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Pathobiolgy and Management of Alzheimer’s Disease
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Amyloid and tau protein abnormalities have been identified as the main causes of
Alzheimer’s disease but exact mechanisms remain to be revealed. Especially, amyloid
beta and tau protein coupling and neuroinflammatory and neurovascular con-
tributions to Alzheimer disease are quite mysterious. Many animal models and basic
biological research are trying to solve these puzzles. Known as aging processes, autoph-
agy, mitochondrial degeneration with generation of reactive oxygen species, and
age-related epigenetic modifications are also known to be associated with development
of Alzheimer’s disease. Environmental factors such as bacterial and viral infections,
heavy metal ions, diet, sleep, stress, and gut microbiota are also risk factors of
Alzheimer’s disease. Future development of preventive and therapeutic modalities
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may be dependent on the pathobiology of Alzheimer’s disease.
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INTRODUCTION

Alzheimer disease is a serious disease in the era of the
aged society. Aged society means people over age of 60 make
up over 14% of total population and a super-aged society
is over 20%. At present, aged society nations include all the
developed countries and by 2030 they will be all super-aged
societies. According to current statistics nearly 50 million
people suffer from Alzheimer associated dementia world-
wide.? Dementia is a general term for loss of memory, lan-
guage, problem-solving and other thinking abilities that
are severe enough to interfere with daily life.* Alzheimer’s
disease (AD) is the most common etiology of the diseases
causing dementia. Pathological hallmarks of AD include
amyloid beta (AB) plaques, neurofibrillary tangles (NFTs),
gliosis, and neuronal loss accompanied by cerebrovascular
amyloidosis, inflammation and major synaptic changes.*”

Recent advances in dementia research have revealed
many secrets but still much needs to be elucidated about
the biology, pathophysiology, clinical courses, prevention,
and treatment. Among the theories of neurodegenerative
mechanism causing Alzheimer’s disease, the amyloid
pathway is most well-known and widely accepted, but re-
cent drug failures of amyloid reducing agents such as active
and passive immunotherapies against amyloid beta have
stoked controversy about their role in Alzheimer’s disease.
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Besides, patterns of regional cerebral amyloid deposition
do not correlate with patterns of regional cerebral hypo-
metabolism on functional neuroimaging, which means
amyloid deposition does not correlate with these patterns
of brain dysfunction and cognitive dysfunction.®® Other
mechanisms besides the amyloid hypothesis are the tau hy-
pothesis, the oxidative and mitochondrial dysfunction
with autophagy abnormality theory, the inflammatory hy-
pothesis, vascular dysfunction, aging with increased epi-
genesis, and other environmental factors such as viral and
bacterial infections, heavy metals, and gut microbiota.
According to such theories, many preventive and ther-
apeutic modifications are under development.

HERITABILITY AND GENETIC INFLUENCE ON
ALZHEIMER PATHOLOGY

The majority of Alzheimer’s dementia patients onsets oc-
cur after age 65, constituting late-onset AD (LOAD), but
rarer cases occurring earlier than age 65 are called as early
onset AD (EOAD)."’ About 1-2% of AD is inherited in an au-
tosomal dominant fashion and these patients show very
early age of onset and a more rapid rate of progression.
Highly penetrant mutations in Amyloid Precursor Protein
(APP), Presenilin 1 (PSEN1) and 2 (PSGN2) are seen in he-
reditary familial AD and result in increased amyloid
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production.” The genetic predisposition in LOAD patients
is considerable, with a heritability estimate of 60-80%."
The most common genetic risk factor is the apolipoproteinE
(Apo E) gene, which is encoded by 3 common alleles: €2, €3,
and &4. The &4 allele is associated with an increased risk
for LOAD and one copy of the &4 allele increases risk 3-
4-fold and two ¢4 copies increase by as much as 12-fold.
Homozygous APOE4 carriers who develop AD also have a
lower average ages of clinical onset of 68 years of age com-
pared to an average age of onset of 84 for an individual with
two copies of APOE3. One copy of APOE4 lowers the aver-
age age of onset to 76 years of age.”® A wide range of compel-
ling studies indicate that APOE4 affects the production,
clearance and aggregation of AB. There is emerging data
suggesting that APOE may also influence neuroinflam-
mation and tau-mediated neurodegeneration.™

Large-scale collaborative GWAS and the International
Genomics of Alzheimers Project have significantly ad-
vanced the knowledge regarding the genetic underpinnings
of LOAD by identifying at least 20 additional genetic risk
loci."” Several of these genetic risk factors encode proteins
involved in microglial function and inflammation includ-
ing TREM2, CD33, CR1, ABCA7 and SHIP1. Particularly
the TREM 2 gene have been found to increase LOAD risk
by 2-4-fold, similar to that in patients with one copy of
APOE 4. Others, such as SORL1, BIN1, PICALM, CD2AP
are associated with endosomal vesicle cycling and FERMT2
and CASS4 are involved in cytoskeletal function and axo-
nal transport. The mechanisms related with the above risk
genes can be summarized into the AR metabolism, neuro-
inflammation and intraneuronal vesicle, and tau-related
cytoskeletal and axonal transport system.

AMYLOID HYPOTHESIS

Amyloid plaques, extracellular aggregates of amyloid
beta (AB) proteins formed through abnormal proteolytic
cleavage of APP have been reported to play a dominant role
in the pathogenesis of AD. APP is a type 1 membrane pro-
tein with a short cytoplasmic region and extracellular do-
main which is synthesized in the endoplasmic reticulum,
transported through secretary vesicles, and cleaved in the
Golgi complex. Within the Golgi complex, APP is cleaved
through either of two distinct metabolic pathways. The
first cleavage is reportedly driven by a-secretase, resulting
in the formation of a soluble ectodomain of APP (sAPP«),
which may have neuroprotective effects. Whereas, 3-secre-
tase (BACE1l) and y-secretases dependent proteolytic
cleavage of APP give rise to the formation of Ap peptides
fragments ranging in length from 39 to 43 amino acids.
Among them 40 (AB40) and 42 amino acid (Ap42) fragments
are the most predominant forms. AB40 is soluble, less neu-
rotoxic, and predominantly found in the healthy brain,
while AB42 is highly neurotoxic, has a greater propensity
to aggregate, and is predominantly found in brains with AD
pathology.'” Ap peptides are prone to aggregate into B sheet
conformations in the form of higher-order oligomers, proto-
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fibrils, and fibrils, which are detectable in AD brain. Owing
to increased hydrophobicity of its expanded C terminus,
AB42 has a greater propensity for aggregation.

