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Abstract  

Parkinson’s disease (PD) is a progressive nervous system disorder that is familiar as a common 

neurodegenerative disorder. PD requires precise biomarkers for prodromal and preclinical 

diagnosis, to provide quality treatment during the initial phase of PD. Such biomarkers may be 

efficient enough to monitor the progression of disease.  The purpose of this review is to highlight 

recent developments in the discovery of biomarkers of PD based on biochemical (urate, protein 

DJ-1, 𝛼-synuclein, peptides, IGF-1, homocysteine etc.) and genetic factors. Significant progress 

has been made in research on biomarkers for PD and a growing number of candidate biomarkers 

have been identified for PD, but they do not have satisfactory specificity when used individually. 

Therefore, a comprehensive composition of multimodal biomarkers can improve diagnostic 

accuracy and simplify personalized medicine implementation. 

 

Keywords 

Parkinson's disease; biochemical; non-invasive diagnosis; genetic; biomarkers 

 

  



v 
 

Dedication 

                     Dedicated to my parents. 

 

 
  



vi 
 

Acknowledgment 

 

First and foremost, I would like to express my deepest gratitude towards Almighty Allah for giving 

me the blessing, the strength, the patience and chance to complete my project work properly. 

I am really fortunate that I had the kind and supportive supervision of Ms. Marzia Alam (Lecturer 

of Pharmacy Department of Brac University). Her constant encouragement and careful monitoring 

motivated to do my work properly. She was very helpful to me whenever I faced any problem in 

my work and helped me to resolve any kind of inaccuracy in my work. Moreover, I would like to 

express my special thanks to Dr. Eva Rahman Kabir, Chairperson of the Department of Pharmacy 

Brac University who gave me the opportunity to conduct my project work. 

In the end, I acknowledge my sincere gratitude to my parents, friends and seniors for their 

devotion, support and faith in my ability throughout the whole journey.  

 

 

 

 

 

 

 

 

 



vii 
 

 

Table of Contents 

Declaration...................................................................................................................................... i 

Approval ........................................................................................................................................ ii 

Ethics Statement........................................................................................................................... iii 

Abstract ......................................................................................................................................... iv 

Dedication ...................................................................................................................................... v 

Acknowledgment .......................................................................................................................... vi 

List of Tables ................................................................................................................................. x 

List of Figures ............................................................................................................................... xi 

List of Acronyms ......................................................................................................................... xii 

Glossary ...................................................................................................................................... xiv 

Chapter 1 ....................................................................................................................................... 1 

1.1 Introduction .........................................................................................................................1 

1.2 Rationale of the Study ..........................................................................................................2 

1.3Aim of the Review .................................................................................................................3 

1.4 Objective of the Study ..........................................................................................................3 

Chapter 2 ....................................................................................................................................... 4 

Methodology ..............................................................................................................................4 

Chapter 3 ....................................................................................................................................... 5 

3.1 What is Parkinson’s Disease? ...............................................................................................5 

3.2 History of PD .......................................................................................................................5 

3.3 Causes of Parkinson’s Disease ..............................................................................................6 



viii 
 

3.4 Symptoms of Parkinson’s Disease ........................................................................................7 

3.5 Stages of Parkinson’s disease ...............................................................................................9 

3.6 Treatment of Parkinson’s Disease ...................................................................................... 10 

3.7 Pathogenesis of Parkinson’s Disease .................................................................................. 11 

3.8 The Necessity of Various Types of PD Biomarkers ............................................................ 11 

3.9 Types of Biomarkers and their Purpose ............................................................................. 12 

Chapter 4 ..................................................................................................................................... 14 

Diagnostic Biochemical Biomarkers ........................................................................................ 14 

4.1 Oxidative stress related biomarkers ................................................................................... 14 

4.1.1 Urate ............................................................................................................................... 14 

4.1.2 Protein DJ-1 .................................................................................................................... 15 

4.1.3 Coenzyme Q10 ................................................................................................................ 17 

4.1.4 Homocysteine (Hcy) ........................................................................................................ 17 

4.1.5 8-OHdG (8-Hydroxydeoxyguanosine) ............................................................................. 18 

4.1.6 Advanced Oxidized Protein Products (AOPP) ................................................................ 19 

4.2 Biomarkers Associated with Abnormal Protein Accumulation and Aggregation ............... 20 

4.2.1 𝛼-synuclein ...................................................................................................................... 20 

4.2.2 β-Glucocerebrosidase and Ubiquitin C-terminal hydrolase-L1(UCH-L1) ....................... 22 

4.2.3 Amyloid beta 42(Aβ42) .................................................................................................... 23 

4.2.4 Tau protein ..................................................................................................................... 24 

4.2.5 Neurofilament light chain protein (NFL) ......................................................................... 25 

4.3 Neurotrophins related biomarkers ..................................................................................... 25 

4.3.1 Brain-derived neurotrophic factor (BDNF) ..................................................................... 25 

4.3.2 Insulin-like growth factor 1 (IGF-1) ................................................................................ 26 

4.4 Biomarkers Associated with Neuroinflammatory Reaction ................................................ 27 

Chapter 5 ..................................................................................................................................... 28 

Genetic Biomarkers ................................................................................................................. 28 

Chapter 6 ..................................................................................................................................... 31 

Other biomarkers .................................................................................................................... 31 

5.1 MicroRNA (MiRNA) ......................................................................................................... 31 

5.2 Peptides ............................................................................................................................. 32 



ix 
 

Chapter 7 ..................................................................................................................................... 35 

Discussion ................................................................................................................................ 35 

Chapter 8 ..................................................................................................................................... 37 

Prospect ................................................................................................................................... 37 

Chapter 9 ..................................................................................................................................... 39 

Conclusion ................................................................................................................................... 39 

Future Directions: ................................................................................................................... 39 

References .................................................................................................................................... 40 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 
 

List of Tables 

1. Table 1: Name of gene, Protein encoded, Role of gene as a diagnostic tool of PD  



xi 
 

List of Figures 

1. Figure 1: Difference between Parkinson’s and Non-Parkinson’s brain (Embogama, 2016). 

 
  



xii 
 

List of Acronyms  

PD Parkinson’s Disease 

PDD Parkinson’s Disease with Dementia  

DaTSCAN  Dopamine transporter scan 

APD  Atypical Parkinsonism Disease 

MSA  Multiple System Atrophy 

PSP Progressive Supranuclear Palsy 

DLB Dementia with Lewy-bodies  

CBD Cortico-basal Degeneration  

PDI Peripheral Decarboxylase Inhibitor  

ROS Reactive Oxygen Species  

WHO World Health Organization  

DATATOP Deprenyl and Tocopherol Antioxidant Therapy of Parkinsonism  

PRECEPT Parkinson's Research Examination of the CEP-1347 Trial 

UPSIT University of Pennsylvania Smell Identification Test  

RBDSQ Rapid eye movement sleep Behavior Disorder Screening 

Questionnaire  

4-HNE 4-hydroxy-2-nonenal  

UPDRS  The Unified Parkinson’s Disease Rating Scale  

CSF Cerebrospinal Fluid  

MCI  Mild Cognitive Impairment 

AD Alzheimer’s Disease 

CAA Cerebral Amyloid Angiopathy 



xiii 
 

RT-QuIC Real-Time Quaking-Induced Conversion 

 H&Y stage Hoehn-Yahr stage 

ELISA Enzyme-Linked Immunosorbent Assay 

CSFR1 Colony-stimulating factor receptor 1  

EPHA4 Ephrin type-A receptor 4 

TIMP1 Tissue metalloproteinase inhibitor-1  

MMPs Matrix Metalloproteinases 

GWAS Genome-Wide Association Studies  

SPP1 Secreted Phosphoprotein 1  

LRP1 Lipoprotein Receptor-related Protein 1 

DATATOP Deprenyl and Tocopherol Antioxidant Therapy of Parkinsonism and  

PRECEPT Parkinson's Research Examination of the CEP-1347 Trial 

MPTP-induced 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-induced 

UCH-L1 Ubiquitin C-terminal hydrolase-L1 

Hcy Homocysteine  

8-OHdG 8-Hydroxydeoxyguanosine  

AOPP Advanced Oxidized Protein Products  

Aβ42 Amyloid beta 42 

NFL Neurofilament Light chain protein  

IGF-1 Insulin-like growth Factor 1  

BDNF Brain-derived Neurotrophic Factor 

MicroRNA MiRNA 

 



xiv 
 

Glossary 

Lewy bodies: Lewy bodies are the inclusion bodies, abnormal aggregations of protein 

that develop inside nerve cells affected by Parkinson’s disease. 

NMDA Receptor: The NMDA Receptor is a glutamate and ion channel protein receptor that 

is activated when glycine and glutamate bind to it. 

SNCA Gene: The SNCA gene provides instructions for making a small protein called 

alpha-synuclein. 

Transcriptomics Transcriptomics is the study of the transcriptome, the complete set of RNA 

transcripts that are produced by the genome, under specific circumstances 

or in a specific cell, using high-throughput methods, such as microarray 

analysis. 

Juvenile-onset PD Juvenile-onset PD is a rare disorder that presents before the age of 21 years. 

Familial PD Parkinson’ disease with a family history is called familial PD. 



xv 
 

Sporadic PD Sporadic PD can be explained as a disease occurring randomly in a 

population with no known cause. 

Autosomal 

dominant PD 

If the LRRK2 or SNCA genes are involved, Parkinson's is likely inherited 

from just one parent. That's called an autosomal dominant pattern, which 

is when a person only need one copy of a gene to be altered for the disorder 

to happen. 
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Chapter 1 

1.1 Introduction 

Living with Parkinson’s disease is challenging because it causes gradual changes in motor function 

and many other non-motor symptoms, such as depression, sleep disorders, pain and cognitive 

dysfunction which a person cannot ignore (Living with Parkinson’s Disease | American Parkinson 

Disease Assoc., 2016). So, this disease significantly impacts not only the quality of life of the 

person suffering from PD but also their family. Many people develop dementia as the condition 

worsens over time, which can cause profound memory loss and make it difficult maintain 

relationships (Jennifer G. Goldman, 2012). Also, they constantly need caregiver because they face 

difficulty to in physical movement and forget things easily. Moreover, as PD affects the muscles, 

the speech of a person may become weaker and harder to comprehend. Changes in the ability to 

think can make communication more challenging over time, which can make it difficult to engage 

in social activities (The MNT Editorial Team, 2018). These are some of the complications of life 

with PD. Therefore, early diagnosis and appropriate treatment can be helpful. Thus, it is important 

to discover effective and comprehensive biomarkers of PD, which may help in early diagnosis and 

treatment and may give a person hope to live a better life. 

 

PD is usually seen in the population of the age 60 years and above, about one percent of whom are 

affected (Lisak et al., 2010).Males with a round 3:2 ratio are more often affected than females 

(Kalia & Lang, 2015).  
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Parkinson’s disease is an incurable disease but patients can be treated to improve the symptoms 

(Samii et al., 2004) Various studies indicate that, with increased age and dementia as the highest 

predictors of increased mortality, the mean period before death varies from 6.9 to 14.3 years 

(Sveinbjornsdottir, 2016). 

 

1.2 Rationale of the Study 

There is neuroimaging and genetic biomarkers which are currently available for commercial usage 

(He et al., 2018) but misdiagnosis frequently takes place in the early stage of this disease. Like 

DaTSCAN (Dopamine transporter scan), which tests the density of sites of the nigrostriatal 

dopamine transporter, can help the clinicians make the right diagnosis. However, it’s clinical 

usefulness has been questioned, as most evaluations contrasted DaTSCAN with clinical tests, 

which were found to be inaccurate in 6% to 25% of cases. In other words, most early Parkinson's 

disease patients had an usual DaTSCAN, and there was no strong proof that DaTSCAN is accurate 

in early Parkinson's disease diagnosis (Galbraith, 2019).  Moreover, previously in most of the 

cases, the disease was confirmed at the autopsy of the patient. Thus, there is an obvious necessity 

to invent a specific biomarker which will facilitate clinicians among patients suspected of a variety 

of Parkinson's disease to assess a lot of timely and accurate medical diagnosis. It is also important 

to discover biomarkers that will assist clinicians in predicting disease progression (Mosley et al., 

2012). For the following reasons, the discovery of highly accurate and sensitive markers for 

preclinical PD or early PD is a high research priority since:                                                                                                   

(1) Before the classic symptoms develop, it will enable the identification of at-risk people, a 
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stage in which neuroprotective therapies are supposed to have their greatest impact;  

(2) It will help to compare PD with the other causes of Parkinsonism.  

(3) It will accelerate research into PD therapeutics aimed at etiopathogenesis and pathogenesis. 

(Wu et al., 2011). 

 

1.3Aim of the Review 

The target of this review is to compile all of the possible genetic and biochemical biomarkers of 

Parkinson’s disease which are expected to contribute towards the early diagnosis of the disease 

and to reveal how their pathophysiology is interconnected with Parkinson’s disease. 

 

1.4 Objective of the Study 

The objectives of this review are, 

● To compile information about the emerging and existing biomarkers of Parkinson’s 

disease 

● To collect information of early diagnosis of Parkinson’s Disease 

● To identify relationships among different biomarkers 

● To identify the effective use of combined biomarkers 
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Chapter 2 

Methodology 

The information compiled for this review was collected through a three-staged process: 1) 

collection of possibly relevant articles using several sources, 2) selection of definitely relevant 

articles, and 3) analysis of selected studies. A systematic review of articles was performed to 

summarize these recent advances. The information was collected from relevant articles Pub-med, 

ScienceDirect. Basically, those articles were chosen on the basis of updated information about 

biomarkers for initial diagnosis of PD. Also “recent, advanced, biomarkers, Parkinson’s disease, 

diagnosis, early etc.” these keywords were used to gather information for this review paper. Then 

the references were searched via Mendeley library and inserted them into the review paper. Also, 

a bibliography of all the references that have already been cited was created. 
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Chapter 3 

  3.1 What is Parkinson’s Disease? 

According to WHO, Parkinson's disease is the second most prevalent progressive disorder of 

the nervous system after Alzheimer's disease (He et al., 2018). It is a neurodegenerative disease 

in which the patient's condition is incurable due to continuous death of neurons of substantia 

nigra that impedes patient's movement and mental function. Substantia nigra contains a large 

number of neurons which releases dopamine with which substantia nigra communicates with 

movement controlling parts of the brain like basal ganglia and frontal lobe. So, when neuronal 

death occurs in the substantia nigra they cannot communicate and function effectively, which 

results in dyskinesia, tremor, amnesia in the people who have PD. (Berman & Bayati, 2018).  

