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Abstract

Multiple system atrophy (MSA) is a rapidly progressive neurodegenerative disorder with
heterogeneous clinical manifestations, most commonly parkinsonism (MSA-P) or cerebellar ataxia
(MSA-C). MSA-P shares many motor features with Parkinson’s disease (PD), including bradykinesia
and rigidity, which often leads to misdiagnosis in early stages. However, disease trajectory,
therapeutic responsiveness, and underlying pathology diverge substantially between MSA and PD.
In this perspective, we examine the clinical and molecular boundaries between these disorders, with
an emphasis on motor phenotypes, diagnostic pitfalls, and emerging translational approaches. We
review the limited dopaminergic responsiveness in MSA compared to PD, highlight the geographical
variability in MSA phenotypes, and discuss how autonomic dysfunction and cerebellar features
contribute to early diagnostic clues. Advances in neuroimaging and fluid biomarkers, such as
neurofilament light chain and a-synuclein seeding assays, are beginning to refine differential
diagnosis, though clinical utility remains limited in prodromal stages. On a molecular level, PD is
increasingly defined by synaptic and extracellular matrix dysfunction in dopaminergic neurons,
while MSA pathogenesis is driven by a-synuclein aggregation within oligodendrocytes and lipid
metabolic disturbances. Patient-derived induced pluripotent stem cell (iPSC) models have been
instrumental in capturing these divergent mechanisms, underscoring the necessity for tailored
therapeutic strategies.

Keywords: MSA-P; MSA-C; Parkinson

Introduction

Multiple System Atrophy (MSA) is a severe and rapidly progressing neurodegenerative
condition that typically manifests in adulthood. It is characterized by a variable combination of
autonomic dysfunction, motor impairments, and cerebellar abnormalities (Sidoroff et al., 2022).
Clinically, MSA is divided into two motor subtypes: the parkinsonian variant (MSA-P), which
presents with features such as bradykinesia, rigidity, and postural instability, and the cerebellar
variant (MSA-C), characterized by ataxia, dysarthria, and cerebellar oculomotor signs (Jellinger &
Jellinger, 2016). MSA-P is more prevalent in Western populations, where it accounts for
approximately 60-80% of all MSA cases. In contrast, MSA-C predominates in East Asian regions,
particularly in Japan, Korea, and China, where studies report it comprises up to 67% of diagnosed
MSA cases (Fanciulli & Wenning, 2015; Jellinger, 2022) This geographical variability in clinical
phenotype may reflect underlying genetic, environmental, or diagnostic practice differences, though
the exact reasons remain unclear. Epidemiological studies suggest that regional variations in subtype
frequency could also be influenced by differential expression of clinical symptoms that guide initial
diagnosis, with MSA-C’s cerebellar signs potentially more recognizable or emphasized in certain
healthcare systems (Ozawa et al., 2012).
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Despite their pathological distinctions, MSA-P often closely resembles Parkinson’s disease (PD)
in its early stages, leading to frequent misdiagnosis. This diagnostic overlap complicates not only
clinical care but also delays appropriate therapeutic and prognostic planning. While MSA is largely
considered a sporadic disorder, rare genetic associations have been reported. Mutations in the COQ2
gene have been linked to familial cases of MSA, particularly in East Asian populations, though these
findings have not been consistently replicated across cohorts (Federoff et al., 2015a) Moreover,
genome-wide association studies have yet to identify common variants or variants that distinguish
MSA-P from MSA-C on a genetic basis, underscoring the complex and primarily idiopathic nature of
the disease. Given the limited efficacy of disease-modifying therapies and the importance of early
intervention, a re-evaluation of the motor features that distinguish MSA from PD is urgently needed.
In this perspective, we revisit the clinical and paraclinical boundaries between MSA and
Parkinsonism, with a particular focus on motor phenotypes and evolving diagnostic tools.

