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In 1964, Steele et al described a rapidly progressive neurodegener-

ative disease “involving the brain stem, basal ganglia, and cerebel-

lum with vertical gaze and pseudobulbar palsy, nuchal dystonia,

and dementia.”1 They coined the term progressive supranuclear

palsy (PSP),1 which is currently used for the neuropathologically

defined disease entity, whereas the initially described clinical mani-

festation is referred to as Richardson’s syndrome (RS).2

In 1968, Reibeiz et al reported another neurodegenerative

condition with “corticodentatonigral degeneration with neu-

ronal achromasia.”3 Today, the corresponding neuropathological

entity is now termed corticobasal degeneration (CBD)3 and the

initially described clinical manifestation is called corticobasal

syndrome (CBS).4,5

Clinical diagnoses of RS and CBS have a reported prevalence

of 2.3 to 10.6 and 4.9 to 7.3 cases per 100,000 individuals in

the general population, respectively.6,7 However, in a commu-

nity-based autopsy series of individuals aged between 77 and

87, neuropathological diagnoses of PSP and CBD were present

more frequently in 3% and 0.4%, respectively.8

Although described as separate entities initially, it might be

advantageous to classify CBD and PSP as the same disorder.

This is due to overlapping genetic, biochemical, pathological,

clinical, and therapeutic aspects discussed in detail in the follow-

ing paragraphs.

Pathogenesis
PSP and CBD share a risk genetic variant in MOBP (myelin-

associated oligodendrocyte basic protein),9,10 but homozygosity

for the H1 haplotype, comprising MAPT (microtubule-

associated protein tau) is clearly the major risk factor for both

PSP (odds ratio 5.5, P = 1.5 9 10�116) and CBD (odds ratio

3.7, P = 1.4 9 10�12; Fig. 1).9,10 The H1c sub-haplotype is

particularly relevant for this predisposition.9,10

In brains of PSP and CBD patients, the protein tau is form-

ing insoluble fibrillary aggregates. This feature is shared with

numerous other neurodegenerative diseases, jointly termed

tauopathies.11 Since there are no major aggregates of other pro-

teins, PSP and CBD are considered as primary tauopathies,

unlike Alzheimer’s disease, where tau aggregation is believed to

occur as consequence of amyloid-beta pathology.11

The aggregates of PSP and CBD consist of tau isoforms with

four repeats in the microtubule-binding domain (4R-tau iso-

forms), but not of isoforms with three repeats (3R-tau isoforms)

(Fig. 1).11,12 This peculiarity is shared with argyrophilic grain

disease and globular glial tauopathy and defines the group of

4R-tauopathies.11 In contrast, tau aggregates in Pick’s disease

contain mainly 3R-tau isoforms (3R-tauopathy) and in Alzhei-

mer’s disease both 3R- and 4R-tau isoforms (mixed 3R/4R-

tauopathy).13

Interestingly, the MAPT H1c risk haplotype increases tran-

scription of tau, particularly of 4R-isoforms, providing a rational

pathophysiological basis for this genetic predisposition in PSP

and CBD.14

Despite these communalities, some molecular distinctions

have been reported between PSP and CBD (e.g., different car-

boxy-terminal tau cleavage fragments have been observed in

insoluble brain extracts [PSP: 33 kDa, CBD 37 kDa]).15

Ultrastructurally, intraneuronal tau filaments have been reported

as 13 to 14 nm straight tubules in PSP, but a mix of 15 nm

straight tubules and 20 nm twisted filaments in CBD.16

Apart from intracellular tau aggregation causing neuronal dys-

function and degeneration, transcellular propagation of tau also

appears to be relevant. Brain homogenates from PSP and CBD

patients do actually induce tau aggregates in nerve cell bodies

after injection into the brain tissue of tau-transgenic mice.17

This prion-like spreading of tau seems to mediate the successive

affection of widespread brain regions, which goes along with
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progressively increasing severity and broadening in the spectrum

of clinical symptoms.18

While the molecular identity of the spreading tau specimen

has not been identified, it has been convincingly demonstrated

that tau immunoprecipitated from brains of PSP and CBD

patients induces tau aggregates in cultured cells.19 Although

there was remarkable heterogeneity in the aggregation patters

induced with tau extracted from individual PSP and CBD

patients, these patterns were clearly different from those

observed with Alzheimer’s disease patients.19 Thus, it was

hypothesized that different tau strains may cause different dis-

eases. It remains to be shown whether such hypothetical

heterogeneity in tau strains does actually exist between PSP and

CBD, and is it distinctive enough to define two separate disease

entities (Fig. 1).

