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1. ABSTRACT

Both the early and late-onset Alzheimer's disease
affect millions of people throughout the world. A number
of molecules have been implicated in the pathogenesis of
Alzheimer’s disease. These include presenilin 1 and 2
(PS1 and PS2), a β-amyloid peptide, and tau protein.
Presenilin 1 and 2 genes implicated in the early-onset
familial Alzheimer’s disease have been cloned. Both PS1
and PS2 are integral membrane proteins and may function
as  receptors or channel proteins. Missense mutations in
PS1 and PS2 genes have been found in families that
cosegregate with early-onset Alzheimer’s disease.
Overexpression of the mutated PS1 gene produced
amyloid plaques in the brain of transgenic mice. Secreted
β-amyloid protein similar to that in the senile plaques of
Alzheimer’s disease was found to be elevated in fibroblast
media from subjects with PS1 or PS2 mutations.
Transgenic mice which carried the mutant form of the β-
amyloid precursor protein gene expressed high
concentrations of mutant copy of the gene and exhibited
abundant amyloid plaques in the brain and memory loss.
The mutated PS2 gene enhanced apoptotic activity. This
enhanced apoptotic activity may  accelerate the process of
neurodegeneration leading to an earlier age in the onset of
the disease.  Identification of lesions in the
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molecules that are important in the Alzheimer’s disease
should allow developing therapeutic approaches for its
treatment.

2. INTRODUCTION

Alzheimer's disease (AD) is a neurodegenerative
disorder characterized by a progressive decline in memory,
judgment, ability to reason, and intellectual function and is
accompanied by a wide range of neuropathologic features
including extracellular amyloid plaques and intra-neuronal
neurofibrillary tangles (1, 2). The cause of AD is unknown
and as yet no cure for this disease is available. AD afflicts
approximately 4 million American adults. More than
100,000 victims die annually of complications of AD
making it the fourth leading cause of death in adults after
heart disease, cancer, and stroke. The disease is caused by
the degeneration of neurons in the brain. Complications
associated with AD usually result in death within 10 years
from the onset of the disease.

Although the etiology of this disease is complex, at
least three genetic loci that confer inherited susceptibility
to this disease have been identified. A locus (AD3)
mapped by linkage studies to human chromosome 14q24.3
may account for 70% of early-onset (onset at age 30-50
years) autosomal dominant AD (3). Early-onset AD
comprises up to 10% of all cases of AD (3-6). Mutations
in the gene for the β-amyloid precursor protein (APP) have
been found in a small number of families (<3% of cases)
with a disease onset before 65 years of age (7, 8). The
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apoE4 allele of the apolipoprotein E (apoE) is associated
with a significant proportion of cases with late onset (>60
years) AD which comprises more than 90% of AD cases
(9).

Recently two early onset AD genes (S182 and
STM2) have been identified (4, 10, 11). These genes are
called presenilin 1 and 2 (PS1 and PS2), respectively. PS1
and PS2 genes are mutated in about half of all inherited
cases (5, 6, 10, 11). On the other hand, mutation of the
gene encoding the β-amyloid peptide BA4 is seen in a few
percent of patients with AD. Mutated forms of PS1 and
PS2 genes cause increased production of β-amyloid
peptide BA4 from its precursor and lead to formation of
abundant amyloid plaques and memory loss (12, 13).
Mutated PS2 gene can cause increased apoptotic activity
and thus accelerate the process of neurodegenaration (14).

