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Abstract- Alzheimer's disease (AD) is a devastating
neurodegenerative disorder with a complex genetic underpinning.
While most cases are late-onset and associated with aging, early-
onset AD presents a unique and often more aggressive form of the
disease. A specific genetic variant, the APOE &4 allele, has been
established as a major risk factor for AD. This comprehensive
analysis explores the influence of rare genetic variants,
particularly APOE €4 alleles, on the emergence and clinical
manifestations of early-onset AD. Understanding the genetic
factors contributing to early-onset AD is critical, as it affects
individuals in their prime years, imposing substantial burdens on
both patients and their families. The age of onset is a critical
determinant of AD's clinical presentation. In typical late-onset
AD, episodic memory impairment is the primary symptom.
However, a subset of early-onset AD patients exhibits non-
memory symptoms, including language difficulties, visuospatial
impairments, or executive function deficits.

Crucially, the presence of the APOE &4 allele appears to be
notably scarce in early-onset AD cases with atypical non-memory
phenotypes, presenting a perplexing case of the "missing APOE
€4 allele." While the APOE ¢4 allele has been robustly associated
with lowering the age of AD onset, it seems largely absent in early-
onset cases with focal cortical symptoms. This phenomenon
suggests that other genetic variants may be at play, and
understanding their role is of paramount importance. The
importance of investigating the interplay between APOE ¢4, rare
genetic variants, and early-onset AD is evident. The article
highlights that APOE €4 is the most significant genetic risk factor
for sporadic AD. The presence of this allele is associated with a
reduced age at AD onset, often up to a decade earlier than non-
carriers. While early-onset AD can manifest in the absence of
APOE ¢4, it frequently occurs in carriers of this allele, raising
questions about its role in the clinical heterogeneity of early-onset
cases. My paper will be a thorough exploration of the intricate
relationship between rare genetic variants, particularly the APOE
€4 alleles, and their influence on early-onset Alzheimer's Disease
(AD). This comprehensive analysis will start by laying the genetic
foundation of AD, highlighting the rarity of autosomal dominant
mutations in genes such as PSEN1, PSEN2, and APP, which are
associated with early-onset AD. It's essential to note that the
genetic landscape of early-onset AD is not solely shaped by these
mutations. | will emphasize the pivotal role of the APOE &4 allele
as a major genetic risk factor for sporadic AD. This genetic variant
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has been consistently linked to an earlier onset of the disease, often
by up to a decade in carriers. However, the intriguing phenomenon
of "missing APOE ¢4 alleles" in early-onset AD patients with
atypical non-memory phenotypes raises significant questions
about the interplay of genetic factors in this form of the disease.
Throughout the paper, | will explore the clinical presentations and
disease courses in early-onset and late-onset AD. The emergence
of non-memory phenotypes in early-onset cases, such as posterior
cortical atrophy or biparietal atrophy, will be a central focus. By
thoroughly investigating these differences, the paper aims to shed
light on the genetic complexity of early-onset AD and uncover
potential interactions between APOE &4 and rare genetic variants
that contribute to the observed variations in clinical phenotype and
age of onset. In essence, this paper will offer a comprehensive
understanding of how rare genetic variants, particularly the APOE
€4 alleles, influence the development of early-onset AD. By doing
S0, it has the potential to advance our knowledge of AD's genetic
basis, ultimately paving the way for more precise diagnostic and
therapeutic strategies for early-onset cases.

I. INTRODUCTION AND SIGNIFICANCE

he article by van der Flier, Pijnenburg, Fox, and Scheltens

(2011) addresses a critical issue in Alzheimer's disease (AD)
research: the distinctions between early-onset and late-onset AD,
particularly with regard to the role of the APOE &4 allele. This
analysis is of great relevance to the comprehensive study of rare
genetic variants in early-onset AD since it highlights the existence
of distinct AD phenotypes that are influenced by age at onset and
genetic factors (van der Flier et al., 2011). The authors begin by
emphasizing the historical evolution of our understanding of AD,
emphasizing how it was initially considered a rare, early-onset
disorder but later recognized as a common disease with a typical
age at onset of 40-90 years. This transition led to the classification
of AD as asingle disease entity. However, van der Flier et al. argue
that heterogeneity persists, and age at onset remains a crucial
factor in determining the disease's clinical manifestations (van der
Flier et al., 2011). In the landscape of Alzheimer's disease (AD)
research, understanding the intricate interplay between genetic
factors and age at onset is a critical endeavor. The article by van
der Flier, Pijnenburg, Fox, and Scheltens (2011) serves as a pivotal
exploration into this complex relationship, specifically delving
into the distinctions between early-onset and late-onset AD. At the
heart of this analysis is the examination of the role played by the

WWww.ijsrp.org


http://ijsrp.org/

International Journal of Scientific and Research Publications, Volume 14, Issue 7, July 2024 31

ISSN 2250-3153

APOE ¢4 allele, a genetic marker that has long been associated
with an increased risk of AD. The study's significance lies in its
illumination of the heterogeneous nature of AD, challenging the
notion of a unified disease entity and underscoring the importance
of age-related and genetic nuances in shaping distinct AD
phenotypes.

Materials and Methods

The article highlights the differences in clinical
presentations between early-onset and late-onset AD. In typical
late-onset AD, episodic memory impairment is the most
prominent feature, while in early-onset cases, a subset of patients
presents with non-memory symptoms, including difficulties with
language, visuospatial, or executive functions. This distinction is
particularly intriguing for your paper on rare genetic variants since
it underscores the complexity of AD's genetic underpinnings and
its potential to manifest differently based on the genetic factors
involved (van der Flier et al., 2011). The article delves into the
genetics of AD, highlighting that less than 1% of AD cases are
caused by autosomal dominant mutations, primarily attributed to
PSEN1, PSEN2, and APP genes (van der Flier et al., 2011). It is
noteworthy that familial AD, which is almost invariably early-
onset, only accounts for a small proportion of early-onset cases.
This demonstrates the need to investigate rare genetic variants
beyond these known mutations, as they may be associated with
early-onset AD (van der Flier et al., 2011). The most significant
genetic risk factor for sporadic AD is the APOE ¢4 allele, and it is
known to lower the age of onset (van der Flier et al., 2011).
Furthermore, van der Flier et al. provide compelling evidence that
patients with early-onset AD seldom carry the APOE &4 allele,
which is a key genetic risk factor for lowering the age of onset in
AD. The absence of the APOE ¢4 allele in early-onset AD cases
is a striking observation that has important implications for your
research. This observation could lead to an exploration of whether
the presence of rare genetic variants might compensate for or
interact with the absence of the APOE &4 allele in early-onset
cases, thereby influencing the clinical and pathological
characteristics of the disease (van der Flier et al., 2011).

