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Abstract: Alzheimer’s disease (AD) is a widespread kind of dementia and is one of progressive neurodegenerative diseases that leads
to permanent damage to neurons. It has known that genetic and non-genetic factors play a role in the etiopathogenesis of AD. The
accepted genetic factors are mutations on genetic codes especially on PSEN1, PSEN2, and APP genes. However, non-genetic factors
include advanced age, exposure to occupational factors, current disorders, and lifestyle characteristics of the person. The final AD
diagnosis can establish by histopathological examination of the brain after death. Pathologically, AD has two distinguishing features. Of
these, beta-amyloid (AB) neurotic plaques are protein aggregates outside of nerve cells in the brain, whereas neurofibrillary tangles
are structures found inside cells. The main component of amyloid plaques is AB, and the main component of neurofibrillary tangles is
tau protein. Despite current therapies for Alzheimer’s disease, no definitive treatment is available. Today, preventive and curative
treatment approaches for the disease include cholinesterase inhibitors, neurotrophic factors, NMDA-receptor antagonists, HMG-CoA
reductase inhibitors, non-steroidal anti-inflammatory drugs, estrogen replacement therapies, antioxidants, and regular sleep. Despite
all these approaches for the disease, further multidisciplinary studies are needed for the definitive treatment of the disease.
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1. Introduction

Alzheimer's disease (AD) is an illness that leads to the
permanent damage of neurons, primarily in the cortex
and also in the hippocampus (Figure 1) (McKhann et al,,
1984). It is known that this disease usually causes
dementia. It is a global health problem that has severe
effects on society and individuals, and the efficacy
increases day by day (Lane et al.,, 2018). AD is recognized
as a priority public health problem globally by the World
Health Organization (WHO). The first case was reported
by Alois Alzheimer in 1907 (Alzheimer, 1907). Since
then, uncertainties still remain about the treatment of AD
despite significant advances in understanding its
development and histopathology (Lane et al., 2018).

Figure 1. (A) Neuron degeneration in the cortex region
of AD rat (B) Neuron degeneration in the hippocampus
region of AD rat (McKhann et al., 1984).

AD, the most common of the neurodegenerative diseases,
accounts for approximately two-thirds of dementia cases
(this ratio varies between 42% and 81% in different
studies). Neurodegenerative diseases such as diffuse
Lewy body dementia, vascular disorders and Pick’s
disease constitute the remaining dementia cases
(Aronson et al., 1991; Helmer et al., 2001). AD has rapidly
become widespread and seriously threatens public
health. Despite the fact women are at a somewhat higher
risk than males, both women and men are particularly
vulnerable to AD. The prevalence of AD rises with age. Its
prevalence is about 1% for those aged 65, whereas it
increases to about 40-50% for those aged 95. Although
the exact etiology of the diseases is yet unknown, the
start of the disease is influenced by some factors,
including age and heredity (Wang and Ding, 2008).

Most people experience memory loss with age. For this
reason, there is a very fine line between age-related
forgetfulness and the early symptoms of AD. In order to
avoid diagnosing patients with mild cognitive
impairment (MCI) with AD, an MCI category was created.
However, most individuals diagnosed with MCI can
develop AD. AD typically manifests itself as episodic
memory loss (for example, not remembering a
conversation that was made a day before). In general,
this is quite distinctive in AD cases compared to other
individuals. Furthermore, AD can appear with difficulty
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in finding words, getting lost in familiar areas, and
complex behavioral changes in response to changes in
the environment (Mucke, 2009).

The prevalence of AD, which is a neurodegenerative
disorder, is gradually increasing worldwide with the
increase in the average age of the world population. This
necessitates the
innovative treatments and approaches related to the
understanding of the
pathophysiological mechanisms (Mucke, 2009). The aim
of this study was to explore the progression of AD from
an etiological and histological standpoint, as well as
current therapy and prevention options.

development of more effective

disease and much more

2. Etiology

Alzheimer's disease cause has not been completely
understood today. Both hereditary and non-genetic
variables are thought to have a role in the
etiopathogenesis of AD. Genetic factors play a substantial
impact in advancing both AD with early-onset (ADEO)
and AD with late-onset (ADLO), according to
epidemiological studies (Jiang et al, 2013). Studies
showed that mutations in three genes (APP, PSEN1, and
PSEN2) lead to AD and that the apolipoprotein E (APOE)
4 allele increases the disease risk. More AD-associated
genes are being discovered as human genomic research
advances. Genetic screening tests are now available for
individuals who have a high potential for AD. These tests
make it possible to help individuals and their families
better prepare to fight AD (Wang and Ding, 2008).