Release of AB from neurons is modulated by synaptic ac-
tivity, both presynaptically and postsynaptically.'® The ef-
fects of AP on synapse activity vary with its extracellular
concentration: low levels of AB promote excitatory activity
and higher levels depress it. Small increases in amyloid-f
levels promote activity through presynaptic acetylcholine
receptors, which elevate internal calcium concentrations
to increase the probability of glutamate release.’®? Al-
though the postsynaptic excitation could lead to positive
feedback in which the further release of Af increases syn-
aptic excitability, increasingly high levels of Ap actually de-
press synapse activity through several mechanisms that
modify synapse strength, including the internalization of
glutamate receptors.*** Chronic elevations can weaken
connectivity, alter the dynamics of dendritic spines, pro-
mote synapse loss and impair circuit-shaping processes
that underlie learning and memory (especially in the area
such as the hippocampus).** Amyloid-B-induced loss of
dendritic spines can lead to hyperexcitable neurons that
fire more easily, and amyloid-p also alters the balance be-
tween excitatory and inhibitory activity by influencing in-
hibitory interneurons. Loss of synaptic inhibition occurs
through numerous pathways, including the downregulation
of cell-surface voltage-gated sodium channels.?

The deposition of amyloids affects circuit connectivity
and network activity. Initial cross-sectional studies of post-
mortem tissue showed amyloid-p deposition beginning in
neocortical regions involved in cognition spreads to the
neural hubs that underlie learning and memory, and fi-
nally progresses to the motor and sensory structures.”
Some studies suggest AB propagates in a prion-like manner
and undergo cell-to-cell transmission.”*® However, other
studies propose the AB-induced circuit dysfunction affects
networks and that local aberrant activity could lead to the
accumulation of A at downstream projection structures,
becoming the sequential appearance of AP in the regions
of connected networks.*

TAU HYPOTHESIS

Tau is a soluble microtubule-associated protein working
as an anchor maintaining the stability of microtubular as-
sembly in axons. Under normal conditions, there has been
reported a balance between microtubule-associated phos-
phatase and kinase affecting phosphorylation-dephosphor-
ylation states of tau. Under pathologic conditions, upregu-
lation of kinases and down regulation of phosphatases give
rise to increases in hyperphosphorylated tau proteins that
are aggregation-prone and show less affinity for micro-
tubules. Disassembly of tau proteins increase cytoplasmic
pools of tau and further aggregation progresses to develop
intracellular insoluble filaments and tangled clumps, known
as neurofibrillary tangle (NFT).** Hyperphosphorylated
tau is redirected from the axonal compartment to soma-
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to-dendritic compartment and impairs synaptic function
by inhibiting glutamate receptor trafficking or synaptic
anchoring.*

The pathological tau propagation hypothesis is sup-
ported by numerous studies using mouse models, in which
seeded synthetic tau fibrils of brain extracts from mice or
human subjects of tauopathy were injected into the brain
of tau transgenic or wild type mice and were found to induce
pathological tau spreading at sites distal to the injection
site (prion-like manner).***

AB can induce tau pathology in multiple APP transgenic
animal models, whereas tau does not induce amyloid path-
ology or mutation in tau genes that have not been asso-
ciated with AD, suggesting tau pathogenesis may be the
downstream of Amyloid accumulation.®™ AP may contrib-
ute tau pathology with tau phosphorylation through the ac-
tivation of tau kinase or AB-induced microglial activation
and releasing inflammatory cytokines.***° Longitudinal
and cross-sectional studies of tau- and amyloid-PET imag-
ing suggests that amyloid accumulation predicts the onset
of tau accumulation whereas the rate of tau accumulation
predicts onset of cognitive impairment.**?

The mechanism of Tau pathology propagation from ini-
tial age-related accumulation in the entorhinal cortex and
medial temporal lobes, even in the absence of cognitive de-
cline (termed as primary age-related tauopathy: PART) in-
to the neocortex is still need to be elucidated.*® Network
susceptibility is a putative theory which tau pathology de-
velops in specific vulnerable networks and is possibly facili-
tated by amyloid pathology, which spreads transneuro-
nally to closely related networks. This network vulner-
ability theory may explain the reason for different clinical
phenotypes in AD such as typical amnestic, behavioral
frontal, aphasic, and posterior cortical atrophy types.
Hypometabolism, measured by FDG-PET in the dorsal de-
fault mode network and atrophy, measured by MRI in pari-
etotemporal regions and posterior cingulate may be sup-
portive of network propaga‘cion.““'46

NEUROINFLAMMATION

Neuroinflammation in Alzheimer’s disease is described
as a reactive gliosis with astrocytes and microglia accom-
panied by low to moderate levels of inflammatory media-
tors in the parenchyme. This reaction, both cellular and
molecular, is not distinguishable between one disease and
other conditions such as Parkinson’s disease, amyotrophic
lateral sclerosis (ALS), stroke, or traumatic injury. Given
this lack of specificity, it is easy to conclude that the glial
reaction is secondary to neuronal death or dysfunction and
is accordingly unlikely to provide useful targets for ther-
apeutic intervention or topics for intensive investig.g:ation.47

The neuroinflammatory hypothesis is supported by
pathologic findings of autopsy brain sections and a pop-
ulation-based prospective study that used pharmaco-
logical records and showed a dose-related negative correla-
tion between the use of nonsteroidal anti-inflammatory
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drugs (NSAIDs) during midlife and the likelihood of later
developing AD.*** In addition, recent genetic studies in-
cluding genome-wide association studies (GWAS) have
identified about 20 well-validated genes harboring risk al-
leles, of which about half are predominantly or completely
expressed in the microglia.”’ TREM2 belongs to a family
of receptors referred to as the triggering receptors ex-
pressed on myeloid cells (TREM). The TREM2 gene is ex-
clusively expressed by microglia in brain.” TREM2 enhan-
ces the rate of phagocytosis and modulates inflammatory
signaling. Also, it has been shown to modulate microglial
number, proliferation and survival. Several rare variants
in TREM2 have emerged that significantly increase AD
risk but how TREM2 variants exactly alter AD remains
unclear.”

AB oligomer can stimulate microglial proliferation and
activation. Activated microglia can release proinflamma-
tory cytokines such as interleukin 1B, 6, tumor necrosis fac-
tor 6 and enhance oxidative stress through induced re-
active oxygen species (ROS) generation. Further hyper-
active microglia may impair synaptic function by stimulat-
ing synaptic pruning. In addition, neuroinflammation may
increase AP accumulation through disturbance in phag-
ocytic AB uptake and clearance.”