 

    3.2 History of PD 

In 1817, in "An Essay on the Shaking Palsy," a British physician James Parkinson described 

Parkinson's disease as a neurological syndrome(A.J., 2007)  This disease is mentioned under 

the name Kampavata in the old Indian medical system of Ayurveda and Parkinson's disease 

was identified by doctor Galen in AD 1755 as "Shaking palsy" in the western medical system 

(Dr. Marc Halpern, 2015). Public attention campaigns encompass World Parkinson's Day (on 

James Parkinson's birthday, 11 April) and the use of a red tulip as a symbol of the disease  

(Findley, 2007). 
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3.3 Causes of Parkinson’s Disease 

The key source of dopamine for the mammalian CNS is dopaminergic neurons (Chinta & 

Andersen, 2005). Researchers have found that dopamine is a neurotransmitter which is related 

to movement, memory, motivation, feelings and other functions of the human body 

(Emamzadeh & Surguchov, 2018). Progressive dopaminergic neuron loss in the substantia 

nigra of the brain is one of the main pathological changes observed in PD patients. Another 

remarkable pathological change observed is the collection of intraneuronal inclusions of alpha-

synuclein called "Lewy bodies" (He et al., 2018). 

 

It was a common hypothesis among researchers in the early years that PD is caused mainly by 

environmental factors such as exposure to pesticides, previous head injury, rural living, beta-

blocker use, agricultural occupation and drinking well water. But present studies are suggesting 

that PD develops from the presence of both environmental and genetic factors (Kalia & Lang, 

2015). That is why the cause of this disease is a mystery (Kalia & Lang, 2015). If a person has 

a family history, he is genetically predisposed to having PD. Also, the people who get exposed 

to certain pesticides including paraquat and rotenone have a high risk to get affected by this 

disease. Moreover, having a history of head injury increases the risk of PD later in life (Kalia 

& Lang, 2015). 
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Figure 1: Difference between Parkinson’s and Non-Parkinson’s brain (Embogama, 2016). 

 

3.4 Symptoms of Parkinson’s Disease 

There are two types of symptoms in PD and they are- 

i. Motor symptoms  

ii. Non-motor symptoms 

In case of motor symptoms, they come out slowly which is the reason this disease usually begins                                   

years before diagnosis (Kalia & Lang, 2015). The main motor symptoms of PD are- 

● Tremor 

● Rigidity 

● Bradykinesia  

● Postural instability (Martínez-Martin et al., 2015)  
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PD carries identical clinical features with atypical Parkinsonism (APD) disease like- Dementia 

with lewy bodies (DLB), MSA (Multiple system atrophy), CBD (Corticobasal degeneration), 

Progressive supranuclear palsy (PSP), etc. these common clinical conditions making PD’s 

diagnosis complex. This is the reason why the world needs reliable biomarkers for early and exact 

diagnosis to detect or predict PD (Santaella et al., 2020).  

 

The non-motor symptoms of PD include anosmia (loss of smelling sensation) and ageusia (loss of 

sense of flavor), depression, anxiety, changes in sleep cycle, gastrointestinal complications, 

swallowing problems, sexual dysfunction, pain, fatigue, hallucinations and psychosis, impulse 

control disorders (compulsive gambling, shopping or eating etc.) (Leeman & Potenza, 2011), 

cognitive impairment (slowed thinking, difficulties in word finding, difficult in learning and 

remembering information) and dementia (Butt et al., 2018) . PD with dementia (PDD) occurs in 

some regions, such as subcortical and cortical areas, due to neuropathological changes. A study 

carried out by Summerfield and his group of researchers compared PD patients within a certain 

age range with and without dementia with healthy control subjects. In this study PD with dementia 

patients revealed that the amount of gray matter decreases compared to healthy controls in many 

brain regions such as bilateral hippocampus, bilateral putamen, para hippocampal area, left anterior 

cingulate gyrus, etc. In case of PD the most affected areas are the hippocampus, thalamus, and 

anterior cingulate (Summerfield et al., 2005).  
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3.5 Stages of Parkinson’s disease 

There are several forms of PD is identified, familial PD, sporadic PD, juvenile on-set PD and 

autosomal dominant PD are most common forms of such disease.  Parkinson’s disease can occur 

in families as a result of their parents transmitting defective genes to a child therefore the family 

history of Parkinson's disease is called familial PD (Poewe et al., 2017). Besides, in a population 

where patients are tested with PD without a known cause, sporadic PD can be explained as a 

disease that occurs randomly (Modi et al., 2016). Moreover, in children and teenagers, Parkinson's-

like symptoms can develop. This type of the condition is referred to as juvenile Parkinsonism, and 

is often associated with particular genetic mutations at high risk of PD (Mahmoudi et al., 2015). 

Lastly, Parkinson’s is probably inherited from just one parent if the LRRK2 or SNCA genes are 

engaged. This is considered as an autosomal dominant pattern, which is when only one copy of a 

gene is required for a person to be altered for the disorder to occur (Sundal et al., 2012). 

 

Parkinson’s disease has three stages- 

i. Pre-clinical  

ii. Prodromal 

iii. Clinical 

Preclinical PD may be defined as preceding the onset of the PD motor function, despite the fact 

that the presence of few non motor feature can be there or subclinical abnormalities might also 

additionally exist that may be detected with the aid of neuroimaging or with the aid of biological 

test results (Wu et al., 2011) (Jankovic, 2008). Prodromal PD can be described as a stage where 
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some variety of non-motor or subtle motor symptoms can be present but do not meet the current 

diagnostic standard  (Mahlknecht et al., 2015). 

 

Lastly, the clinical PD is a stage where classical motor symptoms are present and the diagnosis is 

based on those motor features (He et al., 2018). Mainly there are four clinical features, in short, 

these features can be known as TRAP (T=Tremor at rest, R=Rigidity, A= Akinesia or bradykinesia 

and P=Postural instability). In addition, among the characteristic features of Parkinsonism, flexed 

posture and freezing (motor blocks) were included, with PD as the most common type (Jankovic, 

2008). There are several known forms of autosomal recessive Parkinsonism. Typically, the 

phenotype is defined by parkinsonism with levodopa-responsive without atypical features in three 

forms due to mutations in DJ-1 (PARK7), PINK1 (PARK6) or parkin (PARK2) (Bonifati, 2012). 

 

 

3.6 Treatment of Parkinson’s Disease 

Anti-Parkinson medication Levodopa coupled with Carbidopa a peripheral decarboxylase inhibitor 

(PDI) can be first line treatment of symptomatic treatment for Parkinson disease. In addition, 

Istradefylline (Trade name: Nourianz) is the latest medication for PD which has been recently 

approved by FDA.  
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3.7 Pathogenesis of Parkinson’s Disease 

The antioxidant activity of enzymes in PD patients, is low and there is a high level of oxidative 

stress. For this reason in the neurodegenerative mechanism of PD, oxidative damage is considered 

as a prominent contributor (Burkhardt & Weber, 1994; Fahn & Cohen, 1992).  

 

In PD neuronal cells of the patients become more vulnerable to damage from ROS and reactive 

nitrogen species. This occurs due to glutathione peroxidase and catalase reduction in PD brain 

(Fahn & Cohen, 1992). In such patients, high oxidative stress, protein accumulation, DNA damage, 

mitochondrial dysfunction, and lipid peroxidation are prevalent in their brain tissues (Danielson & 

Andersen, 2008; Swerdlow et al., 1996; Yoritaka et al., 1996). In the pre-clinical stage of the 

disease, due to the selective neurodegeneration, the dopaminergic neurons of pars compacta region 

of substantia nigra become more sensitive to ROS and reactive nitrogen species at the beginning 

than other neurons. There is no proper explanation for the vulnerability of dopaminergic neurons 

to oxidative damage (Fahn & Cohen, 1992). Nonetheless, one of the demonstrations proposes that 

dopamine can impart neurotoxicity on its own. After all, in the presence of molecular oxygen, it 

can produce ROS and is also capable to auto-oxidating into neuromelanin. Later, it facilitates the 

formation of oxyradicals (Fahn & Cohen, 1992).  

 

. 

3.8 The Necessity of Various Types of PD Biomarkers 

Some PD biomarkers include (1) prodromal, preclinical or premotor stage biomarkers; (2) motor 

stage biomarkers; (3) biomarkers of risk or susceptibility (DeKosky & Marek, 2003), (Chen-
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Plotkin et al., 2018). According to these classes, biomarkers could be based on clinical, 

biochemical, imaging, genetic or proteomic or various combinations of them (Sharma et al., 2013).  

It may be difficult to invent an effective diagnosis of PD because its phenotype resembles several 

common clinical characteristics of APD, especially in the pre-clinical stage of PD. And when 

diagnosis was made by movement disorder experts, misdiagnosis rates in clinicopathological 

series of PD and APD patients were as high as 24 percent (Tolosa et al., 2006). The trials of 

ELLDOPA, CALM-PD and REAL-PET showed no evidence of striatal dopaminergic defects in 

certain subjects reported as having early PD mainly based on medical signs (Fahn, 2005). Thus, 

there is an obvious need to find particular biomarkers that may assist clinicians to set up a greater 

well timed and accurate differential analysis among sufferers who carry the symptoms of 

Parkinson’s disease (Devos et al., 2013) . 

 

3.9 Types of Biomarkers and their Purpose 

Premotor biomarkers might be diagnostic biomarkers and might identify PD earlier, before 

advanced disease progression has happened and at a period when neuroprotective treatments could 

pause or delay the neuronal loss. Risk biomarkers are used to indicate groups with a higher degree 

of probability of growing clinical PD (He et al., 2018). Progression of disease can be obtained by 

biomarkers of the motor stage and alongside this will help us with identification of the several 

available therapies and their effectiveness for improving the disease condition, in times when there 

are visible motor symptoms as a result of the SN neurons distortions.  
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Recently, several groups of studies showed numerous examples of the use of a combination of 

multimodal biomarkers in patients with PD. Furthermore, Nalls demonstrated a feasible, harmless 

predictive model for selecting patients with preclinical and prodromal PD in a population-based 

modeling experiment. The UPSIT value was accountable for 63.1 percent of the established 

variance, 13.6 percent for genetic score , 11.4 percent  for family history, 6.0 percent for gender 

and 5.9 percent for age, as contrasted to the defined β coefficients of such regression model 

(Nalls,2015). Moreover, in order to help predict progression of the disease in PD patients, a study 

has demonstrated statistical methods using genetic data, clinical expertise, imaging measures and 

molecular biomarkers. Finally, in both the early and late stages of the disease, 12 important 

predictors have been identified that have strong predictive accuracy. Most notably, the key purpose 

of these predictors is to classify patients at risk of progressive motor disease development 

(Latourelle et al., 2017). Furthermore, in 2017, a study showed that the mean DAT imaging caudate 

uptake, UPSIT value, CSF Aβ42 and RBDSQ summation would predict cognitive deficits with an 

AUC of 0.80. Many clinical evidence and biomarker variables were used in this experiment as 

predictors for identifying individuals at risk of cognitive degression (Schrag et al., 2017). 
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Chapter 4 

Diagnostic Biochemical Biomarkers 

One of the most sensitive and specific biomarkers that play a key role in identifying prodromal PD 

is biochemical biomarkers. Several studies have shown that both body fluids and tissues can be 

investigated for biochemical biomarkers. Currently, an impressive number of experiments have 

revealed that mitochondrial dysfunction, oxidative stress, the formation of Lewy bodies, 

neuroinflammation and various mechanisms associated with PD growth have been shown. 

Therefore, the biochemical biomarkers will be reviewed from the above aspects (He et al., 2018). 

4.1 Oxidative stress related biomarkers 

4.1.1 Urate 

With the removal of peroxynitrite, hydroxyl radicals, hydroxyl peroxide and singlet oxygen, urate 

plays an important antioxidant role. Urates can inhibit the human brain's oxidative damage 

(Hwang, 2013) , higher urate levels can be correlated with a diminished risk of PD. Many 

experiments have supported the probability of urate of being defensive against PD. An in vitro 

study was conducted by Sara Cipriani and her colleagues where they had shown that in PD models, 

spontaneous degression of cultured substantia nigral neurons can be prevented by urate and also 

prevent dopaminergic neurons death due to oxidative and mitochondrial toxins. (Cipriani et al., 

2012), (Cipriani et al., 2012b). Meantime an in vivo study conducted on PD mouse models by 

Xiqun Chen and team found that in the advanced phenotype and histopathologic findings, the 
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concentration of urate was elevated in the central nervous system (X. Chen et al., 2013) (Gong et 

al., 2012). Moreover, Parkinson's Research Examination of the CEP-1347 Trial (PRECEPT) and 

Deprenyl and Tocopherol Antioxidant Therapy of Parkinsonism (DATATOP) indicated that 

delayed disease development rates are linked to higher levels of serum urate (Ascherio et al., 2009). 

Also, CSF urate concentration was first identified in these studies as a predictor of the rate of 

clinical decrease in PD. A Phase II clinical trial that tested elevating urate levels as a treatment 

strategy for disease modification in the PRECEPT trial simplified these inventions. In the 

PRECEPT trials secondary end point showed that the UPDRS score of PD individuals with lower 

levels of  blood urate was considerably in excess of that of group of controls (Schwarzschild et al., 

2008). Concentration of CSF urate is responsible for 10 percent peripheral blood concentration, 

and is primarily dependent on two important factors, peripheral blood urate concentration and 

blood brain barrier integrity (Ascherio et al., 2009). It also serves as a robust biomarker of pd by 

exploring an integration of data that observed urate present in the CSF and serum that acts like a 

protective characteristic of PD. In addition, the DATATOP analysis also showed that urate levels 

were lower in patients with cognitive impairment than in patients with PD-free cognitive 

impairment (D. et al., 2011). There is also a negative relationship in a study between urate 

concentrations and PD cognitive impairment intensity (Y. Wang et al., 2012). Urate can thus be a 

successful predictor for PD diagnosis and disease growth detection. 

 

4.1.2 Protein DJ-1 

Protein DJ-1 is referred to as a multifunctional inclusive cysteine protease because it participates 

in several cellular metabolic processes like RNA binding and protease, mitochondrial and 
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molecular chaperones regulation. In addition, it also plays a neuroprotective role during 

neurodegeneration in preventing oxidative stress. (Saito, 2014). Oxidative stress-related diseases 

like PD can occur due to diminished function of DJ-1. Therefore, inherited recessive PD is 

connected with the DJ-1 gene PARK7 mutations and causes familial PD (Abou-Sleiman et al., 

2003).  

