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ABSTRACT

Progressive supranuclear palsy (PSP) is a neu-
rodegenerative disorder resulting from the
deposition of misfolded and neurotoxic forms
of tau protein in specific areas of the midbrain,
basal ganglia, and cortex. It is one of the most
representative forms of tauopathy. PSP presents
in several different phenotypic variations and is
often accompanied by the development of
concurrent neurodegenerative disorders. PSP is
universally fatal, and effective disease-modify-
ing therapies for PSP have not yet been identi-
fied. Several tau-targeting treatment modalities,
including vaccines, monoclonal antibodies, and

microtubule-stabilizing agents, have been
investigated and have had no efficacy. The need
to treat PSP and other tauopathies is critical,
and many clinical trials investigating tau-tar-
geted treatments are underway. In this review,
the PubMed database was queried to collect
information about preclinical and clinical
research on PSP treatment. Additionally, the US
National Library of Medicine’s ClinicalTrials.-
gov website was queried to identify past and
ongoing clinical trials relevant to PSP treat-
ment. This narrative review summarizes our
findings regarding these reports, which include
potential disease-modifying drug trials, modifi-
able risk factor management, and symptom
treatments.
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Key Summary Points

Progressive supranuclear palsy (PSP) is a
fatal tau-based neurodegenerative disease.

The need for PSP therapy becomes more
apparent as knowledge advances
regarding its phenotypic variations.

No tau-targeting therapies have been
effective in modifying the course of PSP.

Several tau-targeting therapies are in
clinical trials.

The discovery of effective tau-modifying
pharmacotherapies could significantly
impact the prognosis of patients with PSP
and other neurodegenerative disorders
such as Alzheimer’s and Parkinson’s
diseases and corticobasal degeneration.

INTRODUCTION

Progressive supranuclear palsy (PSP) is an adult-
onset tauopathy and neurodegenerative disease
that is growing in recognition and prevalence
[1]. PSP is currently incurable [2]. Therefore, the
development of PSP therapies is a highly rele-
vant area of research, and this review summa-
rizes the therapies that have been studied and
those that are currently undergoing clinical
trials for the treatment of PSP.

The prevalence of PSP has been studied over
the years, and various levels of prevalence have
been reported [1, 3, 4]. In a European age-ad-
justed study conducted between 2003 and 2012,
the prevalence was 8.8 to 10.8 cases per 100,000
persons. One study in 1999 in Yonago, Japan,
reported a prevalence of 5.8 cases per 100,000
persons [5]. A later study in the same city in
2010 reported a much-increased prevalence of

17 cases per 100,000 persons [1]. In 2001, esti-
mates from the UK revealed a crude prevalence
of 6.5 cases per 100,000 persons [6]. In a more
recent study in Scotland in 2018, PSP had a
regional crude point prevalence of 4.28 cases
per 100,000 [7]. According to Zermansky and
Ben-Shlomo, the prevalence of PSP varied from
0.97 to 6.54 cases per 100,000 persons in the
eight studies they reviewed [8]. Although the
exact numbers may vary, the increase in
prevalence and recognition of this currently
fatal disease makes further research into PSP
therapies all the more pertinent.

Genetics and Biology of Tau/PSP

PSP is a neurodegenerative disease, and the
initial degeneration process is unclear [2]. PSP
has been identified as a tauopathy, a category
including conditions such as corticobasal
degeneration (CBD), Alzheimer’s disease (AD),
and frontotemporal dementia (FTD) [2]. Tauo-
pathies are a family of diseases that result from
the aggregation of dysfunctional, misfolded tau
proteins. These diseases often result in neuronal
loss, gliosis, and deposition of this misfolded
tau protein in affected brain areas [2]. Tau is a
microtubule-associated protein that contributes
to the stability of the cytoskeleton and is found
predominantly in axons [1, 9]. It is the most
abundant microtubule-associated protein in the
brain, and its dysfunction can be detrimental
[2]. As new tauopathies continue to be identi-
fied, the critical role of tau function in the brain
becomes even clearer [2].

PSP is characterized by the aggregation of
misfolded tau proteins into soluble and insol-
uble forms, which result in microtubule desta-
bilization and neurofibrillary tangles. These
neurofibrillary tangles can be neurotoxic and
lead to cell death [2]. The pathological forms of
tau are thought to result from an uneven ratio
of tau isoforms [2]. The MAPT gene on chro-
mosome 17q21 codes for the tau protein, and
alternative splicing of this gene results in the
production of six different isoforms of the tau
protein [10]. These tau isoforms can form
aggregates of 3-repeat (3R) or 4-repeat (4R)
microtubule-binding domain repeats, which are
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determined by the presence or exclusion of
exon 10 [10, 11]. In the healthy human brain,
there are similar levels of 3R and 4R isoforms of
tau protein [2]. In tauopathies such as PSP,
uneven ratios of these isoforms can lead to tau
aggregation into soluble and insoluble forms,
which result in microtubule destabilization, the
formation of neurofibrillary tangles, and the
subsequent neuronal degeneration seen in these
conditions [2]. PSP and CBD are 4R tauopathies
in which the filaments are arranged in straight,
tubular formations [1]. CBD and PSP differ in
certain aspects, including the biochemical fin-
gerprints of tau fragments in each condition,
clinical features, and neuropathological features
[12]. In AD, the 4R tau protein often aggregates
in paired helical filaments [2]. In contrast,
multiple systems atrophy (MSA) is an atypical
parkinsonian disorder that involves accumula-
tion and aggregation of a-synuclein, mostly in
the cytoplasm of oligodendrocytes. MSA is
characterized by classic parkinsonian motor
symptoms, dysautonomia, and cerebellar atax-
ia, with rapid progression and low life expec-
tancy [13, 14].

As more research is conducted regarding PSP
genetics, the importance of the MAPT gene has
become more apparent. A recent study reported
that differential splicing of the MAPT exons
between tau-based diseases such as AD and PSP,
as well as differential expression of MAPT iso-
forms that result from various combinations of
exon 2 and 10 splicing, might contribute to the
course of these neurodegenerative diseases [10].
Additionally, the presence of splicing factors,
such as RSC1, affects exon 2 and 10 splicing,
and these factors are differentially expressed in
PSP and AD. The MAPT gene is highly signifi-
cant in the pathogenesis of PSP and other neu-
rodegenerative tau-based diseases [10].

Fifteen different mutations in MAPT are
noted in PSP cases, and patients with PSP with
MAPT mutations have an earlier age of onset
than those without mutations [15]. Addition-
ally, patients withMAPTmutations often have a
positive family history of PSP [15]. Mutations in
the leucine-rich repeat kinase 2 (LRRK2) gene
are also being studied, with variable results [15].
LRRK2 mutations are some of the most com-
mon genetic causes of Parkinson’s disease (PD),

and a recent study showed that common vari-
ation at the LRRK2 locus is indicative of PSP
severity, suggesting that LRRK2 inhibition
might serve as a therapeutic approach in
patients with tauopathies [15, 16]. Patients with
the LRRK2 mutation had a much older age of
onset than those with MAPT mutations, with a
primary clinical presentation of parkinsonism
[15].

The first large genome-wide association
study in patients with PSP also identified several
new potential genetic associations [17, 18].
Three new genetic risk factors were identified,
namely STX6, EIF2AK3, and MOBP, which are
suspected to be involved in tau production,
processing, and trafficking [15]. A more recent
genome-wide association study identified sev-
eral more possible risk loci, including SLCO1A2,
DUSP10, and RUNX2 [2, 15, 19].

It is postulated that posttranslational modi-
fications of tau protein can increase the likeli-
hood of protein aggregation or interaction with
microtubules, leading to these tauopathies [1].
In PSP, the pathological tau protein is often
phosphorylated [1, 20, 21], acetylated [1, 22],
and thioflavin-S positive [1, 23]. The phospho-
rylation of tau protein has been thoroughly
studied [24]. Patients with these tauopathies
have higher levels of phosphorylated tau in
their brains, and the specific phosphorylated
tau profiles differ among specific tauopathies
[25]. Additionally, the potential disease-induc-
ing effects of other posttranslational modifica-
tions are under study, including acetylation,
OGlcNacylation, and N-glycosylation, as well as
other mechanisms [2, 24].

Tau has been found to have prion-like
properties, which enable it to propagate from
cell to cell through transsynaptic mechanisms
[26]. It is postulated that tau, like prions, prop-
agates through exosomes, thus causing wide-
spread tau aggregation and neuronal cell death
in tau-dependent neurodegenerative diseases
[27–29].

In addition to direct tau neurotoxicity, it is
hypothesized that tau contributes to neurode-
generation through oxidative stress [30].
Oxidative stress is implicated in the develop-
ment of multiple neurodegenerative diseases,
including AD [30, 31]. Several studies have
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suggested that hyperphosphorylation of tau and
subsequent microtubule dysfunction could
produce reactive oxygen species and resultant
oxidative stress [30, 32]. However, other data
have also shown that the aggregation of tau and
microtubule dysfunction could result from the
initial accumulation of reactive oxygen species
[30, 33].

Inflammation may also contribute to the
development of PSP and has been associated
with the enzyme 5-lipoxygenase (5-LO), which
induces inflammation via leukotriene produc-
tion [13, 34]. 5-LO is upregulated in brain
samples of patients with tauopathies. Addi-
tionally, inhibition of 5-LO in mouse models
has resulted in significant improvements in
memory and synaptic function and a reduction
in tau phosphorylation, likely through a
method that reduces cyclin-dependent kinase 5
(CDK5) activity [35].

Activation of microglia, the most important
immune modulator in the human nervous sys-
tem, is also postulated as contributing to the
development of PSP [13, 36]. It is thought that
microglial activation drives tau pathology and
contributes to the spread of tau in the brain
[17]. In a 2010 study, microglial neuroinflam-
mation was found to promote tau phosphory-
lation and aggregation, which may lead to
neurodegenerative conditions such as PSP [37].