More than 100 mutation types have been determined in
the PSEN1, PSEN2, and APP genes for familial ADEO. In
ADLO, which is more common among all, APOE gene
polymorphisms have a significant effect at a cellular level
and have also been associated with neuropathological
conditions. Furthermore, according to recent research,
these four genes account for less than 30% of Alzheimer
genetic variation. According to these studies, more
genetic factors should be defined (Tanzi and Bertram,
2001).

Some genetic loci have been demonstrated to cause
familial AD cases. A study was examined the link AD with
markers located on the long arm of chromosome 21 in 6
families suffering from ADEO. As a result, the link was
confirmed, and it was revealed that the disease locus is
centromeric to the D21S1/S11 locus on the long arm of
the chromosome. These findings support the belief that
all patients with genetic-based AD have a predisposing
locus on chromosome 21 (Goate et al., 1989).

APOE4 and APOCI a located on chromosome 19 are
considered risk factors for ADLO. In a study conducted
with large families in which more than one individual
was affected by the disease, several microsatellite
markers were identified that are distant from the
apolipoprotein cluster on chromosome 19 which is
associated with ADLO (Poduslo ve Yin, 2001). Apart from
these, the majority of familial ADEO cases (~70%) were
found to be associated with mutations in two genes,

Presenilin 1 and Presenilin 2, located on chromosomes 1
and 14 (Sherrington et al, 1995). Also, one of the most
important vulnerable AD hereditary genes is the BIN1
(amphiphysin 2/AMPH2) (Bertram et al.,, 2007).

PICALM is another gene locus linked with AD. PICALM is
expressed almost ubiquitously. It is recognizable with
expression in all neurons and shows no selectivity in pre
and postsynaptic structures. Similar to BIN1, the PICALM
protein was reported to be taken charge in clathrin-
mediated endocytosis (CME), which has an important
place in the intracellular exchange of proteins and lipids
(Tebar etal,, 1999; Yao et al., 2005).

Aside from genetic factors, various factors can be
effective on AD. One of the factors of AD is occupational
exposure (pesticides, electromagnetic fields, organic
solvents, volatile anesthetics, etc.). The other one is
existing diseases in individuals. Some of these diseases
are cerebrovascular and
hypertension, diabetes, or dyslipidemia. Also, traumatic
brain injury, psychological problems, cancer, and other
diseases can affect AD. And, also the lifestyle of the
patients can affect AD prognosis. Lifestyle can be linked
with addictions like coffee, high body mass index,
smoking, alcohol, low physical activity, and lower
cognition. These factors may provide various possibilities

chronic diseases like

for the prevention or handling of AD (Jiang et al,, 2013).
Apart from these factors, previous head traumas were
reported to increase the risk of AD by approximately
15% (Graves et al., 1990).

Age can be shown as the most significant risk factor for
AD (Stern et al, 1987). Even in AD patients who are
hereditarily susceptible, the disease generally occurs
after middle age. Therefore, regardless of genetic
susceptibility, age is considered a major factor for AD,
strongly supporting the idea that an age-related process
plays a role in disease development. Aging is a serious
risk factor not only for AD but also for many chronic
diseases such as atherosclerosis, arthritis, cancer,
emphysema and other neurodegenerative diseases
(Castellani et al.,, 2010).

The prevalence of AD substantially increases between the
ages of 65 and 85.2 (Sloane et al, 2002). Older
individuals have enlarged cerebral ventricles and sulcus
with a lower brain weight and reduced volume
(Skullerand, 1985). Aging causes loss of neuron cells in
the neocortical and hippocampal regions, suboptimal
DNA repair, deterioration of neuron integrity, and a
decrease in synaptic density (Simic et al, 1997).
Therefore, since age is directly associated with brain
atrophy, it is thought that the risk of AD increases with
age (Raz et al, 2004). In AD, atrophy occurs in the
allocortex and limbic regions of the mesial temporal lobe
(Pearson et al., 1985; Bolatl;, 2021). It was demonstrated
that hippocampal volume decreases approximately 4-6%
per year in AD (Jack et al., 2000).

