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ABSTRACT

Medical and surgical therapies for patients with Par-
kinson’s disease (PD) aretypically considered and ini-
tiated upon development of clinical signs, especially
therapeutic gene transfer therapies. Early clinical
trials delivering transgenes within the brains of PD
patients have confirmed their safety and suggested
mild to moderate efficacy. Confirmatory phase I11
trials have yet to be undertaken with any of the cur-
rent treatment regimens. During the development of
PD gene therapy, mapping of the human genome was
finalized and provides major insightsinto the normal
and pathogenic genetic variabilities of populations.
Genome wide association studies (GWAS) have ex-
panded the genetic defects and risk factors accompa-
nying clinical PD. Advanced genomic investigations
may allow asymptomatic individuals with a high risk
of developing PD, and evident presymptomatic ni-
grostriatal deficiencies, to consider early treatment
approaches. Herein we propose that certain genomi-
cally and clinically defined PD patients may provide
unique opportunities for testing neuronotrophic gene
therapy in a pathobiological environment that is an-
tecedent to overt motoric dysfunction. Such an ap-
proach may finally allow testing of the disease-alter-
ing capabilities of therapeutic genetransfer in PD.
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Therapy; Parkinson's Disease; Population Genomics;
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1. INTRODUCTION

While Parkinson's disease (PD) afflicts only 1% of the
world’'s 55-year-old population, approximately 3% of
those aged 75 years and older manifest this illness [1,2].
Characterized by levodopa-responsive, progressive motor
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deficits that feature resting tremor, rigidity, hypokinesia,
and postural instability (cardinal signs), the afflicted PD
population has been estimated to include 5 million peo-
ple worldwide [3], and is expected to expand to nearly 10
million by the year 2030 [4]. The individual, familial,
and societal costs associated with this disease on a world-
wide scale are rising dramatically [5-10], primarily due
to the increasing average age of the population in de-
veloped countries [3,4,11]. More than ever, clinicians
and scientists seek elucidation regarding the complex pa-
thophysiologic mechanisms leading to the reported “com-
mon cascade of events’ that results in PD [12,13]. It is
clear that both environmental and genetic factors are in-
volved. Multidisciplinary approaches to comprehension
of the mechanistic events (“cascades’) associated with
PD will lead to improved therapeutic options.

A blossoming area of interest to investigators studying
PD has been the prodromal phase of this disorder [14]
(see Figure 1). While classical PD motor deterioration
involves the gradual degeneration of the dopaminergic
nigrostriatal pathways (DNPs) [15-17], prodromal signs
are increasingly being documented in individuals that
subsequently develop the more classic disease. The pro-
gressive clinical picture of PD was defined by Hoehn and
Yahr in 1967 (stages I-1V, with stage V being bedridden
and totally disabled) [18] and continues to be in use
today. Such clinical/pathological observations have
prompted Braak et al. [19] to postulate that PD develops
through as series of progressive degenerative steps that
initially do not involve nigrostriatal dopaminergic neu-
rons (DANS). In this scheme [19], sentinel changes occur
within the olfactory pathways, while concurrent brain-
stem participation in the disease process occurs in a cau-
dal to rostral manner, culminating in the classical dege-
neration of DANS of the substantia nigra pars compacta
(SNpc). Although the strongest risk factor continues to
be a first degree relative having PD, common premotor
signs correlated with subsequent degeneration of DNPs
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Figure 1. Putative time course associated with idiopathic Parkinson’s disease (PD). The prodromal phase is thought to last between 5
to 10 years, and features subtle changes, such as alterations in olfaction, sleep disturbances, altered gastrointestinal motility, and
functional MRI (fMRI) changes. At onset of initial PD clinical signs, most patients have sustained significant loss in substantia nigra
pars compacta dopaminergic neurons (SNpc DANS), major reduction in striatal dopamine (DA) levels, and noticeable alterations in
striatal fluoromethyltyrosine positron emission tomography (FMT PET) signal within the dorsolateral putamen. The course of cli-
nical PD islonger than the prodromal phase and is defined by the Hoehn and Y ahr stages.

include hyposmia/anosmia, rapid eye movement (REM)
sleep behavior disorder (RBD), and constipation [20,21],
heralding olfactory and brainstem dysfunction.

