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Unlocking the Mystery of Biomarkers: A Brief Introduction,
Challenges and Opportunities in Parkinson Disease

Thomas F. Tropea, DO and Alice Chen-Plotkin, MD

Abstract

First described 200 years ago, Parkinson Disease (PD) exhibits considerable heterogeneity in
clinical presentation, as well as trajectory of motor and non-motor decline. This heterogeneity, in
turn, complicates the planning of clinical research, particularly trials of disease-modifying
therapies, as well as the care of PD patients. While clinical features have been used to delineate
subgroups of PD patients, clinical subtyping is hampered by change in features over time, and
clinical subtyping may fail to capture the biological processes underlying heterogeneity. In
contrast, biomarkers — objective measures that serve as indicators of normal biological processes,
pathogenic processes, or pharmacologic responses to therapeutic interventions — have promise to
delineate molecularly-defined subgroups of PD patients who may be most likely to benefit from
specific therapeutic interventions. Here we review the present role of genetic and biochemical
biomarkers in PD. Moreover, we highlight areas where the use of biomarkers may benefit clinical
trial planning, as well as clinical care through the application of a “precision medicine” approach,
in the near term.
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Heterogeneity in Parkinson Disease

Parkinson Disease (PD) is the second most common neurodegenerative disease, currently
affecting 1% of people over age 65 [1]. As the world population ages, PD incidence will
continue to rise over the next decade [2]. While PD is characterized by bradykinesia,
muscular rigidity, postural instability and rest tremor, as well as non-motor symptoms
including mood disorders, cognitive dysfunction, autonomic dysfunction and sleep
abnormalities [3], considerable heterogeneity is seen in the clinical picture. Indeed, despite
rest tremor being considered a “cardinal” feature of PD, up to 24% of people with PD are
unaffected by tremor [4]. Adding to the heterogeneity in motor and non-motor features of
PD is heterogeneity in rate of progression, effective dose or type of medication taken, and
potential complications of treatment. Within-disease heterogeneity not only complicates
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clinical care, but also affects the planning of potential clinical trials. Indeed, data from the
international Parkinson Progression Marker Initiative (PPMI) cohort, a public-private cohort
study spearheaded by the Michael J. Fox Foundation (MJFF), suggests that the rate of motor
progression is quite variable in an early PD population similar to the type that might be
enrolled in a disease-modifying trial, with ~1/3 of PD subjects showing essentially no
change in the Movement Disorders Society Unified Parkinson Disease Rating Scale (MDS-
UPDRS) scores over multiple years of follow-up. Both motor and cognitive progression data
from our own PD cohort, followed for up to 8 years, further corroborates the presence of
considerable heterogeneity (Figure 1). If subgroups of PD patients that are destined to
experience different trajectories and/or different symptom manifestations could be identified,
this might considerably improve the efficiency of clinical trials.

To date, efforts to identify subgroups of PD patients have relied primarily on clinical
features. These studies have found interesting differences in prognosis, treatment response
and associated symptoms based on specific clinical criteria. For example, older age at onset
has been shown to associate with higher severity of motor symptoms (as reflected in higher
MDS-UPDRS Part 111 and Hoehn and Yahr scores), more autonomic dysfunction, hyposmia
and worse global cognitive function in the PPMI cohort. While some of this variability could
relate to normal aging, comparison with age and sex-matched controls suggests that this
difference is stronger in the PD population [5]. The PPMI data corroborates previous studies
showing that younger age at onset correlates with slower disease progression, more
preserved cognitive function [6].

Motor symptoms have also been investigated as a useful means of subgrouping patients with
PD. The earliest example of such motor symptom grouping was the delineation of postural
instability/gait disorder (PIGD) and tremor-dominant subtypes in the DATATOP cohort [7].
Whereas a more tremor-dominant presentation has been associated with slower progression
[8], the PIGD subtype is associated with more rapid cognitive decline, apathy, faster motor
progression and more non-motor symptoms, including anxiety and depression [7,8].

More recently data-driven cluster analyses of clinical features have been used to delineate
subgroups of PD patients. This type of approach takes a “bottom-up” rather than “top-down”
approach to subgrouping, relying less on a priori hypotheses about subgroup-defining
features and more on the correlations among different features and their association with
eventual outcomes. For example, in a study of 113 PD patients, slow-progressing,
intermediate, and malignant subtypes of PD patients were defined based on correlated sets of
baseline clinical characteristics. The main contributors to a more malignant subtype were
higher scores on the UPDRS parts Il and 111, presence of REM behavior disorder (RBD),
mild cognitive impairment (MCI), orthostatic hypotension, depression and anxiety, and this
malignant subtype had a more rapid progression of motor and cognitive and other non-motor
symptoms at 4.5 years' follow up [9]. A more recent analysis of PPMI data largely
confirmed this subtyping scheme, additionally demonstrating more marked global brain
atrophy on morphometric MRI in the malignant subtype [10].

