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ABSTRACT

An Essay on the Shaking Palsy, by James Parkinson, was published in 1817. Later, Jean-Martin Charcot better described some
of the motor features of the disease and named the condition as “La Maladie de Parkinson.” As understanding about the disease
progressed, aided by both clinical expertise and technological developments, the definition of what is Parkinson’s disease has
evolved. Motor phenotype, non-motor symptoms, monogenic mutations, genetic risk factors, disease subtyping, and data-driven
clusters, among other concepts, have given rise to the hypothesis that Parkinson’s disease may be not one well-defined entity
but several different diseases encompassed as a levodopa-responsive Parkinsonism. This review present and discusses several of
these factors and how they may support or not the notion of Parkinson’s being one or more diseases. In summary, current evidence
appears to be insufficient at this moment to clarify this issue. Parkinson’s disease will continue to be an evolving concept over the
years to come.
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INTRODUCTION

Following the original description of PD by James
Parkinson, the disease became a fairly well-defined

Parkinson’s disease (PD) was described 200 years clinical entity. Nevertheless, advances through the

ago but as knowledge on the disease has increased,
the question of whether it is a single entity or, on the
contrary, a group of distinct diseases has arisen. While
the condition easily fulfills the common definition of
“disease,” certain issues may suggest that PD could
have different causes, thus encompassing more a
syndrome and consequently representing not one but
many diseases.
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years in several fields such as pathology, molecular
biology, and neuroimaging, and the reappraisal of the
importance of non-motor symptoms have led to ques-
tioning the definition for the disease. In 1912, Fritz
Heinrich Lewy identified the inclusion bodies that are
still considered the pathological hallmark of PD?, and
Konstantin Tretiakoff the loss of neurons in the sub-
stantia nigra (SN) in 1919 while Kathleen Montagu and
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Table 1. Historical landmarks in Parkinson’s disease and changes in definition over time

1817 1861 1912 1919 1957 1960
James Jean-Martin Frederick Henry Konstantin Kathleen Monatgu Oleh
Parkinson Charcot betters Lewy reports Tretiakoff and Arvid Carlsson Hornykiewicz

describes characterize the presence of
six patients the clinical intraneuronal
with paralysis phenomenology. inclusions in
agitans Suggests the use the brain of
of the thermal patient’s with
“PD” PD
A neurological PDisa PDisa
condition with neurological neurological

reports that separately report that
the SN is the reported dopamine
main structure dopamine as a concentrations
affected neurotransmitter are diminished
PDisa PDis a

neurological neurological

involuntary condition with condition with condition with condition with
tremor, tremor, rigidity parkinsonism parkinsonism, parkinsonism,
muscular and slowness of and the presence of presence of Lewy
weakness and movements presence of Lewy Bodies, Bodies, neuron
propensity to (parkinsonism) Lewy Bodies and neuron loss in the SN, and
bend forward loss in the SN deficit of brain
dopamine
1967 1988 1997 2011 2015
George Andrew J. Lees First genetic New risk factor Movement
Cotzias and WR Gibb cause of PD is mutations are disorder society
showed motor publish the UK identified reported using clinical diagnostic
improvement Parkinson’s (SNCA) genome-wide criteria are
after oral Disease Society association published
L-dopa Brain clinical studies
administration diagnostic criteria
PDisa PDisa PDisa PDisa PDis a
neurological neurological neurological neurological multisystemic
condition with condition with condition condition condition with
parkinsonism parkinsonism with L-dopa with L-dopa parkinsonism,
responsive defined as responsive responsive responsive to
to L-dopa, bradykinesia plus parkinsonism, parkinsonism, dopaminergic
presence of tremor and/or presence of presence of treatment
Lewy Bodies, rigidity and/or Lewy Bodies, Lewy Bodies, presence of
neuron loss postural instability, neuron loss neuron loss Lewy Bodies,
in the SN, responsive to inthe SN, inthe SN, neuron loss in
deficit of brain L-dopa, and with deficit of brain deficit of brain the SN, deficit of
dopamine an asymmetrical dopamine, dopamine and neurotransmitters
onset and in some genetic risk and genetic risk
cases with a factors factors
monogenetic
cause

PD: Parkinson’s disease, SN: Substantia nigra, SNCA: a-synuclein encoded by the PARK1/4 gene

Arvid Carlsson described the presence of dopamine in
the brain and its relevance in the striatum?3. Additional
important milestones followed: Polymeropoulos et al.
discovered in 1997 a mutation in the alpha-synuclein
(o-syn) gene (SNCA) in a family with autosomal dom-
inant PD* and immediately a-syn was identified as the
main constituent of the Lewy inclusions®.

