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Alzheimer disease is the most common neurodegenerative disease that afflicts mankind. Tremendous ef-

forts have been made in investigating the genetic understanding and molecular pathophysiology of this illness. Dis-

ease mainly defined by its pathological attributes including amyloid β deposits in the form of extracellular amyloid β

(Aβ) plaques and tau protein aggregates in the form of intracellular neurofibrillary tangles. A central mechanism

underlying the formation of both amyloid plaques and neurofibrillary tangles in Alzheimer disease is pathogenic

cerebral tau protein aggregation. Though both amyloid plaques and aggregated tau have an essential role in Alzheimer

disease pathology and are part of the neuropathological definition of the disease, numerous studies suggest that in

these precipitated forms they are relatively biologically inert. Hence, the accumulation of aggregated Aâ in plaques

correlates poorly with the clinical status of patients. This review highlights recent advances in molecular and clinical

aspects. Metabolic and functional studies by scanning tomography indicate that prominent atrophy and metabolic

abnormalities emerged in the posterior cortical regions and medial temporal regions at early stages of Alzheimer

disease progression. Several genes including APP, PSEN1, PSEN2 and APOE e4 have been identified to be

associated with Alzheimer disease. Some of the latest high thought put technological platforms including genomewide

association studies, transcriptomics, proteomics, metabolomics and epigenetics. These approaches are introduced

briefly. Many newly identified Alzheimer disease risk genes such as triggering receptor expressed on myeloid cells-

2 (TREM2) are exclusively expressed, or highly enriched in glial cells. Alzheimer disease pathogenesis involves

pathogenic contributions from multiple components and alterations in behaviour of various cell types presented in a

model within the central nervous system. Other than TREM2, a few other genes are discovered which are associ-

ated with Alzheimer disease but their functions are not known. Since no efficacious drugs are available at present,

a systematic approach towards the diverse findings from various platforms will most likely give us understanding of

about the disease pattern.
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Introduction:

It was a cold day in November, 1901 a patient

escorted by her husband came in the chamber of Dr Alois

Alzheimer, a young psychiatrist in his late 30s, a hard-

working clinician committed to understanding the



relationship between brain disease and mental illness, at

the asylum in Frankfurt, Germany. Alois was born in a small

village in Bavaria. His father, the first notary to work at the

royal provincial law court in Low Franconia, valued learning

very highly. He sent Alois to a well-regarded secondary

school in Aschaffenburg so that this gifted young man could

acquire a superior education. Alois excelled in science and

undertook the study of medicine at the Royal Friedrich

Wilhelm University in Berlin at a time when scientists were

deepening their understanding of the effects of various

diseases on the body’s cells. Alzheimer was also exposed

to the evolving view of psychotic symptoms as a reflection

of brain disease. Even as a medical student, Alzheimer

showed his keen powers of observation and description in

his graduation thesis, a study of the glands that produce

earwax. Alzheimer’s education had taught him the value of

the microscope in exploring the causes and effects of

disease. He wondered whether the same tool might be used

in furthering our understanding of psychiatric disorders. After

medical school, Alzheimer was able to follow up on this

idea at the hospital for the mentally ill and epileptics in

Frankfurt on Main, where he was employed as a resident

and subsequently as a senior physician. He then worked at

the asylum in Frankfurt, becoming its director in 1895. One

of his colleagues there, Franz Nissl, had developed special

chemical stains for revealing structures within the brain’s

cells. Alzheimer and Nissl carried out an important series

of brain cell studies together. The clinical treatment approach

at this institute was progressive, with a focus on medical

treatments and avoidance of isolation as a treatment.

Alzheimer had married in 1894 and with his wife Cecilie, a

banker’s widow, he raised three children. Following the

death of his loving wife earlier that year, he had buried

himself in his clinical work, caring for psychiatric patients at

the Community Hospital for Mental and Epileptic Patients

in Frankfurt, Germany. After the tragic early death of his

wife in 1901, Alzheimer moved to Heidelberg to join Emil

Kraepelin in 1902. Subsequently, he followed Kraepelin

to Munich in 1904. Kraepelin was the most influential

psychiatrist of his era, and the psychiatric clinic led by

Kraepelin and Alzheimer was known for its modern and

humane treatment. Alzheimer continued his research in

Munich, publishing his observations on the brains of a large

series of syphilitic patients in 1904. Syphilis, less common

in our time, was a major cause of psychosis and psychiatric

institutionalisation during Alzheimer’s lifetime1.

The patient, who came in this morning of

November, 1901, was Auguste Deter (whom we would

learn about as “Auguste D”) was only 50 years old when

her husband noticed her increasing memory problems.

Husband noticed that she soon became more fearful,

paranoid, and aggressive, So he decided to make it

necessary to admit her to the psychiatric hospital at age 51.

She remained an inpatient there until her death in 1906,

although by then she was no longer under Dr Alzheimer’s

care. He had since moved on to a research position at the

Munich Hospital under the leadership of Dr Emil Kraepelin,

one of the most influential psychiatrists of his era. Alzheimer’s

former boss from Frankfurt, Dr Emil Sioli informed Dr

Alzheimer of his former patient’s death. He sent her brain

material to Alzheimer, who examined Ms Dater’s brain

microscopically using new stains that revealed the presence

of what we now call amyloid plaques and neurofibrillary

tangles.  Though it seems odd now, Alzheimer’s initial 1906

presentation linking this specific brain pathology to a clinical

syndrome was met with limited enthusiasm by his peers1.