Early development of gene transfer approaches for PD
treatment [22] took advantage of the historical neuroche-
mical and neurophysiological defects defined as hall-
marks of this disorder [23-25]. Initial strategies (see Fig-
ure 2) featured enzyme replacement to ameliorate the
distorted neurochemical balance, without the capability
of affecting the intrinsic disease course [26]. Eventualy,
introduction of neuronotrophic factor genes, with the po-
tential for rescue and restoration of the plagued DNP,
have been posited to offer a disease-altering option [27-
30]. While al of the current PD gene transfer interven-
tions appear safe, the attendant efficacy has been variable,
but encouraging. Critique by many movement disorder
specialists regarding this advanced treatment approach
now relates to the timing of gene therapy in the clinical
course of PD. Most believe that the window of opportu-
nity for successful patient treatment may be before they
develop motoric dysfunction, while the DNPs are not yet
devastated. Neuronotrophic gene therapy, specificaly
delivered during this prodromal period, offers the po-
tential to “rescue” the degenerating nigrostriatal DANs
and thereby provides a disease-modifying approach [26].
Enzyme replacement gene therapy, along with deep brain
stimulation (DBS) [31], could be reserved for treatment
of more advanced PD stages.

The Human Genome Project (HGP) [32] has resulted
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in an explosion of information related to the genetic basis
of diseases. Unfortunately this torrent of information has
yet to be synthesized into a coherent, comprehensive un-
derstanding of the mechanistic foundation for many il-
Inesses afflicting world populations. The enhanced ap-
preciation for the genetic basis of many diseases is di-
rectly related to the completion of the HGP and the ge-
nesis of the burgeoning field of population genomics. Con-
sidered the comparative assessment of DNA (deoxyribo-
nucleic acid) sequence variations occurring within dif-
fering populations [33], population genomic investiga
tions are now commonly performed through genome
wide association studies (GWAS) [34]. With constantly
improving analytic techniques and throughput, these ge-
netic surveys are yielding a tremendous amount of data
regarding normal variations, as well as those associated
with specific diseases, down to the level of single nucle-
otide polymorphisms (SNPs) and epigenomic variability
[35]. To better differentiate disease-related DNA se-
guence variants, which comprise a small subset of al
DNA sequence dternatives, it remains essential to gain
confidence in what constitutes normal genome variability.
The massive amount of nucleotide sequence data gene-
rated from each individual, through advanced genomic
studies, has necessitated parallel innovations in large da-
ta management strategies, large data processing methods,
and expanded large data storage technologies. Likewise,
the validation of novel interpretive strategies for these im-
mense data sets has elevated the field of bioinformatics
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Figure 2. Timelines for therapeutic gene transfer strategies for Parkinson's disease. Initial clinical trials in 2003 utilized the glutamic
acid decarboxylase (GAD) gene to suppress excitatory output of the subthalamic nucleus. Financial difficulties of the corporate
sponsor ended further investigations in 2012, despite significant clinical success in a Phase Il trial. Aromatic amino acid de-
carboxylase (AADC) gene transfer was carried out in 2004 and carried through successful Phase | trials in centers in the United
States and Japan. Future AADC trials are planned. Neurturin (NTRN) gene therapy trials, beginning in 2005, provided the first
attempt at delivering a neuronotrophic factor to the degenerating nigrostriatal pathway. Both Phase 11 efforts have failed to show
efficacy and future trials are in doubt. A tripartite gene transfer strategy (including the AADC gene) is being carried out through a
collaborative effort in the European Union. So far, no clinical peer-reviewed publications are available but press releases and
scientific presentations provide optimism utilizing this novel technique and delivered transgene set. Phase I/11 results are anticipated
in by 2014/2015. Finally, the anticipated trial delivering glia cell-derived neurotrophic factor (GDNF) to PD patients will begin at
the National Institute of Health (NIH) in 2013. Preclinical investigations suggest a much more potent effect from GDNF compared to
NTRN. The Phase | GDNF trial will utilize improved delivery methods, including real-time imaging, which will provide enhanced

target distribution within the putamen and an extra measure of safety not previously available.

to greater prominence [36]. As we develop data-driven
appreciation of certain disease mechanisms, founded on
genomic interpretations, we approach a point of under-
standing the chromosomal basis for individual states of
health and disease. Such keen knowledge may eventually
allow the development of customized, or “personalized,”
medical strategies tailored to the individua’s specific
condition.

