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INTRODUCTION 

• Parkinson's disease (PD) is a slowly progressive, 
neurodegenerative movement disorder characterized 
clinically by bradykinesia, rigidity, tremor and postural 
instability.  

• PD - second most common neurodegenerative illness 

• Both incidence and prevalence rates increase with 
aging. As life expectancy of the general population 
rise , both the occurrence and prevalence of PD are 
likely to increase dramatically. 



• Levodopa is the mainstay of current treatment, but 
longterm therapy is associated with motor 
complications and advanced disease is associated with 
non-dopaminergic features such as falling and 
dementia, which are not controlled with current 
therapies and are the major source of disability.  



• neuroprotective therapies are available that prevent or 
impede the natural course of the disorders. 
– This goal would be facilitated by interpretating the factors that 

underlie the initiation, development and progression of the 
neurodegenerative process 



• The primary pathology of PD is degeneration of 
dopaminergic neurons with protein accumulation and 
the formation of inclusions (Lewy bodies) in the 
substantia nigra pars compacta (SNc).  

• It is now appreciated that neurodegeneration with 
Lewy bodies or Lewy neurites is wide spread  



• Non-dopaminergic pathology may even predate the 
classic dopaminergic pathology.  

• Pathology in PD is wide spread and progressive, but 
still specific in that some areas, such as the cerebellum 
and specific brainstem nuclei are unaffected by the 
disease process. 



• Approximately 5-10% of all case of the illness are 
familial and likely genetic in origin, but most cases 
occur sporadically and are of unknown cause.  

• Most recent attention has focused on genetic cause of 
PD based on linkage of familial patient to a variety of 
different chromosomal loci (PARK 1-11).  

• Mutations in six specific proteins (alpha-synuclein, 
parkin, UCH-L1, DJ-1, PINK1 and LRRK2) have now 
been identified. 



– Further, mutations in LRRK2 have now been identified to be 
present in some late-onset PD patients with typical clinical 
and pathological features of PD and no family history. A many 
as 40% of north African and Ashkenazy Jewish PD patient 
carry this mutation. However, a genetic basis for the vast 
majority of sporadic case is far from established. 

• In sporadic PD, epidemiologic studies suggest that 
environmental factors play an important role in 
development of the illness. 

 

 



• Further, two large genome-wide screens have failed to 
identify any specific genetic abnormality. The cause of 
PD thus remains a mystery. 

• A widely held view is that environmental toxin might 
cause PD in patient who are susceptible because of 
their genetic profile, poor ability to metabolize toxins, 
and advancing age. 
– Several factors have been implicated in the pathogenesis of 

cell death in PD, including oxidative stress, mitochondrial 
dysfunction, excitotoxicity, and inflammation, proteolytic stress. 

– Each of these mechanisms provides candidate targets for 
developing neuroprotective therapies. 



– However, the precise pathogenic mechanism responsible for 
cell death remains unknown, and to date no therapy has been 
established to be neuroprotective.  

• It remains uncertain if any one or more of these factor 
is primary and initiates cell death, or if they develop 
only secondary to an alternative process. 

• In this chapter, we consider those etiologic and 
pathogenic factors that have been implicated in PD, 
based on genetic and pathological finding , and 
consider how they might contribute to the various 
familial and sporadic form of PD. 



 



 



 



AUTOSOMAL DOMINANT PD 
alpha-Synuclein 

• The first linkage discovered to be associated with PD 
was located at chromosome 4q21-q23 (PARK 1&4). 
Genetic analyses showed A53T and A30P point 
mutation in the gene that encode for a 140 amino 
acid. 14kDa protein known as alpha-synuclein.  

• An E46K mutation in alpha-synuclein was reported in 
another family with autosomal dominant PD (plus 
features of dementia with Lewy bodies), but no other 
point mutation has subsequently been found.  
– In recent year, duplication (three copies ) and triplication (four 

copies) of the normal alpha-synuclein gene have also been 
found to cause autosomal dominant PD 



• Familial PD caused by alpha-synuclein have many 
feature with common sporadic PD, but patients tend 
to have a relatively early age of onset (mean in the 
40s) and high occurrence of dementia. Also, patients 
with duplication/triplication of the alpha-synuclein 
gene tend to present with a dementia with Lewy 
bodies(DLB) pattern rather than more conventional PD.  

