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Graphical Abstract

• Alzheimer's disease is a progressive
brain disorder that can impair memory
and thinking and functional skills.
• Alzheimer's disease is divided into
two types, familial and sporadic, and
on the other hand, it is divided into
two types, early and late.
• Inflammation and oxidative stress
are the two main mechanisms
involved in Alzheimer's disease.
• Mutations and variants of the
apolipoprotein E gene could be a
potential biomarker for Alzheimer's
disease.
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Alzheimer's disease (AD) is a progressive brain disorder that slowly destroys
memory and thinking and functional skills. Alzheimer's disease is classified into
two familial and sporadic types. Alzheimer's disease is also divided into the early or
late onset of symptoms, with early-onset before age 65 and late-onset after this age.
Symptoms of this disease appear in 4 stages: pre-dementia, early, middle and
advanced. Many factors are involved in the pathophysiology of this disease. These
include oxidative stress, inflammation, and genetics. Oxidative stress occurs with
the involvement of beta-amyloid in mitochondrial function. Inflammation also
results from the release of beta-amyloid in the brain and the release of inflammatory
cytokines. The genes APP, presenilin 1, presenilin 2, and apolipoprotein (ApoE)
play a key role in Alzheimer's disease. Due to the important role of the ApoE gene
in this disease, common varieties and mutations of this gene can be considered as
potential biomarkers of AD. This aimed to review study was to describe the
characteristics of Alzheimer's disease and also to introduce the ApoE gene as a
biomarker of this disease.
© 2021 Published by CAS-Press.
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Introduction
Alzheimer's disease (AD) is an irreversible disease and a progressive brain disorder that slowly impairs
memory and thinking skills and ultimately the ability to do simple tasks. In most people with AD, symptoms
first appeared in the mid-60 years old. Alzheimer's disease usually starts slowly and gets worse over time.
Alzheimer's disease accounts for 60 to 70 percent of all dementia cases and is the third leading cause of death in
the United States. Alzheimer's disease is characterized by the accumulation of amyloid plaques and neuronal
fibers in the brain (1, 2). The most common early symptom is difficulty remembering recent events (short-term
memory loss). As the disease progresses, symptoms can include language problems, confusion (including
getting lost easily), mood swings, loss of mobility, loss of self-care management, and behavioral problems. The
most common early symptom is difficulty remembering recent events (short-term memory loss). As the disease
progresses, symptoms can include language problems, confusion (including getting lost easily), mood swings,
loss of mobility, loss of self-care management, and behavioral problems (3). Following the decline of individual
circumstances, they are often excluded from family and society. Gradually, bodily functions are lost and
eventually lead to death. Although the rate of disease progression can vary, the average life expectancy from
the time of diagnosis is between three and nine years (4). The prevalence of Alzheimer's disease is projected to
reach 115 million by 2050, posing a serious threat to the health of older people and a significant economic
burden on communities (2).
Alzheimer's disease is classified into two familial types and sporadic. Family type is the time when another
family member has already had the disease, and approximately 25% of this disease is family type. The
remaining 75% of patients are of the sporadic types who have no history of the disease in close family members
(5). Alzheimer's disease is also divided into the early or late onset of symptoms, with early-onset before age 65
and late-onset after this age. Almost all Alzheimer's cases are sporadic and about 90% of the familial type
appear late and only in less than 10% of this type of disease symptoms appear at a younger age (6). Except for
the age of onset of the disease and the existence of family history, no difference has been observed in the
pathological characteristics of the two types of familial and sporadic diseases (7).
The most important pathophysiological features of Alzheimer's disease include dysfunction of the
cholinergic system, increased oxidative stress, inflammation, and death of nerve cells, reduction of nervous
synapses, cerebral atrophy, decreased steroid hormones, and neurotoxicity induced by glutamate
neurotransmitter (8). Alzheimer's disease has two major neuropathologic characteristics: 1) the accumulation of
beta-amyloid plaques in the extracellular peptides neurons that constitute the main component of the plaques,
and 2) The formation of neurofibrillary tangles within neurons is caused by hyperphosphorylation of Tau
proteins seen in the hippocampus and other cortical areas (9).
Many environmental and genetic factors play a role in increasing the risk of Alzheimer's disease.
