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Alzheimer’s disease(AD) is a multifactorial neurodegenerative disorder characterized by the progressive loss of neurons and synaptic dysfunc-
tion, primarily affecting the cortex and hippocampus. The etiology of AD is complex, involving the continuous and intricate interaction between 
genetic and non-genetic environmental factors. Genetic predisposition plays a significant role, with approximately 60-80% of AD risk attributed 
to hereditary factors. Familial early-onset AD(EOAD), with autosomal-dominant mutations in APP, PSEN1, and PSEN2, represents about 1-5% 
of cases and typically manifests before age 65. Rare autosomal-recessive mutations, like A673V(APP gene), are also implicated. Late-onset 
AD(LOAD), more common, is influenced by a combination of genetic and environmental factors, with the APOE ε4 allele being a major risk 
factor. Protective factors, such as the APOE ε2 allele and rare mutations like Ala673Thr, can reduce AD risk. The interplay between genetic 
variants, environmental influences, and pathological processes underpins the disease’s progression. This study highlights the importance of 
understanding the genetic and non-genetic determinants of AD to advance personalized treatment and early detection strategies. Future 
research and personalized medicine approaches are essential for mitigating AD risks and improving management outcomes.
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Introduction

General Overview – Multifactorial Diseases And The In-
teraction Between Environment And Heredity
Within the broad spectrum of chronic neurological disor-
ders, Alzheimer’s disease (AD) is defined by neurodegen-
erative processes that involve synaptic dysfunction due to 
the depletion of acetylcholine and other neurotransmitters, 
as well as irreversible degradation and continuous loss of 
neurons in specific regions of the cortex and hippocampus. 
These affected areas, along with distinctive molecular and 
cellular markers, delineate and shape the clinical picture 
with a high degree of accuracy. Establishing the genetic eti-
ology of this disorder dictates the need to identify the type 
of transmission, as AD is inherently heterogeneous and 
multifactorial.  The determination of the genetic etiology 
of this condition underscores the importance of identify-
ing the inheritance patterns, as AD represents a heteroge-
neous, multifactorial disorder. 

AD is a multifactorial, neurodegenerative, and poly-
genic condition that develops under the influence of both 
genetic and non-genetic determinants, including environ-
mental, behavioral, demographic, pathological and physi-
ological risk factors. These multifactorial diseases emerge 
in human organisms—each a unique biological entity—
due to interactions between genetic inheritance and en-
vironmental influences, or, in rare instances, due to one 
of these factors alone (Figure 1). In these exceptional and 
uncommon instances, genes may follow a monogenic pat-
tern of inheritance, being passed down through either 
autosomal-recessive inheritance(A673V-APP gene) or au-

tosomal-dominant inheritance (PSEN1 on chromosome 
14, PSEN2 on chromosome 1, and APP on chromosome 
21) [1–8].

Hereditary factors can determine a person’s genetic pre-
disposition to be affected by a certain disease throughout 
their life. However, the transition from a vulnerable state 
to the actual onset of the disease occurs through the con-
tinuous interplay of the two major classes of factors (only 
when the intervention of environmental factors exceeds a 
threshold that triggers the disease). This explains why some 
individuals with a genetic predisposition remain healthy if 
they are not exposed to triggering environmental factors, 
or why those who encounter harmful factors may remain 
unaffected due to their genetic resilience. Thus, disease 
emerges as the result of a complex, bilateral interaction be-
tween genetic and environmental factors [9–12].

Studies focused on the heritability of AD have found 
that environmental factors contribute only 20-40% to 
shaping a person’s risk, while genetic determinants contrib-
ute between 60-70% and 80% to the onset of this neuro-
degenerative condition [13,14].

Motivation and Objectives
The exploration of neurodegenerative processes in this 
study simultaneously encompasses two intertwined di-
mensions: an objective one, driven by the innate curiosity, 
pure desire to expand the boundaries of knowledge and 
to deepen the understanding of these complex, intricate 
conditions, and a subjective one, triggered by the forced 
confrontation and acceptance of the poignant, inescap-
able, and harsh reality of being a mere witness/spectator, 
without the power to alter or influence the narrative thread 
of the unfolding drama, where a loved one gradually loses 

* Correspondence to: Paula Denisa Saragea 
E-mail: paula_denisa_2000@yahoo.com



206 Acta Marisiensis - Seria Medica 2024;70(4)

fragments of what once defined them, facing progressive 
cognitive, functional, and behavioral decline. This journey, 
steeped in a profound sense of loss, reveals the tragic beauty 
of a mind gradually surrendering its essence, as personality 
defining fragments slowly fade away, leaving behind echoes 
of what once was.