In the late onset AD, an increased frequency of
type 4 apolipoprotein E (apoE4) allele has been described
(9). In 42 families with late onset AD, with increasing
apoE4 allele, the risk of AD increased from 20% to 90%
and the mean age of onset of the disease decreased from
84 to 68 years (15). ApoE4 is found in senile plaques, in
neurofibrillary tangles and at the sites of congophilic
angiopathy in Alzheimer’s disease and in the prion protein
amyloid plaque of Creutzfeldt-Jacob’s disease and scrapie
(16-18). ApoE4 binds to beta amyloid peptide (BA4) in
vitro (19). The localization of apoE4 in the pathological
lesions of Alzheimer’s disease suggests a functional
pathogenic role for apoE4. Binding of apoE4 to BA4
peptide may be a requisite step in tagging these peptides
for their intra and extracellular metabolism. Genetically,
apoE4 allele is found to be associated with an increased
susceptibility to Alzheimer’s disease and appears to be a
possible risk factor or susceptibility gene in the late-onset
familial and sporadic Alzheimer’s disease. The association
of apoE4 with AD suggests that  1) the apoE transport
system is involved in the pathophysiology of the disease or
2) the apoE4 allele is in genetic dysequilibrium with
another gene that is involved in the development of the
disease.

3. DISCUSSION

3.1. Genes for Early-Onset Familial Alzheimer's
Disease.

Recently, two genes, one on  human chromosome 1
and the other on chromosome 14, thought to be implicated
in most types of early-onset, familial Alzheimer's disease,
have been identified (4, 10). These two genes cause 70%
to 80% of early-onset familial cases, which comprise up to
10% of all cases of the disease. Schellenberg et al.
reported that a gene causing a high percentage of familial
Alzheimer's disease is present on  chromosome 14 (3).
Specific DNA markers were identified in families prone to
AD. These markers allowed to narrow the DNA region on
chromosome 14 as a possible locus for the early onset AD
gene. Using gene hopping technique, Sherrington et al.

isolated a gene that was mutated in family members with
Alzheimer’s disease (4). This new gene is called
presenilin 1 (PS1 or S182). In seven families five different
mutations in the PS1 gene were found (4).

The second cloned gene, located on chromosome 1,
also encodes an integral membrane protein STM2 (10,
11). STM2 is now called Presenilin 2 (PS2) gene. The
amino acid sequence of PS2 is 67% homologous to PS1.
This homology indicates that PS1 and PS2 may have
similar function.

3.1.1. Hypothetical Function (s) of Presenilin 1 Gene.
From its sequence, the product of the PS1 gene

appears to be a protein that is firmly embedded in one of
the many membranes of the cell. Therefore, PS1 can be a
receptor, achannel protein, or a structural membrane
protein. The PS1 gene is expressed both in neuronal and
non-neuronal tissues (4). The expression of the PS1 in
non-neuronal tissues does not negate its role in AD,
because genesis of the AD phenotype probably requires
interactions of PS1 with other proteins like APP, apoE4,
and tau (4). PS1 also has some sequence homology with
the membrane protein, SPE-4, of the nematode C. elegans
(4). Similarity between SPE-4 and PS1 gene products
suggest that they may have similar functions. Studies of
worms in which SPE-4 is mutated showed that the SPE-4
gene product was needed for transporting proteins between
cellular compartments during the formation of sperm (4).
The similarity between PS1 and its homologue SPE-4
raises the possibility that it may also be involved in
protein transport within cells (4). It has been hypothesized
that PS1 may be involved with the packaging of APP in a
vesicle and its delivery to portions of the neurons where it
is going to be processed normally (4). Defects in the PS1
gene may cause a snag in APP's travel through the cell,
possibly detaining it in a spot where it is more likely to be
cleaved to β-amyloid (4).

3.1.2. Transgenic Mice Expressing Presenilin 1 Gene.
Recently, transgenic mice overexpressing mutant

form of the human PS1 gene have been developed (12).
These mice show highly increased concentrations of BA4
in their brains. Since these mice are only 7 months old,
they can not yet be tested for Alzheimer’s related
pathologies, such as the formation of amyloid plaques and
neurofibrillary tangles, for another few months.

3.1.3. Possible Role of the PS1 Gene in the
Development of Alzheimer’s Disease.

Protein produced by the PS1 gene may be needed
for the proper operation of a major developmental
regulatory pathway known as Notch pathway (20). Notch
protein transmits signals needed to make cell-fate
decisions—such as whether to develop into nerve or
muscle cells (20). PS1 may play an important role in
helping bring Notch protein to its normal location, the
external cell membrane. Disruption of both PS1 and Notch
genes in knockout mice caused death of mice due to brain
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hemorrhages which implies a functional link between
these two genes (20).