Neuropathology of PSP

Tau deposit accumulation in neurons and glial
cells causes neurotoxicity and neuronal cell
death [38]. The brains of patients with PSP have
tufted astrocytes [1, 15] and other neuropatho-
logical findings, including globose neurofibril-
lary tangles in the gray matter and coiled tau
bodies in oligodendrocytes in the white matter
[1, 39]. Further neuronal findings in PSP include
tau threads and pretangles [2]. The area of tau
deposition depends on the specific phenotype
of PSP, but the most common brain areas
affected are the brainstem, globus pallidus,
subthalamic nucleus, substantia nigra, and
dentate nucleus of the cerebellum [1, 2, 40]. Tau
sometimes deposits in the dentate nucleus and
frontal, temporal, and parietal cortices [1]. The

exact pattern of tau deposition varies with the
disease phenotype [2]. For instance, the total
tau load is generally less in the cortex in PSP-
parkinsonism (PSP-P) and PSP-progressive gait
freezing, while it is more prominent in the PSP-
speech language subtype [41]. Significant dif-
ferences in the tau burden and cytopathology
are present among the various clinical pheno-
types of PSP. Tau accumulation usually begins
in the subcortical regions and proceeds to the
neocortical regions and the cerebellum [41].

Biomarkers

Identifying disease-progression biomarkers in
the pathophysiology of PSP continues to be a
significant area of PSP research into diagnosis
and therapy [2]. Previous studies have aimed to
identify cerebrospinal fluid (CSF) biomarkers
that might differentiate PSP from other simi-
larly presenting neurodegenerative diseases, but
none of these biomarkers were able to be con-
firmed at autopsy [17, 42]. However, data
revealed that patients with PSP had normal or
low concentrations of phosphorylated tau and
total tau in the CSF, whereas patients with AD
had higher total tau levels than normal [17, 43].
Another notable biomarker used to treat PSP
and other atypical parkinsonian syndromes is a
neurofilament light chain (Nfl), an intermediate
filament and nonspecific biomarker indicative
of neuronal injury [1, 44]. In patients with PSP,
Nfl concentrations in CSF were two to five times
higher than those of healthy controls, patients
with PD, PD dementia, and dementia with Lewy
bodies [17, 42, 45]. However, these differences
were not identified when CSF from patients
with PSP was compared to CSF from patients
with corticobasal syndrome (CBS) and MSA
[17, 42, 45]. Therefore, while some preliminary
data suggest some PSP-identifying biomarkers,
further research is required to determine those
biomarkers that can aid in the accurate differ-
entiation of PSP from other neurodegenerative
disorders. Biomarkers may also be useful in the
detection and prediction of PSP disease pro-
gression. When CSF analyses were performed
over time in a multicenter PSP clinical trial, the
only CSF biomarker that changed with time was
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Nfl concentrations [17, 46]. Baseline plasma Nfl
concentrations were predictive of PSP progres-
sion over the course of 1 year [17, 47]. Addi-
tionally, serum Nfl levels have been found to
correlate closely with CSF levels of Nfl, and
higher baseline levels of Nfl have been associ-
ated with poorer clinical and radiological out-
comes in patients with PSP [1, 47]. Finally,
another biomarker called RT-QulC is under
study and shows potential for aiding in the
diagnosis of alpha-synuclein-based diseases
(e.g., PD, dementia with Lewy bodies, and
MSA), as well as in the diagnosis of tauopathies
such as PSP [1].

Radiological methods can also be used in the
identification of neurodegenerative disorders
such as PSP [1]. Magnetic resonance imaging
(MRI) in PSP often shows various types of mid-
brain atrophy, which are described as the
‘‘hummingbird’’ [48], ‘‘morning glory’’ [49], and
‘‘Mickey Mouse’’ signs [50]. The magnetic reso-
nance parkinsonism index is useful in the
diagnosis of PSP, with greater than 80% sensi-
tivity and specificity in differentiating patients
with PSP from those without [1, 51–53].

Positron emission tomography (PET) imag-
ing has also been utilized in differentiating PSP
from other neurodegenerative diseases [1].
Currently, several tracers that bind to tau pro-
teins have been studied, but various limitations
have been identified. 18F-AV-1451, also known
as flortaucipir, is a specific PET radiotracer used
to identify and image tau in the brain [54]. 18F-
FDG-PET is a radiotracer of metabolic activity
and does not specifically identify tau pathology.
Other radiotracers are possibly beneficial but
inaccessible due to economic concerns in daily
practice [54].

Single-photon emission computed tomogra-
phy (SPECT) has been studied in the diagnosis
of PSP, but it is nonspecific. In studies using the
radiotracer 99mTc-HMPAO in patients with
tauopathic atypical parkinsonism, patients with
PSP were found to have thalamic hypoperfu-
sion, which did not help differentiate between
patients with PSP, PSP-P, and CBS [54–56]. In a
recent study evaluating frontal assessment bat-
tery (FAB) results alongside SPECT findings in
patients with PSP-Richardson’s syndrome (PSP-
RS), PSP-P, and CBS, impairment in executive

functions was identified as a possible key dif-
ferentiating factor in patients with variants of
PSP [54]. Of note, executive functioning seemed
to generally be more significantly impaired in
patients with PSP-RS than in patients with PSP-P
when using the FAB. Additionally, using SPECT,
patients with PSP-P were found to have the least
deteriorated perfusion compared to patients
with PSP-RS and CBS. Overall, this study iden-
tified that when using FAB and SPECT perfusion
assessments of the frontal lobes, there was
slightly more deterioration in patients with
CBS. Overall, it was determined that FAB and
SPECT were useful in differentiating between
these conditions when each was used alone but
that the combined approach was not useful
[54].

Clinical Features

PSP can present with a variety of phenotypic
presentations. These differing presentations can
result in PSP being easily confused with other
neurodegenerative disorders, such as FTD and
PD [17]. Guidelines such as those put out by the
National Institute of Neurological Disorders and
Stroke (NINDS) can assist in differentiating
these neurodegenerative diseases. For instance,
according to NINDS, early falls due to postural
instability concurrent with supranuclear gaze
palsy or slowed vertical saccades were the most
helpful factors in distinguishing PSP from PD
[1, 57].

The development of PSP is divided into
stages, beginning with the presymptomatic
stage. This stage is defined as individuals who
are asymptomatic but are at high risk of devel-
oping symptoms of PSP in the future. Currently,
this stage can only be identified by postmortem
examination [1, 17]. The following early symp-
tomatic stage of PSP is known as ‘‘suggestive of
PSP stage’’ [17]. A few clinical signs and symp-
toms are present in this stage, but they are not
sufficient for diagnosing PSP [17]. It is then
possible for the patient to progress to any of the
following PSP subtypes, including PSP-RS, PSP-
P, or PSP with mixed pathology, but the specific
subtype cannot be identified at this point in the
disease process [17]. In the future, diagnostic
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biomarkers for PSP may help identify potential
disease progression [17]. Further research into
this period of disease progression is relevant, as
greater insight into disease recognition in the
presymptomatic stage may be helpful in pre-
ventive care.

The classic disease subtype of PSP is known
as Richardson’s syndrome (PSP-RS) [17]. The
early signs of PSP-RS include slowing of vertical
saccades, as well as other nonspecific ocular
symptoms, including dry, red, and sore eyes;
photophobia, blurred vision, and difficulty
focusing, as well as spontaneous involuntary
eyelid closure or apraxia of eyelid opening, and
impaired spontaneous blink rate [57]. Early
indicators also include slow, slurred, or growl-
ing speech and difficulties swallowing [57].
Later in the disease course, a supranuclear gaze
palsy can result, which may cause difficulty
eating. The late presentation of this symptom
can delay diagnosis in many cases [57]. The PSP-
RS subtype also includes initial postural insta-
bility, leading to falls early in the disease course
[2]. Overactivity of the frontalis, procerus, and
corrugator muscles may result in eyelid retrac-
tion and a staring gaze [57]. Motor changes in
PSP-RS have classically been described as a
lurching gait or ‘‘that of a drunken sailor or
dancing bear,’’ with unexplained backward falls
without loss of consciousness [57]. Other com-
mon symptoms include bradykinesia and slow,
ataxic, spastic, and hypophonic speech. In PSP-
RS, half of the patients also develop personality
changes, such as apathy, disinhibition, and
cognitive slowing, within 2 years of diagnosis
[17, 57].

Later in the disease, patients often develop
unintelligible speech and recurrent choking,
which may lead to the need for a percutaneous
gastrostomy [57]. Patients also become wheel-
chair-dependent as a result of recurrent falls and
fractures and often become dependent on oth-
ers 3 to 4 years into the disease [57].

The median age of survival in the original
series of studies regarding PSP-RS was approxi-
mately 5 years from disease onset. In more
recent studies, the reported duration from onset
of disease to death had increased to a range of 5
to 8 years [57]. The most common causes of
death due to PSP-RS included aspiration

pneumonia, primary neurogenic respiratory
failure, and pulmonary embolism [57]. PSP-RS
can be differentiated and identified as a clinical
syndrome with associated pathological findings
of PSP [57].

While PSP-RS is the classic presentation of
PSP, more phenotypic presentations have been
discovered. PSP-P (PSP-parkinsonism) is charac-
terized by early disease features that include
axial rigidity, speech impairment, gait difficul-
ties, limb rigidity, bradykinesia, and a positive
levodopa response, with a later onset of PSP-
specific symptoms [17, 57]. PSP-RS and PSP-P are
the most common among the variants of PSP.
PSP-RS makes up about 60% of PSP cases, and
PSP-P makes up approximately 30% [54].

PSP with progressive gait freezing is defined
as the development of an isolated gait disorder
years before the development of any other PSP-
RS features [17, 58]. This isolated gait disorder
may include symptoms such as gait disturbance
with start hesitation and subsequent freezing of
gait, as well as difficulties in initiating or com-
pleting speech and writing [17, 58].

PSP-corticobasal syndrome is the best-recog-
nized presentation of CBD, which is defined as
the accumulation of 4R tau aggregates [17, 59].
Phenotypically, this PSP subtype presents very
similarly to PSP-RS [17]. However, these sub-
types differ in their biochemical features, mor-
phology, and anatomical distribution [17].
Symptoms include progressive limb rigidity,
apraxia, cortical sensory loss, alien limb, and
bradykinesia, all of which are unresponsive to
levodopa in contrast to PSP-P [17].

PSP-speech language is a subtype of PSP that
presents as a nonfluent or agrammatic variant
of primary progressive aphasia, a syndrome in
which there is agrammatism in language pro-
duction or effortful, halting speech with
inconsistent speech sounding errors and dis-
tortions [17, 60]. In this subtype, the speech and
language symptoms are predominant in early
disease stages, with motor symptoms of PSP-RS
presenting later in the disease course [17].