Under the shadow of these relentless and unforgiving 
neurodegenerative diseases, the human being becomes 
powerless, incapable of shaping their own future, destiny, 
or existence once these processes, whether early or late, be-
gin to unfold. Transformed without consent into a puppet 
of affliction, the patient loses their sense of self, becoming 
unable to encode or retain information, entirely bereft of 
independence and consciousness. This dramatic play un-
folds in multiple acts, encompassing scenes of various du-
rations that reflect the merciless reality of different stages 
of the disease, each progressing at its own speed, while the 
entr’actes within the drama symbolize the stagnant phases 
of the illness, the plateaus. On the stage of life, the pa-
tient in advanced, final stages, recognizable only in ma-
terial form, is overwhelmed by anxiety, becomes fearful, 
engulfed by dread, emotionally disturbed, and stripped of 
a sense of belonging and familiarity. AD thus takes on co-
lossal dimensions, becoming, in a figurative sense, a ruth-
less and grotesque puppet master devoid of mercy and 
scruples, suppressing the essence of the central character 
(the patient diagnosed with AD) and redefining the nature 
of their existence.

The study aimed to identify genetic predispositions that 
significantly affect individual health and, in conjunction 

with non-genetic, modifiable risk factors (Figure 2) con-
tribute to the onset of neurodegenerative processes associ-
ated with AD. 

Materials and Methods
The information compiled in this study was gathered from 
university library collections, search engines, and online 
databases, including Google Scholar, ScienceDirect, and 
PubMed(MEDLINE). Selection criteria were based on the 
type of analyzed material (such as books, review articles, 
meta-analyses, documents, systematic reviews, and original 
studies) and the publication date. The search was conduct-
ed using specific phrases or keywords like „AD”, „genetic 
factors”, “genetic counseling”, “genetics”, “genetic testing” 
or „risk factors” with filters applied accordingly.

Results and Discussions

Genetic Factors
AD is internationally regarded as a dichotomous condition, 
encompassing two major clinically defined forms: familial 
AD, characterized by mendelian inheritance and early on-
set(<60 years)(EOAD), and late-onset AD(LOAD), which 
may or may not involve an inherited predisposition and 
lacks a consistent transmission pattern(≥65 years). While 
the majority of AD cases have a genetic origin (~80%), 
‚sporadic’ forms result from the interaction between ge-
netic factors and environmental influences [4].

Genetic factors with causative or protective roles have 
been studied extensively, starting with twin studies that 

Fig. 1. Interaction between Genetic and Environmental Factors in the Determinism of Multifactorial Diseases; S=Sick individual; H=Healthy 
individual; E=Environmental risk factors; GP=Genetic predisposition; 1=Individuals with genetic predisposition to Alzheimer’s disease 
(GP); 2=Individuals diagnosed with Alzheimer’s disease, affected by the interplay of environmental and hereditary factors; 3=Environmen-
tal factors exposure; 4=Healthy individuals exposed to environmental risk factors but resistant to disease; 5=Individuals without genetic 
predisposition;
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indicate the risk of developing AD is determined by he-
reditary factors to an extent of 60-80%. Although AD is 
classified as a multifactorial condition, with its decline, 
rate of deterioration, and onset influenced by both genetic 
and environmental factors, there are forms of AD with 
autosomal-dominant or recessive determinism, mendelian 
inheritance, or polygenic, additive determinism [4,13,15].

Chromosomal mutations involved in the determinism 
of AD are rare, exhibit mendelian, autosomal-dominant 
inheritance, and predominantly occur on chromosomes 
1, 14, and 21, leading to the development of early-onset 
forms before the age of 65.

In the particular case of individuals with Down syn-
drome, also known as trisomy 21 (21q), there will be an 
overproduction of β-amyloid, leading to the formation of 
senile plaques as early as the first decade of life. Conse-
quently, individuals diagnosed with Down syndrome, who 
have an additional copy of the APP gene, will typically de-

velop AD after the age of 40 (and no later than their fifth 
decade of life) [3,5,16–20].

Being the most well-known form of familial aneuploidy, 
trisomy 21 (HSA21) is characterized by intellectual im-
pairment, with the additional genetic material leading to 
a 40% reduction in brain volume in adults and a 90% de-
crease in neuronal density in the entorhinal cortex. The 
presence of three copies of the APP gene on HSA21 results 
in the overexpression of APP, leading to the overproduc-
tion of Aβ peptides and the accumulation of insoluble se-
nile plaques in extracellular spaces [21].

Nevertheless, AD is predominantly a multifactorial con-
dition with polygenic determinism. To date, 45 loci have 
been identified, with risk genes exhibiting additive effects. 
The identification of the presence or absence of risk genes 
aids in calculating the polygenic risk of recurrence with 
an accuracy ranging from 75% to 85%. Both the APOE 
ε4 allele and the numerous identified loci contribute to 

Fig. 2. Non-genetic, Modifiable Risk Factors—demographic, physiological, pathological, behavioral, and environmental—that significantly 
impact the health of people
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the development of AD symptoms, along with multiple 
mechanisms involving cholesterol and amyloid metabo-
lism, modulation of immune responses, endocytosis, lipid 
dysfunction, and vascular factors [16–18,22].

The polymorphism with the highest genetic suscepti-
bility identified is apolipoprotein E4, which is simultane-
ously involved in increasing the risk of cardiovascular dis-
eases and in decreasing the age of onset of AD, as well as 
accelerating the rate of decline. However, risk alleles have 
been identified in the majority of patients with LOAD, 
affecting both heterozygotes and homozygotes for ε4 
[16–19,22–24].