Pathology
In brains of PSP and CBD patients, tau aggregates can be found

in astrocytes, oligodendrocytes, and neurons.11,20

The defining astrocytic pathology, almost exclusively seen in

PSP, is presence of tufted astrocytes (i.e., tau aggregates in

proximal more than distal astrocytic processes; Fig. 1).11,20 In

contrast, the defining astrocytic lesions in CBD are astrocytic

plaques (i.e., annular clusters of short tau aggregates in distal

segments of astrocytic processes, with little aggregation in the

FIG. 1. Joint pathophysiological concept of progressive supranuclear palsy (PSP) and corticobasal degeneration (CBD). Homozygosity
for the MAPT H1 haplotype predisposes for increased expression of aggregation-prone 4-repeat tau isoforms. Postulated tau-strains
appear to propagate tau-pathology from cell to cell in a prion-like manner and to imprint disease-specific ultrastructural and
cytopathological aggregation patterns. Tufted astrocytes with tau aggregates (AT8-tau immunoreactive) in proximal more than distal
processes are the defining astrocytic lesion in PSP. Astrogytic plaques, i.e. annular clusters of short tau aggregates in distal segments
of astrocytic processes, with little aggregation in the perinuclear cytoplasm, are the defining astrocytic lesion in CBD (AT8-tau
immunostaining; courtesy Dr. Sigrun Roeber, Munich). While PSP pathology is most frequently observed with mesencephalic predomi-
nance, also cortical or transitional patterns do occur. Inversely, CBD pathology most frequently occurs in cortical and transitional pat-
terns. Following the anatomical topical lesion pattern, PSP and CBD present a broad spectrum of clinical syndromes, including
progressive gait freezing (PGF), predominant parkinsonism (P), Richardson syndrome (RS), corticobasal syndrome (CBS), apraxia of
speech (AoS), non-fluent agrammatical variant primary progressive aphasia (PPA), behavioral variant frontotemporal dementia (FTD),
and posterior cortical atrophy syndrome (PCA). Symptomatic therapy is targeting the clinical syndromes by physiotherapy, speech ther-
apy, and pharmacological modulation of neurotransmitter systems in the affected brain regions. Disease-modifying therapy aiming to
slow down disease progression might be achieved by interfering in mechanisms involved in spreading of the pathology. Causal ther-
apy aiming to prevent or cure the disease might be possible by interfering at the primary, i.e. most upstream disease mechanisms.
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perinuclear cytoplasm; Fig. 1).11,20 Astrocytic plaques and tufts

usually do not coexist and appear mutually exclusive in CBD

and PSP.21

Comma-shaped tau aggregates in oligodendroglia (coiled

bodies) are present and non-pathognomonic in PSP, CBD, and

other tauopathies.11,20

Neuropil threads (i.e., short, irregular neuronal and oligoden-

droglial processes) are sparsely seen in PSP, but are numerous in

gray and white matter in cortical and subcortical regions in

CBD.11,20

The most characteristic neuronal lesions in PSP are globose

neurofibrillary tangles and in CBD diffuse or granular pretangles

without apparent formation of fibrillary structures.11,20

Ballooned neurons, which are achromatic in HE staining,

immunoreactive for alpha-B-crystallin, and inconsistently

immunoreactive for tau are considered a hallmark of CBD

without being entirely specific. In PSP, they are only seen in

association with concurrent argyrophilic grain disease.11,20

Overall, these histopathological stigmata predominate in

hindbrains in PSP and forebrains in CBD (Fig. 1). Macroscopi-

cally, PSP brains typically show marked atrophy of the mesen-

cephalon, subthalamic nucleus, superior cerebellar peduncle,

mild atrophy of the frontal cortex, and e vacuo dilatation of the

third ventricle. Asymmetric focal frontoparietal or paracentral

cortical atrophy is the most characteristic macroscopic finding in

CBD. Unusual lesion and atrophy distributions, however, do

exist in patients with atypical clinical presentations.11,20

Clinical Manifestations
PSP and CBD are sporadic diseases with typical onset in the fifth