 

Waragai et al. conducted a study in which it was recommended a direct link between the levels of 

DJ-1 and the disease stage. (Waragai et al., 2007). A quantitative analysis of CSF DJ-1 levels 

without blood contamination found that CSF DJ-1 levels decreased relative to normal controls in 

PD patients, AD patients, MSA patients (Herbert et al., 2014). 

 

Besides, extensive experiments have suggested that the oxidative response of Cys-106 plays an 

important role in pathogenesis of PD (Ariga et al., 2013; Hao et al., 2010; Saito & Noguchi, 2016) 

because if exposed to oxidative stress, the residue of cysteine at position 106 is specifically 

oxidized and the antioxidative activity of Cys-106 helps to establish the roles of DJ-106 (Saito, 

2014). In addition, it has been seen in a study that in the erythrocytes of untreated PD patients, 

levels of DJ-1 oxidation in Cys-106 are noticeably high in comparison with controls which are 

non-PD and medicated patients (Saito et al., 2009). 

 

Lin et al. have also shown that 4-hydroxy-2-nonenal (4-HNE) modified blood DJ-1 levels are 

remarkably reduced in the advanced stage of PD, which indicate that 4-HNE modified DJ-1 might 

play the role of diagnostic biomarker of PD. Therefore, the oxidized DJ-1 promises to be an 
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effective PDD biomarker. (Lin et al., 2012). However, the levels of DJ-1 and seriousness of PD 

are not associated with each other (Herbert et al., 2014). Even then, DJ-1 can be a potential PD 

biomarker. 

4.1.3 Coenzyme Q10 

Coenzyme Q10 simplifies the function of the mitochondrial electron transport chain as an 

antioxidant (Kikusato et al., 2016).  Yen et al. performed in vitro and in vivo studies indicating 

that the defective expression in PD patients of mitochondrial complex 1 contributes to neuronal 

toxicity disruption and redox balance. CoQ10 is efficient enough to prevent neurodegeneration 

against mitochondrial deficiency as a lipophilic antioxidant. Researchers found that in human 

plasma at the initial oxidation point, ubiquinol-10 was oxidized into ubiquinone-10, so the 

percentage of the total oxidized form of coenzyme Q10 (% CoQ-10) will be a valid biomarker of 

oxidative stress (Yen, 2014). Moreover, Sohmiya discovered that total CoQ10 plasma levels were 

substantially reduced and a strong increase was observed in the %CoQ10 plasma in patients with 

PD relative to usual controls. Especially, H&Y scores evaluated that %CoQ-10 is likely to rise 

with disease progression (Sohmiya et al., 2004). Most importantly, in the diagnosis of PD, CoQ10 

levels and CoQ-10 percentages are indicated to have significance as biomarkers. Furthermore, 

CoQ10 supplementation could be a viable way to treat and prevent PD (Sohmiya et al., 2004). 

 

4.1.4 Homocysteine (Hcy) 

Hcy is generated by the methylation process as a natural amino acid in the body (Leng et al., 2018).  

In vivo and in vitro experiments conducted by Kocer et al. found that these generated  Hcy have 
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toxic effects on dopaminergic neurons (Kocer et al., 2016). The elevated Hcy level of 

hyperhomocysteinemia is a significant risk factor in the general population for cerebrovascular 

diseases(Leng et al., 2018). Hyperhomocysteinemia destroys neuronal DNA, activates NMDA 

receptors and leads to dopaminergic neuron death acceleration, which suggests it is neurotoxic to 

the substantia nigra as well. In addition, as the amount of  Hcy increases, it can lead to oxidative 

stress sharpness in the dopaminergic neurons, resulting in PD-like pathology caused by MPTP (1-

methyl-4-phenyl-1,2,3,6-tetrahydropyridine-induced) (Obeid et al., 2009). Hence, dyskinesia can 

also be an indication of neurodegeneration that is associated with hyperhomocysteinemia. 

(Zoccolella et al., 2006). A research conducted by Irizarry et al. has shown that the Hcy levels are 

comparatively higher than normal controls in patients with PD, MCI (mild cognitive impairment), 

AD (Alzheimer’s Disease) and cerebral amyloid angiopathy (CAA), with PD patients in particular 

having the highest rates compared to non-PD patients. (Irizarry et al., 2005). A study assumed that 

risk factors in PD were supposed to be higher CSF and plasma concentrations of Hcy (Rozycka et 

al., 2014). Moreover, it is known in PD patients, elevated levels of homocysteine are associated 

with decreased cognition and higher plasma Aβ levels (Zoccolella et al., Irizarry et al., 2005; 

2006). Even though, Hy levels, vitamin B12 and folate are helpful in reversing the 

hyperhomocysteinemia associated with levodopa (Postuma, 2006). 

 

4.1.5 8-OHdG (8-Hydroxydeoxyguanosine) 

8-OHdG is known to be one of the potential biomarkers of oxidative stress damage to DNA and is 

the primary result of DNA oxidation reactions with hydroxyl radicals and guanine residues. Many 

studies have shown that 8-OHdG levels in the substantia nigra of PD patients are significantly 
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increased (Alam et al., 1997). As a result, several studies have shown that the amount of CSF and 

serum 8-OHdG of the PD patient is considerably higher in comparison to the controls (García-

Moreno, 2013; Gmitterova, 2009). Besides, 8-OHdG concentrations are linked to the duration of 

illness and also to the %CoQ-10  (Isobe, 2010). 8-OHdG is well known to be excreted in the urine 

and so elevated urinary 8-OHdG concentrations in PD patients are also much higher than in control 

subjects. In addition, hallucinations with a correlation coefficient of 0.85777 are predominantly 

correlated with urinary 8-OHdG levels (Hirayama et al., 2011). Thus, it can be said that the urinary 

8-OHdG can be a credible biomarker for the diagnosis of PD. 

 

 4.1.6 Advanced Oxidized Protein Products (AOPP) 

AOPP is recognized for halogenative stress as a credible biomarker for PD. In a quantitative 

analysis of AOPP concentrations with ELISA, researchers found that PD patient’s AOPP 

concentration level is remarkably higher than the control subjects. Moreover, the serum AOPP 

levels in PD patients depend on the Hoehn-Yahr stage (H&Y stage) or levodopa dose or disease 

duration because it is shown that in PD patients, serum AOPP levels are inversely proportional to 

the mentioned parameters. That is why it is claimed that AOPP can act a crucial role in disease 

progression control and PD diagnosis (García-Moreno et al., 2013).  
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4.2 Biomarkers Associated with Abnormal Protein Accumulation and 

Aggregation  

4.2.1 𝛼-synuclein 

𝛼-synuclein is known as the essential component of the Lewy bodies cytoplasmic inclusions. Also, 

it is we know that the existence of Lewy bodies in surviving neurons is an irregular protein 

accumulation with alpha-synuclein that is a pathological feature of PD. (Bandopadhyay, 2016). 𝛼-

synuclein also plays an effective role in the pathogenesis of PD by the phosphorylation, misfolding 

and abnormal accumulation. The idea of prion-like transmission of misfolded alpha-synuclein is 

Braak's theory of expanding neuropathology (George, 2013). Some histology-based studies have 

tested CSF alpha-synuclein levels with the assistance of ELISA and have reported that the level of 

alpha-synuclein CSF in patients with PD is substantially lower than that of controls without PD 

(Mollenhauer, 2011; Parnetti, 2014). Moreover, in a study by Tokuda et al. found th high degree 

of adverse relationship between the levels of CSF alpha-synuclein and Hoenh-Year stage at there 

was a high degree of negative relation between CSF alpha-synuclein levels and Hoenh-Year stage, 

indicating the seriousness of the disease ( Tokuda Takahiko et al., 2006).  

 

(RT-QuIC) Real-time quaking-induced conversion has given an innovative technique that can 

detect irregular alpha-synuclein CSF in PD patients with  100% specificity and 95% sensitivity 

(Fairfoul, 2016). Renowned scientist Groveman and coworkers showed that the RT-QuIC method 

can be adequate to identify prodromal PD due to its high diagnostic accuracy and quick detection 

capability (Groveman et al., 2018). On the other hand, many studies suggested that the 𝛼-synuclein 
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fibrosis tends to produce the most neurotoxic species which is called the soluble oligomeric 𝛼-

synuclein (Gallea & Celej, 2014). As a result, Takuda et al. have mentioned  that PD patients have 

significantly elevated oligomeric forms of alpha-synuclein (T. Tokuda, 2010). PD can also be 

differentiated from control groups by measuring the oligomeric alpha-synuclein (o-alpha-

syn)/total alpha-synuclein (t-alpha-syn) ratio with 90.6 percent specificity and 89.3 percent 

sensitivity with 0.948 of AUC  (T. Tokuda et al., 2010). Nonetheless, compared to controls which 

are non-PD multiple studies conducted by various groups on alpha-synuclein blood levels in 

patients of PD (Prakash & Tan, 2010; Duran, 2010). Recently, in PD patients, the RBC oligomeric 

alpha-synuclein/total protein ratio has been reported to be significantly higher than in normal 

controls, which could be an efficient way to differentiate patients of PD with sensitivity of 79.0 

percent and 64.7 percent specificity from normal controls (X. Wang et al., 2015). 

 

Phosphorylated alpha-synuclein could be a useful biomarker for PD patients since a study found 

that phosphorylated alpha-synuclein levels were significantly higher than control levels in patients 

of PD (Foulds, 2013).So, the basic neuropathology of such disease would be more accurately 

reflected by phosphorylated al-synuclein. It can also inhibit the fibrillation of alpha-synuclein and 

this will show that phosphorylation of alpha-synuclein occurs relatively late in the disease's 

development. More effective biomarkers of progression of the disease in PD may also be more 

effective in future medical trials, particularly for substances modifying diseases, delaying 

progression of disease (Foulds, 2013). In addition, in order to diagnose PD, it can be indicated that 

alpha-synuclein truncation levels can be used. Also, assembling these measures with other markers 

would produce more reliable results (He et al., 2018).Besides that, pathogenic forms of alpha-

synuclein can develop in patients of PD in the Lewy body submandibular gland precursor. Lately, 
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in order to detect Lewy bodies, in a study salivary gland tissue needle core biopsies is used in 

which 75 percent of PD patients were tested positive (Adler et al., 2014). Consequently, the 

irregular evolution of alpha-synuclein may also be known as the latest successful preclinical 

biomarker of PD in submandibular glands. 

 

4.2.2 β-Glucocerebrosidase and Ubiquitin C-terminal hydrolase-

L1(UCH-L1)  

On one hand, β-Glucocerebrosidase is a lysosomal hydrolase encoded by the gene GBA1. It plays 

a crucial role in the deterioration of alpha-synuclein (Sidransky et al., 2009). Especially, the 

potential risk factor for PD is known to be β-Glucocerebrosidase because alpha-synuclein 

aggregation contributes significantly to PD pathogenesis. In CSF patients with PD, the activity of 

β-glucocerebrosidase has been decreased in different studies, most notably in the preclinical stage 

of PD (García-Moreno et al., 2013). Furthermore, a study conducted by Parnetti and associates 

indicated that in order to improve the diagnostic accuracy of 82 percent sensitivity along with 71 

percent specificity of PD, the mixed estimation of the  β-glucocerebrosidase activity and o-alpha-

syn/t-alpha-syn ratio  will be crucial (Parnetti et al., 2014). 

 

On the other hand, UCH-L1 was discovered by Jackson et al. as one of the proteins which are 

brain-specific associated with PD (Thompson & Jackson, 1981). UCH-L1 has a vital role in 

directing brain protein metabolism by pairing with the proteasome pathway to eliminate the 

unnecessary, altered, oxidized  neuronal cytosol proteins (Betarbet, 2005; Bishop, 2016). Hence, 



23 
 

a reduced rate of alpha-synuclein degradation will result from the dysfunction or amount of UCH-

L1. In order that it will eventually lead the neurodegeneration and neurocyte death. A study 

mentioned that the PD patients' CSF concentrations of UCH-L1 were found to be lower relative to 

usual controls (Jiménez-Jiménez et al., 2014). Moreover, lowest levels of CSF UCH-L1 were 

observed in PD patients suffering from other neurodegenerative diseases, differentiating this group 

from those suffering from other neurodegenerative diseases, such as MSA and PSP. As an 

outcome, UCH-L1 with a moderate specificity of 67% and satisfactory sensitivity of 89% may be 

a promising diagnostic biomarker for PD. Furthermore, as a combination, CSF alpha-synuclein 

and CSF UCH-L1 levels have a positive association and may become a more precise diagnostic 

technique for prodromal PD (Mondello et al., 2014). 

 

4.2.3 Amyloid beta 42(Aβ42) 

Aβ42 is primarily derived from the amyloid precursor protein hydrolysis. A study by Clinton et al. 

indicates that by promoting polymerization of alpha-synuclein, Aβ42 may increase the 

productivity of Lewy body diseases (Schulte & Gasser, 2011). Particularly, various experiments 

showed that the PD patients have lower CSF Aβ42 levels compared to control subjects  (Siderowf 

et al., 2010; Montine et al., 2010; Parnetti et al., 2013).  

 

Apparently in PD patients progressing to PD with dementia, lower levels of CSF Aβ42  have been 

found at 18-month follow-up compared to baseline levels and this outcome could be associated 

with neocortical regions Lewy body pathology and diffuse amyloid plaque pathogenesis of PDD 

patients (Andersson et al., 2011; Mollenhauer et al., 2006; Montine et al., 2010). This presented 
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credible information for the use of amyloid beta 42 in the measures of cognitive capacities in 

patients of PD with a sensitivity of above 85 percent. Therefore, One of the initial biomarkers that 

can help evaluate the progression of patients with PD from CI-PD to PDD is decreased CSF Aβ42 

levels(Alves et al., 2014).  

