
Genetics of Parkinson Disease

Nathan Pankratz and Tatiana Foroud

Department of Medical and Molecular Genetics, Indiana University School of Medicine, Indianapolis, Indiana 46202–5251

Summary: Parkinson disease (PD) is the second most common
neurodegenerative disorder. Recent studies have consistently
demonstrated that in some families, disease is attributable to a
mutation in a single gene. To date, genetic analyses have detected
linkage to six chromosomal regions and have identified three
causative genes: PARK1 (alpha-synuclein), PARK2 (parkin), and
PARK7 (DJ-1). In addition, mutations in several other genes have
been implicated in familial PD. Identification of the mutations in
these genes has led to the recognition that the ubiquitin–protea-
some system is an important pathway that may be disrupted in
PD. Studies are ongoing to identify additional genes that may
contribute to PD susceptibility, particularly in late-onset families

without a clear pattern of disease inheritance. With the identifica-
tion of mutations in particular genes and the likely role of addi-
tional genes that are important in PD risk-susceptibility, appropri-
ate protocols must be developed so that accurate and informative
genetic counseling can be offered to families in which one or more
members has PD. Further diagnostic testing should be delayed
until more is learned about the frequency, penetrance, and risk
assessment of certain gene mutations. Important lessons can be
learned from the implementation of counseling protocols for other
neurodegenerative disorders, such as Huntington disease and
Alzheimer disease. Key Words: Parkinson disease, genetics,
ubiquitin–proteasome system, genetic counseling, review.

OVERVIEW OF THE GENETICS OF
PARKINSON DISEASE

Parkinson disease (PD) is a common neurodegenera-
tive disorder, second in prevalence only to Alzheimer
disease (AD). The importance of genetic factors in PD
etiology has been debated in the 100 years since both
Gowers1 and Leroux2–3 noted that 15% of their PD pa-
tients reported an affected family member. Analyses of a
large sample of twin World War II veterans found evi-
dence for a genetic susceptibility to PD only among
twins with early-onset PD.4 The majority of other studies
that have compared the familial aggregation in first-
degree and/or second-degree relatives of PD patients
with that observed in the general population have found
evidence for a genetic role in disease causation.5–8 Re-
sults from more than 10 studies suggest the risk of PD to
be anywhere from 3 to 14 times higher in first-degree
relatives of an affected individual as compared to the risk
in members of unaffected families.9

To identify the genes contributing to PD susceptibility,
researchers initially focused genetic analyses on families

inheriting PD as a simple Mendelian disorder, either in
an autosomal dominant or an autosomal recessive pat-
tern. At present, five genes implicated in autosomal dom-
inant forms of parkinsonism have been identified or lo-
calized (Table 1). The first gene (SNCA), coding for
alpha-synuclein, was identified by studying a large kin-
dred from southern Italy, in which PD was pathologically
confirmed.10 The same mutation in alpha-synuclein ob-
served in the Italian kindred (Ala53Thr in exon 4) was
later found in three Greek families, most of whom could
trace their ancestry to a very small geographical area on
the Peloponesos in southern Greece.10 Mutations in al-
pha-synuclein have been reported in eight additional in-
dividuals from six different families located in central
and southwestern Greece,11 suggesting the presence of a
founder mutation.12 Individuals with mutations in the
alpha-synuclein gene have very similar clinical and
pathological features to those with idiopathic PD, includ-
ing a response to levodopa and the presence of Lewy
bodies in the substantia nigra; however, the age at onset
of PD in families with an alpha-synuclein mutation is
significantly earlier than that typically observed in pa-
tients with idiopathic PD (mean 46 years). Despite in-
tense scrutiny of pedigrees with familial PD, only two
other mutations in alpha-synuclein have been reported.
In a German family, a missense mutation altered an
amino acid (Ala30Pro in exon 3), resulting in autosomal
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dominant PD.13 More recently, a family was identified
with a triplication of a large region that contained the
alpha-synuclein gene.14 No other mutations in the alpha-
synuclein gene have been identified in the large number
of patients with sporadic or familial PD that have been
screened.15–18 Therefore, it appears that alpha-synuclein
is not a major risk factor in familial PD.