PSP with frontal presentation is defined as
exhibiting behavioral changes characteristic of
FTD years before the onset of motor symptoms
of PSP-RS. Patients present with a clinical syn-
drome of behavioral variant FTD, which
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includes early progressive deterioration of per-
sonality and social comportment; behavior
changes such as apathy, rigidity, disinhibition,
and hyperorality; and cognitive decline [17].

PSP with predominant cerebellar ataxia pre-
sents with cerebellar ataxia as the principal
symptom, with motor symptoms of PSP-RS
presenting later in the disease course [17].
Finally, PSP with mixed pathology is defined as
the presence of PSP with another concurrent
neuropathology, such as AD, PD, deposition of
transactive response DNA binding protein 43
(TDP-43), argyrophilic grain disease, or other
cerebrovascular diseases [17].

As noted above, diagnosis of PSP can be
challenging because of the late onset of some
defining symptoms as well as its similar pre-
sentation to many other neurodegenerative
diseases. However, some key characteristics can
be utilized to increase the likelihood of identi-
fying PSP. PSP is clinically probable when a
patient presents with both vertical supranuclear
palsy and postural instability [1, 61]. PSP is
clinically possible in cases of isolated vertical
gaze palsy or slowed saccades with postural
instability [1, 61]. At this time, a postmortem
pathology confirmation showing ‘‘cardinal
neuropathologic’’ features is still required for a
definitive diagnosis of PSP [1].

Risk Factors, Associated Conditions

The role of associated conditions and modifi-
able risk factors in the progression and man-
agement of PSP has also been studied. One
case–control study identified a modest yet sig-
nificant association between hypertension and
the development of PSP [62]. Another
case–control study found that two potentially
modifiable clinical features associated with
prediagnostic PSP were cerebrovascular disease
and diabetes mellitus [63]. Type 2 diabetes
mellitus has previously been studied in its
association with brain atrophy and neurode-
generation. The type 2 diabetes mellitus fea-
tures, including glucose dysregulation, insulin
resistance, and impaired insulin signaling, have
been found to lead to the accumulation of
amyloid beta and hyperphosphorylation of tau,

alongside other inflammatory and oxidative
stress-related processes [63, 64]. Additionally,
the accumulation of amyloid beta and hyper-
phosphorylated tau may also contribute to
pancreatic beta cell dysfunction, which could
serve to cause or worsen type 2 diabetes mellitus
[63, 64]. Another study evaluated the effects of
glycemic variability below and above a
hemoglobin A1C of 5.7% on cerebral perfusion.
Patients with PSP or CBS were evaluated with
A1C and SPECT, and patients with higher gly-
cemic variability were found to have reduced
cerebral perfusion to regions involved in these
neurodegenerative diseases, notably the hip-
pocampus, pons, left thalamus, and right insula
[65]. In a prior review discussing the treatment
of atypical parkinsonian disorders, insulin
resistance targeting was also evaluated in the
management of MSA. In studies in mouse
models and patients with MSA, insulin resis-
tance was reported in oligodendrocytes and
neurons of the putamen, with impairment of
insulin and insulin-like growth factor 1 signal-
ing. This insulin resistance was thought to
potentially affect oligodendrocyte functioning
and lead to neurodegeneration of the putamen
[13, 66].

Cerebrovascular disease has also been iden-
tified as a potential modifiable risk factor for
PSP, and studies have identified vascular
pathology involved with the development of
some cases of PSP and CBS [65, 67, 68]. Overall,
further study is needed regarding the preven-
tion of PSP via management of risk factors,
especially since PSP itself is currently untreat-
able once it develops.

PSP is currently incurable and is only treat-
able with therapies that alleviate symptoms [2].
Therefore, the identification of disease-modify-
ing PSP therapies is a critical area of research.
Current strategies of PSP treatment include tar-
geting tau protein aggregation, microtubule
dysfunction, and tau posttranslational modifi-
cation by mechanisms that include
immunotherapy, gene therapy, and vaccines
[1]. Other unique approaches could include
transcriptional disruption of the tau gene using
repurposed small molecules [69].
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METHODS

In this review, the PubMed (National Library of
Medicine) database was queried using the key
search words of ‘‘progressive supranuclear
palsy,’’ ‘‘tau,’’ ‘‘monoclonal antibodies,’’ ‘‘treat-
ment,’’ ‘‘clinical trials,’’ and ‘‘progressive
supranuclear palsy and diabetes/hypertension.’’
Past and ongoing clinical trials were also iden-
tified by searching for ‘‘progressive supranuclear
palsy’’ on the US National Library of Medicine’s
ClinicalTrials.gov website. Publication dates of
the articles reviewed were from 1977 through
2023. An internet search using Google Search
(Alphabet Inc.) was also done to identify articles
and unpublished updates, including prelimi-
nary results from incomplete clinical trials. The
last date these databases were searched was
December 13, 2023. For most of the sources, the
inclusion criteria required a peer-reviewed
journal article documenting information from a
preclinical or clinical trial that had the potential
to affect treatment for patients with PSP. In
selected cases, online articles and forum publi-
cations of preliminary results from unfinished
clinical trials were included for thoroughness.

Additionally, articles discussing conditions
similar to PSP, such as AD, MSA, PD, and CBS,
were included because of potential overlap in
the efficacy of treatment options. Studies were
first grouped by symptomatic and disease-
modifying treatments, which were then cate-
gorized by the mechanism of treatment action.
Outcomes reported included primary outcome
measures for most studies and some secondary
outcome measures when there were significant
and relevant results. Outcome effect measures
were reported as they were presented in the
primary articles.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

TREATMENT

Non-Disease-Modifying Treatment

Despite numerous drug trials conducted in the
past decades, PSP remains a universally fatal
disease [17]. In some cases, patients with the
PSP-P or PSP-RS phenotypic subtypes showed
initial benefits in response to levodopa therapy
[17, 70], especially among those with bradyki-
nesia and rigidity. However, this benefit was
often transient without effects on the overall
disease trajectory [17, 70]. Currently, treatment
remains mainly symptomatic, and several non-
disease-modifying treatments are in clinical
trials (Table 1).

Transcranial and Deep Brain Stimulation
Several clinical trials have evaluated the efficacy
of transcranial and deep brain stimulation on
PSP progression. One clinical trial
(NCT01174771) that evaluated the safety and
efficacy of noninvasive cortical stimulation for
the treatment of PSP and CBD was completed in
2014, but no results have been reported.
Another clinical trial (NCT02734485) sought to
evaluate the efficacy of deep transcranial mag-
netic stimulation over the left Broca area and
dorsolateral prefrontal cortex for promoting
recovery of motor and cognitive function in
patients with PSP. The last update of this study
was reported in 2016, and no results have been
reported. A more recent clinical trial
(NCT04655079) is testing the efficacy and safety
of anodal transcranial direct current stimulation
(a-tDCS) over the left dorsolateral prefrontal
cortex to treat PSP. a-tDCS has previously been
shown to be effective for the treatment of psy-
chiatric disorders. The study was expected to be
completed in August 2022, but results have not
yet been published. Trials for other nonphar-
macological therapies, such as noninvasive
repetitive cerebellar transcranial magnetic
stimulation (NCT04468932) and spinal cord
stimulation (NCT04367116), have been com-
pleted or are still ongoing for safety and efficacy
for treating motor dysfunction in PSP. Still,
these studies have not yet published results.
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Another clinical trial, completed in 2019,
evaluated the efficacy of cerebellar theta burst
repetitive transcranial magnetic stimulation
(rTMS) (NCT04222218). In this study, 20
patients with PSP underwent a series of sham or
real cerebellar rTMS in a crossover study design.
Outcome measures included static balance tests,
timed up-and-go tests, and a short physical
performance battery. Cerebellar rTMS was
found to have a significant effect on stability in
patients with PSP [71]. A follow-up study
(NCT04237948) that evaluated the efficacy of
combining transcranial direct magnetic stimu-
lation and physical therapy for the treatment of
PSP was performed, with estimated completion
in December 2019. However, no results have
been reported yet. Deep brain stimulation of the
pedunculopontine region has been attempted
in patients with advanced PSP-RS; however, no
clear benefits were noted [72]. On the contrary,
harmful adverse effects occurred, including
perioperative hemorrhages in two patients of
the eight study patients [17, 72].

Physical Therapy
Nonpharmacological interventions, such as
physical therapy, improve symptomatic and
functional manifestations of PSP [17, 73]. Sev-
eral more studies regarding the efficacy of
specific physical therapy programs on PSP pro-
gression are underway or completed. One
interventional therapy study (NCT05139342) is
currently evaluating the efficacy of a 2-week
expiratory muscle strength training regimen to
treat patients with either PD, MSA, or PSP; 75
patients are expected to be enrolled. A separate
clinical trial (NCT04608604) of 180 individuals
with PSP-RS, MSA, or PD is currently evaluating
the efficacy of two different physiotherapy
programs on the motor symptoms and gait
parameters of these neurological diseases.
Another study evaluated the efficacy of 4 weeks
of multidisciplinary intensive rehabilitation
treatment (MIRT), previously used for PD, with
or without a driven gait orthosis therapy pro-
tocol for treating patients with PSP
(NCT02109393). Twenty-four patients with PSP
were enrolled. Twelve participants underwent
MIRT with a treadmill-plus therapy regimen,
while the other 12 used a driven gait orthosis.

Overall, the driven gait orthosis did not offer
additional benefit compared to the treadmill-
plus regimen, but the efficacy of aerobic, mul-
tidisciplinary, intensive rehabilitation for
patients with PSP was confirmed [73]. Robot-
assisted gait training has also been studied and
was shown to be feasible and safe for patients
with PSP [74].

Other Treatment Approaches
Rivastigmine, an acetylcholinesterase and
butyrylcholinesterase inhibitor used in the
treatment of AD and PD, is currently undergo-
ing a phase III clinical trial (NCT02839642) to
evaluate its efficacy in the treatment of the
motor, cognitive, and behavioral impairment in
PSP. Previous findings regarding the treatment
of PSP with acetylcholinesterase inhibitors are
inconsistent. In a case series of five patients
with PSP, treatment with rivastigmine for 3 to 6
months improved cognitive function [75].
However, in a randomized controlled trial of 21
patients with PSP treated with donepezil, an
acetylcholinesterase inhibitor, the results
showed mildly improved cognitive function
with worsening motor function [76]. The cur-
rent phase III trial of rivastigmine is a random-
ized, double-blind, placebo-controlled study
with 106 participants with probable PSP-RS.
Participants in the treatment arm receive an
oral treatment of rivastigmine twice daily for
24 months, and patients in the control arm
receive a matched dose of placebo. Primary
outcomes include changes from baseline in the
number of falls and near falls, and secondary
outcomes include safety, changes in the Pro-
gressive Supranuclear Palsy Rating Scale (PSPRS)
score from baseline, and patient and caregiver
quality of life. The study was reportedly com-
pleted in November 2022, but no results have
been released yet.

