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INTRODUCTION

Parkinson’s disease (PD) is a complex syndrome with different clinical subtypes 
characterized by a large motor and non-motor features which intern effect the 

ABSTRACT

Parkinson’s disease (PD) ranks the second position of neurodegenerative disorder 
mainly arises due to depleted levels of neurotransmitter dopamine in substantia 
nigra. PD is characterized by decreased levels of dopamine due to dopaminergic 
cell death and manifested by tremor, rigidity, bradykinesia and postural abnormali-
ties. Considerable latency is observed in dopaminergic cell death and appearance 
of clinical symptoms in PD, so it is necessary to diagnose the disease in early stages 
for better treatment. Establishment of reliable biomarkers which indicates the pro-
gression of the disease and will aid in better clinical management of PD patients. 
Biomarkers when coupled with system biology tools help in discovering transcrip-
tomic, proteomic, genomic and metabolic molecules and other signaling pathways 
responsible for differential diagnosis of parkinsonism disorder and serves as tool in 
monitoring disease progression. Identifying the subjects at earlier stage of disease 
would pave the way to novel drug therapies to decrease the progression of disease.
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function and quality of life of affected individuals. Pathological evidences sug-
gest that the pathological process of PD begins much earlier prior to the ap-
pearance of typical motor symptoms. About 70-80% of striatal dopamine and 
one third of substantia nigra neurons and striatal dopaminergic neurons have 
already been lost before the diagnosis is made. 1, 2

Pathology of PD is complicated. Recent studies have reported the evaluation of 
brain samples of PD patients showing the presence of Lewy bodies (LB) which 
is the hallmark of PD to trace the damaged neurons throughout the nervous 
system. Braak et al conducted a study and reported that there are six neuro-
pathological stages of PD 3, which are shown in Fig 1.
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Figure 1 . Neuropathological stages of Parkinson disease
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STAGE-I: In this stage beginning of pathology is traced in lower medulla ob-
longata in the dorsal motor nucleus of the tenth cranial nerve and the olfactory 
structures specifically in anterior part.

STAGE-II: Lewy neuritis is observed in locus coeruleus, exacerbation of lesions 
in dorsal motor nucleus.

STAGE-III: Damage to the substantia nigra is observed.

STAGE-IV: Presence of lesions in the temporal mesocortex.

STAGE-V: Pathology is seen in the adjoining temporal neocortical fields.

STAGE-VI: Cognitive status correlates with the neuropathological stage. 

According to National Institute of Health (NIH), a biomarker is a tool which 
assists in detection and diagnosis of disease and indicates the pharmacological 
response to a therapeutic intervention. 4 Development of reliable and sensitive 
biomarkers will help in detection of individual at risk before the progression 
of classical symptoms in a stage where neuroprotective therapies have higher 
efficacy. Establishment of a reliable biomarker will help in discriminating PD 
from other neurodegenerative disorders. Biomarkers are the tools which assist 
the physicians in developing pathogenesis-targeted therapeutics of PD. 5

Biomarkers in PD

Parkinsonism is manifested by motor features including bradykinesia, tremors, 
rigidity and postural abnormalities along with the non-motor features. Myriad 
of biomarkers are used at different stages of PD. Different phases of PD are 
shown in Figure 2.

Prediagnostic PD Clinical PD

Preclinical PD
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Figure 2 . Different phases of Parkinson’s disease
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Prediagnostic phase of PD

In established PD, patients experience non-motor symptoms which are as trou-
blesome as motor features, and treatment is often difficult.  Non-motor symp-
toms are experienced early and there is substantial evidence which suggests 
that they also aid in early diagnosis of the disease several years prior to the 
appearance of clinical symptoms. A number of studies have demonstrated the 
association of PD with earlier diagnosis such as depression, anxiety, constipa-
tion and erectile dysfunction. 6, 7, 8