Despite these encouraging findings, two major roadblocks may limit the use of clinical
features to define subtypes of PD. First, clinical features are, to a certain extent, subjectively
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defined, and they are known to change over the course of disease. For example, the most
well-studied clinical subtype delineation, the tremor-dominant vs. PIGD subtyping described
above, is complicated by the fact that up to 78% of patients will transition between subtypes
[11]. Second, clinically-defined PD subtypes are relatively unrevealing with respect to the
biological differences underlying the observed differences in clinical trajectory. Yet it is
precisely these biological differences that we must understand if we are to develop better
therapies for subgroups of PD patients.

In contrast to clinical features, other types of biomarkers — defined as objectively-measured
characteristics that serve as indicators of normal biological processes, pathogenic processes,
or pharmacologic responses to therapeutic interventions [12] — may offer more objective,
less changeable, and more biologically-revealing tools to define PD subgroups. In particular,
we discuss the role of genetic and biochemical biomarkers and their potential for defining
molecular subtypes of disease.

Genetic and biochemical biomarkers for PD

The existing literature on genetic and biochemical biomarkers for PD has been previously
reviewed [13]. In brief, this area is still young, with few well-replicated markers and none in
clinical use. That said, there are at least two lines of evidence to suggest that genetic and
biochemical biomarkers may eventually inform both clinical care and clinical trial planning
in PD.

First, in Alzheimer's Disease (AD), the last two decades, and in particular the research effort
surrounding the Alzheimer's Disease Neuroimaging Initiative (ADNI), have ushered in the
widespread adoption of biomarkers — in the form of CSF measures of amyloid-beta and tau,
as well as /n vivoimaging of amyloid-beta deposits in the brain — to inform the selection of
clinical trial participants [14]. Moreover, these same biomarkers have informed our
understanding of early events in the pathogenesis of AD [15], to the extent that a preclinical
stage of AD based on biomarker characteristics has been defined. Finally, genetic
biomarkers in AD — in the form, particularly, of the APOE genotype, whose disease-
associated variant, the APOE4 allele, occurs in 14% of individuals — have also been used to
define AD cohorts for research, including clinical trials [16]. While AD is certainly not the
same as PD, this series of recent events suggests that even for relatively-slowly-progressing
neurodegenerative diseases, genetic and biochemical biomarkers can “translate” into real-
world use in clinical trials and in clinical care.

Second, in PD, several biochemical biomarkers that define clinically-important (and
biologically-informative) subtypes of patients have been replicated by multiple groups. For
example, similar to what is seen in AD, lower levels of CSF amyloid-beta [17], as well as
presence of an APOE4 allele (Tropea et al, inn review) have been associated with greater
cognitive decline in PD as well. Emerging evidence also suggests that carriers of mutations
in the glucocerebrosidase gene (GBA) manifest with biochemical signatures that are
detectable in the blood as impairments in GBA enzymatic function [18], as well as altered
levels of inflammatory proteins [19]. Indeed, carriers of GBA mutations, as well as the GBA
E326K polymorphism that has been studied extensively in PD, termed GBA+ PD from here
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forward, may constitute a particularly-important subgroup of PD patients to delineate in the
clinic in the near future for several reasons. First, GBA+ PD has been associated by multiple
groups with more severe cognitive impairment [19]. Second, disease-modifying therapies
aimed at GBA as a therapeutic target are in Phase I/l human trials now.

Finding PD biomarkers

While a promising area for research, the development of genetic and biochemical
biomarkers for PD has met with some difficulties. For example, whereas in AD, a candidate
approach to biomarker development met with relatively early success in the detection of
meaningful signal measuring the hallmark neuropathological proteins of AD — tau and
amyloid-beta — in CSF samples from living patients, such an approach has been less
successful in PD. Specifically, unlike in AD, no radioligand exists for detection of the
hallmark pathological protein in PD, alpha-synuclein, which may be more difficult to detect
in any case due to its intracellular location. Furthermore, attempts to develop alpha-
synuclein measures in CSF and other biofluids as a meaningful biomarker have been more
complicated. While alpha-synuclein levels can be robustly measured, and CSF alpha-
synuclein is lower in PD patients than in controls, considerable overlap between patients and
controls is seen [20].

Given the limitations encountered to date with candidate approaches to biomarker discovery
in PD, we have previously proposed unbiased screening approaches as an alternative [21].
Genomic-scale screening efforts are relatively straightforward for candidate genetic markers;
large-scale screening for protein biomarkers is much more challenging, although
technological developments increasingly permit such an approach. Indeed, we have
employed multiplexed immunoassay screening platforms to nominate plasma epidermal
growth factor (EGF) as a biomarker for cognition in PD [22], demonstrating that lower
plasma EGF levels associate cross-sectionally with poorer cognition and predict more rapid
future cognitive decline in PD as well as AD [23]. Similarly, a screen of ~100 plasma
proteins yielded Apolipoprotein Al as a correlate of age at PD onset and severity of motor
symptoms; higher ApoA1l levels appeared “protective” in both respects in our original
single-site screen [24], as well as ~1000 PD patients from around the world [25].

Biomarkers in future PD care: Towards precision medicine?