Results

To comprehend the interplay between APOE €4, rare
genetic variants, and early-onset AD, it is essential to delve into
the broader genetics of AD. The article provides valuable insights
into the genetic landscape of AD (van der Flier et al., 2011). It
highlights that less than 1% of AD cases are caused by autosomal
dominant mutations in the PSEN1, PSEN2, and APP genes.

While these mutations invariably result in early-onset AD,
they constitute only a fraction of early-onset cases, underscoring
the importance of exploring the role of rare genetic variants in this
context. Furthermore, the authors emphasize that the APOE &4
allele is the most significant genetic risk factor for sporadic AD
(van der Flier et al., 2011). Approximately 20-25% of the general
population carries one or more APOE &4 alleles, while 50-65% of
AD patients have this genetic variant. Importantly, the presence of
APOE &4 has been associated with a reduced age at AD onset.
While early-onset AD can indeed occur in the absence of the
APOE ¢4 allele, patients with this genotype tend to develop the
disease at a younger age. This information sets the stage for
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examining the interactions between APOE €4, rare genetic
variants, and early-onset AD.

Conclusion

The article delves into the clinical presentations and disease
courses in early-onset and late-onset AD, providing critical
insights into the nature of AD phenotypes. It is evident that AD
typically commences with memory impairment, with other
cognitive domains gradually affected, ultimately leading to global
cognitive decline. However, as van der Flier et al. demonstrate, a
subset of patients, particularly in early-onset AD, presents with
focal cortical symptoms. These non-memory phenotypes are
associated with distinct patterns of atrophy and frequently
manifest at a younger age. The observation that posterior cortical
atrophy or biparietal atrophy is associated with a younger age at
onset than typical amnestic AD is especially relevant to the
analysis on rare genetic variants. It prompts questions about
whether specific rare variants are associated with the emergence
of these non-memory phenotypes in early-onset cases

Scholarly Article Analysis #2

Title: “SORLI1 Rare Variants: A Major Risk Factor for Familial
Early-Onset Alzheimer's Disease”

Authors: G Nicolas, C Charbonnier, D Wallon, O Quenez, C
Bellenguez, B Grenier-Boley, S Rousseau, A-C Richard, A
Rovelet-Lecrux, K Le Guennec, D Bacq, J-G Garnier, R Olaso, A
Boland, VV Meyer, J-F Deleuze, P Amouyel, H M Munter, G
Bourque, M Lathrop, T Frebourg, R Redon, L Letenneur, J-F
Dartigues, The CNR-MAJ collaborators

Introduction and Significance

The study conducted by Nicolas, Charbonnier, and their
collaborators (2016) delves into the critical role of SORLL1 rare
variants in the context of early-onset Alzheimer's disease (EOAD).
SORL1, also known as SORLA or LR11, plays a pivotal role in
the trafficking of amyloid  (AP) precursor protein (APP) within
neuronal cells. By binding to the retromer complex, SORL1 helps
direct APP away from the amyloidogenic pathway, ultimately
reducing amyloid plaque formation—a hallmark of Alzheimer's
disease (Nicolas & Charbonnier et al., 2016). This study aimed to
investigate the association between rare SORL1 variants and
EOAD by conducting a case-control analysis involving 484
French EOAD patients and 498 matched controls. By collapsing
rare variants, the authors revealed a significant enrichment of
disruptive and damaging missense SORL1 variants in EOAD
cases, particularly in those with a positive family history of the
disease. The significance of this study can be better understood in
the

context of the broader issue of rare genetic variants and their
influence on early-onset Alzheimer's disease (Nicolas &
Charbonnier et al., 2016). Alzheimer's disease, characterized by
the accumulation of AP plaques and tau tangles in the brain, is a
multifactorial disorder influenced by genetic and environmental
factors. Early-onset Alzheimer's disease is a subset of this
condition, affecting individuals before the age of 65. Although
familial and sporadic forms of EOAD exist, the familial variant is
often linked to mutations in well-known autosomal dominant
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genes such as APP, PSEN1, and PSEN2. However, a subset of
EOAD cases does not present mutations in these genes but still
exhibit familial inheritance patterns.

The study by Nicolas and Charbonnier addresses this
genetic gap and explores the role of rare SORL1 variants in
contributing to the risk of EOAD. SORL1, a protein that mediates
the cellular trafficking of APP, is emerging as a key player in the
regulation of AP peptide levels within neurons (Nicolas &
Charbonnier et al., 2016). Previous research had identified
potentially pathogenic SORLL1 rare variants in a small sample of
EOAD patients who did not possess mutations in the known
autosomal dominant EOAD genes. This finding suggests that rare
SORL1 variants may have a pro-amyloidogenic effect by
interfering with SORL1's normal function. The study's hypothesis
was further reinforced by the observation that some of these rare
variants impair SORLI1's ability to mediate AP lysosomal
degradation (Nicolas & Charbonnier et al., 2016).

Materials and Methods

To conduct their analysis, Nicolas and Charbonnier
collected data from 484 unrelated French EOAD patients who had
an age of onset less than or equal to 65 years. These patients were
part of the French National CNR-MAJ consortium, a memory
clinical network dedicated to the study and care of EOAD patients
(Nicolas & Charbonnier et al., 2016). The diagnosis of EOAD was
established based on standardized criteria, including clinical
examination,  family  history  assessment,  neurological
examination, neuropsychological evaluation, and neuroimaging.
Moreover, cerebrospinal fluid (CSF) AD biomarkers were
examined to confirm the AD diagnosis (Nicolas & Charbonnier et
al., 2016). In cases with negative CSF results, AD diagnosis was
not retained. Informed written consent was obtained from all
patients, and the study was approved by an ethics committee.
Blood samples were collected and APOE genotyping was
performed. Only patients without mutations in APP, PSENL1, or
PSEN2, no APP duplication, and no COORF72 expansion were
included in the study, resulting in a total of 485 unrelated French
EOAD npatients (Nicolas & Charbonnier et al., 2016). Family
history was obtained from the patients, and cases were categorized
based on the presence or absence of a positive family history.
Among the 484 cases, 205 had a positive family history of AD,
230 had sporadic AD, and for 49 cases, the family history was
unknown. The study also reported the distribution of APOE
genotypes among the patients (Nicolas & Charbonnier et al.,
2016). A group of 500 ethnically matched controls was recruited
from five different French cities. Quality control procedures were
applied to both cases and controls to ensure data integrity. Exome
sequencing was performed, and rare variants in SORL1 were
identified and assessed for their potential to be disruptive and
damaging.

