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  DESCRIPTION 

Neurodegenerative diseases, such as Alzheimer’s, Parkinson’s and Amyotrophic Lateral Sclerosis (ALS), present one of the most significant 

challenges to public health. These conditions involve the progressive degeneration of the nervous system and often lead to severe cognitive, 

motor and functional impairments. Unfortunately, most neurodegenerative diseases are diagnosed at advanced stages when irreversible 

damage has already occurred, making treatment less effective. In recent years, biomarkers have emerged as essential tools in the early 

detection and diagnosis of these diseases, offering the potential for earlier interventions and better outcomes. Biomarkers measurable 

indicators of biological processes, pathogenic processes, or pharmacological responses to a therapeutic intervention can be found in various 

biological fluids such as blood, Cerebrospinal Fluid (CSF) and saliva, as well as in imaging techniques like Positron Emission Tomography 

(PET) and Magnetic Resonance Imaging (MRI). 

 

Early detection of neurodegenerative diseases is critical because many of these conditions begin to manifest symptoms long after neuronal 

damage has already begun. In the case of Alzheimer’s disease, for example, patients may experience cognitive decline or memory loss, but 

brain changes such as amyloid plaque accumulation and tau tangles can occur decades before clinical symptoms appear. The ability to detect 

these changes early could allow for interventions that delay or even prevent the onset of symptoms. This makes the identification of reliable 

biomarkers a priority in neurodegenerative disease research. The ideal biomarker should be able to detect disease in its earliest stages, 

predict disease progression and reflect the underlying pathological processes accurately. 
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           In Alzheimer’s disease, several biomarkers have been identified as potential early indicators. One of the most studied is amyloid-beta, a 

protein that aggregates into plaques in the brains of Alzheimer’s patients. Imaging techniques like PET scans, which can detect amyloid 

plaques, have shown potential in identifying individuals at risk of developing Alzheimer’s long before cognitive symptoms occur. Moreover, 

measuring amyloid-beta levels in CSF has also been used to detect early signs of Alzheimer’s. However, the presence of amyloid plaques 

alone is not sufficient for diagnosis, as some individuals with amyloid buildup do not develop symptoms. Tau, another protein that forms 

tangles in the brains of Alzheimer’s patients, is also being explored as a biomarker. Elevated levels of tau in CSF correlate with the extent of 

brain damage and disease progression, making it a valuable biomarker for both diagnosis and monitoring disease severity. In addition to 

amyloid and tau, other biomarkers are being investigated to improve early detection and diagnosis. Neurofilament Light Chain (NfL), a 

protein found in neurons, has emerged as a potential biomarker for a variety of neurodegenerative diseases, including Alzheimer’s, 

Parkinson’s and ALS. NfL is released into the blood and CSF when neurons are damaged, making it a potential indicator of 

neurodegeneration. Recent studies have shown that elevated NfL levels correlate with the degree of neurodegeneration in various 

neurodegenerative diseases, including those in the early stages. This makes NfL an exciting candidate for tracking disease progression and 

evaluating the effectiveness of potential treatments. In Parkinson’s disease, the early detection of the disease remains challenging due to its 

gradual onset and the overlapping symptoms with other neurodegenerative conditions. However, recent advances have identified potential 

biomarkers that could aid in early diagnosis. Alpha-synuclein, a protein that aggregates to form Lewy bodies in Parkinson’s patients, is 

being studied as a potential biomarker. Although detecting alpha-synuclein in blood or CSF is not yet a reliable diagnostic tool, research is 

ongoing to develop methods for quantifying it in these fluids. In addition, neuroimaging techniques like Dopamine Transporter (DAT) scans, 

which measure the levels of dopamine transporters in the brain, have been useful in identifying early signs of Parkinson’s. Decreased 

dopamine transporter activity is one of the earliest signs of Parkinson’s disease and imaging these changes may allow for earlier diagnosis, 

even before motor symptoms appear. In ALS, identifying biomarkers for early diagnosis and monitoring disease progression is equally 

important. A variety of biomarkers have been investigated, including protein markers and genetic indicators. The most widely studied 

protein biomarkers in ALS are neurofilament proteins, particularly NfL. Elevated levels of NfL have been consistently associated with ALS 

and correlate with disease severity and progression. Other potential biomarkers include Transactive response DNA-binding protein 43 (TDP-

43), which forms aggregates in the brains and spinal cords of ALS patients. Measuring these biomarkers, alongside clinical evaluation and 

imaging, may help in the early diagnosis of ALS and in distinguishing it from other conditions with similar symptoms. 

 

CONCLUSION 

           Biomarkers hold great potential for the early detection and diagnosis of neurodegenerative diseases, potentially enabling interventions that 

could slow or prevent disease progression. While significant advances have been made in identifying and validating these biomarkers, there 

are still challenges to overcome in terms of accessibility, accuracy and ethical considerations. As research continues to improve our 

understanding of the molecular mechanisms underlying neurodegeneration, the development of reliable and practical biomarker tests will 

likely play a key role in the fight against neurodegenerative diseases, offering patients and healthcare providers the opportunity for earlier, 

more effective interventions. 