Animal models have been developed to further study
the role of alpha-synuclein in PD. Mice expressing the
initially reported Ala53Thr human alpha-synuclein mu-
tation exhibit late-onset neurodegeneration, motor dys-
function, and alpha-synuclein aggregation in the brain.19

In Drosophila models, expression of normal and mutated
alpha-synuclein has also resulted in many features of PD,
including motor deficits, specific degeneration, and in-
terneuronal inclusions.20

Studies are ongoing to identify additional genes con-
tributing to Mendelian forms of PD. Genetic analyses
have detected linkage to chromosome 2p13 in a sample
of families segregating an autosomal dominant form of
PD (PARK3), although the responsible gene has not yet
been identified.21 Families linking to the PARK3 locus
have clinical symptoms similar to typical, idiopathic PD,
with a mean age at onset of 59 years of age and Lewy
body pathology. All of the families linked to PARK3 are
of German ancestry, and two of these families share a
common haplotype, suggesting a possible founder effect.
The causative mutation in these families also appears to
have a reduced penetrance, perhaps less than 40%, rais-
ing the possibility that this locus might also play role in
sporadic PD.

The PARK8 locus has been linked to chromosome
12p11.2-q13.1 in a large Japanese family with autosomal
dominant parkinsonism.22 The clinical features are typical
of idiopathic PD, including a response to levodopa; how-
ever, the mean age at onset is slightly younger than in the
more common forms of disease, with an average age of
onset of 51 years. A common disease haplotype was found

among all 15 affected individuals in the family. However,
eight unaffected family members had also inherited the
disease haplotype, suggesting a disease mutation with lower
penetrance that might be mediated by other genetic or en-
vironmental factors. Autopsy reports of four affected indi-
viduals in the family showed “pure nigral degeneration,”
although Lewy bodies were not observed.22

Unlike many common disorders with complex patterns
of disease inheritance, families have been identified with
autosomal recessive as well as autosomal dominant disease
susceptibility (Table 1). Autosomal recessive juvenile par-
kinsonism (AR-JP) is a distinct clinical and genetic entity
within familial PD. It is characterized by typical PD fea-
tures and an early age at onset (	40 years), slow disease
progression, sustained response to levodopa, early and often
severe levodopa-induced complications, hyper-reflexia, and
mild dystonia that is primarily in the feet.23–24 Of the genes
implicated in familial PD, the largest number of mutations
has been found in the parkin gene25 and mutations in this
gene might account for PD in as many as 50% of familial
patients with AR–JP.26

Unlike the other genes found to cause PD, among
which only a few mutations have been found in a small
number of families, many different mutations have been
reported in the parkin gene. These have included point
mutations and exon rearrangements, including both de-
letions and duplications.25,27–36 Recently, several studies
have reported that a single mutation in the parkin gene
may increase susceptibility to disease or may even man-
ifest in an autosomal dominant pattern of disease inher-
itance. For example, a large pedigree has been reported
with adult-onset, clinically typical tremor-dominant par-
kinsonism, segregating a parkin mutation in an autoso-
mal dominant manner.37 In another study, Lewy body
pathology typical of idiopathic PD was found at autopsy
in a proband from a kindred with a single parkin muta-
tion.38 In a large sample of adult-onset PD sibling pairs,
parkin mutations were found even among individuals

TABLE 1. Loci Linked to PD and Their Corresponding Genes (if Known)

Locus
Chromosomal

Region Causative Gene Mode of Inheritance Age of Onset* Reference No.

PARK1 4q21-23 	-synuclein (SNCA) AD Middle 10
PARK2 6q25-27 parkin AR Juvenile 25
PARK3 2p13 AD Typical 21
PARK5 4p14 UCH-L1 Apparent AD Middle 47
PARK6 1p35-p36 AR Early 39
PARK7 1p36 DJ-1 AR Early 41
PARK8 12p11-q13 AD Middle 22
Nurr1 2q22-23 NR4A2 Apparent AD Typical 65
Synphilin-1 5q23 SNCAIP Apparent AD Typical 54
Mitochondria NADH complex I Mitochondrial Typical 66