Results

The analysis revealed a significant enrichment of predicted
damaging rare SORL1 variants in EOAD cases, especially among
those with a positive family history. The odds ratio (OR) for the
presence of such variants in EOAD cases compared to controls
was 5.03 with a 95% confidence interval (CI) of (2.02-14.99).
When the analysis was restricted to EOAD cases with a positive
family history, the association was even more substantial, with an
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OR of 8.86 and a 95% CI of (3.35-27.31). These findings support
the conclusion that rare SORL1 variants, which are predicted to be
damaging, are a strong risk factor for EOAD. The association is
particularly pronounced in EOAD cases with a positive family
history of the disease (Nicolas & Charbonnier et al., 2016). The
results of the study by Nicolas and Charbonnier offer valuable
insights into the genetic underpinnings of EOAD and the potential
role of rare genetic variants in contributing to the risk of this
condition. Specifically, the enrichment of disruptive and
damaging missense SORL1 variants in EOAD cases highlights the
importance of SORLI1 in the regulation of AP peptide levels within
neurons. This study supports the hypothesis that rare SORL1
variants may have a proamyloidogenic effect, contributing to A
plague formation—a central event in the pathogenesis of
Alzheimer's disease (Nicolas & Charbonnier et al., 2016). From a
broader perspective, this analysis can be seen in the context of the
comprehensive investigation into the influence of rare genetic
variants on early-onset Alzheimer's disease. While known
autosomal dominant genes like APP, PSEN1, and PSEN2 have
been linked to familial EOAD, a subset of cases remains
genetically unexplained (Nicolas & Charbonnier et al., 2016). The
role of rare variants in these unexplained cases is a topic of
increasing interest, as it could shed light on novel mechanisms
underlying EOAD. The findings emphasize the value of
understanding genetic risk factors for Alzheimer's disease,
particularly those related to early-onset cases. As therapeutic
strategies for Alzheimer's disease continue to develop, a better
comprehension of the genetic contributors to the disease becomes
increasingly important. This study points to SORL1 as a
significant factor in EOAD risk, particularly in families with a
history of the condition (Nicolas & Charbonnier et al., 2016).

Conclusion

The study by Nicolas, Charbonnier, and their collaborators
provides compelling evidence that rare SORL1 variants are a
major risk factor for familial early-onset Alzheimer's disease.

This work demonstrates the significance of SORL1 in
regulating AP peptide levels and highlights its role in reducing
amyloidogenic processing of APP, ultimately reducing amyloid
plaque formation. The identification of these rare variants in
EOAD cases, especially in those with a positive family history,
adds an important piece to the puzzle of Alzheimer's disease
genetics. The broader implications of this study are relevant to
ongoing research on the genetic determinants of early-onset
Alzheimer's disease, which remains an area of active
investigation. As the genetic landscape of EOAD becomes clearer,
it will open new avenues for potential therapies and interventions
targeting the underlying causes of this debilitating condition.

Understanding the impact of rare genetic variants, like
those in SORL1, is a critical step towards this goal. Nicolas and
Charbonnier's study contributes significantly to this understanding
and represents a noteworthy advancement in the field of
Alzheimer's disease research. This comprehensive analysis of the
genetic factors contributing to early-onset Alzheimer's disease
underscores the complexity of the disease, involving both
common and rare genetic variations. The study highlights the
importance of considering rare variants in the genetic landscape of
Alzheimer's disease and demonstrates that, for some individuals,
these rare variants can have a profound impact on disease risk. In
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addition to providing valuable insights into the genetic basis of
early-onset Alzheimer's, the study paves the way for further
research into the role of SORL1 and other rare variants in
Alzheimer's disease pathogenesis. Understanding these genetic
factors can ultimately guide the development of targeted
treatments and interventions for this devastating condition,
particularly in cases of familial early-onset Alzheimer's disease.

Scholarly Article Analysis #3

Title: TYROBP genetic variants in early-onset Alzheimer's
disease

Authors: Pottier, C., Ravenscroft, T. A., Brown, P. H., Finch, N.
A., Baker, M., Parsons, M., ... & Rademakers, R. (2016).

Introduction and Significance

Alzheimer's disease (AD) stands as a pervasive and
challenging neurodegenerative condition, impacting millions
globally. Among its varied presentations, early-onset Alzheimer's
disease (EOAD) manifests before the age of 65, often entwined
with a complex genetic foundation. While certain cases can be
attributed to mutations in well-known genes like APP, PSEN1,
and PSENZ, a significant fraction remains enigmatic. Addressing
this gap, the study conducted by Pottier and Ravenscroft et al.
(2016) sought to unravel new candidate genes linked to EOAD
through comprehensive exome sequencing on 45 carefully
selected patients. This research aspired to deepen our
comprehension of the genetic substrates of EOAD, particularly
within cases exhibiting a familial history or an exceptionally early
onset. The significance of familial history and exceptionally early
onset as inclusion criteria is noteworthy. EOAD, often considered
sporadic, can have a familial component that might be overlooked
in traditional study designs. By deliberately selecting patients with
a family history, the researchers aimed to uncover genetic factors
that might follow an autosomal dominant or recessive pattern,
contributing to the apparent sporadic cases (Pottier & Ravenscroft
et al., 2016). Additionally, focusing on exceptionally early onset
cases acknowledges the possibility of distinct genetic factors
influencing the accelerated disease trajectory observed in these
individuals. The comprehensive nature of the study, involving 45
carefully chosen patients, underscores the dedication to precision
in unraveling EOAD genetics. By adopting stringent criteria and
utilizing advanced sequencing technologies, the researchers
positioned themselves at the forefront of unraveling the intricate
genetic tapestry of EOAD. Their commitment to understanding
both the familial and sporadic facets of EOAD makes their
findings not only scientifically intriguing but also clinically
relevant (Pottier & Ravenscroft et al., 2016).

