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Neurodegenerative disorder detection based on Bodily Fluids 

Early diagnosis and detection could limit 
the progression of several 
neurodegenerative diseases. However, 
clinical diagnosis and management have 
been a daunting challenge, due to the 
complex nature and manifestations of 
these diseases. Current diagnostic tests 
involve using invasive and painful tests 
including lumbar puncture or genetic 
analysis. Intense research efforts are 
underway to seek biomarkers that could 
allow early and easy detection of the 
neuro-disorders [1]. In this article, we 
discuss several promising bodily fluid 
candidates including Cerebrospinal fluid 
(CSF), Blood, Urine, Saliva and Tears for 
early diagnosis of several 
neurodegenerative disorders. 

1. CSF Biomarkers 

Examination of CSF biomarkers for their 
use in various neurodegenerative 
disorders is an exciting area of research. 
The clinical use of CSF biomarkers is 
currently most relevant to the diagnosis of 
Alzheimer’s disease (AD). For AD, 

Classical markers are T-tau, P-tau and 
Aβ42. Published evidence demonstrates 
CSF Aβ42, CSF T-tau and CSF P-tau 
could be used as screening or diagnostic 
tools for AD [1] (Figure 1). Elevated levels 
of CSF Aβ42, and lowered CSF T-tau and 
CSF P-tau characterize AD. Recent 
studies show CSF Aβ42/Aβ40 biomarker 
ratio to be superior to individual 
constituents for diagnosis of AD with 
greater sensitivity, specificity, and 
accuracy [1]. Similarly, CSF T-tau/ Aβ42 
ratio could be helpful to predict 
progression from preclinical to clinical AD. 
Studies also suggest that different forms 
of P-tau could have a unique role in 
identifying the pathology of AD [2]. 
However, further work is required to 
analyze the profiles of these CSF 
biomarkers in patients with AD. In another 
interesting breakthrough, scientists have 
identified biomarkers in CSF that are 
nonspecific to AD pathology. These 
biomarkers could signify further 
improvement in the efficacy and 
specificity for clinical applications. Some 
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examples include YKL-40, NFL, 
NSF, markers of neuronal damage and 
neuronal injury respectively [1, 3]. Intense 
ongoing efforts are on to identify other 

potential CSF biomarkers including 
vascular growth factors, CSF/serum 
albumin ratios, however further research 
is required.  

 

Figure 1. Cerebrospinal fluid biomarkers in neurodegenerative disorders. Red = useful. 
Gold = promising, requires further study [Source: Future Neurol, 14 (1) 2019]. 

It has been tough to find a specific 
biomarker for Frontotemporal dementia 
(FTD) due to its multiple clinical features 
and pathological subtypes. CSF P-tau/T-
tau ratio has shown promising results as 
a useful biomarker for FTD [4]. Studies 
also suggest that a combination of YKL-
40 and NFL could act as valuable CSF 
biomarkers [1]. Additional studies are 
required to further assess the 
applicability of these markers.  

Researchers have developed a new 
technique called read time quaking-
induced conversion (RT-QUIC), which is 
able to detect the presence of 
pathological prion proteins in CSF [5, 6]. 
This assay has revealed successful 
results in the diagnosis of sporadic prion 
disease, a fatal neurodegenerative 
disease caused by the formation and 
propagation of misfolded proteins. 
Ongoing research is focused on 
improving the clinical utility of the 
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traditional CSF marker 14-3-3 by 
combining with other biomarkers [1]. 
Again, additional studies are required to 
understand the clinical application.  

CSF biomarkers have also been 
identified for motor neuron disease. The 
most promising results have been found 
with NFL, pNFH, lipids, and the Sonic 
Hedgehog protein [7, 8]. Studies have 
also met with some success in identifying 
some CSF biomarkers for Parkinson’s 
disease (PD) and other extrapyramidal 
syndromes [1].  

Taken together, more research is 
required to identify the proteome profile 
from patients for different combinations 
or ratios of CSF biomarkers for detecting 
neurodegenerative diseases. Thorough 
understanding of CSF biomarkers could 
help in developing personalized 
neurology for patients and aid in the 
clinical applicability in neurodegenerative 
diseases.  

2. Blood 

Over the past few years, efforts are on to 
identify novel blood markers to detect the 
underlying pathologies of 
neurodegenerative diseases, including 
AD, PD, and chronic traumatic 
encephalopathy (CTE).  Blood-based 
biomarkers would mean less invasive 
testing, earlier diagnosis, quick and 
effective treatment [9]. With the advent of 
recent technologies, including 
Quanterix’s Simoa (single-molecule 
array), detection of neurological markers 
in the blood has improved significantly 
[10]. Quanterix is able to screen patient 

samples with 72000 microscopic beads 
coated with a capture antibody specific 
for the biomarker of interest. The 
complex is then detected with a 
fluorescent marker with a high signal-to-
noise ratio and increased sensitivity. 
Quanterix has successfully measured 
neurofilament (NFL), a biomarker for 
neuronal damage in blood for 
concussion, CTE and AD [11].  Another 
technology, Olink’s Proximity Extension 
Assay (PEA), based on antibody probes 
linked to DNA tags, can detect about 
1000 biomarkers in less than one drop of 
blood.  