*Juvenile (mean age of onset 	20 years); Early (mean age of onset 20–45 years); Middle (mean age of onset 46–60 years); Typical (mean
age of onset �60 years).
AD � autosomal dominant; AR � autosomal recessive.
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with an age of onset of 60 or older. The mutations appear
to act in a dose-dependent manner on the age of disease
onset. Thus, individuals with a mutation in both parkin
alleles had the earliest average age of onset, those with a
mutation in only one allele had an intermediate age of
PD onset, and those subjects without any mutation in the
gene had the latest average age of onset.27

Additional loci resulting in autosomal recessive PD
have been reported. Studies in a large Sicilian family
segregating an autosomal recessive form of PD and hav-
ing a relatively early age of PD onset detected linkage to
chromosome 1p35–36 (PARK6).39 Although the caus-
ative gene has not yet been identified, linkage has since
been observed in eight additional families from through-
out Europe.40 Some of the typical features of AR-JP,
such as dystonia and the improvement of symptoms after
sleep, were not present in these families. However, in
family members with late-onset PD, the clinical presen-
tation of symptoms was identical to that of idiopathic
PD. Although there was at least one individual in each of
the linked families with an age at onset of younger than
45, there was extensive variability in the age of disease-
onset among family members, with one individual hav-
ing disease-onset at 68 years of age. Consanguinity was
detected in one of these families, and homozygosity
mapping was used to narrow the critical chromosomal
region from 12.5 cM (centimorgans) to 9 cM. Penetrance
of the causative gene appears to be high.

Using a consanguineous pedigree from a genetically
isolated population in the southwestern region of the Neth-
erlands, a second locus on chromosome 1p was identified
(PARK7).41 The gene underlying this linkage was recently
determined to be DJ-1,42 which was previously associated
with several different biological processes. It was first re-
ported as an oncogene,43 but it is also involved in the
fertilization process of the rat and mouse.44–45 DJ-1 was
more recently identified as a hydroperoxide-responsive pro-
tein that shifts to a more acidic isoform under oxidative
conditions. Thus, it appears that DJ-1 functions as a sensor
for oxidative stress.46

Two types of mutations in DJ-1 have been found in
patients with PD.42 One is a deletion of several of its
exons, which prevents the synthesis of the protein. The
other is a point mutation at a highly conserved residue
(Leu166Pro) that makes the protein dramatically less
stable and promotes degradation through the ubiquitin–
proteasome system, thereby reducing the amount of DJ-1
to low or absent levels.42

Most of the genes found to be mutated in PD have
played a role in the ubiquitin–proteasome system. There-
fore, extensive evaluation of several of the genes encod-
ing proteins important in this pathway has been per-
formed in samples from PD patients. As a result, a
mutation in the ubiquitin C-terminal hydrolase-L1
(UCH-L1) gene (Ile93Met in exon 4) was identified in a

single sibling pair with PD.47 After this report, the
UCH-L1 gene was examined in many different samples;
however, no other patients with PD were identified with
this or any other mutation in the UCH-L1 gene. This
finding suggests that the observed change in the amino
acid might be due to a polymorphism, and is not a
disease-producing mutation. Despite the failure to iden-
tify any additional UCH-L1 mutations, this gene remains
a compelling candidate gene for PD for several reasons.
First, studies have shown that this mutation causes a 50%
reduction in enzymatic activity when it is expressed in
Escherichia coli.48 Second, UCH-L1, found throughout
the brain, belongs to a family of de-ubiquitinating en-
zymes and therefore plays an important role in the label-
ing of abnormal proteins in the ubiquitin–proteasome
system.49 Therefore, it is possible that reduced labeling
and impaired clearance of abnormal proteins could lead
to the neurodegeneration seen in PD.