Materials and Methods

The study cohort comprised 597 individuals diagnosed
with EOAD at Mayo Clinic. The choice of Mayo Clinic, renowned
for its expertise in neurodegenerative disorders, adds credibility to
the study. Rigorous criteria governed the inclusion of individuals
in the cohort, ensuring a standardized approach. Strikingly, these
criteria revolved around the age at onset, a pivotal factor in EOAD,
and confirmation of AD either clinically or through pathological
means. This stringent approach to cohort selection enhances the
validity of the findings, ensuring that the genetic variations
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identified are intimately tied to the early-onset manifestation of
Alzheimer's disease (Pottier & Ravenscroft et al., 2016). Exome
sequencing emerged as the primary tool wielded by the
researchers, a judicious choice given its capacity to unravel the
protein-coding regions of the genome. This high-throughput
genomic approach allowed for a comprehensive exploration of the
genetic landscape, focusing specifically on those regions
harboring the instructions for building proteins. In a condition like
EOAD, where disruptions in protein function can play a pivotal
role, zooming in on exonic regions provides a targeted and
meaningful perspective. Within this cohort, the researchers
carefully curated a subset of 45 individuals for the exome
sequencing phase. The selection criteria for this subgroup were
strategic, aimed at capturing the diversity inherent in EOAD.
Inclusion was predicated on factors such as familial history or
extraordinarily early onset, recognizing the potential genetic
distinctions in these subgroups (Pottier & Ravenscroft et al.,
2016). By deliberately homing in on patients with a familial
history, the study acknowledges the hereditary aspects of EOAD
that might be obscured in more generalized investigations. In
essence, Pottier and Ravenscroft et al.'s (2016) materials and
methods reflect a meticulous orchestration of scientific tools and
strategies. From the judicious selection of the study cohort to the
application of cutting-edge exome sequencing and the intricate
bioinformatics filtering, each step was a carefully choreographed
dance toward unraveling the genetic intricacies of EOAD. The
study's adaptability and responsiveness to the data, as evidenced
by the focus on TYROBP, showcase the dynamic nature of genetic
research—a discipline where hypotheses evolve with the data
(Pottier & Ravenscroft et al., 2016).

Results

In the case of Pottier and Ravenscroft et al.'s (2016)
exploration into the genetic labyrinth of early-onset Alzheimer's
disease (EOAD), the results were not merely a confirmation of
statistical significance but the revelation of a previously
unrecognized player—TYROBP. Exome sequencing, a tool of
unprecedented power, laid bare the genomic landscape of 1110
EOAD patients across three cohorts. Within this vast genomic
terrain, the researchers unearthed rare coding variants within
TYROBP, a gene not conventionally associated with early-onset
manifestations. The discerning gaze of the investigators fell upon
9 individuals, their genetic makeup harboring these atypical
variants (Pottier & Ravenscroft et al., 2016). What ensued was a
statistical revelation—an absence of these variants in a control
group comprising 1826 individuals, a conspicuous dearth that
resonated with statistical significance (p = 0.0001). The numerical
representation of statistical significance, though succinct, belies
the profound implications of this discovery. The absence of
TYROBP variants in the control group acts as a genetic compass,
pointing resolutely toward a potential association with the risk of
developing EOAD. The rarity of these variants, a crucial nuance,
underscores their potential significance in the mosaic of genetic
factors contributing to EOAD susceptibility. This finding not only
adds a critical piece to the EOAD puzzle but also challenges
traditional notions, expanding the scope of genetic exploration
beyond the usual suspects (Pottier & Ravenscroft et al., 2016). The
experimental revelation was profound—a profound reduction in
TREM2 expression, the
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well-established risk factor for AD, linked directly to the
TYROBP variant. This experimental thread weaves a narrative of
biological consequence, solidifying the newfound link between
TYROBP genetic variation and EOAD. The reduction in TREM2
expression, akin to a molecular domino effect, reverberates
through the intricate network of genetic factors contributing to AD
pathogenesis. The association of TYROBP with late-onset AD
(LOAD) was already established, but Pottier and Ravenscroft et
al.'s (2016) findings thrust this gene into the spotlight of EOAD, a
territory less explored. TYROBP's emergence as a key player in
the genetic symphony of EOAD challenges preconceived notions
and demands a reevaluation of our understanding of the molecular
underpinnings of this early-onset variant of Alzheimer's disease
(Pottier & Ravenscroft et al., 2016). In essence, the results
presented by Pottier and Ravenscroft et al. transcend mere
statistical significance. They echo through the corridors of genetic
discovery, opening new avenues of exploration and challenging
the boundaries of our understanding.

TYROBP's association with EOAD, backed not only by
statistical rigor but by the tangible impact on molecular pathways,
underscores the dynamic nature of genetic research—a field where
each discovery unfurls a new layer of complexity.

A Conclusion

Pottier and Ravenscroft et al.'s (2016) groundbreaking
study stands as a beacon of innovation. This trailblazing endeavor
not only unravels the genetic tableau of early-onset Alzheimer's
disease (EOAD) but also lays the foundation for a new paradigm
in genetic investigations. By meticulously leveraging exome
sequencing within a carefully defined cohort and employing
sophisticated bioinformatics filtering, the researchers unveiled
TYROBP as an unrecognized protagonist intricately linked to the
enigma of EOAD.The discovery of rare coding variants within
TYROBP, conspicuously absent in controls, serves as a
transformative revelation. It adds weight to the potential
significance of TYROBP in the intricate tapestry of EOAD
pathophysiology. This isn't merely about statistical associations;
it's a nuanced exploration into the genetic landscape, challenging
preconceived notions and expanding the horizons of genetic
research in the context of Alzheimer's disease. The functional
characterization of the p.D50_L51ins14 TYROBP mutant is a
pivotal chapter in this genetic saga. Its impact on TREM2
expression, a well-established risk factor for AD, further fortifies
the association. TYROBP emerges not just as a genetic marker but
as a dynamic player in the multifaceted genetic mosaic
contributing to EOAD. This functional insight elevates the study
beyond mere genetic discovery to a realm where the implications
extend to the intricate molecular machinery orchestrating
neurodegenerative processes. Building upon the insights from
Pottier and Ravenscroft et al.'s study, my own research project
takes up the mantle of unraveling the genetic complexity of
EOAD. In particular, my focus is on the intricate relationship
between rare genetic variants, honing in on the APOE &4 alleles—
a known player in Alzheimer's disease genetics. The central
question propelling my investigation is rooted in the intriguing
observation of the absence of the APOE ¢4 allele in certain early-
onset AD cases presenting with atypical non-memory phenotypes.
Does this void signify the presence of other rare genetic variants,
shaping the clinical heterogeneity of the disease? A
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comprehensive exploration of existing scholarly papers forms the
backbone of my research. The "missing APOE &4 allele"
phenomenon, coupled with insights into the impact of rare variants
like SORL1 and TYROBP, guides my quest to shed light on the
complex genetic landscape of early-onset AD. This exploration
extends beyond academic curiosity; it is a crucial endeavor with
far-reaching implications for unraveling the mysteries
surrounding the clinical variability of EOAD. In essence, Pottier
and Ravenscroft et al.'s study and the trajectory it sets for future
research exemplify the dynamic nature of genetic exploration. The
unraveling of TYROBP's role in EOAD is not the conclusion but
a stepping stone, inviting deeper dives into the intricacies of
genetic landscapes. As we navigate this frontier, the potential for
transformative breakthroughs looms large, promising a future
where the genetic basis of Alzheimer's disease becomes not just a
puzzle to solve but a pathway to more effective treatments and
improved quality of life for those affected.