Dr Emil Kraepelin named the disease in the name of Alois

as “Alzheimer Disease” (AD) (Figs 1 & 2)1.

Neurons are a major player in the central nervous

system, but other cell types are also key to healthy brain

function. In fact, glial cells are by far the most numerous

cells in the brain, outnumbering neurons by about 10 to 12-6.

These cells, which come in various forms–such as microglia,

astrocytes, and oligodendrocytes–surround and support the

functional aspects of neurons. For example, microglia protect

neurons from physical and chemical damage and are

responsible for clearing foreign substances and cellular

debris from the brain. To carry out these functions, glial

cells often collaborate with blood vessels in the brain.

Together, glial and blood vessel cells regulate the delicate
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balance within the brain to ensure that it functions at its

best. Investigations are underway to determine which

changes may cause AD. At first, AD typically destroys

neurons and their connections in parts of the brain involved

and disrupt cell function. β-amyloid (Aβ) protein is the

principal component of AD-associated amyloid plaques and

is produced by protease cleavage of the type I

transmembrane amyloid precursor protein (APP)3-6.

Fig 1 – AD Changes in the Whole Brain [AD leads to nerve cell death and tissue loss throughout the brain. Over

time the brain shrinks dramatically affecting nearly all its functions]
in memory, including the entorhinal cortex and hippocampus.

It later affects areas in the cerebral cortex responsible for

language, reasoning, and social behaviour. Eventually, many

other areas of the brain are damaged. Over time, a person

with  AD gradually loses his or her ability to live and function

independently. Ultimately, the disease is fatal.

Neurobiological mechanisms underlying AD have been a

key element in the understanding of the pathology, currently

the most important alterations identified can be explained

through: The amyloid peptide theory, the cholinergic

hypothesis that includes glutamatergic neurotransmission

alterations, the role of tau protein, and the involvement of

oxidative stress (OS) and calcium2-8.

Amyloid Plaques:

The beta-amyloid protein involved in AD comes in

several different molecular forms that collect between

neurons. It is formed from the breakdown of a larger protein,

called amyloid precursor protein. One form, beta-amyloid

42, is thought to be especially toxic. In the AD patient’s

brain, abnormal levels of this naturally occurring protein

clump together to form plaques that collect between neurons

Anywhere from 8 to 11 APP isoforms can be generated

from alternative transcriptional splicing, where three most

common splice isoforms include the 695 amino acid form

(APP695) predominantly expressed in neurons, 751 and

770 amino acid forms (APP751, APP770) expressed both

in neurons and glial cells7. So far, several physiological roles

of APP have been proposed. The extracellular domain of

APP mediates cell-to-cell adhesion to support synaptic

connections. APP homodimers may function as cell-surface

G-protein coupled receptors which can bind Aβ, and

mediate neuronal signalling and neurotransmitter release

through the activation of calcium channels5,7. More

specifically,  APP can mediate hippocampal γ-aminobutyric

acid (GABA)-ergic inhibition via direct protein-protein

interactions with K+-Cl- cotransporter 2 (KCC2), thereby

stabilising KCC2 on cell membranes. APP deficiency

increases KCC2 degradation via tyrosine-phosphorylation

and ubiquitination, therefore, leading to GABA reversal

potential depolarisation and impairment during GABAA-

receptor-mediated inhibition9. Some aspects of APP

function are derived from APP cleavage products such as

the soluble amyloid precursor proteins (sAPP) α and β,
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where sAPPα function has been well characterised. sAPPα

plays an important role in neuronal plasticity/survival and

processing pathways (Fig 3).

Fig 2 – Microscopic View of Normal Brain versus Alzheimer’s Brain [Dr Alzheimer, who examined Ms Dater’s brain

microscopically using new stains that revealed the presence of what we now call amyloid plaques and neurofibrillary

tangles in AD, not in normal subject]

has been shown to be protective against Aβ-induced

toxicity9. In addition, sAPPα can regulate neural stem cell

proliferation and early developmental events in the central

nervous system (CNS)11,12.

APP Processing:

APP processing is mainly dependent on three

proteolytic secretase enzymes: α-, β- and γ-secretase.

Potential α-secretases include ADAM9, 10 and 17. In

brain, BACE1 is the major β-secretase, while γ-secretase

is comprised of at least four core components, including

presenilins (PS1 and PS2), niacstrin, PEN2, and APH113.

Based on its cleavage products, APP processing can be

assembled from Aβ monomers into a variety of unstable

oligomeric species. Oligomeric Aβ (oAβ) then further

aggregates to form short, flexible, irregular protofibrils, which

ultimately elongate into insoluble fibrillar assemblies

comprising β-strand repeats oriented perpendicularly to the

fibre axis. Extracellular Aβ aggregates in their fibrillar form

are resistant to hydrolytic degradation14,15. Although

mechanisms underlying oAβ-dependent synaptic

dysfunction have not been exhaustively characterised, studies

have identified several receptors which can mediate Aβ

synaptotoxicity. These receptors bind Aβ with a relatively

high affinity, which include the NMDAR, ephrin type-B

receptor 2 (EphB2), ephrin type-A receptor 4 (EphA4),

divided into non-amyloidogenic and amyloidogenic

During AD pathogenesis, Aβ aggregates are

cellular prion protein (PrPc), and leucocyte immunoglobulin-
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like receptor B2 (Lilrb2).