Divergent Therapeutic Strategies in MSA-P, MSA-C, and Parkinson’s Disease

Clinically, pharmacological treatment of MSA-P focuses on dopaminergic agents, although the
response is consistently more modest and transient compared to Parkinson’s disease (PD).
Approximately one-third of MSA patients may derive symptomatic benefit from levodopa, but
improvements typically wane within a year and remain under 50 % efficacy (Perez-Lloret et al., 2015).
Dopamine agonists and amantadine are alternative options, though responses are generally weaker
than in PD. In contrast, PD patients often navigate early and sustained motor control through
levodopa, monoamine oxidase B (MAO-B) inhibitors and COMT inhibitors, with deep brain
stimulation as a later option (Hollerhage et al., 123 C.E.).

MSA-C lacks distinct disease-modifying therapies; management centers on cerebellar symptoms
via supportive measures such as physiotherapy and occupational therapy. Symptomatic off label use
of amantadine or benzodiazepines may offer slight relief for ataxia or tremor, yet none match the
motor improvement levels seen with dopaminergic therapies in PD (Youn et al., 2012). Additional
agents such as benzodiazepines, baclofen, and vitamin E have been trialed off abel with limited
documented efficacy (Perez-Lloret et al., 2015). A key therapeutic distinction between MSA and PD
lies in the prominence of autonomic dysfunction. Orthostatic hypotension in MSA is addressed with
volume expansion (fludrocortisone) and vasoconstrictors (midodrine, droxidopa); midodrine
consistently improves standing blood pressure, while droxidopa offers symptomatic relief with a
lower risk of supine hypertension (Eschlbock et al., 2017).

In PD, by contrast, sustained and efficacious symptom control is achieved through established
regimens that include levodopa, MAO-B inhibitors, catechol-O-methyltransferase (COMT)
inhibitors, and when motor fluctuations develop deep brain stimulation (DBS) may be effective
(Olanow et al., 2009; Seppi et al., 2011). Thus, therapeutic strategies diverge significantly: MSA-P
shares initial dopaminergic responsiveness with PD but has a poorer prognosis, MSA-C lacks any
targeted motor therapy, and autonomic support is a cornerstone in MSA but secondary in PD
(Fanciulli & Wenning, 2015; Palma & Kaufmann, 2014).

Genomic Variability

While Parkinson’s disease (PD) has well-established genetic contributors, including mutations
in SNCA, LRRK2, PARK?, PINKI1, and GBA1, the genetic landscape of Multiple System Atrophy
(MSA) remains far less defined (Nuytemans et al., 2010). PD displays both familial and sporadic
forms, with up to 15% of cases having a known genetic mutation (Figure 1), particularly in early-
onset or autosomal dominant patterns (Blauwendraat et al., 2020; T. Stern et al., 2024). In contrast,
MSA is largely considered a sporadic disorder, with only rare familial cases reported. A notable
exception is the COQ2 gene (Figure 1), which encodes an enzyme involved in coenzyme Q10
biosynthesis. Variants in COQ2 especially the V393A polymorphism have been implicated in familial
and sporadic MSA cases in East Asian populations, particularly those with the MSA-C phenotype
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(Heckman et al., 2014). However, these associations have not been consistently replicated in Western
cohorts (Federoff et al., 2015b) raising questions about population-specific risk factors. Genome-wide
association studies (GWAS) have thus far failed to identify robust, disease-defining variants for either
MSA-P or MSA-C. Furthermore, genes commonly implicated in PD, such as SNCA and LRRK2, do
not appear to play a pathogenic role in MSA, although alpha-synuclein aggregates are a shared
pathological hallmark (Campese et al., 2021a). The lack of clear genetic differentiation between MSA
subtypes underscores the complexity of their etiology and supports the view that both environmental
and stochastic factors may contribute to disease manifestation and progression.

a-syn
monomers

Classic a-Synucleinopathies

S

MSA PD

cOon? / \ SNCA. LRRK2. PARK?2

PINK1 DJ-1. GBRA GAK
* Glial

Risk Genes

BST1, RAB7L1, INPP5F
SIPA1L2, TMEM175, STK39

[~
-,og’% 7 _ Lewy
; - e Cytoplasmic Bodies
K} ’ Inclusion

°

@
s§ MSA-C MqA_p . Substantia Niara
EE Pars Compacta (SNc)
B < .Cerebellar corte B taman
® 5 Dentate nucleus «Caudate nucleus
: g elnfariar harv ntirle «lnhiie nallidhie