Scholarly Article Analysis #4

Title: Mutations of the presenilin | gene in families with early-
onset Alzheimer's disease Authors: Campion, D., Flaman, J. M.,
Brice, A., Hannequin, D., Dubois, B., Martin, C., ... & Frebourg,
T. (1995).

Introduction and Significance

Alzheimer's disease (AD), a pervasive neurodegenerative
condition, casts a long shadow over the lives of millions
worldwide. Its impact is particularly profound when it manifests
in its early-onset variant (EOAD), affecting individuals before the
age of 65. This unique challenge, often entrenched in a complex
genetic foundation, has spurred extensive research to unravel the
mysteries that shroud the genetic determinism of EOAD. While
certain cases of EOAD have been traced back to well-known genes
such as amyloid protein precursor (APP), presenilin 1 (PSEN1),
and presenilin 2 (PSEN2), a significant fraction of cases defies
explanation. Bridging this gap in our understanding became the
focal point of a seminal study conducted by Campion et al. in
1995. Dr. Campion’s investigation sought to illuminate the genetic
landscape of EOAD, particularly within families exhibiting
autosomal dominant transmission—a hallmark characteristic that
amplifies the urgency and complexity of the inquiry (Campion &
Flaman et al., 1995). The multifaceted genetic determinism of
EOAD has unfolded over years of dedicated research, revealing
mutations in several genes implicated in its pathogenesis. Notably,
the APP gene on chromosome 21 has been identified in some
cases. However, a substantial number of families have showcased
linkage to the AD3 locus on chromosome 14g24.3. Campion et al.
strategically directed their efforts towards dissecting the role of the
presenilin 1 (PSN1) gene, which corresponds to this AD3 locus.
The objective was clear: to unearth mutations in families where
autosomal dominant EOAD was a familial hallmark. The
significance of this research transcends the pursuit of academic
knowledge. It delves into the heart of deciphering the molecular
intricacies that underlie EOAD, presenting a key to unlocking
diagnostic and therapeutic advancements. Understanding the
specific mutations associated with early-onset cases isn't merely
an academic pursuit—it is a critical stride towards unraveling the
heterogeneity inherent in AD. This, in turn, provides the
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foundation for tailoring interventions to the genetic profile of
individuals affected by this relentless condition. In 1995, Campion
et al. embarked on a pioneering exploration of the PSN1 gene,
injecting fresh vigor into the quest to comprehend the genetic basis
of EOAD. Their study, a beacon in the scientific landscape, not
only sought to identify mutations but also aimed to delineate the
allelic heterogeneity and distribution of these genetic aberrations
within the expansive coding region of PSN1 (Campion & Flaman
et al., 1995). The journey into the PSN1 gene wasn't merely a
scientific endeavor; it was a commitment to illuminating the dark
corners of genetic complexity. The study was a torchbearer,
guiding subsequent researchers through the intricate labyrinth of
genetic determinants. The legacy of this research endures, as it
provided not just data points but a roadmap for navigating the
diverse mutations encapsulated within the PSN1 gene (Campion
& Flaman et al., 1995). As we dive deeper into the significance of
this study, it becomes evident that the knowledge generated
doesn't merely reside within the realm of scientific curiosity. The
revelations gleaned from dissecting the PSN1 gene's role in EOAD
have profound implications for individuals and families grappling
with the tangible consequences of this condition (Campion &
Flaman et al., 1995).