 

4.2.4 Tau protein 

Tau protein is a protein associated with microtubules that can be found primarily in healthy neuron 

axons in the CNS and peripheral nervous system (PNS). A significant number of studies have 

reported that the concentrations of tau protein and phosphorylated tau protein (p-tau) in CSF of 

PD patients are lower than those of AD,MSA,PDD and DBL patients (Hall et al., 2012). Also, 

with a sensitivity of 82 percent and a specificity of 81 percent, the combined CSF p-tau and t-tau 

levels can distinguish PD patients from MSA (Herbert et al., 2014). Zhang et al verified an inverse 

connection between the p-tau/t-tau ratio in UPDRS and CSF (Unified Parkinson's Disease Rating 

Scale) or UPDRS motor score (UPDRS III) (P. Zhang et al., 2010). Moreover, PD patients with 

higher levels of CSF t-tau and p-tau are found to be at high risk of visuospatial dysfunction and 

memory failure. In PD patients, Tau pathology generally tends to be associated with cognitive 

impairment. It may be used in such patients as an essential indicator of cognitive decline 

(Andersson et al., 2011). Besides, Montine and colleagues suggested that the number of cases with 

an elevated t-tau/Aβ index rose from 15 percent in patients with PD and 29 percent in patients with 

CI-PD to 45 percent in patients with PDD. Therefore, the combination of tau protein and Aβ can 

give more significantly prognostic value which may predict cognitive function in PD patients 

(Montine et al., 2010). 
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4.2.5 Neurofilament light chain protein (NFL)  

In the PNS and CNS, neurofilaments are recognized as the main structural components of axons. 

Also, in the transport of nerve impulses and the preservation of neuronal morphology integrity, 

NFL plays a crucial role like one of the three subunits. Abnormal neurofilament phosphorylation 

has been observed in PD patients (Vågberg et al., 2015). A study conducted by Hansson et al. 

mentioned that there was no increase in NFL levels in patients with CSF or serum PD because of 

less extreme axonal degeneration (Hansson et al., 2017). Therefore, it can be a useful biomarker 

of disease progression for Parkinson’s disease. 

 

4.3 Neurotrophins related biomarkers 

4.3.1 Brain-derived neurotrophic factor (BDNF) 

A study conducted by Scalzo et al mentioned that BDNF is considered one of the most widespread 

neurotrophic variables that may control synaptic plasticity and cell survival and inhibit apoptosis-

mediated cell death (Scalzo et al., 2010). The neurodegenerative process occurs because of 

insufficient supply of neurotrophic factors. Usually, BDNF is synthesized by neurons, but 

microglial cells generate BDNF when damaged neurons are involved. Several studies indicate that 

in PD patients, BDNF expression in substantia nigra is diminished, specifically in the region called 

ventral lateral of the brain (Howells e, 2000) and it performs an important role in the survival of 

dopaminergic neurons (Scalzo et al., 2010). Most importantly, BDNF can be helpful for early 

diagnosis of PD because of its lower levels in the early stage of the disease. Also, an effective 

treatment for PD is indicated by up-regulation of BDNF concentrations. Nevertheless, a study 
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reported a conflicting outcome that increased BDNF levels were also associated with more acute 

symptoms over a longer period of illness (Scalzo et al., 2010). Another study found that BDNF 

amounts in the PD patient’s CSF are far higher than normal controls because of excessive 

generation of glial cells arising from brain injury (Mashayekhi & Salehi, 2009). So, the combined 

concentrations of the BDNF in CSF and serums perform the role of essential early diagnostic 

marker for PD. 

 

 4.3.2 Insulin-like growth factor 1 (IGF-1) 

IGF-1 exerts neuroprotective effect by enhancing survival of neurons and inhibiting neuronal 

apoptosis (Fernandez & Torres-Alemán, 2012). Typically, neurons play an important role in IGF-

1 synthesis, but IGF-1 is generated in case of damaged brain reactive microglia. Various studies 

showed several correlations between IGF-1 and PD, such as (1) the survival of dopaminergic and 

substantia nigra neurons is developed by IGF-1; (2) IGF-1 defends dopaminergic neurons against 

programmed apoptosis of cells (Bernhard et al., 2016; Mashayekhi et al., 2010). Moreover, many 

studies agreed with the results which showed that PD patients carry an increased level of CSF IGF 

(Mashayekhi et al., 2010). In the meantime, Godau et al. published that in PD patients the 

concentration of serum IGF-1 is higher than control subjects (Godau et al., 2010, 2011). The 

longitudinal MODEP study suggests that patients with PD may have considerably increased serum 

concentrations of IGF-1 compared to stable controls for more than 3.5 years. However, patients 

with PD at the early stage or preclinical stage (3.5 years period of disease) do not display an 

effective rise of IGF-1 in serum (Bernhard et al., 2016). Therefore, in advanced disease stages, 

serum IGF-1 is considered a standard biomarker. As a matter of fact, in multiple brain regions 
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crucial to cognitive function, different IGF-1 receptors are identified, with the maximum 

concentrations in the hippocampus and frontal cortex. As a consequence, reduced IGF-1 serum 

levels are linked with poor functional capacity and verbal memory in patients with PD. For the 

initial diagnosis of PDD, IGF-1 is seen as a beneficial biomarker (Picillo et al., 2017). 

 

4.4 Biomarkers Associated with Neuroinflammatory Reaction  

A research conducted by Mosley RL and team mentioned that the neuroinflammatory reaction is 

effective in decreasing dopaminergic neurons in patients with PD. Researchers have reported that 

microglial cells of nigrostriatal region are abnormally activated in both PD patients and animal 

models of PD (Mosley et al., 2012). Besides, TNF-alpha, IL-6, IL-1β inflammatory cytokines are 

secreted by abnormally activated microglia that invade dopaminergic neurons and result to neuron 

degeneration (Cebrián et al., 2014; More et al., 2013). The enhancement of such inflammatory 

factors can also be a possible biomarker of PD progression for early detection and recognition. In 

addition, it is confirmed that increased CSF IL-8 levels are predicted to be associated with a 

decreased (MoCA) Montreal Cognitive Assessment records and increased risk of cognitive 

damage  in PD patients, based on another study (Z. Liu et al., 2016; Yu et al., 2014). So, to evaluate 

the intensity of cognitive impairment in PD patients, IL-8 and CRP can be effective 

neuroinflammatory biomarkers. In this condition, an effective treatment strategy for PD can be 

given by medicines targeting inflammatory mediators (He et al., 2018). 
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Chapter 5 

 Genetic Biomarkers 

Genetic factors are predicted to have a significant impact on sensitivity to PD. Recently, there have 

been at least 20 genes approved to be associated with familial forms of PD, while more than 23 

PD genetic risk sites have been identified in genome-wide association studies (GWAS) (Deng et 

al., 2018). Accordingly, of these eight genes, PINK1, DJ-1 and Parkin are related to normal early-

onset PD and atypical types of juvenile-onset PD are related with SYNJ1, ATP13A2, FBOX7, 

DNAJC6, PLA2G6. It is probable that autosomal-recessive genetic forms are likely to be 

associated with these eight genes (Guo et al., 2015). The other three genes, VPS35, SNCA and 

LRRK2, appear to contribute to conventional autosomal dominant PD (Moura et al., 2012; Shen 

et al., 2016). Also, the study of mutations of genes in LRRK2, PINK1, DJ-1, Parkin, GBA, and 

SNCA is of great importance to 2 to 3 percent of patients with PD. In a study Siddiqui et al. 

mentioned that the alpha-synuclein, which is the main Lewy body part, is encoded by SNCA 

(Siddiqui et al., 2016). Moreover, according to reports, 5-10% of PD (PDD) patients show GBA 

mutations. Therefore, GBA has, so far, been the most successful for PD related genetic risk factor.  

 

Patients may have genetic factors in the etiology of PD for many years before the onset of clinical 

features. Therefore, Yung et al. mentioned that in peripheral blood the positive genes can probably 

become eligible biomarkers for the diagnosis of Parkinsonian syndromes along with PD because 

the disease pathophysiology is linked to the proteins (Yang et al., 2015).                                                                                                                                                                                                      
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Table 1: Name of gene, Protein encoded, Role of the gene as a diagnostic tool in PD 

 

Name of gene 

 

Protein encoded 

 

Role of the gene as a 

diagnostic tool in PD 

 

PINK1 and Parkin, PARK7  PINK1 and Parkin encodes 

threonine protein kinase, 

PARK7 encodes DJ-1 

related to typical PD early-

onset and it is important to 

analyze genetic mutations 

of these genes, which are 

estimated in 2-3 percent of 

PD patients (Moura et al., 

2012). 

FBOX7, ATP13A2, SYNJ1, 

PLA2G6, DNAJ26 

FBOX7 encodes protein 7 related to atypical juvenile-

onset PD forms (Guo et al., 

2015) 

SNCA 𝛼-synuclein appeared to lead to typical 

autosomal dominant PD 

and it is important to 

analyze genetic mutations 

of these genes, which are 
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estimated in 2-3 percent of 

PD patients (Guo et al., 

2015).  

LRRK2 Dardarin appeared to lead to typical 

autosomal dominant PD 

and it is important to 

analyze genetic mutations 

of these genes, which are 

estimated in 2-3 percent of 

PD patients(Siddiqui et al., 

2016) . 

VPS35 796-amino acid protein appeared to lead to typical 

autosomal dominant PD 

(Moura et al., 2012).  

GBA Lysosomal membrane 

protein 

it has been reported that 5-

10% of patients have GBA 

mutations, therefore GBA 

gene has been the most 

important PD genetic risk 

factor so far (Yang et al., 

2015). 
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Chapter 6 

Other biomarkers 

5.1 MicroRNA (MiRNA) 

MiRNA is a series of small, non-coding single-stranded molecules that can control the appearance 

of their target genes through translational inhibition or degradation of messenger RNA 

(Khodadadian et al., 2018). The pathogenesis of PD can occur due to these MiRNAs because most 

of the PD related genes are regulated by them. Moreover, the development of PD and the specific 

phase of disease usually based on variations in the expression of MiRNAs, resulting in the 

heterogeneity of the miRNAs. In fact, up- or down-regulation of inflammatory reaction ( Zhou et 

al., 2016; Nair & Ge, 2016), downregulation of protein DJ-1 (Z. Zhang & Cheng, 2014; Xiong et 

al., 2014), pathogenic upregulation of LRRK2 protein(Rassu et al., 2017), dysregulation of IGF  

(W. Kim et al., 2014) , overexpression of alpha-synuclein  also the death of dopaminergic neurons 

can all be associated with miRNA dysfunction (Z. Zhang & Cheng, 2014). 

 

Circulating miRNAs carry some significant features. They are likely to be highly stable and 

quantifiable, tissue-specific, abundant, and several years before the beginning of PD are up- or 

down-regulated, and these characteristics portray miRNAs as a modern candidate of confined 

biomarkers to identify initial-stage PD and observe disease progression. A study conducted by 

Martins and collaborators found that 18 miRNAs in PD patients were under-expressed when a 

miRNA expression profiling study was performed. It was also found that miR-30c, miR-30b, miR-

26a were possibly associated with sensitivity of PD (Martins et al., 2011). Also, four beneficial 
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candidate biomarkers (miR-1826, miR-505, miR-450b-3p, miR-626)  were found in a study(Khoo 

et al., 2012). Furthermore, a study that showed that miR-331-5p is upregulated in PD patients was 

conducted by Cardo et al. In addition, three upregulated miRNAs (miR-324-3p, miR-24, miR-223) 

and two downregulated miRNAs (miR-148b and miR-30c) were seen by Vallelunga. Later on, by 

performing an RNA-seq approach, Ding et al. observed 5 novel miRNAs where four miRNAs 

were downregulated in patients with PD and miR-195 was upregulated (Leggio et al., 2017). 

Lately, miR-4639-5p was effectively upregulated in patients with PD. Especially, this miRNA can 

be established as a reliable, effective preclinical PD diagnosis biomarker without relying on age of 

disease onset, gender, L-DOPA treatment and severity of PD motor feature (Y. Chen et al., 2017). 

Not only is miRNA profiling promising to be a modern method for diagnosing PD, but it also 

intends to include new treatments based on miRNA for PD care. 

 

 5.2 Peptides 

In recent years, it has been identified by using proteomic technologies that some peptides have 

correlation with various disease stages and severity but most of these candidate peptides have not 

gone through any quantitative analysis. Besides, a group of researchers were devoted to the 

establishment of novel biomarkers using mass spectrometry (MS) and accurate inclusion mass 

screening (AIMS) with high sensitivity, accuracy and specificity (Jaffe et al., 2008; Whiteaker et 

al., 2011). They discovered that there were substantial variations between PD and controls in 17 

peptides in CSF, and most of these 17 peptides had nothing to do with subjects' age and gender. 

Among them, secreted phosphoprotein 1 (SPP1) with an AUC of 0.791 and low-density lipoprotein 

receptor-related protein 1 (LRP1) with an AUC of 0.706 are the best performing individual 
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peptides. Moreover, Colony-stimulating factor receptor 1 (CSFR1), LRP1, SPPI, Tissue 

metalloproteinase inhibitor-1 (TIMP1) and Ephrin type-A receptor 4 (EPHA4) these 5 peptides 

can combined elevate AUC to 0.873 in recognition of patients with PD from healthy individuals 

also can distinguish PD patients very well from patients with AD with a value of 0.990 in AUC. 

This group of peptides, therefore, can be an effective biomarker that can deliver adequate PD 

specificity and diagnostic sensitivity, also correlate with the severity of the disease. Carecchio and 

Comi discovered in 2011 that in neurons, SPPI, the glycosylated phosphoprotein tends to perform 

the part of a double-edged sword in case of neurodegenerative disorders. Also it can be neurotoxic 

in some cases and induce cell death, but  in others it has a strong neuroprotective effect (Comi &  

Carecchio, 2011).  

 

Furthermore, LRP1 acts as a receptor involved in a signaling pathway that can transport of Aβ 

along with other brain ligands, regulate the clearance and maintain neuronal integrity and  brain 

lipid homeostasis (Kanekiyo et al., 2013; Q. Liu et al., 2010). A study done by Jian et al. mentioned 

that stimulating factor 1 and IL-344 for the colony, CSFR1 acts as a receptor that can give brain 

damage survival signals and neuroprotective signals. Neurodegeneration and excitotoxin-induced 

cell death can also be exacerbated by lack of CSFR1 (Luo et al., 2013). On the other hand, EPHA4 

is a member of the subclass of Ephrin receptor tyrosine kinases that, through its ephrin ligands, 

can control synapse formation and neuronal plasticity, during neural development can lead axons 

(Klein, 2009).  

 

Moreover, TIMP1 functions as an inhibitory molecule, and a broad class of matrix 
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metalloproteinases (MMPs) are inhibited by the primary activity of TIMP1.First of all, in response 

to neuronal cell stress, MMP-3 plays a crucial role in activating neuroinflammation in the 

pathophysiology of PD. The negative charge of the alpha-synuclein C-terminal portion can also 

be eliminated, allowing the C-terminally truncated protein extremely hydrophobic and even more 

cytotoxic for aggregation (E. M. Kim & Hwang, 2011).  