Whether PD is one or many diseases remains a difficult
question to answer. The objective of this review has been
to highlight recently gained knowledge of the disorder
and discuss how it applies to this important question.

HOW IS A DISEASE DEFINED?

Defining a disease can be elusive and controversial.
The Oxford English Dictionary defines disease as “a
disorder of structure or function in a human, ani-
mal, or plant, especially one that produces particu-
lar symptoms or that affects a specific location and
is not simply a direct result of physical injury.” PD
applies to this definition since it is associated to a
disordered structure and function of the basal gan-
glia and comprises typical symptoms hallmarked by
Parkinsonism.
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Another commonly used definition of disease is the one
established by the World Health Organization which
states that a disease is an “alteration or deviation of
the physiological state in one or more parts of the body,
by generally known causes, manifested by more or less
characteristic signs and symptoms and whose evolu-
tion is more or less predictable.” All these statements
apply to our current definition of PD. In summary, PD
fulfills the above criteria to be considered a disease.

PD: AN EVOLVING CONCEPT

Our concept of PD has evolved through the years
(Table 1). James Parkinson hallmarked the disease by
two major motor symptoms: An involuntary tremulous
motion, and a propensity to bend forward and pass
from a walking to a running pace. Later, the concept
of PD as a syndrome characterized by movement dis-
orders consisting of tremor, rigidity, bradykinesia, and
postural abnormalities, associated with a distinctive
pathology (Lewy type inclusions) was highlightede.
A more recent definition of PD comprises the classical
motor features, Lewy type inclusions and other protein
aggregates involving extensive regions throughout the
brain, abnormalities of several neurotransmitters, and
clinically significant non-motor symptoms’. In 2014,
the International Parkinson and Movement Disorders
Society (MDS) commissioned a task force to redefine
PD according to the most recent knowledge. The MDS
definition of PD includes: (1) A motor clinical syndrome,
with levodopa-responsive Parkinsonism, typical clinical
characteristics, and an absence of markers suggestive
of another disease. (2) Pathologic confirmation of o-sy-
nuclein deposition and dopamine neuronal loss in the SN
pars compacta. This definition is merely a clinicopatho-
logical one. Interestingly, the task force suggested the
development of a “clinicogenetic” category and a redo
of the current genetic PARK classification®. PD definitive
diagnosis is still by pathology; at least until more reli-
able biomarkers of a-synuclein deposits are available.
At present, the clinical definition of a person with PD
does not consider the possibility of separate diseases.

SUBTYPES: PD VARIANTS OR DIFFERENT
DISEASES?

Two main procedures are frequently used to classify
PD into subtypes: The hypothesis-driven method
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and the data-driven method. The hypothesis-driven
method is based on clinical observation, whereas
the data-driven method relies on statistical data
analysis with no a priori hypothesis, e.g., cluster
analysis®. Several comprehensive reviews on cluster
analysis and its validation in PD has been published
elsewheret®-12,

The most common subtype classification of PD is
based on the motor phenotype. Three main groups
have been identified: Postural instability and gait dis-
turbance (PIGD) PD, tremor-dominant (TD) PD, and
mixed PD (sometimes referred as indeterminate).
PIGD cases respond less well to levodopa with fewer
fluctuations and dyskinesia and are more prone to
dementia in comparison to TD patients?3-1¢.