Additionally, a phase IV clinical trial
(NCT04014387) is currently underway to eval-
uate the efficacy and safety of zolpidem, a
benzodiazepine receptor agonist, and suvorex-
ant, a dual orexin receptor antagonist, in the
treatment of sleep quality in patients with PSP.
Another phase IV trial (NCT03924414) is testing
the efficacy of a single intravenous infusion of
zoledronic acid for the prevention of fractures

Neurol Ther



in patients with PD and Parkinson-like disor-
ders, such as PSP.

A more specific therapy for PSP symptoms is
pretarsal botulinum treatment, which has been
shown to improve apraxia of the eyelid [17].
Speech therapy, occupational therapy, social
work, and palliative care are also critical in
caring for patients with PSP, emphasizing the
importance of multidisciplinary treatment
paradigms for this disease [1, 73].

Risk Factor Modification/Management
of Associated Conditions

Studies are currently underway to evaluate
whether the management of modifiable risk
factors aids in the treatment of patients with
PSP [62, 63]. A recent review discussing treat-
ment options for parkinsonian disorders,
including PSP, MSA, and CBD, noted studies
that evaluated insulin for the treatment of MSA
and PD [13]. This study evaluated the effects of
intranasal insulin injection on the motor and
cognitive functioning of patients with MSA and
PD. Patients who received insulin had better
cognitive and motor functioning than patients
in the placebo group [13, 77]. A separate study
noted that glucagon-like peptide 1 (GLP-1)
analogues are being studied for the treatment of
MSA and that preclinical studies of GLP-1 ana-
logue injections showed favorable results for
lowering insulin resistance and reducing neu-
ronal loss in the putamen [13, 66]. A phase II
trial is underway to evaluate the efficacy of GLP-
1 analogues in the treatment of early-stage MSA.
The findings in MSA treatment suggest possi-
bilities for the utility of insulin resistance
management in patients with PSP.

Disease-Modifying Treatments

Several clinical trials are currently underway to
identify a disease-modifying treatment for PSP.
These trials target tau aggregation, microtubule
dysfunction, and tau posttranslational modifi-
cations [17]. In determining treatment for
tauopathies, it is critical to consider the cause of
tau-dependent neurodegeneration. There are
two types of tau dysfunction that are thought to

lead to neurodegeneration: toxic tau gain-of-
function or loss-of-function; both lead to tau
aggregation and neurotoxicity [17, 78]. Studies
have shown that toxic tau aggregation in one
brain region can spread through transsynaptic
methods and propagate to other brain areas
[26]. Below, we present the main therapeutic
interventions currently explored in clinical tri-
als on PSP.

Tau Loss-of-Function Therapies
Microtubule-Stabilizing Agents The first set of
tau-based treatments targets tau loss-of-func-
tion, which can lead to microtubule destabi-
lization. In healthy neurons, tau is enriched in
axons and aids in providing strength and sta-
bility to microtubules [79–81]. When tau is
dysfunctional and forms insoluble aggregates,
microtubules may become unstable, leading to
disruption of fast axonal transport [79, 82].
Therefore, treatment with microtubule-stabiliz-
ing agents may compensate for tau dysfunction
in these neurodegenerative diseases [79].

Davunetide is a microtubule-stabilizing
octapeptide and is derived from glial cells in
response to vasoactive intestinal peptide expo-
sure. Davunetide has been found to function as
a neuroprotective agent and to prevent micro-
tubule disruption in cell culture models [46].
Davunetide has also shown this benefit in
transgenic mouse models of tauopathy [83].
However, a phase II/III clinical trial conducted
on patients with PSP-RS showed no efficacy of
davunetide (NCT01110720) [46]. In this study,
313 individuals with PSP-RS were randomly
assigned to davunetide (n = 157) or placebo
(n = 156). Baseline characteristics did not differ
between the groups, and medication compli-
ance was similar between the groups. After
monitoring patients for 52 weeks, no significant
differences in the primary efficacy endpoints
were found. The primary efficacy endpoints
included the PSPRS and the Schwab and Eng-
land Activities of Daily Living scale [46]. No
significant differences in the number or timing
of deaths between the two groups were found,
and all MRI measurements evaluated in the
study showed progressive atrophy over the year
of monitoring [46]. Both treatment groups were
found to have similar rates of serious adverse
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events that were attributable to disease pro-
gression [46]. However, more patients in the
davunetide arm than the placebo arm had
adverse events, mainly epistaxis and nasal con-
gestion, resulting in study discontinuation [46].
Overall, davunetide was ineffective for treating
PSP [46].

TPI-287 is a new blood–brain-barrier-perme-
able taxane that also acts as a microtubule sta-
bilizer [17, 84]. TPI-287 was found to
accumulate in higher concentrations in the
brain than in the blood; it reduced hyperphos-
phorylated tau levels in the brain and improved
cognitive performance in tau-transgenic mice
[84]. Two phase I randomized controlled trials
tested the safety and efficacy of this drug in 29
patients with AD (NCT01966666) and in 44
patients with the 4R tauopathies of PSP and
CBD (NCT02133846) [84]. Patients in both
studies received either 20, 6.3, or 2 mg/m2 of
TPI-287 or a matched placebo once every
3 weeks for 9 weeks. In the AD trial, all three
instances of serious adverse effects were ana-
phylactoid reactions that occurred in the treat-
ment arm, and the study was terminated early
for safety reasons [84]. In the 4R tauopathy trial,
there were no severe adverse reactions. How-
ever, more patients in the treatment arm expe-
rienced falls than in the placebo arm [84].
Patients in the treatment arms of both trials
experienced higher incidences of headaches,
dizziness, constipation, diarrhea, and nausea
[84]. In addition, patients in the 4R tauopathy
treatment arm had dose-related worsening of
global cognitive function compared to patients
in the placebo group [84]. Although TPI-287
was ineffective in the treatment of 4R tauo-
pathies, this study revealed critical differences
in the safety and tolerability of neurodegener-
ative disease treatments based on the disease
process [84].

Epothilone D is another blood–brain-barrier-
permeable microtubule-stabilizing agent. When
administered to tau transgenic mice with no
initial tau abnormality, it was found to prevent
axonal microtubule loss and dystrophy, as well
as improve cognitive performance [1, 79, 85]. A
phase I trial (NCT01492374) evaluated the
safety and pharmacodynamic effects of
epothilone D (BMS-241027) in the treatment of

participants with mild AD. Forty participants
were randomized to receive either intravenous
0.003 mg/kg, 0.01 mg/kg, or 0.03 mg/kg of
epothilone D or dose-matched placebo for
9 weeks. The primary outcomes included safety
and CSF levels of N-terminal tau fragments. The
last update on this study was in 2014, and no
results have been published yet.

Tau Gain-of-Function Therapies
In contrast to tau dysfunction, it is proposed
that toxic tau gain-of-function promotes
aggregation and prion-like spreading of patho-
genic tau between cells [2, 26]. There is evidence
to suggest that tau fragments can be secreted
and ‘‘seed’’ from one cell to the other and for
abnormal tau to induce dysfunction and
aggregation of normal tau [86, 87]. As a result,
anti-tau antibodies are being investigated [2]. In
transgenic mouse models, it has been shown
that passive immunization with anti-tau mon-
oclonal antibodies suppresses tau pathology
and improves cognitive and motor function
[17, 88, 89].

Monoclonal Antibodies The monoclonal
antibody bepranemab (UCB0107) recently
underwent a phase Ib study (NCT04185415) to
evaluate its safety, tolerability, and pharma-
cokinetics in the treatment of patients with PSP.
According to Vaswani and Olsen [86], beprane-
mab is a humanized murine monoclonal anti-
body that targets an epitope of tau adjacent to
the microtubule-binding repeats. In an in vitro
model of tau aggregation, monoclonal anti-
bodies that included a central tau epitope pre-
vented tau seeding and propagation more
strongly than antibodies with N-terminal epi-
topes [86]. In a previously conducted phase I
trial (NCT03464227), in which results were
released in abstract form, 52 healthy male adult
participants were intravenously administered
bepranemab or placebo [90]. Adverse effects
occurred in 47% of the participants, but the
adverse effects were not severe and were unre-
lated to the treatment [86, 90]. In the more
recent phase Ib study of bepranemab
(NCT04185415), 25 individuals were enrolled.
All participants had a possible or probable
diagnosis of PSP, and the trial was a double-
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blind, placebo-controlled study. Participants
received bepranemab or intravenously admin-
istered saline, and their responses were moni-
tored from baseline until the final follow-up
visit at week 68. That trial was completed on
November 17, 2021, and no results have been
posted. An open-label extension stage
(NCT04658199) began in November 2020 and is
estimated to be completed in November 2026.
This study was designed to evaluate the long-
term safety and tolerability of bepranemab for
the treatment of PSP. Eligible patients included
those with a possible or probable diagnosis of
PSP-RS. Nineteen patients are estimated to have
been enrolled. Patients receive a predefined
intravenous dose of bepranemab, and primary
outcomes compare the safety and tolerability
from baseline to the end of the study at
60 months.

