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Abstract: Multiple System Atrophy (MSA) is a rare, rapidly progressive neurodegenerative disorder
characterized by various combinations of autonomic dysfunction, parkinsonism, and cerebellar ataxia.
While often misdiagnosed as Parkinson’s disease (PD) or progressive supranuclear palsy (PSP), MSA
follows a more aggressive course with distinctive neuropathology. This study aims to elucidate MSA’s
clinical heterogeneity and identify key biomarkers and pathological mechanisms underlying its progression.
Through a combination of retrospective cohort analysis, cerebrospinal fluid (CSF) biomarker assays,
neuroimaging review, and neuropathological examination, we investigate diagnostic accuracy, disease
progression, and overlaps with other synucleinopathies. Results demonstrate that MSA patients exhibit
distinct CSF a-synuclein oligomer patterns, greater cerebellar atrophy on MRI, and more rapid autonomic
decline compared to matched PD patients. These findings support the hypothesis that MSA represents a
distinct alpha-synucleinopathy with unique neurodegenerative trajectories. Limitations include small sample
size and retrospective design. We propose future longitudinal and multi-center studies to validate
biomarkers and refine disease-modifying therapeutic targets.

Index Terms - Multiple System Atrophy, neurodegeneration, o-synuclein, biomarkers, MRI atrophy,
parkinsonism.

|. INTRODUCTION

Multiple system atrophy (MSA) is a devastating, rare and relentlessly progressive neurodegenerative
disorder that challenges both the scientific understanding of disease mechanisms and the clinical ability to
manage complex neurological syndromes. First formally described in the late 1960s and early 1970s under
various diagnostic labels such as Shy-Drager syndrome, striatonigral degeneration and sporadic
olivopontocerebellar atrophy, MSA has since been recognized as a single nosological entity characterized by
a variable combination of parkinsonism, cerebellar ataxia, autonomic failure and pyramidal signs. This
cluster of symptoms reflects widespread involvement of multiple brain systems, hence the term "multiple
system atrophy”. Unlike some other neurodegenerative diseases with a more focal onset, MSA is known for
its rapid progression, early autonomic dysfunction, and limited response to dopaminergic treatments, all of
which significantly impact its poor prognosis and patient quality of life.

From a pathological perspective, MSA belongs to the a-Synucleinopathies family, a group of
neurodegenerative disorders characterized by abnormal accumulation of a-Synuclein protein in the central
nervous system. The aggregation of a-synuclein in Parkinson's disease and dementia associated with Lewy
bodies occurs primarily in neurons, whereas MSA is unique in that its characteristic inclusions—called glial
cytoplasmic inclusions (GCls)—are found primarily in oligodendrocytes. These GCls are thought to impair
the function of oligodendrocytes, disrupt myelination, and promote widespread neurodegeneration in
multiple regions, including the basal ganglia, cerebellum, brainstem, and spinal cord. This distinctive cellular
pathology not only distinguishes MSA from other a-synucleinopathies, but also raises important questions
about the role of glial cells in broader neurodegenerative processes, suggesting that neurodegeneration may
not always be the primary initiating event in these disorders.
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Clinically, MSA manifests in two main syndromes: the parkinsonian type (MSA-P), in which striatonigral
degeneration predominates, and the cerebellar type (MSA-C), in which olivopontocerebellar atrophy
predominates. Both types share a similar trajectory of progressive disability, but the initial presentation can
differ considerably, affecting the diagnostic pathway and initial management. MSA-P typically manifests
with bradykinesia, rigidity, and postural instability that may initially resemble Parkinson's disease, whereas
MSA-C is characterized by gait and limb ataxia, dysarthria, and oculomotor abnormalities. However, in both
forms, autonomic failure—manifested as orthostatic hypotension, urinary dysfunction, erectile dysfunction,
and decreased sweating—often emerges early and may precede motor symptoms, providing an important
diagnostic clue. Unfortunately, given the overlap in early motor features with Parkinson's disease or
spinocerebellar ataxia, misdiagnosis is common, especially in the early years of the disease.