Age of onset appears to be somehow related with
these motor phenotypes. Late-onset PD is associated
with PIGD, whereas young-onset PD has been linked
more frequently with a TD PD?'?. Studies using diffu-
sion tensor imaging have reported that PIGD cases
have a more severe microstructural change within
the SN in comparison to those with a TD disease®®.
Furthermore, PIGD-specific hypoconnectivity within
the striatum and in motor and cognitive control cir-
cuits has been reported. These findings support the
association between PIGD subtypes and cognitive
impairment!®. Prospective studies on the prognos-
tic value of motor subtypes are scarce. Rajput et al.
conducted a longitudinal study on 166 patients with
eventual autopsy-confirmed PD. Patients were classi-
fied into three subtypes: Akinetic/rigid, TD, and mixed
subtypes. Age of onset was younger and progression
slower in TD, whereas the worst course was reported
for the akinetic/rigid subtype?°.

In clinical practice, motor subtypes can be deter-
mined using the more recent revision of the unified
Parkinson’s disease rating scale (UPDRS) performed
by the International Parkinson and Movement Disorder
Society (MDS-UPDRS), where TD versus PIGD subtype
is calculated as a ratio of the tremor (11 items) versus
PIGD (5 items) mean scores?'. An important issue is
the fact that patients with PD may switch predomi-
nant motor subtype as the disease progresses. Simuni
et al. investigated the stability over time of patients
with PD initially categorized as TD, PIGD, or indeter-
minate. At 1-year follow-up, 39% PIGD and 18% TD
shifted subtypes. The most frequent shift was from



PIGD to TD?2. A previous study in Norwegian patients
also reported a high rate of shifts of motor subtype,
but due to a longer follow-up for re-classification, the
study suffered from high attrition?3.

An extensive review and viewpoint on whether differ-
ences in etiology, pathology, imaging, and biomarkers
can account for motor subtypes as biological distinct
entities have been published recently?4. In summary,
motor phenotypes are currently useful for prognosis
but still appear insufficient to separate them into dif-
ferent diseases.

Given the fact that virtually every patient with PD
presents or will develop a non-motor symptom during
the course of the disease, attempts have been made
to subtype the disease based on such various symp-
toms and an empirical clinical-based classification
has been suggested, which includes a predominantly
cognitive subtype, apathy subtype, sleep disorder sub-
type, pain subtype, and autonomic subtype?*. The use-
fulness of such a non-motor phenotyping remains to
be established.

In clinical practice, patients with PD present with var-
ious combinations of motor and non-motor symp-
toms. Consequently, a mixed symptom profiling might
be more useful. Unfortunately, the heterogeneity of
clinical symptoms and phenotypes has limited this
approach. Most studies to date have reported dif-
ferent clusters or subgroups depending on the study
population, as well as on the methods and clinical tools
used?6-31,

The existence of the various PD subtypes, as described
above, may be an indication that we are dealing with
different conditions or diseases and not one. Still,
although the line between a disease subtype and a
new disease is not clear, distinct phenotypes, gen-
otypes or clusters are not necessarily equivalent to
different diseases. The MDS has recently stated that:
“Clinical subtypes should only be delineated if there
are clear data that demonstrate consistent, large dif-
ferences in prognosis, predicted disease manifesta-
tions, or treatment,” and that “the search for subtypes
should not be restricted to clinical features, but should
include subtypes of molecular pathogenesis™. The
reasons for the profound clinical heterogeneity of PD
have not been elucidated, and it remains to be deter-
mined whether the currently defined subtypes of PD
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represent different diseases. This evidence supporting
such a view is minimal.

IS GENETIC PD A DIFFERENT DISEASE?

Historically, the possibility of PD being several dis-
eases became apparent when mutated genes on dif-
ferent chromosomes causing a similar phenotype were
identified.

The first finding suggesting the existence of a “genetic
subtype” occurred with the identification of mutations
in PARK2, and the unexpected absence of a-synuclein
deposits in autopsies of patients with this autosomal
recessive juvenile form of PD32. Similarly, years later, it
became apparent that in PD patients with mutations in
leucine-rich repeat kinase 2 (LRRK2) gene a-synuclein
deposits could be absent33. These observations have
favored the hypothesis that accumulation of o-syn-
loaded Lewy bodies is but a remnant of a defense
mechanism against the dysfunction in the system
of ubiquitination and intracellular proteolysis. This
hypothesis is opposite to the common assumption of
Lewy bodies being pathogenic.