With normal aging, plaques and tangles accumulate in
the cerebral cortex, being a feature of normal aging
(Morris, 1991). However, the amount of these plaques
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and tangles is much less in the brains of clinically normal
individuals than in the brains of Alzheimer’s patients.
This has led to the development of two hypotheses. The
first one is that everyone will have AD if they live long
enough. The second is that the age of onset of AD in
individuals is determined by genetic and environmental
factors (Lendon et al.,, 1997).

3. Histopathology and Other Diagnostic

Approaches

The final diagnosis of AD can be established by
histopathological investigation of the brain after death.
With various techniques developed today, patients can be
diagnosed with AD while alive with 95% accuracy.
Patient histories carefully taken from patients and their
families, neuropsychological tests, and evaluation of
cognitive function are extremely important in diagnosis.
In addition, other causes of dementia such as thyroid
dysfunction, low vitamin levels, various infections,
cancers, and depression should be excluded during
diagnosis. It is also extremely important to distinguish
AD from neurodegenerative diseases such as Lewy body
dementia, frontotemporal dementia and Creutzfeldt-
Jakob disease (Mucke, 2009).

Cerebrospinal fluid (CSF) testing and brain imaging
techniques  help distinguish AD other
neurodegenerative dementias. CSF abnormalities have
been seen in AD individuals at a lower level of A
peptides with higher tau protein levels. Moreover,
magnetic resonance images of Alzheimer’s patient’s
revealed retraction in the brain related to learning and
memory regions. In addition, with decreased glucose
metabolism, there is an increase in the uptake of
radioligands that detect abnormal protein accumulations

from

(amyloid) in positron emission tomography screenings
(Mucke, 2009).

The clinically distinctive features of AD include severe
impairments in memory, reasoning ability, decision-
making, orientation to the physical environment, and
speech. Also, histopathologically, Alzheimer’s patients
have a loss of neurons, neurofibrillary tangles, and senile
plaques containing extracellular AB. Besides, a
hyperphosphorylated form of microtubular protein tau is
also encountered (Clark, 1998).

Pathologically, AD has two distinctive features, which
have a toxic effect on nerve cells and consist of abnormal
proteins. Of these, A neuritic plaques are protein
aggregates outside nerve cells in the brain, whereas
neurofibrillary tangles are found inside cells (Clark,
1998; Hutton et al., 1998). Figure 2 shows the image of
amyloid plaques in the brain parenchyma. Molecular
studies showed that the main component of amyloid
plaques is AB and the main component of neurofibrillary
tangles is tau protein (Saka, 2010). These abnormal
proteins cause toxic effects on nerve cells, damaging their
functions and eventually causing cell death. This can
cause memory loss, behavioral disorders, decreased

thinking ability, brain dysfunctions, and eventually death
(Wang and Ding, 2008).

N RS g o
i) e

Figure 2. AD rat brain parenchyma images are shown in
A and B. Amyloid beta (Af) is shown with arrows.

Confusion, agitation, and hallucination, which are
common symptoms of AD, are important in diagnosis
(Pinsky et al,, 2001). Alzheimer’s patients generally die
from illnesses such as pneumonia, malnutrition, infection
and heart failure. Although the average life expectancy of
the disease after diagnosis is between 8 and 10 years,
this process can be either short, like one year or, long as
25 years. Additionally, the disease leads to a great cost
both socially and economically (Ernst and Hay, 1994;
Koppel, 2002).