B .pantina niie +C N

«Subthalamic nucleus
PPN

] .

o Ranid Slowlv

g proaression proaressive

S‘ noor L-DOPA earlv response

S

o response to L-DOPA

¢ l l

g MSA.P: Parkinenoniem Rradvkinesia

2 without tremor restina tremor

° MSA-C: Cerebellar riaidity

g sions postural instability

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.2109.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 August 2025 d0i:10.20944/preprints202508.2109.v1

4 of 11

Figure 1. Pathological and anatomical distinctions between Parkinson’s Disease (PD) and Multiple System
Atrophy (MSA) subtypes as classic a-synucleinopathies. Both PD and MSA are characterized by abnormal
aggregation of a-synuclein, but differ in their pathological inclusions and anatomical targets. Genetically, PD is
associated with several variants including in the SNCA, LRRK2, PARK?2, PINK1, DJ-1, and GBA1 genes, while
MSA is poorly linked to COQ2 variants and other potential risk variants are currently under investigation. In
PD, a-synuclein accumulates in neurons as Lewy bodies (LB), primarily affecting the substantia nigra pars
compacta (SNpc) and leading to dopaminergic neurodegeneration. This results in a slowly progressive
parkinsonian syndrome with early L-DOPA responsiveness. In contrast, MSA features glial cytoplasmic
inclusions (GCI) and manifests in two motor subtypes: 1. MSA-P (parkinsonian type) involves striatonigral
degeneration, affecting the putamen (dorsolateral caudal), caudate nucleus, substantia nigra, globus pallidus,
and subthalamic nucleus, leading to a rapidly progressive parkinsonism with poor L-DOPA response. 2. MSA-
C (cerebellar type) which is characterized by olivopontocerebellar atrophy (OPCA), with neuronal loss in the
cerebellar vermis and hemispheres, dentate nucleus, inferior olivary nuclei, and pontine basis with

cerebellopontine fibers, resulting in prominent cerebellar signs.

Defining Parkinsonism in MSA

Parkinsonism is a clinical syndrome defined by the presence of bradykinesia in combination
with at least one of the following: rest tremor, rigidity, or postural instability (Postuma et al., 2015).
While MSA-P meets this definition, its presentation often diverges from idiopathic Parkinson’s
disease (PD). Patients with MSA-P typically experience symmetrical rigidity, reduced tremor, and
limited benefit from dopaminergic therapy. The progression is more aggressive, and motor disability
develops earlier than in PD (Sidoroff et al., 2022). Speech impairments, such as early-onset
hypophonia and dysarthria, tend to develop more rapidly in MSA (Wenning et al., 2022). Moreover,
the presence of early autonomic failure including orthostatic hypotension, urinary incontinence, or
erectile dysfunction is a hallmark of MSA and significantly less common in early PD (Sidoroff et al.,
2022).

Importantly, MSA carries a considerably worse prognosis than PD. The median survival time
from symptom onset in MSA ranges from 6 to 10 years, with respiratory complications and sudden
death being common terminal events (Fanciulli & Wenning, 2015; Low et al., 2015). In contrast,
individuals with PD typically have a life expectancy that is only modestly reduced compared to the
general population, especially in cases with later onset and a good response to dopaminergic
treatment (Macleod et al., 2014). This marked disparity in disease trajectory highlights the necessity
for early and accurate differential diagnosis. Clinicians should maintain a high degree of clinical
vigilance for these features, as prompt and accurate differentiation between MSA and PD is essential
for guiding treatment decisions, ensuring prognostic precision, and determining eligibility for clinical
trial participation.

