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Abstract 

Parkinson's disease (PD) is the 2nd most common progressive 

neurodegenerative disorder after Alzheimer's disease. Approximately 60000 

are diagnosed with Parkinson's disease each year and more than 10 million 

people are living with PD. PD is a neurodegenerative disorder in addition 

to the causes of PD are so many, it's not caused by a single pathophysiologic 

disturbance. So many drugs are available to treat PD but all are only for 

symptomatic relief no one drug is a disease-modifying agent. Although so 

many targets are available for targeting the Synuclein alpha, mitochondrial 

oxidative stress, autophagy, targeting glial cell inflammation, targeting 

metal ion homeostasis. But till now no one drug is successful in targeting 

these targets. In this review, we have summarized the genetic basis and novel 

targets available for the disease-modifying strategy for PD. 
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Introduction 

Genetic Basis of Parkinson Disease  

 

Mutation in PRKN, PINK1 and PARK7 (autosomal 

recessive) 

 

(1) PRKN- Individuals with PD have 2 copies of 

mutated genes through autosomal recessive inheritance 

[1]. PRKN (location chromosome 6), provides 

instruction for the making of PARKIN protein and this 

parkin protein is responsible for the degradation of 

unwanted protein which is no longer involved in cell 

survival. Parkin also plays important role in the proper 

functioning of mitochondria, it protects the mtDNA 

from oxidative stress it also enhances the mitochondrial 

membrane potential and reducing the ROS production 

from neurons [2]. More than 100 mutations of PRKN 

identified comprised of insertion or deletion of one or 

more exon and point mutation that causes the change in 

the reading frame, premature termination of translation, 

and some mutations of nonsense type led to 

dysregulation of all above-mentioned functions. 

(2) PINK1- Located on chromosome 1 it provides 

instruction for making the protein PTEN induced 

putative kinase. This protein is located in mitochondria 

and protects the mitochondria from cellular stress. 

Missense, frameshift, point, truncating types of 

mutations have been found. PINK1 with parkin with the 

help of other mitochondrial protein remove the 

damaged mitochondria from healthy mitochondria. 

These damaged organelles are engulfed by 

autophagosomes and through lysosome mitophagy 

takes place [3].  

 

(3) PARK7- This gene responsible for encoding the DJ1 

and this protein protects the neurons from oxidative 

stress, helps in the folding of new proteins, and 

refolding of damaged proteins. DJ1 is highly expressed 

in cells that require high energy in PD there is a 

decreased level of DJ1 mRNA and an increased level of 

extra oxidized DJ isoform [4]. DJ1 acts as a biomarker 

in PD. 
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PINK1 and Parkin Functional Pathway 

 

 

Figure 1: PINK1 and Parkin Functional Pathway. 

LRRRK2 and SNCA Gene mutations (Autosomal 

dominance) 

(1) LRRK2 (Leucine-rich repeat kinase 2) – It's located 

on chromosome 12 and belongs to the family ROCO 

Protein complex.  The mutation increases kinase 

activity and neurodegeneration is kinase dependent [5]. 

LRRK2 mutants were shown to interact with Fas Ligand 

and then combines with adapter proteins to form a Fas-

associated death domain which activates the caspases 8 

which leads to neuronal degeneration [6]. LRRK2 also 

plays important role in regulation of protein translation, 

neurites morphogenesis, dynamics of the cytoskeletal 

and intracellular trafficking, synapse formation. These 

findings of kinase-dependent neurodegeneration 

support drug makers to generate LRRK2 kinase 

inhibitor as a therapeutic strategy for PD [7]. 

Pathologically more than 80% of autopsy examined 

cases show the presence of LRRK2 with Lewy bodies. 

LRRK2 level appears high in striatum, cortex, and 

cerebellum [8]. LRRK2 is a large protein of 2527 amino 

acid [9]. Lewy bodies are the most widely spread 

pathology in LRRK2 parkinsonism which are restricted 

to the brainstem, cortex, and limbic system. LRRK2 

Provides instructions for protein dardarin and dardarin 

is important for cell functioning. 

(2) SNCA – SNCA gene located on chromosome 4 

which codes protein alpha-synuclein. Alpha-synuclein 

protein is located on the presynaptic terminal and is 

involved in supplying the synaptic vesicles containing 

dopamine to presynaptic terminals and the release of 

dopamine. This alpha-synuclein is involved in apoptosis 

suppression in dopaminergic neurons by 

downregulating the protein kinase C activity. It has been 

shown that alpha-synuclein stops the proteolytic 

cascade by downregulation of protein kinase delta 

expression [10]. It also involved in the regulation of 

glucose level, promotes the sensitive factor attachment 

to the protein receptor complex, acts as a molecular 

chaperone, maintenance of PUFAs level, Neuronal 
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differentiation, regulation of dopamine biosynthesis, 

modulating vesicle trafficking. Alpha-synuclein 

chaperone activity depends on both the N and C 

terminal. N terminal domain responsible for interaction 

with substrate and C terminal domain carries out 

solubilization of that complex. Out of Alpha, Beta, 

Gamma synuclein [11] beta synuclein expressed most 

and gamma synuclein [12] is the least but in PD 

pathology alpha-synuclein is involved because the other 

synuclein is not the part of Lewy bodies [13]. 

Novel Treatment Strategy for Parkinson Disease 

Targeting alpha synuclein aggregation - Alpha-

synuclein aggregation is the most common pathologic 

event in PD. Through 4 ways the disadvantageous effect 

of alpha-synuclein can be controlled. 