• Pathological studies show a marked increase in alpha-
synuclein level with protein aggregation in various 
brain regions 
– often in the form of Lewy neurite rather than Lewy bodies 



– In patient with the A53T mutation, Lewy bodies are rarely 
present and there is a marked accumulation of a-synuclein 
and tau in the cerebral cortex and striatum. Also, patient with 
triplication of the normal alpha-synuclein gene have vacuoles 
in the cortex, neuronal death in the hippocampus and 
inclusion bodies in glial cell.  

• These finding show that there are significant difference 
between the pathology that occurs in the alpha-
synuclein-linked familial PD and common sporadic PD. 



• Alpha-synuclein is enriched in presynaptic nerve 
terminals and associate with lipid membrane and 
vesicle.  

• The normal function of alpha-synuclein is unknown, 
but there is some evidence that it play a role in 
synaptic neurotransmission, neuronal pIasticity and 
lipid metabolism. 



• Since the discovery of alpha-synuclein-linked familial 
PD, there has been a great deal of effort aimed at 
interpretating how mutation in this protein induce 
neurodegeneration.  

• Wild-type alpha-synuclein is monomeric and 
intrinsically unstructured/natively unfolded at low 
concentrations, but in high concentration it has a 
propensity to oligomerize and aggregate into beta-
pleated sheet. Mutation in the protein increase this 
potential for misfolding, oligomerization and 
aggregation. 



• Oligomerization of alpha-synuclein produce intermediary 
species (protofibrils) that form annular structures with pore-
like properties that permeabilize synthetic vesicular 
membrane in vitro. It has been suggested that protofibrils 
are the toxic alpha-synuclein species that are responsible 
for cell death.  
– It is also possible that protein aggregation it self can interfere 

with critical cell function and promote apoptosis. 

– High levels of undegraded or poorly degraded proteins have a 
tendency to aggregate with each other and other proteins, 
form inclusion bodies, disrupt intracellular processes, and 
cause cell death. 
 
 



• Recent studies indicate that alphasynuclein can also be 
broken down by the 20S proteasome through 
endoproteolytic degradation that does not involve the 
-N or -C terminus.  

• This type of degradation yields truncated alpha-
synuclein fragments, which are particularly prone to 
aggregate, promote aggregation of the full-length 
protein and cause cytotoxicity. 



• Alterations in the alpha-synuclein gene can result Lewy 
body formation and neurodegeneration in hereditary 
PD.   

• Alpha-Synuclein can also be degraded by the 
lysosomal system, and mutations in the protein are 
associated with autophagy also promotes 
accumulation and aggregation of the protein. 



UCH-L1 

• An 193M missense mutation in the gene (4pI4; PARK 5) encoding 
ubiquitin C-terminal L1 (UCH-L1), a 230 amino acid/26 kDa de-
ubiquitinating enzyme, was associated with the development of 
autosomal dominant PD in two siblings of a European family. The 
parents were asymptomatic, suggesting that the gene defect 
causes disease with incomplete penetrance.  

• The affected individuals had clinical features that resemble 
sporadic PD, including a good response to levodopa, but the age 
(49 and 51) of onset was relatively early. 



• UCH-L1 is expressed exclusively in neurons in many areas of 
the CNS , and constitutes 1-2% of the soluble proteins in 
the brain. UCH-L1 is responsible for cleaving ubiquitin from 
protein adducts to enable the protein to enter the 
proteasome.  
– Mutations in UCH-L1 cause a reduction in deubiquitinating 

activity in vitro and result in gracile axonal dystrophy (GAD) in 
transgenic mice.  

– toxin or mutation-induced inhibition of UCH-L1's activity leads 
to a marked decrease in levels of ubiquitin in cultured cells 
and in the brain of GAD mice, and degeneration of 
dopaminergic neurons with protein accumulation and the 
formation of Lewy body-like inclusions in rat ventral midbrain 
cell cultures.  