Biomarkers in prediagnostic stage

The clinical diagnosis of PD requires multiple motor features to be established, 
and while subtle motor signs may be present, a clinical diagnosis of PD is not 
possible until motor symptoms become more definite. 9 Non-motor features 
potentially serves as biomarkers in early diagnosis of PD. Environmental fac-
tors also contribute to the occurrence of PD. Exposure to pesticides in farmers 
and people living in rural areas are associated with increased risk of PD. Rote-
none and paraquat which are chemically relative to MPTP (1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine specifically increase the risk of PD. 10 Mendelian 
randomisation (MR) study is a powerful technique which correlates between 
the risk factors and progression of the disease. This technique was used by Si-
mon and colleagues, they used polymorphism of single nucleotide in SLC2A9 
gene to estimate the genetic variability of serum urate levels. Outcome of this 
study suggested elevated levels of urate in serum which delayed progression of 
the disease. Findings of this MR study emerged as novel therapeutic strategy to 
treat the disease progression by modulating therapeutic urate levels. 11

Biomarkers in preclinical phase of PD 

Preclinical phase is that stage of PD which precedes the diagnostic phase of 
PD which is devoid of motor symptoms of the disorder characterised by subtle 
non-motor features of the disease which can be detected by physiological ex-
amination. Various biomarkers are available for determining preclinical stage 
which may develop PD in future. 12 Biomarkers in preclinical phase of PD are 
represented in Figure 3.
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Figure 3 . Biomarkers in preclinical stage of Parkinson’s disease

Clinical biomarkers of preclinical pd

Evidences suggest that prior to the appearance of motor features of PD various 
premonitory sign and symptoms are seen 13, 14 which are as follows,

Sleep Disturbances

Patients with PD have disturbed sleep pattern characterised by rapid behav-
ioural disorder (RBD) which is seen much prior to the onset of motor symp-
toms. 15, 16 In a long-term clinical study conducted with 93 subjects with RBD, 14 
patients developed Parkinsonism with high degree of cognitive impairment. 17

Essential tremors

Neuropathological studies and epidemiological studies have suggested that pa-
tients with essential tremors have co-existent PD. 18 Cohort study conducted on 
3813 geriatric patients in central Spain reported that patients with Essential 
tremors are 4 times more prevalent to develop PD than controls. 19

Olfactory Dysfunction

Population based prospective studies revealed the association between olfac-
tory loss and future development of PD. 20 About 90% of the patients suffer-
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ing from PD exhibits anosmia. 21, 22 Odour separation measures indicate the 
severity of disease and further studies support that olfactory dysfunction is the 
early sign of idiopathic PD. Neuroimaging and neurochemical marker studies 
revealed that olfactory loss in PD can be seen 2 to 7 years prior to the clinical 
development of PD. 23

Constipation

Dysautonomia is generally traced at the advanced stages of PD. According to 
epidemiological studies conducted among the various symptoms of autonomic 
dysfunction constipation appears earliest and much prior to motor symptoms. 24

Pathological biomarkers in preclinical pd

Degeneration of dopaminergic neurons in substantia nigra pars compacta, as-
sociated with proteinaceous inclusions within the cytoplasm known as Lewy 
Bodies (LB) is the crucial pathological hallmark of PD. 

Braak hypothesis however suggested that neurodegeneration of non-dopamin-
ergic neurons in the caudal regions of brainstem particularly in dorsal motor 
nucleus of vagus and olfactory regions precedes the dopaminergic degenera-
tion. Braak hypothesis states that a-synuclein pathological changes in PD begin 
in the lower brainstem and progress in caudal-rostral pattern. This promotes 
the notion that non-motor features reflecting this prenigral involvement can 
precede the classic motor features of PD.

Based on the study conducted by implanting embryonic dopaminergic cell in 
the striatum of patients with PD have developed pathological features including 
formation of LB has led to the hypothesis that a-synuclein can be secreted into 
extracellular space of brain and spread PD in a prion like fashion. 25   

Olfactory features

According to Hawkes et al synucleinopathy in PD starts in olfactory bulb 
and enteric plexuses this paved the way to dual-hit hypothesis accord-
ing to this an unknown neurotropic pathogen initiates the pathogenesis 
underlying sporadic PD in anterograde and retrograde fashion. 26

Skin biopsy

By performing punch skin biopsy using immune staining and pan-
neuronal marker for protein gene product, has shown the involve-
ment of peripheral autonomic nervous system in early stages of PD. 
Presence of α-synuclein deposits in dermis of PD patients concludes 
it as variant synucleinopathy. 27, 28
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NEUROIMAGING BIOMARKERS IN PRECLINICAL PD

Presymptomatic stages of PD can be detected by various imaging 
techniques. 29 Brain abnormalities in PD patients using various tech-
niques such as dopamine transporter-single photon emission com-
puted tomography (DAT-SPECT), positron emission tomography 
(PET), transcranial B-mode sonography (TCS), diffusion weighted 
imaging (DWI), magnetic resonance imaging (MRI), sonography.