A large body of evidence shows that mutations in
presenilin 1 somehow alter the way the cells handle
amyloid precursor protein (APP). When APP is processed
in cells, it can release β-amyloid (BA) fragments of
varying lengths, but BA4 variant particularly appears
cytotoxic. BA4 is the predominant variant of amyloid
protein in the plaques of Alzheimer’s disease (2). BA4 is
precisely the variant increased by PS1 mutations
introduced in transgenic mice (12, 13). Therefore, It has
been speculated that newly synthesized APP is folded and
processed in the endoplasmic reticulum and Golgi for
transport to the cell interior (12, 13). Ordinarily, proteins
that fold improperly are destroyed (12, 13). Mutated PS1
may allow misfolded APP to accumulate in cells, whereas
the wild type protein may destroy the misfolded APP (12,
13). Misfolding, in turn, might be what causes the APP to
be cut in the wrong place, releasing the extra BA4 (12,
13).

3.1.4. Mutated PS2 Gene May Enhance Constitutive
Programmed Cell Death in the Brain of Alzheimer’s
Patients.

Recently a mouse gene called apoptosis-linked
gene-3 (ALG-3) has been cloned and found to have 100%
sequence homology with human PS2 gene (21). Therefore,
ALG-3 is the mouse homologue of PS2 (21). Transfection
of cells with ALG-3 gene conferred resistance to T cell
receptor-induced cell death (21). This finding raises the
possibility that cell death plays an important role in the
pathophysiology of Alzheimer’s disease (21).

Overexpression of PS2 in nerve growth factor-
differentiated PC12 cells increased apoptosis induced by
β-amyloid (14). On the other hand, transfection of
antisense PS2 conferred protection against apoptosis
induced by amyloid precursor protein-expressing PC12
cells (14). Mutated PS2 gene in Alzheimer’s disease was
found to enhance  constitutive apoptotic activity (14). This
enhancement, due to mutation in PS2 gene, may accelerate
the process of neurodegeneration in AD (14). Therefore,
constitutive activation of PS2 by mutation increases the
susceptibility of neurons to apoptotic stimuli that could
sensitize neurons to the harmful insults of aging, such as
free radical-mediated oxidation and neurotoxicity resulting
from aggregated BA4 (14). The accelerated rate of
neuronal cell death that occurs in the brains of
Alzheimer’s patients may, therefore, result from the
additive effects of activated apoptosis, aging, and BA4
toxicity (14).

3.2. Role of ββ-Amyloid Protein in Alzheimer’s Disease.
The senile plaques of AD consists of extracellular

deposits of amyloid surrounded by glial cells and
degenerating neurites. The amyloid core consists largely of
a 4.2 kDa peptide (BA4) derived from a larger precursor
called amyloid precursor protein (APP). The APP is

normally present in the plasma membrane of neurites.
BA4 is the main component of the neurite plaques which,
together with the neurofibrillary tangles, constitute the
neuropathological features that confirm AD (2). Mutations
of the APP, from which BA4 originates, are present in a
limited number of AD cases ( 1 to 5%) (22), and altered
APP processing has been proposed to result in the
generation of amyloidogenic protein fragments (23). In
AD, stellate neurons in layer II of the entorhinal cortex are
affected early in the disease process and sustain a heavy
damage. Such selective neuronal vulnerability is a product
of cell-specific expression of genes and interactions of
gene products that are required in the maintenance of
cellular homeostasis and differentiation, and all in the
context of response to external stimuli.

3.2.1. A Transgenic Mouse Model with Mutated
Amyloid Precursor Protein Gene of Alzheimer’s
Disease.

A transgenic mouse model has been developed
which carries a mutant form of the β-amyloid precursor
protein gene (24). This mouse expresses high
concentrations of mutant copy of the gene which is linked
to Alzheimer’s disease, exhibits abundant amyloid plaques
and shows evidence of memory loss (24). This new
transgenic mouse may allow unraveling the complex
processes of APP expression, plaque formation, neuronal
degeneration, and memory loss associated with AD.