NEUROVASCULAR THEORY

The vascular theory of AD can be divided into 2 mech-
anisms. One is AB dependent vascular dysfunction and the
other is vascular dysfunction can induce Af accumulation
and downstream tau pathology and neuroinflammation.
According to the results in animal models, Ap dependent
vascular changes include reduced cerebrovascular re-
activity to endothelium-dependent and increased response
to vasoconstrictors acting directly on vascular smooth
muscle cells, as well as AB-mediated oxidative stress in cer-
ebral blood vessels and diminished neurovascular coupling.™

Hypertension (HTN) is a risk factor for AD. A number
of studies have shown that HTN alters functional hyper-
emia and endothelial function. Angiotensin II-induced
HTN in mice worsens AB-induced neurovascular dysfunc-
tion and promotes B-secretase activity increasing amyloi-
dogenic APP processing, which may contribute to the
pathogenic interaction between HTN and AD.”

CBF reductions and vascular dysfunction were also
found in apolipoprotein E4 (APOE4) transgenic mice with
targeted replacement of murine APOE with human APOE4
gene.” Using CO2 inhalation challenges in cognitively nor-
mal APOE4 carriers compared to APOE4 non-carriers con-
firmed impaired CBF responses, suggesting that early
CBF dysregulation contributes to cognitive impairment in
APOE4 carriers.”

Cerebral blood flow (CBF) in vivo can be measured by sin-
gle positron emission computed tomography (SPECT) or
Arterial spin labeling (ASL) MRI. Individuals with mild
cognitive impairment and probable AD showing regional
CBF reductions in posterior cingulate gyrus, precuneus,



inferior parietal area, and lateral prefrontal cortex.”>® The
resting state fMRI, also called brain “default-mode net-
work” (DMN), typically includes the medial prefrontal cor-
tex, the posterior cingulate and precuneus, inferior parie-
tal lobe, lateral temporal cortex, and hippocampus. Due to
the tight relationship between blood flow and neuronal ac-
tivity, decreased BOLD (decreased blood oxygen-depend-
ent)-fMRI signals indicate decreased regional cerebral
flow and regional cerebral dysfunction, suggesting dis-
rupted connectivity in the network. A decreased resting-
state activity in the posterior cingulate and hippocampus
was reported in subjects during early stages of AD when
compared to age-matched elderly controls. In addition, dis-
rupted hippocampal connectivity was also confirmed in the
medial prefrontal cortex and cingulate cortex in AD com-
pared to cognitively normal controls.®*5"

AGING, AUTOPHAGY, AND EPIGENETICS

Given the higher the incidence of neurodegenerative dis-
eases in older subjects, it tends to regard neurodegenerative
diseases as clinical expressions of accelerated aging. How-
ever, many neurodegenerative diseases such as AD, PD,
Huntington’s disease, and ALS are so different from each
other that a universal aging mechanism cannot explain
each disease process.

Biologic Ageing of cells can be dissected into 1) a loss of
protein homeostasis that leads to the development of ag-
gregates and inclusion bodies, 2) DNA damage, 3) lysoso-
mal dysfunction, 4) epigenetic changes and 5) immune
dysregulation. The genetic predisposition of an individual,
together with his or her exposure to the environment, de-
termine the incidence and prevalence of the lesions that re-
sult from such processes, probably in a cell-specific manner.%

Most neurodegenerative diseases are associated intra-
cytoplasmic deposition of aggregate-prone proteins in the
neuron. For example, tau in Alzheimer’s disease, fronto-
temporal dementia, ALS, and alpha-synuclein in Parkinson’s
disease. Autophagy (“self-eating”) is the process through
which parts of cell are degraded in the lysosome. Physiologic
role of autophagy may be recycling of cellular components,
which is removing unnecessary or dysfunctional components.
Three types of autophagy involving different modes of car-
go delivery to the lysosome are commonly described as mac-
ro-autophagy, micro-autophagy, and chaperone-mediated
autophagy. In macro-autophagy, the most common form,
cytoplasmic components (damaged mitochondria known
as “mitophagy”, ruptured lysosome known as “lysophagy”,
infectious particles known as “xenophagy”) are targeted
and isolated from the rest of the cell within a double-mem-
braned vesicle known as an autophagosome.®® Autophagy
is up-regulated during starvation and aerobic exercise, de-
grading macromolecules to produce the nutrients that are
required as building blocks or energy sources. Autophagy
plays homeostatic roles, particularly in long-lived pop-
ulations of cells such as neuron or muscle cell, in which ob-
solete material cannot be diluted by cell proliferation.
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Autophagic activity is reduced during aging and mutations
in autophagy-related genes have been linked to numerous
human neurodegenerative diseases.**

Mitochondrial biogenesis occurs on a regular basis in
healthy cells where mitochondria constantly divide and
fuse with each other and also occurs in response to oxidative
stress, increased energy demand, exercise training and
certain diseases. Mitophagy is the process by which dam-
aged or dysfunctional mitochondria and an excess of re-
active oxygen species (ROS) may function as an autophagy
trigger. ROS is the main source of DNA or intracellular or-
ganelle damage. However, Increased formation of ROS
within the mitochondria may cause an adaptive reaction
which produces increased stress resistance and a long-
term reduction of oxidative stress. This kind of reverse ef-
fect of the response to ROS stress has been named mi-
tochondrial hormesis or mitohormesis and is hypothesized
to be responsible for the respective lifespan-extending and
health-promoting capabilities of glucose (calory) restriction
and physical exercise.®

Epigenetics is the study of heritable phenotype changes
that do not involve alterations in the DNA sequence.
Epigenetics most often involves changes that affect gene
activity and expression. Changes in the epigenome during
aging lead to alterations in gene regulation and genomic
instability, mainly contributing to the appearance of
age-related diseases such as cancer and neurodegenera-
tive diseases. Aberrant gene expression, genomic insta-
bility, and the loss in chromatin structures are three of the
characteristics associated with both aging and multi-
factorial or complex diseases. Epigenetic mechanisms in-
clude methylation or hydroxymethylation of DNA, chro-
matin remodeling and histone modifications, histone ace-
tylation and deacetylation, histone methylation, and non-
coding RNAs and microRNAs.%

ENVIRONMENTAL: INFECTION, TOXIN,
LIFESTYLE, GUT MICROBIOTA

Meta-analysis from various literature databases in-
dicate that AD risk increased 1.3 times with HSV in the
brain, and risk increased 2.7 times in concurrent HSV-1/
APOEA4 carriers compared to controls.®” Epidemiological
studies indicate that HSV-positive individuals feature
markedly higher risks of developing AD compared to sero-
negative subjects, and antiviral therapy reduced AD onset.®
Periodontal bacterial infection by pathogens such as Por-
phyromonas gingivalis may also play a role in AD. Specific
proteins and DNA from P. Gingivalis have been identified
in the AD brain. Oral P. gingivalis infection increases AB42
generation, where A42 can also be toxic to P. Gingivalis.”
This antimicrobial property of Ap suggests intracerebral
infection by certain pathogens may induce Ab fibrillization
as an antimicrobial defense mechanism, leading to amy-
loid seeding and deposition and thereby initiating the amy-
loid cascade.™

Post-mortem analysis in AD patients reveals the accu-
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mulation of metal ions such as copper, iron, and zinc (5.7,
2.8 and 3.1 times, respectively) over levels observed in the
normal brain, demonstrating a close correlation between
AD and redox metal dysregulation.”