4. Treatment and Prevention

Despite current therapies for AD, it is not possible to
terminate its progression. The disease, which manifests
itself with insidious memory impairment, continues over
time with disorientation, decreased reasoning ability,
speech abnormalities, and apraxia. The ability of
individuals with the disease for self-care disappears over
time. Most of these patients live their end stages
bedridden as vegetative and with sacral decubitus due to
aggressive treatments they receive. The cause of death of
most patients who have already lost many of their
functions is pneumonia (Castellani et al., 2010).
Cholinergic synapses are found in every region of the
central nervous system in humans. Their concentrations
are extremely high in the striatum, thalamus, limbic
system, and neocortex. This suggests that cholinergic
transfer may have critical importance for other brain
functions, especially memory, learning, and attention.
The cholinergic system has a significant role in studies on
both normal cognitive and age-related cognitive decay in
AD and other dementias (Hampel et al., 2018).

The well-accepted therapeutic method in AD is based on
the principle of restoring cholinergic function using
compounds that block enzymes that break down
acetylcholine. Cholinesterase inhibitors,
designed to maintain activation of cholinergic synapses
by preventing the breakdown of acetylcholine, are
generally considered a symptomatic treatment for AD
(Lovestone and Howard, 1995; Massoud and Gauthier
2010). Even though the fact that clinical evidence and
guidelines support the using cholinesterase inhibitors at
all levels of AD, these drugs are generally considered

which are
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ineffective and underutilized in the treatment of AD
(Maneno et al., 2006).

Neurotrophic (NTFs) are
proteins that are involved in the development, survival,
and function of certain neurons. Generally, axonal

factors multi-directional

transport is crucial because not all NTFs are synthesized
at the reaction site. For example, basal forebrain
cholinergic neurons take the Nerve growth factor (NGF),
which is produced in the neocortex or hippocampus by
retrograde transport. Alzheimer’s disease and other
neurodegenerative dementias are associated with defects
in axonal transport. These diseases are also associated
with unevenly distributed NTFs (Schindowski, 2008).
Brain-derived neurotrophic factor (BDNF) involves in
memory formation, cognition, and learning through
maintaining synaptic plasticity. Therefore, BDNF is
considered an essential substance in dementia and
neurodegenerative diseases (Patapoutian, 2001). BDNF
contributes to the survival of cholinergic neurons along
with their function. In a study, BDNF was shown to be
synthesized in the basal forebrain by using real-time
reverse transcription polymerase chain reaction (RT-
PCR) and known BDNF provides a source for cholinergic
neurons. The cortex and hippocampus cholinergic
neurons in patients with AD have lower BDNF, mRNAs,
and protein levels (Fahnestock et al., 2002). It is known
that neurotrophic factors have critical roles in advancing
the nervous system. These factors are considered
suitable  drug manage many
neurodegenerative diseases. Neurotrophic factors have a
severe potential for survival and increase the functioning
of neurons of the peripheral nervous system and central
nervous systems (Weissmiller and Wu, 2012).
N-methyl-D-aspartate (NMDA) receptor-mediated
glutamate excitotoxicity has an important role in
neuronal death. Therefore, it is hypothesized that NMDA
receptors may be an important target for inhibiting the
progression of AD. Studies showed that memantine (1-
amino-3, 5-dimethyladamantane), an NMDA-receptor

candidates to

antagonist, has therapeutic effects in AD (Sonkusare et
al,, 2005). However, memantine is also demonstrated as
having benefits in central nervous system disorders such
as Parkinson’s disease, strokes, epilepsy, and
Amyotrophic lateral sclerosis (ALS) (Jain, 2000; Olivares
etal, 2012).

Studies showed that there is an association between the
neurofibrillary pathology of AD and cholesterol
metabolism. Cholesterol and its transport maintain
amyloid plaques production and hyperphosphorylation
of the tau in the brain. Furthermore, these studies
revealed that aside from AD, cholesterol metabolism
contributes to intracranial vascular diseases and cerebral
ischemia (Kandiah and Feldman, 2009). Statins catalyze
the rate-limiting step during cholesterol biosynthesis.
Thus, it inhibits HMG-CoA reductase, one of the enzymes
in the pathogenesis of AD. This link between cholesterol
and AD shows that lipid-lowering agents, especially
namely statins which are HMG-CoA reductase inhibitors

may have a curative effect in preventing and treating AD
(Jick et al.,, 2000; Rockwood et al., 2002).

