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Parkinson's disease is a common progressive and disabling
neurodegenerative disorder characterized clinically by resting
tremor, rigidity, bradykinesia and postural instability. Its
pathological findings include neuronal degeneration and gliosis
in the substantia nigra and the locus ceruleus, and the presence
of eosinophilic cytoplasmatic inclusion bodies (Lewy bodies) in
the substantia nigra.

Only a minority of Parkinson's disease patients has a clearly
familial disease in which parkinsonism is inherited as a
mendelian trait. While approximately 5% of parkinsonian
patients have a family history of a similar disorder, most
Parkinson's disease patients have a sporadic disorder. The
primary cause of sporadic Parkinson's disease is still largely
unknown despite ever-increasing intensive research. The on-
going debate is whether sporadic Parkinson's disease is caused
by environmental agents, hereditary factors, or a combination
of both.

In the nineteenth century Charcot had already speculated
that Parkinson's disease may be an inherited disorder since
many of his patients had positive family histories [1]. The
pandemic of encephalitis lethargica (1918±1920) that resulted in
postencephalitic parkinsonism in many survivors caused a
reversal of opinion, with a shift to environmental factors as
the main etiology of the disease [1]. In 1983 an outbreak of
parkinsonism in California was found to be caused by heroin
contaminated by MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine) [2]. This simple pyridine moiety is capable of inducing
all the motor features of Parkinson's disease by selectively
destroying the substantia nigra pars compacta dopaminergic
neurons. This lent further support to the possible importance of
environmental toxic agents in the etiology of the illness.

Nonetheless, verifying that environmental factors are the
cause of Parkinson's disease proves to be a difficult task.
Although many factors have been suggested to enhance the risk
of Parkinson's disease, the only unequivocally accepted risk
factor identified to date is increasing age. Factors that have
been suggested by epidemiological studies include rural living,
farming, herbicide and pesticide exposure, and drinking well
water. Only two specific suspicious agents have been identified,
namely organochlorine pesticides and dithiocarbamates [1].
Interestingly, an inverse relationship between cigarette smoking
and the risk for Parkinson's disease has been detected in a series
of studies [1].

Most twin studies have shown a low concordance rate in
monozygotic twins and thus could not establish a major genetic
contribution to the etiology [3,4]. A recent study found a higher
concordance rate in young-onset monozygotic twins [5], which
suggests a substantial genetic determinant in this subgroup.
Another study, using 18F-dopa and positron emission tomo-
graphy, showed a higher concordance for nigral pathology in
monozygotic twins than in dizygotic twins [6]. This study
allowed identification of subclinical disease and thereby
demonstrated a much higher concordance rate in monozygotic
twins than was found by clinical examination. Population-based
epidemiological studies indicate that the risk of Parkinson's
disease is at least doubled in first-degree relatives of patients
compared with controls, while hospital-based studies suggest a
higher risk [7±9].

It is currently believed that an interaction between genetic
predisposition and environmental factors triggers the disease
process. The existence of genetic susceptibility is strongly
suspected, especially among patients with young-onset illness.

There are some families with a clear inherited form of
Parkinson's disease, in which both autosomal dominant and
autosomal recessive forms of inheritance have been identified.
Two genes (alpha-synuclein and ubiquitin carboxy-terminal
hydrolase L1) and two gene loci were implicated in the
pathogenesis of autosomal dominant Parkinson's disease [10].
In autosomal recessive families with early-onset parkinsonism,
mutations in the Parkin gene were recently identified [11].

Genetic investigation and molecular cloning of the disease
genes in members of these families, together with investigation
of the encoded proteins could contribute to the elucidation of
the etiology and pathogenesis of the more common sporadic
Parkinson's disease. Major breakthroughs were lately made in
identifying genes involved in Parkinson's disease pathogenesis.
The aim of this article is to review these new findings and to try
elucidate the pathogenesis of Parkinson's disease via these new
discoveries [Table 1].