Vulnerability to stress and higher levels of anxiety are
significantly associated with the incidence of dementia.
Environmental and external stress can lead to psycho-
logical stress and the subsequent cellular stress exacer-
bated by inflammation and oxidative damage, through the
mainly glucocorticoid cascade hypothesis.”*"

Sleep disorders increase AD risk and about 15% of AD
cases may be attributed to sleep problems.” In humans, SD
increases CSF levels of AB38, AB40, and AB42 through the
enhancement of Af production. In animal models of AD,
chronic mild sleep restriction aggravates contextual mem-
ory impairment, cortical Af accumulation and tau hyper-
phosphorylation.”"

Alterations in the gut microbiota composition induce in-
creased permeability of the gut barrier and immune activa-
tion leading to systemic inflammation, which in turn may
impair the blood-brain barrier and promote neuroinflam-
mation, neural injury, and ultimately neurodegeneration.
Bacterial amyloids through molecular mimicry may elicit
cross-seeding of misfolding and induce microglial priming.
AR seeding and propagation may occur at different levels
of the brain-gut-microbiota axis.”

A high fat diet is thought to contribute directly to several
key aspects of AD, including increased accumulation of Ap,

tau hyperphosphorylation, and inflammation of periph-
eral organs and brain. Also, high dietary salt is a risk factor
for dementia. A very recent study shows that high dietary
salt leads to cognitive dysfunction of mice by promoting tau
hyperphosphorylation through the activation of tau kina-
ses.”™® Above all the etiological agents are summerized in
Table 1.

PREVENTIVE AND THERAPEUTIC MODALITIES
TAILORED TO ALZHEIMER'S DISEASE STAGE

1. Preclinical Alzheimer’s disease

A hallmark of AD is a typical neuropathological finding
characterized by amyloid beta and tau depositions. The be-
ginning events of AD may be the amyloid deposition be-
cause amyloid plaques have been known to precede intra-
cellular neurofibrillary tangles. Amyloid deposition in the
brain of cognitively normal individuals is commonly ob-
served in postmortem studies, CSF and amyloid PET
studies. The prevalence of positive Af increases with older
age as well as APE4 genotypes, but is rare before age 60.*
Comparing several epidemiologic studies and a large au-
topsy series, temporal lag between the deposition of Af in
an autopsy and clinical AD dementia has been disclosed to
be about 10-15 years.***

In 2018, the National Institute on Aging and Alzheimer’s
Association (NIAA-AA) working group published a re-
search framework which defines separate diagnostic rec-

TABLE 1. Summary of pathobiology and management in Alzheimer’s disease

Etiological agents Pathobiology

Prevention and management

Amyloid Direct AB neurotoxicity Monoclonal Ab therapy for A removal
AB-related synaptic/circuit/metwork BACE inhibitor reducing A production
dysfunction
Tau Direct tau neurotoxicity Tau aggregation inhibitor: TRx0237 (LMTX)
Disruption of neuronal cytoskeleton Active tau vaccine: AADvacl
Pathologic tau trans-synaptic spreading Anti-tau antibody: Zagotenemab (1.Y3303560)
Neuroinflammation Microglial proliferation and activation Target specific anti-inflammatory drugs such as the
cytokine-suppressive anti-inflammatory drugs (CSAIDs)
Neurovascular AB-induced neurovascular dysfunction Control of vascular risk factors such as hypertension,
injury APOEA4-related cerebral blood flow reductions diabetes, hyperlipidemia, obesity, smoking, alcohol
and vascular dysfunction consumption
Aging Autophagy Free radical scavengers (antioxidants)
Increased mitochondrial ROS production Mitohormesis
Change in the epigenomes
Infection Herpes simplex virus infection Aggressive treatment of herpes virus
Periodontal bacterial infections Zoster vaccination
Oral hygiene
environmental Heavy metals such as copper, iron, zinc Avoiding exposure to heavy metals, air pollution
toxins Air pollution
Lifestyle Stress and anxiety Lifestyle modification
Sleep deprivation and sleep disorders Sleep hygiene and enough sleeping
High fat diet Mediterranean diet, DASH (Dietary Approaches to Stop
High dietary salt Hypertension) diet

Gut microbiota
Bacterial amyloids

Alterations in gut microbiota composition

Oligomannate, derived from a compound in seaweed,
suppresses neural inflammation caused by gut bacteria in
mice: GV-971, approved in China
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ommendations for the preclinical, mild cognitive impair-
ment, and dementia stages of Alzheimer’s disease. They de-
clared that The term “Alzheimer’s disease” refers to an ag-
gregate of neuropathologic changes and thus is defined in
vivo by biomarkers and by postmortem examination, not
by clinical symptoms.* According to their definition, the
preclinical AD stage means AP deposition in cognitively
normal subjects without any evidence of neurodegenera-
tion or neuronal injury such as cortical atrophy by MRI,
pathologic tau by CSF phosphorylated tau or positive tau
PET, and hypometabolism by FDG PET. The clinical AD
stage defines MCI or dementia with A pathology, patho-
logic tau, and neuronal injury. Fig. 1 shows the stages of
AD and the correlation pattern of biomarkers such as cogni-
tion, AP deposition, pathologic tau and neuronal injury
(brain atrophy).

A common concern is why so much time (as long as a dec-
ade or more) is needed to develop clinical symptoms. The
“Cellular phase of AD” proposed by Bart De Strooper and
Eric Karran may be a possible answer. They propose that
accumulation of cerebral amyloid and tau pathology (the
“biochemical phase”) is a slow, gradual process that is tol-
erated by CNS cells early in the course of disease, serving
as a risk factor for development of clinical disease, but that
the disease only manifests clinically when cellular homeo-
static mechanisms fail, leading to impaired clearance of ag-
gregated pathologic protein (proteopathy), increased cel-
lular stress, and a complex breakdown of finely tuned inter-
cellular physiologic functions that ultimately lead to neu-
rodegeneration.®’” Another mechanism may be a resilience
factor. There are individuals who are inherently resistant
to the initiation or spread of neurodegeneration. Or some

Biochemical | Cellular & synaptic Progressive Extension to basal ganglia,
change |and network damage | cortical atrophy | cerebellum, and brainstem

Cognition /_,/
//

» Limitation of

. social activity

Preclinical
CI-AD, A
. »Marked limitation
Mild AD of daily activity
Moderate
AD

Amyloid Ta Brain Totally burn-

out stage
/ atrophy
Severe AD
1
LOAD onset Two copy of 4, 68 Age
APOE No copy of ¢4, 76
age by 0 No ¢4 allele, 84

FIG. 1. Stages of Alzheimer’s disease and changes of biomarker.
As cognition decreases, the continuum of Alzheimer’s disease is
divided into the preclinical stage, MCI, mild AD, moderate AD,
and severe AD. Biomarkers are cognitive tests, amyloid tests such
as level of CSF amyloid beta or amyloid PET CT, tau tests such
as level of CSF phosphorylated tau or tau PET, and structural
changes in brain MRIs. MCI: mild cognitive impairment, AD:
Alzheimer’s dementia, LOAD: late-onset Alzheimer’s disease,
CSF: cerebrospinal fluid, PET CT: positron emission tomography
computed tomography, MRI: magntic resonance image.
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external preventive mechanisms may be contributed.