 



• Therefore, it is possible that a mutation in UCH-L1 alters 
UPS function leading to altered proteolysis and ultimately 
cell death. It also appears that UCH-L1 has E3 ubiquitin 
ligase activity, but it remains unclear if the PD-related 
mutation alters this function of the protein. 



LRRK2  

• LRRK2 mutations are now thought to be the commonest 
cause of familial PD. Several missense mutations in the 
gene (12pl1.2-qI3.1, PARK 8) encoding a 2527 amino 
acid/250 kDa protein called dardarin or LRRK2 (leucine-rich 
repeat kinase 2) can cause an autosomal dominant form of 
PD with incomplete penetrance.  

• This gene defect has been found in several families from 
different countries, and it is estimated that the mutation 
could account for 5% or more of familial PD cases, 
although this percentage is significantly higher in north 
African arabs and Ashkenazi Jews perhaps reflecting a 
founder effect. 

• Not all individuals who carry these mutations develop 
parkinsonism, suggesting the possible requirement of other 
etiological factors to act as a trigger for the illness. 



• The clinical spectrum of LRRK2-linked PD can be similar to 
sporadic PD, with an age of onset ranging from 32 to 79 
years.  

• Pathologically, most have a PD-like picture, but there can 
be considerable variability even within family members who 
carry the same mutation. While all subjects with LRRK2-
linked familial PD have nigrostriatal degeneration, some 
have nigral Lewy bodies and some do not, some have a 
DLB picture with extensive cortical Lewy bodies, and some 
have tau-immunoreactive glial and neuronal inclusions 
resembling tauopathies such as progressive supranuclear 

palsy.  



• Interestingly, some patients with this mutation have a late-
onset form of PD with no family history and clinical and 
pathologic features typical of sporadic PD. It has been 
estimated that the LRRK2 mutation might account for as 
many as 7% of familial cases and 1.5-3% of cases of 
sporadic PD. 

• LRRK2 protein is expressed throughout the brain ,but its 
normal function is unknown.  



AUTOSOMAL RECESSIVE PD  
Parkin  

• A hereditary form of PD, autosomal recessive juvenile 
parkinsonism (AR-JP) was first described in Japanese 
families, and is linked to chromosome 6q25.2-q27(PARK 2). 
This locus was found to host the gene that encodes for a 
465 amino acid/52 kDa protein called parkin.  

• It is now appreciated that many deletions, point mutations, 
and mutations that span the entire parkin gene can cause 
familial PD.  

• Some estimates suggest that parkin mutations might 
account for as many as 50% of early-onset <45 years) 
familial cases of PD. It is noteworthy, though, that parkin 
mutations can also be associated with late-onset (>60 years 
old) hereditary PD. 



• Clinically, AR-JP is similar to common sporadic PD, but there 
are notable differences. Patients with Parkin mutations tend 
have a very early age of onset, ranging from 7 to 72 years 
(average, 30 years), and demonstrate a rather slow rate of 
progression.  

• The neuropathology of patients with parkin mutations 
differs from sporadic PD in that neurodegeneration is 
restricted to the SNc and LC, and Lewy bodies are largely 
absent , although a few have been noted in a few older 
patients with parkin-linked autosomal PD. 



• Precisely how parkin induces pathology in familial PD is not 
known, but could relate to a loss of E3 ubiquitin ligase 
activity with consequent impairment in the ubiquitination of 
its protein substrates. Levels of parkin, and its enzymatic 
activity, are decreased in the SNc and LC in AR-JP. This 
defect may thus underlie the accumulation of undegraded 
parkin substrates, including Pael-R and aSp22, found in 
these brain areas in PD. 



• It has been shown that normal parkin prevents endo-
plasmic reticulum dysfunction and unfolded protein-
induced cell death following overexpression of Pael-R 
in cultured cells and Drosophila.  

• So, it is reasonable to consider that accumulation of 
undegraded substrate proteins disrupts intracellular 
processes leading to neurodegeneration in familial PD. 

 



• Interestingly, parkin mutations in transgenic mice do not 
cause nigrostriatal degeneration. Further, the frequency of 
point mutations, deletions and duplications of parkin is 
similar in AR-JP (3.8%) and normal controls (3.1%).  