to seventh decade and average disease durations of 7.9 and

6.8 years.22 PSP and CBD present a largely overlapping spec-

trum of clinical syndromes, reflecting the variable topography of

the cerebral lesions (Fig. 1). The initially described and most fre-

quent clinical manifestation of PSP is RS, a combination of pro-

gressive postural instability, slowing of saccades, and vertical

supranuclear gaze palsy.1,2,22 Although RS it is still believed to

be highly specific for PSP,2,22 it is acknowledged that patients

with CBD can also present a clinical RS manifestation.5,23 CBS

is a combination of at least one cortical symptom (apraxia, corti-

cal sensory loss, alien limb phenomenon) and at least one

extrapyramidal symptom (akinesia, rigidity, dystonia,

myoclonus).3–5 CBS was initially considered the predominant

manifestation of CBD.3–5 Meanwhile, it is known that CBD

patients can also present clinical syndromes other than CBS5,22,23

and that CBS patients can have other underlying neuropatholo-

gies, including PSP.2,22,23 Progressive parkinsonism (i.e.,

bradykinesia and rigidity with or without tremor), may also pre-

dominate the early clinical picture in both PSP and CBD.2,4,22,23

The non-fluent, “agrammatical” variant of primary progressive

aphasia and apraxia of speech have more recently been identified

as clinical manifestations of PSP and CBD.2,5,22,24 Predominant

frontal presentations of PSP and CBD may evoke behavioral and

cognitive symptoms of frontotemporal dementia.2,5,22,23 A pos-

terior cortical atrophy syndrome has been reported with diverse

neuropathologies, including CBD.23 Progressive gait freezing as

initial manifestation has so far been reported to be highly specific

for PSP.2,22 In summary, while PSP and CBD have preferential

clinical manifestations each, the width of their possible clinical

manifestations encompasses the same spectrum.

Therapy
The therapies currently recommended for PSP and CBD are

symptomatic in nature, relying on physiotherapy, speech ther-

apy, and pharmacological modulation of neurotransmitter sys-

tems in the affected brain regions (Fig. 1). They include

dopaminergic stimulation for akinetic-rigid symptoms, clon-

azepam for myoclonus, and botulinum toxin A for focal dysto-

nia.25 The choice of therapies is based on the presence of alike

symptoms in both PSP and CBD.

Interventions in the molecular mechanisms involved in

spreading of the pathology will hopefully become available as

disease-modifying therapies to slow down disease progression

(Fig. 1). Ideally, interventions at the primary, most upstream

disease mechanisms might even allow development of causal

therapies to prevent or to cure the diseases (Fig. 1). Currently,

such approaches are being developed to target expression or

degradation of the tau protein (specifically the 4R-tau isoforms),

disease-associated post-translational modifications, or the trans-

cellular tau spread. None of these targets appear to be specific

to either PSP or CBD.26

Conclusion
In summary, PSP and CBD are sporadic, adult-onset, primary

4R-tauopathies, affecting neurons, oligodendrocytes, and astro-

cytes alike, with shared genetic risk factors in MAPT and

MOBP. The overlapping clinical spectrum in absence of dis-

tinctive imaging or fluid biomarkers still requires neuropatho-

logical examination for a definite differential diagnosis.

Therefore, joint classification of overlapping PSP and CBD

syndromes as clinically probable 4R-tauopathy has now been

operationalized for the first time by the Movement Disorders

Society Criteria.2 This approach avoids diagnostic ambitions to

differentiate PSP from CBD in clinical situations, where these

are unattainable with currently available methods. Moreover,

this concept links clinical syndrome to a molecular diagnosis,

defined by presence of a molecular target for therapeutic inter-

ventions, and thus selects patients for 4R-tau-targeting therapies.

At the latest, when the therapeutic efficacy of future 4R-tau-

targeting therapies will not be compromised by the subtle histo-

logical and molecular differences between PSP and CBD, it will

be time to seriously reconsider the need to classify PSP and

CBD as different disorders, but to adopt the diagnostic concept

of 4R-tauopathies more broadly.
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