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Abstract

The A673T variant of the Amyloid Precursor Protein (APP), first identified in the Icelandic
population, represents a paradigm-shifting discovery in Alzheimer’s Disease (AD) research.
This protective mutation confers significant resistance against AD onset and age-related
cognitive decline by modulating APP processing and reducing Amyloid-p (Ap) aggregation.
Remarkably, A673T not only mitigates amyloidogenic effects but also counteracts several
pathogenic APP mutations implicated in familial AD. Recent in-vivo studies using knock-in

6304 mouse models have validated its neuroprotective effects, demonstrating substantial reductions
in amyloid burden and preservation of synaptic function. Given its broad implications for
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strategies, this review comprehensively examines the physiological role of APP, its contribution
to AD pathology, the impact of disease-related mutations and the unique protective
mechanisms conferred by the A673T variant.
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Alzheimer's Disease (AD) is a neurodegenerative disorder and one of the most common forms

Attribution (CCBY) license
(https://creativecommons.org/li of dementia, affecting approximately 50 million patients worldwide. AD is characterized by a
censes/by/4.0/). decline in memory, language and other cognitive abilities that progressively affect the

performance of daily activities in people's lives as the disease advances. This leads to great
difficulties for both the person suffering from the disease and their families, in addition to representing a high economic cost.
The risk of developing AD increases with age, as evidenced by the fact that the prevalence in people under 65 is 10-30%, in
contrast to an incidence that doubles every 10 years after the age of 65 [1].

The causes of AD are not yet fully understood but probably are multifactorial and include a combination of age-related changes
in the brain, along with lifestyle and genetic factors.

There are some genetic variants that increase the risk of developing AD or promote its development at an early age. A gene that
influences the risk of developing AD is the Apolipoprotein E (APOE). This gene is involved in the production of a protein that
helps transport cholesterol and other types of fats in the bloodstream. The APOE &4 allele is the strongest genetic risk factor for
late-onset sporadic AD, with individuals carrying one APOE ¢4 allele having a 2-3 fold increased risk, while those carrying two
€4 alleles have a 10-12 fold increased risk [2].

In addition, AD has been linked to three causative genes that encode proteins involved in the degradation of Amyloid Precursor
Protein (APP) and the formation of A{3 peptide. These genes are the APP, the Presenilin 1 (PSEN1) and the Presenilin 2 (PSEN2).
Both PSEN1 and PSEN2 encode essential elements of the y-secretase complex, which cleaves the Amyloid Precursor Protein
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(APP) intramembranously. People with mutations in any of these genes have a significantly increased likelihood of developing
AD between the ages of 30 and 50. Most mutations in these three genes associated with AD are autosomal dominant, have high
penetrance (>85%) and result in early-onset disease [3].

Various hypotheses have been put forward to understand how AD develops. The most relevant hypotheses share a common
analysis of two characteristic brain hallmarks present in this pathology, which are believed to contribute to neuronal damage
and degeneration, resulting in memory loss and other symptoms associated with the disease. One of these alterations is the
accumulation of extracellular (3-amyloid peptide, which results in the formation of the well-known senile plaques or amyloid
plaques. These are thought to interfere with synapses in neuron-neuron communication and promote cell death. The second
change is the abnormal accumulation of intracellular and extracellular Tau protein. These protein accumulations correspond to
neurofibrillary tangles, which block the transport of nutrients and other essential molecules into neurons and also promote
toxicity in their extracellular form, thus presumably contributing to cell death [4,5].

Although various treatments for AD have been tested, very few of them have been shown to have a beneficial effect on the course
of the disease. Furthermore, the effect of these drugs is limited, as they only temporarily delay or slow down the progression of
the disease, but do not stop neurodegeneration [6].

It is known that many of the mutations present in both the APP genes and the enzymes that cleave them promote cognitive
decline and the development of this disease. However, a neuroprotective mutation of the APP gene variant, known as A673T,
has recently been found. It was discovered in the Icelandic population and reduces BACE1 cleavage by 40%. This translates into
a lower presence of A3 peptides, therefore less aggregation and, in the long term, less cognitive decline. In this context, the
present review provides an integrated overview of APP physiology, its pathological roles in AD, the impact of genetic mutations
and the distinctive protective mechanisms associated with the A673T variant.