3.2.2.  ββ-Amyloid  Induces Alzheimer’s Phenotype by
Virtue of Altering Potassium Channels.

β-amyloid is the main constituent of neurite
plaques and may play a role in the pathophysiology of
Alzheimer’s disease. Mechanisms by which soluble β-
amyloid might produce early symptoms such as memory
loss, before diffuse plaque deposition, have not been
determined. Treatment of fibroblasts with β-amyloid (10
nM) induced the same potassium channel dysfunction
previously shown to occur in fibroblasts of patients with
Alzheimer’s disease (25, 26). Therefore, β-amyloid may
alter potassium channels in AD patients and by impairing
the neuronal function lead to symptoms such as memory
loss by  means other than plaque formation. If K+ channel
dysfunction occurs in the central nervous system neurons,
it might affect brain functions such as memory storage,
which has been found to involve long-term changes of K+

channels (25).

3.3.  Alzheimer’s Disease; the Zinc Connection.

BA4 is the main constituent of Alzheimer’s
plaques, and was recently shown to be present in a soluble
form in the cerebrospinal fluid (2, 9). Bush et al. reported
that from transition metals, zinc more effectively bound to
BA4 and led to the formation of amyloid clumps (27). At
low concentrations such as those found in the
cerebrospinal fluid, zinc bound to BA4 without causing it
to clump and precipitate out of solution. But at higher
concentrations, zinc led to a rapid clumping of the peptide.
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The clumps were similar in size to the naturally occurring
amyloid plaques, and fluoresced under the polarized light.
So it is conceivable that under certain conditions sufficient
concentrations of zinc cause precipitation and clumping of
BA4.

3.4.  Role of ApoE4 in the Pathophysiology of
Alzheimer's Disease.                               

Apolipoprotein E is a 299 amino acid
sialoglycoprotein with an apparent molecular weight of 35-
39 kDa (28). ApoE has three common alleles, apoE2,
apoE3 and apoE4, which differ in cysteine-arginine
interchanges (28). ApoE2 contains two cysteine residues
one in each of positions 112 and 158. ApoE3 contains one
arginine in place of cysteine at residue 158. ApoE4
contains arginines in place of cysteines in both the
positions 112 and 158.

Apolipoprotein E is one of the eight well
characterized apolipoproteins involved in the cholesterol
transport.

An increased frequency of apoE4 allele in late
onset AD has been described (9). As compared with 31%
of control subjects, 80% familial and 64% of sporadic late
onset AD have at least one apoE4 allele. Homozygosity for
the apoE4 allele is sufficient to cause AD by the age of 80.
ApoE genotyping can be easily achieved by PCR (29)

3.4.1. Binding Properties of ApoE4.

             In addition to receptor-binding properties, apoE
binds to a number of other substances including
glycosaminoglycans (GAGs) (30), urate crystals (31), and
amyloid including the Alzheimer β-amyloid peptide A4
(19). ApoE4 has been found to be present in the senile
plaques in AD (32). In vitro, apoE in the cerebrospinal
fluid binds to synthetic beta A4 peptide (the primary
constituent of the senile plaque) with a high avidity (19).
Both apoE3 and apoE4 bind to the synthetic BA4 (19).
This binding requires residues 12-28 of BA4 and residues
244-272 of apoE. Complex formation is mediated by
oxygen and occurs an order of magnitude faster with
apoE4 than apoE3. It is not known whether the
dependence of apoE:BA4 complex formation on oxygen
results from oxidation of apoE or from oxidation of BA4.
The involvement of oxygen in binding of apoE to BA4
lends support to the suggested involvement of oxidative
stress in the pathogenesis of AD. In the presence of β-
VLDL, apoE3 was found to increase neurite outgrowth,
whereas apoE4 decreased outgrowth (33). This suggests
the involvement of apoE4 in the degeneration of the
neurons.

