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Abstract

Neurodegenerative disease is a kind of progressive and incurable diseases caused by neuron degeneration and leads to cognitive impairment
and dyskinesia. The prevalence of neurodegenerative diseases increases with age and the age of neurodegenerative diseases tends to be younger.
Biomarkers, discovered from blood or cerebrospinal fluid to imaging, are helpful in diagnosis of neurodegenerative diseases, especially in early and
differential diagnosis, which can help choose the proper treatment. This review will focus on biomarkers used in Alzheimer’s disease, Parkinson’s

disease and Prion disease diagnosis and recent advancements in biomarker discovery.
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Introduction

With the intensification of global aging, neurodegenerative
diseases are spreading day by day, seriously affecting people’s
physical and mental health and quality of life. Neurodegenerative
diseases are commonly including Parkinson’s disease (PD),
Alzheimer’s disease (AD), Huntington’s disease (HD), amyotrophic
lateral sclerosis (ALS), prion disease, etc. [1]. The main pathological
changes of these diseases are the loss of neuronal cells or the
degeneration of neuronal cell structure and function, but the
specific reasons leading to these pathological changes have not
been discovered yet. The progressive degeneration of neurons
will finally cause problems with ataxias and dementias. Moreover,
neurodegenerative diseases are still in the situation of low
consultation rate, high misdiagnosis rate and low treatment rate.
Therefore, early diagnosis is particularly important for timely
intervention and treatment.

At present, the differential diagnosis of most neurodegenerative
diseases mainly relies on the examination of clinical signs. For
example, for PD diagnosis, when symptoms such as tremor and
muscle stiffness appear, it indicates that many dopaminergic
neurons in the substantia nigra compact part of the midbrain

have been lost. However, clinical physical examination alone is
not enough to diagnose neurogenerative diseases, so sensitive,
specific, and economical neurogenerative diseases biomarkers
are recommended. The related biomarkers of different
neurodegenerative diseases that have been reported so far are of
great significance to clarify the pathogenesis of the disease and
could be used for the early differential diagnosis of the disease and
the monitoring of disease progression, as well as the evaluation of
current and future treatment methods, and provide a new direction

for the treatment and prognosis of the neurodegenerative diseases.

Alzheimer’s Disease (AD) Biomarkers

AD is the most common neurodegenerative disease which also
represents approximately 60-70% of dementia cases. Its brain
pathological features include the accumulation of the protein
fragment B-amyloid (plaques) outside neurons in the brain and
twisted strands of the protein tau (tangles) inside neurons. Finally,
neurons supporting basic somatic function like swallowing and
walking will be destroyed and leads to the death. Now a consensus
has been established that it is critical to diagnose and treat patients
in pre-clinical stage of AD. The diagnosis requires signs or symptoms
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of AD and one or more pathological biomarkers [2]. It is currently
recognized that ptaul81, t-tau and Af42 are the core biomarkers
of AD [3]. A meta-analysis confirmed that the combination of
them can improve accuracy of the diagnosis [4]. In 2018, National
Institute of Aging-Alzheimer’s Association (NIA-AA) proposes the
“A/T/N” framework that divides AD biomarkers into 3 categories
based on three brain pathological changes of AD [5]. A includes
AB42 in the cerebrospinal fluid (CSF) and other biomarkers that
can represent (3-amyloid [5]. A scientist shows that the level of
AB42 in CSF of AD patients is approximately 50% of the normal
individuals of the same age [6], while growing evidence suggest
that 3-amyloid (Af)42/40 CSF concentration ratio performs better
than AB42 concentration alone in AD diagnosis [7]. T includes
p-tau in CSE. p-taul81 was shown to be able to reflect the degree
of neurodegeneration and cognitive decline [8]. The specificity of
p-tau will increase with the progression of AD [9]. Tau PET has a
high correlation with low metabolism and atrophy of the brain [10].
N represents neurodegeneration. 18F-FDG-PET, reflecting the loss
of nerve fibers and synapses, and functional defect of nerve, could
be used to predict AD with a sensitivity and specificity of 82% and
100% [11].