Synphilin-1 (SNCAIP) is another gene that has been
implicated in the pathogenesis of PD. Similar to an iso-
form of alpha-synuclein, it is a substrate of the gene
product of parkin,50 the ubiquitin E3 ligase that plays a
role in the ubiquitin–proteasome system that clears ab-
normal proteins from the cell. Furthermore, it has been
shown to interact directly with alpha-synuclein and is
found, along with parkin and alpha-synuclein, in Lewy
bodies. Modest evidence of linkage to the region of
chromosome 5q that contains synphilin-1 has also been
identified in the genome scans of three independent stud-
ies.51–53 Recently, the same mutation (R621C) was re-
ported in two apparently sporadic patients with late-onset
idiopathic PD (ages of onset, 63 and 69 years).54 This
mutation was the only polymorphism found in 328 Ger-
man familial and sporadic patients that was not seen in
351 control subjects. Both patients with this mutation
reported no family history for PD. However, for five of
the six microsatellite markers genotyped in the chromo-
somal region around the synphilin-1 gene, both patients
shared the same rare alleles, which suggests that this
variant was inherited from a common ancestor. Func-
tional studies of the protein showed that mutant synphi-
lin-1 can form cytoplasmic inclusions in transfected cells
and that cells transfected with the R621C polymorphism
are more susceptible to apoptosis than cells expressing
wild-type synphilin-1.

The study of families segregating Mendelian forms of
PD has been critical to many of the recent scientific
advances in the field of PD research; however, only a
small proportion of individuals with PD have mutations
in these genes. Rather, most individuals with PD have a
more limited family history of the disease and are far
more likely to have inherited polymorphisms in disease
susceptibility genes that increased the likelihood of de-
veloping PD. Studies designed to identify these PD sus-
ceptibility genes typically use families in which multiple
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members are diagnosed with PD, but who also do not
have an obvious mode of disease inheritance.

Only two of the four studies that have reported ge-
nome screen results to identify PD susceptibility genes
have reached statistical significance. The first study an-
alyzed a unique sample: the relatively isolated and ho-
mogeneous population of Iceland.53 Using 117 affected
individuals, they reported linkage to a region on chro-
mosome 1p32 that they named PARK10. No evidence of
linkage near the centromere of chromosome 1 has been
reported in any of the other three PD family studies,
indicating that perhaps this putative gene occurs at high
frequency only in the Icelandic population. The second
significant linkage came from a more heterogeneous
sample ascertained from throughout North America.55 A
subset of this sample that met the strict diagnostic criteria
of the study and also had a stronger family history of PD
yielded strong evidence of linkage to chromosome
2q36–37. Importantly, in these families, the gene ap-
peared to act in an autosomal dominant inheritance pat-
tern. Other chromosomes have been nominated in vari-
ous studies of late-onset PD families. These include
suggestive evidence of linkage to the X chromosome55

and chromosomes 5q and 17q, near the tau gene.52

PD has wide variability in the age at disease onset, and
various genes may contribute to disease susceptibility
and to age at onset of disease. Three of the four family
studies have also performed genetic analyses to identify
genes that influence when an individual develops PD.
Interestingly, two of the studies have their strongest link-
age finding at the PARK3 locus on chromosome 2p.56–57

The third study used a somewhat different approach by
including in the model the age at exam of unaffected
relatives.58 Their strongest linkage finding was on chro-
mosome 1p, near the susceptibility locus identified in the
Icelandic population.

Several research groups have sought to identify PD
susceptibility genes via the completion of population-
based case-control association studies of candidate
genes, identified on the basis of their involvement in the
dopamine pathway. Known genes investigated via asso-
ciation studies include the monoamine oxidase B, dopa-
mine D2 receptor, CYP2D6, CYP1A1, N-acetyltrans-
ferase 2, DAT1, and glutathione S-transferase M1
genes.59–61 Unfortunately, the few results from studies
that found significant association between a candidate
gene and PD have failed to replicate in other samples.
This is most likely attributable to the susceptibility of
association studies to yield spurious positive results due
to population phenomena other than a causative relation
(or close physical proximity) between the polymorphism
being tested and a disease-causing mutation.62

There has been one association study that eventually
led to an identified mutation in the candidate gene. Xu et
al.63 reported that an increase in homozygosity of a vari-

ant in the Nurr1 gene was associated with PD. More
recently, an additional study on an independent sample
suggested that heterozygosity for this polymorphism
conferred an increased risk for PD.64 Subsequently, Le et
al.65 described two distinct mutations in exon 1 in 10
individuals with familial PD. The age at onset of disease
and the clinical features of these 10 individuals did not
differ from those of individuals with typical PD. Nurr1
mRNA levels were significantly decreased in transfected
cell lines with the mutation, compared with those without
the mutation, as well as in the lymphocytes of the af-
fected individuals. Furthermore, expression levels of the
dopamine biosynthesis enzyme tyrosine hydroxylase
were also markedly decreased in the transfected cells
with the mutations compared with the wild type. These
data suggest that dopaminergic dysfunction can result
from mutations in Nurr1.