Population genomic investigations of normal indivi-
duals and those afflicted with PD have yielded important
clues as to certain operative mechanisms associated with
specific hereditary and non-hereditary pathologies. In
this manuscript we consider how the improved under-
standing of the prodromal PD state, aided by genomic
analyses and other interpretive clinical strategies, may
specifically sanction future gene transfer therapeutics at a
presymptomatic stage. If shown to be successful, such a
sentinel treatment approach may prove beneficia in tran-
dational efforts with other human diseases, advancing
the promise of genetic medicine[33].

Copyright © 2013 SciRes.

2. GENOMIC STUDIESFOR
PARKINSON’S DISEASE

Monogenic defects contribute to approximately 5% -
10% of the total PD population, while over 85% are con-
sidered idiopathic in nature. In the opinion of the learned
majority, idiopathic PD involves at least a genetic predis-
position as well as some environmental insult before cli-
nical manifestation. Despite the low percentage of here-
ditary/familial cases, the specific aterations that have
been genomically defined provide useful insights into the
associated clinicopathology, and afford a rich environ-
ment for the development novel therapeutic approaches.
While a direct link between a genetic abnormality and
clinical PD had been previoudy associated only with small,
infrequent familial cohorts, population genomic studies
resulting from the HGP now allow relatively inexpensive
screening for genetic mutations, without an antecedent
family history. These genomic investigations expand our
appreciation for the population at risk of developing ge-
netically related forms of PD. In-depth investigations of
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the associated pathophysiology resulting from such de-
fects promotes the mechanistic understanding of specific
aspects of PD. An example of mechanistic information
derived from a genetic form of PD has been associated
with the leucine rich repeat kinase 2 (LRRK2) mutation.
Asymptomatic carriers of the LRRK2 G2019S mutation,
for example, were found to have quantifiably altered gait
characteristics compared to control subjects [37], mirror-
ing similar defects in symptomatic PD [38]. Similar pro-
dromal motor characteristics may be useful in screening
patients during PD evolution [39].

Genomic investigation of sporadic gene mutations
within populations continue to delineate the monogenic
defects that define or predispose an individua to familial
PD (designated PARK 1-PARK 18, so far) [40]. Of these
18 DNA gene mutations, seven display autosomal domi-
nant inheritance (PARKY, 3, 4, 5, 8, 11, and 13), six dis-
play autosomal recessive inheritance (PARK?2, 6, 7, 9, 14,
and 15), oneis X-linked (PARK12), oneis yet to be fully
defined (PARK10), and the remaining three (PARK 16-
18) are genetic susceptibility loci [40,41]. Interestingly,
these PARK genes are often downregulated in cases of
idiopathic PD [42-44].

Preclinical experimental genomic analyses investigat-
ing genetically based PD pathology were carried out in
transgenic Drosophila that harbored the human mutated
a-synuclein (mSYN) gene, using gene transcript micro-
arrays [45]. This fly model clearly provided evidence for
dysregulation of gene expression at al evaluated time-
points, even before clinical signs and development of
significant neuropathology. Additional genomic micro-
array investigations have been used to compare expres-
sion of a select panel of genes in diverse experimental
systems, including a genetic mouse model, a toxicant rat
model, and human PD postmortem specimens [46],
suggesting possible significance for the selected panel of
genes. Unfortunately, other investigators using similar
panels have not had comparable results [47]. Microarray
analysis of human brain tissues has implicated the
dysregulation of genes responsible for multiple cellular
systems in the idiopathic PD state compared to controls,
including those associated with the ubiquitin proteoso-
mal system (UPS), endoplasmic reticulum (ER) stress re-
sponse, mitochondrial function, synaptic transmission,
and programmed cell death, among others [44,46-48].
Unfortunately, many of the transcript microarray studies
provided discordant findings that may in part be due to
differences in tissue analyzed (brain tissue vs. laser
micro-dissected SNpc DANS) or the varying sensitivities
of the assays used. Careful attention to sample compari-
sons and generally improved microarray methodologies
and assay senditivities will increase the concordance of
future results. It appears, however, that current and future
transcriptomic studies will increasingly utilize high
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throughput RNA (ribonucleic acid) sequencing techno-
logies, rather than microarrays, and may provide even
greater sensitivity and correlation between analyses of
comparable specimens [49]. Massively parallel transcrip-
tomic analyses have been shown to provide unbiased,
objective gene identification and estimated alterations in
gene expression [50,51], as well as the associated path-
ways that are causally, reactively, or independently con-
nected to genetic, environmental, or complex disease pa
thogenesis [51,52]. Such methods have been success-
fully applied to the classification of individuals based on
their molecular characteristics [53], and thereby, assist in
the understanding of complex disease mechanisms [54],
possibly featuring environmental and epigenetic influen-
cesthat are not explained by the DNA sequence.