Environmental factors such as heavy metals, air pollution, insecticides, nutrition status, oxidative stress, etc. can
change the risk of developing this disease (10, 11). Genetic factors such as mutations and genetic
polymorphisms can also increase the risk of Alzheimer's disease. In the familial type, mutations have been
reported in PSEN1, PSEN2, and APP genes (12, 13). Mutations in these three genes are rarely seen sporadically.
The association of the sporadic type with the mutation of the APOE.e4 allele has been greater, increasing the
risk of Alzheimer's by up to three times. Alzheimer's has also recently been linked to rare genes such as TERM2,
SORL1, and ABC7. This study aimed to narrate the characteristics of this disease and introduction of
apolipoprotein E gene as its genetic biomarker (14, 15).
Signs and symptoms of Alzheimer's disease in different stages
Pre-dementia stage
The first symptoms are often mistakenly attributed to aging or stress (16). These early symptoms can affect
the most complex activities of a person's daily life (17). The most significant problem is short-term memory loss,
which is a problem in remembering recent facts and the inability to obtain new information (18, 19).
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The early-stage
In people with Alzheimer's disease, an increase in learning and memory impairment eventually leads to a
definitive diagnosis. In a small percentage of cases, language problems, executive activities, agnosia, or apraxia
are more prominent than memory problems (20). Alzheimer's disease does not affect all memory capacity
equally. Older memories of a person's life (episodic memory), learning facts (semantic memory), and implicit
memory (memory of how things are done, such as using a fork to eat or drinking from a glass) is less affected
than new facts or memories (21, 22).
Language problems are mainly characterized by a decrease in vocabulary and a decrease in the eloquence of
words, which leads to an obvious decrease in written and spoken language. At this stage, the person with
Alzheimer's is usually able to communicate sufficiently in basic ideas (20, 23). While the proper performance of
movement tasks such as writing, drawing, or dressing, coordinating specific movements and controlling the
execution of movements (apraxia) may be present, but they are not usually considered. As the disease
progresses, people with Alzheimer's disease can often perform many tasks independently but may need more
help or supervision (20).
Middle stage
Progressive dementia eventually prevents the patient from performing the most common activities of daily
living independently. Speech difficulties due to the inability to remember words appear as a result of incorrect
use of alternative words. Reading and writing skills are also lost. Coordination of complex activities decreases
over time as Alzheimer's disease progresses, increasing the risk of falling. At this stage, memory problems
increase and the person may not be able to recognize close relatives, and long-term memory that was previously
healthy is impaired. Behavioral and neurological changes are becoming more common. Common symptoms
such as dizziness, mood swings, and emotional distress that lead to crying or resistance to care increase. About
30% of people with Alzheimer's disease show symptoms of hallucinations. Patients also lose understanding of
the limitations and course of their disease and urinary incontinence increases (20).
Advanced stage
During the final stages, the patient is completely dependent on the nurse. Speech is limited to simple words
or even single words and eventually leads to a complete loss of speech ability. Despite the loss of verbal
language skills, people often can understand and respond to emotional signals. Although aggression can still be
present, severe indifference and fatigue are much more common symptoms of this stage of the disease. People
with Alzheimer's disease are ultimately unable to perform even the simplest tasks independently. Muscle
strength and mobility are lost until the person is unable to feed and get up. The cause of death is usually an
external factor such as wound infection or pneumonia, not the disease itself (20).
Cause of Alzheimer's disease
The cause of most cases of Alzheimer's disease is not yet fully understood, except in 1 to 5 percent of cases
where genetic differences are identified (24). Alzheimer's disease is a complex disease and is influenced by the
environment and genetic and epigenetic factors. In people with early-onset Alzheimer's disease, the cause of the
disease is usually a genetic mutation. Late-onset Alzheimer's disease is caused by a series of complex changes in
the brain that occur over decades. The importance of each of these factors in increasing or decreasing the risk of
Alzheimer's disease may vary from person to person (1, 25-27). Some risk factors of Alzheimer's disease are
illustrated in Figure 1.
Environmental factors and lifestyle
Research suggests several factors beyond the genetic factors involved in the development and spread of
Alzheimer's disease. Risk factors for cardiovascular disease such as high cholesterol, high blood pressure,
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diabetes, and smoking are associated with the risk of incidence and developing Alzheimer's disease (28, 29).
