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The Future of Research in Parkinson Disease

There are many unanswered questions aboutParkinson
disease (PD), but as a result of advances in genetics, pro-
teomics, metabolomics, epigenetics, imaging, and other
novel techniques, remarkable progress is being made. In
this Viewpoint, we will highlight aspects of future research
aimed at addressing the following critical questions.

What is PD?
There is growing recognition that PD is not a single clinical-
pathological entity but that there are PD subtypes, pos-
sibly caused by different pathogenic mechanisms.1 Fur-
thermore, psychiatric symptoms and cognitive
impairment are increasingly recognized as major con-
tributors to disability, and other nonmotor features, such
as dysautonomia, hyposmia, and rapid eye movement
sleep behavior disorder, may precede motor symptoms
by several years or even decades. The traditional view that
PD is defined pathologically is increasingly challenged as
many genetic forms of PD phenotypes do not show the
typical selective deposition of α-synuclein and the pres-
ence of Lewy bodies (LBs). Furthermore, α-synuclein pa-
thology can be found in the brains of individuals without
any symptoms of PD, the so-called incidental LB disease.

How is PD Diagnosed?
The clinical diagnosis of PD still rests on the presence of
a combination of tremor, bradykinesia, rigidity, and pos-
tural instability, but by the time these motor symptoms
first manifest, about 60% of nigrostriatal dopaminergic
terminals are already lost. Therefore, “the holy grail” of PD
research is to find diagnostic biomarkers that will iden-
tify individuals at risk for PD with high predictive value,
even in the prodromal phase.2 Based on the identifica-
tion of pathology outside the central nervous system, fu-
ture diagnostic techniques may include biopsies of the co-
lon, skin, submandibular glands, and other tissues that
accumulate α-synuclein. In addition to DaTscan (GE
Healthcare), which has been used to differentiate PD from
essential tremor and other PD-like disorders without do-
paminergic deficit, there are other emerging imaging tech-
niques that may be useful in assessing dopaminergic in-
tegrity. For example, positron emission tomography with
fluorine 18–labeled 9-fluoropropyl-(1)-dihydrotetrabena-
zine (18F-DTBZ), a radioligand targeting vesicular mono-
amine transporter type 2 (VMAT2), promises to be an ex-
cellent tool for the early diagnosis of PD (Figure).

What Causes PD and When and Where Does
the Neurodegenerative Process Start?
In addition to monogenetic causes, which account for less
than 10% of all cases of PD, a growing number of suscep-
tibility genes, such as GBA1, have been found to mark-
edly increase the risk of developing PD.3 The pathologi-
cal changes associated with PD have been studied to
better understand the pathogenic mechanisms of neu-

rodegenerative progression. These studies have pro-
vided evidence that pathological changes in PD may not
start in the neuronal cell bodies in substantia nigra but in
distal axons, supporting the notion that PD represents a
form of “dying-back” axonopathy. Another recently pro-
posed hypothesis to explain the spread of pathological
process is that α-synuclein might act as a prion. This hy-
pothesis is supported by many studies including the find-
ing that preformed fibrils generated from full-length and
truncated recombinant α-synuclein enter neurons, prob-
ably by endocytosis, and act as “seeds” that induce re-
cruitment of soluble endogenous α-synuclein into in-
soluble LB-like inclusions. Furthermore, intranigral or
intrastriatal inoculations into brains of animals of in-
soluble α-synuclein extracted from LBs of PD brains re-
sult in progressive striatal-nigral neurodegeneration.4 In-
deed, the notion that progression of neurodegenerative
disease is mediated via seeding of misfolded proteins has
extended to a broad range of proteins besides α-sy-
nuclein, including tau, huntingtin, SOD-1, and TDP-43.

