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Abstract

Background: Neurodegenerative diseases, including Alzheimer’s, Parkinson’s, and Huntington’s diseases, pose significant health challenges
globally due to their chronic, progressive nature and severe impact on neurological function. Despite advances in symptom management,
treatments remain insufficient in addressing underlying disease mechanisms. Molecular genetics has enabled critical insights into the molecular
underpinnings of these diseases, with an emphasis on genetic mutations and biomarkers.

Aim: This article explores the genetic factors and biomarkers associated with neurodegenerative diseases, focusing on the role of amyloid-p,
tau, and a-synuclein proteins. The aim is to examine how these proteins contribute to disease pathogenesis and how genetic research can lead
to novel diagnostic and therapeutic innovations.

Methods: The review integrates research findings from molecular genetics, clinical studies, and recent advancements in neurodegenerative
disease research. It examines the genetic variations and mutations in key genes, such as APP, PSEN1, and PSEN2, and their effects on disease
onset and progression. The article also discusses biomarkers and diagnostic approaches, including genetic screening and protein identification.
Results: Key findings highlight the genetic underpinnings of Alzheimer’s disease, particularly mutations in the APP, PSEN1, and PSEN2
genes. Variants like A673T and A673V show distinct effects on amyloid aggregation and neurodegeneration. Additionally, APOE’s role in
Alzheimer’s pathogenesis is explored, emphasizing the differential effects of its isoforms on amyloid deposition and cognitive function. The
article also underscores the importance of biomarkers in early diagnosis and personalized treatment strategies.

Conclusion: The research affirms that neurodegenerative diseases are heavily influenced by genetic factors, with specific mutations playing a
pivotal role in their pathogenesis. Advancements in molecular genetics and biomarkers hold promise for developing targeted diagnostic tools
and therapies. However, more research is needed to fully understand the complexity of these diseases and their treatment.

Keywords: neurodegenerative diseases, Alzheimer's disease, amyloid-p, tau proteins, genetic mutations, biomarkers, diagnostics, molecular
genetics..

1. Introduction postulated the existence of genetic components,

Recent studies emphasize neurodegenerative
illnesses as a primary contributor to disability and
mortality globally. Progress in molecular genetics has
accelerated significantly owing to technological
advancements, an enhanced comprehension of disease
causes, and evolving viewpoints on gene editing and
its prospective benefits. The notion of genes is not a
recent development of the 20th century. Aristotle

proposing that maternal characteristics were encoded
in menstrual blood, whereas paternal attributes were
included in semen. Hippocrates proposed a theory that
Charles Darwin subsequently aligned with his notion
of  “pangenesis” [1]. Substantial scientific
advancements transpired centuries thereafter. The
initial discovery occurred when Czech scientist
Johann Gregor Mendel presented the concepts of
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"recessive, discrete, and dominant factors" via his
hybridization studies on peas. Wilhelm von Waldeyer
subsequently coined the term “Chromosomen,”
expanding upon Theodor Boveri’s notion of
“Chromatinelemente” [3]. In 1962, Francis Crick and
James D. Watson were awarded the Nobel Prize in
Physiology or Medicine for elucidating the molecular
structure of nucleic acids. This pivotal finding
clarified both molecular genetics and the fundamental
aspects of life, encompassing DNA, RNA, and protein
production. It further demonstrated that small
nucleotide misalignments could interfere with protein
synthesis, hence contributing to disease etiology.

Neurodegenerative diseases comprise a range
of chronic and progressive conditions marked by
protein deposits or misfoldings, leading to metabolic
changes, functional deficits, and neuronal death in the
brain and spinal cord. Although existing treatments
can alleviate symptom progression and enhance illness
management, they do not adequately address the
fundamental reasons. Molecular genetics is essential
for elucidating the mechanisms underlying these
illnesses, facilitating the discovery of genes involved
in their pathogenesis and promoting the advancement
of more effective therapeutics [5]. Furthermore,
molecular genetics has been essential in identifying
certain proteins—namely amyloid-p, tau, a-synuclein,
and prion proteins—that cluster within cells and
trigger neurodegenerative diseases [4,6]. Every
neurodegenerative illness has unique pathogenic
processes and clinical manifestations. The most
common 1illnesses, such as Alzheimer’s disease,
Parkinson’s disease, Huntington’s disease, and
amyotrophic lateral sclerosis, are associated with
particular  hereditary  variables. A  common
characteristic of these disorders is the accumulation of
proteins, which modifies the physical and chemical
properties of neurons, ultimately resulting in cellular
malfunction and degeneration [4,7].