Evidence also suggests that oxidative insults

significantly contribute to AD pathogenesis16. Oxidative

mitochondrial dysfunction, cell apoptosis and neuronal

loss18,19. We have recently identified a mitochondrial protein

appoptosin, as an important regulator for Aβ-induced

Fig 3 – APP Metabolism, Aâ Oligomerisation and Signalling Involvement in the Mechanisms of Synaptic Damage in

AD [Proteolytic cleavage of APP by â- and ã-secretase results in the generation of the Aâ
1–42

 monomer, which under

pathological conditions can assemble into potentially toxic oligomers. Enzymes such as neprilysin and insulin-degrading

enzyme (IDE) can degrade the Aâ monomer, whereas oligomers can be sequestered into fibrillar aggregates in plaques.

Oligomers may be the toxic Aâ species that contribute to deregulation of signalling pathways (Fyn, FAK, GSK3â,

CDK5) and result in alterations to cytoskeletal and synaptic proteins and subsequent synaptic and neuronal damage.

Aâ accumulation is mediated by factors including rates of peptide production, aggregation and clearance]

stress manifests early in AD, which supports the notion that

oxidative stress may drive Aβ-induced AD pathogenesis17.

Mitochondria are the primary source of intracellular reactive

oxygen species(ROS). Aβ peptides can induce ROS

production from mitochondria, leading to release of

cytochrome c and apoptosis-inducing factor, thereby driving

neuronal cell death. The expression of appoptosin is

upregulated in AD, where it can activate the intrinsic caspase

pathway. Notably, downregulation of appoptosin can

protect against Aβ-induced neurotoxicity20. Other

mitochondrial proteins such as amyloid-binding alcohol

dehydrogenase, cyclophilin D also have been shown to play
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a role in mitochondrial dysfunction21-23.

The Cholinergic Hypothesis:

At a molecular level, the cholinergic hypothesis is

the first and most studied approach that describes AD

pathophysiology. It was defined more than 30 years ago as

a primary degenerative process capable of selectively

damaging groups of cholinergic neurons in the hippocampus,

frontal cortex, amygdala, nucleus basalis, and medial

septum, regions and structures that serve important

functional roles in conscious awareness, attention, learning,

memory, and other mnemonic processes24. This selective

alteration generates a downregulation of cholinergic markers

such as acetyltransferase and acetylcholinesterase that

associate with the onset of cognitive impairment25,26 through

the existence of proportionality between the decrease in

cholinergic markers, the density of neurofibrillary alterations,

and the severity of the pathology.

Neurofibrillary Tangles:

Neurofibrillary tangles (NFT) are abnormal

accumulations of a protein called tau that collects inside

neurons. Healthy neurons, in part, are supported internally

by structures called microtubules, which help guide nutrients

and molecules from the cell body to the axon and dendrites.

In healthy neurons, tau normally binds to and stabilises

microtubules. In AD, however, abnormal chemical changes

cause tau to detach from microtubules and stick to other

tau molecules, forming threads that eventually join to form

tangles inside neurons. These tangles block the neuron's

transport system, which harms the synaptic communication

between neurons27-29.

The tau protein is predominantly found in brain cells

(neurons). Among tau’s multiple functions in healthy brain

cells, a very important one is stabilisation of the internal

microtubules. Tau is a small protein with a short name but a

large reputation because of its association with multiple brain

diseases.When mice are genetically designed to lack tau

protein, their brain cells do not function properly, and tau

dysfunction has been identified in a number of very severe

human brain diseases.Then, after tau has been created from

DNA, chemical activities in the brain further modify it in

several ways. These chemical alterations of tau change its

properties. No longer fit to carry out its usual job, it takes

on characteristics that are potentially very damaging. This

form of tau no longer sticks together in the same way.

Instead, the fabric of connected tau proteins comes apart

and reassembles in a disorganised, messy tangle that

accumulates in brain cells and is not effectively disposed of

through the cell’s usual ways of removing “trash”. Besides

the microtubular form, which is composed of many tau

molecules, tau also exists in smaller versions, called

oligomers, which are made up of a few tau proteins. The

smaller forms of tau circulate among the neurons, interfering

with cellular function. They are found in brains that are

developing AD decades before the disease blossoms

clinically27-29.

Various forms of post-translational modifications

(PTMs) on tau include phosphorylation, acetylation,

glycosylation, nitration, glycation, methylation, ubiquitination,

sumoylation, truncation and prolyl-isomerisation. Multiple

lines of evidence indicate that PTMs regulate tau function,

as well as pathogenesis of tauopathies such as AD.

Alterations of tau PTMs have been observed in AD and

other tauopathies.

Tau pathology is initiated and derived from the

accumulation of tau aggregates. Monomeric tau is highly

soluble and is biochemically disordered, lacking a well-

defined secondary structure30. Under certain conditions,

monomeric tau can aggregate into oligomers, fibrils,

filaments, and eventually NFTs. Hexapeptide VQIINK

motifs in the second repeat and VQIVYK in the third repeat

within the tau microtubule-binding domain are crucial for

the formation of β-sheet structures and consequent tau

aggregation31-33. Notably, inhibitors targeting VQIINK

dramatically decrease tau aggregation.