Positron Emission Tomography 

PET scan involves emission of positrons which are positively charged. DAT-
SPECT at the straiatal regions of substantia nigra  can be assessed employing 
radiolabeled dopamine analogs such as 18F,11C,18F-dopamine30, 18F-FE-PE2I, 
18F-LBT999 31, 11C-methylphenidate, 11C, 18F radiolabelled dihydrotetrabenazine 
(DTBZ) are the radioligands used for quantification of vesicular monoamine 
transporter type 2 (VMAT2).

Both DAT and VMAT2 ligands trace the early signs of dopaminergic damage. 32 
DAT ligands estimate the uptake and decarboxylation of levodopa coupled with the 
amount of radiolabeled dopamine stored in vesicles. Reduced DAT binding is the 
earliest indication of dopaminergic dysfunction in individuals and serves as poten-
tial biomarker of preclinical PD. 33 Another radiolabelled 11C-dihydrotetrabenazine 
detects nigrostriatal deficits in preclinical PD indicating the severity of PD.

DAT SPECT

Single photon emission computed tomography (SPECT) imaging technique 
aids in visualising the dopamine transporter (DAT) levels in the brain. Studies 
revealed reduced binding of DAT in patients with PD which further indicates 
the severity and asymmetry of motor clinical scores. 34 Binding of N-fluoropro-
pyl-2b-carbomethoxy-3b-4-[123I] iodophenyl-nortropane  ([123I]-FP-CIT) to the 
striatum is helpful in detecting the severity even at preclinical stage in subjects 
with de novo PD, thus any abnormality in imaging serves as fruitful biomarker 
of early PD. 35

Trans Cranial B-Mode Sonography (TCS)

Most reliable method used to measure the velocity of blood flowing through 
brain vessels by measuring the echoes and frequency of ultrasound waves. 
When patients with PD are subjected to TCS increased echogenicity of substan-
tia nigra is traced in the brains of PD patients. According to Skoloudik et al., 
higher echogenicity is mainly due to elevated levels of iron, gliosis due to altera-
tion or malfunction of blood brain barrier. 36
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Magnetic Resonance Imaging (MRI)

MRI is a form of DWI (Diffused Weighted Imaging) which is based on diffusion 
principle. It measures the amount of water diffused through the tissue thereby 
determines the structural defects. Increased diffusivity of water indicates the 
necrosis of cells or reduced volume of the tissue region. This technique also dis-
tinguishes PD from multiple system atrophy (MSA). Patients with MSA exhibits 
more diffusivity of water in the middle cerebella peduncles compared to PD 
patients. 37 High resolution 3-Tesla MRI can also trace the diminished volume 
of caudate and putamen in PD patients. 38

Genetic Biomarkers in preclinical PD

Alpha-Synuclein – Levels of a-synuclein in PD patients’s CSF have been 
found to be decreased which is due to syucleinopathy. 39 Thus a-synuclein is 
employed as a potential biomarker in clinical diagnosis of PD. 40

LRRK2 (OMIM*609007) – Mutations in LRKK2 is responsible for 10-15% 
of familial cases with autosomal dominant PD, 41 30-40% of familial cases are 
mainly due to mutations in LRRK2 such as G2019S which was evolved as a po-
tential screening tool in Ashkenazi Jews and North African Arabs. 42, 43

Multi functional protein DJ-1(OMIM*602533) - Decreased levels of this 
protein is responsible for familial, Autosomal recessive PD. 44

Parkin gene (OMIM*601828) - Mutation of parkin gene is major cause of 
several tumors and autosomal recessive PD. 45