Alzheimer’s Disease (AD)

Alzheimer’s disease (AD) is the most
prevalent neurodegenerative disorder, accounting for
approximately 70% of all dementia cases [7]. The
condition was first documented in 1901 by Alois
Alzheimer, who observed a 51-year-old woman
exhibiting symptoms such as sleep disturbances,
memory deficits, and increasing disorientation. Post-
mortem analysis revealed the presence of
neurofibrillary tangles, composed of
hyperphosphorylated tau proteins, and neuritic
plaques, formed by aggregated beta-amyloid peptides.
These findings led Alzheimer to conclude that the
disease results from the accumulation of these
pathological structures [8]. According to Gatz et al.,
environmental factors can influence the likelihood of
developing AD in individuals with genetic
predispositions [9]. For over three decades, the
amyloid cascade hypothesis dominated the
understanding of AD pathophysiology, focusing on
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beta-amyloid formation. However, recent research
emphasizes the involvement of additional systems,
such as the glymphatic system and receptor for
advanced glycation end products (RAGE), offering a
more comprehensive perspective on the disease's
complexity [10].
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Figure 1: Markers of Neurodegenerative Disorders.

Amyloid Precursor Protein (APP)

The genetic basis of Alzheimer's disease
(AD) mainly includes mutations in the amyloid
precursor protein (APP) gene, linked to autosomal
dominant inheritance and early-onset AD. APP is
processed by two separate pathways: the
amyloidogenic route and the non-amyloidogenic
pathway. In the latter case, APP is cleaved by alpha
and gamma secretases [13]. The amyloidogenic route,
in contrast, entails cleavage by beta and gamma
secretases, resulting in the production of beta-amyloid
peptides such as AB38, AB40, and AP42, with AP42
exhibiting the lowest solubility and highest propensity
for aggregation [14,15].

The APP gene, situated on chromosome 21,
is significantly associated with the heightened risk of
early-onset Alzheimer's disease in individuals with
trisomy 21. In 2012, a study by Jonsson et al. revealed
the Icelandic A673T variant (rs63750847), which
diminishes the aggregation and generation of AB40
and AP42 by approximately 40%, consequently
reducing the risk of Alzheimer's disease and age-
related cognitive decline [17,18]. Subsequent research
in 2014, encompassing 2,641 Chinese people,
discovered no evidence of this mutation within the
study group, indicating community-specific genetic
variability [19]. A 2015 study with 3,487 Danish
respondents revealed the mutation in only one
individual (0.014%), in contrast to its prevalence of
0.43% in Nordic populations [20]. The A673V
mutation, linked to early-onset Alzheimer's disease in
homozygous individuals, displays a unique clinical
pattern. In contrast to other familial variants of
Alzheimer's disease, which predominantly affect
amyloid deposits in the striatum, this mutation largely
impacts the cerebellum [21,22].
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Figure 2: Amyloid Precursor Protein.

Mutations in the APP gene, particularly the
E693 series in exon 17, may either increase
susceptibility to or confer protection against
Alzheimer's disease. Significant mutations comprise
E693Q (Dutch), E693del (Osaka), E693K (Italian),
and E693G (Arctic), each of which modifies the 22nd
amino acid of AP to create E22 variations. The E693Q
mutation results in the E22Q peptide, linked to
hereditary cerebral hemorrhage with amyloidosis
(HCHWA-D), which is marked by recurrent strokes
and dementia caused by amyloid deposition in cerebral
artery walls, resulting in cerebral amyloid angiopathy
[23-25]. The E693del mutation produces the E22A
peptide, which intensifies endoplasmic reticulum
stress and stimulates glial fibrillary acidic protein
(GFAP) expression, hence associating the mutation
with glymphatic system impairment [26,27]. Although
E22A generates less amyloid deposits, these deposits
exhibit greater resistance to proteolysis, as
demonstrated in a 2008 study [28]. McKnelly et al.
conducted additional investigation demonstrating that
E22 peptides disrupt cell membranes, with
cytotoxicity escalating in relation to their positive
charge. Among these peptides, E22A (two positive
charges) exhibits the lowest cytotoxicity, whereas
E22K (four positive charges) from the Italian mutation
demonstrates the worst detrimental effect on cellular
integrity [29].