 

Additionally, researcher Kim and Hwang demonstrated that DJ-1 is capable to providing 

protection against mitochondrial, proteasomal and oxidative stresses, which is cleaved by MMP-

3. Consequently, TIMPI has a neuroprotective role in various ways (E. M. Kim & Hwang, 2011). 
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Chapter 7 

Discussion 

Parkinson’s Disease is a neurodegenerative disease that is associated with different kinds of 

biomarkers. As the average lifespan of the population is increasing, the prevalence of such diseases 

is increasing, since with increasing age is an inherent risk factor for development of PD (He et al., 

2018). Therefore, the proper diagnosis plays a major role in the treatment of the disease. There are 

many biomarkers which are associated with Parkinson’s Disease in different ways. But in some 

cases, those biomarkers are not very specific in every case and can be associated with other 

neurodegenerative diseases as well. The most widely used and most effective biomarkers of PD 

can be the neuroimaging biomarkers. Under neuroimaging biomarkers, transcranial sonography 

carries most of the ideal features that a biomarker should have, like it is cheap, painless, safe and 

non-invasive. Also, MRI is potential enough to become a biomarker for preclinical PD. Secondly, 

one of the most effective biomarkers of PD can be the biochemical biomarkers especially CSF 

(Cerebrospinal Fluid) 𝛼-synuclein, amyloid beta 1-42 in CSF and advanced oxidized protein 

products (AOPP) can predict the development of PD and such biomarkers are the focus of the 

current review. As PD is mainly related to the neurons, the CSF biomarkers are the closest ones to 

the disease site. Moreover, there are several other biomarkers that include peptides and microRNA. 

For preclinical PD diagnosis, MiR-4639-5p may be a stable potential biomarker because it does 

not depend on gender, age of onset of the disease, severity of motor symptoms of PD, and treatment 

with L-DOPA. On the other hand, in separating PD patients from healthy people, peptides can be 

used and PD can also be differentiated from other neurodegenerative diseases, since these 

particular peptides can signify various stages of disease and PD severity. Besides, molecular 

imaging technology carries dopaminergic imaging and non-dopaminergic imaging, can be used to 
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detect PD patients. Additionally, a significant move in the illustration of the chain molecular cases 

directing neurodegeneration in PDD was the discovery of the SNCA gene encoding alpha-

synuclein (Gasser, 2010). Moreover, evaluation of the role of common genetic variability as a risk 

factor for such disease has been effectively applied to quantitative characteristics such as PD age 

(Latourelle et al., 2009). Since genetics are known to have a major effect on PD susceptibility, it 

is likely that genetic biomarkers will become candidate biomarkers to diagnose Parkinsonian and 

PD syndromes (Deng et al., 2018). 

 

There are many biomarkers like DAT imaging, levodopa challenge, substantia nigra 

hyperechogenicity etc. will become candidate biomarkers to diagnosis of PD but those are still 

being questioned as their exact relation with the Parkinson’s Disease is still not clear. So, there 

should be more confirmatory studies to establish the biomarkers and to make the diagnostic 

procedures more efficient (Cova & Priori, 2018). 

 

 

 

 

 

 

 



37 
 

 Chapter 8 

 Prospect 

The advanced approaches to identifying our PD biomarkers have been analyzed by a large number 

of study groups. They've developed a lot of candidate biomarkers lately. Transcriptomics, 

proteomics, and metabolomics have also been used in PD biomarker research in recent years 

(Caudle et al., 2010). Also, a scientific study showed that gene microarrays' high productivity 

capabilities, the relative appearance of PD patient blood components and it is possible to use 

normal controls to better understand the role of particular proteins in PD pathogenesis and to detect 

effective biomarkers related to PD (Caudle, 2010). Besides, by quantifying their comparative 

differences in illustration from one phase of disease to another, they can offer a highly efficient 

platform and generate comprehensive protein identification data. A Japanese study mentioned that 

Proteomics would provide a more thorough understanding of the underlying pathogenesis of PD 

by using different body tissues to discover specific protein markers, such as CSF or tissue, serum 

and plasma (Misato et al. 2014). Lastly, in order to provide a way to separate patients with PD 

from general controls, irrespective of status of medication, metabolomics concentrates on 

metabolite quantification and detection. Besides, electrochemical coulometric arrays were used in 

metabolomic analysis that have the capability to discover metabolic statuses that can be used as 

potential biomarkers. Before that, a study identified using this technique that can distinguish 

controls from PD patients (Amara & Standaert, 2013). Therefore, transcriptomics, proteomics and 

metabolomics are promising to advance in the discovery of effective PD biomarkers. 

 

So far, numerous favorable biomarkers have been suggested but the perfect biomarkers are still 
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evasive(He et al., 2018). At different stages of the disease process, different important role has 

been performed by biomarkers. Additionally, the different biomarkers profiles differ widely from 

one person to another. One biomarker will be not sufficient enough for early diagnosis and predict 

disease track with appropriate sensitivity or specificity (He et al., 2018) . Recently, several groups 

of studies showed numerous examples of the use of a combination of multimodal biomarkers in 

patients with PD. Fereshtehnejad et al. created a bunch analysis with detailed data of these different 

biomarkers for predicting progress with adequate reliability. It is an advanced approach which can 

be utilized to distinct PD subtypes (Fereshtehnejad et al., 2017).  
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Chapter 9 

Conclusion 

Effective progress has been made in the study of biomarkers for PD, and a growing number of 

candidate biomarkers have been found for PD. To accomplish the differential diagnosis and proper 

diagnosis of PD, these biomarkers can provide significant efficiency. Therefore, we can apply 

early intervention in the disease and slow down the disease progression by treatment. Moreover, a 

single biomarker has limited capabilities to diagnose PD so more efforts should be directed to 

combine various biomarkers to develop the diagnostic accuracy of PD with maximum sensitivity 

and specificity. However, combination methods for detecting prodromal PD must be identified 

using a comprehensive dataset of biomarkers comprising clinical features, biospecimens, genetic 

information and neuroimaging Hereafter, in order to diagnose and treat PD efficiently and reliably, 

combined and comprehensive biomarkers are expected to be widely used. Besides, advanced 

biomarker studies would provide new and increased measures for the treatment of diseases, 

especially at the early stage of PD. 

 

Future Directions: 

Conduct extensive research on studies focusing on: Alpha-synuclein and Protein DJ-1 

 

 

 



40 
 

References 

A.J., L. (2007). Unresolved issues relating to the Shaking Palsy on the celebration of James 

Parkinson’s 250th birthday. Movement Disorders. 

Abou-Sleiman, P. M., Healy, D. G., Quinn, N., Lees, A. J., & Wood, N. W. (2003). The role of 

pathogenic DJ-1 mutations in Parkinson’s disease. Annals of Neurology. 

https://doi.org/10.1002/ana.10675 

Adler, C. H., Dugger, B. N., Hinni, M. L., Lott, D. G., Driver-Dunckley, E., Hidalgo, J., Henry-

Watson, J., Serrano, G., Sue, L. I., Nagel, T., Duffy, A., Shill, H. A., Akiyama, H., Walker, 

D. G., & Beach, T. G. (2014). Submandibular gland needle biopsy for the diagnosis of 

Parkinson disease. Neurology. https://doi.org/10.1212/WNL.0000000000000204 

Alam, Z. I., Jenner, A., Daniel, S. E., Lees, A. J., Cairns, N., Marsden, C. D., Jenner, P., & 

Halliwell, B. (1997). Oxidative DNA damage in the Parkinsonian brain: An apparent 

selective increase in 8-hydroxyguanine levels in substantia nigra. Journal of 

Neurochemistry. https://doi.org/10.1046/j.1471-4159.1997.69031196.x 

Alves, G., Lange, J., Blennow, K., Zetterberg, H., Andreasson, U., Førland, M. G., Tysnes, O. 

B., Larsen, J. P., & Pedersen, K. F. (2014). CSF Aβ42 predicts early-onset dementia in 

Parkinson disease. Neurology. https://doi.org/10.1212/WNL.0000000000000425 

Amara, A. W., & Standaert, D. G. (2013). Metabolomics and the search for biomarkers in 

Parkinson’s disease. Movement Disorders, 28(12), 1620–1621. 

https://doi.org/10.1002/mds.25644 

Andersson, M., Zetterberg, H., Minthon, L., Blennow, K., & Londos, E. (2011). The cognitive 



41 
 

profile and CSF biomarkers in dementia with Lewy bodies and Parkinson’s disease 

dementia. International Journal of Geriatric Psychiatry. https://doi.org/10.1002/gps.2496 

Ariga, H., Takahashi-Niki, K., Kato, I., Maita, H., Niki, T., & Iguchi-Ariga, S. M. M. (2013). 

Neuroprotective function of dj-1 in Parkinson’s disease. In Oxidative Medicine and Cellular 

Longevity. https://doi.org/10.1155/2013/683920 

Ascherio, A., LeWitt, P. A., Xu, K., Eberly, S., Watts, A., Matson, W. R., Marras, C., Kieburtz, 

K., Rudolph, A., Bogdanov, M. B., Schwid, S. R., Tennis, M., Tanner, C. M., Beal, M. F., 

Lang, A. E., Oakes, D., Fahn, S., Shoulson, I., & Schwarzschild, M. A. (2009). Urate as a 

predictor of the rate of clinical decline in Parkinson disease. Archives of Neurology. 

https://doi.org/10.1001/archneurol.2009.247 

Bandopadhyay, R. (2016). Sequential extraction of soluble and insoluble alpha-synuclein from 

parkinsonian brains. Journal of Visualized Experiments. https://doi.org/10.3791/53415 

Berman, T., & Bayati, A. (2018). What are Neurodegenerative Diseases and How Do They 

Affect the Brain? Frontiers for Young Minds. https://doi.org/10.3389/frym.2018.00070 

Bernhard, F. P., Heinzel, S., Binder, G., Weber, K., Apel, A., Roeben, B., Deuschle, C., 

Maechtel, M., Heger, T., Nussbaum, S., Gasser, T., Maetzler, W., & Berg, D. (2016). 

Insulin-like growth factor 1 (IGF-1) in Parkinson’s disease: Potential as trait-, progression- 

and prediction marker and confounding factors. PLoS ONE. 

https://doi.org/10.1371/journal.pone.0150552 

Betarbet, R., Sherer, T. B., & Greenamyre, J. T. (2005). Ubiquitin-proteasome system and 

Parkinson’s diseases. Experimental Neurology. 

https://doi.org/10.1016/j.expneurol.2004.08.021 



42 
 

Bishop, P., Rocca, D., & Henley, J. M. (2016). Ubiquitin C-Terminal hydrolase L1 (UCH-L1): 

Structure, distribution and roles in brain function and dysfunction. Biochemical Journal, 

473(16), 2453–2462. https://doi.org/10.1042/BCJ20160082 

Bonifati, V. (2012). Autosomal recessive parkinsonism. Parkinsonism and Related Disorders. 

https://doi.org/10.1016/s1353-8020(11)70004-9 

Burkhardt, C. R., & Weber, H. K. (1994). Parkinson’s disease: A chronic, low-grade antioxidant 

deficiency? Medical Hypotheses. https://doi.org/10.1016/0306-9877(94)90060-4 

Butt, A. H., Rovini, E., Dolciotti, C., De Petris, G., Bongioanni, P., Carboncini, M. C., & 

Cavallo, F. (2018). Objective and automatic classifcation of Parkinson disease with Leap 

Motion controller. BioMedical Engineering Online. https://doi.org/10.1186/s12938-018-

0600-7 

Carecchio, M., & Comi, C. (2011). The role of osteopontin in neurodegenerative diseases. In 

Journal of Alzheimer’s Disease. https://doi.org/10.3233/JAD-2011-102151 

Caudle, W. M., Bammler, T. K., Lin, Y., Pan, S., & Zhang, J. (2010). Using ’omics to define 

pathogenesis and biomarkers of Parkinson’s disease. In Expert Review of 

Neurotherapeutics. https://doi.org/10.1586/ern.10.54 

Cebrián, C., Zucca, F. A., Mauri, P., Steinbeck, J. A., Studer, L., Scherzer, C. R., Kanter, E., 

Budhu, S., Mandelbaum, J., Vonsattel, J. P., Zecca, L., Loike, J. D., & Sulzer, D. (2014). 

MHC-I expression renders catecholaminergic neurons susceptible to T-cell-mediated 

degeneration. Nature Communications. https://doi.org/10.1038/ncomms4633 

Chen-Plotkin, A. S., Albin, R., Alcalay, R., Babcock, D., Bajaj, V., Bowman, D., Buko, A., 



43 
 

Cedarbaum, J., Chelsky, D., Cookson, M. R., Dawson, T. M., Dewey, R., Foroud, T., 

Frasier, M., German, D., Gwinn, K., Huang, X., Kopil, C., Kremer, T., … Zhang, J. (2018). 

Finding useful biomarkers for Parkinson s disease. In Science Translational Medicine. 

https://doi.org/10.1126/scitranslmed.aam6003 

Chen, X., Burdett, T. C., Desjardins, C. A., Logan, R., Cipriani, S., Xu, Y., & Schwarzschild, M. 

A. (2013). Disrupted and transgenic urate oxidase alter urate and dopaminergic 

neurodegeneration. Proceedings of the National Academy of Sciences of the United States of 

America. https://doi.org/10.1073/pnas.1217296110 

Chen, Y., Gao, C., Sun, Q., Pan, H., Huang, P., Ding, J., & Chen, S. (2017). MicroRNA-4639 is 

a regulator of DJ-1 expression and a potential early diagnostic marker for Parkinson’s 

disease. Frontiers in Aging Neuroscience. https://doi.org/10.3389/fnagi.2017.00232 

Chinta, S. J., & Andersen, J. K. (2005). Dopaminergic neurons. In International Journal of 

Biochemistry and Cell Biology. https://doi.org/10.1016/j.biocel.2004.09.009 

Cipriani, S., Desjardins, C. A., Burdett, T. C., Xu, Y., Xu, K., & Schwarzschild, M. A. (2012a). 

Protection of dopaminergic cells by urate requires its accumulation in astrocytes. Journal of 

Neurochemistry. https://doi.org/10.1111/j.1471-4159.2012.07820.x 

Cipriani, S., Desjardins, C. A., Burdett, T. C., Xu, Y., Xu, K., & Schwarzschild, M. A. (2012b). 