(1) Reducing alpha-synuclein synthesis 

(2) Preventing accumulation by enhancing degradation 

(3) Inhibiting protein misfolding and aggregation 

(4) Blocking cell to cell transmission 

(1) Reducing alpha-synuclein synthesis- Mutation in the 

alpha-synuclein gene leads to PD. So, to reduce the 

level of alpha-synuclein level it's necessary to target 

these genes. This reduction is achieved by RNA 

interference by using a gene silencing mechanism to 

target alpha-synuclein mRNA levels [14]. In addition to 

this rodent's models demonstrated that antisense 

oligonucleotide safely reduced the level of alpha-

synuclein [15]. It’s also reported that using a viral vector 

in rat plus non - human primate SN correspondent to the 

nigrostriatal system results in a 90% reduction of alpha-

synuclein [16]. 

(2) Preventing accumulation by enhancing degradation- 

For the degradation of abnormal alpha-synuclein novel 

approaches are like increasing autophagic clearance. 

Glucocerebrosidase pathway degrades the alpha-

synuclein but mutation in GBA leads to accumulation 

of alpha-synuclein, GBA also stabilizes alpha-synuclein 

oligomers [17]. 

(3) Inhibiting protein misfolding and aggregation -Heat 

and shock protein act as molecular chaperones 

Inhibiting protein misfolding and aggregation and 

promotes the correct folding of polypeptide chains so 

that there will no protein aggregation [18]. The 

interesting point of investigation is How exactly 

aggregation takes place despite the presence of 

chaperone proteins quality control system. In advanced 

pathology of PD, HSPs may also get trapped into the 

aggregates leads to a reduction in the availability of 

molecular chaperones. Another approach to preventing 

aggregation is through reducing the C terminal 

truncation which makes the alpha-synuclein protein 

prone to aggregation [19]. Oligomer modulator called 

Anle 138b [3-(1,3 benzodioxol-5yl)-5-(3-

bromophenyl)-1H-pyrazole] inhibits the formation as 

well as accumulation of alpha-synuclein [20]. 

(4) Blocking cell to cell transmission- The recent 

findings that 14-3-3 can reduce the cell-to-cell 

transmission and toxicity associated with alpha-

synuclein [21]. Antibodies against C terminal truncation 

passive immunization that targets CT region of alpha-

synuclein mThy alpha- transgenic mouse model [22]. 

Targeting Mitochondrial Dysfunction and Oxidative 

Stress 

Various ways to target mitochondria to correct 

abnormality into normal functioning: 

• Mitophagy activation to destroy the abnormal 

mitochondria. 

• Increasing mitochondrial biogenesis. 

Mitophagy activation to destroy the abnormal 

mitochondria-  

(1) Parkin-dependent mitophagy- loss of function of 

parkin responsible for prominent mitochondrial 

pathology and loss of dopaminergic neurons [23]. This 

is the most common pathway of mitophagy [24]. 

PINK1/Parkin regulates Ub dependent mitophagy. 

PINK1 is a mitochondrial sensor, Parkin as a signal 

amplifier, ubiquitin chains as the signal effector [25]. 

(2) Parkin independent mitophagy- This type of 

mitophagy is independent of parkin protein, it's carried 

out by receptor-mediated and ubiquitin ligase mediated 

mitophagy [26]. 

(3) Receptor-mediated mitophagy- several receptors 

have LIR (LC3- Interacting region) which is responsible 

for binding to LC3 to induce mitophagy [27]. 

(4) Ubiquitin ligase mediated mitophagy- A novel E3 

ligase ARIH was found to be involved in mitophagy 

independent of PINK1 [28]. Mitochondrial Ubiquitin 

ligase activator NF-Kb1 is another ubiquitin ligase E3 

that can compensate for the loss of parkin/PINK1 in PD 

[29]. 
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Increasing mitochondrial biogenesis-Coenzyme Q10 

and creatine both drugs failed in clinical trials both were 

based on the fact that they increase mitochondrial 

bioenergetics [30]. Coenzyme Q10 is an electron carrier 

for complexes 1 and 2 of the mitochondrial chain and in 

addition to that, it's also a free radical scavenger [31]. 

Oxidative stress – Mitochondrial dysfunction occurs 

because of the ROS and failure of endogenous 

antioxidants leads to oxidative stress [32]. Preclinical 

studies of using mitochondria-targeted antioxidants like 

vitamin E and urate are going on [33]. 

Targeting Neuroinflammation 

Neuroinflammation in PD is because of activation of 

glial cells results in the release of proinflammatory 

cytokines. For this reason, targeting microglia and 

inflammatory cytokines release by using drugs or 

neuroprotective substances. Pituitary adenylate cyclase-

activating peptide is an anti-inflammatory peptide [34] 

that regulates the pathway activated by Camp and also 

decreases the release of proinflammatory cytokines. 

Pioglitazone an antidiabetic was also found to reduce 

incidences of PD but it failed in a clinical trial [35]. 

Targeting Intracellular Calcium Homeostasis 

There are pieces of evidence that increase calcium 

influx plays important role in the pathogenesis of PD 

[36]. Defects in the regulation of calcium comes from 

intracellular calcium stores may be in the ER and other 

related organelles [37-40]. 

Conclusion 

Parkinson’s disease causes are multifactorial amongst 

those causes mutations in the various genes are of major 

concern because all the genes that we have discussed in 

this review plays major role in maintaining the normal 

functioning of the neuronal cells. Mutations in these 

genes leads to disruption of normal functioning and 

becomes abnormal leads to Parkinson’s disease. In 

addition to genetic basis of PD synuclein alpha, 

mitochondrial dysfunction, Neuronal inflammation 

sustains the PD further and makes it difficult to treat. So 

in order to develop gene therapy and disease modifying 

strategy for PD treatment understanding of genetic basis 

and existing pathways for targeting various abnormal 

proteins and organelles are of prime importance. 
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