Presenilinl:

Presenilinl, an integral component of the y-
secretase complex, is encoded by the PSEN1 gene,
located on chromosome 14q24.3 [34]. Variations in
the nucleotide sequence of this gene account for
approximately 70-80% of autosomal dominant
Alzheimer’s disease cases [35,36]. Mutations in
PSEN1 disrupt y-secretase activity, favoring the
production of AP42 over AP40, leading to the
pathological accumulation of AB42 [37]. However,
some researchers suggest that increased amyloid
production alone may not fully explain the link
between presenilin mutations and Alzheimer’s
disease, with alternative theories implicating roles in
memory, learning, and neuronal survival, as evidenced
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by mouse studies [38]. Specific mutations on exon 4
of the PSEN1 gene, such as A79V, M84V, and L85P,
demonstrate varying effects. A79V is a dominant
mutation that raises the AP42-t0-Ap40 ratio by
suppressing AB40 production [39,40], while M84V
leads to multiple atrophies, including temporal,
frontal, cerebellar, and cortical, by increasing Ap42
levels [42,43]. Another mutation, L85P, enhances the
AP42-t0-AP40 ratio and also increases ApP43
production, with pathological aggregations observed
in the basal ganglia and cortex [44,45]. Additionally,
the Intddel mutation (L113_1114insT), located in the
splice region following exon 4, generates aberrant
transcripts, including one encoding a PSEN1 protein
with an extra threonine. This mutation alters amyloid
production by reducing AB40 and AB38 levels while
increasing the Ap42-to-Ap40 ratio [46—48]. Mutations
in other exons also contribute to Alzheimer’s
pathology. The M139V mutation on exon 5 increases
AP42 and AP43 levels while reducing AB40, AB38,
and AB37, though clinical and morphological changes
are subtle [49,50]. Similarly, the S212Y mutation on
exon 7 is neuropathologically consistent with typical
Alzheimer’s disease, characterized by neurofibrillary
tangles and neuritic plaques [51]. Furthermore, the
A434C mutation is associated with amyloid and
plaque deposits in the neocortex, hippocampus, and
amygdala, accompanied by gliosis. This mutation
alters the y-secretase interaction, resulting in elevated
AP42 production [52,53].

Presenilin2:

Presenilin2, also part of the y-secretase
complex, is encoded by the PSEN2 gene, which is
located on chromosome 1g42.13 and contains 12
exons [53]. While mutations in presenilin genes are
often linked to early-onset Alzheimer’s disease, not all
PSEN2 variations cause AD. For example, the K82fs
mutation on exon 5, identified in a Belgian patient with
frontotemporal dementia, reduces presenilin2 levels in
the hippocampus and frontal cortex, and is associated
with Pick’s disease rather than Alzheimer’s [54].
Another notable mutation, c.*71C>A, occurs on exon
13 in the untranslated region (3’UTR) and interferes
with miR-183-5p binding, inhibiting its suppressive
function. This mutation is linked to a higher Ap42-to-
AP40 ratio and hippocampal atrophy, making it
relevant for Alzheimer’s diagnostics [55,56]. The
M239V mutation, discovered in 1995 on exon 8, has
been definitively associated with early-onset
Alzheimer’s disease. Autopsies of affected individuals
reveal hallmark beta-amyloid deposits and tau
neurofibrillary tangles [57].