Amyloid Precursor Protein (APP) and Its Physiological Role

Human APP gene is located on chromosome 21 and APP protein consists in a single transmembrane domain (type I). APP is
ubiquitously expressed with a large ectodomain and a short cytoplasmic region. The extracellular domain also comprises two
highly conserved subdomains, E1 and E2, which, in the central nervous system, are involved in the binding of metals such as
copper and zing, as well as heparin.

APP has three main isoforms, which are generated through differential splicing. These are, first, APP695, expressed
predominantly in the brain and the other two isoforms are APP751 and APP770, which are located outside the central nervous
system. Despite limited knowledge about its non-pathological function, it has been recognized that it has important physiological
roles, mainly in the modulation of synapses during brain development and in neuronal plasticity, memory and neuroprotection
in maturity and in the aging brain. In addition to this, it is believed that it could have a function as a growth factor [7-9].

In-vitro studies conducted in our laboratory show that APP plays an important role in phenotypic specification of human Neural
Stem Cells (hNSCs). Specifically, we have observed that transient overexpression of APP induces an early exit of cell cycle in
hNSCs and directs their differentiation toward glial cells (gliogenesis) while decreasing their differentiation toward neurons
(neurogenesis) [10]. Subsequent studies further elucidated the molecular mechanisms involved, revealing that APP regulates
these cell differentiation processes through multiple signaling pathways as Notch, Wnt, PI3K-AKT and JAK-STAT, among others
[11]. Additionally, we found that low levels of APP promote neurogenesis while decreasing gliogenesis in hNSCs (effects
opposite to those observed in transient overexpression of APP), highlighting the delicate modulatory role of APP in balancing
neuronal and glial cell formation in hNSCs [12]. These findings provide new insights into the role of APP during neural
development and suggest possible implications of this protein that help improve our understanding of AD.

Role of APP in Alzheimer Disease Pathogenesis

One of the histopathological characteristics observed in the brains of patients with AD is the presence of senile or amyloid
plaques, which are extracellular in nature and caused by the accumulation of Amyloid Beta peptide (Af3). The AP peptide comes
from the sequential proteolysis of the Amyloid Precursor Protein (APP) [16]. To understand how APP is involved in AD, it is
important to consider the proteolytic processing that this protein undergoes, as biologically active fragments are produced, each
of which has specific or even opposing functions. This process of APP proteolysis is mediated mainly in two ways: the non-
amyloidogenic pathway and the amyloidogenic pathway. The non-amyloidogenic processing pathway produces a large soluble
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ectodomain (sAPPa) and an 83-residue membrane-associated C-terminal fragment (C83) when a-secretase cleaves APP within
the AP domain. Alpha-secretase activity is present in several proteases belonging to the ADAM family. The P3 peptide and the
intracellular domain of APP (AICD) are formed when y-secretase cleaves C83.

In the amyloidogenic pathway, a membrane-bound protease called {3-secretase cleaves APP at the N-terminal end of the Ap
domain, resulting in a 99-residue C-terminal fragment retained in the membrane (C99) and a soluble ectodomain (sAPP{) which
is 16 amino acids shorter than sAPPa. This means that the second fragment released by the action of y-secretase, the beta-amyloid
peptide, will be 16 amino acids longer and it is this difference that alters its molecular properties and makes it insoluble in the
extracellular medium, causing it to aggregate in senile plaques. y-secretase, a membrane-bound complex that includes presenilin
as a catalytic component, cleaves C99 to release AICD and A peptides. y-secretase cleavage produces Af3 peptides with various
C-terminal ends, such as A31-40 (A{340), A31-42 (AP42) and other minor species [17].