Autosomal dominant parkinsonism
Alpha-synuclein gene mutations

The study of a large Italian family with Parkinson's disease,
called the Contursi kindred, used a genome scan approach that
led to mapping of a susceptibility gene to the chromosome 4q21-
q23 region [12], to the same area of a gene encoding alpha-
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synuclein. Initial symptoms in this kindred include resting
tremor, bradykinesia, or gait disturbance. Dementia was not
uncommon. There was a good response to levodopa treatment.
The illness in the Contursi kindred is atypical only for its young
average age of onset (45.6 years) and for its relatively rapid
duration from onset to death (9.2 + 4.9 years) [13,14].
Pathologically, neuronal degeneration and gliosis occur in the
substantia nigra and the locus ceruleus; Lewy bodies are found
in these locations as well as some cortical Lewy bodies [13,15].

Mutation analysis of the alpha-synuclein in these patients
revealed a single missense mutation, i.e., G209A [14]. This
mutation causes a replacement of Ala53Thr in the protein level.
One additional mutation in the alpha-synuclein gene was found
in a German family with autosomal dominant Parkinson's
disease ± C88G (Ala30Pro in the protein level) [15].

The normal alpha-synuclein (wild type) is an abundant
presynaptic protein in human brain, widely expressed in cortical
areas and in the basal ganglia [14]. It was found to be heavily
deposited in the Lewy bodies of sporadic Parkinson's disease as
well as in the cytoplasm and neuronal processes in close
association with ubiquitin [14,16]. Interestingly, it also forms a
component of amyloid plaques in Alzheimer's disease (NACP)
[16], suggesting that this protein tends to form aggregates [14±
16]. It is hypothesized that the mutations in the gene encoding
for this protein may result in self-aggregation and/or decreased
degradation of the protein, leading to development of inclusion
bodies and eventually to neuronal death.

Familial frontotemporal dementia and parkinsonism

This is an autosomal dominant disorder that was linked to
chromosome 17. It consists of behavioral changes, cognitive
disturbances, dementia and parkinsonism [17]. Pathological
features include neuronal loss and gliosis in the substantia nigra,
locus ceruleus, pontine tegmentum, globus pallidus, subthala-
mic nucleus, pyramidal tracts, and cerebral cortex. Ballooned
neurons with tau-positive inclusions are found in affected areas.
There are no Lewy bodies or neurfibrillary tangles [15].

The gene encoding for tau protein is localized in the long arm
of chromosome 17, and mutations in this gene were recently
found in patients with this disorder. Five exonic and four

intronic mutations are presently known. Exonic mutations tend
to cause dementia as the predominant clinical picture, while
intronic mutations result in more prominent motor disturbances
[15]. Tau is a microtubule-associated protein. Abnormal tau
tends to form a filamentous structure that may lead to
formation of neuronal inclusion bodies and cell death.

Chromosome 2-linked autosomal dominant

Parkinson's disease

Gasser et al. [18] reported a susceptibility locus for Parkinson's
disease in chromosome 2p13. They described families of
European origin with typical clinical features of Parkinson's
disease and good response to levodopa. The mean age of disease
onset was 59 years. Pathology revealed nigral and locus ceruleus
neuronal death and gliosis with Lewy bodies. In some families,
there was also dementia with neurofibrillary tangles and senile
plaques in the neocortex [15]. The gene involved in these
families is still unknown.

Chromosome 4-linked autosomal dominant

Parkinson's disease

Patients from a large American family known as the Iowanian
family have early-onset autosomal dominant Parkinson's
disease. The clinical features are generally similar to those of
sporadic Parkinson's disease. Unique manifestations are the
common presence of dementia and frontal release signs.
Pathological features consist of neuronal degeneration, gliosis
and Lewy bodies in the substantia nigra and locus ceruleus, as
well as widespread cortical Lewy bodies. In addition, there is
atrophy of the temporal lobe. This familial form was mapped to
chromosome 4p15.1 [15] and may represent a familial form of
diffuse Lewy body disease.