Apolipoprotein E

Early-onset Alzheimer’s disease (AD)
accounts for about 1-2% of all AD cases, although the
majority of documented genetic occurrences are
linked to mutations in APOE (apolipoprotein E). This
glycoprotein, consisting of 299 amino acids, is
primarily produced in the central nervous system
(CNS) by diverse glial cells, such as microglia,
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astrocytes, choroid plexus cells, mural vascular cells,
and neurons damaged by stress. APOE is highly
expressed in both central and peripheral regions;
nevertheless, the blood-brain barrier (BBB) maintains
the separation of these pools. Comprehending the
functions of these distinct pools is essential for
investigating Alzheimer's disease pathogenesis and
recognizing treatment prospects. APOE s
predominantly synthesized in the liver, where itaids in
the redistribution and metabolism of lipids, including
triglycerides, cholesterol, cholesteryl esters, and
phospholipids, through lipoprotein particles. APOE
isoforms exhibit varying affinities for these particles:
APOE4 is more associated with triglyceride-rich
lipoproteins, whereas APOE2 and APOES3 favor high-
density lipoproteins (HDLs) [59].

APOE-mediated lipid transport is essential
for central nervous system repair and development.
For example, APOE3 facilitates neurite outgrowth
more efficiently than APOE4, highlighting its
dominance in astrocytes. APOE4 is associated with
structural abnormalities in  neurons, reduced
expression of synaptic proteins, and compromised
glutamatergic  signaling essential for neuronal
plasticity and network integrity. The effects of APOE
differ by cell type, as it is expressed under various
conditions by astrocytes, microglia, oligodendrocytes,
and pericytes. To comprehend APOE's impact in the
brain, it is crucial to examine its structure, lipidation
status, and metabolic characteristics across distinct
cell types [60]. Research underscores the crucial
function of APOE in Alzheimer's disease through its
interaction with amyloid-beta (AB) protein. APOE co-
deposits with AP in amyloid plaques, directly
influencing the risk of Alzheimer's disease. Research
using mice indicates that the deletion of APOE
modifies AP plaque shape, highlighting its
significance  in  fibrillization and  amyloid
accumulation. The isoform-specific effects of APOE
on amyloid pathology are well-established: APOE4
enhances A aggregation and deposition relative to
APOE3, whereas APOE2 correlates with delayed
deposition, reduced pathology, and cognitive
protection [61]. Moreover, APOE4 stabilizes soluble
cytotoxic AP fragments and promotes fibrillogenesis,
accelerating amyloid disease. This interaction presents
a possible therapeutic target in the initial stages of
amyloid disease progression [62,63]. APOE facilitates
AP elimination via receptor-mediated pathways and
proteolytic degradation. Neuronal LRP1 receptors
promote the uptake of AB/APOE complexes; however,
APOEA4 carriers demonstrate compromised clearance
due to diminished complex stability. Furthermore,
APOE4 is inferior to APOE2 and APOE3 in
proteolytic degradation, resulting in diminished AP
clearance overall [64].

APOE and Tau

Neurofibrillary tangles (NFTs), defined by

hyperphosphorylated tau clumps, are a hallmark of
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Alzheimer's disease pathogenesis. Research indicates
that APOE4 carriers exhibit elevated tau
phosphorylation rates compared to individuals with
APOE2 or APOE3, especially in the presence of A
oligomers. PET imaging of APOE4 carriers reveals
increased tau accumulation regardless of the presence
of amyloid plaques. Moreover, APOE4 has
demonstrated a greater efficacy in promoting tau
phosphorylation and neuronal mortality compared to
APOE3 in induced pluripotent stem cell cultures.
Animal models validate these findings, revealing
elevated total and phosphorylated tau levels in APOE4
carriers, which intensify tau-related neurotoxicity
through microglial activation [65]. Notably, the
elimination of astrocytic APOE4 mitigates tau-related
synaptic degeneration and the production of disease-
associated genes, providing a safeguard against
microglial phagocytosis. APOE2 has been associated
with heightened tau aggregation via the development
of tau/APOE complexes, potentially attributable to
non-lipidated APOE2 [66]. Genome-wide association
studies indicate that APOE2 reduces Alzheimer's
disease risk by influencing protein phosphatase 2A
(PP2A), a crucial tau phosphatase, in contrast to the
harmful effects of APOE4 [67]. Moreover, APOE
isoforms affect tauopathies beyond Alzheimer's
disease, encompassing frontotemporal dementia and
chronic traumatic encephalopathy. APOE4 carriers
with FTD exhibit earlier onset of tau pathology and
more significant cognitive deterioration than non-
APOE4 carriers. Mechanistically, APOE interacts
with tau areas implicated in NFT production,
exhibiting isoform-specific effects. APOE3 exhibits a
greater tau-binding affinity, whereas the diminished
binding of APOE4 is associated with heightened
GSK3-mediated tau hyperphosphorylation and the
production of neurofibrillary tangles. Current research
seeks to clarify these pathways to enhance
understanding of APOE's involvement in tau etiology
and to formulate focused treatment methods.
APOE and Neuroinflammation