How Can PD Be Prevented, Slowed, or Reversed?
It is too early to know whether the following drugs cur-
rently undergoing clinical trials will eventually meet the
standard for the designation of “neuroprotective” or “dis-
ease-modifying” agents: (1) isradipine (an antihyperten-
sive agent shown to block L-type calcium ion channels and
thus protect vulnerable dopaminergic neurons in animal
models), (2) inosine (elevates urate and may act as an an-
tioxidant), (3) AZD-3241 (myeloperoxidase inhibitor that
may control activated microglia), (4) RP103 (cysteamine
that acts as an antioxidant, increases brain-derived neu-
rotrophic factor, etc), and (5) pioglitazone and exena-
tide (glucagon-like peptide 1 receptor agonists that may
be protective against cytokine-mediated apoptosis). Un-
fortunately, clinical trials evaluating trophic factors, such
as glial cell–derived neurotrophic factor and neurturin,
have failed. ProSavin, which uses LentiVector gene tech-
nology (Oxford BioMedica) to deliver genes for 3 en-
zymes that are required for the synthesis of dopamine (ty-
rosine hydroxylase, dopa-decarboxylase, and GTP
cyclohydrolase-1), has been reported to provide modest
improvement in motor scores, but this gene-delivery ap-
proach is still highly experimental.5 Anti-synuclein strat-
egies designed to prevent α-synuclein clumping (eg,
PT200-11, quinpramine, PBT434, and rifampicin), vac-
cine designed to elicit antibodies against α-synuclein (eg,
PD01; AFFiRiS), and immunotherapy with antibodies tar-
geting α-synuclein (eg, PRX002; Prothena) may theo-
retically reduce toxic α-synuclein and prevent its spread.6

What are the Most Promising
Emerging Therapies?
Futureexperimentaltherapeutictrialswill focusonnewde-
liverytechniques,usingvariouspatches,pumps,andpuffs,
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in an attempt to provide more continuous dopaminergic delivery. Of
these approaches, levodopa-carbidopa intestinal gel infusion may
beclosesttogainingFoodandDrugAdministrationapproval.Arecently
completedlevodopa-carbidopaintestinalgel infusionmulticenterstudy
showed that the mean on time without troublesome dyskinesia
increased by nearly 2 hours compared with immediate-release
levodopa-carbidopa.7 Future therapeutic strategies will likely continue
to move beyond the traditional dopamine-centric view and will lead
to treatments targeting glutamate, serotonin, adenosine, and other
nondopaminergic systems. For example, the Food and Drug Admin-
istration recently approved droxidopa, a prodrug of norepinephrine,
forthetreatmentofneurogenicorthostatichypotension.Furthermore,
pimavanserin tartrate, a serotonin 2A inverse agonist, has been found
to be safe, well-tolerated, and efficacious in treating levodopa-induced
psychosis without worsening motor symptoms in a phase 3 trial.8

Improvements in deep brain stimulation (DBS) have led to the
development of “closed-loop” or “adaptive” DBS systems, which

may eventually significantly improve the outcomes of DBS. Fur-
thermore, ablative techniques using focus ultrasonography are
being evaluated in the treatment of various movement disorders
including PD.

In conclusion, we are optimistic about the future of PD re-
search and therapeutic development. Clinical, genetic, and molecu-
lar subtyping of the disease will allow better targeting and testing
of future therapies in enriched populations most likely to benefit.
One of the most exciting developments in PD research is the intro-
duction of novel approaches targeting toxic α-synuclein into the clinic
with the promise of the first therapy designed to attack the funda-
mental pathological mechanism in PD. Critical attention to nonmo-
tor symptoms will lead to improved treatments for these aspects of
the disease that significantly impact quality of life and patient and
caregiver burden. With the application of best scientific methods and
proper funding, we envision future development of transformative
therapies for those affected by PD.
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Figure. Fluorine 18–Labeled AV-133 Positron Emission Tomography Scan of a Patient With Early Parkinson
Disease (PD) Showing Marked Reduction in Striatal Dopaminergic Integrity vs a Healthy Control (HC).
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