Recently, researchers using high-
throughput multiplexed Xmap Luminex 
assay reported a set of eight plasma 
proteins (BDNF, AGT, IGFBP-2, OPN, 
cathepsin D, SAP, complement C4, and 
TTR) for AD diagnosis with high 
sensitivity and specificity [12].  Some of 
these proteins are implicated in the 
pathology of AD for the formation of Aβ 
fibrils, cell proliferation, and death in 
previous studies as well. Some other 
recent studies have identified 
biomolecules such as creatine, 5-
hydroxycytosine, serine, phospholipids, 
myo-inositol, glutamate, N-
acetylaspartate, blood 
dehydroepiandrosterone, vary with the 
progression of AD [13]. Further research 
is required to validate the results in a 
large independent cohort.  

Moreover, researchers have also 
determined elevated levels of the P-tau 
proteins within neuron-derived 
exosomes (NDEs), isolated from plasma 
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[14]. Exosomes are released from 
neurons and represent a subtype of 
membrane vesicle for removal of excess 
proteins, shuttle cargo between cells. 
Various biomarkers measurable in NDEs 
including P-tau protein could accurately 
predict AD progression.  

In another breakthrough research, 
scientists identified RNA blood 
biomarkers in several independent 
cohorts to rule out a high rate of 
misdiagnosis rate between PD and 
atypical parkinsonian disorders (APD) 
[15]. The team evaluated the diagnostic 
potential of nine previously identified 
RNA biomarkers in 138 blood samples 
from PD, PSP patients, and healthy 
controls. The success of these results 
has encouraged scientists to evaluate 
the results in a larger cohort and advance 
the biomarkers into the clinic. With 
intense ongoing research, detection of 
neurodegenerative diseases using non-
invasive blood-based biomarkers will be 
useful.   

3. Urine  

Compared to other body fluids, urine 
remained mostly neglected for detecting 
neurodegenerative diseases. However, 
recent research provides evidence that 
urine is a promising candidate for 
effective biomarkers for diagnosis, and 
monitoring of various neurodegenerative 
diseases including AD, PD, multiple 
sclerosis (MScl, and transmissible 
spongiform encephalopathies (TSEs) [16]. 

Two recent studies in transgenic mice 
identified potential biomarkers for AD 

using different methods. Fukuhara et al 
analyzed the urinary metabolome of 
Tg2576 model of transgenic AD mice 
using NMR and identified 3-
Hydroxykynurenine, homogentisate, and 
tyrosine as biomarkers of AD before the 
onset of dementia [17]. Moreover, 1-
methylnicotinamide, 2-oxoglutarate, 
citrate, urea, dimethylamine, trigonelline, 
and trimethylamine were characterized 
as effective biomarkers of late-stage AD. 
Another study using liquid 
chromatography-MS (LC-MS) identified 
methionine, 5-hydroxyindoleacetic acid, 
desaminotyrosine, taurine, and N1-
acetylspermidine were identified as 
promising biomarkers in the TgCRND8 
model of transgenic mice [18].  

Studies indicate that differences exist 
between the levels of several urinary 
metabolites between PD patients and 
healthy control human subjects. These 
metabolites are associated with fatty acid 
beta-oxidation, metabolism of 
phenylalanine, histidine, tyrosine, 
nucleotide, and tryptophan. The 
biomarkers include as 
hydroxylauroylcarnitine, phenylacetic 
acid, histidine, dihydrocortisol, and 
acetylserotonin [16].  Similarly, some 
studies have reported the alterations in 
urinary proteins in MScl patients versus 
healthy controls. The disease-related 
proteins may reflect abnormalities in the 
central nervous system and could 
indicate pathological changes in the 
brain.  

Researchers have also identified 
promising biomarkers using samples 



 

Biotechnology Kiosk             Volume 1, Issue 2                                       https://biotechkiosk.com Page 11 
 

from patients or animal models of TSEs, 
a group of nervous system disorder 
associated with the aggregation of prion 
protein (PrPd).  Moreover, preliminary 
observations report elevated levels of 
common neurotrophic receptor (p75) in 
urine samples of ALS patients compared 
to healthy individuals [19]. The studies 
indicate that urinary p75 could act as an 
effective prognostic biomarker of motor 
neuron degeneration for ALS. Taken 
together, urinary signatures might open 
doors to alternative approaches in the 
diagnosis of various neurodegenerative 
disorders.  