Materials and Methods

The investigational journey undertaken by Campion et al.
in 1995 to unravel the genetic. the underpinnings of autosomal
dominant early-onset Alzheimer's disease (EOAD) was
meticulously charted through a robust set of materials and
methods. The endeavor, encompassing 12 families with a familial
history of EOAD, adhered to stringent genetic analyses centered
around the presenilin 1 (PSN1) gene, a locus of paramount
importance situated on chromosome 14¢g24.3 (Campion & Flaman
et al., 1995). The study cohort, a tapestry of 12 families, was
carefully curated to include probands meeting the criteria for
probable or definite Alzheimer's disease (AD). The chosen
families bore the distinctive hallmark of autosomal dominant
transmission, amplifying the genetic complexity inherent in the
early-onset variant of this neurodegenerative disorder. This careful
selection set the stage for an in-depth exploration of the genetic
landscape, with a keen eye on the coding region of the PSN1
gene—an area intricately linked to the AD3 locus (Campion &
Flaman et al., 1995). The first pivotal step in this investigative
journey was the extraction of mRNA from approximately 1077
lymphocytes obtained from the study participants. This delicate
process, executed with precision, involved the application of the
QuickPrep Micro mRNA purification kit from Pharmacia. The
extracted mRNA, a molecular messenger carrying the genetic
instructions, became the foundation for the subsequent steps in the
genetic analysis. The spotlight then turned to the cDNA synthesis,
a critical phase in translating the genetic information harbored in
mMRNA into a format amenable to further scrutiny. Random
hexamer-primed reverse transcription, a technique imbued with
specificity, was employed to synthesize cDNA from 20 pl of
MRNA (Campion & Flaman et al., 1995). The resulting cDNA, a
representative snapshot of the genetic material, encapsulated the
essence of the PSN1 gene's expression in the study participants.
With cDNA in hand, the subsequent phase unfolded through a
nuanced amplification strategy. The PSN1 cDNA, a sprawling
entity covering codons 28-467, was systematically divided into
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three segments. This strategic division facilitated a comprehensive
exploration, allowing for a more granular analysis of potential
missense mutations. The amplification, a molecular magnification
of specific genetic regions, was executed through the judicious use
of primers tailored to the unique nuances of the PSN1 gene
(Campion & Flaman et al., 1995). Sequencing emerged as the
linchpin in this genetic odyssey. The amplified fragments, now
enriched with the intricacies of the PSN1 gene, underwent
meticulous sequencing. This process, conducted with precision
using the PRISM Ampli7a” or the PRISM Ampli7a® FS Ready
Reaction Dye Primer sequencing kits, unfolded the genetic code,
revealing the presence or absence of missense mutations within
the coding region of PSN1. The subsequent screening for specific
mutations, a molecular detective work of sorts, honed in on key
alterations known to be associated with EOAD. Met146Leu,
His163Arg, Ala246Glu, Leu286Val, and Cys410Tyr—all critical
players in the genetic narrative of Alzheimer's—were scrutinized
(Campion & Flaman et al., 1995). Genomic DNA, extracted
through standardized methods, served as the substrate for this
screening, employing techniques ranging from restriction
fragment analysis to differential hybridization. The families
comprising the study cohort were characterized with meticulous
attention to detail (Campion & Flaman et al., 1995). Parameters
such as age of onset and the number of affected individuals formed
the backdrop against which the genetic mutations were
scrutinized. This characterization not onlyprovided a clinical
context to the genetic findings but also laid the groundwork for
subsequent analysis.

Results

The exploration of the presenilin 1 (PSN1) gene within the
12 families grappling with early-onset Alzheimer's disease
(EOAD) unfolded a rich tapestry of genetic variations,
illuminating the intricate and diverse landscape contributing to this
challenging neurodegenerative disorder. The comprehensive
genetic analysis conducted by Campion et al. in 1995 revealed the
presence of eight missense mutations at codons 82, 115, 139, 163,
231, 264, 392, and 410 within the PSN1 gene (Campion & Flaman
et al., 1995). Significantly, six of these mutations were novel,
injecting a fresh layer of complexity into the already intricate
genetic milieu associated with EOAD. The identification of these
mutations not only expanded the catalog of genetic aberrations
linked to EOAD but also underscored the inherent allelic
heterogeneity within the PSN1 gene (Campion & Flaman et al.,
1995). The propensity of this gene to harbor diverse mutations,
each with the potential to fuel the pathogenesis of EOAD, echoed
the complexity of unraveling the genetic roots of Alzheimer's
disease. The novel mutations, distinct and previously
undocumented, added a layer of intricacy, challenging existing
paradigms and beckoning researchers to delve deeper into the
molecular intricacies of PSN1. The crucial aspect of these findings
lay not just in their identification but in the subsequent
confirmation of their pathogenic nature. Cosegregation analysis, a
meticulous dissection of familial pedigrees, emerged as the litmus
test for the culpability of these mutations in the manifestation of
EOAD. The scrutiny of three specific mutations—Leu392Val,
Pro264Leu, and Cys410Tyr—unveiled a compelling narrative of
genetic culpability (Campion & Flaman et al., 1995). These
mutations, identified in families FAD-RO1, SAL 511, and ROU
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011, showcased a hereditary transmission pattern consistent with
autosomal dominance. The presence of these mutations in affected
individuals and their conspicuous absence in asymptomatic at-risk
relatives aged over 60 solidified their association with the early-
onset manifestation of Alzheimer's. The diversity encapsulated
within the PSN1 mutations extended beyond the mere presence of
novel alterations; it was manifested in their distribution within the
coding region of the gene (Campion & Flaman et al., 1995). The
mutations, akin to scattered enigmatic pieces in a puzzle, spanned
a wide spectrum within the PSN1 gene. Notably, they targeted
both the transmembrane and hydrophilic domains, further
underscoring the functional significance of these specific regions.
The transmembrane domains, intrinsic components of the PSN1
protein structure, were not spared from the genetic onslaught. Four
of the identified mutations—Val82Leu, Met139Thr, Ala231Thr,
and Cys410Tyr—found their residence within these critical
domains(Campion & Flaman et al.,, 1995). This strategic
distribution suggested that the transmembrane regions of the PSN1
protein were not only integral to its structural integrity but were
also vulnerable to mutations that could potentially tip the balance
toward neurodegeneration. The substantial allelic diversity
observed in these PSN1 mutations spotlighted the complex
interplay of genetic factors contributing to the manifestation of
EOAD. This diversity was not merely quantitative, reflecting the
number of mutations, but qualitative, delving into the specific
nature of alterations and their nuanced impact on the PSN1 protein
(Campion & Flaman et al., 1995). The observation that each
family bore its unique genetic signature, a distinctive mutation or
a combination thereof, emphasized the intricate genetic
fingerprinting that underlies familial EOAD. The elucidation of
these genetic signatures did not merely stop at cataloging
mutations; it laid the foundation for a more profound
understanding of their potential functional consequences. The
distribution of mutations within crucial domains hinted at a
functional compartmentalization within the PSN1 gene. The
mutations embedded in the transmembrane domains might disrupt
the structural integrity of the protein, influencing its role in cellular
membranes. Meanwhile, those affecting the hydrophilic domains
could potentially alter the intricate cellular interactions mediated
by PSN1. In essence, the results of this genetic exploration
transcended the mere identification of mutations. They unraveled
a narrative of allelic diversity, gene-wide distribution, and
functional implications, offering a nuanced perspective on the
genetic roots of EOAD. The PSN1 gene, a protagonist in this
genetic saga, emerged as a focal point for further investigations
into the intricate interplay of genetic factors steering the course of
early-onset Alzheimer's disease(Campion & Flaman et al., 1995).