So, this stage seems to be the exact time to do preventive
modalities. According to APOE gene risk results, high risk
patients develop clinical symptoms around age 68. So, the
time to do prevention may be as early as the mid-50s.
According to above mentioned environmental risk factors,
control of midlife hypertension, reducing salt intake, de-
creasing body weight, a low-fat diet, sleeping enough, de-
creasing anxiety and stress, and avoiding the intake heavy
metals are the relatively easy rules to follow. A little more
difficult ones may be calorie restriction such as inter-
mittent fasting or heavy exercise for increasing autophagy
or mitohormesis. In addition, aggressive treatment of her-
pes simplex or zoster infections and zoster vaccination may
be helpful. Clean care of oral flora and making good gut mi-
crobiota through lactobacillus products and fermented
foods may be also beneficial.

2. Clinical Alzheimer’s disease

Mild cognitive impairment (MCI) is a quite ambiguous
term which is the stage between the expected cognitive nor-
mal for an age and the more serious decline of dementia.
It is divided into memory dominant impairment, amnestic
MCI and non-memory dominant, non-amnestic MCI.
Amnestic MCI is considered as transitional stage of AD.
Annual conversion rates of MCI to AD often range from 10%
to 15% in clinical samples. Conversion rates in commun-
ity-based studies are often substantially lower (i.e., 3.8%-
6.3% per year).*®

Pathobiologically, MCI can be the stage of cellular fail-
ure and network dysfunction through tau pathology super-
imposed on amyloid deposition followed by neuroinflam-
mation. Therefore, the main treatment target should be
tau and neuroinflammation. This may be a reason why an-
ti-amyloid therapies have failed. The earlier the amyloid
treatment starts before tau pathology extension beyond
the hippocampus and medial temporal region, the better
outcomes can be expected. In spite of repeated failures of
anti-amyloid therapies, continuous drug trials have been
underway and recently a Adcanumab (Biogen and Eisai
company) trial was reported to be continuing to show
dose-dependent amyloid removal and slowing cognitive de-
cline and awaits FDA approval. However, anti-amyloid im-
munotherapy has a disturbing common side effect, amy-
loid-related imaging abnormalities (ARIA) which is an
MRI white spot, representing vasogenic edema, although
mostly asymptomatic and transient. Unfortunately, an-
ti-tau treatments have not been developed and anti-in-
flammatory treatments through drugs modifying general
inflammatory processes such as nonsteroid anti-inflam-
matory drugs (NSAIDs), prednisone, and intravenous im-
munoglobulin (IVIg) did not show any cognitive benefits in
mild to moderate AD.™®

In the future, target specific anti-inflammatory drugs
such as the cytokine-suppressive anti-inflammatory drugs
(CSAIDs) would be preferable. CSAIDs target pro-inflam-
matory signal transduction pathways in microglia and as-
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troglia, and thus they decrease the production of cytotoxic
cytokines, such as TNF, and free radicals, such as nitric
oxide.®

Differentiating between MCI and early dementia is very
difficult because of the limitation of daily activity, a key fea-
ture of dementia, is contributed to by many other factors
besides cognitive deterioration such as hearing or visual
difficulty, spine and joint problems, socioeconomical fac-
tors, and psychiatric illness such as depression. Treatment
targets in this stage aim at cognitive reinforcement, de-
creasing emotional and behavioral perturbations, stabiliz-
ing diurnal disturbances such as sleep wake cycle, appetite
change, and urinary and fecal control. There are just 5 FDA
approved drugs including 4 acetylcholinesterase inhibitors
(donepezil, rivastigmine, galantamine, tacrine is not avail-
able) which increase acetylcholine concentration in the
brain and 1 glutamate antagonist. Clinical indications of
these drugs are mild, moderate, and severe (only for done-
pezil) Alzheimer’s disease, Parkinson disease dementia
(rivastigmine only), but not MCI or vascular dementia. The
NMDA antagonist, Memantine is approved to treat moder-
ate-to-severe Alzheimer’s disease but it is less effective for
increase in cognition but has been reported to be effective
for behavioral turbulences such as agitation and irritability.
When dementia progresses, Behavioral and psychological
symptoms of dementia (BPSD) are common, which are cog-
nitive/perceptual (delusions, hallucinations), motor (e.g.,
pacing, wandering, repetitive movements, physical ag-
gression), verbal (e.g., yelling, calling out, repetitive speech,
verbal aggression), emotional (e.g., euphoria, depression,
apathy, anxiety, irritability), and vegetative (disturbances
in sleep and appetite).” For the control of BPSD anti-
depressants, benzodiazepines, antipsychotics, and anti-
convulsants are frequently prescribed. However, as de-
mentia deepens, drug therapies, especially behavior-con-
trol drugs, may aggravate the patient’s condition because
of sedation, frequent falling, loss of appetite, and increased
gastrointestinal problems. Stable and comfortable envi-
ronmental conditions, behavioral modifications, and a suf-
ficient caregiver labor force are more important and these
are expensive and becoming a burden to society and na-
tional economies.

SUMMARY

Still there are many unsolved problems in the mecha-
nism, diagnosis, prevention and treatment of AD. Now pro-
tein aggregation disease is a main etiological process in
most neurodegenerative diseases. Genetic predispositions
and environmental factors may intersect and influence on
the onset age, speed of progression, and clinical phenotypes
of theses neurodegenerative diseases. Alzheimer’s disease
is main problem now and is getting more serious as time
goes by. Complete treatment may never be possible. Delay-
ing the onset of the disease process or clinical manifestation
should be main target at the present. Blocking of the dis-
ease process through intervention on amyloid and tau ac-
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cumulation seem to be ideal, but there may significantly
meaningful physiological functions in amyloid beta or tau
proteins and chronic removal of these proteins may evoke
serious long-term side effects. Preventive modifications
disclosed by epidemiologic evidences may be the slow, but
safe remedy for Alzheimer’s dementia.

CONFLICT OF INTEREST STATEMENT

None declared.