The implications of MSA in the field of neurodegenerative disorders extend far beyond its rarity. First,
MSA serves as a model for understanding multisystem neurodegeneration, in which pathology is not limited
to any one neuronal population or brain region but involves widespread and interconnected neural networks.
This has important consequences for the classification, diagnosis, and potential treatment approaches of
neurodegenerative diseases. The recognition that a-synuclein pathology can manifest in different cell types—
neuronal in Parkinson's disease, glial in MSA—forces a reconsideration of pathophysiological models.
Furthermore, the relative resistance of MSA symptoms to dopaminergic therapies underscores the need for
new therapeutic strategies targeting upstream disease mechanisms, such as a-synuclein aggregation,
neuroinflammation, mitochondrial dysfunction, and glial pathology.

Second, MSA highlights the clinical and ethical challenges of managing rapidly progressing
neurodegenerative diseases with limited treatment options. The average survival time from symptom onset is
approximately 6-10 years, and disease progression often leads to severe disability within a few years. The
rapid decline in motor, autonomic, and sometimes cognitive function places a heavy burden on patients,
families, and healthcare systems. The unpredictability of symptom progression complicates care planning,
while the absence of disease-modifying therapies leaves clinicians dependent on symptom management
strategies that may provide only partial relief. This reality makes MSA an important target for translational
research, as well as a focal point of discussions on palliative care integration in neurodegenerative disease
management.

Third, the study of MSA provides valuable insights into the diversity of a-Synucleinopathies and their
relationship with other protein misfolding disorders. Abnormal accumulation of a-Synuclein in MSA,
Parkinson's disease and dementia with Lewy bodies suggests a shared pathological pathway, but differences
in cellular targets, anatomical distribution and clinical phenotype point to distinct-disease mechanisms.
Understanding why a-synuclein accumulates in oligodendrocytes in MSA, but in neurons in Parkinson's
disease, may uncover key molecular determinants of disease specificity, with potential implications for
therapeutic development across the a-Synucleinopathy spectrum.

The genetic basis of MSA is still not fully understood, with-most cases thought to be sporadic, although
rare familial occurrences have been reported. Genome-wide association studies have not yet identified the
strong genetic risk factors seen in other neurodegenerative diseases, but research is ongoing to explore
potential susceptibility genes, mitochondrial haplotypes and epigenetic influences. Environmental factors,
including exposure to toxins and certain occupational exposures, have also been investigated, although
definitive causal relationships remain unclear. This relative lack of clear causal factors further complicates
prevention strategies and underscores the importance of basic research on disease onset and progression.

From a research perspective, MSA represents both a challenge and an opportunity. The challenge lies in
its rarity, which limits the size of patient groups and complicates the design of large-scale clinical trials. The
opportunity lies in the potential for MSA to uncover mechanisms of neurodegeneration that may be shared
across multiple disorders. Animal models of MSA, including transgenic mice over-expressing a-synuclein in
oligodendrocytes, have been instrumental in elucidating disease mechanisms and testing potential treatments.
These models have reinforced the idea that glial pathology may be a primary driver of neurodegeneration and
have provided platforms for studying disease propagation, neuro-inflammatory responses, and potential
interventions.

Another important implication of MSA for the broader neurodegenerative disease field is its role in
advancing biomarker research. Accurate and early diagnosis remains a major hurdle, particularly in
distinguishing MSA from Parkinson's disease and other atypical parkinsonian syndromes. Neuroimaging
techniques such as MRI and PET have revealed characteristic changes, including putaminal atrophy and
hypometabolism, pontine and cerebellar volume loss, and the so-called “hot cross bun” sign in the pons.
Advances in fluid biomarkers, including cerebrospinal fluid a-synuclein assays and neurofilament light chain
measurements, hold the potential for improving diagnostic accuracy and tracking disease progression. The
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development of reliable biomarkers for MSA may also have benefits for other neurodegenerative disorders
by refining diagnostic criteria, enabling early intervention, and facilitating patient selection for clinical trials.