Tau propagation: NFTs first appear in layer II of

the entorhinal cortex (EC) during AD onset. NFTs

subsequently appear in interconnected anatomical regions

within the brain, including the hippocampus and neocortex
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during neurodegenerative progression34-36. Since the spatial-

temporal distribution of tau pathology correlates tightly with

cognitive decay in AD patients, the severity of AD onset is

classified by Braak stages which are defined by pathological

NFT staining.

Tau and neurotoxicity: Neurotoxic effects related

to tau have been extensively studied and reviewed37-39.

Many tau species such as tauopathy-associated tau mutants,

tau with aberrant PTMs, soluble tau oligomers and tau fibrils

have been shown to be neurotoxic. Tau is primarily

expressed in neurons, and its subcellular distribution is

primarily localised to axons where it associates with

microtubules. Pathological tau has been shown to distribute

to pre- and postsynaptic compartments in synaptosomal

fractions from AD brain40. Thus, pathogenic tau may impair

microtubule assembly, disrupt axonal transport, impair pre-

and postsynaptic functions, and induce neuronal cell death.

Links between Aβββββ and tau pathogenesis:

Unlike mutations in APP and PS1/2 that affect Aβ

generation in early onset familial AD41,42 mutations in

microtubule associated protein tau(MAPT) have not been

associated with AD43,44, suggesting that tau pathogenesis

may occur downstream of Aβ accumulation45. Indeed, Aβ

can induce tau pathology in multiple APP transgenic animal

models, whereas tau does not induce amyloid pathology.

Emerging evidence suggests that AD-related brain

changes may result from a complex interplay among

abnormal tau and beta-amyloid proteins and several other

factors. It appears that abnormal tau accumulates in specific

brain regions involved in memory. Beta-amyloid clumps

into plaques between neurons. As the level of beta-amyloid

reaches a tipping point, there is a rapid spread of tau

throughout the brain.

Soluble oligomeric forms of Aβ and tau, which may

replicate via a “prion-like” mechanism, are thought to be

the chief mediators of cytotoxicity in AD46. These oligomeric

species of Aβ initially accumulate intraneuronal, eventually

leading to cell death and the extracellular deposition of

amyloid plaques46,47. Both Aβ and tau oligomers have similar

but not identical structural and biophysical properties,

including a high b sheet content, some resistance to

proteolytic degradation, and neuronal toxicity. Recent work

also has revealed that Aβ- and tau-related pathology can,

in certain scenarios, “seed” or transmit each other42, 48-50.

Existing therapies have either no or minimal disease-

modifying benefit. Hence, a number of novel therapeutic

strategies are currently under investigation, many of which

involve modulating the immune system (Fig 4).

Preclinical studies in transgenic mouse models have

shown great efficacy of immunotherapy in the prevention

of both AD and prion diseases51,52. With a central role for

Aβ in AD pathogenesis under the “amyloid cascade” model,

several strategies directed toward the eradication of Aβ and

downstream targets via small molecules or immunotherapies

have been and are being explored51-54. Though Aβ -directed

immunisation via multiple approaches has shown promising

results in AD Tg mouse models, the translation to safe and

efficacious therapy for humans still remains a challenge.

Insights from these studies have raised further issues that

need to be addressed in current and future studies (Fig 5).

The microtubule-associated protein tau is the main

structural component of paired helical filaments (PHFs),

which in turn are one of the major aberrant polymers found

in AD. Immunological studies were carried out using site-

directed monoclonal and polyclonal antibodies that

recognise tubulin binding epitopes on tau, to further

understand the mechanisms of tau self-association into

PHFs. Tau protein was subjected to either carbamoylation

with potassium cyanate (KCNO) or glycation with glucose,

and the immunoreactivity of the chemically modified protein

with these antibodies was compared with tau derived from

paired helical filaments and with normal brain tau. The data

on the immunoblot patterns of tau isoforms and the ELISA

titration curves revealed significant differences between the

modified tau and normal controls. However, the Western

blot patterns of immunoreactive tau from the chemically-

modified protein and from AD patient’s brains were similar.

The data on the differences in the electrophoretic profiles

and Western blots of normal brain tau as compared with

solubilised paired helical filaments, insoluble tangles and

tau proteins of the AD’s type, provide new clues to

understand the anomalous interactions of tau in AD
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disease51-54. Neuro-inflammation is an additional hallmark for

Glial Contributions to AD Pathogenesis: AD, which manifests in gliosis, characterised by proliferation

Fig 4 – Ab and Tau Conformational Changes in AD [(1) APP undergoes normal cleavage by b and g-secretase (PS is

part of the g-secretase complex) to produce the (2) normal sAb.sAb can undergo a conformational change to (3) a b

sheet-rich conformer that further aggregates to form (4) soluble, toxic Ab oligomers. These also may precipitate to form

(5) relatively inert fibrils in amyloid plaques and congophilic amyloid angiopathy. (A) Tau is a microtubule-binding

protein. Tau can undergo (B) hyperphosphorylation or (C) a conformational change to a b sheet conformer. These

species can both further change to (D) hyperphosphorylated tau in a b sheet-rich form that is predisposed to further

aggregation into (E) toxic, tau oligomers. These can precipitate to form (F) PHFs in the form of NFTs. (I and II) The

Ab b sheet conformers and Ab oligomers may cross-seed, under some circumstances, with intermediate tau species in

a b sheet conformation and with tau oligomers, to synergistically exacerbate AD pathology. The most effective

immunotherapeutic approaches for AD will need to be able to concurrently reduce levels of the toxic Ab and tau

oligomeric species]
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and activation of microglia and astrocytes, two major glial cell types in the brain. Many newly identified AD risk genes