PD provides and excellent disease platform for study-
ing these complex associations and better defining an ap-
proach toward individualized medicine. In a recent in-
vestigation [55], such methods determined novel atera-
tions in gene sets associated with mitochondrial bioener-
getics and glucose metabolism early in the time course of
PD. From these investigations, it was noted that the pe-
roxisome proliferator-activated receptor y coactivator-la
(PGC-1a) appears to be underexpressed in PD patients
[55], thereby suggesting a novel therapeutic approach via
methods that will increase expression of PGC-1a.

Biomarker development for PD and other neurological
disorders currently consists of interrogation of periphera
blood leukocytes and plasma (or possibly cerebrospinal
fluid, CSF) for distinct biological signatures. Currently,
typical biomarker assessment strategies include acquisi-
tion of whole genome DNA sequencing, DNA epigeno-
mic analyses, RNA sequencing, and plasma proteomics
and metabolomics [56]. Such a comprehensive appraisal
is necessary to develop a foundational understanding of
states of health versus disease, as these analytic technolo-
gies become the state of the art. Once the actual biomar-
ker signatures are defined and validated, a more specific
panel of indicators may be interrogated and utilized to
define the state of health (or disease). With advanced se-
guencing technologies, genomic investigations have ef-
fectively defined genetic variants occurring in both fami-
lial and sporadic PD cases [57], thereby closing the me-
chanistic gap between these entities. Further genomic de-
finition of the variabilities between these PD subgroups
may contribute to the validation of genetic susceptibi-
lity screening and therapeutic intervention in a prodro-
mal stage of the disease.

3. DEFINING THE PRODROMAL STAGE
OF PD

Although not yet precisely defined, the prodromal stage
of PD is considered to be quite long [21,58]. During this
phase of the disease, the cardinal PD signs are not pre-
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sent and patients rarely report any neurological issues to
their physicians. As describe above [19], subtle changes
in the olfactory or brainstem function occur during this
period, which require specific testing to confirm. Defin-
ing genetically based biomarkers correlated to prodromal
conditions such as loss of olfaction, RBD, or chronic
congtipation may further advance our definition of this
pre-motor PD state.

Of additional importance is the recent coupling of
genomically defined gene mutations to functional mag-
netic resonance imaging (FMRI) in humans. This non-in-
vasive neuroimaging technology provides an excellent
premortem clinical correlate of dysregulated gene func-
tion associated with PD [59]. With accumulating evi-
dence for genomic and fMRI relationships in PD, one
can postulate the eventual screening assessment of asym-
ptomatic, at risk individuals for PD. Such fMRI determi-
nations will further define the prodromal state and, to-
gether with other biomarkers of disease, alow discus-
sion and consideration of future therapeutic interventions
such as neuroprotective gene transfer.

4. THE CURRENT USE OF GENE
TRANSFER TECHNOLOGIESIN
HUMAN PARKINSON'S DISEASE

Over the last decade and prior to 2012, there have been
five magjor clinical research centers in the world parti-
cipating in clinical trials evaluating therapeutic gene
transfer for the treatment of PD [60,61]. Thus far, clini-
cal investigations have advanced through the Phase 1l
trial process without indications of major safety concerns
related to either the viral vectors involved or the thera
peutic transgenes delivered. While a limited number of
complications were noted with the stereotactic surgical
procedures (hemorrhages, venous infarcts) [62], none
were directly implicated to result from either the viral
vectors or transgenes utilized. While hemorrhagic com-
plications associated with functional neurosurgery are
well known, and infrequent [63], additional reductionsin
frequency may be achieved through the use of image-

guided stereotactic approaches in the future [64]. To date,

all of these gene transfer treatments were carried out on
patients significantly affected (moderate to severe,
Hoehn and Yahr Stage 111 or 1V off medication) by idio-
pathic PD. For some of these studies, the diagnosis of
familia/genetic PD was a criterion for exclusion. Al-
though initial selection of those afflicted with moderate
or severe stages may be justified in the evaluation of a
novel treatment modality, such as therapeutic gene trans-
fer, the nigrostriatal dopaminergic substrate in advanced
PD is typicaly devastated. While even newly diagnosed
PD patients, showing minimal motor symptoms (Stage I)
feature advanced loss of SNpc DANSs (approximately
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70%), and similar losses in striatal dopamine transporters,
the putamenal DA levels are typically reduced to an even
greater extent [65,66]. In the later stages of PD, these
substrate levels are progressively compromised and,
thereby, decrease the likelihood that treatment modalities,
including gene therapy, can provide neural substrate sta-
bilization or rescue.