Protective genes
The increased interest of researchers in identifying genetic 
factors responsible for the onset of AD has led to the dis-
covery of some protective factors.

In the case of the gene located on chromosome 21 with 
autosomal dominant inheritance, a rare ‚Icelandic’ protec-
tive mutation, Ala673Thr, has been identified. This mu-
tation delays cognitive decline, helps maintain normal 
cognitive reserves, and reduces Aβ levels by 40%. Next-
generation sequencing (NGS) has revealed that this rare 
variant is significantly more common in individuals with-
out AD—approximately five times more frequent—than 
in those with the condition [8,13,15,19,22].

Case studies have also highlighted other protective mu-
tations: the ‚Christchurch’ mutation, found in an APOE 
ε3 allele, which confers genetic resilience in patients with 
a PSEN1 mutation, allowing them to surpass the life ex-
pectancy predicted based on the age at which their affected 
relatives passed away, as well as variations in Klotho, the 
longevity gene.

Similarly, the protective potential of the APOE ε2 al-
lele has been discovered, with cohort studies revealing that 
individuals who are homozygous (APOE ε2/ε2) or het-
erozygous (APOE ε2/ε3, APOE ε2/ε4) for this allele have 
a twofold lower risk of developing AD.

The PLCG2 gene can undergo a structural modifica-
tion, specifically Pro522Arg, which halves the risk of car-
riers developing a form of dementia(AD) and doubles or 
even triples the likelihood of reaching the tenth decade of 
life with intact cognitive functions [8,16–19,22,24–27].

Causative Genes
NGS techniques have led to the identification of a broad 
spectrum of rare variants that contribute to protein deg-
radation processes, with the altered forms leading to the 
gradual deterioration of brain health [22].

The causative genes identified through genome-wide as-
sociation studies have multiple implications, acting within 
the following biological pathways: lipid transport, immune 
system responses, endocytosis, inflammatory responses, 
TAU protein metabolism, cytoskeletal functions, process-
ing of the amyloid precursor protein (APP), axonal trans-
port and signaling, synaptic functions in the hippocampus, 

cell migration, the functioning of myeloid cells and micro-
glia, astrocytes, mitochondrial function and integrity, gene 
expression regulation, and post-translational modifications 
of proteins.

The causative genes identified through genome-wide 
association studies have diverse implications, influencing 
various biological pathways, including lipid transport, im-
mune system responses, endocytosis, inflammatory pro-
cesses, TAU protein metabolism, cytoskeletal functions, 
amyloid precursor protein(APP) processing, axonal trans-
port and signaling, synaptic functions in the hippocampus, 
cell migration, the activity of myeloid cells and microglia, 
astrocyte function, mitochondrial integrity and function, 
gene expression regulation, and post-translational protein 
modifications [28,29].

Causative genes can be classified according to the path-
ogenic pathways they influence. According to the study 
published by Hinz and Geschwind in 2016, there are four 
distinct categories:
 – Causative genes that affect lipid metabolism(cholesterol 
metabolism) [11,12,14]

 – APOE,DSG2, ABCA7,SORT1,CLU,PLD3
 – Causative genes that influence synaptic function, affec-
ting their functionality [11,12,14]

 – PICALM,AKAP9,BIN1,EPHA1,MEF2C,PTK2B,C
D2AP

 – Causative genes involved in the neuroimmune 
system(neuroinflammation) [11,12,14]

 – CLU,TREM2,HLAcomplex(HLA-DRB1,HLA-
DRB5),CR1,MEF2C,ABCA7,CD33,INPP5D, 
EPHA1,EPHA2

 – Causative genes that influence endocytosis and synaptic 
transmission [11,12,14]

 – BIN1,CD33,SORL1,PICALM,EPHA1,CD2AP,SO
RT1

In the context of AD, many genes with fundamental 
roles in its determinism have been identified over time, 
especially through genome-wide association studies. These 
genes can be categorized based on the type of neurodegen-
erative disorder they induce:
 – Major genes associated with EOAD 
 – Genes associated with sporadic EOAD
 – Genes associated with LOAD [4,30–32]

1. Major genes associated with EOAD
 – Mutations in the PSEN1 gene, located on chromosome 
14, lead to the overproduction of amyloid precursors by 
affecting the Notch signaling pathway. This occurs due 
to the activation or enhancement of the enzyme known 
as γ-secretase [4,16–19,22,24–26].

 – Researchers have identified a mutation, Gly206Ala, in 
the PSEN1 gene specific to individuals of Puerto Rican 
descent diagnosed with EOAD [4,16–19,22,24–26].

 – Mutations in the PSEN2 gene, located on chromosome 
1 [4,16–19,22,24–26].

 – Mutations in the APP gene, located on chromosome 21, 
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include the “Swedish” mutation at the β-secretase cleav-
age site and the “Arctic” mutation, which promotes the 
formation of protofibrils and insoluble fibrils by altering 
the assembly of β-amyloid [4,16–19,22,24–26].