REFERENCES

1. United Nations. World population ageing 2019. New York:U.N.,
2020;5-22.

2. Patterson C. World Alzheimer Report 2018. The state of the art
of dementia research: new frontiers. London:Alzheimer’s Disease
International,2018;6.

3. What is dementia? [Internet]. Chicago (IL): Alzheimer’s Associa-
tion; [Cited 2020 Nov 29]. Available from: https://www.alz.org/
alzheimers-dementia/what-is-dementia#:~:text=Dementia%
20is%20a%20general%20term,most%20common%20cause%
200f%20dementia/.

4. Lauter H. [On the clinical study and psychopathology of Alzheimer’s
disease. Demonstration of 203 pathologically-anatomically veri-
fied cases]. Psychiatr Clin (Basel) 1968;1:85-108. German.

5. Terry RD, Masliah E, Salmon DP, Butters N, DeTeresa R, Hill
R, et al. Physical basis of cognitive alterations in Alzheimer’s dis-
ease: synapse loss is the major correlate of cognitive impairment.
Ann Neurol 1991;30:572-80.

6. Igbal K, Liu F, Gong CX. Tau and neurodegenerative disease: the
story so far. Nat Rev Neurol 2016;12:15-27.

7. Itagaki S, McGeer PL, Akiyama H, Zhu S, Selkoe D. Relationship
of microglia and astrocytes to amyloid deposits of Alzheimer
disease. J Neuroimmunol 1989;24:173-82.

8. Altmann A, Ng B, Landau SM, Jagust WJ, Greicius MD; Alzheimer’s
Disease Neuroimaging Initiative. Regional brain hypometabolism
is unrelated to regional amyloid plaque burden. Brain 2015;138(Pt
12):3734-46.

9. Edison P, Archer HA, Hinz R, Hammers A, Pavese N, Tai YF, et
al. Amyloid, hypometabolism, and cognition in Alzheimer dis-
ease: an [11C]PIB and [18F]FDG PET study. Neurology 2007;68:
501-8.

10. Alzheimer’s Association. 2019 Alzheimer’s disease facts and
figures. Alzheimers Dement 2019;15:321-87.

11. Harvey RJ, Skelton-Robinson M, Rossor MN. The prevalence and
causes of dementia in people under the age of 65 years. J Neurol
Neurosurg Psychiatry 2003;74:1206-9.

12. Gatz M, Reynolds CA, Fratiglioni L, Johansson B, Mortimer JA,
Berg S, et al. Role of genes and environments for explaining
Alzheimer disease. Arch Gen Psychiatry 2006;63:168-74.

13. Corder EH, Saunders AM, Strittmatter WJ, Schmechel DE,
Gaskell PC, Small GW, et al. Gene dose of apolipoprotein E type
4 allele and the risk of Alzheimer’s disease in late onset families.
Science 1993;261:921-3.

14. Tzioras M, Davies C, Newman A, Jackson R, Spires-Jones T.
Invited Review: APOE at the interface of inflammation, neuro-



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

degeneration and pathological protein spread in Alzheimer’s
disease. Neuropathol Appl Neurobiol 2019;45:327-46.

Van Cauwenberghe C, Van Broeckhoven C, Sleegers K. The ge-
netic landscape of Alzheimer disease: clinical implications and
perspectives. Genet Med 2016;18:421-30.

Zhang ZG, Li Y, Ng CT, Song YQ. Inflammation in Alzheimer’s
disease and molecular genetics: recent update. Arch Immunol
Ther Exp (Warsz) 2015;63:333-44.

Dawkins E, Small DH. Insights into the physiological function of
the B-amyloid precursor protein: beyond Alzheimer’s disease. J
Neurochem 2014;129:756-69.

Long JM, Holtzman DM. Alzheimer disease: an update on patho-
biology and treatment strategies. Cell 2019;179:312-39.
Dougherty JJ, Wu J, Nichols RA. Beta-amyloid regulation of pre-
synaptic nicotinic receptors in rat hippocampus and neocortex. J
Neurosci 2003;23:6740-7.

Abramov E; Dolev I, Fogel H, Ciccotosto GD, Ruff E, Slutsky I.
Amyloid-beta as a positive endogenous regulator of release proba-
bility at hippocampal synapses. Nat Neurosci 2009;12:1567-76.
Snyder EM, Nong Y, Almeida CG, Paul S, Moran T, Choi EY, et
al. Regulation of NMDA receptor trafficking by amyloid-beta. Nat
Neurosci 2005;8:1051-8.

Roselli F, Tirard M, Lu J, Hutzler P, Lamberti P, Livrea P, et al.
Soluble beta-amyloid1-40 induces NMDA-dependent degrada-
tion of postsynaptic density-95 at glutamatergic synapses. J
Neurosci 2005;25:11061-70.

Walsh DM, Klyubin I, Fadeeva JV, Cullen WK, Anwyl R, Wolfe
MS, et al. Naturally secreted oligomers of amyloid beta protein
potently inhibit hippocampal long-term potentiation in vivo.
Nature 2002;416:535-9.

Li S, Hong S, Shepardson NE, Walsh DM, Shankar GM, Selkoe
D. Soluble oligomers of amyloid Beta protein facilitate hippo-
campal long-term depression by disrupting neuronal glutamate
uptake. Neuron 2009;62:788-801.

Wei W, Nguyen LN, Kessels HW, Hagiwara H, Sisodia S, Malinow
R. Amyloid beta from axons and dendrites reduces local spine
number and plasticity. Nat Neurosci 2010;13:190-6.

Siskové Z, Justus D, Kaneko H, Friedrichs D, Henneberg N,
Beutel T, et al. Dendritic structural degeneration is functionally
linked to cellular hyperexcitability in a mouse model of Alzheimer’s
disease. Neuron 2014;84:1023-33.

Thal DR, Riib U, Orantes M, Braak H. Phases of A beta-deposition
in the human brain and its relevance for the development of AD.
Neurology 2002;58:1791-800.

Harris JA, Devidze N, Verret L, Ho K, Halabisky B, Thwin MT,
et al. Transsynaptic progression of amyloid-fB-induced neuronal
dysfunction within the entorhinal-hippocampal network.
Neuron 2010;68:428-41.

Jucker M, Walker LC. Self-propagation of pathogenic protein ag-
gregates in neurodegenerative diseases. Nature 2013;501:45-51.
Busche MA, Kekus M, Adelsberger H, Noda T, Forstl H, Nelken
I, et al. Rescue of long-range circuit dysfunction in Alzheimer’s
disease models. Nat Neurosci 2015;18:1623-30.

Mandelkow E, von Bergen M, Biernat J, Mandelkow EM. Struc-
tural principles of tau and the paired helical filaments of
Alzheimer’s disease. Brain Pathol 2007;17:83-90.