Urate and its transgenic depletion modulate neuronal vulnerability in a cellular model of 

Parkinson’s disease. PLoS ONE. https://doi.org/10.1371/journal.pone.0037331 

Cova, I., & Priori, A. (2018). Diagnostic biomarkers for Parkinson’s disease at a glance: where 

are we? In Journal of Neural Transmission. https://doi.org/10.1007/s00702-018-1910-4 



44 
 

D., G., S., E., D., O., A., A., & M.A., S. (2011). Urate as a predictor of the rate of cognitive 

decline in the DATATOP trial. Movement Disorders. 

Danielson, S. R., & Andersen, J. K. (2008). Oxidative and nitrative protein modifications in 

Parkinson’s disease. In Free Radical Biology and Medicine. 

https://doi.org/10.1016/j.freeradbiomed.2008.03.005 

DeKosky, S. T., & Marek, K. (2003). Looking Backward to Move Forward: Early Detection of 

Neurodegenerative Disorders. In Science. https://doi.org/10.1126/science.1090349 

Deng, H., Wang, P., & Jankovic, J. (2018). The genetics of Parkinson disease. In Ageing 

Research Reviews. https://doi.org/10.1016/j.arr.2017.12.007 

Devos, D., Lebouvier, T., Lardeux, B., Biraud, M., Rouaud, T., Pouclet, H., Coron, E., Bruley 

des Varannes, S., Naveilhan, P., Nguyen, J. M., Neunlist, M., & Derkinderen, P. (2013). 

Colonic inflammation in Parkinson’s disease. Neurobiology of Disease. 

https://doi.org/10.1016/j.nbd.2012.09.007 

Dr. Marc Halpern. (2015). Parkinson ’ s Disease ( Kampavata ): Understanding the Ayurvedic 

Approach. CALIFORNIA COLLEGE OF AYURVEDA. 

Duran, R., Barrero, F. J., Morales, B., Luna, J. D., Ramirez, M., & Vives, F. (2010). Plasma α-

synuclein in patients with Parkinson’s disease with and without treatment. Movement 

Disorders. https://doi.org/10.1002/mds.22928 

Emamzadeh, F. N., & Surguchov, A. (2018). Parkinson’s disease: Biomarkers, treatment, and 

risk factors. In Frontiers in Neuroscience. https://doi.org/10.3389/fnins.2018.00612 

Embogama. (2016). Difference Between Parkinsonism and Parkinson’s Disease | Clinical 



45 
 

Features, Cause, Method of Treatment. PEDIAA. https://pediaa.com/difference-between-

parkinsonism-and-parkinsons-disease/ 

Fahn, S. (2005). Does levodopa slow or hasten the rate of progression of Parkinson’s disease? 

Journal of Neurology. https://doi.org/10.1007/s00415-005-4008-5 

Fahn, S., & Cohen, G. (1992). The oxidant stress hypothesis in Parkinson’s disease: Evidence 

supporting it. Annals of Neurology. https://doi.org/10.1002/ana.410320616 

Fairfoul, G., McGuire, L. I., Pal, S., Ironside, J. W., Neumann, J., Christie, S., Joachim, C., Esiri, 

M., Evetts, S. G., Rolinski, M., Baig, F., Ruffmann, C., Wade-Martins, R., Hu, M. T. M., 

Parkkinen, L., & Green, A. J. E. (2016). Alpha-synuclein RT-QuIC in the CSF of patients 

with alpha-synucleinopathies. Annals of Clinical and Translational Neurology. 

https://doi.org/10.1002/acn3.338 

Fereshtehnejad, S. M., Zeighami, Y., Dagher, A., & Postuma, R. B. (2017). Clinical criteria for 

subtyping Parkinson’s disease: Biomarkers and longitudinal progression. Brain. 

https://doi.org/10.1093/brain/awx118 

Fernandez, A. M., & Torres-Alemán, I. (2012). The many faces of insulin-like peptide signalling 

in the brain. In Nature Reviews Neuroscience. https://doi.org/10.1038/nrn3209 

Findley, L. J. (2007). The economic impact of Parkinson’s disease. Parkinsonism and Related 

Disorders. https://doi.org/10.1016/j.parkreldis.2007.06.003 

Foulds, P. G., Diggle, P., Mitchell, J. D., Parker, A., Hasegawa, M., Masuda-Suzukake, M., 

Mann, D. M. A., & Allsop, D. (2013). A longitudinal study on a-synuclein in blood plasma 

as a biomarker for Parkinson’s disease. Scientific Reports. 



46 
 

https://doi.org/10.1038/srep02540 

Galbraith, K. (2019). Diagnostic accuracy of DaTSCAN in Parkinson ’ s and clinically uncertain 

parkinsonism. January 2016, 1–4. 

Gallea, J. I., & Celej, M. S. (2014). Structural insights into amyloid oligomers of the Parkinson 

disease-related protein α-synuclein. Journal of Biological Chemistry. 

https://doi.org/10.1074/jbc.M114.566695 

García-Moreno, J. M., Martín De Pablos, A., García-Sánchez, M. I., Méndez-Lucena, C., 

Damas-Hermoso, F., Rus, M., Chacón, J., & Fernández, E. (2013). May serum levels of 

advanced oxidized protein products serve as a prognostic marker of disease duration in 

patients with idiopathic parkinson’s disease? In Antioxidants and Redox Signaling. 

https://doi.org/10.1089/ars.2012.5026 

Gasser, T. (2010). Identifying PD-causing genes and genetic susceptibility factors: Current 

approaches and future prospects. In Progress in Brain Research. 

https://doi.org/10.1016/S0079-6123(10)83001-8 

George, S., Rey, N. L., Reichenbach, N., Steiner, J. A., & Brundin, P. (2013). α-Synuclein: The 

long distance runner. Brain Pathology. https://doi.org/10.1111/bpa.12046 

Gmitterova, K., Heinemann, U., Gawinecka, J., Varges, D., Ciesielczyk, B., Valkovic, P., 

Benetin, J., & Zerr, I. (2009). 8-OHdG in cerebrospinal fluid as a marker of oxidative stress 

in various neurodegenerative diseases. Neurodegenerative Diseases. 

https://doi.org/10.1159/000237221 

Godau, J., Herfurth, M., Kattner, B., Gasser, T., & Berg, D. (2010). Increased serum insulin-like 



47 
 

growth factor 1 in early idiopathic Parkinson’s disease. Journal of Neurology, Neurosurgery 

and Psychiatry. https://doi.org/10.1136/jnnp.2009.175752 

Godau, J., Knauel, K., Weber, K., Brockmann, K., Maetzler, W., Binder, G., & Berg, D. (2011). 

Serum insulinlike growth factor 1 as possible marker for risk and early diagnosis of 

Parkinson disease. Archives of Neurology. https://doi.org/10.1001/archneurol.2011.129 

Gong, L., Zhang, Q. L., Zhang, N., Hua, W. Y., Huang, Y. X., Di, P. W., Huang, T., Xu, X. S., 

Liu, C. F., Hu, L. F., & Luo, W. F. (2012). Neuroprotection by urate on 6-OHDA-lesioned 

rat model of Parkinson’s disease: Linking to Akt/GSK3β signaling pathway. Journal of 

Neurochemistry. https://doi.org/10.1111/jnc.12038 

Groveman, B. R., Orrù, C. D., Hughson, A. G., Raymond, L. D., Zanusso, G., Ghetti, B., 

Campbell, K. J., Safar, J., Galasko, D., & Caughey, B. (2018). Rapid and ultra-sensitive 

quantitation of disease-associated α-synuclein seeds in brain and cerebrospinal fluid by 

αSyn RT-QuIC. Acta Neuropathologica Communications. https://doi.org/10.1186/s40478-

018-0508-2 

Guo, J. F., Dong, X. L., Xu, Q., Li, N., Yan, X. X., Xia, K., & Tang, B. S. (2015). Exon dosage 

analysis of parkin gene in Chinese sporadic Parkinson’s disease. Neuroscience Letters. 

https://doi.org/10.1016/j.neulet.2015.07.046 

Hall, S., Öhrfelt, A., Constantinescu, R., Andreasson, U., Surova, Y., Bostrom, F., Nilsson, C., 

Widner, H., Decraemer, H., Nägga, K., Minthon, L., Londos, E., Vanmechelen, E., 

Holmberg, B., Zetterberg, H., Blennow, K., & Hansson, O. (2012). Accuracy of a Panel of 5 

Cerebrospinal Fluid Biomarkers in the Differential Diagnosis of Patients With Dementia 

and/or Parkinsonian Disorders. Archives of Neurology, 69(11), 1445–1452. 



48 
 

https://doi.org/10.1001/archneurol.2012.1654 

Hansson, O., Janelidze, S., Hall, S., Magdalinou, N., Lees, A. J., Andreasson, U., Norgren, N., 

Linder, J., Forsgren, L., Constantinescu, R., Zetterberg, H., & Blennow, K. (2017). Blood-

based NfL: A biomarker for differential diagnosis of parkinsonian disorder. Neurology. 

https://doi.org/10.1212/WNL.0000000000003680 

Hao, L. Y., Giasson, B. I., & Bonini, N. M. (2010). DJ-1 is critical for mitochondrial function 

and rescues PINK1 loss of function. Proceedings of the National Academy of Sciences of 

the United States of America. https://doi.org/10.1073/pnas.0911175107 

He, R., Yan, X., Guo, J., Xu, Q., Tang, B., & Sun, Q. (2018). Recent advances in biomarkers for 

Parkinson’s disease. In Frontiers in Aging Neuroscience. 

https://doi.org/10.3389/fnagi.2018.00305 

Herbert, M. K., Eeftens, J. M., Aerts, M. B., Esselink, R. A. J., Bloem, B. R., Kuiperij, H. B., & 

Verbeek, M. M. (2014). CSF levels of DJ-1 and tau distinguish MSA patients from PD 

patients and controls. Parkinsonism and Related Disorders. 

https://doi.org/10.1016/j.parkreldis.2013.09.003 

Hirayama, M., Nakamura, T., Watanabe, H., Uchida, K., Hama, T., Hara, T., Niimi, Y., Ito, M., 

Ohno, K., & Sobue, G. (2011). Urinary 8-hydroxydeoxyguanosine correlate with 

hallucinations rather than motor symptoms in Parkinson’s disease. Parkinsonism and 

Related Disorders. https://doi.org/10.1016/j.parkreldis.2010.11.004 

Howells, D. W., Porritt, M. J., Wong, J. Y. F., Batchelor, P. E., Kalnins, R., Hughes, A. J., & 

Donnan, G. A. (2000). Reduced BDNF mRNA expression in the Parkinson’s disease 

substantia nigra. Experimental Neurology. https://doi.org/10.1006/exnr.2000.7483 



49 
 

Hwang, O. (2013). Role of Oxidative Stress in Parkinson’s Disease. Experimental Neurobiology. 

https://doi.org/10.5607/en.2013.22.1.11 

Irizarry, M. C., Gurol, M. E., Raju, S., Diaz-Arrastia, R., Locascio, J. J., Tennis, M., Hyman, B. 

T., Growdon, J. H., Greenberg, S. M., & Bottiglieri, T. (2005). Association of homocysteine 

with plasma amyloid β protein in aging and neurodegenerative disease. Neurology. 

https://doi.org/10.1212/01.wnl.0000183063.99107.5c 

Isobe, C., Abe, T., & Terayama, Y. (2010). Levels of reduced and oxidized coenzymeQ-10 and 

8-hydroxy-2′-deoxyguanosine in the cerebrospinal fluid of patients with living Parkinson’s 

disease demonstrate that mitochondrial oxidative damage and/or oxidative DNA damage 

contributes to the neurodegenera. Neuroscience Letters, 469(1), 159–163. 

https://doi.org/10.1016/j.neulet.2009.11.065 

Jackson, P., & Thompson, R. J. (1981). The demonstration of new human brain-specific proteins 

by high-resolution two-dimensional polyacrylamide gel electrophoresis. Journal of the 

Neurological Sciences. https://doi.org/10.1016/0022-510X(81)90032-0 

Jaffe, J. D., Keshishian, H., Chang, B., Addona, T. A., Gilette, M. A., & Carr, S. A. (2008). 

Accurate inclusion mass screening: A bridge from unbiased discovery to targeted assay 

development for biomarker verification. Molecular and Cellular Proteomics. 

https://doi.org/10.1074/mcp.M800218-MCP200 

Jankovic, J. (2008). Parkinson’s disease: Clinical features and diagnosis. In Journal of 

Neurology, Neurosurgery and Psychiatry. https://doi.org/10.1136/jnnp.2007.131045 

Jennifer G. Goldman. (2012). Cognitive Impairment | American Parkinson Disease Assoc. 

https://www.apdaparkinson.org/what-is-parkinsons/symptoms/cognitive-changes/ 



50 
 

Jiménez-Jiménez, F. J., Alonso-Navarro, H., García-Martín, E., & Agúndez, J. A. G. (2014). 

Cerebrospinal fluid biochemical studies in patients with Parkinson’s disease: Toward a 

potential search for biomarkers for this disease. Frontiers in Cellular Neuroscience. 

https://doi.org/10.3389/fncel.2014.00369 

Kalia, L. V., & Lang, A. E. (2015). Parkinson’s disease. In The Lancet. 

https://doi.org/10.1016/S0140-6736(14)61393-3 

Kanekiyo, T., Cirrito, J. R., Liu, C. C., Shinohara, M., Li, J., Schuler, D. R., Shinohara, M., 

Holtzman, D. M., & Bu, G. (2013). Neuronal clearance of amyloid-β by endocytic receptor 

LRP1. Journal of Neuroscience. https://doi.org/10.1523/JNEUROSCI.3487-13.2013 

Khodadadian, A., Hemmati-Dinarvand, M., Kalantary-Charvadeh, A., Ghobadi, A., & Mazaheri, 

M. (2018). Candidate biomarkers for Parkinson’s disease. In Biomedicine and 

Pharmacotherapy. https://doi.org/10.1016/j.biopha.2018.05.026 

Khoo, S. K., Petillo, D., Kang, U. J., Resau, J. H., Berryhill, B., Linder, J., Forsgren, L., & 

Neuman, L. A. (2012). Plasma-based circulating microRNA biomarkers for Parkinson’s 

disease. Journal of Parkinson’s Disease. https://doi.org/10.3233/JPD-012144 

Kikusato, M., Nakamura, K., Mikami, Y., Mujahid, A., & Toyomizu, M. (2016). The 

suppressive effect of dietary coenzyme Q10 on mitochondrial reactive oxygen species 

production and oxidative stress in chickens exposed to heat stress. Animal Science Journal. 

https://doi.org/10.1111/asj.12543 

Kim, E. M., & Hwang, O. (2011). Role of matrix metalloproteinase-3 in neurodegeneration. In 

Journal of Neurochemistry. https://doi.org/10.1111/j.1471-4159.2010.07082.x 



51 
 

Kim, W., Lee, Y., McKenna, N. D., Yi, M., Simunovic, F., Wang, Y., Kong, B., Rooney, R. J., 

Seo, H., Stephens, R. M., & Sonntag, K. C. (2014). MiR-126 contributes to Parkinson’s 

disease by dysregulating the insulin-like growth factor/phosphoinositide 3-kinase signaling. 