2. Genes associated with sporadic EOAD
The analysis of scientific papers published over time, along 
with research conducted on extensive cohorts of patients 
from various continents, has led to the identification of 
additional mutations that cause familial EOAD, including 
rare, sporadic forms, in specific geographic regions:
 – The MAPT gene, located on the long arm of chromo-
some 17 (17q), undergoes a missense point mutation, 
R406W, which has been detected in a Belgian family 
[4,30–32].

 – A mutation at position 36 on the long arm of chromoso-
me 7 (7q36), near the PAX transcription activation do-
main (PAX1P1), has been identified in a Dutch family 
[4,31].

 – A missense point mutation, D90N, in the PEN2 gene 
located on chromosome 19, has been identified. This 
gene is involved in encoding the pen-2 component of 
γ-secretase [4,33].

3. Genes associated with LOAD
In the case of the APOE4 gene, studies have demonstrated 
that the ε4 allele has the capacity to reduce the clearance 
of Aβ42 peptides and β-amyloid proteins, leading to their 
accumulation and subsequent neurotoxic effects on the 
central nervous system (CNS) [3,8,16–19,22–26,28,34].
 – The ADAM10 gene encodes a member of the ADAM 
family and a major α-secretase, both of which are in-
volved in the early phases of amyloid precursor protein 
(APP) cleavage, initiating neurodegenerative processes. 
ADAM10 is crucial for the cleavage of normal prion 
proteins and interacts with a wide range of proteins, in-
cluding E-cadherins and TNF-α. The two known muta-
tions, R181G and Q170H, result in the inability to com-
plete the cleavage operation of ADAM10 by α-secretase, 
including the amyloid precursor protein(APP), both in 
vivo and in vitro [3,8,16–19,22–26,28,34].

 – Another genetic factor implicated in the etiology of 
LOAD is the ABCA7 gene, located on 19p13.3. This 
gene encodes a protein specific to multicellular eukaryo-
tes from the major ABC subfamily. The synthesized pro-
tein is involved in processes such as phagocytosis and 
lipid homeostasis in immune system cells, although its 
functions are not fully understood. However, it is known 
to be a tissue transporter specific to myelo-lymphatic 
regions. According to scientific literature, the ABCA7 
gene is associated with AD and is detected at a higher 
frequency among African Americans compared to Cau-
casian Americans [3,8,16–19,22–26,28,34].

 – The BACE1 gene, responsible for encoding a transmem-
brane protease from the A1 peptidase family, acts cataly-
tically on the amyloid precursor protein. This process re-

leases soluble β-APP peptides into the extracellular space 
and subsequently the C-terminal fragment within the 
cell [3,8,16–19,22–26,28,34].

 – One of the most relevant risk factors for LOAD, accor-
ding to the specialized literature, is the BIN1 gene. This 
gene encodes multiple isoforms of a nucleoplasmic adap-
tor protein with different tissue distributions, and in the 
central nervous system, it plays a role in vesicle-mediated 
synaptic endocytosis. BIN1 is involved in processes such 
as the activation of pro-inflammatory mechanisms, the 
production and release of cytokines, and the activation 
of genes associated with neurodegeneration [3,8,16–
19,22–26,28,34].

 – Another gene implicated in the etiology of LOAD is 
C9ORF72. The protein encoded by this gene has mul-
tiple roles, including autophagy, coordination of endo-
somes, axonal growth and extension, regulation of actin 
activity in motor neurons through the inhibition of GTP 
binding to ARF6, immune development, and inflamma-
tion reduction in the hematopoietic system [3,8,16–
19,22–26,28,34].

 – The CD33 gene encodes amino acid sequences that form 
proteins involved in the differentiation pathways of he-
matopoietic stem cells and the innate immune system. 
These proteins, through their SH2 domain, bind to a 
cytoplasmic phosphatase, which dephosphorylates sig-
naling molecules, thereby blocking signal transduction 
and inhibiting tyrosine phosphorylation—a process cri-
tical to the immune responses of host organisms. In the 
specific context of AD, CD33 plays a role in controlling 
microglial activation, a process that is also influenced by 
the expression of TREM2 [3,8,16–19,22–26,28,34].

 – The CLU gene, located on chromosome 8(8p21-p12), 
encodes the eponymous protein clusterin (APOJ), whi-
ch is responsible for inhibiting the formation of amy-
loid fibrils (including APP, B2M, APOC2, SNCA, 
CSN3, LYZ). Alterations in this gene can lead to the 
enhancement of these processes, which are characteris-
tic of neurodegenerative phenomena. Both the normal 
and pathological variants of this protein are involved in 
coordinating cell death, neuronal destruction processes, 
and the progression of tumor cells and clones [3,8,16–
19,22–26,28,34].