Recent studies emphasize neuroinflammation
as a crucial element in dementia, with APOE
significantly influencing inflammatory mechanisms.
APOE plays a role in the etiology of Alzheimer’s
disease (AD) through many routes that intersect with
neuroinflammatory processes. Microglia, the brain's
immune cells, aggregate around amyloid plaques and
engage in their clearance while coordinating
inflammatory responses. Investigations utilizing
APOE-deficient mice demonstrate less microglial
activation in reaction to amyloid accumulation,
signifying the essential role of APOE in facilitating
appropriate microglial activation. Moreover, disease-
associated  microglia (DAM) or microglial
neurodegenerative (MGnD) phenotypes regularly
exhibit APOE as a regulatory factor. APOE isoforms
differentially affect microglial activity; APOE3
provokes more vigorous microglial responses to
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amyloid-beta (AP) compared to APOE4. This
differentiation pertains to the interaction between
APOE and Triggering Receptor Expressed on Myeloid
Cells 2 (TREM2), with binding affinity contingent
upon the APOE isoform and lipidation status. The
diminished affinity and lipidation state of APOE4 may
hinder homeostatic microglial responses, hence
exacerbating its attenuated anti-inflammatory
function. Moreover, APOE regulates systemic
inflammatory indicators such as C-reactive protein
(CRP). APOE4 carriers demonstrate diminished
cerebrospinal fluid (CSF) CRP levels while exhibiting
elevated serum CRP levels, which correlates with a
higher prevalence of Alzheimer's disease (AD).
Longitudinal studies indicate that APOE, rather than
CRP, primarily affects cognitive decline, implying
that APOE4 carriers have atypical immunological
responses associated with neurodegeneration. These
findings highlight the therapeutic potential of targeting
APOE-mediated  inflammatory  pathways in
Alzheimer's disease.
Important APOE Mutations Involved in AD Onset
c.-488C>A: This mutation, located in the APOE
promoter region, disrupts binding sites for the
transcription factor EGR1, potentially affecting APOE
regulation. Its biological significance remains unclear
but is linked to the HuD protein functional domain,
which regulates neuronal-like cells.
€.-24+38G>A: lIdentified in Southern Chinese
individuals, this rare mutation is most prevalent
among East Asians. Its frequency in the global
population is 0.00033, with higher detection in East
Asian populations, though its role in AD pathogenesis
requires further exploration.
C.-24+288G>A: This variant is more common in
individuals of East Asian ancestry, with a frequency of
0.015 in East Asian populations compared to 0.00016
globally. Its presence in AD and mild cognitive
impairment (MCI) cases suggests a possible but
unconfirmed link to neurodegenerative processes.
€.-23-377A>G: This mutation appears more
frequently in East Asian individuals and is associated
with AD, MCI, and healthy controls. Its global
prevalence is 0.00073, but it exhibits significantly
higher incidence in East Asian populations.
Al18T: This mutation, found in APOE’s signal
peptide, disrupts secretory efficiency, potentially
impairing APOE function. Detected in Southern
Chinese individuals, its association with AD and MCI
suggests clinical relevance, particularly in East Asian
populations. These findings highlight APOE’s genetic
complexity and its isoform- and mutation-specific
contributions to AD onset and progression, warranting
further investigation into its therapeutic potential.
Microtubule-Associated Protein Tau and Its Role
in Neurodegeneration