Fig 5 – Different Immunotherapeutic Approaches to Ameliorate AD Pathology [(A) Active immunisation can be

performed using Ab peptides, phosphorylated tau (ptau) peptides, or preparations such as pBri as an immunogen. These

immunogens are presented to B cells by antigen-presenting cells (APC). Use of Ab peptides or ptau peptides will give

rise to the production by B cells of antibodies to Ab or ptau epitopes, respectively. Use of pBri (or equivalent

preparations of an immunogen that is a non-self peptide, in a stabilised, oligomeric b sheet conformation) will lead to the

production of antibodies that recognise both Ab and tau pathological conformers (but not normal monomeric sAb or tau

proteins). (B) Passive immunisation can be performed by the production of mAbs that bind to Ab, ptau, or b sheet

pathological conformations. These antibodies need to be infused systemically in concentrations sufficient for adequate

BBB penetration (typically only 0.1% of a systemically injected mAb will cross the BBB). Once antibodies cross the

BBB (using either active or passive immunisation), they will act to enhance the clearance and degradation of their

targets. Additional or alternative mechanisms may include disaggregation or neutralisation of their target (ie, blocking of

toxicity). Antibodies to Ab will recognise normal sAb, oligomericAb, and/or deposited fibrillar Ab (with varying

preference depending on the type/s of antibodies to Ab). Similarly, antibodies to ptau will recognise monomeric ptau

species, oligomeric tau, and/or NFTs, with varying preference depending on the specific anti-ptau antibody/antibodies.

Antibodies to b sheet will simultaneously act to ameliorate both Ab and tau pathologies by specifically binding

pathological conformers, without binding to normal sAb or tau. (C) Stimulation of innate immunity also can be used to

ameliorate AD pathology by enhancing microglia/macrophage function via TLRs or related pathways. Microglia/

macrophages are stimulated similarly by the immune complexes produced using active or passive immunisation

approaches]

       22  MEDICAL GLORY, VOL 4, ISSUE NO 4, OCTOBER-DECEMBER, 2020



such as triggering receptor expressed on myeloid cells-2

(TREM2) are exclusively expressed, or highly enriched in

glial cells. Therefore, the potential involvement of glia in

AD pathogenesis has recently attracted much attention.

Pathogenic Aβ and tau species can induce gliosis and

neuro-inflammation. Reciprocally, glial cells and

inflammation can regulate Aβ and tau pathogenesis.

Generally, it is believed that abnormal activation of microglia

and astrocytes is a deleterious event during AD onset, and

inhibition of malignant glial response to pathological Aβ

and tau, as well as blockade of pro-inflammatory cytokine

release may impede AD pathogenesis54,55.

Astrocytic Receptors:

Nicotinic acetylcholine receptor (nAChRs) is a

classical neurotransmitter receptor which is widely

distributed in the CNS and participates in a variety of

important physiological functions such as cognition56,57. In

the CNS, nAChRs are expressed in neurons and glial cells,

including microglia, oligodendrocytes, and astrocytes, with

highest expression in astrocytes among the glial cells57,58.

Previous studies have shown that cognitive deficits

associated with AD may be partly caused by dysfunction

of α 7 subtype of nAChR (α7nAChRs) in hippocampal

neurons59. α7nAChRs activation results in Ca2+ influx and

participates in the release of neurotransmitters; α7nAChRs

also regulate neuronal excitability and long-term potentation

(LTP) response, implicating a role for these receptors in

neuronal function59-61. In addition, Aβ42 oligomers released

from neurons can bind directly to α7nAChRs in adjacent

astrocytes, thereby inducing astrocytic glutamate release62.

Excreted glutamate can activate extrasynaptic NMDAR in

neurons residing within neuron/astrocyte conjugates,

resulting in Ca2+ efflux. This triggers multiple events, including

mitochondrial dysfunction, caspase 3 activation, tau

hyperphosphorylation, and excessive production of NO,

ROS and VEG-F. These events result in damage to

dendritic spines and neuronal synapses, disrupting neuronal/

astrocytic communication 4,53,54,63-66.

AD pathogenesis involves pathogenic contributions

from multiple components and alterations in behaviour of

various cell types within the CNS. A model is suggested by

Guo et al66 shown in Figs 6 and 7.

AD and Inflammation:

Neuro-inflammation is the term used to describe

an inflammatory response in the brain, and it could be at

least partially responsible for the early progression of AD .

As mentioned above, Aβ accumulates into deposits called

plaques in the brains of AD patients. Plaques activate the

immune system and are targeted by microglia, causing

prolonged neuro-inflammation in the affected brain

areas63-66. The consistent and early onset of beta-amyloid

accumulation in the APPswe/PS1dE9 model confirms its

utility for studies of biochemical and pathological

mechanisms underlying beta-amyloid deposition, as well

as exploring new therapeutic treatments.In the new study,

scientists tested participants’ blood. The researchers

spotted a difference in immune system cells called

macrophages. Chronic inflammation normally meant to help

keep the brain free of debris. One type of glial cell, microglia,

engulfs and destroys waste and toxins in a healthy brain. In

AD, microglia fail to clear away waste, debris, and protein

collections, including beta-amyloid plaques. Researchers

are trying to find out why microglia fail to perform this vital

function in AD63-66.