Two N-terminal tau-targeting monoclonal
antibodies, gosuranemab (BMS-986168,
BIIB092) and tilavonemab (ABBV-8E12), have
entered phase II clinical trials for PSP [17, 91].
Although tau is primarily an intracellular pro-
tein, there are a variety of tau fragments that
can be found extracellularly [91]. These tau
fragments lack the microtubule-binding region
and C-terminus sequences of intracellular tau
and are abundant in CSF [91]. Previous studies
have identified that this extracellular N-termi-
nal tau could drive neuron-to-neuron patholo-
gies such as PSP [91]. Gosuranemab is a
monoclonal antibody directed against extracel-
lular N-terminal tau that has a high affinity for
the fibrillar tau form identified in patients with
AD and PSP [91]. When studied in transgenic
mouse models, gosuranemab was found to
reduce levels of unbound tau in CSF and inter-
stitial fluid [91]. A phase I study (NCT02294851)
conducted with gosuranemab demonstrated a
marked decrease in this extracellular CSF
N-terminal tau without any deaths or serious
adverse outcomes [91, 92]. A separate phase Ib
randomized controlled trial (NCT02460094)
also demonstrated significant decreases, by
approximately 90% at all doses, of CSF
unbound N-terminal tau with gosuranemab
treatment [91, 93]. The purpose of the phase II
clinical trial (NCT03068468) was to identify
whether decreases in CSF extracellular

N-terminal tau correlated with improved prog-
nosis of PSP [91]. The study included 486 par-
ticipants with a diagnosis of possible or
probable PSP [91]. Other eligibility criteria
included 41 to 86 years of age, a score of at least
20 on the Mini-Mental State Examination, and
no other notable neurological or psychiatric
disorders [91]. Participants were randomized
and assigned to either gosuranemab (n = 321) or
placebo (n = 165). Patients in the treatment arm
received 50 mg/mL gosuranemab intravenously
once every 4 weeks for 48 weeks, and patients in
the control group received matched dosing of a
placebo intravenous infusion. The patients were
evaluated at 52 weeks by comparing baseline
and posttreatment PSPRS scores, which was the
primary efficacy endpoint. In this study,
although the levels of CSF extracellular N-ter-
minal tau did decrease in gosuranemab groups
compared to the control group, there was no
significant effect on other disease markers, such
as Nfl and midbrain atrophy [91]. In addition,
there were no significant differences between
gosuranemab and placebo groups in changes
from baseline using the PSPRS score [91]. Ulti-
mately, gosuranemab treatment for 52 weeks
did not significantly impact PSP disease pro-
gression as compared with control groups [91].

A second monoclonal antibody, tilavonemab
(ABBV-8E12), was evaluated in a phase II trial
for safety and efficacy (NCT02985879) [94].
Tilavonemab is a monoclonal antibody that
targets the N-terminus of human tau [94]. In
mouse models, tilavonemab reduced the loss of
brain volume, slowed the progression of tau
pathology, and increased cognitive perfor-
mance [89, 94]. This most recent study was a
phase II, multicenter, randomized, placebo-
controlled, double-blind study at 66 hospitals
and clinics in Australia, Canada, France, Ger-
many, Italy, Japan, Spain, and the USA [94].
Study participants included 377 people 40 years
of age or younger diagnosed with possible or
probable PSP who were symptomatic for less
than 5 years. The participants were randomly
assigned to tilavonemab 2000 mg (n = 126),
tilavonemab 4000 mg (n = 125), or matching
placebo (n = 126) administered intravenously
on days 1, 15, and 29, and then every 28 days
through the end of the 52-week treatment
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period [94]. The primary efficacy outcome was
the change in total PSPRS score from baseline to
week 52 [94]. Baseline PSPRS total scores did not
differ between the two treatment groups and
the placebo group [94]. In addition, the most
common adverse events reported during the
study were consistent with complications of
PSP, including falls, contusions, and skin lacer-
ations [94]. Overall, the results showed that
tilavonemab lacked efficacy in the treatment of
PSP in humans [94].

Further evidence of the effects of treatment
with tilavonemab was evaluated in two autop-
sies of patients with PSP after treatment with
tilavonemab [95]. One patient had been enrol-
led in the phase II trial mentioned above
[94, 95], and the other was in a phase I trial with
the same monoclonal antibody [95, 96]. The
patients were confirmed to have had PSP via
autopsy [95]. The tau burden in these two
patients was compared to that of 10 other
patients with autopsy-confirmed PSP, and there
was no significant difference in tau density or
distribution [95]. Ultimately, there were no
other findings to indicate a response to tilavo-
nemab [95].

In another autopsy report from January
2023, a patient was reported to have been
enrolled in a phase II trial and had received
tilavonemab [97]. On autopsy, the patient was
found to have neuronal loss, gliosis, and wide-
spread deposits of phosphorylated tau in neu-
rofibrillary tangles, tufted astrocytes, coiled
bodies, and threads [97]. These findings were
identified in the inferior olivary nucleus, den-
tate nucleus of the cerebellum, substantia nigra,
midbrain tegmentum, subthalamic nuclei, glo-
bus pallidus, putamen, and precentral gyrus
[97]. The location and characteristics of these
findings confirmed a diagnosis of PSP [97].
However, there were no findings, such as slowed
loss of brain volume or decreased tau burden, to
suggest that treatment with tilavonemab had
been efficacious [94]. These findings further
suggested the inefficacy of tilavonemab in the
treatment of PSP [97].

Vaccinations: AADvac1, ACI-35, JACl-
35 Active vaccinations against pathological
tau epitopes have been investigated, and three

potential tau vaccines have begun human clin-
ical trials: AADvac1, ACI-35, and JACl-35
[17, 98, 99].

AADvac1 is an active immunotherapy that
produces antibodies that target conformational
epitopes in the microtubule-binding region of
tau, which aims to prevent tau aggregation and
promote tau clearance [98, 99]. When tested in
transgenic rat and mouse models of Alzheimer’s
tauopathy, administration of AADvac1 resulted
in decreased neurofibrillary tangles and insol-
uble tau buildup as well as in improvement of
the neurobehavioral impairment of the models
[98]. AADvac1 underwent two phase I clinical
trials (NCT01850238 and the follow-up study
NCT02031198). The first phase I trial was a
12-week, randomized, double-blind, placebo-
controlled trial with a 12-week open-label
extension in patients with mild-to-moderate AD
[100]. Twenty-four patients were randomized to
the treatment arm and six to the placebo arm.
Patients in the treatment arm received three
subcutaneous doses of AADvac1 at monthly
intervals, which was then followed by the open-
label stage, in which all patients from the
treatment and control arms were allocated to
AADvac1 and received three more monthly
subcutaneous doses [100]. The primary end-
point was adverse events. AADvac1 was found
to have a favorable safety profile with excellent
immunogenicity in this first phase 1 trial [100].
In the follow-up phase I study, the patients
received two booster doses of AADvac1 at
24-week intervals and were followed for a total
of 72 weeks. The primary outcome was the long-
term safety of AADvac1. The vaccine was found
to have a benign safety profile, and patients
with high immunoglobulin G (IgG) titers had
slower rates of atrophy in MRI evaluations and
less of a decline in cognitive assessment
(NCT02031198) [101]. AADvac1 moved on to a
phase II trial in the treatment of mild to mod-
erate AD (NCT02579252) [102]. This trial was a
24-month randomized controlled trial that
included 208 participants randomized into
control and treatment groups. Participants in
the treatment arm received six doses of the
vaccine at 4-week intervals and five individual
booster doses at 3-month intervals. Participants
in the placebo group received a matched dose of
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placebo. The primary outcome was safety, and
secondary outcomes included dementia pro-
gression, cognitive function, immunogenicity,
and ability to perform activities of daily living.
Initial results of this phase II study were released
in 2019. The AADvac1 vaccine was highly
immunogenic (98.2% of participants generated
anti-tau antibodies), safe, and well tolerated.
AADvac1 was also found to cause a statistically
significant change in CSF and blood biomark-
ers, which indicated that the vaccine slows the
progression of the neurodegenerative process to
that more commonly seen in healthy individ-
uals [102, 103]. If this treatment proves helpful
in patients with AD, its tau-targeting capabili-
ties may also aid in treating patients with PSP.

ACI-35 is an active vaccine that is undergo-
ing a phase Ib/IIa clinical trial (NCT04445831)
for the treatment of early AD. ACI-35 is a lipo-
some-based vaccine that targets epitopes of tau,
which are often phosphorylated in pathological
states, most notably serine residues [104]. JACI-
35 is a protein conjugate of the same tau protein
in the ACI-35 vaccine. However, at the Clinical
Trials on Alzheimer’s Disease conference on
December 2022, JACI-35 was reported to be less
effective than ACI-35, and the trial moving
forward will be with ACI-35 [105].

In a 3-month regimen of subcutaneous
injections of ACI-35 in mice, the mice produced
a rapid immune response, with the production
of high IgG antibody levels specifically targeting
phosphorylated tau. This regimen also resulted
in a mild reduction of pathological hyperphos-
phorylated tau in these mouse models, which
may indicate the future utility of this active
vaccine in treating other tauopathies [99, 104].
In this current phase Ib/IIa trial, a total of 57
participants were initially randomized to
receive either low, high, or medium doses of the
ACI-35 vaccine, either low or medium doses of
the JACI-35 vaccine or placebo administration
at specified time points over 48 weeks. At the
Clinical Trials on Alzheimer’s Disease confer-
ence in December 2022, interim results were
released, reporting that the vaccine was overall
safe and well tolerated. Additionally, the vac-
cine was found to have a ‘‘rapid and durable
antibody response’’ specific to phosphorylated
tau and paired helical filaments in people with

AD [105]. The last study update was submitted
in October 2023.

Inhibiting Tau Aggregation
Other pharmacological agents have been
developed to target tau aggregation or post-
translational modifications [17]. For instance,
methylene blue (MB) derivatives have been
studied for the treatment of AD and fron-
totemporal degeneration. MB is an approved
treatment for methemoglobinemia that inhibits
tau aggregation in vitro and in transgenic
mouse models. It has also been found to dis-
solve paired helical filaments (PHF), which form
neurofibrillary tangles and correlate with pyra-
midal cell destruction and the development of
dementia in AD brain tissue [106–108]. This was
found to occur as a result of MB reversing the
proteolytic stability of protease-resistant PHFs
by inhibiting tau-tau binding at repeat
domains, which serves to enforce the stability of
PHFs [109].

In a phase II clinical trial (NCT00515333),
MB (TRx0014) was found to be a safe and
potentially effective monotherapy in the treat-
ment of AD, with clinical improvement after
50 weeks of 138 mg of MB per day in patients
with mild to moderate AD, as measured by the
Alzheimer’s Disease Assessment Scale-cognitive
subscale [108, 110].