A Conclusion

In the realm of neurodegenerative disorders, Alzheimer's
disease (AD) remains an intricate puzzle, and its early-onset
variant (EOAD) poses a particularly challenging enigma. The
groundbreaking study conducted by Campion et al. in 1995
marked a significant stride toward unraveling the genetic threads
woven into the fabric of EOAD. The identification of missense
mutations within the presenilin 1 (PSN1) gene not only broadened
our genetic understanding but also hinted at the nuanced
functional consequences underlying the manifestation of this
devastating disease. The confirmation of pathogenic mutations
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through cosegregation analysis was akin to fitting crucial pieces
into the puzzle, solidifying the PSN1 gene's stature as a major
contributor to autosomal dominant EOAD. The three mutations—
Leu392Val, Pro264Leu, and Cys410Tyr—emerged as genetic
beacons, illuminating the hereditary transmission patterns within
families FAD-RO1, SAL 511, and ROU 011. The absence of these
mutations in asymptomatic at-risk relatives aged over 60 served as
a poignant testament to their association with the early-onset
manifestation of Alzheimer's, emphasizing the pivotal role of
PSN1 in this genetic narrative. The study's contribution transcends
the identification of genetic culprits; it laid the groundwork for
unraveling the functional consequences of these mutations. The
allelic diversity and distribution observed within the PSN1 gene
hinted at a functional compartmentalization, inviting further
exploration into the potential impact on protein structure and
cellular interactions. The tantalizing prospect of understanding
how these mutations tip the delicate balance toward
neurodegeneration propelled the scientific community into a new
phase of inquiry. The implications of Campion et al.'s findings
extend far beyond the realm of genetic discovery. The confirmed
association of PSN1 mutations with EOAD not only validates the
gene's prominence but also positions it as a promising target for
therapeutic interventions. As we stand on the brink of an era where
precision medicine holds the promise of tailoring treatments to
individual genetic profiles, the PSN1 gene emerges as a focal point
for such endeavors in the context of early-onset Alzheimer's
disease. However, the study also raises intriguing questions,
beckoning researchers to venture deeper into the labyrinth of
EOAD genetics. The complexity observed in the genetic
landscape, with mutations scattered across transmembrane and
hydrophilic domains, hints at a multifaceted interplay of factors
governing the onset of Alzheimer's. The unique genetic signatures
borne by each family underscore the need for a comprehensive
understanding, not just of PSN1 but potentially of other
contributing genes. The study, while shedding light on the PSN1
gene's involvement in EOAD, also serves as a compass pointing
toward the need for continued exploration. The genetic
heterogeneity observed suggests that additional players may be
concealed within the genetic tapestry of Alzheimer's. Unraveling
these intricate threads demands further research, fueled by
advancements in genetic technologies and a relentless pursuit of
knowledge. Moreover, the study's timeline in 1995 places it in the
early chapters of our genetic understanding of AD. Subsequent
decades have witnessed unprecedented strides in genetic research,
with the advent of whole-genome sequencing and advanced
molecular techniques. The findings of Campion et al. provide a
foundational narrative, and contemporary research stands poised
to build upon this legacy, armed with cutting-edge tools that can
delve even deeper into the intricacies of the human genome. In
essence, the conclusion drawn from Campion et al.'s study serves
as a prelude to a continuing saga of discovery and understanding.
The PSN1 gene's role in autosomal dominant EOAD, though
significant, is part of a larger narrative awaiting comprehensive
exploration. As the scientific community stands on the shoulders
of past revelations, it is propelled toward new frontiers of
knowledge, armed with the awareness that unraveling the
mysteries of early-onset Alzheimer's disease demands not just a
genetic map but a nuanced understanding of the functional
landscapes these genetic mutations traverse.
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Introduction and Significance

Autosomal Dominant Early-Onset Alzheimer's Disease
(ADEOAD) stands as a poignant testament to the intricate
interplay of genetics in the manifestation of Alzheimer's disease
(AD). The hereditary nature of ADEOAD has been unraveled to
some extent through the identification of mutations in the amyloid
precursor protein (APP), presenilin 1 (PSEN1), and presenilin 2
(PSEN2) genes. This genetic heterogeneity necessitates a
comprehensive understanding to facilitate accurate genetic
counseling and pave the way for presymptomatic testing in
affected families (Raux & Guyant-Marechal et al., 2005). A
decade after the groundbreaking discovery of the PSEN1 gene's
involvement in ADEOAD, the study by Raux et al. in 2005 sought
to provide a nuanced update on the molecular diagnosis of this
devastating condition. The primary objective was to clarify the
respective contributions of PSEN1, PSEN2, and APP mutations to
ADEOAD, considering the increasing demand for
presymptomatic testing and the evolving landscape of genetic
research (Raux & Guyant-Marechal et al., 2005).

Materials and Methods

The study delved into the genetic landscape of ADEOAD
by investigating 31 novel families meticulously ascertained based
on stringent criteria. These criteria included the occurrence of
probable or definite cases of Alzheimer's disease with an onset
before 60 years of age spanning three generations. Clinical
assessments adhered to the NINCDS-ADRDA criteria for
probable or definite Alzheimer's disease (Raux & Guyant-
Marechal et al., 2005). Genomic DNA sequencing was performed
for the entire coding regions of PSEN1 and PSEN2 genes, along
with exons 16 and 17 of the APP gene. The cohort's genetic
makeup was further scrutinized by determining APOE genotypes.
The study design aimed to provide a comprehensive genetic
profile of ADEOAD families, offering a foundation for
understanding the relative contributions of PSEN1, PSEN2, and
APP mutations (Raux & Guyant-Marechal et al., 2005).

Results

The molecular exploration of these families unearthed
compelling findings. PSEN1 mutations, including eight novel
mutations, were detected in 24 out of the 31 families.

Additionally, APP mutations were identified in five
families. The mean ages of disease onset in carriers of PSEN1 and
APP mutations were notably distinct, standing at 41.7 and 51.2
years, respectively (Raux & Guyant-Marechal et al., 2005). The
study not only added to the spectrum of known PSEN1 mutations
but also shed light on their phenotypic manifestations.
Intriguingly, the presence of atypical presentations, including
spastic paraparesis associated with specific PSEN1 mutations,
underscored the complexity of the genetic landscape governing
ADEOAD. By synthesizing these findings with previously
published data, the study presented a comprehensive overview.
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PSEN1 mutations accounted for a substantial 66% of ADEOAD
cases, while APP mutations contributed to 16%. Notably, 18% of
cases remained unexplained, emphasizing the ongoing challenge
in unraveling the full genetic repertoire of ADEOAD.