Astrocytes–another type of glial cell are signalled

to help clear the buildup of plaques and other cellular debris

left behind. These microglia and astrocytes collect around

the neurons but fail to perform their debris-clearing function.

In addition, they release chemicals that cause chronic

inflammation and further damage the neurons they are meant

to protect. People with dementia seldom have only AD-

related changes in their brains. Any number of vascular

issues–problems that affect blood vessels, such as beta-

amyloid deposits in brain arteries, atherosclerosis

(hardening of the arteries), and mini-strokes–may also be

at play. Vascular problems may lead to reduced blood flow

and oxygen to the brain, as well as a breakdown of the

blood-brain barrier, which usually protects the brain from

harmful agents while allowing in glucose and other necessary

factors. In a person with AD, a faulty blood-brain barrier
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Fig 6 – A Model for Aβ-induced Neurotoxicity and Glial Response in AD [(A) APP processing and Aβ generation. Aβ

is generated by APP cleavage in acidified compartments such as late endosomes, and subsequently released from

neurons. Extracellular Aβ sequentially assemble into Aβ oligomer aggregates (oAβ), fibrils, and ultimately amyloid

plaques. (B) Aβ-mediated neuronal dysfunction. oAβ can disrupt synaptic function through LTP impairment and LTD

enhancement. A variety of potential neuronal Aβ receptors such as EphA4, PrPc, EphB2, NMDAR, and LiLRB2 have

been shown to bind Aβ and transduce synaptotoxicity. SORLA can inhibit EphA4-mediated synaptic and cognitive

dysfunction with oAβ exposure. Fyn kinase is an important regulator for NMDAR-mediated oAβ neurotoxicity. oAβ

also can alter mitochondria function to induce caspase-3 activation, ATP reduction and ROS upregulation, thereby

aggravating synaptic dysfunction. (C) Effects of Aβ on microglia. oAβ may activate microglia through binding to the

putative Aβ receptors such as TREM2, LRP1, RAGE, TLR4 and CD36. Specifically, the binding of Aβ to TREM2

activates SYK pathway through DAP12, an adaptor protein for TREM2, and leads to the degradation of Aβ. (D) Aβ-

dependent microglia/astrocyte interactions, and Aβ-mediated astrocyte dysfunction. APOE released from the astrocytes

binds Aβ, which enhances Aβ/APOE interactions with LRP1. Activated microglia release pro-inflammatory such as

TNF-α, IL-1β, IL-6 and IL-8, which can activate astrocytes. In addition, oAβ can potentially activate astrocytes

directly through α7-nAchR, CaSR, CD36, CD47 and AQP4. Activated astrocytes may damage neurons through

extracellular glutamate dyshomeostasis/excitotoxicity, TNF-α, IL-1β and IL-6]

prevents glucose from reaching the brain and prevents the

clearing toxic beta-amyloid and tau proteins63-65.

reanalysis of previous metabolic and functional studies67.

In total, data from 764 participants were compared across

Metabolic and Functional Studies by Scanning

Tomography:

AD and antecedent factors associated with AD

were explored using amyloid imaging and unbiased

measures of longitudinal atrophy in combination with

five in vivo imaging methods (Figs 8-12). Convergence of

effects was seen in posterior cortical regions, including

posterior cingulate, retrosplenial, and lateral parietal cortex.

These regions were active in default states in young adults

and also showed amyloid deposition in older adults with
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AD. At early stages of AD progression, prominent atrophy

and metabolic abnormalities emerged in these posterior

cortical regions; atrophy in medial temporal regions was

also observed. Event-related functional magnetic resonance

One possibility is that lifetime cerebral metabolism

associated with regionally specific default activity

predisposes cortical regions to AD-related changes,

including amyloid deposition, metabolic disruption, and

Fig 7 – A Model for Tau Pathogenesis [(A) Tau is a microtubule-binding protein, which can undergo various types of

post-translational modifications (PTMs), such as phosphorylation and truncation. Under disease conditions, aberrant

PTMs induce tau dissociation from microtubules, leading to tau aggregation and oligomer formation. Tau oligomers

can further aggregate to form PHFs and NFTs in neurons. Tau aggregates can induce mitochondria fragmentation,

impair synaptic vesicle mobility and release, thereby leading to presynaptic dysfunction. In addition, pathological tau

species such as truncated tau and tau oligomers can be released to the extracellular environment via exosomes or

directly from the plasma membrane. (B) Tau is normally distributed to compartments other than postsynaptic

densities. Hyperphosphorylated and truncated tau species may enter postsynaptic compartments to consequently

impair LTP by modulating Fyn/NMDAR complexes. Extracellular pathogenic tau species may be internalised in

neurons through a HSPGs-mediated pathway to induce the aggregation of intracellular tau. (C) Extracellular tau can

bind CX3CR1 receptors, and subsequently internalised by microglia for degradation. Alternatively, tau released from

neurons can enter microglia through unknown mechanisms. Internalised tau may be modified and re-released from

microglia to the extracellular space via exosomes, and then taken up by adjacent neurons to induce tau propagation.

In addition, pathological tau species can activate microglial NF-êB and NLRP3 inflammasome pathways, leading to

pro-inflammatory cytokine release. Excessive pro-inflammatory cytokines can increase the activity of tau kinases

such as CDK5 and P38, thereby exacerbating tau hyperphosphorylation]

imaging studies further revealed that these cortical regions

are active during successful memory retrieval in young adults.

atrophy. These cortical regions may be part of a network

with the medial temporal lobe whose disruption contributes
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to memory impairment.