• Taken together, these observations raise the possibility that 
additional factors, for example exposure to environmental 
substances or other gene alterations, might be necessary to 
trigger the development of parkinsonism in individuals 
carrying parkin mutations.  

 



DJ-1  

• Missense and deletion mutations in the gene (chromosome 
1 p36, PARK 7) that encodes for a 189 amino acid/20 kDa 
protein called DJ-1 is responsible for an autosomal 

recessive early-onset form of parkinsonism.  
– Clinically, DJ-1-linked PD is similar to parkin-related PD, 

namely early onset of symptoms (age 20-40 years), slow 
progression, presence of dystonia, levodopa-responsiveness, 
and the common occurrence of psychiatric disturbance.  

– The neuropathological features of DJ-1 are not yet known.  



• In the CNS, DJ-1 is more prominent in astrocytes than 
neurons, and is present in the cytosol, nucleus and 
mitochondria of cells.  

• The normal function of DJ-1 is not known, but there is 
evidence to suggest that it acts as a sensor of oxidative 
stress and proteasomal damage.  



• In cell cultures, overexpression of DJ-1 protects cells from 
oxidative stress, and knockdown of DJ -1 increases 
susceptibility to oxidative stress, endoplasmic reticulum 
stress and proteasomal inhibition. Further, mutations in DJ-
1 reduce its ability to inhibit the aggregation of alpha-
synuclein both in vitro and in vivo.  

– Interestingly, deletion of DJ-1 in transgenic mice does not 
induce neurodegeneration , suggesting that other factors 
might be involved in the pathogenic process in PD.  



PINK1  

• More than 20 homozygous or compound heterozygous 
mutations in the gene (lp35-p36, PARK 6) that codes for a 
581 amino acid/62.8 kDa protein, designated PINK1 (pTEN 
<phosphatase and tensin homolog deleted on chromosome 
10> induced kinase 1), are known to cause autosomal 
recessive early-onset PD.  

• Clinically, this form of PD is characterized by early onset of 
symptoms (20-40 years), slow progression and a good 
response to levodopa. Late-onset forms of the disease that 
resemble sporadic PD have also been described.  

 



• PINK1 is localized to mitochondria but additional studies 
are required to determine its precise cellular and anatomical 
distribution. The normal function of PINK1 is unknown. It 
appears to be a serine/threonine protein kinase that 
phosphorylates proteins involved in signal transduction 
pathways. 

– In cell culture studies, wild-type PINK1 prevents proteasome 
inhibitorinduced mitochondrial dysfunction and apoptosis, but 
this protection is lost with the mutations found in PD.  

 



• Interestingly, loss of function mutations in PINK1 in 
Drosophila cause male sterility, muscle wasting, 
dopaminergic neuronal degeneration, and increased 
sensitivity to stressors. These changes are associated with 
mitochondrial morphologic abnormalities , notably 
enlargement and fragmentation of christae. Thus, 
mitochondrial dysfunction appears to play a role in the 
pathogenesis of cell death PINK1 mutation.  

• PINK-1 mutations have been found in normal control 
subject who do not have clinical feature of parkinsonism  
– the possibility that multiple factors may be necessary for the 

development of PD 

 

 



SPORADIC PD 
Pathogenic Factors   

• The majority of PD case occur sporadically, and are of 
unknown cause. It is thought that a combination of factor , 
acting sequentially or in parallel, and perhaps to varying 
degree in each individual, might underlie the development 
of sporadic PD. The widely held view is that environmental 
toxin might cause PD in individual who are susceptible due 
to their genetic profile, poor ability to metabolize toxins 
and/or advancing age.  

• However, a specific infectious agent or toxin has not a yet 
been identified and the biological basis of possible 
vulnerabilities is unknown.  



• Several pathogenic factors have been implicated in the 
disorder, including mitochondrial dysfunction, oxidative 
stress, excitotoxicity and inflammation. These defects may 
interact with each other and form a cascade or network of 
events that lead to apoptosis and cell death. However, that 
none of the pathogenetic factors have been established to 
be the primary source of neurodegeneration.  

• It is certainly possible that a yet undiscovered pathogenic 
factor play a more critical role, and further that the 
pathogenic factor involved in cell death in an individual 
patient may differ.  
 