 – Studies suggest that a glycosylated peptide plays a role 
in mitigating processes induced by TAU and β-amyloid 
proteins by regulating cellular growth, tissue remode-
ling, and inflammatory responses. Mutations in the gene 
encoding progranulin (a precursor protein of 88kDa), 
known as GRN, lead to the loss of these protective pro-
cesses, thereby increasing the risk of AD onset. This re-
sults in neuroinflammation, decreased neuronal survival, 
and accelerated cognitive decline. Research indicates that 
progranulin levels are notably low in diagnosed patients. 
Additionally, the association of progranulin deficiency 
with the overregulation of cyclin-dependent kinases con-
tributes to the development of hyperphosphorylation 
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processes [3,8,16–19,22–26,28,34].
 – Mutations in the MAPT gene are associated with various 
forms of neurodegenerative diseases, including AD. In 
its unaffected form, the MAPT gene, whose exons are 
responsible for encoding microtubule-associated TAU 
proteins, promotes the stabilization and assembly of mi-
crotubules and also contributes to the maintenance of 
neuronal polarity [3,8,16–19,22–26,28,34].

 – In pathological cases, particularly in the context of the 
onset of AD, the TARDBP gene plays a crucial role. 
Cognitive decline is also induced by the emergence of 
hyperphosphorylated variants of the encoded prote-
in, which, in its non-phosphorylated state, coordinates 
processes such as cell division, apoptosis, CFTR splicing 
regulation, and microRNA biogenesis [3,8,16–19,22–
26,28,34].

 – The SORL1 gene encodes a receptor involved in re-
gulating the intracellular transport of proteins, inclu-
ding APP(amyloid precursor protein) [3,8,16–19,22–
26,28,34].

 – The SORT1 gene is considered a risk factor because it 
encodes a receptor involved in the cleavage of amyloid 
precursor protein (APP) [3,8,16–19,22–26,28,34].

 – The SNCA gene, also known as Synuclein A, contains the 
genetic information essential for the synthesis of SNCA 
peptides, which are major components in the structure of 
amyloid plaques and in the fibrillation of microtubules 
associated with TAU proteins. Other known functions of 
the gene include presynaptic signaling, membrane trans-
port, dopamine release, and the reduction of responses to 
apoptotic stimuli [3,8,16–19,22–26,28,34].

 – The TREM2 gene plays a fundamental role in the for-
mation of β-amyloid plaques, reducing their accu-
mulation by activating a transmembrane receptor on 
microglia specific to these proteins. Alteration or inac-
tivation of the gene leads to the excessive accumulation 
of β-amyloid plaques in the central nervous system. In 
its inactive form, the gene is associated with the onset 
of certain early-onset dementias, which follow an auto-
somal recessive inheritance pattern. The encoded mem-
brane-bound protein, along with the TYRO kinase-bin-
ding protein, normally forms a receptor complex that 
modulates inflammatory processes and induces immune 
responses following signaling [3,8,16–19,22–26,28,34].

I. EOAD – autosomal-dominant or recessive, mendelian 
inheritance

Although the biological mechanisms are not fully eluci-
dated and characterized, research has established direct 
correlations between the formation of neuritic plaques and 
alterations in the APP, presenilin 1(PSEN1), and preseni-
lin 2(PSEN2) genes. The risk of developing AD is almost 
complete(100%) with mutations in either of the first two 
genes and approximately 95% with mutations in the third 
gene, with autosomal dominant familial transmission in 
most cases (Table I) [5,7,35].

AD caused by mutations in these three genes follows a 
monogenic, autosomal-dominant inheritance pattern, has 
a familial nature, and typically presents with early onset 
(before the age of 60-65, with rare cases being diagnosed in 
the third or fourth decade of life) (EOAD). It is estimated 
that approximately 1-5% of individuals globally diagnosed 
with AD have a familial form of EOAD with autosomal-
dominant inheritance. Mutations in the APP, PSEN1, and 
PSEN2 genes account for 13% of all genetically deter-
mined EOAD cases, corresponding to 60% of the EOAD 
patient population (with 40% of these patients having no 
diagnosed relatives with AD) [4,6,23–25].

With around 330 known mutations in these three genes 
that follow mendelian inheritance, statistics show that 10-
15% of EOAD cases are caused by mutations on chromo-
some 21, 30-70% by mutations on chromosome 14, and 
less than 5% by mutations on chromosome 1. Mendelian 
cases account for only approximately 10-15% of the total 
number of individuals diagnosed with EOAD [13,35].

Researchers have identified 23 autosomal-dominant 
mutations and one autosomal-recessive mutation in the 
APP gene (chromosome 21). Additionally, 185 possible 
mutations have been identified in the PSEN1 gene (chro-
mosome 14), and 13 mutations in the PSEN2 gene (chro-
mosome 1) [4,36].

The only exception among this vast group of mutations 
with strongly penetrant autosomal-dominant inheritance 
is PSEN2-N141I. However, all of these mutations lead to 
an increased molecular ratio of Aβ42 to Aβ40 (with the 
accumulation of the peptide Aβ42 promoting the conver-
sion of monomers into oligomers, then into protofibrils, 
insoluble fibrils, and ultimately into dense or diffuse senile 
plaques), a characteristic that defines the phenotype of fa-
milial EOAD.