In addition to receptor-binding properties, apoE
binds to a number of other substances including
glycosaminoglycans (GAGs) (30), urate crystals (31), and
amyloid including the Alzheimer β-amyloid peptide A4
(19). ApoE4 has been found to be present in the senile
plaques in AD (32). In vitro, apoE in the cerebrospinal
fluid binds to synthetic beta A4 peptide (the primary
constituent of the senile plaque) with a high avidity (19).
Both apoE3 and apoE4 bind to the synthetic BA4 (19).

This binding requires residues 12-28 of BA4 and residues
244-272 of apoE. Complex formation is mediated by
oxygen and occurs an order of magnitude faster with
apoE4 than apoE3. It is not known whether the
dependence of apoE:BA4 complex formation on oxygen
results from oxidation of apoE or from oxidation of BA4.
The involvement of oxygen in binding of apoE to BA4
lends support to the suggested involvement of oxidative
stress in the pathogenesis of AD. In the presence of β-
VLDL, apoE3 was found to increase neurite outgrowth,
whereas apoE4 decreased outgrowth (33). This suggests
the involvement of apoE4 in the degeneration of the
neurons.

In normal humans, apoE is localized to astrocytes
and in microglial cells. At autopsy, AD patients who are
homozygous for apoE4 allele (E4E4) exhibit more highly
developed senile plaques than other AD patients (34). In
patients with AD, apoE is found in vascular endothelial
cells in senile plaques. Exaggerated apoE gene expression
was associated with low LDL cholesterol and low total
cholesterol in plasma due to the higher clearance of
chylomicrons, VLDL and VLDL remnants (35).
Conversely, apoE gene knockout in mice resulted in a
higher plasma total cholesterol due to lack of clearance of
above lipoproteins by their respective receptors (36, 37).
However, enhanced expression of apoE (33) or knockout
of apoE gene (36, 37) have not led to disturbed brain
function.

ApoE gene is localized on human chromosome
19q13.2 within the region linked to the late-onset familial
AD (38). Significant association of E4 with late onset form
of familial AD further indicates the direct or indirect
involvement of apoE gene in the pathogenesis of AD (9).
Binding of BA4 to apoE in cerebrospinal fluid and
presence of chylomicron remnant receptor (LRP) to senile
plaques implicate apoE and LRP in the pathogenesis of
AD (9, 39).

3.5. Role of Tau Protein in the Generation of
Neurofibrillary Tangles in the Alzheimer’s Disease.

There are two major pathological features of AD.
One is the formation of senile plaques and the other is the
generation of neurofibrillary tangles. Microtubule
associated protein, tau, is a major component of
neurofibrillary tangles and makes up the paired helical
filaments that comprise the neurofibrillary tangles (40). By
binding to microtubules, tau proteins leads to their
stabilization. Evidence suggests that if tau becomes
phosphorylated, it loses its ability to bind the
microtubules. This, presumably, allows degeneration of
microtubules and ultimately leads to the death of the
neurons (40). The isoform specific effects of apoE3 and
apoE4, and β-VLDL on neuronal growth and branching
suggest that isoform-specific effects of the interaction of
apoE with tau protein or other cellular proteins may play a
role in the development of AD (33). According to a theory,
apoE3 strongly binds to tau protein, but apoE4 does not
bind to tau (33). ApoE3 binding to tau will protect tau
from phosphorylation and prevent formation of



 Genes implicated in Alzheimer’s Disease

257

neurofibrillary tangles in AD patients (33). On the other
hand, apoE4 does not bind to tau and thus could contribute
to the phosphorylation of tau which may cause the
formation of neurofibrillary tangles in AD patients (33).

Proline-directed kinases such as mitogen-activated
protein (MAP) kinases, cyclin-dependent protein kinase 5
(CDK5) and glycogen synthase 3 (GSK3) have been
implicated in the hyperphosphorylation of the tau protein
in the Alzheimer’s disease (41). Alzheimer’s disease may
result from the accumulated defects in the proline-directed
kinases such that their inappropriate activation is
sustained in the affected neurons (41). Also implicated in
the pathogenesis of AD are phosphatases which are
involved in the regulation of phosphorylation of tau (40).
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