Ubiquitin carboxy-terminal hydrolase L1 gene

mutation

To date there is only one family known to have this mutation.
The family members are affected with early-onset levodopa-
responsive parkinsonism. The disease is caused by a missense
mutation in the ubiquitin carboxy-terminal hydrolase L1 gene,
which is located at chromosome 4p14 [15,19]. Ubiquitin

Table 1. Summary of the known forms of hereditary parkinsonism

No. Name Mode Location Mutation Clinical features

1. Alpha-synuclein mutations AD 4q21-q23 Alpha-synuclein (G209A,C88G) Parkinsonism, dementia

not uncommon

2. Familial frontotemporal

dementia & parkinsonism

AD 17 Tau protein gene mutations Dementia, parkinsonism,

behavioral changes

3. Chromosome 2-linked parkinsonism AD 2p13 ? Parkinsonism,

Dementia in some

4. Chromosome 4-linked parkinsonism AD 4p15.1 ? Parkinsonism, dementia,

frontal release signs

5. Ubiquitin C-terminal

hydrolase L1 mutation

AD 4p14 Missense mutation in the

hydrolase gene (C277G)

Early-onset parkinsonism

6. Parkin gene mutations AR 6q25.2-27 Parkin gene mutations Very early-onset parkinsonism
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carboxy-terminal hydrolase L1 is one of the most abundant
proteins in the brain and immunoreactivity to this protein was
found in Lewy bodies [19]. The ubiquitin pathway is important
in the elimination of damaged proteins. Proteins tagged with
four or more ubiquitins are targeted for destruction, while the
ubiquitin tag is recycled. Ubiquitin carboxy-terminal hydrolase
L1 enzyme hydrolyzes terminal small adducts of ubiquitin and
generates free monomeric ubiquitin. The missense mutation
C277G (Ile93Met at the protein level) causes partial loss of its
catalytic activity [15,19]. The reduced catalytic activity may
result in accumulation of its substrate(s). It may also render the
protein itself prone to aggregation or interfere in the ubiquitin
pathway in another, yet unknown way.

Autosomal recessive Parkinsonism
Parkin gene mutations

Mutations in a gene, designated parkin, have recently been
identified in families with autosomal recessive early-onset
parkinsonism. The clinical features of this familial parkinsonism
were first described in Japan [11,15]. It consists of early disease
onset (usually in the second to third decades), typical motor
signs of Parkinson's disease (tremor, rigidity, bradykinesia and
postural instability), and good response to levodopa. Dystonic
features, hyper-reflexia, sleep benefit, and tendency to develop
motor fluctuations and dyskinesias under treatment with
levodopa are also common. The rate of disease progression is
slow [10,15,20]. However, European and North African patients
with parkin mutations are clinically indistinguishable from
patients with idiopathic Parkinson's disease [10]. Pathological
changes include neuronal loss and gliosis in the substantia nigra
and the locus ceruleus, but there are no Lewy bodies [15,20].

In normal brains, the parkin protein is more abundant in the
substantia nigra than in other areas of the brain [15,21].
Intracellularly, it was located in the Golgi complex and the
cytosol [21]. The parkin protein was not found in Lewy bodies.
No parkin was expressed in brains of patients with autosomal
recessive juvenile parkinsonism [21]. It is now thought to be part
of the ubiquitin pathway and functions as a ubiquitin ligase.

The disease gene was mapped to chromosome 6q25.2-27 [22].
The gene cloned was about 1 Mb (the second largest gene next
to the dystrophin gene) and consists of 12 exons [15,22].
Affected patients were found to have deletions or point
mutations. Exons 3 to 7 appeared to be mutational hot spots
[15]. This type of familial parkinsonism is now identified
worldwide [15,23], including patients carrying these mutations
in Israel.