Genetic Risk and Disease:

higher. But not everyone who has one or even two APOE

e4 genes develops AD and the disease occurs in many

people who don’t even have an APOE e4 gene, suggesting

that the APOE e4 gene affects risk but is not a cause. Other

Fig 8 – Default Mode Activity in Young Adults Measured by [15O] H2O PET [Transverse (horizontal) sections

through the brain show activity during default states in young adults from ameta-analysis of nine studies (data from

Shulman et al, 1997b). The left hemisphere is displayed on the left. Section labels (at bottom) correspond to the

approximate transverse level from the Talairach and Tournoux (1988) atlas. Scale is in percentage of PET counts.

Notable default mode activity is apparent in medial and lateral posterior parietal regions, extending into precuneus,

posterior cingulate, and retrosplenial cortex, as well as in frontal cortex along the midline]

AD usually begins after age 65 (late-onset AD). The most

common gene associated with late-onset AD is a risk gene

called apolipoprotein E (APOE).

APOE has three common forms:

  *APOE e2 – the least common – appears to reduce the

risk of Alzheimer’s.

  *APOE e4 – a little more common – increases the risk of

Alzheimer’s.

  *APOE e3 – the most common – doesn’t seem to affect

the risk of Alzheimer’s.

Genes aren’t the only factor – Because you

inherit one APOE gene from your mother and another from

your father, you have two copies of the APOE gene. Having

at least one APOE e4 gene increases your risk of developing

AD. If you have two APOE e4 genes, your risk is even

genetic and environmental factors likely are involved in the

development of AD65,66.

Other late-onset genes –  As research on the

genetics of Alzheimer’s progresses, researchers are

uncovering links between late-onset Alzheimer’s and a

number of other genes shown in Table 1. Researchers are

continuing to learn more about the basic mechanisms of

AD, which may potentially lead to new ways to treat and

prevent the disease. As with APOE, these genes are risk

factors, not direct causes. In other words, having a variation

of one of these genes may increase your risk of AD.

However, not everyone who has one will develop AD.

Early-onset AD – A very small percentage of

people who develop AD have the early-onset type. Signs

and symptoms of this type usually appear between ages

As mentioned above, the most common type of

30 and 60 years. This type of AD is very strongly linked to
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Table 1 – Late-onset Genes

your genes.

Scientists have identified three genes in which

mutations cause early-onset AD. If you inherit one of these

mutated genes from either parent, you will probably have

AD’s symptoms before age 65. The genes involved are:

Amyloid precursor protein (APP), presenilin 1, (PSEN1),

presenilin 2 (PSEN2).

Mutations of these genes cause the production of

excessive amounts of a toxic protein fragment called

AD is the most common neurodegenerative disease

that afflicts mankind. Tremendous efforts have been made

in investigating the genetic underpinnings and molecular

pathophysiology of this illness. The heritability of AD is

estimated to be around 60% and about 5% of AD cases

are familiar with early onset caused by gene mutations.

Several genes including APP, PSEN1, PSEN2 and APOE

e4 have been identified to be causative or associated with

AD. This is an overview of AD from the perspective of

amyloid-beta peptide. This peptide can build up in the brain

to form clumps called amyloid plaques, which are

characteristic of AD. A build up of toxic amyloid-beta

peptide and amyloid plaques may lead to the death of nerve

cells and the progressive signs and symptoms of this

disorder.

As amyloid plaques collect in the brain, tau proteins

malfunction and stick together to form NFT. These tangles

are associated with the abnormal brain functions seen in

AD. However, some people who have early-onset AD don’t

have mutations in these three genes. That suggests that some

early-onset forms of AD are linked to other genetic

mutations or other factors that haven’t been identified yet.

some of the latest high throughput technological platforms,

including genome-wide association studies (GWAS),

transcriptomics, proteomics, metabolomics and epigenetics.

These approaches are introduced briefly followed by

discussion of some of the more significant endeavours and

findings. These results, including putative gene loci,

differentially expressed genes, epigenetic effects, etc, may

provide some of the pieces of the AD puzzle. However, a

system approach towards the diverse findings from various

platforms will most likely give us a quantum leap in the

understanding of AD that should lead to breakthroughs in

Gene Status 

ABCA7  The exact role of ABCA7 isn’t clear, but the gene seems to be linked to a greater risk 
of Alzheimer disease. Researchers suspect it may have something to do with the 
gene’s role in how the body uses cholesterol 

CLU This gene helps regulate the clearance of amyloid-beta from the brain. Research 
supports the theory that an imbalance in the production and clearance of amyloid-beta 
is central to the development of Alzheimer disease 

CR1   A deficiency of the protein this gene produces may contribute to chronic 
inflammation in the brain; inflammation is another possible factor in the development 
of Alzheimer disease 

PICALM This gene is linked to the process by which brain nerve cells (neurons) communicate 
with each other; smooth communication between neurons is important for proper 
neuron function and memory formation 

PLD3  Scientists don’t know much about the role of PLD3 in the brain, but it’s recently been 
linked to a significantly increased risk of Alzheimer disease 

SORL1 Some variations of SORL1 on chromosome 11 appear to be associated with 
Alzheimer disease 