Mitochondrial dysfunction, particularly with regard to
complex I of the electron transport chain, has been im-
plicated in the pathogenesis of PD. Because a majority of
mitochondrial DNA is dedicated to the reduced nicotin-
amide adenine dinucleotide complex I enzyme, van der
Walt et al.66 tested the hypothesis that mtDNA variation
contributes to PD expression. Ten single-nucleotide
polymorphisms that define the European mtDNA haplo-
groups were genotyped for white individuals with PD
and for matched control subjects. They found that indi-
viduals with either haplogroup J or K had a significantly
lower risk of PD as compared with individuals carrying
the most common haplogroup, H. These results suggest
that variation in complex I proteins is an important risk
factor in PD susceptibility among white individuals.

TRANSLATION OF GENETIC INFORMATION
TO CLINICAL PD

With the identification of genes that are implicated in
the causation of PD, it is now possible to ask how this
information will impact the many patients diagnosed
with this neurodegenerative disease. The answer to this
question has several parts that have both short-term and
long-term implications. In the short term, the direct clin-
ical impact of the identification of alpha-synuclein, par-
kin, and DJ-1 is quite limited. A relatively small number
of families have been found with mutations in these
genes, and therefore their discovery is unlikely to have a
broad impact on the millions of individuals worldwide
suffering from sporadic PD. In the long term, the dis-
covery of these genes mutated in PD is extremely im-
portant for our understanding of the biological pathways
altered in PD.

Several of the genes mutated in PD appear to play a
role in the ubiquitin–proteasome system. As a result, the
pathway has been increasingly indicted, via several com-
plementary lines of evidence, as playing a causative role
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in the development of PD. First, it is responsible for
clearing proteins, such as misfolded alpha-synuclein and
synphilin-1, from the cell, and secondly the parkin gene,
which encodes a ubiquitin E3 ligase, and UCH-L1 are
two of the enzymes that make up this pathway. Evidence
of decreased enzymatic activity in the affected parts of
the brains of patients with AR–JP67 and the observation
that mutations in parkin lead to an accumulation of non-
ubiquitinated proteins in dopamine neurons68–70 suggest
that the impairment of the ubiquitin–proteasome system and
the resulting toxicity of poorly degraded proteins could be
the cause of PD in these individuals. There is also evidence
that the crosslinking and polymerization of proteins neces-
sary to form insoluble aggregates and inclusion bodies can-
not occur if the proteins are not ubiquitinated.68,71,72 This
could account for the lack of Lewy bodies in patients with
AR–JP and also gives further credence to the hypothesis
that Lewy bodies are, in fact, protective. If these intracel-
lular inclusions protect the surrounding cells by removing
the toxicity of the involved proteins, their absence in AR–JP
might explain the rapid degeneration and early age at onset
in this subset of PD patients.

Another PD causative gene, DJ-1, is similarly in-
volved in the ubiquitin–proteasome pathway for two rea-
sons. First, mutations leading to misfolded DJ-1 might
overload the ubiquitin–proteasome system and decrease
its effectiveness.73 Second, DJ-1 is thought to be in-
volved in oxidative damage, which is known to increase
the rate of aggregation of alpha-synuclein.