Clinical Overlaps and Diagnostic Pitfalls

Although MSA-P shares many motor features with Parkinson’s disease (PD), several aspects of
its clinical profile can assist in differentiation. Bradykinesia and rigidity are present in both
conditions, but tremor, particularly rest tremor, is less frequent and often atypical in MSA-P,
appearing more as postural or action tremor (Fanciulli & Wenning, 2015). Levodopa responsiveness
in MSA-P is typically poor or short-lived, in contrast to the sustained benefit observed in most PD
cases. Moreover, motor symptoms in MSA-P tend to be symmetric from onset, whereas PD often
begins asymmetrically. The early emergence of autonomic dysfunction, cerebellar signs, and
pyramidal features further supports a diagnosis of MSA (Sidoroff et al., 2022; Wenning et al., 2022).
Importantly, progressive antecollis, stridor, or early falls should raise clinical suspicion of MSA,
particularly in patients with rapidly advancing parkinsonism who do not respond to standard
dopaminergic therapy. Recognizing these features is critical, as misdiagnosis can delay appropriate
management and misdirect patients from relevant clinical trials (Watanabe et al., 2018).
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Neuroimaging and Biomarkers

MSA is marked by widespread neuronal loss affecting several key brain regions, including the
basal ganglia (putamen, caudate nucleus, globus pallidus, substantia nigra, subthalamic nucleus),
cerebellum (cerebellar cortex, dentate nucleus), pontine nuclei, inferior olivary nuclei, and
pedunculopontine nucleus (Figure 2) (Campese et al., 2021b). In Parkinson’s Disease (PD), neuronal
loss is primarily localized to the substantia nigra pars compacta (SNc) (Figure 3) (Palma & Kaufmann,
2014). Structural MRI remains a cornerstone in supporting the diagnosis of multiple system atrophy
(MSA). The “hot cross bun” sign reflecting cruciform T2/FLAIR hyperintensity in the pons is
frequently observed in MSA-C and, to a lesser degree, in MSA-P. It demonstrates high specificity
(>98%) in later-stage disease though may occasionally be seen in other cerebellar or pontine
pathologies (Lee et al., n.d.; Weissert et al., n.d.). Putaminal rim hyperintensity and posterior
putaminal hypointensity on T2 imaging are also distinctive, particularly in MSA-P; however, these
findings increase in diagnostic utility when combined with pontine atrophy and are best appreciated
on T2* or high-field sequences (Recio Bermejo et al., 2012). Nevertheless, these signs often emerge
only in advanced stages, limiting their early diagnostic value.

Figure 2. MRI brain scans from a healthy subject highlighting regions typically affected in Multiple System
Atrophy (MSA): (a) Axial T2-weighted image of the posterior fossa showing a normally sized pons with no
signal abnormalities. (b) Axial T2*-weighted image demonstrating normal, symmetrical signal intensity and
volume of the putamen bilaterally. (c) Axial T2-weighted image of the brainstem depicting symmetrical middle
cerebellar peduncles with normal signal intensity. (d) Sagittal T1-weighted image showing preserved volume of
the midbrain (red arrow) and pons (blue arrow) with a normal midbrain-to-pons ratio, as well as intact

cerebellum.

Functional imaging modalities such as dopamine transporter (DaT-SCAN) and FDG-PET can
reveal dopaminergic cell loss and alterations in cerebral glucose metabolism, respectively. Yet, their
specificity in differentiating MSA from Parkinson’s disease (PD) and other atypical parkinsonian
disorders is limited in early disease (Campabadal et al., 2021). For instance, striatal dopaminergic
deficits are common to both MSA and PD, while cerebellar hypometabolism patterns may overlap
with atypical ataxias.
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Figure 3. MRI Brain Image Highlighting Key Regions Commonly Affected in Parkinson’s Disease (PD). Axial
T2*-weighted MRI at the level of the midbrain in a healthy control brain. The image demonstrates normal
susceptibility-related signal dropout in the substantia nigra pars compacta (red arrows) and red nucleus (yellow

arrows), reflecting typical iron deposition patterns seen in non-pathological aging.