Mental activities such as reading, playing mind games, completing crossword puzzles, playing musical
instruments, and regular social interaction reduce the risk of Alzheimer's disease (30). People on a diet high in
saturated fats and simple carbohydrates are at higher risk for Alzheimer's disease (31). But evidence shows that
foods rich in flavonoids such as cocoa and tea (32, 33) as well as healthy foods, the Mediterranean and Japanese
diet (34) and caffeine (35) reduce the risk of Alzheimer's disease.

Figure 1. Some common risk factors of AD. Environmental and genetic are two common categories of risk
factors for Alzheimer's disease.
Role of oxidative stress in Alzheimer's disease
In the brain tissue of Alzheimer's patients as well as healthy elderly people, mitochondrial dysfunction can
lead to the release of oxidizing free radicals and oxidative damage. Oxidative stress markers can even be seen
earlier than pathological changes in Alzheimer's disease, and beta-amyloid peptide appears to be a major factor
in the formation of these markers (36). Peptide beta-amyloid by inhibiting main mitochondrial enzymes such as
cytochrome c oxidase and key enzymes in Krebs cycle such as alpha-ketoglutarate and pyruvate dehydrogenase
can have toxic effects on mitochondrial function, leading to impaired electron transfer mechanism, making the
ATP, and oxygen metabolism. Following these processes, the amount of free radicals of superoxide and
hydrogen peroxide increases and oxidative stress is created.
Mitochondrial hydrogen peroxide diffuses into the cytoplasmic space and forms the hydroxyl radical.
Activation of microglia by beta-amyloid peptide also produces high levels of nitric oxide radicals (37, 38).
Reactive oxygen species (ROS) and reactive nitrogen species (RNS) with lipid peroxidation of cell membranes
and organelles membrane produce toxic substances such as hydroxynonenal and malondialdehyde (MDA) (39).
Lipid peroxidation of the cell membrane also promotes phosphorylation of tau protein and its accumulation in
order to form neurofibrillary tangle. Oxidative damage can increase the permeability of cell membranes to
calcium ions and other divalent ions cause the accumulation of calcium inside the nerve cell, thereby leading to
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neurotoxicity and consequently dysfunction (40). In Alzheimer's disease, beta-amyloid peptides inside the
nerve cell can break down mitochondrial DNA sequences, thereby reducing the number of synapses. Changes
in mitochondrial membrane potential in this disease can also activate caspase enzymes. Exposure to betaamyloid peptides also activates JNK enzymes and protein kinases p38 and p53, which are associated with the
phenomenon of apoptosis. The beta-amyloid peptide can also inhibit glucose transport across cell membranes
through the mechanism of inhibition of attachment of vesicle containing glucose-transporter 3 (GluT3) to
membrane and its placement in membranes (41, 42). Decreased ATP production due to intracellular glucose
deficiency and transmission damage can worsen the condition and may lead to cell death and a decrease in the
number of neurons in Alzheimer's disease (43, 44).
Inflammation involvement in the AD
Accumulation of beta-amyloid peptides in the brain activates astrocytes and microglia and releases
biochemical factors in the brains of Alzheimer's patients. These cells activate beta-amyloid peptides by their
activity and degrade them to remove them from the environment (45, 46). Chronic exposure to this peptide
releases chemokines and some damaging cytokines such as interleukin 1-beta, interleukin-6, interleukin-8,
tumor necrosis factor-alpha, and macrophage inflammatory protein-1 alpha (47). Interleukin-1 alpha, as well as
interleukin-1 beta, is important proinflammatory cytokines in the brains of Alzheimer's patients (48).
Interleukin-1 beta is involved in ROS production and lipid peroxidation. Elevated levels of this interleukin
are associated with increased activity of protein kinase-activating enzymes with mitogen, p38, JNK, kinase, and
caspase-3 which are related to apoptosis and a decrease in the number of synapses (49, 50). Interleukin-1 beta
also reduces the release of the acetylcholine neurotransmitter in the synaptic space, which in turn can lead to
more cognitive impairment in Alzheimer's patients (51). On the other hand, the release of chemokines can
increase the migration of monocytes from the bloodstream into the brain tissue and trigger inflammatory
responses. This process in Alzheimer's disease can be accelerated by damage to the blood-brain barrier (52).