However, there is a ‚Swedish’ mutation in the APP gene 
that deviates from the previously described pattern. In-
stead of selectively increasing Aβ42, this mutation elevates 
levels of all Aβ forms, leading to the rapid formation of 

Table I. Early-onset familial Alzheimer’s disease (EOAD) – genes and effects [4,36]

Gene Protein Chromosome No. of mutations Mode of inheritance Molecular phenotype

APP β-Amyloid precursor protein
21q21

21q21.3
24

Autosomal-dominant
* one autosomal-recessive mutation: A673V

Increased Aβ42/Aβ40 ratio
Overproduction of Aβ

Intense Aβ aggregation

PSEN1 Presenilin 1 14q24
14q24.2

185 Autosomal-dominant Increased Aβ42/Aβ40 ratio

PSEN2 Presenilin 2 1q31
1q42.13

14
Autosomal-dominant

* PSEN2-N141I: does not follow autosomal-
dominant inheritance

Increased Aβ42/Aβ40 ratio
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aggregates due to amino acid substitutions within the Aβ 
domain [4,36].

APP – autosomal-dominant inheritance
The APP gene, located on chromosome 21, encodes the 
necessary information for the synthesis of surface recep-
tors and primarily serves as a blueprint for producing the 
transmembrane amyloid precursor protein (APP), which is 
integral to the cell membrane. The enzymatic cleavage of 
APP by secretases results in the formation of distinct pep-
tide fragments involved in neuronal adhesion and growth, 
as well as antibacterial, antifungal, and bactericidal pro-
cesses. These fragments also play a role in axonal genesis 
under normal physiological conditions and in the modula-
tion and activation of transcription in pathological cases. 
All mutations in the APP gene, except for one (autosomal-
recessive), follow an autosomal-dominant inheritance pat-
tern, akin to monogenic disorders.

APP – autosomal-recessive inheritance 
In the specific case of the A673V mutation, the processing 
of the amyloid precursor protein (APP) is altered, leading 
to an overproduction of Aβ, which subsequently results in 
increased levels of protofibrils, fibrils, and eventually senile 
plaques. The A673V mutation in the APP gene involves a 
substitution at position 673 of the amino acid (alanine to 
valine) and induces familial EOAD only in homozygous 
descendants for the mutant gene. If the proband is the only 
one diagnosed with EOAD and the mutation is recessive, 
it implies that the parents were heterozygous, healthy carri-
ers. This gene follows mendelian inheritance, with the phe-
notype manifesting only when two copies of the mutation 
are present (Figure 3) [37].

PSEN1
Mutations in the PSEN1 gene, located on chromosome 
14, exhibit autosomal-dominant inheritance, akin to those 
in the APP gene.

Although the intact, unaltered PSEN1 gene contributes 
to skeletal development, embryonic brain formation, and 
cellular adhesion, it is also known to be involved in the 
Wnt and Notch signaling pathways and encodes the cata-
lytic subunit of the γ-secretase enzyme [25].

The involvement of the presenilin genes PSEN1 and 
PSEN2 in the pathogenesis of familial EOAD stems from 
their association with the γ-secretase complex. This enzyme 
complex consists of four distinct proteins: Psen1, Psen2, 
Nicastrin, and Aph1. While Aph1 stabilizes the γ-secretase 
complex and Nicastrin functions as the enzyme’s receptor, 
Psen1 contributes to the catalytic activity of the complex, 
and Psen2 is involved in its maturation. Mutations in these 
genes lead to an increased production of Aβ42 relative to 
Aβ40, with the elevated levels of Aβ42 contributing to 
neurodegenerative processes [38].

PSEN2
Similar to PSEN1 gene, the PSEN2 gene, located on chro-
mosome 1, is involved in the synthesis of the catalytic 
subunit of γ-secretase. Additionally, PSEN2 plays a role 
in chromatin attachment to the nuclear membrane and is 
involved in intracellular signaling processes.

II. LOAD – multifactorial, non-mendelian inheritance 
LOAD accounts for the majority of AD cases and typically 
begins after the age of 65. In contrast to EOAD, LOAD 
doesn’t follow an autosomal-dominant, mendelian inherit-
ance pattern. Instead, it is influenced by complex mecha-
nisms that result from the ongoing interplay between 
genetic and environmental factors, making it difficult to 
pinpoint the specific genetic loci involved in its pathogen-
esis (Table II) [4].

Heritability for LOAD, a multifactorial disorder, rang-
es between 60% and 80%, with approximately 27% of 
this heritability attributable to forms associated with the 
APOE4 allele. Environmental factors contribute 20% to 
40% to the overall risk profile [13,14].

Fig. 3. Structure of APP and Secretase Cleavage Sites; A673V Substitution in APP with Autosomal Recessive Inheritance (red arrow) [21]
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APOE
Among the broad spectrum of genes identified in studies of 
patients diagnosed with LOAD, the ε4 allele of the APOE 
gene, located at position 13 on the long arm of chromo-
some 19(19q13.32), is widely recognized in the scientific 
community as a significant risk factor [39,40].

Apolipoprotein E, involved at the molecular level in the 
transport processes of sterols and lipids through the cir-
culatory and lymphatic systems, in the internalization of 
lipoproteins, the delivery of cholesterol within the brain 

structures, and in the catabolism of lipoprotein compo-
nents with high triglyceride content, serving as a ligand for 
the LDL receptor, is encoded by the APOE gene (compris-
ing 3 introns and 4 exons), which is located on chromo-
some 19, on the long arm(q) at position 13 [25].