Four different transgene constructs have been utilized
by the five clinical research protocols prior to 2012 (Fig-
ure 2) [26]. Four of the clinical teams attempted to pro-
vide enzyme replacement gene therapy that would mo-
dulate the neurochemical alterations of afflicted indivi-
duals. These four approaches were designed to treat spe-
cific clinical signs associated with PD, but not alter di-
sease course. The fifth group attempted treatment by pro-
viding a neuronotrophic factor gene, attempting not only
to improve neurological function, but also to alter the
course of the disease. The first successful therapeutic
transgene delivery in PD conveyed the glutamic acid de-
hydroxylase (GAD) gene (enzyme replacement) to the
subthalamic nucleus (STN) [27]. This novel approach at-
tempted to improve the altered basal ganglia motor phy-
siology of PD through production of the inhibitory neu-
rotransmitter GABA (gamma amino butyric acid) within
the STN; thereby reducing it's excitatory tone. Utiliza-
tion of electrical impulses to attenuate STN output is the
basis for DBS within this subcortical target. Phase | and
Il tridls using the GAD gene transfer paradigm have
shown safety and efficacy [67,68]. Unfortunately, a Phase
I11 trial did not materialize for this trestment method, de-
spite promise and momentum. Bankruptcy of the corpo-
rate sponsor [69], unrelated to the specific gene transfer
technology or clinical results, scuttled further develop-
ment of this therapeutic.

Two groups of investigators have employed the deli-
very of the aromatic L-amino acid decarboxylase (AADC)
gene (enzyme replacement) to the putamen (PUT) of PD
patients in Phase | trials [61,70]. This enzyme is key to
the production of DA within the striatum and is lost
along with SNpc DANS. Replacement of this missing en-
zyme within the dopamine-depleted striatum of PD pa-
tients allows local DA restoration by providing an exo-
genous substrate, typically Sinemet® or levodopa. Data
from the AADC trials disclosed robust evidence of trans-
gene expression via postoperative positron emission to-
mography with 6-[*®F]-fluoro-L-m-tyrosine (FMT-PET)
within each transduced PUT, as well as a suggestion of
clinical improvement [61,62], despite what may have been
less than optimal targeting of the transgene [71]. The next
series of invedtigations utilizing AADC genetransfer for PD
are being designed, but similar strategies have shown po-
tentia in the trestment of pediatric AADC deficiency [72].

Phase | and Il clinical trials have been completed uti-
lizing the neurturin (NTRN) gene (neuronotrophic factor
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replacement) within the PUT of PD patients [30, 73].
Clinical safety was documented in both trials, but effi-
cacy was not shown in the Phase Il trial of NTRN gene
delivery [30]. Investigators found no evidence of PET
signal in targeted PUT post-op. Reasons considered for
lack of efficacy in humans, using an approach that show-
ed promise in the nonhuman primate [74], were postu-
lated to include: 1) lack of significant putamena cove-
rage by the transgene; 2) suboptimal targeting in patients,
due to lack of image guidance; 3) lack of adequate trans-
port of transgene product from PUT to SNpc; and 4) re-
duced efficacy of NTRN in humans compared to glial
cell-derived neurotrophic factor (GDNF). Postmortem
assessment of transduction sites in several patients sug-
gested at least evidence for postulates 1) and 3) [75]. The
lack of clinical efficacy in the NTRN Phase Il tria [66],
and further consideration by the investigators [76], promp-
ted a revised delivery strategy with targeting both the

Genomic Investigations

PUT and substantia nigra (SN) in a follow-up Phase I1b
investigation (Clinica Trials.gov identifier NCT00985517).
A 2013 press release from the sponsoring company (Ce-
regene, Inc., San Diego, CA) regarding this recent Phase
I1b study [77], however, indicated that the “trial did not
demonstrate statistically significant efficacy on the pri-
mary endpoint (UPDRS-motor off).” The future of this
specific commercia gene therapy product is unknown.

