Tauopathy (Progressive supranuclear palsy, CBD)
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Atypical Parkinsonism or parkinson-plus syndrome refers to diseases with variant clinical features and resistance to levo-
dopa treatment that distinguish it from idiopathic Parkinson’s disease. Among these, diseases caused by tauopathy in-
clude progressive supranuclear palsy (PSP) and corticobasal degeneration (CBD). In both diseases, abnormal aggregation
of 4-repeat tau is observed as neuropathological findings, and a great variety of clinical phenotypes are characteristic.
Due to these various clinical phenotypes, differential diagnosis is difficult, and only several symptomatic treatments with
little effect are known as supportive care, and thus patient management in clinical practice is limited. In this article, the
pathological findings, clinical phenotypes, diagnostic approaches and treatments of PSP and CBD known to date are sum-
marized, and tau-directed therapeutics currently in progress are reviewed.
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Table 1. Progressive supranuclear palsy.

Categories

Findings/Characteristics/Diagnostic approaches/Treatment options

Neuropathology

Clinical symptoms
(Clinical syndromes)

Diagnostic test

Imaging features

Other tests for differential
diagnosis

Symptomatic treatments

Aggregates of 4-repeat tau in astrocytes (tufted astrocyte), oligodendrocytes (coiled bodies), and neurons
neurofibri)llar tangles; globose tangles) in typical distribution (predominant in basal ganglia and
brainstem

PSP-RS: early onset postural instability and falls with vertical ocular motor dysfunction

PSP-OM: initial predominance of ocular motor dysfunction

PSP-PI: initial predominance of postural instability

PSP-P: parkinsonism resembling IPD

PSP-PGF: progressive gait freezing

PSP-CBS: corticobasal syndrome

PSP-PLS: primary lateral sclerosis

PSP-SL: speech/language disorders, including nonfluent/agrammatic primary progressive aphasia
(nfaPPA) and progressive apraxia of speech (AOS)

PSP-F: frontal lobe cognitive or behavioral presentations, including behavioral variant frontotemporal
dementia (bvFTD)

PSP-C: cerebellar ataxia

Neurologic examination

—~QOcular motor dysfunction

—Postural instability

—-Akinesia

Levodopa test: poor responsiveness to levodopa
Neuropsychological test

—-Cognitive dysfunction

Brain MRI

~Midbrain atrophy: axial anteroposterior diameter { 15mm

—Frontal lobe atrophy

—-Exclude: hydrocephalus, vascular lesions, encephalitis, etc.

Functional imaging

-1 23II—§3I§’—CIT—SPECT or PET: extensive and symmetric pattern of striatal DAT loss (including caudate
nuclei)31

-18F-FDG PET: hypometabolism in frontal lobe and midbrain

Laboratory findings

-Wilson's disease: serum ceruloplasmin, 24-hours urine copper, etc.

—Hypoparathyroidism

—-Neuroacanthocytosis

—Neurosyphilis

—Prion disease: 14-3-3 protein in CSF, etc.

—Paraneoplastic encephalitis: anti-Ma1, Ma2 antibodies

-Genetic test: AD (APP, PSEN1, PSEN2), spinocerebellar ataxia, Huntington’s disease, Kufor-Pick
syndrome, Perry syndrome, Niemann-Pick syndrome (type C), etc.

Levodopa: parkinsonism (akinetic-rigid syndrome)

Amantadine: parkinsonism (akinetic-rigid syndrome)

Amitriptyline: mild to moderate improvement of oculomotor deficits

Zolpidem: sleep disturbance, mild improvement of motor deficits

Coenzyme Q10: mild improvement of motor and neuropsychological symptoms
Botulinum toxin A: Blepharospasm, apraxia of eye opening
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Figure 1. Characteristic findings in Magnetic resonance imaging of PSP and CBD. (A) T2 sagittal image shows severe mid-
brain atrophy in PSP patient (yellow circle). (B) T1 axial image reveals asymmetric parietal cortex atrophy in CBD patient (red

arrow).
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Table 2. Corticobasal degeneration.

Categories Findings/Characteristics/Diagnostic approaches/Treatment options

Neuropathology Aggregates of 4-repeat tau in astrocytes (astrocytic plaques), oligodendrocytes (coiled bodies), and
neurons (neurofibrils) and, often, swollen achromatic neurons in typical distribution (neocortex and basal
ganglia)

Clinical symptoms Corticobasal syndrome

(Clinical syndromes) ~Probable: Asymmetic, one cortical symptom (apraxia, loss of cortical sensitivity, alien limb phenomenon)

+ two extrapyramidal symptoms (akinesia, rigidity, dystonia, myoclonus)

—Possible: Symmetric, one cortical symptom (apraxia, loss of cortical sensitivity, alien limb phenomenon)
+ one extrapyramidal symptom (akinesia, rigidity, dystonia, myoclonus)

Frontal behavioral—-spatial syndrome

Progressive supranuclear palsy

Progressive non—fluent aphasia

Diagnostic test Neurologic examination
Levodopa test: poor responsiveness to levodopa
Neuropsychological test

Imaging features Brain MRI

—Parietal lobe atrophy: focal, mostly asymmetric

Functional imaging

-123|-FP-CIT-SPECT or PET: More uniform reduction throughout the striatum and greater hemispheric
asymmetry (for the caudate nucleus) in

CBS vs PD*

-18F-FDG PET: hypometabolism in frontoparietal regions (including the perirolandic area), basal ganglia,
and thalamus of the clinically more affected hemisphere in CBS-CBD patients

Other tests for differential ~ CSF study/EEG

diagnosis —prion disease
Genetic test
-MAPT gene, etc.

Symptomatic treatments Levodopa: parkinsonism
Baclofen: dystonia
Botulinum toxin A: focal dystonia
Clonazepam: myoclonus
Propranolol: action/postural tremor
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Figure 2. Tau—directed approaches in current clinical trials.
Table 3. Clinical trials of tau-directed therapeutics (PSP and CBD).
Therapeutic Mode of action Disease Phase Trial (#ref)
Lithium Kinase inhibitor PSP or CBD 1,2 NCT00703677.
Valproate Kinase inhibitor PSP 2 NCT0038571 O25
Tideglusib Kinase inhibitor PSP 2 NCTO1 04939924
Salsalate Acetylation inhibitor PSP 1 NCT02422485
Passive immunization 5
BIIB092 PSP 1 NCT02460094”’
PSP Extension NCT02658916
Passive immunization CBS 1 NCT03658135
PSP 2 NCT0306846§8
C2N 8E12 PSP 1 NCT02494024
Microtubule stabilization PSP Extension NCT03413319
PSP 2 NCT02985879
PSP Extension NCT03391 76@3
Davunetide PSP, CBS 1 NCT01056965
PSP 2,3 NCT01110720%
TPI 287 PSP, CBS 1 NCT02133846™
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