• Oxidative stress has been implicated in PD based on finding 
in the SNc of reduced level of the major brain antioxidant 
reduced glutathione (GSH) , increased levels of the pro-
oxidant iron , and evidence of oxidative damage to proteins, 
lipids and DNA.  

• It is noteworthy that oxidative stress can be linked to the 
various gene mutations associated with PD, and that 
oxidative stress can lead to mitochondrial damage and 
cause proteasome dysfunction. 

• However critical trial of anti-oxidant have failed to provide 
benefit in PD patients. 



Proteolytic Stress  

• Much of our own interest has focused on the possibility 
that cell death in PD results from proteolytic stress due to 
increased formation and/or a failure to clear misfolded 
proteins.  

– There is abundant evidence for protein accumulation in area 
that undergo neurodegeneration in PD.  



• The alpha-synuclein species have various posttranslation 
modifications, including phosphorylation, glycosylation, 
nitration and ubiquitination.  

• In addition to alpha-synuclein, many other protein 
accumulate and are post-translationally modified in the SNc 
and other brain regions in PD. 

 



• There is a several-fold increase in levels of ubiquitin-protein 
conjugates and phosphorylated protein in the SNc. There is 
also an increase in the content of oxidatively damaged 
proteins, as indicated by an elevation in the level of protein 
carbonyl and protein adducts of 4-hydroxy-2-nonenal.  

• Nuclear magnetic relaxation field-cycling relaxometry, which 
measure water solubility in tissues, has also been used to 
demonstrate a generalized increase in protein aggregates in 
the SNc in PD.  



Lewy Bodies  

• The most striking evidence for 
protein dysfunction in PD is the 
presence of Lewy bodies, Lewy 
neurites and small protein 
aggregate in the SNc and other 
site of neurodegeneration.  

• The Lewy body is usually 8-30 um 
in diameter, and in the SNc in PD 
it demonstrates an intensely 
stained central core with a lightly 
staining surrounding halo with 
the protein-binding dye eosin.  



• Immunohistochemical staining shows that Lewy bodies 
contain a wide range of proteins, the most prominent 
being alpha-synuclein, neurofilaments, and 
ubiquitin/ubiquitinated proteins.  
– Lewy bodies also contain components of the UPS (e.g., 

ubiquitination/de-ubiquitination enzymes, proteasomal subunit, 
and proteasome activators) , and heat shock protein (e.g., 
HSP70 and HSP90). 

 



• Recent studies have led to the speculation that Lewy bodies 
could be formed and function in an aggresome-like manner.  

 

• Aggresomes are inclusion bodies that form at the 
centrosome in response to proteolytic stress. They serve to 
sequester, segregate and degrade excess potentially toxic 
proteins when these product cannot be cleared by other 
proteolytic system.  

 



• In this respect, we and others have postulated that 
aggresome appear to have a cytoprotective role.  

• In support of this concept, inhibition of aggresome 
formation in cell undergoing proteolytic stress impair the 
clearance of abnormal protein and enhances cellular toxicity. 

• Lewy bodies are resemble aggresome and stain positively 
for gamma-tubulin and pericentrin, specific markers of the 
centrosome/aggresome.  

– These observations have led to the suggestion that Lewy bodies 
might be aggresome-related inclusion that are cytoprotective, and 
slow or halt the demise of some neuron in PD.  

– This hypothesis is consistent with other line of evidence indicating 
that Lewy bodies are not deleterious to cell. 



– Neurodegeneration can occur in the SNc without Lewy bodies 
in both sporadic and familial form of PD, and Lewy bodies can 
be present without neurodegeneration.  

• Degeneration in disorder such a parkin, which lack 
Lewy bodies, appear to have an aggressive form of 
dopamine cell loss such that patients present at a very 
early age, perhaps because they are incapable of 
manufacturing these protective structures. 



• While protein accumulation might occur as a result of 
increased production in genetic case , there is 
evidence that protein aggregation in sporadic PD 
might result from impaired clearance of unwanted 
protein due to proteasomal dysfunction. 