An essential characteristic of the APOE gene is its poly-
morphism, which includes three distinct allelic types: ε4, 
ε3, and ε2. The combinations of these alleles result in six 
genotypic variants: APOE ε2/ε4, APOE ε2/ε3, APOE ε2/
ε2, APOE ε3/ε4, APOE ε3/ε3, and APOE ε4/ε4 [7,20,40].

Table II. Anticipated pathogenic mechanisms in late-onset Alzheimer’s disease (LOAD) [4,8]

Gene Chromosome Risk (%) SNP Molecular phenotype

CD33
Siglec 3

19q13.3
19q13.41

~ 10%
-
rs3865444

Aβ degradation
Innate immune responses
Complement system
Inflammatory response

APOE Apolipoprotein E 19q13.32 ~ 400% -1500%
rs429358
rs7412

Aβ clearance
Lipid metabolism

CLU
Clusterin

8p21.1 ~ 10% rs11136000
Aβ clearance
Innate immune responses
Lipid/cholesterol metabolism

EPHA1 7q34 ~ 10%
Cellular signaling
Innate immunity

CR1 1q32.2 ~ 15% rs6656401
Aβ clearance
Innate immune system
Inflammatory response

BIN1 2q14.3 ~ 15% rs744373

Aβ clearance
Cellular signaling
Aβ production
Endocytosis – synaptic vesicles

CD2AP 6p12.3 ~ 10% Cellular signaling

PICALM 11q14 ~ 15%
Aβ clearance
Aβ production
Cellular signaling

ABCA7 19p13.3 ~ 20% rs3764650

Lipid metabolism
Cellular signaling
Inflammatory response
Complement system

MS4A6A / MS4A4E
11q12.1
11q12.2

~ 10% rs983392

Cellular signaling
Immune system
Inflammatory response
Complement system

ATXN1 6p22.3 - Aβ production

SORL1 11q24.1 rs11218343
Lipid transport
Endocytosis: APP transport and metabolism

PICALM 11q14.2 rs3851179 Clathrin-mediated endocytosis

FERMT2 14q22.1 rs17125944
Angiogenesis
TAU protein pathology

HLA-DRB5 / HLA DRB1 6p21.32 rs9271192
Immune system response
Inflammation

EPHA1 7q35 rs11771145

Endosomal vesicles
Immune system
Inflammatory response
Complement system

PTK2B 8p21.2 rs28834970
Synaptic functions in the hippocampus
Cellular migration

CASS4 20q13.31 rs7274581

TAU pathology
Axonal transport
APP pathology
Cytoskeletal functions

CD2AP 6p12.3 rs9349407 Cytokine receptor and endocytosis

INPP5D 2q37.1 rs35349669
APP metabolism
Immune system response
Inflammation

MEF2C 5q14.3 rs190982
Immune system response
Inflammation
Synaptic functions in the hippocampus

ZCWPW1 7q22.1 rs9349407 Epigenetic regulation

CELF1 11p11.2 rs10838725
Axonal transport
Cytoskeletal functions
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The distinction among the three APOE alleles is due to 
the specific combination of amino acids (Cys = Cysteine; 
Arg = Arginine) at positions 158 and 112: the ε2 allele 
has Cys112 and Cys158; the ε3 allele features Cys112 and 
Arg158; and the ε4 allele contains Arg112 and Arg158 
[4,41].

However, the most studied alleles are ε2 and ε4, with 
the former being considered “protective” and the latter 
classified as “causative, or risk-associated.” In AD, the ε4 
isoform disrupts lipid metabolism, exhibits increased in-
stability, and contributes to the formation of senile plaques 
and neurofibrillary tangles. Mutations in the APOE gene 
irreversibly affect the clearance of VLDL remnants and 
chylomicrons [4,23–25,40].

Another essential mechanism in the initiation of neu-
rodegeneration in homozygous or heterozygous carriers of 
the ε4 allele is the accumulation of malondialdehyde and 
hydroxynonenal, leading to intense, heightened oxidative 
stress due to the diminished antioxidant function follow-
ing the loss of cysteine residues. 

The ε4 allele is involved in increasing neurotoxicity 
(induces and exacerbates neurocognitive deficits), which, 
along with enhanced oxidative stress, induces functional 
impairment of mitochondria (mitochondrial dysfunction) 
and is associated with various inflammatory mechanisms, 
vacuolar sorting proteins, metalloproteins, and processes 
such as TAU protein phosphorylation, nitric oxide synthe-
sis, glucose or insulin metabolism, and neuronal develop-
ment [25].

The presence of interneuronal APOE4 leads to synaptic 
loss, a process driven by the enhanced accumulation of Aβ, 
with the isoform being co-localized with oligomers. In the 
bloodstream, APOE4 acts as a carrier for Aβ peptides, fa-
cilitating their removal from the brain. 