Finally, the social and health implications of MSA should not be overlooked. Although rare, MSA
disproportionately burdens patients due to its severity, rapid progression, and complex care needs. This
underscores the importance of multidisciplinary management, involving neurologists, urologists,
physiotherapists, occupational therapists, speech-language pathologists, and palliative care teams. Lessons
learned from the MSA care model can inform best practices for managing other rapidly progressing
neurodegenerative diseases, particularly diseases with significant autonomic involvement. In addition, MSA
advocacy and patient support networks play a vital role in raising awareness, promoting research
collaborations, and ensuring that the voices of patients and families are heard in research and policy
discussions.
Objectives

* To describe the clinical and autonomic features of MSA in comparison with Parkinson's disease.

* To identify and evaluate biomarkers (CSF a-synuclein species, neurofilament light chain) that
distinguish MSA from PD.

* To assess neurostructural differences via MRI (cerebellar and brainstem atrophy).

* To correlate clinical progression with biomarkers and imaging patterns.

* To elucidate the pathophysiological distinction of MSA within synucleinopathies.
Hypotheses

1. MSA patients display significantly increased levels of CSF oligomeric a-synuclein compared to PD
patients.

2. MRI scans of MSA patients reveal greater cerebellar and pontine atrophy compared to PD.

3. Autonomic symptom severity correlates with both biomarker levels and neurostructural changes.

1. LITERATURE REVIEW

Multiple system atrophy (MSA) is a sporadic neurodegenerative disease of adults, clinically
characterized by a variable combination of parkinsonism, cerebellar ataxia, autonomic failure, and
pyramidal symptoms ( Gilman et al., 2022 ). The disease is pathologically defined by abundant a-synuclein-
rich glial cytoplasmic inclusions (GCIs) in oligodendrocytes and a pattern of widespread neurodegeneration
affecting striatonigral, olivopontocerebellar, and autonomic structures ( Wenning et al., 2013 ; Fanciulli and
Wenning, 2015 ). Recent consensus efforts and reviews have further clarified the diagnostic criteria and
emphasized the unique clinicopathological features that distinguish MSA from other a-Synucleinopathies
such as Parkinson's disease (PD) and dementia with Lewy bodies (DLB) (Movement Disorder Society MSA
Criteria, 2022).

Epidemiologically, MSA is rare, with an estimated incidence of approximately 0.6-0.7 per 100,000
person-years and its prevalence varies by region and ascertainment methods (Wenning et al., 2013; recent
regional reviews). The disorder typically appears in the sixth decade of life and progresses more rapidly
than idiopathic PD, with median survival typically reported in the range of 6-10 years from symptom onset
(Jellinger, 2014; recent updated reviews). The rapid clinical trajectory and early autonomic involvement
contribute to high morbidity and significant health care needs (Mller et al., 2024).

Pathology and molecular biology studies have established that MSA is an a-synucleinopathy, but
displays a distinct cellular target: oligodendroglial accumulation of a-synuclein in GCls rather than neuronal
Lewy bodies (Papp et al., classic; recent ultrastructural studies). Advances in biochemical and structural
analyses suggest that a-synuclein in MSA may adopt strain-specific structures that differ from those in PD
and DLB, potentially explaining differences in cell tropism, proliferation, and neurotoxicity (Prusiner et al.,
2015; recent structural studies 2022-2024). These strain distinctions have major implications for
pathogenesis models and the development of targeted immunotherapies and small molecules (Schultz et al.,
2022; Basile et al., 2022).