Transcription factor NURR1 (NR4A2) (OMIM*601828) - It is a mem-
ber of nuclear receptor family essential for the development, survival, func-
tional maintenance of dopaminergic neurons in midbrain. 46 A study conducted 
on 278 subjects suffering from PD, 166 healthy subjects and 256 controls with 
neurological disease and the results revealed that there is decreased expression 
of NURR1 gene in PD patients. 47

Cocaperone st13 (omim*606796) - It stabilizes Heat shock protein-70 
(HSP-70) which has the ability to modify α-synuclein misfolding and toxicity. 
Levels of ST13 m-RNA was significantly reduced in PD patients. 48

Biomarkers in clinical phase of pd

Clinical phase of PD is associated with motor symptoms such as bradykinesia, 
rigidity and resting tremors. Detection of motor signs and symptoms serves as 
potential markers in progression of disease at different stages. NIH sponsored 
a clinical trial study named DATATOP for determining motor scores to identify 
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disease progression. Several non-motor features precede the classical motor 
features. Such as olfactory dysfunction, REM sleep disorder, bowel dysfunction 
and depression serve as markers of disease. 49

Neurochemical biomarkers in parkinson’s disease

Orexin

Lateral and posterior neurons of hypothalamic region possess a neuropeptide 
hormone named orexin also known as hypocretin. It has a key role in regulating 
sleep-wake cycle, 50 cardiovascular response, hypertension 51 and heart rate. Nar-
colepsy seen in PD patients is mainly due to degeneration of hypocretin neurons 
in hypothalamus. Severity of disease is directly related to the concentration of 
orexin. 52 Orexin levels are decreased in PD patients than healthy subjects.

Glial fibrillary acidic protein (GFAP) in CSF is expressed by astrocytes. In-
creased GFAP levels mainly responsible for decreased levels of orexin, thus 
GFAP is considered as potential biomarker. 53

8-Hydroxy-2’-Deoxyguanosine (8-OHdG)

It is a reactive oxygen species (ROS) of 8-hydroxyguanine responsible for 
DNA lesions. 54 Increased serum levels of 8-OHdG are observed in PD. Hence, 
8-OHdG serves as potential biomarker in PD. 55

Dopamine transporter (DAT)

Increased dopamine levels are toxic to the neurons by undergoing oxidation to form 
reactive quinones. In order to maintain the levels of dopamine, dopamine trans-
porters such as vesicular monoamine transporter 2 (VMAT 2) store excess dopa-
mine in vesicles. Any change in dopamine transporter levels is an indicator of PD. 56

Dopamine metabolites

Decreased levels of 3, 4-dihydroxy phenyl acetic acid (DOPAL) and DOPA in 
CSF are helpful in diagnosing preclinical PD. DOPAL is responsible for oli-
gomerization and aggregation of α-synuclein in PD. 57         

Dopamine Receptor

Among the five different types of dopamine receptors (D1-D5), D3 type of re-
ceptor is significantly reduced due to reduced dopamine signals [55]. Therefore, 
D3R is used as a potential biomarker for PD. 58

Apolipoprotein A1 (APO A1)

Liver and small intestine are the major sources of APO A1 which is an essential 
constituent of high-density lipoprotein (HDL). APOA1 along with APOE are in-
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volved in lipid transportation in the brain. 59 CSF of PD patients show reduced 
levels of APOA1and tetranectin have been observed, thus act as a potential bio-
marker for PD. 60, 61

RNA-Based PD Biomarkers

A novel diagnostic approach is developed to identify PD in early stages. MiR-
NA’s are non-coding which consists of 21-24 nucleotides emerged as potential 
biomarkers of PD because of their presence in CSF as well as in exosome. A 
study conducted by Dos Santos et al  analyzed expression of miRNA profile us-
ing NGS (next generation sequencing)  in CSF of PD patients and identified 
miRNA based biomarker pannel of Let-7f-5p,miR-125a-5p,miR-151a-3p,miR-
27-a-3p and miR-423-5p five best ranking variables. 62