Studies have shown that asymptomatic individuals who 
carry the risk allele, though not diagnosed with AD, are 
more likely to have a positive result on amyloid PET scans 
and exhibit lower glucose metabolism compared to those 
with the disease(AD) [14].

The increased risk of developing LOAD is associated 
with the ε4 allele of the apolipoprotein E (APOE) gene, 
located on the long arm of chromosome 19, in 20-29% of 
cases. Thus, the likelihood of initiating neurodegenerative 
processes specific to LOAD is increased by approximately 
2, 3, or 4 times for individuals with the APOE ε3/ε4 gen-
otype (heterozygous) compared to the general empirical 
risk, which equates to about 10.4%. According to a study 
published in 2012 by Goldman J.S., 41% of patients with 
AD possess the APOE ε3/ε4 genotype, whereas only 21% 
of the healthy control group exhibits this combination of 
the two alleles. The same study establishes that although 
the presence of a single ε4 allele heightens the associated 
risks, 50% of carriers will not develop AD during their 
lifetime. Consequently, the detection of this allele during 
genotyping is not sufficient for a definitive predictive as-
sessment.

Simultaneously, research reveals that the risk of develop-
ing LOAD increases approximately 8, 10, 12, 15, or 20 
times for individuals who are homozygous for the ε4 allele 
(APOE ε4/ε4 genotype), with this risk being notably higher 
among women. The effects of risk factors and susceptibility 
genes are additive. According to the aforementioned study, 
13% of individuals diagnosed with AD carry two copies of 
the ε4 allele (homozygous for ε4), whereas this genotype is 
present in less than 1% of the healthy control group (indi-
viduals not diagnosed with AD) [3,4,14,15,22–24].

Conclusions
AD is unequivocally characterized by a complex etiology in-
volving the accumulation of neurofibrillary tangles and se-
nile plaques, neurotrophin depletion, cerebral atrophy, and 
mitochondrial dysfunction. This pathology is influenced 
by the presence of allelic variants(APOE4), recessive(APP-
A673V) or dominant autosomal mutations(PSEN1/2, 
APP). AD represents a multifactorial disorder arising from 
the intricate interplay between genetic (protective, causa-
tive, altered genes, mutations, risk alleles) and non-genetic 
demographic, physiological, behavioral, pathological, and 
environmental factors (chronic stress, smoking, chronic 
alcoholism, exposure to solvents, aluminium, and pesti-
cides, associated diseases such as traumatic brain injury, 
diabetes, hypertension, obesity, hypercholesterolemia), or 
potentially from solely one of them. The progression from 
predisposition to the actual disease, however, is contingent 
upon the ongoing interaction and reinforcement of these 
two major categories of factors.

In the broader scientific consensus, biomedical research 
plays a crucial role in addressing the growing incidence 
of AD within the population. It is anticipated that future 
medicine will be redefined around the principles of indi-
vidualized therapeutic strategies and personalized treat-
ments. This approach emphasizes the identification and 
analysis of individual genetic predispositions and key fac-
tors that may drive the progression from vulnerability to 
the onset of the disease. The overarching aim is to monitor 
these factors throughout an individual’s life, mitigate as-
sociated risks, and detect the condition in its early stages.

The multifaceted nature of neurodegenerative disorders, 
reflected in various hypotheses and forms such as senile 
and presenile dementias, Alzheimer’s, mixed, and vascu-
lar types, is a direct consequence of a vast array of genetic 
mutations and established causal links to diverse epigenetic 
and biochemical alterations. The study of the heterogene-
ity and complexity of these disorders, with a focus on im-
plicated genes, biochemical and molecular changes, allelic 
variants, rare autosomal dominant or recessive mutations, 
and triggering factors, holds fundamental importance. The 
accumulation of knowledge, along with the discovery of 
new processes, details, and interactions, serves as a crucial 
step toward transforming these profoundly life-altering 
diseases into conditions that can be detected early and 
managed effectively, with their progression slowed or even 
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halted through the efforts of multidisciplinary medical 
teams. Within this framework, genetics plays a pivotal role 
and occupies a central position, crucial for both under-
standing individual genetic makeup—including inherited 
predispositions from the maternal and/or paternal line and 
the associated risk—and analysing gene expression in the 
context of developing and testing pharmacological prod-
ucts, formulating extracts, modulating treatments, and as-
sessing the impact of bioactive compounds.

Thus, it becomes evident that a comprehensive, mul-
tidisciplinary approach is essential for understanding this 
multifaceted condition. This includes investigating the 
various mechanisms of genetic components, as well as 
identifying individuals with increased vulnerability due to 
autosomal-dominant genetic burden (particularly in cases 
of EOAD) or, though very rarely, autosomal-recessive or 
polygenic susceptibility (as seen in LOAD forms). Moreo-
ver, it is crucial to raise public awareness about this exten-
sive spectrum of neurodegenerative disorders and empha-
size the importance of regular preventive screenings and 
consulting healthcare providers upon the emergence of ini-
tial symptoms because AD progresses at varying rates and 
patients may present with either slowly evolving forms, 
characterized by multiple plateaus and periods of stagna-
tion, or rapidly progressive and fulminant forms.
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