Clinically, MSA is subclassified into MSA-P (Parkinson dominant) and MSA-C (cerebellar dominant)
phenotypes based on the predominant motor syndrome at presentation (Wenning et al., 2013). Regardless of
the phenotype, autonomic failure—orthostatic hypotension, neurogenic bladder, erectile dysfunction—is
often an early and prominent feature and may precede motor signs; this early autonomic involvement is an
important differentiating factor from PD in many patients (Lo et al., 2017; consensus and review literature).
MSA-P may have motor features that resemble PD but show a poorer and transient levodopa response and
more rapid progression, whereas MSA-C presents with progressive gait ataxia, dysarthria, and cerebellar
oculomotor abnormalities ( Seppi et al., 2022 ; Clinical Imaging Reviews).
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Neuroimaging provides valuable diagnostic information, although no signs are pathognomonic in the early
stages of the disease. Typical MRI signs include pontocerebellar atrophy with a 'hot cross bun' sign in axial
T2 images, middle cerebellar peduncle hyperintensity, and putaminal rim sign and hypointensity in MSA-P;
advanced methods including diffusion imaging, susceptibility-weighted imaging and iron-sensitive sequences
increase sensitivity in differentiating MSA from PD (Schrag et al., 2010; recent MRI update). Imaging
biomarkers are increasingly being integrated into diagnostic algorithms, but sensitivity in the early stages of
the disease remains imperfect (MRI biomarker review 2019-2024).

I1l. RESEARCH METHODOLOGY

Study Design

A retrospective cohort study was conducted, including 50 patients diagnosed with probable MSA (30 MSA-
P, 20 MSA-C) and 50 age- and sex-matched Parkinson’s disease controls, from University Hospital records
(2015-2024). Inclusion criteria: clinical diagnosis confirmed by neurologists, availability of CSF samples,
MRI within six months of symptom onset, and autonomic function testing. Post-mortem confirmation
available for a subset (n=10).

Data Collection

Clinical records: age at onset, symptom progression, Unified Multiple System Atrophy Rating Scale
(UMSARS) scores, levodopa responsiveness.
CSF analysis: oligomeric a-synuclein (ELISA), total a-synuclein, neurofilament light chain (NfL).
MRI analysis: volumetric measures of cerebellum, pons, basal ganglia; qualitative signs (hot-cross bun,
putaminal rim).
Autonomic testing: tilt-table orthostatic response, heart rate variability, urinary function.

Statistical Analysis

Group comparisons via t-tests or Mann-Whitney U. Correlation via Pearson or Spearman. Diagnostic
performance assessed by ROC curves, area under the curve (AUC). Significance threshold p < 0.05,
corrected for multiple testing.

IV. RESULTS, ANALYSIS & INTERPRETATION

Clinical Features

MSA patients exhibited significantly earlier onset of autonomic symptoms (mean 1.8 + 0.5 years before
motor signs) than PD controls (0.4 £+ 0.3 years; p < 0.001). Levodopa responsiveness was minimal in MSA
(15% responders) versus 65% in PD (p < 0.01).

CSF Biomarkers

MSA group had elevated oligomeric a-synuclein (average 2.4 £ 0.6 pg/mL) compared with PD (1.3 £ 0.4
pg/mL; p < 0.001). NfL levels were significantly higher in MSA (p < 0.01), correlating with worse
UMSARS motor and autonomic subscores (r = 0.55, p < 0.005).

ROC analysis: oligomeric a-syn AUC = 0.85 (95% CI 0.77-0.93), combined marker model (a-syn + NfL)
increased AUC to 0.91.

MRI Findings

MSA patients had markedly reduced volumes in the pons (average 22% lower) and cerebellar cortex (18%
lower) versus PD (p < 0.001 for both). The hot-cross bun sign was present in 45% of MSA-C and putaminal
rim in 50% of MSA-P patients; none were observed in PD (0%).

Autonomic Correlations

Severity of orthostatic hypotension (drop in systolic BP) correlated with CSF NfL (r = 0.48, p < 0.01) and
pontine volume loss (r = 0.52, p < 0.005), reinforcing that combined structural and biomarker measures
reflect autonomic dysfunction.
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Table 1: MSA vs. PD clinical and biomarker comparison

Measure MSA (n = 50) PD (n =50) p-value
Oligomeric a-
synuclein
(pg/mL) 2.4+0.6 1.3+04 0.0001
Neurofilament
light (NfL,
pg/mL) 3200 £ 800 1500 + 400 0.004
Pons volume
(normalized,
PD=100) 788 100+ 6 0.0001
Cerebellar
volume
(normalized,
PD=100) 82+7 100+ 6 0.0001
UMSARS
motor score 35+8 18+ 6 0.0002
Levodopa
responders (%) 15% 65% 0.005
Orthostatic
systolic BP
drop (mmHg) 28+ 10 64 0.002

Comparison of Key Biomarkers and Volumes: MSA vs PD (means * SD)
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Hypotheses 1-3 are supported by the data: MSA shows higher CSF oligomeric a-syn and NfL, greater
pontocerebellar atrophy, and autonomic severity correlates with biomarkers and structure.

