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Description

In the complex framework of Alzheimer's Disease (AD), the role of
proteins is akin to puzzle pieces, each contributing to the complex
picture of neurodegeneration. From Amyloid-beta (AP) to tau, these
proteins have long been central to our understanding of AD pathology.
However, recent studies have not only reaffirmed their significance but
also illuminated the dynamic exchange between protein dysregulation
and the progression of this debilitating disorder. This commentary
examines the multifaceted role of proteins in AD, exploring their
implications for diagnosis, treatment and cure.

At the forefront of AD study lies the amyloid hypothesis, which
proposes that the accumulation of AP peptides in the brain initiates a
cascade of events leading to neuronal dysfunction and cognitive
decline. Indeed, AP has emerged asa significant protein in AD, forming
plaques that disrupt neuronal signaling and trigger neuroinflammation.
However, while AP undoubtedly plays a pivotal role in disease
pathogenesis, recent studies suggest that its significance extends
beyond plaque formation. Oligomeric forms of AP, characterized by
their small size and high toxicity, are now recognized as key drivers of
synaptic dysfunction and neuronal death, highlighting the importance
of targeting AP oligomers in therapeutic interventions.

Similarly, tau protein has garnered increasing attention for its role
in AD pathology, particularly in the context of Neurofibrillary Tangles
(NFTs) that accumulate within neurons. Tau pathology correlates
closely with cognitive decline in AD, making it an attractive target for
therapeutic interventions. Recent studies have shown that the
mechanisms underlying tau aggregation and spread, revealing novel
strategies for disrupting tau pathology and preserving neuronal
function. Furthermore, tau imaging techniques offer valuable insights
into disease progression and prognosis, preparing for personalized
treatment approaches customized to individual tau profiles.

Beyond AP and tau, a number of other proteins are implicated in AD
pathology, each contributing to the complex web of molecular
dysfunction. From inflammatory markers to synaptic proteins,
alterations in protein expression and function reflect the multifaceted

nature of AD and offer potential targets for intervention. Moreover,
recent advancements in proteomics have enabled the identification of
novel biomarkers associated with AD, providing valuable tools for
early diagnosis and monitoring of disease progression. By exploring
the complex network of protein dysregulation in AD, many studies are
looking for more precise diagnostics and targeted therapeutics,
bringing improvement to millions affected by this disease.

In addition to their role in disease pathogenesis, proteins hold the
potential as therapeutic targets for AD. While previous drug trials
targeting AP have yielded disappointing results, recent approaches aim
to intervene at various stages of protein aggregation and propagation,
offering new methods for disease-modifying treatments. From
monoclonal antibodies to small molecule inhibitors, numerous
therapeutic strategies are in development, each targeting specific
aspects of protein dysregulation in AD. Furthermore, combination
therapies targeting multiple pathways simultaneously ensures for
synergistic effects and improved clinical outcomes.

However, translating these potential findings from labs to
clinical practice remains a challenge. Clinical trials face numerous
obstacles, from patient recruitment to trial design, which hinder the
development of effective treatments for AD. Moreover, the
heterogeneity of AD poses a significant barrier to personalized
medicine, requiring customized approaches based on individual patient
profiles. Nevertheless, with continued investment in studies and
collaboration across disciplines, we are inching closer to finding about
the complexities of protein dysregulation in AD and developing
effective treatments.

In conclusion, proteins lie at the core of Alzheimer's disease,
with various number of molecular dysfunction that underlies
neurodegeneration and cognitive decline. From A to tau and beyond,
these proteins provide valuable insights into disease pathology,
diagnosis and treatment, preparing for more precise and personalized
approaches to AD care. While challenges remain in translating these
discoveries into clinical practice, the potential of protein-based
therapeutics suggests that AD is not just treatable, but also
preventable.
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