Leuco-methylthioninium (bis)hydromethane-
sulfonate (LMTM), also known as
hydromethylthionine, is a stable and reduced
form of MB with superior pharmaceutical prop-
erties, which has been shown to maintain tau
aggregation inhibitor properties in vivo and
in vitro [108, 110]. In two phase III trials through
TauRx Therapeutics Ltd, LMTM was found to
have a concentration-dependent response at
steady state plasma levels in the range of
0.3–0.8 ng/mL at an 8mg/day dose, with a pla-
teau at higher doses, in slowing disease progres-
sion in patients with AD both as monotherapy
and add-on therapy, but with maximum effect
reduced by half in add-on therapy
(NCT01689233, TRx-237-005, and NCT01689246,
TRx-237-015) [111]. Currently, a phase III ran-
domized controlled trial (NCT03446001) to test
the efficacy and safety of 8-mg and 16-mg doses of
LMTM (TRx-237-039) for the treatment of AD is

Neurol Ther



underway; it was estimated to be completed in
April 2023, and no results have been released. An
open-label, delayed-start stage of the study is now
ongoing as an expanded access program for
patients who had previously taken TRx0237 in a
clinical trial or compassionate use program. Fur-
ther study is required in this area, but given the
positive findings in AD studies, the tau aggrega-
tion-inhibitor effects of LMTMmay be potentially
beneficial in treating tauopathies such as PSP as
well.

Inhibiting Tau Hyperphosphorylation
Another drug target is CDK5 (cyclin-dependent
kinase 5), which contributes to tauopathy
pathogenesis by phosphorylating tau [1]. CDK5
is activated in postmitotic neurons via the
neuron-specific activator p35, and CDK-p35
plays a vital role in brain development and
physiological synaptic activity [112]. In diseased
brains, CDK5 is thought to be hyperactivated by
p25, which is the N-terminal truncated form of
p35 [112]. This hyperactivation is suspected to
abnormally activate CDK5 in tauopathies such
as AD, in which CDK5 phosphorylates tau at
serine/threonine residues in serine/threonine-
proline sequences [112]. In addition, increased
levels of CDK5 have been identified in the tissue
and neurons of patients with PSP. Immunohis-
tochemistry of CDK5 displayed greater
immunoreactivity within neurons containing
tau aggregates [113]. Tolfenamic acid (TA), an
NSAID currently used to treat migraines in
Europe, has been shown to decrease CDK5
levels in amyloid precursor protein knock-in
transgenic mouse models [69, 114, 115]. TA is
another emerging treatment of tauopathies,
and its therapeutic potential in modifying dis-
ease processes has also been explored in a
transgenic animal model that carries the human
tau gene (hTau) [69]. In a more recent study
evaluating the effects of TA on hTau, behavioral
tests demonstrated the efficacy of TA in
improving spatial learning deficits and memory
impairments in young and aged hTau mice,
which only occurred in the presence of the
hTau gene [69]. Western blot analysis of the
hTau protein revealed a reduction in total tau as
well as in site-specific hyperphosphorylation of
tau in response to TA administration [69].

Immunohistochemical analysis for phosphory-
lated tau protein revealed a reduction in stain-
ing in the frontal cortex, hippocampus, and
striatum in animals treated with TA. TA thus
holds the potential to be a disease-modifying
agent for the treatment of tauopathies [69]. TA
underwent a 12-week phase IIa randomized
controlled trial (NCT04253132) for the treat-
ment of individuals with PSP. A total of 24
participants with PSP were randomized to
receive 50, 300, or 600 mg daily of either TA or
placebo. Primary outcomes include safety and
tolerance of TA in patients with PSP. This trial
was estimated to end on December 31, 2022,
and results have not yet been published.

Further treatment methods are designed to
inhibit the hyperphosphorylation of tau, which
is postulated to lead to tau aggregation [17].
Glycogen synthase kinase 3 (GSK-3) is believed
to hyperphosphorylate tau in pathological
states such as PSP [116]. Inhibition of GSK-3, a
serine/threonine kinase, has been shown to
reduce tau phosphorylation and may be an
effective drug target [17, 116]. Tideglusib
(NP031112), a small-molecule inhibitor of GSK-
3-beta, was studied in a phase II trial
(NCT01049399) [116]. All enrolled participants
had a possible or probable diagnosis of PSP and
were randomized to receive either 800 mg of
tideglusib, 600 mg of tideglusib, or placebo
once daily for 52 weeks. Primary outcomes
included changes from baseline in PSPRS scores.
Although the drug was found to be safe, it was
not significantly clinically efficacious in treat-
ing patients with mild-to-moderate PSP [116].
Lithium was also found to inhibit GSK-3, but a
clinical trial of lithium was stopped for intoler-
ability [17].

Sodium valproate (VPA), an antiepileptic
drug, also inhibits GSK-3 at clinically feasible
concentrations [117]. A double-blind, random-
ized, placebo-controlled trial (NCT00385710)
through Nantes University Hospital in France
evaluated the efficacy of treatment with VPA on
the disease progression of patients with possible
or probable diagnoses of PSP [117]. Twenty-
eight patients were enrolled and received
1500 mg/day of VPA or matching placebo for
24 months [117]. The primary endpoint was the
change from baseline in the patients’ PSPRS
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scores at 12 and 24 months [117]. Secondary
endpoints included the effects of VPA on cog-
nitive and behavioral status, the tolerability of
treatment, and patient compliance [117]. Ulti-
mately, no differences were found between
treatment with VPA versus placebo in clinical
rating scores after 24 months [117]. PSPRS score
was significantly higher in the VPA group at
12 months, but there was no significant differ-
ence in the scores at 24 months [117]. Further-
more, no differences were identified in
secondary endpoints between the VPA and
placebo groups. Ultimately, VPA was deter-
mined not to be an effective disease-modifying
treatment for PSP [117].

Inhibiting Tau Acetylation
It is proposed that the acetylation of soluble tau
species precedes hyperphosphorylation and
contributes to the pathogenesis of tauopathies
[17]. Therefore, inhibition of this acetylation
process may be a promising drug target
[17, 118]. Salsalate is a commercially available
NSAID used in the treatment of rheumatoid
arthritis, osteoarthritis, and other rheumato-
logical disorders [119]. Salsalate is proposed as a
possible treatment for PSP and other tauo-
pathies, as preclinical studies have indicated
that salsalate inhibits tau acetylation [119].
Furthermore, levels of acetylated tau are ele-
vated in patients with tauopathies [119, 120],
and studies have shown that treatment of tau
transgenic mice with salsalate rescues tau-in-
duced memory deficits and prevents hip-
pocampal atrophy [118, 119]. Salsalate was
studied in a phase I futility study
(NCT02422485) alongside another phase I trial
(NCT02460731) that evaluated the efficacy of
treating patients with PSP with young, healthy
male donor plasma transfusions [119]. The sal-
salate trial included 10 patients, and the young
plasma trial included five. Although both
treatments were safe and well tolerated overall,
there was no significant effect on disease pro-
gression after 6 months of treatment [119].

Inhibiting Pathologic Tau Processing
Yet another emerging therapeutic approach is
the addition of O-linked b-N-acetylglucosamine

(O-GlcNAc) residues to proteins, which has
been shown to offer protection against patho-
genic processing of amyloid precursor protein as
well as tau [1, 121]. By modifying tau with even
a single O-GlcNAc residue, the toxic self-
assembly and misfolding of tau is inhibited,
which is postulated to result from O-GlcNAcy-
lation competing with tau phosphorylation
[121]. O-GlcNAcylation may have implications
for treating neurodegenerative diseases such as
PSP, AD, PD, amyotrophic lateral sclerosis (ALS),
and Huntington’s disease [121]. Inhibitors of
O-GlcNAcase (OGA) have been shown to pro-
tect against neurodegeneration in tau trans-
genic mice, and an OGA inhibitor (LY3372689)
has entered a phase II clinical trial
(NCT05063539). This study includes 330 par-
ticipants with AD, randomized into high-dose
treatment, low-dose treatment, or placebo
groups. The primary outcome includes a change
from baseline in AD progression when evalu-
ated at 76 and 124 weeks. This study is esti-
mated to be completed in June 2024 [17, 122].

Antisense Oligonucleotides
Other mechanisms under development to
manage tau aggregation include antisense
oligonucleotides and splicing modulators that
target hairpin RNA structures [17]. Tau is coded
for by the MAPT gene on chromosome 17, and
alternative splicing of exon 10 causes the pro-
duction of the pathological 4R tau isoform
[123]. Therefore, it is suspected that excluding
exon 10 may prove useful in decreasing patho-
logical tau production [123]. Exon 10 splicing of
tau protein is regulated by hairpin RNA struc-
tures that are destabilized by pathologicalMAPT
point mutations [17, 124]. A study involving
MAPT antisense oligonucleotides, which bind
to and stabilize the hairpin RNA of exon 10,
resulted in reduced human tau protein con-
centrations both in vitro and in vivo using
mouse models [17, 124]. Therefore, using anti-
sense oligonucleotides or splicing modulators to
normalize the 3R/4R tau ratios purported to
cause disease in tauopathies may prove to be a
viable therapeutic approach [17, 124]. This
mechanism has been previously investigated in
the treatment of ALS [17, 124]. Treatment with
antisense oligonucleotides was beneficial in rat
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models of ALS [124, 125]. Similar treatment
approaches were studied in animal models of
tauopathies, with positive results. In mouse
models, treatment with antisense oligonu-
cleotides reduced human tau mRNA and pro-
tein in mice expressing mutant human tau,
which resulted in the development of fewer tau
inclusions, the reversal of pre-existing phos-
phorylated tau, and the prevention of neuronal
death, ultimately resulting in extended survival
of these treated mice. In addition, when non-
human primates were studied using this treat-
ment, tau antisense oligonucleotides were
distributed throughout the brain and spinal
cord, resulting in decreased tau mRNA and
protein levels in the brain, spinal cord, and CSF.
The use of MAPT antisense oligonucleotides has
not yet been tested in humans, but these find-
ings suggest that the use of this treatment in
humans with pre-existing or early tau-based
neurodegeneration may prolong life and reduce
disease burden [124].

One tau antisense oligonucleotide currently
in clinical trials is NIO752 (NCT04539041). It is
being studied in a phase I, multicenter, double-
blind, placebo-controlled, multiple-dose escala-
tion study to evaluate the safety, tolerability,
and pharmacokinetics of this antisense
oligonucleotide in patients with PSP. In this
study, approximately 58 patients with PSP were
randomized in a 3:1 ratio to receive NIO752 or a
placebo. NIO752 was administered intrathecally
multiple times over 3 months, with the partici-
pants evaluated over a 9-month follow-up per-
iod, or it was administered multiple times over
9 months with participants evaluated for a
3-month follow-up period. Primary outcomes
include the number of adverse events and out-
comes, changes in severity scores for the
Columbia-Suicide Severity Rating Scale, and
levels of infection indicators in the blood. The
study is estimated to be completed in November
2024.