Hoover BR, Reed MN, Su J, Penrod RD, Kotilinek LA, Grant MK,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Hoowon Kim and Ji Yeon Chung

et al. Tau mislocalization to dendritic spines mediates synaptic
dysfunction independently of neurodegeneration. Neuron 2010;
68:1067-81.

Clavaguera F, Bolmont T, Crowther RA, Abramowski D, Frank
S, Probst A, et al. Transmission and spreading of tauopathy in
transgenic mouse brain. Nat Cell Biol 2009;11:909-13.

Iba M, Guo JL, McBride JD, Zhang B, Trojanowski JQ, Lee VM.
Synthetic tau fibrils mediate transmission of neurofibrillary tan-
gles in a transgenic mouse model of Alzheimer’s-like tauopathy.
J Neurosci 2013;33:1024-37.

Sanders DW, Kaufman SK, DeVos SL, Sharma AM, Mirbaha H,
Li A, et al. Distinct tau prion strains propagate in cells and mice
and define different tauopathies. Neuron 2014;82:1271-88.
Narasimhan S, Guo JL, Changolkar L, Stieber A, McBride JD,
Silva LV, et al. Pathological tau strains from human brains re-
capitulate the diversity of tauopathies in nontransgenic mouse
brain. J Neurosci 2017;37:11406-23.

Brunden KR, Trojanowski JQ, Lee VM. Advances in tau-focused
drug discovery for Alzheimer’s disease and related tauopathies.
Nat Rev Drug Discov 2009;8:783-93.

Duyckaerts C, Potier MC, Delatour B. Alzheimer disease models
and human neuropathology: similarities and differences. Acta
Neuropathol 2008;115:5-38.

Vossel KA, Xu JC, Fomenko V, Miyamoto T, Suberbielle E, Knox
JA, et al. Tau reduction prevents AB-induced axonal transport
deficits by blocking activation of GSK3p. J Cell Biol 2015;209:
419-33.

Gratuze M, Leyns CEG, Holtzman DM. New insights into the role
of TREM2 in Alzheimer’s disease. Mol Neurodegener 2018;13:66.
Hanseeuw BJ, Betensky RA, Jacobs HIL, Schultz AP, Sepulcre
J, Becker JA, et al. Association of amyloid and tau with cognition
in preclinical Alzheimer disease: a longitudinal study. JAMA
Neurol 2019;76:915-24.

Aschenbrenner AJ, Gordon BA, Benzinger TLS, Morris JC,
Hassenstab JJ. Influence of tau PET, amyloid PET, and hippo-
campal volume on cognition in Alzheimer disease. Neurology
2018;91:e859-66.

Crary JF, Trojanowski JQ, Schneider JA, Abisambra JF, Abner
EL, Alafuzoff I, et al. Primary age-related tauopathy (PART): a
common pathology associated with human aging. Acta Neuro-
pathol 2014;128:755-66.

Lehmann M, Ghosh PM, Madison C, Laforce R Jr, Corbetta-
Rastelli C, Weiner MW, et al. Diverging patterns of amyloid depo-
sition and hypometabolism in clinical variants of probable
Alzheimer’s disease. Brain 2013;136(Pt 3):844-58.

Whitwell JL, Jack CR Jr, Przybelski SA, Parisi JE, Senjem ML,
Boeve BF, et al. Temporoparietal atrophy: a marker of AD pathol-
ogy independent of clinical diagnosis. Neurobiol Aging 2011;32:
1531-41.

Mattsson N, Schott JM, Hardy J, Turner MR, Zetterberg H.
Selective vulnerability in neurodegeneration: insights from clin-
ical variants of Alzheimer’s disease. J Neurol Neurosurg Psychiatry
2016;87:1000-4.

Ransohoff RM. How neuroinflammation contributes to neuro-
degeneration. Science 2016;353:777-83.

McGeer PL, Itagaki S, Boyes BE, McGeer EG. Reactive microglia
are positive for HLA-DR in the substantia nigra of Parkinson’s

115



Pathobiolgy and Management of Alzheimer’s Disease

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

and Alzheimer’s disease brains. Neurology 1988;38:1285-91.
Rogers J, Webster S, Lue LF, Brachova L, Civin WH, Emmerling
M, et al. Inflammation and Alzheimer’s disease pathogenesis.
Neurobiol Aging 1996;17:681-6.

in t’ Veld BA, Ruitenberg A, Hofman A, Launer LJ, van Duijn CM,
Stijnen T, et al. Nonsteroidal antiinflammatory drugs and the
risk of Alzheimer’s disease. N Engl J Med 2001;345:1515-21.
Villegas-Llerena C, Phillips A, Garcia-Reitboeck P, Hardy J,
Pocock JM. Microglial genes regulating neuroinflammation in
the progression of Alzheimer’s disease. Curr Opin Neurobiol
2016;36:74-81.

Kiialainen A, Hovanes K, Paloneva J, Kopra O, Peltonen L. Dap12
and Trem2, molecules involved in innate immunity and neuro-
degeneration, are co-expressed in the CNS. Neurobiol Dis 2005;
18:314-22.

Guo T, Zhang D, Zeng Y, Huang TY, Xu H, Zhao Y. Molecular and
cellular mechanisms underlying the pathogenesis of Alzheimer’s
disease. Mol Neurodegener 2020;15:40.

Kisler K, Nelson AR, Montagne A, Zlokovic BV. Cerebral blood
flow regulation and neurovascular dysfunction in Alzheimer dis-
ease. Nat Rev Neurosci 2017;18:419-34.

Faraco G, Park L, Zhou P, Luo W, Paul SM, Anrather J, et al.
Hypertension enhances AB-induced neurovascular dysfunction,
promotes B-secretase activity, and leads to amyloidogenic proc-
essing of APP. J Cereb Blood Flow Metab 2016;36:241-52.
Alata W, Ye Y, St-Amour I, Vandal M, Calon F. Human apolipo-
protein E g4 expression impairs cerebral vascularization and
blood-brain barrier function in mice. J Cereb Blood Flow Metab
2015;35:86-94.

Hajjar I, Sorond F, Lipsitz LA. Apolipoprotein E, carbon dioxide
vasoreactivity, and cognition in older adults: effect of hyper-
tension. J Am Geriatr Soc 2015;63:276-81.

Hirao K, Ohnishi T, Matsuda H, Nemoto K, Hirata Y, Yamashita
F, et al. Functional interactions between entorhinal cortex and
posterior cingulate cortex at the very early stage of Alzheimer’s
disease using brain perfusion single-photon emission computed
tomography. Nucl Med Commun 2006;27:151-6.