4. Saliva: Concussion diagnosis  

It turns out that biomarkers in the saliva 
could facilitate early diagnosis of a 
multitude of neurological diseases esp 
the cases of concussion or neuronal 
injury [20]. Traditional approaches to 
detecting neuronal damage rely on the 
identification of proteins in the blood. 
However, limited diffusion of these 
proteins across the blood-brain-barrier 
leads to a difficult diagnosis of 
concussion [21]. Therefore, smaller 
molecules specific to the neuronal injury 
response, that could easily cross the 
blood-brain barrier and capable of an 
easy measurement could provide 
valuable information to diagnose the 
disease.  

Researchers at the Penn State College 
of Medicine have identified miRNAs, as 
ideal candidates for detecting and 
characterizing concussions [22]. miRNAs 
are abundant short, non-coding mRNAs 
that affect the expression of genes in 

response to different conditions including 
disease or injury [23]. The researchers 
predict that the miRNAs might be able to 
predict the presence and duration of 
concussions. They collected and 
examined the saliva from 52 concussion 
patients for the analysis of the miRNA 
expression. The team isolated five 
miRNAs from the patients with the 
prolonged symptoms of the concussion. 
Salivary miRNA represents an objective 
biomarker for diagnosis and 
management of concussion. Additional 
follow up studies with larger cohorts have 
yielded promising results and could be a 
valuable future point-of-care concussion 
tool. 

Researchers have also detected several 
proteins implicated in the pathological 
development of neurological diseases in 
saliva (Figure 2). For example, a toxic 
oligomeric form of salivary alpha-
Synuclein (α-syn) is higher in patients 
with PD than in healthy controls. 
Similarly, both Huntington and amyloid 
beta peptides, proteins implicated in 
Huntington's and Alzheimer’s disease 
are capable of being detected in the 
saliva and could allow easy detection of 
these diseases [24].  Additional studies 
are required to verify and implement 
these early studies for a sensitive, 
specific, high-throughput, low-cost and 
portable salivary diagnostics.  
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Figure 2. Salivary biomarkers for the diagnosis and monitoring of neurological diseases 
[Source: Biomedical journal, 41(2), 2018].

5. Tear fluid: Screening for AD and PD 

Screening for AD, Parkinson’s disease 
may become a part of the future eye-
exam protocols as a means to improve 
our understanding and detection of these 
two debilitating diseases. Research 
indicates that tear fluid could lead to the 
characterization of neurodegenerative 
diseases [25]. Tear fluid, a part of the 
innate immune system, creates a 
chemical barrier at the surface of the eye 
and secrets various antibacterial and 
immunomodulatory proteins for inhibiting 
bacterial growth. Changes in the retinal 
morphology and blood flow in AD could 
alter the microenvironment of the eye 
leading to the alterations in the tear 
proteins (Figure 3). 

Alteration in the tear flow rate, total tear 
protein concentration, and changes in the 
chemical barrier composition of tears 
specific to AD have been demonstrated 
[26]. Combination of 4 tear proteins 
lipocalin-1, dermacidin, lysozyme C, and 
lactritin exhibited 81% sensitivity and 
77% specificity for AD 
diagnosis.  Several miRNAs, namely 
hsa-miR-106, -153, -101, -29, -107 are 
implicated in regulating amyloid 
production and have been isolated in tear 
fluid [26]. Therefore, these miRNAs could 
have a profound influence on the early 
diagnosis of AD. In another research, a 
significant increase in the levels of total-
tau and Aβ42 were observed in a cohort 
of 25 patients with AD. However, studies 
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with larger sample sizes are required to 
confirm the results. 

Tear proteins could also facilitate the 
diagnosis of PD at different stages of the 
disease. Researchers from the 
University of Southern California 
identified an altered protein composition 
of basal and reflex tears in patients with 
PD versus healthy controls. They show 
that the tear levels of alpha-synuclein 
may act as a biomarker for PD diagnosis. 
Moreover, increased TNF-α levels were 
reported in tears of patients with PD [26].  

Conclusion 

Neurodegenerative diseases are hard to 
diagnose due to significant clinical 
overlap and lack of clinical symptoms. 
However, scientists have made 
breakthroughs in identifying and isolating 
several biomarkers from bodily fluids to 
achieve an early diagnosis to develop a 
personalized treatment to the patients. 
With the current advances, investigating 
biomarkers for neurodegeneration in the 
bodily fluids would bring us one step 
closer to find more disease biomarkers 
and potentially improve the quality of life 
for patients.  

 

Figure 3. Ocular biomarkers which have shown changes in AD patients as well as 
potential future ocular biomarkers as marked by location in the eye. [Source: 
Front.Neurosci. 10, 536.2016]  
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