Anti-Inflammatory Therapies
Given the suspected association between
microglial activation and inflammatory cytoki-
nes in the development of PSP, a case–control
study regarding the efficacy of NSAID use in the
management of PSP was conducted.

Information was collected from 276 patients
and 278 controls, and the results showed no
association between NSAID exposure and risk of
PSP or clinical expression [126].

AZP2006, a small molecule and lead com-
pound of the piperazine family, is another
potential treatment that is being studied for its
efficacy in treating AD and other related disor-
ders, including PSP. In a study published in
2021, AZP2006 increased levels of the protein
progranulin (PGRN) [127]. PGRN is a glycopro-
tein that is secreted or transported to lysosomes
in neurons and the immune system [127]. It is
associated with regulating neuroinflammation,
neurite branching and outgrowth, lysosome
function, and neuron survival [127]. High levels
of PGRN, broken down into granulin, are asso-
ciated with pathological conditions, while low
circulating levels are associated with neurode-
generative diseases such as FTD [127]. In animal
models of FTD, PD, and AD, increasing levels of
PGRN were found to have neuroprotective
effects and reduce both the pathological and
clinical features of the disease [127–130]. A
study investigating the effect of PGRN levels on
rat cortical neurons and microglia exposed to
amyloid beta showed that AZP2006 increased
PGRN release and exerted an anti-inflammatory
effect on the neurons. The effects of AZP2006
were also tested in vivo in a mouse model of AD
as well as a mouse model of senescence [127]. In
both models, treatment with AZP2006 reduced
cognitive impairment, prevented loss of central
synapses and neurons, and reduced tau hyper-
phosphorylation [127]. Currently, AZP2006 is
in a phase II clinical trial to evaluate its tolera-
bility, safety, pharmacokinetics, and effect on
CSF biomarkers in patients with PSP. Thirty-six
participants will be enrolled and randomized
into treatment and control groups. Treatment
groups received either 60 mg/day of oral
AZP2006 for 84 days or 80 mg/day for 10 days,
followed by 50 mg/day for 74 days. The placebo
group received a daily oral dose of a placebo
solution for 84 days. Primary outcomes inclu-
ded adverse events and pharmacokinetics of
AZP2006 as evaluated by CSF biomarkers
(NCT04008355). The latest update on this study
was in February 2023, and the results have not
yet been published.
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Enhancing Tau Degradation
Other treatment options being studied are those
targeting pathologic tau degradation pathways.
In a study of Drosophila melanogaster models of
human tau pathology, mammalian neuroblas-
toma cells, and a mouse model of tau overex-
pression, microRNAs that enhanced tau
degradation were identified. In the Drosophila
model, the miR-9 family of microRNAs was
found to enhance tau degradation. The miR-9
target gene CG11070 and its mammalian
orthologue UBE4B, an E3/E4 ubiquitin ligase,
were found to reduce neurodegeneration and
pathologic phenotypes in Drosophila models of
human tau overexpression [131]. Total and
phosphorylated tau levels were also decreased
with overexpression of CG11070 and UBE4B. In
the mammalian neuroblastoma cells, overex-
pression of UBE4B and STUB1, which encodes
the E3 ligase CHIP (C-terminus of Hsc70 inter-
acting protein), was found to increase ubiquiti-
nation and degradation of tau [131]. In
addition, in a mouse model of tau overexpres-
sion, overexpression of UBE4B and STUB1 was
found to increase oligomeric tau degradation
[131]. Overall, UBE4B and STUB1 may serve as
potential treatment targets for tau-based
pathologies but have yet to be tested in humans
[131].

Inhibition of Microglial Activation
Another treatment approach is via the inhibi-
tion of microglial activation. Current animal
studies are investigating strategies to target
microglia-specific fractalkine receptors (e.g.,
CX3CR1), as well as interleukin (IL)-1b, which
may assist in slowing or arresting tau spread
[17, 37]. Fractalkine (CX3CL1) is a chemokine
that regulates inflammation via interaction
with neuron–microglia communication [132].
Neurons secrete CX3CL1 in both soluble and
membrane-bound forms [132–134]. Plasma
levels of CX3CL1 were increased in the early
stages of AD and decreased in severe AD
[132, 135]. In mouse models lacking CX3CR1,
tau hyperphosphorylation was enhanced, and
this hyperphosphorylation was dependent on
functional toll-like receptor (TLR) 4 and IL-1
receptors [37]. In a separate study, overexpres-
sion of fractalkine significantly reduced tau

pathology in a mouse model of tau deposition
[136]. Further research is necessary to elucidate
the relationship between microglial activity,
fractalkine, IL-1, and TLR signaling pathways,
and tau production and aggregation in the
pathogenesis of tauopathies.

Other Treatment Approaches
In Progress/Incomplete Aside from the approa-
ches noted above, other treatment methods have
been attempted and are currently being tested.

TPN-101 is another drug currently undergo-
ing clinical trials for the treatment of PSP. A
phase IIa trial (NCT04993768) is evaluating the
safety of administering TPN-101 versus placebo.
TPN-101 is a derivative of the nucleotide reverse
transcriptase inhibitor stavudine, which has
traditionally been used in the treatment of
human immunodeficiency virus. Antiretroviral
drugs have previously been studied for treating
ALS and FTD. In these two neurodegenerative
disorders, loss of the nuclear RNA binding pro-
tein transactive response DNA binding pro-
tein 43 (TDP-43) into cytoplasmic aggregates is
correlated with the development of neurode-
generation in ALS and FTD [137]. When studied
in postmortem human brain tissue from
patients with FTD or ALS, nuclear TDP-43 loss
was associated with gene expression changes
that affected RNA processing, nucleocytoplas-
mic transport, histone processing, and DNA
damage [137]. The loss of TDP-43 was also
associated with chromatin decondensation
around long interspersed nuclear elements
(LINEs), as well as increased LINE1 DNA content
[137]. Loss of TDP-43 in cultured human neu-
ronal cells was associated with increased retro-
transposition, and this increased accumulation
of RNA products resulted in an immune
response, which is thought to drive the neu-
roinflammation and neurodegeneration in
patients with ALS or FTD [137, 138]. When
studied in Drosophila models of ALS and FTD,
the use of TPN-101 was found to prolong lifes-
pan and suppress dendritic collapse [139, 140].
The ongoing phase IIa trial is a multicenter,
double-blind, randomized, placebo-controlled
parallel group four-arm treatment study with an
open-label treatment stage in patients with PSP.
Patients undergo 24 weeks of treatment with
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either 100, 200, or 400 mg daily of TPN-101 or
placebo. Subsequently, all patients from the
treatment and control arms will receive 4 weeks
of open-label treatment with 400 mg/day of
TPN-101. Patients undergo evaluation 13 times
within 52 weeks. Primary treatment outcomes
include the number of treatment-related
adverse events compared to placebo and the
pharmacokinetics and pharmacodynamics of
TPN-101. Clinical outcomes, as assessed by the
PSPRS, are also being evaluated. The study was
expected to enroll 40 participants and is antic-
ipated to be completed in December 2023.

The Rho-dependent protein kinases ROCK1
and ROCK2 have also been identified as poten-
tial drivers of disease progression in PSP [141].
Levels of ROCK1 and ROCK2, as well as p70 S6
kinase and mammalian target of rapamycin, are
all increased in the brains of humans with PSP
and CBD [141]. Previous studies have shown
that pharmacologic inhibition of Rho kinases in
neurons reduced levels of detergent-soluble and
insoluble tau via stimulation of autophagy,
leading to protein aggregate degradation and
suppression of tau mRNA production [141].
Fasudil, a clinically approved ROCK inhibitor,
was also found to mitigate pathogenic 4R tau
levels by inducing autophagic pathways in
Drosophila models of tauopathy [141]. Fasudil is
currently undergoing a phase IIa open-label
clinical trial (NCT04734379) to evaluate its
safety, tolerability, and effect on biomarkers of
neurodegeneration in patients with PSP and
CBD. Fifteen patients with MRIs consistent with
PSP-RS or CBD will be enrolled, and monitoring
of adverse events is the primary outcome. Sec-
ondary outcomes include phosphorylated tau
levels. Biomarkers of neurodegeneration,
including Nfl and total tau fragment levels, and
imaging biomarkers of neurodegeneration,
including changes in brain volume and white
matter integrity, are also under evaluation.
Patients received 180 mg/day of orally admin-
istered fasudil, and treatment continued for
48 weeks. Patients were evaluated at week 1 and
weeks 12, 24, 36, and 48; they will also be
evaluated at week 52 posttreatment. The study
was estimated to be completed in November
2023, but no results have been released yet.

NBMI (N1,N3-bis(2-mercaptoethyl)isophtha-
lamide) is a metal chelator drug and antioxidant
that has also undergone clinical trials for the
treatment of neurodegenerative diseases
[13, 142]. The efficacy and safety of using NBMI
in the treatment of PSP and MSA were evaluated
in a phase IIa trial (NCT04184063). In this
study, 20 patients diagnosed with PSP or MSA
were treated for 28 days with either orally
administered NBMI or placebo, and primary
outcomes included changes in disease progres-
sion regarding motor and nonmotor symptoms
of PSP and MSA. This study was completed in
June 2021, but results have not yet been
reported.

Alpha-lipoic acid and acetyl L-carnitine,
which act as antioxidants, have also been
studied as potential treatments for PSP [143]. In
a phase I/II human trial of 11 participants with
PSP (NCT01537549), each participant received
600 mg of alpha-lipoic acid and 1.5 g of acetyl L-
carnitine daily for 6 months. The most common
adverse effects included restlessness, dizziness,
insomnia, and seizures. Information regarding
the effects on cerebral oxidative stress markers
has yet to be published.

A clinical pilot trial initiated in 2004 tested
the efficacy of dietary supplements pyruvate,
creatinine, and niacinamide, which act as
antioxidants, in slowing disease progression in
20 participants with PSP (NCT00605930) [143].
This trial was last updated in 2017, and results
have not yet been released.