Dai W, Lopez OL, Carmichael OT, Becker JT, Kuller LH, Gach
HM. Mild cognitive impairment and Alzheimer disease: patterns
of altered cerebral blood flow at MR imaging. Radiology 2009;250:
856-66.

Greicius MD, Srivastava G, Reiss AL, Menon V. Default-mode
network activity distinguishes Alzheimer’s disease from healthy
aging: evidence from functional MRI. Proc Natl Acad Sci U S A
2004;101:4637-42.

Wang L, Zang Y, He Y, Liang M, Zhang X, Tian L, et al. Changes
in hippocampal connectivity in the early stages of Alzheimer’s dis-
ease: evidence from resting state fMRI. Neuroimage 2006;31:496-
504.

Wyss-Coray T. Ageing, neurodegeneration and brain rejuvenation.
Nature 2016;539:180-6.

Xie Z, Klionsky DJ. Autophagosome formation: core machinery
and adaptations. Nat Cell Biol 2007;9:1102-9.

Mizushima N, Levine B. Autophagy in human diseases. N Engl
J Med 2020;383:1564-76.

Ristow M, Zarse K. How increased oxidative stress promotes lon-
gevity and metabolic health: the concept of mitochondrial horm-

116

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

esis (mitohormesis). Exp Gerontol 2010;45:410-8.

Grifian-Ferré C, Corpas R, Puigoriol-Illamola D, Palomera-Avalos
V, Sanfeliu C, Pallas M. Understanding epigenetics in the neuro-
degeneration of Alzheimer’s disease: SAMP8 mouse model. J
Alzheimers Dis 2018;62:943-63.

Steel AdJ, Eslick GD. Herpes viruses increase the risk of Alzheimer’s
disease: a meta-analysis. J Alzheimers Dis 2015;47:351-64.
Itzhaki RF. Corroboration of a major role for herpes simplex virus
type 1in Alzheimer’s disease. Front Aging Neurosci 2018;10:324.
Dominy SS, Lynch C, Ermini F, Benedyk M, Marczyk A, Konradi
A, et al. Porphyromonas gingivalis in Alzheimer’s disease brains:
evidence for disease causation and treatment with small-mole-
cule inhibitors. Sci Adv 2019;5:eaau3333.

Moir RD, Lathe R, Tanzi RE. The antimicrobial protection hy-
pothesis of Alzheimer’s disease. Alzheimers Dement 2018;14:
1602-14.

LiuY, Nguyen M, Robert A, Meunier B. Metal ions in Alzheimer’s
disease: a key role or not? Acc Chem Res 2019;52:2026-35.
Hayashi T. Conversion of psychological stress into cellular stress
response: roles of the sigma-1 receptor in the process. Psychiatry
Clin Neurosci 2015;69:179-91.

Sapolsky RM, Krey LC, McEwen BS. Prolonged glucocorticoid ex-
posure reduces hippocampal neuron number: implications for
aging. J Neurosci 1985;5:1222-7.

Shi L, Chen SJ, Ma MY, Bao YP, Han Y, Wang YM, et al. Sleep
disturbances increase the risk of dementia: a systematic review
and meta-analysis. Sleep Med Rev 2018;40:4-16.

Lucey BP, Hicks TJ, McLeland JS, Toedebusch CD, Boyd J, Elbert
DL, et al. Effect of sleep on overnight cerebrospinal fluid amyloid
B kinetics. Ann Neurol 2018;83:197-204.

Rothman SM, Herdener N, Frankola KA, Mughal MR, Mattson
MP. Chronic mild sleep restriction accentuates contextual memo-
ry impairments, and accumulations of cortical AR and pTauin a
mouse model of Alzheimer’s disease. Brain Res 2013;1529:200-8.
Kowalski K, Mulak A. Brain-gut-microbiota axis in Alzheimer’s
disease. J Neurogastroenterol Motil 2019;25:48-60.

Puig KL, Floden AM, Adhikari R, Golovko MY, Combs CK.
Amyloid precursor protein and proinflammatory changes are
regulated in brain and adipose tissue in a murine model of high
fat diet-induced obesity. PLoS One 2012;7:e30378.

Fiocco AJ, Shatenstein B, Ferland G, Payette H, Belleville S,
Kergoat MJ, et al. Sodium intake and physical activity impact cog-
nitive maintenance in older adults: the NuAge Study. Neurobiol
Aging 2012;33:829.e21-8.

Faraco G, Hochrainer K, Segarra SG, Schaeffer S, Santisteban
MM, Menon A, et al. Dietary salt induces cognitive impairment
by promoting tau pathology. Ann Neurol 2019;86:S134.
Mormino EC, Papp KV. Amyloid accumulation and cognitive de-
cline in clinically normal older individuals: implications for aging
and early Alzheimer’s disease. J Alzheimers Dis 2018;64(s1):
S633-46.

Hebert LE, Scherr PA, Beckett LA, Albert MS, Pilgrim DM,
Chown MJ, et al. Age-specific incidence of Alzheimer’s disease in
a community population. JAMA 1995;273:1354-9.

Ganguli M, Dodge HH, Chen P, Belle S, DeKosky ST. Ten-year
incidence of dementia in a rural elderly US community pop-
ulation: the MoVIES Project. Neurology 2000;54:1109-16.



84.

85.

86.

87.

Kukull WA, Higdon R, Bowen JD, McCormick WC, Teri L, 88.

Schellenberg GD, et al. Dementia and Alzheimer disease in-
cidence: a prospective cohort study. Arch Neurol 2002;59:1737-

46. 89.

Braak H, Braak E. Neuropathological stageing of Alzheimer-re-
lated changes. Acta Neuropathol 1991;82:239-59.
Jack CR Jr, Bennett DA, Blennow K, Carrillo MC, Dunn B,

Haeberlein SB, et al. NTA-AA Research Framework: toward a bio- 90.

logical definition of Alzheimer’s disease. Alzheimers Dement 2018;
14:535-62.

De Strooper B, Karran E. The cellular phase of Alzheimer’s dis-
ease. Cell 2016;164:603-15.

Hoowon Kim and Ji Yeon Chung

Farias ST, Mungas D, Reed BR, Harvey D, DeCarli C. Progression
of mild cognitive impairment to dementia in clinic- vs commun-
ity-based cohorts. Arch Neurol 2009;66:1151-7.

Venigalla M, Sonego S, Gyengesi E, Sharman MJ, Miinch G. Novel
promising therapeutics against chronic neuroinflammation and
neurodegeneration in Alzheimer’s disease. Neurochem Int 2016;
95:63-74.

Cloak N, Al Khalili Y. Behavioral and psychological symptoms in
dementia [Internet]. Treasure Island (FL): StatPearls Publishing;
2020 Dec 17 [Cited 2020 Dec 5]. Available from: https:/www.
ncbi.nlm.nih.gov/books/NBK551552/.

117