Oxidative stress is a unifying factor in the current
theories of PD pathogenesis, because it links genetic and
potential environmental factors in the onset and progres-
sion of the disease. Those environmental toxins that have
the strongest association with PD phenotypes either
cause high amounts of oxidative stress, such as with
MPTP (1-methyl-4-phenyl-1,2,5,6-tetrahydropyridine)
and rotenone, or directly increase the rate of alpha-
synuclein aggregation, as with copper and other heavy
metals.74 Furthermore, the aggregation of alpha-
synuclein itself can cause oxidative stress,75 and oxida-
tive stress can in turn cause conformational changes in
alpha-synuclein.76

Alpha-synuclein, however, is not limited strictly to
dopaminergic neurons, and therefore its accumulation
cannot fully explain the specificity often seen in disease
pathogenesis. The one obvious difference between the
cells in the substantia nigra and other cells in the brain
expressing this protein is the presence of dopamine. Re-
cent experiments have shown that the overexpression of
alpha-synuclein results in apoptotic cell death only in
dopaminergic cells and that suppressing endogenous do-
pamine expression in these cells completely inhibits al-
pha-synuclein-induced apoptosis.77 These dopaminergic
cells could also be saved through the addition of anti-
oxidants, which not only provides further evidence that

reactive oxygen species are leading to cell death but also
suggests that the combination of increased alpha-
synuclein and dopamine is necessary for degeneration.
The exact mechanism of cell death is not known, but the
toxicity of DOPAL, the monoamine oxidase metabolite
of dopamine, may play a role. Anything that would in-
crease cytosolic dopamine, and therefore this toxic me-
tabolite, could explain the selective degeneration seen in
PD.78 If increased alpha-synuclein affects dopamine re-
uptake, as some studies have already shown,79–80 it
would go far to explain this deadly combination.

Thus, in less than 5 years, the identification of genes
resulting in PD has revolutionized the theories underly-
ing disease pathogenesis. In the past, simply understand-
ing the molecules involved in disease pathogenesis has
allowed new therapies to be developed. For example,
insulin has proven to be an important treatment for many
diabetics, and administration of levodopa can ameliorate
symptoms of PD. Thus, even if mutations in alpha-
synuclein, parkin, or DJ-1 are not central to PD, the
molecules themselves are, and the next generation of PD
treatments will no doubt be based on research that would
not have been possible without the identification of that
first rare mutation in alpha-synuclein.

GENE TESTS FOR PD

Similar to the experience in many neurodegenerative
disorders, it is to be expected that the public will demand
the application of new PD genetic discoveries to clinical
practice. The molecular tests of these new PD genes can
be used in several ways. In some instances, molecular
testing of a disease gene may be performed to verify a
clinical diagnosis in an individual manifesting only mild
or atypical disease symptoms. In other cases, a molecu-
lar test may be requested for the purpose of presymp-
tomatic or prenatal testing. Fortunately, there are several
diseases to which we can turn to gain valuable insight
toward the appropriate application of molecular diagnos-
tic tests in PD.81

Huntington disease was one of the first disorders to be
mapped to a chromosome using modern technology, al-
though the subsequent identification of the disease gene
required a decade of intensive research. For this typically
adult-onset, neurodegenerative disorder, clinicians, ge-
neticists, and ethicists met to develop consensus docu-
ments regarding the appropriate use of molecular testing
for this incurable disease. The basic principles included:
1) the molecular test could be used for diagnosis among
patients with clinical manifestation of disease, 2) pre-
symptomatic and prenatal molecular testing would only
be performed in conjunction with a genetic counselor
who would follow a strict protocol that included both
pretest and post-test counseling. These guidelines, which
are detailed in the paper by Dr. Myers in this issue, can
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also provide an important framework for genetic testing
in PD; however, there are several important distinctions.
First, Huntington disease is due to mutations in a single
gene. In contrast, at least three genes have been identified
which, when mutated, can result in PD. Furthermore, there
are many individuals who have not inherited a Mendelian
form of PD and, therefore, disease risk is likely due to the
combined effects of genetic and environmental factors.
Thus, counseling in PD is much more complex.

Alzheimer disease can provide a model for the com-
plexity observed in PD.82 Similar to PD, families with
Alzheimer disease have been identified that are segregat-
ing an early-onset, Mendelian form of the disease. In the
majority of these early-onset, primarily autosomal dom-
inant pedigrees, the disease is due to a mutation in one of
three genes: presenilin 1 (PS1), presenilin 2 (PS2), or
amyloid precursor protein (APP). Guidelines for gene
testing similar to those implemented for Huntington dis-
ease have been recommended for all molecular testing.
Due to the rarity of families with mutations in either PS2
or APP, commercial molecular testing is only available
for PS1.