The A[42 peptide, one of the main products of the amyloidogenic pathway of APP processing, is known for its high aggregation
propensity and its central role in the pathogenesis of Alzheimer’s disease. Its hydrophobic structure and tendency to form
neurotoxic oligomers make it a key agent in synaptic dysfunction and neurodegeneration. Under physiological conditions, Ap42
coexists with AP40, but even small variations in the ratio between these two species can drastically alter the balance between
soluble and insoluble peptide forms, promoting the formation of fibrillar aggregates and amyloid plaques. In our laboratory, we
have studied the effects of A3 peptides (in its different conformations) on hNSCs. Firstly, we demonstrated that monomeric A{342
and A[40 peptides exert distinct but complementary effects on hNSCs. Specifically, monomeric Ap42 promotes proliferation
and gliogenesis, whereas monomeric A340 enhances neurogenesis [13,14]. These findings highlight a differential role for the two
major amyloid species in regulating stem cell fate decisions. Subsequently, we found that aggregated A[342 species affect hANSCs
in different ways compared to monomeric peptides, with oligomeric and fibrillar Ap42 showing variable influences on cell
viability, differentiation and proliferation [15]. This comparative approach underscores the complexity of A[3 peptide biology in
hNSCs and suggests that both peptide conformation and species critically modulate their functional outcomes.

In addition, there are other less common and lesser-known APP processing pathways because research on them is still very
recent. These are known as the d pathway, the n pathway, meprin-3 cleavage and Caspase cleavage [9].

APP Mutations and Their Impact in AD

Mutations in the APP gene have been identified as a cause of familial early-onset Alzheimer’s disease and to a lesser extent, in
late-onset cases. Dominant mutations are mainly located in exons 16 and 17, near the 3- and y-secretase cleavage sites, promoting
the amyloidogenic pathway and altering A3 production. Most of these mutations affect APP processing. Additionally, APP locus
duplications and two recessive mutations (pathogenic in the homozygous state) have also been reported [18].

The V7171 (London) mutation was the first APP mutation linked to Familial Alzheimer's Disease (FAD) and remains the most
common APP mutation in FAD [19]. Located within the transmembrane domain near the y-secretase cleavage site, this mutation
specifically increases Ap42 production without significantly affecting AP40 levels, thereby elevating the A{342/A[340 ratio. The
mutation alters the initial y-secretase cleavage site, resulting in enhanced generation of both A342 and A{338 peptides and affects
intracellular APP trafficking within neurons.

The double mutation K670N/M671L (Swedish) dramatically increases overall Af3 generation by enhancing both Ap40 and A[342
levels compared to wild-type APP [20]. The V716F (Indiana) mutation increases the A342/A {340 ratio and is associated with very
early disease onset (mean 42 years) and particularly severe pathology [21]. In contrast, the T714A (Iranian) mutation reduces
total AP42 output while maintaining elevated AP42/Ap40 ratio and is associated with atypical clinical features including
prolonged prodromal amnesia [22]. Mutations at residue 693 also profoundly influence aggregation: the E693G (Arctic) mutation
promotes protofibril assembly through an alternative pathogenic mechanism, accelerating formation of 3-amyloid protofibrils
without significantly increasing total AP production [23]. The E693A (Osaka) deletion represents a unique recessive mutation
that accelerates A[ oligomerization but inhibits fibril formation, causing disease only in homozygous carriers through
intraneuronal accumulation of toxic oligomers and associated GABAergic dysfunction [24].

The D678N (Tottori) mutation, located immediately adjacent to the 3-secretase cleavage site in exon 16, disrupts normal APP
proteolysis and results in the production of mutant A peptides (Asn7-AB) with altered properties [25]. The A673V mutation
exhibits recessive inheritance and intensifies both amyloidogenic processing and A{3 aggregation, shifting APP metabolism
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toward enhanced [-amyloid production while demonstrating that co-expression with wild-type AP creates unstable mixed
aggregates that protect heterozygous carriers [26]. APP locus duplications raise APP gene dosage and drive Ap overproduction
, further validating the dose-dependent contribution of APP to AD pathogenesis and often presenting with additional clinical
features such as seizures and cerebral amyloid angiopathy [27].

Protective Variant of Alzheimer's Disease: APP A673T

Given the central role that APP appears to play in the pathophysiology of AD, the identification of genetic variants with a
protective effect, those capable of delaying the onset of the disease or reducing the risk of developing it, represents a significant
opportunity to guide the design of new therapeutic strategies that prevent its onset or slow its progression [28,29].