Peripheral Proteasome and Caspase Activity

PD is associated with accumulation of intracellular inclusions called Lewy’s 
bodies (LB). Mutations in proteasomes lead to their dysfunction and potenti-
ates accumulation of aggregated a-synuclein. 63 Increased ROS in case of mito-
chondrial deficiency increases oxidation of a-synuclein leading increased ATP-
independent proteosomal activity and greater a-synuclein oligomerization. Any 
changes in ATP levels inhibit 26s proteasome. 64 Severity of the disease is as-
sociated with decreased proteosome 20s activity and increased caspase 3 activ-
ity. Raised levels of caspase 3 initiate apoptosis thereby decrease proteasome 
activity. Therefore, proteasome and caspase are used as potential biomarkers. 65

Novel Biomarkers in PD

Proteomics, metabolomics and transcriptomics are novel tools capable of trac-
ing any changes in protein, metabolites, RNA profiles and body fluids to distin-
guish healthy subjects and diseased subjects. 66

CSF fluid metabolite profile

Pathological changes in brain are directly related to composition abnormalities 
of CSF. PD is associated with neurodegenerative changes of dopaminergic neu-
rons in nigrostriatal pathway. Levels of dopamine and its metabolites determine 
the progression and severity of the disease and are considered to be potential 
biomarkers.

CSF fluid is analyzed by various analytical techniques, one of the analytical tech-
niques used for analyzing CSF is LCECA (LC-electrochemistry array). Reduced 
levels of homovanillic acid (HVA), dihydoxyphenylaceticacid (DOPAC), L-Dopa 
and dihydroxyphenylglycol have been reported in PD patients. 67
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Another analytical technique used is gas chromatography-time of flight/ mass 
spectrometry (GC-TOF/MS), various metabolites such as tryptophan, creatinine, 
3-hydroxyisobutyricacid; glucose mannose levels are reduced in PD patients. 68, 69

Blood profile 
Screening of blood of healthy and diseased subjects suffering from PD led to 
the discovery of novel biomarkers for diagnosis of the disease. Dysregulation of 
kynurenine pathway is seen in PD patients. 70, 71, 72 The changes in kynurenine 
metabolites in PD serves as biomarker and also pave the way to novel therapeu-
tic strategy for treating PD by giving kynurenic acid supplement or by reducing 
quinolinic acid using kynurenine 3-monooxygenase inhibitors. Urate levels in 
blood have significant importance in determining the progression and severity 
of the disease. Urate is an important antioxidant present endogenously. 73 Attrib-
uting to its antioxidant property increased urate levels help in fighting against 
oxidative stress in PD patients. High urate levels indicate low risk and slow pro-
gression of the disease. 74, 75 These findings led to the longitudinal study of a nu-
tritional supplement inosine which increases urate levels so used in treating PD.

Sometimes misdiagnosis of PD due to presence of co-existing neurodegenera-
tive diseases such as progressive supra-nuclear palsy (PAP), primary progres-
sive multiple sclerosis (PPMS), multiple system atrophy (MSA) may misled the 
diagnosis and treatment.

NMR (nuclear magnetic resonance) and LC-MS (liquid chromatography-
mass spectrometry)  study reports revealed that branched chain amino acids 
(BCAA’S) levels are high in patients with PD, PAP, MSA compared to healthy 
subjects. 76 N-8-acetyl sperm dine is effective in determining disease onset and 
progression of the disease. In addition to the biomarker activity it also plays 
significant role in delaying or slowing down the progression of the disease. 77

Urine analysis

Biopyrrin is the oxidative product of bilirubin. Biopyrrin exacerbates the oxida-
tive stress associated with PD and identified as novel biomarker for sporadic 
PD. 78 Urine being a rich source of metabolites is screened by GC-MS and LC-
MS techniques. Results revealed that dysregulation of steroidogenesis, trypto-
phan, and phenylalanine pathways are related to the progress of the disease.