Monogenic forms of PD, that is, PD resulting from
modifications in a single gene, including both auto-
somal dominant (SNCA, LRRK2, EIF4G1, VPS35, and
UCHL1) and autosomal recessive (parkin/PARK2,
PINK1, and DJ1/PARK7). Several of these monogenic
forms, including PARK2, PINK1, UCHL1, and DJ-1, are
involved in the ubiquitin-proteasome system and/
or mitochondrial metabolism leading to cell death
through similar pathways. Figure 1 shows a simplified
representation of the overlapping pathways leading to
neuronal death in different PARK genes.

The genetic overlap and convergent pathological
mechanisms of SNCA, microtubule-associated protein
tau (MAPT) and LRRK2 are of interest3*. For exam-
ple, regulation of the autophagy-lysosome system is
dependent on microtubule transport in neurons, the
latter being related to MAPT.

In summary, as mentioned before, some cases of
genetic PD do not have the typical pathological find-
ing associated with PD, despite having a known mono-
genic cause and a clear levodopa-responsive parkin-
sonian syndrome. This issue raises the possibility that
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Figure 1. Simplified representation of intracellular mechanisms disrupted by mutations in PARK genes leading to cell death.
DJ1: Protein deglycase encoded by the PARK7 gene. LRRK2: Leucine-rich repeat kinase 2 (dardarin) encoded by the PARK8 gene.
MAPT: Microtubule-associated protein tau. Parkin, ubiquitin protein ligase encoded by the PARK2 gene. PINK: PTEN induced
putative kinase 1 encoded by the PARK6 gene. SNCA: a-synuclein encoded by the PARK1/4 gene.
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pathologically-defined PD and some genetically-de-
fined PD might be different diseases. Nevertheless,
both entities show a very similar clinical phenotype,
and treatment does not differ. Conversely, known
genes linked and/or associated with PD are involved
in molecular pathways (synaptic transmission, endo-
somal trafficking, lysosomal autophagy, and mito-
chondrial metabolism)3°>. Mutations in one or more of
these genes result in a similar phenotype hallmarked
by Parkinsonism, and consequently, genetics alone
may not suffice to break PD into different diseases.
Still, genetics is of great importance to understand
the physiopathology of PD and the development of
future therapies.

FINAL REMARKS

The advances in the understanding of the etiology
and pathological mechanisms of PD are insufficient to
conclude whether PD is one disease with a broad spec-
trum of clinical, genetic and pathological findings, or
represents several different diseases.

The most accepted definition of PD includes both a
clinical syndrome with a characteristic pathological
correlate. There are several problems to this approach:
The clinical syndromes can be found in disorders with
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different types of pathological lesions, and a-synuclein
deposit is not exclusive of PD as it can also be found
in multiple system atrophy, pure autonomic failure, or
Alzheimer’s disease. Advances in PD genetics, though,
have shed light on the pathogenic mechanisms of
PD and provided hard evidence that different causes
(e.g., mutations in different genes) can result in a sim-
ilar clinical and pathological condition.

Irrespective of what side we take on this “one disease
versus many” issue, a pragmatic definition of PD is
needed for daily clinical practice. Most clinicians would
agree, and so do we, on the current gold standard
definition of PD as a typical clinical syndrome - and
absence of markers suggestive of other diseases- with
neuronal loss in the substantia nigra, that responds
to levodopa, and has distinctive Lewy type pathology
that confirms the diagnosis, although PD is also seen
without this pathologic hallmark, as mentioned above.
Our understanding of PD is rapidly expanding, and new
definitions will likely be soon forthcoming that incor-
porate no motor symptoms, but only a premotor diag-
nosis, as knowledge on the pathophysiology of neuro-
degeneration increases.

James Parkinson wrote on his An Essay on the Shaking
Palsy: “The disease, respecting which the pres-
ent inquiry is made, is of a nature highly afflictive.



Notwithstanding which, it has not yet obtained a place
in the classification of nosologists; some have regarded
its characteristic symptoms as distinct and different
diseases, and others have given its name to diseases
differing essentially from it; while the unhappy sufferer
has considered it as an evil, from the domination of
which he had no prospect of escape.” Now, 200 years
after this statement was written, we are still lacking
proper and irrefutable evidence on whether PD is a sin-
gle or several diseases.
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