Summary

Multiple factors have been hypothesized over the last century to
be causative or contributory for Parkinson's disease. Hereditary
factors have recently emerged as a major focus of Parkinson's
disease research. Until recently most of the research on the
etiology of Parkinson's disease concentrated on environmental
factors, and the possibility that genetic factors contribute

significantly to the pathogenesis of Parkinson's disease has
been neglected. However, it has become increasingly apparent
that even in sporadic cases, the disease most likely reflects a
combination of genetic susceptibility and an unknown environ-
mental insult. Moreover, the identification of genes and proteins
that may cause hereditary parkinsonism substantially contri-
butes to our ability to understand the pathogenesis of
Parkinson's disease and may help in the early identification of
the disease and its treatment.

The discovery of alpha-synuclein mutations in families with
autosomal dominant Parkinson's disease sheds light on its role
in sporadic Parkinson's disease. It seems that this protein tends
to aggregate when the cellular milieu is altered [14±16]. The
question as to the exact changes that cause its deposition
remains open. One of the major possibilities is oxidative stress
[16]. The role of these aggregates in neuronal cell death is also
still unclear. Transgenic mice expressing wild-type human
alpha-synuclein developed progressive accumulation of alpha-
synuclein and ubiquitin-immunoreactive inclusions in neurons
in the neocortex, hippocampus and the substantia nigra. These
alterations were associated with loss of dopaminergic terminals
and motor impairments [24]. This finding suggests that
accumulation of alpha-synuclein may play a causal role in
sporadic Parkinson's disease as well.

The parkin protein seems to be a crucial survival factor for
nigral neurons [15]. The parkin protein is related to the
ubiquitin pathway, which is important in the elimination of
damaged proteins. Ubiquitin-mediated degradation of proteins
plays a central role in the control of numerous processes,
including signal transduction, receptor and transcriptional
regulations, programmed cell death, and breakdown of
abnormal proteins that may interfere with normal cell
functions. Further studies on the function of Parkin protein
and its relation to the ubiquitin pathway could elucidate at least
one of the molecular mechanisms of nigral neuronal death. A
mutation in the ubiquitin carboxy-teminal hydrolase L1 gene
also implies the importance of the ubiquitin pathway in
Parkinson's disease.

Abnormal tau protein was found to be the cause of familial
frontotemporal dementia and parkinsonism. It tends to form
filamentous structures, which may lead to neuronal death.
Elucidation of the molecular mechanism of neuronal death in
this disease may contribute to our understanding of sporadic
diseases with tau accumulation, such as corticobasal degenera-
tion, progressive supranuclear palsy, Pick's disease, Alzheimer's
disease and possibly also the pathogenesis of Parkinson's
disease. Other genetic loci have been identified by linkage
analysis of patients with familial parkinsonism. These loci
conceal other genes and proteins that may be pivotal factors in
the pathogenesis of Parkinson's disease.

The discovery of genetic mutations in patients with
parkinsonism may offer us new insights into the understanding
of the pathways leading to neuronal death and development of
Parkinson's disease. It may also help in the early identification
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of susceptible people to this disease and possibly in developing
new treatment strategies.
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Capsule

Receptors for B cells

Expression of self-reactive receptors by B lymphocytes
generally leads to their demise through clonal deletion, yet
some B cells appear to escape death by swapping their
existing receptors for less dangerous ones. This process of
receptor editing was first revealed through the transgenic
expression of self-reactive receptor chains, which artificially
forced some cells to express new receptors. However, these
studies could not predict the extent to which this process

contributed to the B cell repertoire. By tagging one of the
antibody loci in mice with a human version of the light chain
kappa gene, Casellas et al. tracked which cells might undergo
receptor editing during normal development. The results of
these experiments suggest that revision of receptor specificity
by B cels may be much more frequent than previously
predicted.

Science 2001;291:1541

He who can, does. He who cannot, teaches

Bernard Shaw, Irish playwright and critic (1856±1950)
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