Discovery, Genetic Characteristics and Population Distribution

To this end, a whole-genome sequencing study was conducted in 2012 on a cohort of 1,795 Icelanders with the aim of identifying
new variants of the APP gene associated with a reduced risk of AD. The most relevant finding was the identification of a single
nucleotide polymorphism (rs63750847, c.2017G>A,) present at position 673 of the gene, which causes the substitution of alanine
for threonine (A673T, p.Ala673Thr), located adjacent to the 3- secretase cleavage site and within the -amyloid peptide sequence
(position 2 of Ap).

This rare variant, also known as the “Icelandic mutation,” was detected mainly in control individuals and not in patients with
AD and is currently one of the few known protective variants against late-onset AD [30].

At the population level, the frequency of the A673T variant shows marked geographical variation, being significantly more
prevalent in Nordic populations: Finland (0.51%), Iceland (0.45%), Sweden (0.42%), Norway (0.21%) and Denmark (0.014%)
[30,31]. In contrast, it is extremely rare in non-Nordic populations, being virtually absent in Asians and uncommon in the white
North American population, where the mutation appears to be limited to certain races or ethnic groups [32-34].

The A673T variant was observed more frequently in elderly individuals (=85 years) who also had higher cognitive performance
than non-carriers. This finding suggests that the variant may play an important role in protecting against late-onset AD and
mitigating age-related cognitive decline [30]. Furthermore, it has been proposed that A673T could contribute to prolonging
longevity, as carriers were 50% more likely to reach 85 years of age compared to non-carriers. This evidence has been supported
by a study by Kero, et al., which described a 104.8-year-old female A673T carrier with a low burden of B-amyloid pathology,
probably attributed to concomitant hippocampal sclerosis [35]. The A673T allele also confers protection against cognitive decline
in elderly individuals without Alzheimer's disease, the two could be mediated by the same or similar mechanisms or pathways.
Previous research shows the A673T variant provides equal protection in both APOE e4 carriers and non-carriers [36,37].

Protective Molecular Mechanism of A673T

The protective effect of A673T appears to be directly related to its proximity to the site of BACE1 ([3-secretase) cleavage and its
ability to reduce activity, shifting amyloidogenic APP processing toward the non-amyloidogenic pathway (Fig. 1). Early in-vitro
assays conducted by Jonsson, et al., demonstrated that HEK293T cells transfected with the human APP-A673T variant had
significantly reduced levels of the soluble fragment of APP processed by 3-secretase (sAPP[3) relative to the fragment processed
by a-secretase (sAPPa). In addition, the levels of A340 and A{342 in the supernatants decreased by approximately 40% compared
to cells transfected with wild-type APP, suggesting that A673T modulates BACE1 activity by reducing the generation of
amyloidogenic peptides [30]. These results were subsequently replicated in-vitro in different experimental models. In primary
mouse cortical neurons transfected with A673T-carrying cDNA and in isogenic neurons derived from human iPSCs expressing
this variant, a consistent reduction in extracellular levels of AB40 and A[342 was observed [36,38]. Similarly, in-vivo studies
demonstrated a 28% reduction in plasma levels of AB40 and A{342 in individuals carrying A673T compared to non-carriers [39].
Likewise, decreased levels of sAPP( and A42 (9% and 26% less, respectively) were detected in Cerebrospinal Fluid (CSF), along
with a tendency toward a reduction in Ap40. Proteomic analyses based on mass spectrometry also identified alterations in the
regulation of proteins and phosphopeptides, suggesting that this variant could also reduce Tau phosphorylation [40].

Considering the protective effect associated with the A673T variant, recent studies have also explored its interaction with
pathogenic APP mutations associated with AD. Guyon, et al., demonstrated that A673T can reduce A340 and A342 levels in the
presence of certain causal mutations. In SH-SY5Y cells transfected with cDNA combining A673T with any of the 29 APP
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mutations analyzed, a significant reduction in A{340 was observed in 10 variants and in A342 in 14 of them [41]. In 2D and 3D
human neuronal models, A673T also succeeded in decreasing sAPPf levels even in the presence of two pathogenic APP
mutations [40]. The protective effect in-vivo has also been proven in murine models of AD. In a line of APPG-F- A673T Knock-In
(KI) mice carrying the Arctic and Beyreuther/Iberian mutations, the presence of A673T significantly reduced the amyloid burden
in the cortex and hippocampus and plasma A42 levels tended to be lower compared to animals without the variant [42]. In
primary mouse cortical neurons and HEK293 cells transfected with human APP A673T, A40 and A342 production was reduced
by approximately 35-40% compared to wild-type APP. Isogenic human iPSC-derived neurons expressing APP at endogenous
levels confirmed that A673T reduces BACE1-mediated processing and 3-CTF production. Critically, mutant A2T oligomers bind
with significantly lower affinity to synaptic puncta compared to wild- type A oligomers, representing a distinct protective
mechanism since soluble oligomer binding to synapses initiates Alzheimer's-related toxicity [42].