To enhance early diagnostic accuracy, increasing attention has been directed toward fluid
biomarkers. Neurofilament light chain (NfL), a marker of axonal degeneration, has been shown to be
significantly elevated in the cerebrospinal fluid (CSF) and blood of MSA patients compared to those
with PD, reflecting the more aggressive neurodegenerative course of MSA (Abos et al., 2019). In
addition, recent developments in a-synuclein seed amplification assays, including real-time quaking-
induced conversion (RT-QulC) and protein misfolding cyclic amplification (PMCA), have
demonstrated high sensitivity and specificity in detecting misfolded a-synuclein in CSF samples.
Notably, the conformational strains of a-synuclein aggregates differ between MSA and PD,
potentially enabling subtype-specific molecular diagnosis, though these methodologies remain in the
translational phase and are not yet in routine clinical use (Fairfoul et al., 2016; Fellner et al., 2020).
While conventional MRI findings remain valuable for later-stage diagnostic confirmation, their
limited sensitivity in early disease underscores the need for integrative diagnostic frameworks. The
incorporation of advanced fluid biomarkers, particularly NfL and a-synuclein seeding assays,
alongside neuroimaging modalities, offers a promising approach for earlier and more accurate
differentiation between MSA subtypes and PD.

Understanding the Pathogenesis of MSA and PD

MSA is characterized by the accumulation of misfolded a-synuclein in oligodendrocytes,
forming glial cytoplasmic inclusions that trigger neuroinflammation and neurodegeneration. Unlike
Parkinson’s disease, where a-synuclein aggregates in neurons (Cordeiro et al., 2024), MSA’s glial
pathology leads to faster progression and broader system involvement. A prion-like spread of a-
synuclein is thought to underlie disease propagation (Monzio Compagnoni & Di Fonzo, 2019).

Recent advances have deepened our understanding of MSA pathogenesis, particularly the role
of a-synuclein accumulation in oligodendrocytes, which contrasts with its neuronal aggregation in
Parkinson’s disease. Despite shared pathology, MSA progresses more rapidly and responds poorly
to dopaminergic therapy. Emerging biomarkers such as serum neurofilament light chain and a-
synuclein seeding assays may improve early diagnostic accuracy. Additionally, iPSC-derived cellular
models now offer a translational platform to study disease-specific mechanisms and screen potential
disease-modifying therapies (Krismer et al., 2024).
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Modeling MSA and PD Using iPSCs

Induced pluripotent stem cell (iPSC) models have become invaluable for unraveling pathogenic
mechanisms in synucleinopathies. In MSA, patient-derived iPSCs differentiated into
oligodendrocytes demonstrate hallmark disease features including glial cytoplasmic inclusion (GCI)
like a-synuclein aggregation, accompanied by disrupted lipid homeostasis and impaired myelination
(Perez-Lloret et al.,, 2015). In vitro studies indicate that aberrant protein distribution and lipid
transport in oligodendrocytes may underlie defective myelin integrity, highlighting a glia-centric
pathogenic axis in MSA (Wong et al., 2014).

In contrast, iPSC-derived dopaminergic neurons from PD patients exhibit a pronounced and
convergent synaptic dysfunction phenotype (Rike & Stern, 2023; Rosh et al., 2024). Specifically, these
cells show significantly reduced rates and amplitudes of spontaneous synaptic currents and
transcriptional dysregulation within extracellular matrix and focal adhesion pathways, independent
of PD-causing mutations (S. Stern et al., 2022). This neuron-specific phenotype underscores
synaptopathy and ECM disorganization as central hallmarks of PD.

These subtype-specific iPSC-derived findings illuminate mechanistic divergence: MSA is
characterized by oligodendroglial a-synuclein aggregation and lipid metabolic pathology (Woerman
et al., 2018), whereas PD is defined by intrinsic neuronal synaptic and extracellular matrix
perturbations (Rosh et al., 2024; Schondorf et al., 2014). Such insights suggest that targeted therapeutic
interventions must be tailored accordingly prioritizing glial lipid metabolism and aggregation
processes in MSA, and synaptic/ECM stabilization in PD (Tripathi et al., 2024). Moreover, the
evolving adoption of complex co-culture systems and brain organoids promises to refine disease
modeling and advance precision therapeutic strategies (Setia & Muotri, 2019).