Coenzyme Q10 (CoQ10), which is also
thought to serve as an antioxidant, has also
been studied in a phase II double-blind, ran-
domized, placebo-controlled clinical trial
(NCT00382824) to evaluate its efficacy, tolera-
bility, and safety in treating PSP [143].
CoQ10 has previously been identified as a
potentially beneficial treatment in PD, and this
study evaluated whether that treatment benefit
could also apply to patients with PSP [144]. The
study enrolled 61 participants. Patients in the
treatment arm received 2400 mg/day of CoQ10,
while patients in the control group received a
matching dose of placebo. Primary outcomes
after 12 months of treatment included changes
from baseline in PSPRS scores and Unified
Parkinson’s Disease Rating Scale scores.
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Secondary outcome measurements included
activities of daily living and Mini Mental State
Examination scores, which were monitored at
baseline and 3, 6, 9, and 12 months [145]. The
treatment was safe and well tolerated, but there
were no statistically significant differences from
baseline in primary or secondary outcomes
between placebo and treatment groups [145].
CoQ10 did not significantly slow disease pro-
gression or improve symptoms in patients with
PSP [145]. Another phase II trial
(NCT00328874) was conducted to evaluate the
effect of CoQ10 treatment on brain energy
metabolites in patients with PSP as quantified
by MRI, as well as on clinical symptoms of PSP.
The results of this study have not yet been
published.

Treatment of neurological conditions such as
PSP with stem cells is also currently in clinical
trials. In an ongoing clinical trial
(NCT02795052), 500 participants with neuro-
logical disorders, including PSP, will undergo an
autologous bone marrow aspiration and sepa-
ration of bone marrow-derived stem cell frac-
tion, which will then be administered
intravenously and intranasally in the lower one-
third of the nasal passages. Primary outcome
includes changes in neurological function,
which will be assessed before treatment and 1,
3, 6, and 12 months after treatment. This study
is estimated to be completed in July 2025.

A phase II clinical trial (NCT00005903)
sponsored by the National Institute of Neuro-
logical Disorders and Stroke sought to evaluate
the safety and initial efficacy of continuously
infused recombinant methionyl human glial-
derived neurotrophic factor (GDNF) in the
treatment of patients with PSP. Neurotrophic
factors are proteins that activate cell signaling
pathways that regulate neuronal survival, dif-
ferentiation, growth, and regeneration [146].
However, these neurotrophic factors have been
challenging to study, given their limited pene-
tration of the blood–brain barrier [146]. In ani-
mal models of PD, continuous GDNF infusion
or administration of a viral vector into the
cerebral ventricles or directly into the dener-
vated putamen had neuroprotective and neu-
roregenerative effects [146].

Previous studies indicated that infusion of
GDNF into the brains of patients with PD via an
intracerebroventricular catheter showed no
benefit and instead led to significant side
effects, including nausea, vomiting, anorexia,
weight loss, paresthesia, and hyponatremia
[146].

In the most recent study on patients with
PSP, all patients had two catheters, one on each
side of the brain, which delivered saline or
GDNF directly into the brain for 6 months
through an infusion pump placed in the abdo-
men. Half of the patients received a placebo in
the right side of the brain and GDNF in the left;
the other half received GDNF in the right side of
the brain and a placebo in the left. Efficacy was
evaluated by neurologic function as well as by
biochemical and radiographic methods. The
last update on this study was reported in 2008,
and no results have been published yet. The
utility of BDNF and GDNF has also been high-
lighted in a prior atypical parkinsonian disorder
treatment review as a potential treatment for
MSA [13]. In mouse models of MSA, GDNF
infusion reduced neuropathological progression
and improved motor dysfunction [13, 147].

Additionally, increased levels of BDNF and
GDNF in transgenic mouse brains via adminis-
tration of fluoxetine, a selective serotonin
reuptake inhibitor, improved motor skills,
which further suggests the relevance of explor-
ing these treatment modalities in other neu-
rodegenerative diseases such as PSP [13, 148].

Complete Riluzole is a benzothiazole drug that
functions as a glutamatergic signaling modula-
tor and was tested in the phase III trial Neuro-
protection and Natural History in Parkinson
Plus Syndromes (NNIPPS) (NCT00211224) for
the management of patients with PSP or MSA.
Riluzole has been found to have multiple effects
that aid in neuroprotection in preclinical stud-
ies, including anti-excitotoxic activity, blocking
of voltage-dependent sodium channels, scav-
enging of free radicals, anti-apoptotic effects,
neurotrophic effects, and inhibition of protein
aggregation [149–154]. Riluzole has previously
been identified to prolong survival in patients
with ALS [149, 155]. The primary outcome of
this phase III trial was survival. In this study,
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760 patients with PSP or MSA were randomized
to receive riluzole or placebo daily with follow-
up at 36 months. However, riluzole did not
affect the survival or disease progression of
patients with Parkinson-plus syndromes
[91, 149].

RT001, a stabilized fatty acid compound, is
being investigated as a treatment for PSP. RT001
is designed to prevent lipid peroxidation
[1, 156]. Lipid peroxidation is selectively
involved in the pathogenesis of PSP, along with
the accumulation and aggregation of patho-
logical tau [156, 157]. On autopsy evaluation of
the brains of individuals with PSP, lipid perox-
idation byproducts such as toxic aldehydes were
found in brain areas selectively involved in PSP
[157]. In addition, previous studies in patients
with PSP have identified defects in the oxidative
phosphorylation in their muscle mitochondria
[156, 158]. RT001 is a deuterated isotope of
linoleic acid designed to make membrane
polyunsaturated fatty acids resistant to lipid
peroxidation [156]. In this most recent study
published in 2021, the effects of RT001 on var-
ious oxidative and biogenetic parameters were
tested in the mesenchymal stem cells derived
from patients with PSP (NCT01824121) [156].
In the mesenchymal stem cells of the partici-
pants, in vitro incubation with RT001 was
found to reduce lipid peroxidation and mito-
chondrial reactive oxygen species production,
as well as improve other measures of mito-
chondrial function [156]. The study also repor-
ted the results of expanded-access use of RT001
in three patients with PSP; each was treated
with the medication for over 27 months [156].
Oral use of RT001 in these patients was well
tolerated, and the treatment stabilized the rate
of decline in the patient’s functional rating
scales over time [156]. As a result of the possi-
bility of a placebo effect, as well as the small
sample size and lack of a control group, further
study of RT001 using randomized controlled
trials is warranted [156].

A phase I clinical trial (NCT01824121) was
conducted to test the efficacy of autologous
mesenchymal stem cells to treat PSP by
administration into the internal carotid artery.
This study included five patients who were
evaluated 1 year after infusion. All patients had

survived except for one, who had died from an
accidental fall not related to cell administration
or disease progression. After 1 year, the treated
patients had stable motor function rating scale
scores for at least 6 months during the 1-year
follow-up [159]. In a follow-up study, two more
patients were treated with mesenchymal stem
cell therapy [160]. Six of the seven total patients
were living 1 year after cell infusion, and
asymptomatic spotty lesions were observed by
brain MRI in six of the seven patients [160]. The
last patient in the preliminary cohort exhibited
transient symptomatic ischemic alterations
[160]. No severe adverse events were noted in
the last two treated patients [160]. One patient
had an increase in motor function 3 months
after cell infusion [160]. Another patient had a
deterioration in motor function during the
6-month follow-up period [160]. Finally,
another patient had a decline in the PSPRS score
at the 6-month follow-up, which persisted at
the 1-year follow-up [160]. As noted by a prior
review discussing the treatment of atypical
parkinsonian disorders, mesenchymal stem cell
therapy has been studied in patients with MSA
and was safe and well tolerated in those
patients. In addition, intrathecal administration
of adipose-obtained mesenchymal stem cells
was associated with slower disease progression
in patients with MSA [13, 161]. Overall,
although these studies provided valuable initial
information on the treatment of rare diseases
with mesenchymal stem cells, further investi-
gation into methods to increase safety and
efficacy in treating PSP is pertinent [160].

CONCLUSION

Over the years, progress has been made in
improving diagnostic guidelines for PSP, as well
as exploring treatment options by approaching
different steps in the pathology and develop-
ment of PSP. However, there is still significantly
more ground to be covered in the diagnosis and
treatment of PSP. Although many of the prior
clinical trials had robust features such as high
patient numbers in some trials, the evaluation
of treatment effects by multiple measures, and
the comparison of treatment effects in different
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disease processes, they also had limitations
related to PSP. One of these limitations is diag-
nostic uncertainty in PSP, leading to difficulty
confirming diagnostic accuracy. Another limi-
tation is the small number of patients in many
trials. Additionally, given that PSP often pre-
sents late in the disease course, many of these
interventions were initiated very late in the
disease process. This latency has made it chal-
lenging to assess the utility of the treatment, as
treatments could have been initiated so late in
disease progression that they would no longer
make a difference. Therefore, prioritizing earlier
and more accurate methods for diagnosing PSP
will be pertinent as trials continue to be
performed.

Many current trials have been discussed
above, and there is much more work to be done
in the treatment of these types of neurodegen-
erative disorders. As discussed above, there are
many theories for underlying causes of PSP,
many of which have developing therapies
underway. With the recognition of some
potentially modifiable risk factors in the devel-
opment of PSP, future treatments may target
prevention by managing these underlying risk
factors, given the challenges of producing a
disease-modifying therapy. Additionally, with
recognition of the different phenotypic varia-
tions of PSP, further research into their patho-
logical variances may provide avenues for more
individualized patient treatment. Finally, with
the improvement of diagnostic criteria and
earlier diagnosis, treatment options may be
more effective and feasible in managing PSP
pathology before it becomes irreversible.

PSP is a progressive neurodegenerative disease
that is universally fatal; there are no disease-
modifying treatments. Currently, treatment
includes symptomatic therapy with symptom-
directed medication, physical therapy, and
occupational therapy. Many drug trials, most
targeting tau dysfunction, aggregation, and
posttranslational modifications, are ineffective
at this point. However, several novel treatments
are currently undergoing clinical trials and may
hold promise as disease-modifying therapies for
individuals with tauopathies in the future. As a
result, the continued pursuit of effective tau-
targeted therapies to treat neurodegenerative

diseases such as PSP is highly relevant. With the
advent of medications targeting tau, the prog-
nosis of patients living with PSP could be drasti-
cally improved, as well as the lives of other
patients livingwith tauopathies such as CBD and
AD.
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