A fifth group of PD investigators delivered a tripartite
transgene (enzyme replacement) to their patients [78].
The triple transgene codes for enzymes from the DA bio-
synthetic pathway and include AADC, tyrosine hydro-
xylase (TH), and guanosine triphosphate (GTP) cyclo-
hydrolase 1 (GCH1), in Phase I/Il clinical trias [78]
(ClinicalTrials.gov identifier NCT00627588), due for
completion in 2012 and with pending results. The basis
for this approach is similar to that of transduction of
AADC done. According to preliminary unpublished re-

Familial and Idiopathic PD
patients

factors for PD

Genetic defects and susceptibility

Prodromal therapeutic gene
transfer therapy

Close longitudinal follow-
up until clinically
symptomatic PD

Bioinformatics
database for PD

Clinical biomarkers for PD
Peripheral blood
Neuroimaging
Other

| At-risk Group for PD | | General Population

Figure 3. Schematic representation of how genomic investigations may impact Parkinson’s disease (PD) treatments, including future
prodromal therapeutic gene transfer. Genomic analyses of familial and idiopathic PD expand our understanding of specific me-
chanisms underlying specific genetic defects and susceptibility factors. Gained knowledge from these investigations allows for the
development of clinical biomarkers of PD and enhances the development of a vast bioinformatics database. Through the expanded
use of clinical biomarkers of PD, drawing from rapidly increasing bioinformatic data, the general population will eventually be
offered screening, to more precisely define the at-risk PD population during their disease prodrome. Such information may allow
either socia planning and close follow-up until clinical signs dictate treatment, or (striped arrow) lead to prodromal therapeutics that

may alter disease course, such as gene transfer therapies.
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ports [79], safety and prolonged clinical efficacy has
been shown in the treated PD patients. A final analysis of
theclinical datais pending.

As of 2013, a sixth clinical group is planning to de-
liver afifth transgene, GDNF (neuronotrophic factor re-
placement) to the brain of PD patients in a Phase | trial
(Clinical Trials.gov identifier: NCT01621581). This group
is currently recruiting PD patients and will deliver the
more potent therapeutic neuronotrophic transgene using
novel interventional MRI-related technologies that will
address some of the concerns associated with the NTRN
trials [27]. Putamenal coverage will be enhanced through
the utilization of convection enhanced delivery (CED) of
larger volumes of infusate, while targeting and coverage
will be better documented via “rea-time” MRI visualiza-
tion of the infusion. The first patient in the planned sa-
fety study successfully underwent treatment in May of
2013 (K.S. Bankiewicz and J.D. Heiss, personal commu-
nications).

5. HOW GENOMICSMAY ALTER THE
FUTURE OF THERAPEUTIC GENE
TRANSFER FOR PARKINSON’S
DISEASE

Genomic investigations have the potential to signifi-
cantly impact not only the understanding of the mecha
nisms associated with both genetic and idiopathic PD,
but may define the genetic basis for this variable disease
entity through advancements in data analysis and bioin-
formatics (see Figure 3). The discovery that PGC-1a is
underexpressed in PD via these methods provides a tem-
plate for further mechanistic understanding and possible
therapeutic approaches for this and other diseases. Addi-
tionally, through further discovery, validation, and corre-
lation of genetic factors for PD, the use of genomics may
eventually provide useful, specific, clinical biomarkers
(e.g. blood-derived, or neuroimaging-defined). Such no-
vel disease indicators, correlating closely with future di-
sease presentation and progression, allow for therapeu-
tic interventions (e.g. enhancers of PGC-1a expression,
neuronotrophic factor gene transfer), within the prodro-
mal phase of PD, where there is the greatest chance to
impact the remaining pathobiologic substrate, heralding
the era of disease-modifying treatments for neurodegene-
rative diseases.

6. CONCLUSION

The field of genomicsis rapidly gaining traction in help-
ing define the basis for many human diseases, including
PD. The definition and thorough investigation of specific
genetic defects in familial PD allow the better compre-
hension of the mechanistic basis for particular pathobio-
logy. In addition, genetic susceptibility factors discovered
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in those with idiopathic PD are also instrumental in de-
fining an at-risk population. With the reduction in cost
for genetic analyses and the expanded database of infor-
mation related to health and disease spawned by the HGP,
the era of molecular medicine has arrived. As such, a spe-
cific genetic profile for PD, found in asymptomatic in-
dividuals within the general population may eventually
alow the optimal substrate for intervention via therapeu-
tic gene transfer as well as other novel beneficia strate-
gies.
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