Neurobiology of Aging. https://doi.org/10.1016/j.neurobiolaging.2014.01.021 

Klein, R. (2009). Bidirectional modulation of synaptic functions by Eph/ephrin signaling. Nature 

Neuroscience, 12(1), 15–20. https://doi.org/10.1038/nn.2231 

Kocer, B., Guven, H., & Comoglu, S. S. (2016). Homocysteine Levels in Parkinson’s Disease: Is 

Entacapone Effective? BioMed Research International. 

https://doi.org/10.1155/2016/7563705 

Latourelle, J. C., Beste, M. T., Hadzi, T. C., Miller, R. E., Oppenheim, J. N., Valko, M. P., 

Wuest, D. M., Church, B. W., Khalil, I. G., Hayete, B., & Venuto, C. S. (2017). Large-scale 

identification of clinical and genetic predictors of motor progression in patients with newly 

diagnosed Parkinson’s disease: a longitudinal cohort study and validation. The Lancet 

Neurology. https://doi.org/10.1016/S1474-4422(17)30328-9 

Latourelle, J. C., Pankratz, N., Dumitriu, A., Wilk, J. B., Goldwurm, S., Pezzoli, G., Mariani, C. 

B., DeStefano, A. L., Halter, C., Gusella, J. F., Nichols, W. C., Myers, R. H., & Foroud, T. 

(2009). Genomewide association study for onset age in Parkinson disease. BMC Medical 

Genetics. https://doi.org/10.1186/1471-2350-10-98 

Leeman, R. F., & Potenza, M. N. (2011). Impulse control disorders in Parkinson’s disease: 

Clinical characteristics and implications. In Neuropsychiatry. 

https://doi.org/10.2217/npy.11.11 

Leggio, L., Vivarelli, S., L’Episcopo, F., Tirolo, C., Caniglia, S., Testa, N., Marchetti, B., & 



52 
 

Iraci, N. (2017). MicroRNAs in parkinson’s disease: From pathogenesis to novel diagnostic 

and therapeutic approaches. In International Journal of Molecular Sciences. 

https://doi.org/10.3390/ijms18122698 

Leng, Y. P., Ma, Y. S., Li, X. G., Chen, R. F., Zeng, P. Y., Li, X. H., Qiu, C. F., Li, Y. P., Zhang, 

Z., & Chen, A. F. (2018). l-Homocysteine-induced cathepsin V mediates the vascular 

endothelial inflammation in hyperhomocysteinaemia. British Journal of Pharmacology. 

https://doi.org/10.1111/bph.13920 

Lin, X., Cook, T. J., Zabetian, C. P., Leverenz, J. B., Peskind, E. R., Hu, S. C., Cain, K. C., Pan, 

C., Edgar, J. S., Goodlett, D. R., Racette, B. A., Checkoway, H., Montine, T. J., Shi, M., & 

Zhang, J. (2012). DJ-1 isoforms in whole blood as potential biomarkers of Parkinson 

disease. Scientific Reports. https://doi.org/10.1038/srep00954 

Liu, Q., Trotter, J., Zhang, J., Peters, M. M., Cheng, H., Bao, J., Han, X., Weeber, E. J., & Bu, G. 

(2010). Neuronal LRP1 knockout in adult mice leads to impaired brain lipid metabolism 

and progressive, age-dependent synapse loss and neurodegeneration. Journal of 

Neuroscience. https://doi.org/10.1523/JNEUROSCI.4067-10.2010 

Liu, Z., Guo, J., Wang, Y., Li, K., Kang, J., Wei, Y., Sun, Q., Xu, Q., Xu, C., Yan, X., & Tang, 

B. (2016). Lack of association between IL-10 and IL-18 gene promoter polymorphisms and 

Parkinson’ s disease with cognitive impairment in a Chinese population. Scientific Reports. 

https://doi.org/10.1038/srep19021 

Living with Parkinson’s Disease | American Parkinson Disease Assoc. (2016). American 

Parkinson Disease Assoc. https://www.apdaparkinson.org/resources-support/living-with-

parkinsons-disease/ 



53 
 

Luo, J., Elwood, F., Britschgi, M., Villeda, S., Zhang, H., Ding, Z., Zhu, L., Alabsi, H., 

Getachew, R., Narasimhan, R., Wabl, R., Fainberg, N., James, M. L., Wong, G., Relton, J., 

Gambhir, S. S., Pollard, J. W., & Wyss-Coray, T. (2013). Colony-stimulating factor 1 

receptor (CSF1R) signaling in injured neurons facilitates protection and survival. Journal of 

Experimental Medicine. https://doi.org/10.1084/jem.20120412 

Mahlknecht, P., Seppi, K., & Poewe, W. (2015). The concept of prodromal Parkinson’s disease. 

In Journal of Parkinson’s Disease. https://doi.org/10.3233/JPD-150685 

Mahmoudi, M., Rezaiemanesh, A., Salmaninejad, A., Harsini, S., Poursani, S., Bahrami, T., 

Tahghighi, F., Ziaee, V., & Rezaei, N. (2015). PDCD1 single nucleotide genes 

polymorphisms confer susceptibility to juvenile-onset systemic lupus erythematosus. 

Autoimmunity. https://doi.org/10.3109/08916934.2015.1058370 

Martínez-Martin, P., Rodriguez-Blazquez, C., Paz, S., Forjaz, M. J., Frades-Payo, B., Cubo, E., 

De Pedro-Cuesta, J., & Lizán, L. (2015). Parkinson symptoms and health related quality of 

life as predictors of costs: A longitudinal observational study with linear mixed model 

analysis. PLoS ONE. https://doi.org/10.1371/journal.pone.0145310 

Martins, M., Rosa, A., Guedes, L. C., Fonseca, B. V., Gotovac, K., Violante, S., Mestre, T., 

Coelho, M., RosaMá, M. M., Martin, E. R., Vance, J. M., Outeiro, T. F., Wang, L., 

Borovecki, F., Ferreira, J. J., & Oliveira, S. A. (2011). Convergence of mirna expression 

profiling, α-synuclein interacton and GWAS in Parkinson’s disease. PLoS ONE. 

https://doi.org/10.1371/journal.pone.0025443 

Mashayekhi, F., Mirzajani, E., Naji, M., & Azari, M. (2010). Expression of insulin-like growth 

factor-1 and insulin-like growth factor binding proteins in the serum and cerebrospinal fluid 



54 
 

of patients with Parkinson’s disease. Journal of Clinical Neuroscience. 

https://doi.org/10.1016/j.jocn.2009.08.013 

Modi, P., Mohamad, A., Phom, L., Koza, Z., Das, A., Chaurasia, R., Samadder, S., Achumi, B., 

Muralidhara, Pukhrambam, R. S., & Yenisetti, S. C. (2016). Understanding 

Pathophysiology of Sporadic Parkinson’s Disease in Drosophila Model: Potential 

Opportunities and Notable Limitations. In Challenges in Parkinson’s Disease. 

https://doi.org/10.5772/63767 

Mollenhauer, B., Locascio, J. J., Schulz-Schaeffer, W., Sixel-Döring, F., Trenkwalder, C., & 

Schlossmacher, M. G. (2011). α-Synuclein and tau concentrations in cerebrospinal fluid of 

patients presenting with parkinsonism: A cohort study. The Lancet Neurology. 

https://doi.org/10.1016/S1474-4422(11)70014-X 

Mollenhauer, B., Trenkwalder, C., Von Ahsen, N., Bibl, M., Steinacker, P., Brechlin, P., 

Schindehuette, J., Poser, S., Wiltfang, J., & Otto, M. (2006). Beta-amlyoid 1-42 and tau-

protein in cerebrospinal fluid of patients with Parkinson’s disease dementia. Dementia and 

Geriatric Cognitive Disorders. https://doi.org/10.1159/000094871 

Mondello, S., Constantinescu, R., Zetterberg, H., Andreasson, U., Holmberg, B., & Jeromin, A. 

(2014). CSF α-synuclein and UCH-L1 levels in Parkinson’s disease and atypical 

parkinsonian disorders. Parkinsonism and Related Disorders. 

https://doi.org/10.1016/j.parkreldis.2014.01.011 

Montine, T. J., Shi, M., Quinn, J. F., Peskind, E. R., Craft, S., Ginghina, C., Chung, K. A., Kim, 

H., Galasko, D. R., Jankovic, J., Zabetian, C. P., Leverenz, J. B., & Zhang, J. (2010). CSF 

Aβ42 and tau in Parkinson’s disease with cognitive impairment. Movement Disorders. 



55 
 

https://doi.org/10.1002/mds.23287 

More, S. V., Kumar, H., Kim, I. S., Song, S. Y., & Choi, D. K. (2013). Cellular and molecular 

mediators of neuroinflammation in the pathogenesis of Parkinson’s disease. In Mediators of 

Inflammation. https://doi.org/10.1155/2013/952375 

Mosley, R. L., Hutter-Saunders, J. A., Stone, D. K., & Gendelman, H. E. (2012). Inflammation 

and adaptive immunity in Parkinson’s disease. Cold Spring Harbor Perspectives in 

Medicine. https://doi.org/10.1101/cshperspect.a009381 

Moura, K. C. V., Junior, M. C., De Rosso, A. L. Z., Nicaretta, D. H., Pereira, J. S., José Silva, 

D., Santos-Rebouças, C. B., & Pimentel, M. M. G. (2012). Exon dosage variations in 

Brazilian patients with Parkinson’s disease: Analysis of SNCA, PARKIN, PINK1 and DJ-1 

genes. Disease Markers. https://doi.org/10.3233/DMA-2011-0873 

Nair, V. D., & Ge, Y. (2016). Alterations of miRNAs reveal a dysregulated molecular regulatory 

network in Parkinson’s disease striatum. Neuroscience Letters. 

https://doi.org/10.1016/j.neulet.2016.06.061 

Nalls, M. A., McLean, C. Y., Rick, J., Eberly, S., Hutten, S. J., Gwinn, K., Sutherland, M., 

Martinez, M., Heutink, P., Williams, N. M., Hardy, J., Gasser, T., Brice, A., Price, T. R., 

Nicolas, A., Keller, M. F., Molony, C., Gibbs, J. R., Chen-Plotkin, A., … Singleton, A. B. 

(2015). Diagnosis of Parkinson’s disease on the basis of clinical and genetic classification: 

A population-based modelling study. The Lancet Neurology. https://doi.org/10.1016/S1474-

4422(15)00178-7 

Obeid, R., Schadt, A., Dillmann, U., Kostopoulos, P., Fassbender, K., & Herrmann, W. (2009). 

Methylation status and neurodegenerative markers in Parkinson disease. Clinical Chemistry. 



56 
 

https://doi.org/10.1373/clinchem.2009.125021 

Park, M. J., Cheon, S. M., Bae, H. R., Kim, S. H., & Kim, J. W. (2011). Elevated levels of α-

synuclein oligomer in the cerebrospinal fluid of drug-naïve patients with Parkinson’s 

disease. Journal of Clinical Neurology (Korea). https://doi.org/10.3988/jcn.2011.7.4.215 

Parnetti, L., Castrioto, A., Chiasserini, D., Persichetti, E., Tambasco, N., El-Agnaf, O., & 

Calabresi, P. (2013). Cerebrospinal fluid biomarkers in Parkinson disease. In Nature 

Reviews Neurology. https://doi.org/10.1038/nrneurol.2013.10 

Parnetti, L., Chiasserini, D., Persichetti, E., Eusebi, P., Varghese, S., Qureshi, M. M., Dardis, A., 

Deganuto, M., De Carlo, C., Castrioto, A., Balducci, C., Paciotti, S., Tambasco, N., Bembi, 

B., Bonanni, L., Onofrj, M., Rossi, A., Beccari, T., El-Agnaf, O., & Calabresi, P. (2014). 

Cerebrospinal fluid lysosomal enzymes and alpha-synuclein in Parkinson’s disease. 

Movement Disorders. https://doi.org/10.1002/mds.25772 

Picillo, M., Pivonello, R., Santangelo, G., Pivonello, C., Savastano, R., Auriemma, R., Amboni, 

M., Scannapieco, S., Pierro, A., Colao, A., Barone, P., & Pellecchia, M. T. (2017). Serum 

IGF-1 is associated with cognitive functions in early, drug-naïve Parkinson’s disease. PLoS 

ONE. https://doi.org/10.1371/journal.pone.0186508 

Poewe, W., Seppi, K., Tanner, C. M., Halliday, G. M., Brundin, P., Volkmann, J., Schrag, A. E., 

& Lang, A. E. (2017). Parkinson disease. Nature Reviews Disease Primers. 

https://doi.org/10.1038/nrdp.2017.13 

Postuma, R. B., Espay, A. J., Zadikoff, C., Suchowersky, O., Martin, W. R. W., Lafontaine, A. 

L., Ranawaya, R., Camicioli, R., & Lang, A. E. (2006). Vitamins and entacapone in 

levodopa-induced hyperhomocysteinemia: A randomized controlled study. Neurology. 



57 
 

https://doi.org/10.1212/01.wnl.0000219815.83681.f7 

Prakash, K. M., & Tan, E. K. (2010). Development of Parkinson’s disease biomarkers. In Expert 

Review of Neurotherapeutics. https://doi.org/10.1586/ern.10.73 

Rassu, M., Del Giudice, M. G., Sanna, S., Taymans, J. M., Morari, M., Brugnoli, A., Frassineti, 

M., Masala, A., Esposito, S., Galioto, M., Valle, C., Carri, M. T., Biosa, A., Greggio, E., 

Crosio, C., & Iaccarino, C. (2017). Role of LRRK2 in the regulation of dopamine receptor 

trafficking. PLoS ONE. https://doi.org/10.1371/journal.pone.0179082 

Rozycka, A., Jagodzinski, P., Kozubski, W., Lianeri, M., & Dorszewska, J. (2014). 