Parkinson’s Disease (PD) Biomarkers

PD, characterized by rest tremor, muscular rigidity, and
bradykinesia, is the second common neurodegenerative disease
with 0.3% global incidence which rises to above 3% among people
aged 80 and older [12,13]. Early prominent death of dopaminergic
neurons in the substantia nigra pars compacta (SNpc) and abnormal
aggregates of asynuclein protein, called Lewy bodies and Lewy
neurites is the main pathological features of PD [14]. There is no
specific cerebrospinal fluid (CSF) or other laboratory tests for PD.
However, evidence show that biomarkers in CSF and blood, such as
asynuclein, DJ-1, coenzyme Q10 and glial fibrillary acidic protein
(GFAP), are potential in early diagnosis and differential diagnosis
of PD [15-17]. But these biomarkers’ sensitivity and specificity
are still not good enough. Additionally, imaging biomarkers are
more promising in the diagnosis of PD. The imaging biomarkers
include dopamine transporter single-photon emission computed
tomography scans (DAT SPECT), fluorodopa positron emission
tomography (F-DOPA PET), transcranial sonography (TCS) and
magnetic resonance imaging (MRI) [15]. DAT SPECT can visualize
dopamine degeneration in the nigro-striatum [18] and is approved
by the US Food and Drug Administration for use when the diagnosis
is difficult [19]. TCS is involved in PD diagnosis by an enlarged area
of echogenicity in the substantia nigra but is not sensitive enough
for early diagnosis of PD [20]. MRI has become a standard technique
that is routinely used in patients with PD to exclude secondary
causes and in some cases helps diagnosing PD [21].

Copy@ Yanhua Yao

Prion Disease Biomarkers

called

encephalopathies (TSEs), is a degenerative condition that leads

Prion disease, also transmissible  spongiform
to death in both animals and humans, caused by the deposition of
many pathogenic prion proteins (PrPsc) formed by conformational
changes of cellular prion proteins (PrPc) in cells [22]. The human
prion diseases comprise Creutzfeldt-Jakob disease (C]JD), variably
protease-sensitive prionopathy, Gerstmann-Straussler-Scheinker
disease, fatal familial insomnia, and kuru [23]. C]D is the most
common prion disease and Sporadic Cruetzfeldt-Jacob disease
accounts for 85% of all CJD cases with annual worldwide incidence
of 1-2 cases/million population [24,25]. Several biomarkers of
rapid neurodegeneration in prion disease have been discovered,
including14-3-3, tau, NSE (Neuron-specific enolase) and S100B.
14-3-3, a conserved soluble acidic protein widely found in various
eukaryotic cells, is mediating intercellular signal transduction
and a range of physiological functions. Its increased levels in
CSF could suggest neuronal damage, prion disease and other
neurological disorders [26]. In the CSF of C]D disease patients,
the protein tau level is also significantly increased. NSE, one of
the enolases involved in glycolytic pathway, shows the highest
activity in brain tissue cells. Abnormal NSE is one of the causes of
neurodegenerative disease, and NSE can be detected in the CSF
of patients with C]JD. Additionally, the increased level of a type of
astrocyte protein, S100B indicates the increase of astrocyte activity
[27]. Moreover, combining of different biomarkers testing results
can lead to a more specific and accurate diagnosis. For example,
the specificity and sensitivity of protein 14-3-3 and protein tau in
CJD patients could be 96% and 84, respectively, meanwhile at a
low p-tau (phosphorylated tau)/t-tau (total protein tau) ratio, the
specificity and sensitivity of the combined 14-3- 3 test are 96% and
79%, respectively [28,29]. These two methods are currently the
most accurate methods to diagnose CJD, but they are still currently
in laboratory stage.

Discussion

Neurodegenerative diseases are a common cause of cognitive
impairment in older people. Its diagnosis is difficult but finding the
key features can help make proper diagnosis. And early diagnosis
and treatment can effectively slow down the progression of these
diseases. Biomarkers of neurodegenerative diseases are essential
for early diagnosis and differential diagnosis. Unique and sensitive
biomarkers can not only diagnose diseases effectively, but also
track the progression of the diseases to determine if the treatment
works. Ideal biomarkers have not been discovered up to now. The
known biomarkers are not sensitive enough to help diagnose and
can only be the reference. However, through the joint detection
and analysis of multiple biomarkers, accuracy can be significantly
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improved. Additionally, the mostly used biomarkers such as CSF,
brain MRI and PET are invasive and expensive, so their usage are
limited. Therefore, more research is needed to find the sensitive,
specific, less invasive and cheap biomarkers for diagnosis. More
and more researchers focus on blood and other body fluid to find
out better biomarkers. Although there are no treatments available
for cures of these diseases, treatment trails are underway. With
progress of our understanding of the pathology, mechanisms and
genetics, a large step forward can be made in preventing or slowing

the neurodegenerative diseases progression.
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