The discovery that mutations in the
microtubule-associated protein tau (MAPT) gene
cause frontotemporal dementia with parkinsonism
linked to chromosome 17 (FTLD-17) underscored the
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critical role of tau dysfunction in neurodegeneration.
Unlike Alzheimer’s disease (AD), where AP plays a
prominent role, tau pathology alone can drive
neurodegeneration, broadening its relevance to
various central nervous system disorders, including
Pick’s disease, progressive supranuclear palsy (PSP),
corticobasal degeneration (CBD), and argyrophilic
grain disease. This highlights tau as a potential
therapeutic target not only for AD but for numerous
tauopathies.
Tau Isoforms and
Modifications

The human brain expresses six isoforms of
tau, generated via alternative splicing of the MAPT
gene on chromosome 17g21. These isoforms differ
based on the inclusion of zero, one, or two N-terminal
inserts (ON, 1N, 2N) and the presence of three or four
microtubule-binding repeats (3R or 4R). Healthy
brains maintain a balance between 3R and 4R tau.
However, in tauopathies such as FTLD-17, mutations
near exon 10 skew this ratio, favoring 4R tau, which
interacts more strongly with microtubules and
contributes to pathological aggregation. Tau
undergoes various post-translational modifications
(PTMs) that regulate its function and stability. Among
these, phosphorylation is the most extensively studied
and is particularly relevant in neurodegenerative
diseases. While tau is normally phosphorylated at 2—3
residues, hyperphosphorylation, involving up to 9-10
residues, is a hallmark of AD and related tauopathies.
This modification reduces tau's affinity for
microtubules, impairs degradation pathways, and
promotes the formation of neurofibrillary tangles
(NFTs). Other PTMs, such as glycosylation,
ubiquitination, nitration, and oxidation, further
contribute to tau dysfunction.
Mechanisms of Tau Hyperphosphorylation

Hyperphosphorylation of tau results from an
imbalance between tau kinases (e.g., GSK-3p, CDK35,
PKA, MAPK) and phosphatases (primarily PP2A).
This imbalance may be driven by factors such as AP
toxicity, impaired glucose metabolism, inflammation,
and infections. Hyperphosphorylated tau not only
aggregates into NFTs but also disrupts cytoskeletal
integrity, leading to neuronal dysfunction and cell
death. Immunocytochemical studies have revealed
that hyperphosphorylated tau accumulates in neurons
before NFT formation, suggesting that it is an early
pathological event in AD.
Conformational Changes and
Aggregation

Tau undergoes conformational changes in
diseased brains, making it more susceptible to
phosphorylation and aggregation. Monoclonal
antibody  studies have  demonstrated these
conformational changes in both AD patients and
transgenic mouse models overexpressing human tau.
In FTLD-17, certain tau mutations directly enhance its
phosphorylation by brain kinases. However, in AD,
hyperphosphorylation likely arises from broader

Post-Translational

Pathological
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dysregulation of phosphorylation-dephosphorylation
processes, affecting other neuronal proteins, including
tubulin and neurofilaments.
Therapeutic Implications

Given its central role in neurodegeneration,
tau represents a promising therapeutic target.
Strategies to restore kinase-phosphatase balance,
prevent tau aggregation, or enhance its clearance are
being explored. Understanding the pathways
governing tau PTMs may lead to novel interventions
for AD and related tauopathies, offering hope for
conditions with limited treatment options.
Important MAPT Mutations Involved in AD Onset
MAPT IVS10+12 C>T

This mutation, discovered in the Kumamoto
pedigree—a Japanese family with frontotemporal
dementia—presents with parkinsonism and dementia
typically manifesting in the fifth decade of life, with
an average onset age of 53 years and a seven-year
illness duration. Affected individuals exhibited
elevated exon 10 tau transcripts and 4R tau isoforms,
with aggregates in neurons and glial cells. The
hyperphosphorylated 4R tau formed twisted ribbon-
like filaments. Yasuda et al. [84] and Takamatsu et al.
[85] provided neuropathological insights, confirming
tau's role in neurodegeneration through exon 10
involvement.
MAPT A152T

The A152T variant is associated with an
increased risk of dementia with Lewy bodies (DLB)
but not Parkinson’s disease (PD). This mutation
affects tau’s ability to bind microtubules, leading to
impaired assembly and stability. Patients display
abnormal  tau  accumulation,  with  diverse
neuropathologies such as Lewy body pathology and
prominent neuronal loss with tau deposition in
subcortical regions. Mutant tau shows a higher
propensity for oligomer formation and greater
vulnerability to proteolysis. Studies using iPSCs
confirm increased tau pathology in A152T carriers