Homocysteine Level and Mechanisms of Injury in Parkinson’s Disease as Related to 

MTHFR, MTR, and MTHFD1 Genes Polymorphisms and LDopa Treatment. Current 

Genomics. https://doi.org/10.2174/1389202914666131210210559 

Saito, Y. (2014). Oxidized DJ-1 as a possible biomarker of Parkinson’s disease. In Journal of 

Clinical Biochemistry and Nutrition. https://doi.org/10.3164/jcbn.13-108 

Saito, Y., Hamakubo, T., Yoshida, Y., Ogawa, Y., Hara, Y., Fujimura, H., Imai, Y., Iwanari, H., 

Mochizuki, Y., Shichiri, M., Nishio, K., Kinumi, T., Noguchi, N., Kodama, T., & Niki, E. 

(2009). Preparation and application of monoclonal antibodies against oxidized DJ-1. 

Significant elevation of oxidized DJ-1 in erythrocytes of early-stage Parkinson disease 

patients. Neuroscience Letters. https://doi.org/10.1016/j.neulet.2009.08.074 

Saito, Y., & Noguchi, N. (2016). Oxidation of DJ-1 in Blood and Brain of Parkinson′s Disease 

Patients- Usability as an Early Diagnosis Marker. Free Radical Biology and Medicine. 

https://doi.org/10.1016/j.freeradbiomed.2016.10.438 



58 
 

Salehi, Z., & Mashayekhi, F. (2009). Brain-derived neurotrophic factor concentrations in the 

cerebrospinal fluid of patients with Parkinson’s disease. Journal of Clinical Neuroscience. 

https://doi.org/10.1016/j.jocn.2008.03.010 

Samii, A., Nutt, J. G., & Ransom, B. R. (2004). Parkinson’s disease. Lancet. 

https://doi.org/10.1016/S0140-6736(04)16305-8 

Santaella, A., Kuiperij, H. B., Van Rumund, A., Esselink, R. A. J., Van Gool, A. J., Bloem, B. 

R., & Verbeek, M. M. (2020). Inflammation biomarker discovery in Parkinson’s disease 

and atypical parkinsonisms. BMC Neurology. https://doi.org/10.1186/s12883-020-1608-8 

Scalzo, P., Kümmer, A., Bretas, T. L., Cardoso, F., & Teixeira, A. L. (2010). Serum levels of 

brain-derived neurotrophic factor correlate with motor impairment in Parkinson’s disease. 

Journal of Neurology. https://doi.org/10.1007/s00415-009-5357-2 

Schrag, A., Siddiqui, U. F., Anastasiou, Z., Weintraub, D., & Schott, J. M. (2017). Clinical 

variables and biomarkers in prediction of cognitive impairment in patients with newly 

diagnosed Parkinson’s disease: a cohort study. The Lancet Neurology. 

https://doi.org/10.1016/S1474-4422(16)30328-3 

Schulte, C., & Gasser, T. (2011). Genetic basis of Parkinson’s disease: Inheritance, penetrance, 

and expression. In Application of Clinical Genetics. https://doi.org/10.2147/TACG.S11639 

Schwarzschild, M. A., Schwid, S. R., Marek, K., Watts, A., Lang, A. E., Oakes, D., Shoulson, I., 

Ascherio, A., Hyson, C., Gorbold, E., Rudolph, A., Kieburtz, K., Fahn, S., Gauger, L., 

Goetz, C., Seibyl, J., Forrest, M., & Ondrasik, J. (2008). Serum urate as a predictor of 

clinical and radiographic progression in Parkinson disease. Archives of Neurology. 

https://doi.org/10.1001/archneur.2008.65.6.nct70003 



59 
 

Sharma, S., Moon, C. S., Khogali, A., Haidous, A., Chabenne, A., Ojo, C., Jelebinkov, M., 

Kurdi, Y., & Ebadi, M. (2013). Biomarkers in Parkinson’s disease (recent update). In 

Neurochemistry International. https://doi.org/10.1016/j.neuint.2013.06.005 

Shen, T., Pu, J., Si, X., Ye, R., & Zhang, B. (2016). An update on potential therapeutic strategies 

for Parkinson’s disease based on pathogenic mechanisms. In Expert Review of 

Neurotherapeutics. https://doi.org/10.1080/14737175.2016.1179112 

Shi, M., Bradner, J., Hancock, A. M., Chung, K. A., Quinn, J. F., Peskind, E. R., Galasko, D., 

Jankovic, J., Zabetian, C. P., Kim, H. M., Leverenz, J. B., Montine, T. J., Ginghina, C., 

Kang, U. J., Cain, K. C., Wang, Y., Aasly, J., Goldstein, D., & Zhang, J. (2011). 

Cerebrospinal fluid biomarkers for Parkinson disease diagnosis and progression. Annals of 

Neurology. https://doi.org/10.1002/ana.22311 

Siddiqui, I. J., Pervaiz, N., & Abbasi, A. A. (2016). The Parkinson Disease gene SNCA: 

Evolutionary and structural insights with pathological implication. Scientific Reports. 

https://doi.org/10.1038/srep24475 

Siderowf, A., Xie, S. X., Hurtig, H., Weintraub, D., Duda, J., Chen-Plotkin, A., Shaw, L. M., 

Van Deerlin, V., Trojanowski, J. Q., & Clark, C. (2010). CSF amyloid β 1-42 predicts 

cognitive decline in Parkinson disease. Neurology. 

https://doi.org/10.1212/WNL.0b013e3181f39a78 

Sidransky, E., Nalls, M. A., Aasly, J. O., Aharon-Peretz, J., Annesi, G., Barbosa, E. R., Bar-

Shira, A., Berg, D., Bras, J., Brice, A., Chen, C. M., Clark, L. N., Condroyer, C., De Marco, 

E. V., Dürr, A., Eblan, M. J., Fahn, S., Farrer, M. J., Fung, H. C., … Ziegler, S. G. (2009). 

Multicenter analysis of glucocerebrosidase mutations in Parkinson’s disease. New England 



60 
 

Journal of Medicine. https://doi.org/10.1056/NEJMoa0901281 

Sohmiya, M., Tanaka, M., Wei Tak, N., Yanagisawa, M., Tanino, Y., Suzuki, Y., Okamoto, K., 

& Yamamoto, Y. (2004). Redox status of plasma coenzyme Q10 indicates elevated 

systemic oxidative stress in Parkinson’s disease. Journal of the Neurological Sciences. 

https://doi.org/10.1016/j.jns.2004.05.007 

Summerfield, C., Junqué, C., Tolosa, E., Salgado-Pineda, P., Gómez-Ansón, B., Martí, M. J., 

Pastor, P., Ramírez-Ruíz, B., & Mercader, J. (2005). Structural brain changes in parkinson 

disease with dementia: A voxel-based morphometry study. Archives of Neurology. 

https://doi.org/10.1001/archneur.62.2.281 

Sundal, C., Fujioka, S., Uitti, R. J., & Wszolek, Z. K. (2012). Autosomal dominant Parkinson’s 

disease. Parkinsonism and Related Disorders. https://doi.org/10.1016/s1353-

8020(11)70005-0 

Sveinbjornsdottir, S. (2016). The clinical symptoms of Parkinson’s disease. Journal of 

Neurochemistry, 139, 318–324. https://doi.org/10.1111/jnc.13691 

Swerdlow, R. H., Parks, J. K., Miller, S. W., Tuttle, J. B., Trimmer, P. A., Sheehan, J. P., 

Bennett, J. P., Davis, R. E., & Parker, W. D. (1996). Origin and functional consequences of 

the complex I defect in Parkinson’s disease. Annals of Neurology. 

https://doi.org/10.1002/ana.410400417 

The MNT Editorial Team. (2018). 11 complications of Parkinson’s disease. Medical News 

Today. https://www.medicalnewstoday.com/articles/323399 

Tokuda, T., Qureshi, M. M., Ardah, M. T., Varghese, S., Shehab, S. A. S., Kasai, T., Ishigami, 



61 
 

N., Tamaoka, A., Nakagawa, M., & El-Agnaf, O. M. A. (2010). Detection of elevated levels 

of α-synuclein oligomers in CSF from patients with Parkinson disease. Neurology. 

https://doi.org/10.1212/WNL.0b013e3181fd613b 

Tokuda, Takahiko, Salem, S. A., Allsop, D., Mizuno, T., Nakagawa, M., Qureshi, M. M., 

Locascio, J. J., Schlossmacher, M. G., & El-Agnaf, O. M. A. (2006). Decreased α-synuclein 

in cerebrospinal fluid of aged individuals and subjects with Parkinson’s disease. 

Biochemical and Biophysical Research Communications. 

https://doi.org/10.1016/j.bbrc.2006.08.024 

Tolosa, E., Wenning, G., & Poewe, W. (2006). The diagnosis of Parkinson’s disease. In Lancet 

Neurology. https://doi.org/10.1016/S1474-4422(05)70285-4 

Vågberg, M., Norgren, N., Dring, A., Lindqvist, T., Birgander, R., Zetterberg, H., & 

Svenningsson, A. (2015). Levels and age dependency of neurofilament light and Glial 

Fibrillary Acidic Protein in healthy individuals and their relation to the brain parenchymal 

fraction. PLoS ONE. https://doi.org/10.1371/journal.pone.0135886 

Wang, X., Yu, S., Li, F., & Feng, T. (2015). Detection of α-synuclein oligomers in red blood 

cells as a potential biomarker of Parkinson’s disease. Neuroscience Letters. 

https://doi.org/10.1016/j.neulet.2015.05.030 

Wang, Y., Shi, M., Chung, K. A., Zabetian, C. P., Leverenz, J. B., Berg, D., Srulijes, K., 

Trojanowski, J. Q., Lee, V. M. Y., Siderowf, A. D., Hurtig, H., Litvan, I., Schiess, M. C., 

Peskind, E. R., Masuda, M., Hasegawa, M., Lin, X., Pan, C., Galasko, D., … Zhang, J. 

(2012). Phosphorylated α-synuclein in Parkinson’s disease. Science Translational Medicine. 

https://doi.org/10.1126/scitranslmed.3002566 



62 
 

Waragai, M., Nakai, M., Wei, J., Fujita, M., Mizuno, H., Ho, G., Masliah, E., Akatsu, H., 

Yokochi, F., & Hashimoto, M. (2007). Plasma levels of DJ-1 as a possible marker for 

progression of sporadic Parkinson’s disease. Neuroscience Letters. 

https://doi.org/10.1016/j.neulet.2007.08.010 

Whiteaker, J. R., Lin, C., Kennedy, J., Hou, L., Trute, M., Sokal, I., Yan, P., Schoenherr, R. M., 

Zhao, L., Voytovich, U. J., Kelly-Spratt, K. S., Krasnoselsky, A., Gafken, P. R., Hogan, J. 

M., Jones, L. A., Wang, P., Amon, L., Chodosh, L. A., Nelson, P. S., … Paulovich, A. G. 

(2011). A targeted proteomics-based pipeline for verification of biomarkers in plasma. 

Nature Biotechnology. https://doi.org/10.1038/nbt.1900 

Wu, Y., Le, W., & Jankovic, J. (2011). Preclinical biomarkers of parkinson disease. In Archives 

of Neurology. https://doi.org/10.1001/archneurol.2010.321 

Xiong, R., Wang, Z., Zhao, Z., Li, H., Chen, W., Zhang, B., Wang, L., Wu, L., Li, W., Ding, J., 

& Chen, S. (2014). MicroRNA-494 reduces DJ-1 expression and exacerbates 

neurodegeneration. Neurobiology of Aging. 

https://doi.org/10.1016/j.neurobiolaging.2013.09.027 

Yang, Y., Tang, B. S., Weng, L., Li, N., Shen, L., Wang, J., Zuo, C., Yan, X. X., Xia, K., & Guo, 

J. F. (2015). Genetic identification is critical for the diagnosis of parkinsonism: A Chinese 

pedigree with early onset of parkinsonism. PLoS ONE. 

https://doi.org/10.1371/journal.pone.0136245 

Yen, H. C., Liu, C. C., Kan, C. C., Chen, C. S., & Wei, H. R. (2014). Suppression of coenzyme 

Q10 levels and the induction of multiple PDSS and COQ genes in human cells following 

oligomycin treatment. Free Radical Research. 



63 
 

https://doi.org/10.3109/10715762.2014.936865 

Yoritaka, A., Hattori, N., Uchida, K., Tanaka, M., Stadtman, E. R., & Mizuno, Y. (1996). 

Immunohistochemical detection of 4-hydroxynonenal protein adducts in Parkinson disease. 

Proceedings of the National Academy of Sciences of the United States of America. 

https://doi.org/10.1073/pnas.93.7.2696 

Yu, S. yang, Zuo, L. jun, Wang, F., Chen, Z. jie, Hu, Y., Wang, Y. jie, Wang, X. min, & Zhang, 

W. (2014). Potential biomarkers relating pathological proteins, neuroinflammatory factors 

and free radicals in PD patients with cognitive impairment: A cross-sectional study. BMC 

Neurology. https://doi.org/10.1186/1471-2377-14-113 

Zhang, P., Lokuta, K. M., Turner, D. E., & Liu, B. (2010). Synergistic dopaminergic 

neurotoxicity of manganese and lipopolysaccharide: Differential involvement of microglia 

and astroglia. Journal of Neurochemistry. https://doi.org/10.1111/j.1471-4159.2009.06477.x 

Zhang, Z., & Cheng, Y. (2014). MiR-16-1 promotes the aberrant α -synuclein accumulation in 

parkinson disease via targeting heat shock protein 70. Scientific World Journal. 

https://doi.org/10.1155/2014/938348 

Zhou, Y., Lu, M., Du, R. H., Qiao, C., Jiang, C. Y., Zhang, K. Z., Ding, J. H., & Hu, G. (2016). 

MicroRNA-7 targets Nod-like receptor protein 3 inflammasome to modulate 

neuroinflammation in the pathogenesis of Parkinson’s disease. Molecular 

Neurodegeneration. https://doi.org/10.1186/s13024-016-0094-3 

Zoccolella, S., Lamberti, P., Iliceto, G., Dell’Aquila, C., Diroma, C., Fraddosio, A., Lamberti, S. 

V., Armenise, E., Defazio, G., De Mari, M., & Livrea, P. (2006). Elevated plasma 

homocysteine levels in L-dopa-treated Parkinson’s disease patients with dyskinesias. 



64 
 

Clinical Chemistry and Laboratory Medicine. https://doi.org/10.1515/CCLM.2006.143 

 

       

 

 