As we discover and develop PD biomarkers, by candidate approaches or unbiased screening
approaches (Figure 2), it is worth considering how they might improve the lives of PD
patients in concrete ways. As mentioned previously, genetic and biochemical biomarkers
hold considerable promise in improving the efficiency of clinical trials, and particularly
clinical trials of disease-modifying therapies. In this respect, the example of peripheral
(serum or plasma) urate as a biomarker is illustrative. High levels of urate had been
associated with decreased risk for PD, and slower progression of PD in multiple studies,
including in samples from patients in the PRECEPT and DATATORP trials [26,27]. Initial
observations led to further studies, and eventually to the concept of urate elevation as a
disease-modifying strategy in PD, currently being tested in the Phase 11l SURE-PD3 clinical
trial. Importantly, prospective trial participants have urate measures obtained at baseline, and
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individuals with urate above a certain level are excluded, in hopes of enriching for a
population most likely to benefit from this therapeutic intervention.

In addition to the near-term application of biomarkers to improve clinical trials in PD, we
point to the potential for genetic and biochemical biomarkers to change current approaches
to PD clinical care. Specifically, at present, we employ a “one-size-fits-most” approach to
the care of PD patients, ignoring, for the most part, the obvious heterogeneity in this
population. An alternative approach may be to use genetic and biochemical biomarkers to
define specific subgroups that may be most responsive to a given therapy. Such a “precision
medicine” approach has been used extensively to subtype, and select therapies for, cancer
patients. We argue, in this final section, that such an approach may be quite promising for
PD as well.

One manifestation of a “precision medicine” approach that has translated into clinical use in
oncology, as well as other fields of medicine, lies in pharmacogenetics, the use of
genotyping data to guide drug selection. In PD, an important side effect for the commonly-
used class of dopamine agonist medication is the development of impulse control disorders
(ICDs) — excessive buying, eating, gambling, or sexual behaviors — in up to 20% of patients
[28]. While some ICDs are relatively mild and quickly remedied, most PD clinicians have
encountered at least one example of an ICD of sufficient severity to endanger a patient's
finances, home life, or both. If it were possible to predict ahead of time which patients might
be most susceptible to the development of ICDs, one might then avoid the class of
medications — dopamine agonists — that carry the greatest risk of triggering an ICD. Indeed,
a recent study of 276 PD patients in the PPMI cohort describes a small panel of genetic
variants that predicts ICD development with an area under the receiver operative curve
(AUC) of 0.87 for patients exposed to dopaminergic therapy [29]. Should the accuracy of
this genetic risk panel be confirmed in additional cohorts, one might argue for screening of
all PD patients prior to initiation of dopaminergic therapy, in order to use genotyping data to
inform drug choice.

Similar genetically-informed decision-making might also be used to select patients most
likely to respond to other PD drugs. For example, a secondary analysis of the Attenuation of
Disease progression with Azilect Given Once-daily (ADAGIO) trial investigated differential
treatment response to the monoamine-oxidase B inhibitor rasagiline in early, untreated PD
subjects based on common genetic variants, finding that single nucleotide polymorphisms
(SNPs) in the DRDZ2 gene predicted response to rasagiline [30]. Again, this result suggests
that pre-treatment genotyping of common genetic variants — easily accomplished at low cost
— may inform drug choices at an individual level.

Conclusions

Considerable heterogeneity in clinical presentation, as well as motor and non-motor
trajectory, exists in PD. While clinical subtyping schemes exist and attest to widespread
appreciation for this heterogeneity, subtyping based on clinical features may be limited in
the ability to robustly define PD subgroups in biologically-informative ways. In contrast,

Parkinsonism Relat Disord. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tropea and Chen-Plotkin

Page 6

objective biomarkers — and in particular genetic and biochemical measures — may inform
both clinical trial planning and future clinical care of Parkinson Disease patients.
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Tropea Highlights

. Parkinson Disease exhibits considerable heterogeneity in clinical presentation
and motor and non-motor trajectory.

. Subtypes of PD can be identified using genetic and biochemical biomarkers.

. Genetic and biochemical biomarkers may eventually inform both clinical care
and clinical trial planning in Parkinson Disease.
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University of Pennsylvania Udall Cohort
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Figure 1.

Heterogeneity of motor and cognitive trajectories in two cohorts of Parkinson disease
patients. Means and standard errors of the mean (SEM) for scores on the Movement
Disorders Society-Unified Parkinson's Disease Rating Scale (MDS-UPDRS) Part 11 in the
Parkinson's Disease Progression Marker Initiative (PPMI) cohort (A), UPDRS Part 111 (B)
and Mattis Dementia Rating Scale-2 (C) in the University of Pennsylvania Udall Center
Cohort at each follow-up time point. In each graph, patient data are shown for individuals
stratified by tertile (A and B) or quartile (C) of change at final time point for follow-up.
While some individuals show considerable progression, others remain largely stable.
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A “pipeline” for biomarker development in Parkinson Disease. Various patient-derived
materials are collected, with attention to standard operating procedures. From these
materials, candidate biomarkers of several types may be measured, in either targeted assays

or larger-scale unbiased screens.
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