Given the accumulated evidence linking A673T to a reduced risk of AD, gene editing strategies are also being explored to
introduce this variant in a controlled manner. Tremblay, et al., developed a prime editing-based approach using a modified Cas9,
through which they successfully inserted the A673T mutation into HEK293T cells [43]. Although the technique showed
promising editing rates, the generation of unwanted adjacent mutations and the inability to accurately quantify insertion
efficiency require further studies to assess its functional impact [41,43]. In contrast to the AB42 peptide, the A342 modified by
the A2T exhibits structural and biophysical properties that significantly reduce its aggregation capacity. Molecular dynamics
studies have shown that the substitution of alanine with threonine at position 2 introduces a hydroxyl group capable of forming
additional hydrogen bonds with the aqueous environment, increasing the solubility of the peptide and reducing hydrophobic
interchain interactions. This results in decreased oligomer stability and a reduction in the formation of high-molecular weight
toxic species typical of Af [42]. The N-terminal region of A2T frequently engages in electrostatic contacts with residues K16 and
E22, further destabilizing pathogenic dimer interfaces. Overall, A673T decreases dimer stability, lowers aggregation potential
and shifts oligomer distributions toward smaller assemblies (dimers, tetramers, hexamers) rather than neurotoxic dodecamers
[44,45]. Taken together, these findings reinforce the hypothesis that the A673T variant could be a key tool for developing
therapeutic strategies aimed at modulating Af3 production and mitigating or preventing the progression of AD. However,
although the reduction in A peptides partially explains its protective effect, the underlying molecular mechanisms are not yet
fully understood. Enzymatic assays have shown that A673T does not alter the binding affinity of peptide substrates to BACE1,
although it does reduce their processing rate [36]. On the other hand, unchanged levels of C99 relative to sAPP(3 suggest that this
variant may also modulate y-secretase-mediated processing [38,46]. Future studies using models derived from induced
pluripotent stem cells (hiPSCs) from A673T carriers could contribute to elucidating these molecular pathways more precisely
[47,48].
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Figure 1: Amyloidogenic pathway in Alzheimer's disease and the protective effect of the APP A673T variant. (A) In the
amyloidogenic pathway, native APP is processed to generate amyloid 3 (AB) peptides, which accumulate to form plaques
leading to the neurodegeneration characteristic of Alzheimer's disease (AD). (B) The Icelandic protective mutation APP.
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A673T alters APP processing, reducing Ap generation and preventing amyloid plaque formation, which is associated with a
healthy brain.

Conclusion and Future Approaches

After reviewing all the information, it is concluded that, although much progress has been made in understanding Alzheimer's
disease, no curative or disease-modifying treatments have yet been developed. Therefore, it is essential to continue developing
multidimensional therapeutic approaches to advance toward solutions that can offer real improvements in the progression of
the disease. APP represents a promising target for compounds that modulate its processing. Strategies that mimic the protective
mechanism of the A673T variant may offer new therapeutic opportunities. Although no clinical trials have directly targeted
A673T, ongoing gene-editing studies and small-molecule screening approaches are expected to exploit its beneficial effects for
Alzheimer’s disease prevention and treatment development. Future studies using models derived from induced pluripotent
stem cells (hiPSCs) from A673T carriers could contribute to elucidating these molecular pathways more precisely, establishing
the foundation for developing more effective therapeutic interventions against Alzheimer's disease. It could be thought that the
Ap42-A2T peptide would aggregate more slowly and might form less stable and less neurotoxic structures. Thus, studying the
A2T peptide and its molecular interactions with processing enzymes and other neuronal proteins represents a promising avenue
to better understand the protective mechanisms of the A673T mutation and its therapeutic potential in Alzheimer’s disease
prevention.
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