus 2.0 (2, 3) 3.0 (2, 3) 0.335 c

 Pretangles/NFT in pontine base 3.0 (2, 3) 3.0 (2, 3) 0.477 c

 Pretangles/NFT in inferior olivary nucleus 2.0 (1, 2) 2.0 (1, 2) 0.192 c

Genetic analysis

 MAPT: H1H1 genotype 36/38 (95%) 42/49 (86%) 0.170 d

 MAPT: H1H2 genotype 2/38 (5%) 7/49 (14%) 0.170 d

 APOE: ε4 genotype 10/39 (26%) 12/53 (23%) 0.739 a

Data are displayed as mean ± SD or median (25th, 75th range) as appropriate. Abbreviations: PSP, progressive supranuclear palsy; PSP-C, PSP, 
progressive supranuclear palsy with predominant cerebellar ataxia; NFT, neurofibrillary tangles;

a
Chi-square test,

b
t-test,

c
Mann-Whitney rank sum test,

d
Fisher exact test
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