In an additional parallel with PD, extensive studies
have been performed in families having multiple mem-
bers with later-onset AD. Analyses in these families, as
well as further studies in other samples, have consistently
demonstrated the importance of the apolipoprotein E
(APOE) gene in disease risk. One allele of the APOE
gene, APOE4, increases the risk of AD whereas a second
allele, APOE2, appears to reduce the risk of AD. Impor-
tantly, variation in the APOE gene does not cause AD,
but rather the gene acts as a susceptibility locus. To
ensure that a diagnostic test would not be misused for
this susceptibility gene, a consensus document was es-
tablished to guide molecular testing of the APOE gene.
Briefly, the recommendation was made that APOE mo-
lecular testing was appropriate as part of a clinical eval-
uation of an individual with dementia or memory loss;
however, presymptomatic and prenatal molecular testing
of the APOE gene was not appropriate, since the clinical
implication of one or two APOE4 alleles was uncertain.

The lessons from Huntington disease and Alzheimer
disease should guide us in the use of molecular testing in
PD. With the rarity of alpha-synuclein mutations and the
still unknown frequency of DJ-1 mutations, great attention
has been focused on testing of the parkin gene, particularly
in those families with juvenile or early-onset PD. A molec-
ular test has recently become available that will screen for
a variety of mutations in the parkin gene. However, unlike
testing in Huntington disease or Alzheimer disease, genetic
counseling has not been required as part of molecular test-
ing. This is extremely unfortunate and sets a poor precedent
for future molecular testing.

At this time, about 50% of individuals with early-
onset, autosomal recessive PD may have a mutation in

the parkin gene. Confirmatory testing of the parkin gene
is indicated for individuals with onset of PD before age
40. Individuals with mutations in both parkin alleles
have been found among those with onset over the age of
40.37 These cases were usually found in families with
two or more affected siblings; however, it is likely that
the number of individuals with two parkin mutations that
have an onset over 40 years of age will be relatively
small. However, it is difficult to assign a threshold of
specific age at onset beyond which parkin testing is
counterindicated. Therefore, parkin testing should be
performed at the discretion of the treating physician.

Of concern are the studies that suggest that a single
mutation in the parkin gene may be found among indi-
viduals with PD.27,37,38 This raises the possibility that a
single mutation in the parkin gene may be sufficient for
disease or may increase the risk of disease. It is also
important to keep in mind that even when an inherited
mutation is responsible for the disease, it is not neces-
sarily one of the mutations being tested. Dozens of dif-
ferent mutations have already been reported for the par-
kin gene, and it is likely that they are not equally
influential, with several potentially not having any clin-
ical consequences at all. Thus, a positive test may not
necessarily be associated with an increased risk of PD,
and a negative parkin test does not exclude the risk of
PD. It is likely that unaffected, first-degree relatives of
individuals with two parkin mutations will wish to un-
dergo parkin testing to better assess their risk of PD.
Unfortunately, the interpretation of their parkin results
and their risk for PD cannot be definitively determined
until additional studies are performed that assess the
penetrance of a single parkin mutation. Until these issues
are resolved, it would appear premature to offer pre-
symptomatic parkin testing, particularly without requir-
ing any genetic counseling.

SUMMARY

There has been substantial progress over the past de-
cade in our understanding of the genetics of PD. This has
included the identification of at least three genes which,
when mutated, can result in PD. Furthermore, there are
several additional chromosomal regions in which a dis-
ease gene is yet to be identified. Studies in multiplex PD
families have also been actively pursued and have pro-
vided findings that may ultimately lead to the identifica-
tion of genes that act as susceptibility or protective fac-
tors for disease risk. These genetic discoveries have
substantially altered our models of PD pathogenesis and
led to the realization of the importance of the ubiquitin–
proteasome system. Over the next few years, it is antic-
ipated that additional PD causative and susceptibility
genes will be identified. Their discovery poses chal-
lenges as we attempt to transfer these research findings to
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clinical practice. To date, only a diagnostic test for par-
kin has been developed; however, the interpretation of
test results are likely to be ambiguous and it is recom-
mended that presymptomatic testing be delayed until
more is learned about the frequency, penetrance, and risk
assessment of parkin mutations.
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