Altered Proteasomal Function  

• Proteasomes are multi-catalytic enzyme primarily 
reponsible for the degradation and clearance of 
unwanted proteins within eukaryocytic cell.  

• The basis of proteasomal dysfunction in sporadic PD is 
presently unknown, but could relate to encoding 
changes, oxidative damage, ATP depletion, and toxic 
modification.  

 



• Abnormal protein themselves may interfere with 
proteasomal function in PD. Consistent with this 
possibility, recent studies have shown that 
incompletely or partially degraded alpha-synuclein 
directly inhibits proteasomal function.  

• Naturally occurring environmental toxin could play a 
role in proteasomal dysfunction in PD. 



• Proteasomal dysfunction could be a central feature of 
cell death in PD and underlie the protein 
accumulation/aggregation and Lewy body formation 
that characterize PD.  

• In support of this concept, author and others showed 
that proteasome inhibitors induced selective 
degeneration of dopaminergic cell in culture and 
nigrostriatal degeneration with motor dysfunction 
when injected directly into the SNc or striatum of rats.  



• Further, several studies have shown that lactacystin, 
PSI and other proteasome inhibitors can also induce 
degeneration of non-dopaminergic cell with inclusion 
body formation. 

• This observation has important implications for role of 
proteasomal dysfunction in PD, since brain regions 
containing non-dopaminergic neurons also degenerate 
in the illness.  

 



• Author and other recently demonstrated that systemic 
administration of proteasome inhibitors to rats induces 
degeneration of nigral dopaminergic neurons.  
– However, these results are somewhat controversial. 

 



• Inhibition of proteasomal function can induce cellular, 
biochemical and molecular change that are similar to 
those that occur in PD. Further, there is a strong 
theoretical basis for considering that mutations in 
alpha-synuclein, UCH-L1 and parkin genes could 
theoretically lead to interference with UPS function 
and protein accumulation.  

• Therefore, it is reasonable to suggest that proteolytic 
stress could play a key role in the pathogenesis of PD, 
and that therapies designed to prevent the formation 
or enhance the clearance of misfolded proteins might 
have neuroprotective effects in PD.  



Apoptosis 

• There is considerable evidence indicating that cell 
death in PD occurs by way of a signal-mediated 
apoptotic process. Numerous studies have found 
increased numbers of apoptotic nuclei in the SNc of 
PD patients in comparison to control.  

• In addition, there is increased expression of pro-
apoptotic signal such as caspase 3 and Bax and 
nuclear translocation of GAPDH in SNc neuron in PD, 
supporting the concept that these cells have been 
injured and are in a pro-apoptotic state.  



CONCLUSIONS 

• The mechanism of cell death in PD remain unknown, 
despite many clues.  

• Small numbers of familial case of PD are known to be 
caused by gene mutations, and mutation have now 
been identified in some case with sporadic form of PD. 
However, it is not at all clear that genetic factors cause 
the majority of sporadic case .  

• Environmental toxin have been implicated, but none 
has a yet been established to cause PD.  

• It is possible that there are many different form of PD, 
and many different causes. 



• Post-mortem studies have implicated oxidative stress, 
mitochondrial dysfunction, inflammation and 
exictotoxicity, but what role each of these play remain 
uncertain, and it is possible that some or even all do 
not directly contribute to cell death.  

• More recently, attention has focused on the possibility 
that proteolytic stress due to impaired clearance of 
unwanted proteins is at the key role of cell death in 
PD. This is supported by the almost universal finding 
of protein accumulation and inclusion body formation 
in areas that undergo neurodegeneration. 



• It is possible that many or all of these various 
pathogenic factors might interact in a cascade of 
events leading to cell death and that the precipitating 
factor may be different in different individual.  

• Many candidate target for developing possible 
neuroprotective therapies have been identified, but to 
date no agent has been shown to have disease-
modifying effect in PD. 



• The identification of gene mutation that cause PD 
provide additional opportunities for identifying 
mechanisms that lead to cell death that is relevant to 
sporadic PD.  

• There is enthusiasm that with further research we will 
better understand why cell die in PD, ultimately 
produce a drug which low or stops disease 
progression.  

 



• Noteworthy finding – table 1.1.  