Genetics
Alzheimer's disease is genetically complex and heterogeneous (53, 54). Early-onset Alzheimer's disease
usually occurs between the ages of 30 and 60 and affects less than 5% of all people with Alzheimer's. Most of
these cases are due to a genetic mutation in the three genes APP (encoding amyloid protein), presenilin 1, and
presenilin 2. This form of Alzheimer's disease is known as Early-onset familial Alzheimer's disease (FAD) (5557). In people with late-onset Alzheimer's disease, symptoms often appear in their mid-60 years old. In lateonset Alzheimer's, the apolipoprotein E (APOE) gene is altered. One form of the apolipoprotein E gene is APOE
ε4, which increases a person's risk of developing the disease and is also associated with Early-onset disease (58).
Previous reports suggest that genetic polymorphisms in key genes can also be an important risk factor for
Alzheimer's disease (59, 60). In this regard, a complete and accurate genome study is needed (61).
Apolipoprotein E as a genetic biomarker for Alzheimer's disease susceptibility
Apo-E has three genetic isoforms (ε2, ε3, and ε4) that are associated with the plasma levels of lipoproteins
(62). Apo-E binds to the remnant receptor and the low-density lipoprotein (LDL) receptor for modulation of the
triglyceride-rich lipoprotein catabolism (63). In nervous tissue, Apo-E is involved in the mobilization and
rearrangement of cholesterol in growth, repair, and preservation of neuronal membranes and myelin through
development or after injury (64).
The Apo-E importance is highlighted in AD by its existence within the AD plaques (65). Apo-E mRNA,
which plays a crucial role in compensatory CNS development and synaptogenesis decreases in the
hippocampus of AD patients (66). The Apo-E3 establishes in 50–90% of people, while Apo-E4 establishes in 5–
35% of people are identified to be a risk factor of AD. In a meta-analysis, Agarwal & Tripathi 2014, studied the
association of Apo-E gene polymorphisms with AD in the Indian population (65). In their study, a total of seven
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eligible papers demonstrating data from 417 AD patients and 651 healthy controls were analyzed. The
genotypes e2/4, e3/4, and e4/4 and allele e4 were associated with AD risk, while genotypes e2/3, e3/3, and allele
e3 were found to be protective genetic factors for AD. This study suggested that all genotypes carrying allele e4
are correlated with an elevated risk of AD (67).
In addition to the variation in the coding region, the discovery of the SNPs within the APO-E promoter could
be associated with AD risk. The APO-E gene has a complex promoter with numerous regulatory elements
positioned in the 5' flanking region and the first intron of the gene (68). Therefore, variations in this sequence
may have functional effects mediated by the Apo-E gene regulation. The -427 T/C (rs769446), -491 A/T
(rs449647) and -219 T/G (rs405509) polymorphisms have been known at the upstream start site of the Apo-E
gene. These SNPs could impact APO-E transcription (69). Though numerous studies have assessed the effect of
the mentioned polymorphisms on AD susceptibility, the results remain conflicting. Recently, a meta-analysis
was performed to evaluate the current status of the association between these polymorphisms and the AD risk
(70).
In the mentioned meta-analysis, a total of 23 eligible papers were retrieved that included 5703 AD patients
and 5692 healthy controls. The allele rs769446C revealed a significant association with increased risk of AD,
whereas rs449647 and rs405509 genetic polymorphisms were not associated with increased risk of AD. It
revealed that rs769446 variation in the promoter sequence of APO-E may be a risk factor for AD. Further studies
with larger sample size on the role of these promoter polymorphisms of APO-E in AD are still awaited (70).
Some current studies have reported a correlation between AD and diabetes mellitus (DM) (71, 72). These
reports established that the resistance to insulin in the CNS in some patients with AD, which contributed to
impaired functions of cognitive processors. According to this assumption, some studies have investigated the
efficiency of anti-diabetic factors for AD treatment (73-75). Among these factors, thiazolidinediones (TZD)
showed several desirable properties in vitro and in vivo training (75-77). These factors have a role to clear Aβ
via the function of Apo-E (78). Some clinical trials show that TZD could improve cognitive function in patients
with AD (79-81).
Intranasal use of insulin for AD displayed enhanced cognitive function in AD patients with Apo-E4-negative
genotype proposing that the treatment efficiency could be influenced by Apo-E genetic polymorphisms (73).