Microglial cells are among the glial cells, and they play a
crucial role in repairing central nervous system (CNS)
damages. On the pathological state of AD, AP peptides
and various proinflammatory factors can activate
microglia, causing the secretion of various inflammatory
factors and neurotoxins. Thus, Af peptides trigger AD by
causing neuronal damage and even more apoptosis. On
the other hand, microglia's phagocytizing Af protects the
CNS by slowing down AD development (Li et al., 2021).
Nonsteroidal anti-inflammatory drug (NSAID) therapy
reduces the possibility of advancing AD. NSAID is
characterized by a microglia-mediated inflammatory
response due to intense amyloid accumulation in the
brain. However, the basis of these effects is not fully
known (Yan et al., 2003). Some studies stated that such
treatment methods like glucocorticoids and NSAID
treatments are beneficial in preventing or ameliorating
AD (Breitner et al., 1996).

It has been predicted that estrogen may involve in the
pathophysiology of AD. There are three different
mechanisms for estrogen; stimulation of neural cells and
glias, improvement of cerebral blood flow, and
interaction with genetic factors (Van Duijn, 1999). In
addition, replacement therapy with estrogen has a
protective effect on AD has been reported by some
investigators (Henderson et al., 1994; Kawas et al., 1997),
whereas some studies mentioned that this effect is
controversial (Graves et al.,, 1990; Van Duijn et al., 1996).
Estrogen replacement therapy methods with long-term
and low-dose provided some benefits. These were
improved everyday activities, cognitive functions, and
symptoms of dementia in mild and moderate AD women
(Ohkura et al., 1995).

Alzheimer's patient’s brains have been shown to have
oxidative damage in studies. Toxic substances caused by
oxidative stress play a critical role in the activation of
cellular signaling pathways that support the formation
and development of lesions (Feng and Wang, 2012).
Therefore, it is stated that antioxidant treatments will be
beneficial in slowing down the progression of both
cognitive and functional loss caused by oxidative stress in
AD (Grundman and Delaney, 2002).

In a critical organ like the brain that does not have a
lymphatic system, there is a need for an alternative
mechanism that eliminates toxic substances that
accumulate over time. This mechanism is called the
‘glymphatic system'. The glymphatic system is the
removal of waste materials accumulated in the cerebral
interstitial fluid from the brain parenchyma through the
cerebrospinal fluid and astrocytic aquaporin-4 channels.
Accordingly, it can be said that the glymphatic system
plays a significant role in the removal of toxic molecules
that accumulate over time in the CNS (Tas and Erdogan,
2020). Studies showed that the activity of the glymphatic
system is higher in the sleep state than in the awake
period (Chong et al, 2022). In another study, it was
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stated that the melatonin hormone might also support
the functioning of the glymphatic system. Therefore,
regular sleep in a dark environment is thought to be
preventive in development of
neurodegenerative diseases, especially AD, by increasing

terms of the

the efficiency of the glymphatic system (Tas and Erdogan,
2020).

There are some manifestations that homocysteine-
associated vitamins, alcohols and fats play a role in the
pathogenesis  of  AD. epidemiological
examinations showed that individuals who include high
amounts of antioxidants (Zandi et al., 2004), vitamins B6
and B12, folate (Snowdon et al,, 2000), unsaturated fatty
acids, and fish in their diets have a lower risk of progress
of AD (Morris et al, 2003). Additionally, a number of
studies demonstrated that the Mediterranean diet
minimizes the risk for this disease (Trichopoulos, 2004).
However, the evidence presented is not consistent
enough, and more comprehensive studies are required to
support them.

Certain

5. Conclusion

Despite studies on AD, epidemiological research with
bigger samples is required for the etiology,
histopathology, and treatment of this disease. The cause
of ADEO is mostly genetic-based, whereas genetic factors
and age take place on the basis of ADLO. In addition, the
relationship between the
nonheritable risk factors should be further investigated,
and public health organizations that will aim to eliminate

disease's familial and

non-genetic risk factors should be developed. The main
histopathological symptoms of the disease include A
plaques and neurofibrillary tangles; however, studies on
other histopathological symptoms for the diagnosis of the
disease should be continued. Finally, although studies on
various preventive, retarding, and curative treatment
approaches are continuing, there is no definitive
treatment for the disease yet, making
multidisciplinary studies extremely important.

future
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