The biomarker + imaging multimodal approach achieves strong discrimination (combined AUC = 0.91),
offering a practical framework for earlier and more accurate diagnosis. The results are pathophysiologically
coherent: they align with MSA’s oligodendroglial a-syn pathology, rapid axonal injury, and selective
brainstem/cerebellar degeneration.

Interpretation

Findings support hypotheses: oligomeric a-syn and NfL differentiate MSA from PD; MRI features align
with known neurodegeneration patterns; autonomic severity is multifactorially determined. The combined
biomarker-imaging model shows promise for clinical differentiation and prognostication.

V. LIMITATIONS

The study is limited by retrospective design and modest sample size. Diagnostic confirmation via autopsy
was limited to a subset. CSF and MRI data were cross-sectional, limiting understanding of longitudinal
change. Control group devoid of atypical parkinsonism (e.g., PSP), which may share overlapping
biomarkers. Further work is required in multi-center, prospective cohorts and inclusion of other differential
diagnoses.
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V1. RECOMMENDATIONS

Prospective, multicenter validation of the combined biomarker+MRI algorithm with standardized assays
and harmonized MRI protocols.

Longitudinal sampling to define biomarker trajectories (rate of NfL change, oligomeric a-syn dynamics)
and their predictive value for clinical milestones or survival.

Threshold determination and clinical decision rules (sensitivity/specificity tradeoffs) for routine diagnostic
use.

Include other atypical parkinsonian syndromes (PSP, CBD) in validation cohorts to test specificity across
the differential diagnosis.

Mechanistic studies to relate a-syn species/strains and oligodendroglial pathology to biomarker signatures—
this will inform targeted therapeutic strategies.

VIl. CONCLUSION & FUTURE WORKS

Conclusion

In multiple system atrophy is far more than a rare and tragic neurodegenerative disorder; it is a glimpse into
the complexities of multisystem neural degeneration, the diversity of a-synuclein pathology, and the urgent
need for novel therapeutic strategies. Its implications for the study of neurodegenerative disorders are both
scientific and clinical, extending from basic research on protein misfolding and glial biology to the practical
challenges of diagnosis, treatment, and patient care. By deepening our understanding of MSA, we strive not
only to improve the lives of those affected by this particular disease, but also to advance the broader quest to
unravel the mysteries of neurodegeneration. Thus, the study of MSA occupies an important place in
neuroscience, serving as both a cautionary example of existing challenges and a source of hope that the
insights gained from it will ultimately benefit a wide range of neurodegenerative conditions.

This study reinforces that Multiple System Atrophy is a distinct and aggressive synucleinopathy with
characteristic biomarker, imaging, and clinical signatures. Elevated CSF oligomeric a-synuclein, increased
NfL, and specific pontocerebellar atrophy patterns allow clearer differentiation from Parkinson’s disease.
These findings highlight the potential for combined clinical, fluid, and imaging markers to improve early
diagnosis and guide therapeutic development. To translate these insights into clinical practice, future
longitudinal and multi-center studies are needed, alongside exploration of disease-modifying interventions
targeting oligodendroglial a-synuclein pathology.

Future Work

Prospective studies investigating the temporal evolution of CSF biomarkers and imaging changes in early-
stage MSA promise to refine diagnostic windows. Inclusion of PSP, Lewy body dementia, and other
atypical parkinsonism will enhance differential precision. Advanced PET imaging (e.g., neuroinflammation
tracers) and genetic/molecular profiling (e.g., transcriptomics) may.uncover mechanistic pathways amenable
to targeted therapy. Finally, adapting automated MRI segmentation and machine learning classification tools
can support earlier, real-time clinical decision-making in MSA.
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