TREM2  This gene is involved in the regulation of the brain’s response to inflammation; rare 
variants in this gene are associated with an increased risk of Alzheimer disease 

 

diagnosis, tracking the disease progress, drug discovery

and development65,66.
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Drugs and Clinical Trials:

So far, the FDA has only approved five drugs for

AD. Significantly, these drugs merely modulate AD

Immunotherapeutic approaches targeting Aβ have also been

subjected to clinical testing. Aducanumab (Biogen/Eisai) is

a human monoclonal antibody targeting amyloid β fibrils

Fig 9 – Amyloid Deposition in Older Adults Measured by [11C]PIB [The format is similar to Fig 1. The scale is a

percentage of uptake above brainstem activity. The top image shows non-demented older adults (n=6) who have

minimal amyloid deposition (PIB ). There is non-specific binding of [11C]PIB in white matter. The middle image

shows non-demented older adults (n=2) who have significant amyloid deposition (PIB), perhaps indicating

preclinical AD. The bottom image shows demented older adults (n=10). Notable amyloid deposition is apparent in

medial and lateral posterior parietal regions, extending into precuneus, posterior cingulate, and retrosplenial cortex,

as well as in frontal cortex along the midline. Medial temporal amyloid deposition is minimal. This pattern of

amyloid deposition in AD is reliable across separate participants groups (supplemental Fig 1, available at

www.jneurosci.org as supplemental material)]

and soluble oligomers68. Recently, Biogen has announced

that higher dosages of aducanumab show 23%

improvement in AD patients.

Tau is also a critical therapeutic target in AD.

Moreover, use of tau kinase inhibitors such as the GSK-3

inhibitor tideglusib to attenuate pathological tau

symptoms; no drugs have been shown to effectively prevent

or stop AD progression. Most AD models comprise

transgenic mutants associated with familial early-onset AD,

which may not be ideal for sporadic AD research, given

that more than 95% of all AD cases are sporadic68.Clinical

trials targeting Aβ production have seen very little success.
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hyperphosphorylation also showed little or no efficacy in

phase 2 trials, probably due to the critical role of GSK-3

Conclusions:

Fig 10 – Longitudinal Atrophy in Older Adults Measured by Structural MRI [The format is similar to Fig 1. The scale is

atrophy rate, per year. The top two rows show non-demented (n= 44) and demented (n= 40) individuals. The demented

group includes all participants classified as CDR 0.5 or 1 coincident with the first imaging session. Atrophy is clearly

apparent in the medial temporal lobe. In the cortex, posterior cortical regions, extending into precuneus, posterior

cingulate, and retrosplenial cortex, show prominent atrophy. The bottom three rows show atrophy sorted by disease

severity. Converters (n= 8) were non-demented (CDR 0) at initial imaging and progressed to very mild dementia (CDR

0.5) during the study. Very mildly demented individuals (n = 31) were all enrolled at CDR 0.5. Mildly demented

individuals (n= 9) were enrolled at CDR 1. Although the topography of the atrophy pattern is preserved across levels of

dementia severity, clear acceleration of atrophy rate is apparent as disease severity increases. In the converter group,

the earliest indications of atrophy are observed in the medial temporal lobe and posterior cortical regions]

in multifunctional signalling pathways 69,70. pathogenesis. Early-onset AD is mainly due to mutations in

Genetic factors can cause or affect AD
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APP and PS1/2, which are involved in Aβ generation, while

late-onset AD is largely associated with a group of genes

enriched in glial cells, such as APOE and TREM2, which

pathogenesis via various mechanisms. Despite much

knowledge that we have gained, no effective treatment

strategies for AD have been successfully developed.

Fig 11 – Metabolism Reduction in Alzheimer Disease Measured by FDG-PET [The format is similar to Fig 1. The scale

reflects the slope of the regression between CMRgl and dementia severity as measured by the MMSE. All included

participants (n =395) were demented (data from Herholz et al, 2002). Regions showing metabolism reduction as

dementia severity increases include posterior cortical regions near precuneus extending into posterior cingulate and

retrosplenial cortex, as well as to lateral temporoparietal regions]

of AD. In addition, other factors such as ageing, metal ion,

virus, and microbiota may also contribute to AD

early onset forms of the disease. Importantly, there are no

drugs targeting Aβ that have been proven safe for clinical

Fig 12 – Retrieval Success Effects in Young Adults Measured by Event-related fMRI [The format is similar to Fig 1.

The scale reflects the number of independent conditions/studies that showed significant differences between hits and

correct rejections in a meta-analysis of studies. Regions within precuneus extending into posterior cingulate and

retrosplenial cortex, as well as lateral parietal cortex and a frontal region near premotor cortex, all showed significant

retrieval success effects in 100% (8 of 8) of the included studies]

are important for Aβ clearance and glial function. Therefore,

differential mechanisms may be involved in different forms

Intervention for early-onset AD may require treatment at a

young age, as Aβ aggregation and accumulation manifests
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treatment for youths. Mechanisms for late-onset/sporadic

AD are complex, and subtypes of late-onset AD may exist.

However, most of the available AD animal models carrying

early-onset AD-associated mutations can only mimic early-

onset AD. Development of animal models to recapitulate

pathogenesis of late-onset AD may be beneficial to compare

early and late stage forms of AD. This may uncover

mechanisms specific to late-onset AD which represents over

90% of AD cases, and potentially provide new insights to

therapeutic targets for treatment.
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