Fecal examination

Fecal short chain fatty acids (SCFAs) promote GI motility and regulate functions 
of ENS (enteric nervous system). GC-based analysis reported the decreased lev-
els of SCFAs are responsible for development of gastrointestinal motility disor-
ders in PD patients compared to controls. 79, 80
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Other Naive Biomarkers

Reflex tears

Reflex tears emerged as novel biomarker for diagnosis of PD. Reflex tearing 
involves the sensory and afferent nerve fibers which are damaged in PD. A 
study conducted involving 84 PD patients and 84 healthy controls. Oligomeric 
α-synuclein (α-syn oligo), total α-synuclein, lactoferrin and matrix metallopro-
teinase 9 levels are raised in tears of PD patients compared to healthy controls. 
Flow rate is significantly reduced in PD patients. 81, 82

Saliva α-synuclein

A study conducted at Al-Mustansiriya University engaged 20 PD patients and 
20 healthy subjects. Each subject is tested for salivary flow rate, salivary protein 
and α-synuclein using ELISA (Enzyme linked immune sorbent assay). Unstipu-
lated saliva collected from each subject and it is screened through ELISA. Saliva 
α-synuclein levels is less in PD patients compared to healthy subjects. There-
fore, saliva α-synuclein can be used as a potential biomarker in PD. 83

Interleukins (IL-6, IL-10, IL-12)

High plasma concentration of proinflammatory agents like IL-6, IL-10 and IL-
12 increases the risk of PD and thereby causing immunological disturbances in 
PD patients. 84, 85

Low density lipoprotein

A study involving 236 PD patients and healthy controls reported that reduced 
LDL levels increase the risk of PD. This further promotes the novel therapeutic 
strategy of decreasing the risk of PD by increasing cholesterol levels. 86, 87

Hair color

In PD patients the dark color of hair found to be decreased. Red hair colored 
and blond subjects are at high risk of PD and have a role of pigmentation in 
pathogenesis of PD. 88

All the above-mentioned naive biomarkers are interesting and worth but need 
to be validated to consider as potent biomarkers. Figure 4 represents the vari-
ous biomarkers of PD.
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RESULTS and CONCLUSION

PD is the second most common neurodegenerative disorder affecting more than 
10 million individuals worldwide. Because of considerable time lapse between 
neuronal damage and appearance of clinical symptoms, it is essential to discov-
er and develop the biomarkers and diagnostic tools for prognosis of the disease 
and developing novel strategies in treatment. Quality of life improvement is the 
most urgent and unmet need in the field of science. Biomarkers are the unique 
tools which ease the process of diagnosis of the disease at early stages to identify 
at-risk individuals. Imaging techniques such as DAT-SPECT, MRI and PET are 
available but because of high cost and nonspecific target these techniques are 
not validated at preclinical stages. Many neurochemicals, non-motor features 
such as anosmia, olfactory dysfunction, constipation emerged as successful bio-
markers for future diagnosis of PD pathology. Newly introduced biomarkers 
such as reflex tears, salivary levels of α-synuclein gathered considerable atten-
tion but they need to be validated to use them as potential biomarkers.

Single parameter is unlikely to become a fruitful biomarker. Intensive examina-
tion is to be done to introduce potent biomarkers which further potentiate the 
development of therapeutic strategies to increase the quality of life of patients 
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by prognosis of the disease. Studies which allow the assessment of combined 
data from various fields such as clinical, laboratory, imaging, and genetics must 
be preferred. Current review is presented with myriad of biomarkers and their 
ability to develop the novel therapeutic strategies in treating PD but these find-
ings are just the “tip of the iceberg”. In order to get access to the wider picture 
of PD etiology in-depth biological investigation has to be done. Discovery of 
miRNAs is a breakthrough in field which is a growing hope that screening these 
miRNAs greatly contribute in diagnosing the disease at early stages. Parkin-
son’s Progression Markers Initiative (PPMI) is conducting an observational 
clinical study aimed to evaluate the data obtained through cohort studies em-
ploying patients with PD along with healthy subjects utilizing advanced imag-
ing, sampling coupled with other laboratory biomarkers using body fluids to 
identify biomarkers of Parkinson disease progression. With the application of 
novel techniques such as proteomics, metabolomics, genomics and transcrip-
tomics, it is likely to develop biomarkers which aid in detecting asymptomatic 
individuals with early disease so that they get benefit from early therapeutic 
intervention.
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