[86][87][88].
MAPT K257T

Autopsy analysis revealed Pick’s disease, a
subtype of frontotemporal dementia (FTD),

characterized by severe frontotemporal atrophy,
particularly in the temporal lobes. Involved regions
showed numerous tau-positive Pick bodies, with
diffuse hyperphosphorylated tau detected in cell
bodies. Recombinant tau protein with the K257T
mutation displayed reduced capacity to facilitate
microtubule assembly [89].
MAPT L266V

Kobayashi et al. [90] reported a case of
severe frontotemporal atrophy with Pick-like
pathology, including prominent atrophy in the frontal,
temporal cortices, and caudate nucleus. Extensive tau-
positive inclusions were found in neurons and
astrocytes throughout the cortical layers and
brainstem. Another case reported by Hogg et al. [91]

Egypt. J. Chem. Vol. 67, SI: M. R. Mahran (2024)

also demonstrated significant atrophy and tau-positive
inclusions, with findings across various brain regions.
This mutation alters exon 10 splicing, leading to
higher levels of 4R tau and decreased microtubule
assembly efficiency, with 3R tau isoforms more likely
to assemble than their 4R counterparts.

Conclusion:

Neurodegenerative  diseases, such as
Alzheimer’s, Parkinson’s, and Huntington’s diseases,
continue to present considerable challenges in terms of
diagnosis and treatment. These conditions are
primarily characterized by the gradual loss of neuronal
function due to protein misfolding and accumulation.
Research into the genetic basis of these diseases has
advanced considerably, providing essential insights
into their pathophysiology. The role of genetic
mutations in genes such as amyloid precursor protein
(APP), presenilin 1 (PSEN1), and presenilin 2
(PSEN2) is crucial in understanding the onset and
progression of Alzheimer’s disease (AD). Mutations
in these genes, along with the interaction of specific
proteins like amyloid-B and tau, contribute to the
formation of neurofibrillary tangles and amyloid
plaques, hallmarks of AD. The discovery of genetic
variations, such as the Icelandic A673T and A673V
mutations, has provided valuable data on how these
mutations influence the aggregation and toxicity of
amyloid-p peptides. Notably, these mutations appear
to reduce the risk of AD and age-related cognitive
decline by altering the amyloid aggregation process.
Furthermore, mutations in the PSEN1 gene, which
disrupt y-secretase activity, lead to the preferential
accumulation of the toxic amyloid-p42, further
compounding the neurodegenerative process. These
insights not only deepen our understanding of the
disease but also open new avenues for potential
therapeutic interventions that could target the
underlying genetic causes of AD. Moreover, the role
of apolipoprotein E (APOE), particularly the APOE4
allele, has been well-documented in increasing the risk
of Alzheimer’s disease by promoting amyloid plaque
formation. APOE4’s effect on amyloid aggregation
and neuronal damage underscores its importance as a
biomarker in Alzheimer’s diagnostics. However,
research suggests that APOE isoforms interact
differently with amyloid, and the protective effects of
APOE2 highlight the potential for developing
interventions that could mimic these protective
mechanisms. The potential for using biomarkers in the
early detection of neurodegenerative diseases cannot
be overstated. Advances in molecular diagnostics,
including genetic screening and protein identification,
hold the promise of enabling early intervention before
irreversible damage occurs. Furthermore,
understanding the genetic underpinnings  of
neurodegenerative diseases paves the way for
personalized treatment approaches, targeting specific
mutations and protein deposits. In conclusion, while
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significant progress has been made in unraveling the
genetic and molecular mechanisms underlying
neurodegenerative diseases, further research is
essential. Understanding how genetic mutations
contribute to disease progression will be critical in
developing more effective therapies and improving
early diagnosis. As molecular genetics continues to
evolve, it is expected that future research will not only
identify novel biomarkers but also lead to
breakthroughs in gene-editing technologies and
personalized medicine, offering hope for better
management and potential cures for these devastating
conditions.
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