A Conclusion

In conclusion, Raux et al.'s study, a decade after the pivotal
discovery of the PSEN1 gene's involvement in ADEOAD, serves
as a crucial milestone in the ongoing quest for understanding the
genetic underpinnings of this devastating condition. The
delineation of PSEN1 and APP mutations in ADEOAD families
not only expands our knowledge but also underscores the
complexity of this genetic landscape. The observed distribution of
mutations and their associated phenotypes provides a nuanced
view of the genetic heterogeneity within ADEOAD. The study's
results, corroborating with previous findings, offer geneticists and
clinicians valuable insights for molecular diagnoses and genetic
counseling in affected families. As the genetic narrative of
ADEOAD continues to unfold, the study propels us toward a
future where precision medicine may offer tailored interventions
based on the unique genetic profiles of individuals grappling with
the challenges of early-onset Alzheimer's disease.

A Discussion

In the realm of neurodegenerative disorders, Alzheimer's
Disease (AD) stands as a formidable challenge, impacting millions
of lives globally. While the role of the APOE gene, particularly
the €4 allele, in the development of late-onset AD has been
extensively studied, the intricate relationship between rare genetic
variants, APOE ¢4, and early-onset AD remains a subject of
intense investigation. This research project aims to delve into the
complex genetic landscape of early-onset AD, exploring the
phenomenon of the "missing APOE &4 allele" and the potential
contribution of other rare variants such as SORL1 and TYROBP.
The APOE gene, located on chromosome 19, encodes a protein
crucial for lipid metabolism and transportation in the brain. The
presence of the APOE &4 allele has long been associated with an
increased risk of late-onset AD. However, the scenario is more
nuanced in early-onset cases. The central question guiding this
research is whether the absence of the APOE ¢4 allele in certain
early-onset AD cases, particularly those exhibiting atypical non-
memory phenotypes, signals the presence of other rare genetic
variants influencing the clinical heterogeneity of the disease.
Early-onset AD is characterized by its onset before the age of 65
and often presents with diverse clinical phenotypes, including
non-memory symptoms such as language impairment, visual
disturbances, and executive dysfunction. The "missing APOE &4
allele" phenomenon in some early-onset cases challenges the
traditional understanding of the APOE gene's role in AD. This
raises the intriguing possibility that other rare genetic variants may
be contributing to the development of the disease in these cases.
To address this question, a comprehensive analysis of existing
scholarly papers is crucial. Studies have increasingly pointed
towards the involvement of additional genetic players, such as
SORL1 and TYROBP, in the pathogenesis of early-onset AD.
SORL1, a gene involved in amyloid precursor protein (APP)
processing, has been linked to AD risk, and its interaction with
APOE in the context of early-onset cases deserves careful
scrutiny. Similarly, TYROBP, a gene associated with immune
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system function, has emerged as a potential contributor to AD
pathology, suggesting a multifaceted genetic landscape underlying
the disease.

Benefits of the Research to the Purdue University
Community

The pursuit of knowledge is at the core of Purdue
University's mission, and this research aligns seamlessly with the
institution's commitment to academic excellence. By delving into
the genetic complexities of early-onset AD, the research can serve
as a cornerstone for interdisciplinary collaborations. Purdue,
known for its strong emphasis on interdisciplinary research, can
leverage this study to strengthen existing programs in genetics,
neuroscience, and medical research. Faculty and students across
departments such as Biological Sciences, Biomedical
Engineering, and Pharmacy can engage in collaborative efforts,
fostering a vibrant academic environment. Moreover, the research
findings can be integrated into existing curricula, offering students
a firsthand experience in cutting-edge genomic research.
Incorporating this topic into relevant courses not only enriches the
academic experience but also prepares the next generation of
researchers and healthcare professionals to address the evolving
challenges in neurodegenerative disease research. Furthermore,
the project's interdisciplinary nature offers a platform for students
to bridge gaps between different fields of study. Students from
diverse backgrounds can work together, fostering a holistic
understanding of complex scientific problems. This collaborative
approach aligns with Purdue's commitment to producing well-
rounded graduates capable of addressing real-world challenges.
Purdue University has a strong tradition of translating research
into practical applications, and this research on early-onset AD
aligns with this ethos. As the project unfolds and unveils insights
into the genetic underpinnings of the disease, there is potential for
the development of innovative diagnostic tools and therapeutic
strategies. The Purdue Research Park and collaboration with local
healthcare institutions provide an avenue for translating these
discoveries into tangible benefits for patients.

A Final Note

As | embark on this research journey into the intricate
genetic web of early-onset Alzheimer's Disease (AD), it is
impossible to divorce myself from the deeply personal connection
that threads through every experiment, literature review, and
analysis—the memory of my grandmother, who battled with the
relentless progression of Alzheimer's.

My grandmother's struggle with Alzheimer's is not merely
a distant anecdote; it is an intimate narrative that breathes life into
the academic pursuit of unraveling the genetic mysteries of this
neurodegenerative disorder. Her journey, marked by the gradual
erosion of memories and the erosion of the vibrant personality |
once knew, has become the silent impetus behind my commitment
to understanding the nuances of this complex disease. The central
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question that has fueled my investigation—whether the absence of
the APOE &4 allele in certain early-onset AD cases signifies the
presence of other rare genetic variants—echoes with a personal
resonance. My grandmother, like many others, did not fit neatly
into the conventional narrative associated with APOE. Her battle
unfolded earlier than expected, and the clinical manifestations
extended beyond the realm of memory loss, encompassing
atypical non-memory phenotypes. This research is not just an
academic pursuit; it is a quest for understanding that stems from a
personal longing to make sense of a journey marked by moments
of clarity and the persistent fog of forgetfulness. As | navigate the
complexities of genetic interactions, | am acutely aware that each
discovery, each insight, has the potential to shed light not only on
the broader landscape of early-onset AD but also on the unique
genetic tapestry that defined my grandmother's experience. The
implications of this research extend beyond the laboratory and into
the realm of compassion and empathy. It is an endeavor to
contribute not only to the scientific understanding of Alzheimer's
but also to the lives of individuals and families grappling with the
emotional toll of this devastating disease. In the pursuit of
unraveling genetic complexities, there lies a hope—however
subtle—that our collective efforts may pave the way for more
precise diagnostic and therapeutic strategies, offering solace to
those who, like my grandmother, have traversed the challenging
terrain of Alzheimer's Disease.
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