Emerging Clinical Trials in MSA

Several investigational therapies are currently in clinical evaluation for multiple system atrophy
(MSA), marking a shift toward potential disease-modifying approaches. A prominent example is
TEV-56286 (Emrusolmin), a small-molecule a-synuclein oligomer modulator developed by Teva
(formerly Teva Branded Pharmaceutical R&D). The TOPAS-MSA Phase II trial is recruiting 200
participants across global sites including Israel to evaluate efficacy and safety over a 48-week
treatment period (plus follow-up), with primary endpoints focused on motor symptom progression
(ClinicalTrials.gov, 2024).

Beyond Teva’s in-house programs, a high-profile collaboration between Teva and MODAG
Therapeutics is advancing the development of anle138b, a novel small molecule that targets
a-synuclein aggregation. Preclinical data suggest efficacy in synucleinopathies, and future clinical
testing is planned, with backing from major foundations including the Michael J. Fox Foundation and
Cure Parkinson’s Trust MODAG GmbH, 2023; The Michael J. Fox Foundation, 2023). These studies
exemplify a broader therapeutic transition from symptomatic relief to mechanistically targeted
intervention, with Teva-Israel playing a central role in addressing the underlying pathology of MSA.
Ongoing enrollment at Israeli clinical centers ensures regional engagement in global trials, facilitating
genotype-informed strategies for this rare neurodegenerative disorder.

Among the most promising disease-modifying strategies under investigation for multiple
system atrophy (MSA) are ATH434 and TAK-341, each targeting distinct pathogenic pathways.
ATH434 (formerly PBT434) is an orally bioavailable small molecule that modulates brain iron
homeostasis, thereby reducing oxidative stress and inhibiting a-synuclein aggregation. In the
BioMUSE Phase 1I trial, 77 early-stage MSA patients received ATH434 (50 mg or 75 mg BID) or
placebo for 52 weeks. Interim analysis showed a 48% reduction in disease progression at the 50 mg
dose, based on modified UMSARS Part I scores (p = 0.03), and MRI assessments revealed significant
attenuation of putaminal iron accumulation (p = 0.025) alongside brain volume stabilization (Alterity
Therapeutics, 2024a, 2024b). The drug was well tolerated, with improvements observed in mobility,
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daily functioning, and clinician-rated global impressions, leading to a planned Phase II/III trial
(Alterity Therapeutics, 2024c).

In parallel, TAK-341 (also known as UCB7853) represents an antibody-based approach targeting
aggregated extracellular a-synuclein. This humanized monoclonal antibody is currently being
evaluated in a 52-week Phase II trial (NCT05526391) that will enroll 138 early-stage MSA patients (<4
years from symptom onset) randomized to receive 13 intravenous infusions of TAK-341 or placebo
(ClinicalTrials.gov, 2024). The study’s primary endpoint is a change in UMSARS Part I, supported by
secondary outcomes including safety, pharmacokinetics, and CSF biomarker dynamics. As a global,
double-blind study spanning multiple continents, it aims to assess whether TAK-341 can neutralize
synuclein pathology and delay neurodegeneration (UCB Pharma, 2023).

These ongoing clinical trials reflect a growing momentum in MSA research, shifting from
palliative symptom management toward mechanism based, disease modifying therapies. By
targeting key pathological processes such as a-synuclein aggregation, iron dysregulation, and
neuroinflammation, these innovative compounds represent a critical step toward altering disease
progression.

Conclusion

MSA and PD present overlapping motor features but diverge significantly in pathogenesis,
progression, treatment response, and prognosis. This article highlights the clinical and molecular
distinctions between MSA subtypes and PD, emphasizing diagnostic challenges and the urgent need
for an early and accurate differentiation. Advances in imaging and fluid biomarkers, along with
patient-derived iPSC models, have provided novel insights into disease mechanisms evealing glial
driven pathology in MSA versus synaptic and extracellular matrix dysfunction in PD. Current clinical
trials, including those led by Teva and global partners, signal a transformative shift toward disease
modifying therapies. Together, these developments underscore the importance of mechanistic
precision and personalized strategies in addressing the complex landscape of Parkinsonism.
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