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: deposition of AB plagues in brain tissues are considered hallmark features
Introductlon of the disease. Early-stage AD is often characterized by an imbalance in Ap
metabolism, which leads to its accumulation and aggregation into plaques that
interfere with neuronal function. Recent advancements in imaging techniques,
such as Positron Emission Tomography (PET) scans using radiolabeled Ap-
specific tracers, allow for the visualization of amyloid plagues in living patients,
enabling early diagnosis. Additionally, blood-based assays for AB biomarkers
are under active investigation, offering the potential for more accessible and
less invasive diagnostic methods. The detection of AR in blood or CSF could
provide a non-invasive tool for the early detection of AD, potentially years
before clinical symptoms manifest. Furthermore, researchers are exploring the
role of tau protein, another key biomarker in AD, which forms twisted tangles
. 8 within neurons and is associated with neurodegeneration. The identification
there is an urgent need for the development of novel molecular biomarkers ¢ 4\ orotein in CSF and its correlation with disease progression may offer
”,‘at,‘?a" detch these diseases at an earllgr stage, before the onset' of additional diagnostic utility, enabling a more comprehensive understanding of
significant clinical symptoms. Molecular biomarkers, such as proteins, AD pathology [3].
metabolites, and genetic markers, hold great potential to provide earlier, more
accurate diagnoses and to track disease progression. Advances in genomics, In addition to AB and tau, Neurofilament Light Chain (NfL) has emerged
proteomics, and metabolomics have opened up new avenues for identifying ~ as a promising biomarker for a variety of neurodegenerative diseases,
these biomarkers, which could revolutionize the way we diagnose and monitor ~ including Alzheimer’s, Parkinson’s, and Amyotrophic Lateral Sclerosis
neurodegenerative diseases [1]. (ALS). NfL is a protein found in neurons, and its concentration in blood or
CSF reflects neuronal injury and damage. Elevated levels of NfL have been
associated with disease progression in multiple neurodegenerative diseases,
making it a powerful tool for monitoring disease activity and therapeutic
response. For instance, studies have shown that NfL levels are significantly
elevated in individuals with ALS, and they correlate with disease severity and
progression. Furthermore, elevated NfL levels have been observed in patients
with Parkinson’s disease, where they are associated with both motor and
non-motor symptoms. The ability to measure NfL levels in blood provides a
minimally invasive method for assessing neurodegeneration, making it an
attractive candidate for early diagnosis and monitoring. As the sensitivity
and specificity of NfL-based assays improve, this biomarker could become a
standard tool for detecting and tracking the progression of neurodegenerative
diseases [4].

Neurodegenerative diseases, such as Alzheimer's Disease (AD),
Parkinson’s Disease (PD), and Amyotrophic Lateral Sclerosis (ALS), are
characterized by progressive neuronal damage and functional decline,
significantly affecting the quality of life of those impacted. Early diagnosis is
crucial for better disease management and improving therapeutic outcomes,
yet the clinical diagnosis of these conditions is often made at advanced
stages when irreversible neuronal damage has already occurred. Currently,
most neurodegenerative diseases are diagnosed through clinical evaluation,
neuroimaging, and sometimes post-mortem examination, but these methods
lack the sensitivity and specificity needed for early detection. As a result,

Recent research has highlighted several promising molecular biomarkers
that can be used for the early detection and monitoring of neurodegenerative
diseases. The identification of specific biomarkers not only helps in the
diagnosis but also provides insights into the underlying pathophysiological
processes, such as protein aggregation, oxidative stress, and
neuroinflammation, which are key features of these diseases. For instance,
Amyloid—p (AB) and tau proteins have been widely studied as biomarkers for
Alzheimer's disease, while Alpha-Synuclein and Neurofilament Light Chain
(NfL) are being investigated as potential biomarkers for Parkinson’s disease
and ALS, respectively. Furthermore, the use of advanced technologies
like liquid biopsy, which allows for the detection of biomarkers in blood,
Cerebrospinal Fluid (CSF), and other easily accessible body fluids, is gaining
traction. These non-invasive approaches offer significant advantages over
traditional diagnostic methods, providing the potential for early detection, Alpha-synuclein is another critical molecular biomarker —under
regular monitoring, and even personalized treatment strategies. As research ~  investigation, particularly in the context of Parkinson’s Disease (PD) and other
in this area continues to advance, the development of a panel of molecular ~ synucleinopathies. In PD, alpha-synuclein aggregates to form Lewy bodies,
biomarkers for early neurodegenerative disease detection could dramatically ~ which disrupt neuronal function. Detecting abnormal levels of alpha-synuclein
improve outcomes by enabling timely intervention [2]. in blood, CSF, or even through imaging technologies could offer a potential

diagnostic tool for PD at an early stage. The development of biomarkers that

D es cri tl on reflect alpha-synuclein aggregation is a key area of research, as they may help
p differentiate Parkinson’s disease from other movement disorders. One of the

most promising developments in this area is the detection of misfolded alpha-

One of the most studied molecular biomarkers for Alzheimer’s Disease synuclein through techniques like immunoassays and mass spectrometry.
(AD) is Amyloid-B (AB), a peptide that forms plaques in the brains of  Recent studies suggest that alpha-synuclein aggregates may also be
AD patients. Elevated levels of A in Cerebrospinal Fluid (CSF) and the  detectable in skin biopsy samples or via liquid biopsy, offering less invasive
ways to detect early-stage Parkinson’s disease. Moreover, understanding
the dynamics of alpha-synuclein aggregation could also lead to therapeutic
interventions aimed at preventing or reversing the accumulation of these toxic
protein aggregates, potentially slowing the progression of PD and related
diseases [5].
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driven by the need for earlier, more accurate diagnostic tools. Biomarkers
such as amyloid-B, tau, neurofilament light chain, and alpha-synuclein are at
the forefront of this research, with each offering valuable insights into disease
mechanisms and progression. The development of non-invasive diagnostic
tools, such as blood-based biomarkers and liquid biopsy approaches, holds
the potential to revolutionize how we diagnose and monitor neurodegenerative
diseases, making it possible to detect these conditions years before clinical
symptoms appear. The combination of these biomarkers with advanced
imaging and genomic technologies could provide a comprehensive and
personalized approach to early diagnosis and disease monitoring, ultimately
leading to better patient outcomes. As the scientific community continues
to refine these molecular biomarkers and their applications, we are likely to
see significant advances in the early detection, management, and treatment
of neurodegenerative diseases. By enabling earlier intervention and more
tailored therapies, these innovations offer hope for improving the quality of life
for individuals affected by these debilitating conditions.
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