Their finding proposes that Apo-E genetic variations may contribute to inter-individual variability in the
pathogenesis of AD, and suggests an association of Apo-E gene variations to insulin sensitivity. Therefore, the
therapeutic effects of TZD for AD treatment could be affected by Apo-E gene variations (Figure 2). An
examination into this probability could result in recognition of the suitable population for treatment of AD,
although the TZD efficacy for AD is restricted (82).
In a meta-analysis, Iketani et al., (2018) examined whether Apo-E gene variations affect the TZD efficiency
for AD (81). The pooled data from three eligible randomized controlled training with a total of 2381 subjects
were analyzed. Although their study should be deduced with carefulness due to the limited number of studies,
their findings propose that Apo-E gene variations influence the rosiglitazone efficiency for AD patients. This
outcome could provide beneficial evidence for the development of new agents for AD (83).
Apo-E gene modulations and Apo-E features are hopeful targets for the development of drug and AD
therapy. APO-E gene delivery could be considered as a promising plan to regulate the levels of brain Apo-E.
Gene delivery of APO-E by adeno-associated virus (AAV) into the brains of the amyloid mice model verified
APO-E isoform-dependent influences on the pathology of the Aβ. Precisely, Apo-E2 expression via AAV, even
in a low level (~15% of the endogenous Apo-E), might decrease the Aβ levels in the brain, though Apo-E4
expression (~10% of the endogenous Apo-E) impaired synaptic loss and the Aβ accumulation/deposition in
amyloid mice models (84, 85).
Similarly, opposing influences of the mentioned Apo-E gene carrier on the metabolism of mouse
endogenous Aβ were described in Apo-E targeted-replacement (TR) mice lack of amyloid background (86). In
addition, a true reduction of Aβ42 levels and Aβ deposition was detected when a lentiviral vector was used to
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the expression of Apo-E2 in the amyloid mice model (87). Overall, these findings show that an increase of ApoE2 by gene therapy, but not Apo-E4, could be useful in AD pathogenesis regardless of Aβ pathology.

Figure 2. Gene map, tissue expression profile and three-dimensional structure of Apo-E. A) The Apo-E with
chromosomal location 19q13.32 consisted of 6 exons. B) This gene expresses in different tissues including the
brain at a relatively high level. C) The 3D structure of Apo-E displays four alpha-helix regions for this protein.
For clinical use of targeted Apo-E gene therapy, the therapeutic outcome of gene delivery with viralmediated Apo-E requires to be experimentally specified in amyloid model mice carrying different isoforms of
human Apo-E. For instance, targeted application of AAV expressing Apo-E under the regulation of promoter of
GFAP via stereotactic injection to astrocytes in the pathology-prone regions of the hippocampus or frontal lobe
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of amyloid mice model (86) could provide suitable in vivo pre-clinical evaluation. With regard to carriers of
Apo-E e4, gene silencing methods using interfere RNA and antisense oligonucleotide for Apo-E could display
better therapeutic efficiency than the gene overexpression, while further investigations are necessary (88, 91).
However, there are some papers investigating the role of apoptosis in the pathology of stroke which can help in
better understanding these contents (92-95).
Conclusion
Alzheimer's disease is one of the most common age-related neurodegenerative diseases characterized by the
extracellular accumulation of beta-amyloid plaques, neurofibrillary tangle, and hyperphosphorylated tau.
Therefore, Aβ is an important molecule in the pathogenesis of Alzheimer's disease and can play a role in
interfering with a mitochondrial function such as lack of energy metabolism, production of reactive oxygen
species, etc. Aβ gradually accumulates in the matrix of the mitochondria and is directly related to mitochondrial
toxicity. Mitochondria are an important organ in the production of ROS and are associated with oxidative stress
with neuronal death and neurological dysfunction, indicating a key pathogenic role of oxidative stress in
Alzheimer's disease. Both microglia and astrocytes have been shown to produce beta-amyloid protein as one of
the major pathological features of AD. Aβ itself has been shown to activate many inflammatory components as
a proinflammatory agent. This protein can also cause the production of inflammatory cytokines in the brain.
Genetic factors also play a key role in increasing the risk of Alzheimer's disease. Known genes play a role in
Alzheimer's disease, one of the most important of which is apolipoprotein E. Therefore, common mutations in
this gene can be considered as potential biomarkers of this disease.
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