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ABSTRACT

Senile plaques are considered by many to be the most
consistent neuropathologic feature of Alzheimer’s disease, but
they are also present in the brains of non-demented, elderly
subjects. Recent reports (Sparks et al, 1990, 1993) suggest
that non-demented patients with critical coronary artery
disease show a higher prevalence of senile plaques than non-
demented subjects without heart disease. The present study
analyzes 40 autopsy brains which were divided into three
groups according to the clinico-pathological findings: an
Alzheimer’s disease group (n=12), a severe cardiovascular
disease group (n=17) and a control group (n=11). The brain
areas examined were the middle frontal gyrus, the superior and
inferior watershed areas, the hippocampal formation with the
transentorhinal cortex, the primary visual cortex, the head of
the caudate nucleus and the anterior lobe of the cerebellum.
Consecutive sections were stained with cresyl violet, the
modified Bielschowsky method and immunohistochemistry for
amyloid beta-protein. Senile plaques and neurofibrillary
tangles were counted in three and six microscopic fields at
X100 and X200 magnification, respectively, and the mean values
of the counts were calculated and used for statistical
analysis. Patients with severe cardiovascular disease
(critical coronary artery disease and/or hypertension) showed
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a higher prevalence of senile plaques than the non-demented
controls. In the cardiovascular disease group senile plaque
counts were significantly larger in the inferior watershed
area, dentate gyrus, subiculum and transentorhinal cortex.
Cont:xol and cardiovascular disease patients showed no
difference regarding the prevalence and number of
neurofibrillary  tangles. In the sample examined,
cardiovascular disease patients occupied an intermediate
position in the spectrum of senile plaque formation between
Alzheimer’'s disease and non-heart disease patients. These
results suggest that there might be a cardiovascular component
in the genesis of senile plaques and that study of patients
with severe cardiovascular disease may help to clarify the

origin and evolution of these lesions.
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INTRODUCTION

1.1) Dementia and Alzheimer’'s disease

Dementia is a clinical syndrome with many different
causes. According to the American Psychiatric Association
(1987), the essential feature of dementia is impairment in
short- and long-term memory, associated with impairment in
abstract thinking and judgement, other disturbances of higher
cortical function, or personality change, in the absence of
gross clouding of conciousness. The disturbance is severe
enough to interfere significantly with work or usual social
activities or relationships with others.

In the last decade, developments in brain imaging,
precise psychological tests, immunohistological techniques,
and molecular biology have greatly increased our knowledge of
many aspects of the dementing syndrome, and in particular of
Alzheimer’s disease (AD). This explosion in investigation and
knowledge has been driven not only by advancing techniques,
but also by the recognition of the impact that the increasing
lifespan of the population has had on social and financial
structures of the economically advanced countries.

All western nations have seen great increases in both the
number and the proportion of elderly individuals in their

populations. As more and more people survive into old age, the
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incidence of dementing illnesses, and particularly that of AD,
increases, laying a greater burden on hospital services. These
demographic changes and their consequences are profoundly
influencing changes in the patterns of health care as well as
priorities in biomedical research.

Dementia can occur at any age. It is, however, uncommon
below 60 years but increases sharply in prevalence after this
age. The most frequently quoted rates suggest that around 5%
of the population above 65 and up to 25% of those over 80
years are demented (Tomlinson, 1992). Henderson and Kay (1984)
summarized a group of important surveys on the prevalence of
dementia. The actual percentage of affected people in five
surveys between 1956 and 1975 was widely variable, but all
revealed steep rises above 75 years and in all the surveys
there was some evidence of dementia in more than 20% of people
above 85 years. A more recent report (Evans et al., 1989),
based on a study of noninstitutionalized individuals in East
Boston, showed clinically diagnosed probable AD in 3% of
subjects aged 65 to 74, 18.7% of subjects aged 75 to 84, and
an astonishing 47.2% of subjects over 85 years.

In the age group over 60 years, there is a very wide
variety of causes of dementia. These include cerebrovascular
changes (multi-infarct dementia); central nervous system
infections (tertiary neurosyphilis, tuberculous and fungal

meningitis, viral litis, human i deficiency virus-
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related disorders, Creutzfeldt-Jakob disease); brain trauma
(especially chronic subdural hematoma); toxic-metabolic
disturbances (pernicious anemia, folic-acid deficiency,
hypothyroidism) ; normal-pressure hydrocephalus; neurologic
diseases (Huntington'’s chorea, multiple sclerosis, Parkinson's
disease) ; and postanoxic or posthypcglycemic states. However,
despite these many causes, the most common condition producing
dementia is AD (American Psychiatric Association, 1987; Koo
and Price, 1993; Tomlinson, 1992).

In an autopsy study of demented patients Tomlinson,
Blessed and Roth (1970) observed that about 50% of the cases
showed features of AD in a pure form. In around 15% extensive
evidence of cerebral softening was the only major pathological
lesion found, and in about 10% the two degenerative processes
were combined. In a further 15% there were Alzheimer-like
changes, with and without some cerebral softenings, but their
quantitative grading was not high enough for a firm diagnosis.
In about 4% other specific abnormalities such as Pick's
disease or tumors were found, but no adequate morphological
basis for dementia was detected in the remaining 6%.

A later study reporting on a larger group of demented
patients (Jellinger, 1976) also found that dementia of
Alzheimer type accounted for just over half the cases, while
nearly a quarter belonged to the vascular type, and the two

were combined in 13%. Cerebral tumors, Pick’s disease and



other rarer conditions accounted for the remaining 12%.

These studies found that in 10 to 15% of the cases the
lesions of AD and cerebral infarction occurred together to an
extent that may justify the diagnosis of dementia due to mixed
genile and vascular changes.

The terminology related to AD is now more or less
consistent, although there are still contradictions about
separating presenile from senile AD (Roth, 1985). The former
is largely genetically determined and associated with severe
neuropathological changes which differentiate it completely
from anything seen in age-matched controls; by comparison, the
latter may occur with little or no evidence of genetic
determination and may present changes which are closer to
those found in the normal aged brain.

Some authors prefer to use the term "Alzheimer’s disease"
for the presenile form that matches bett‘er the case originally
described by Alois Alzheimer in 1907, while the terms "senile
dementia" or "senile dementia of the Alzheimer type" have been
commonly used to refer to the senile form. However, the
proposed separation of AD and senile dementia has never been
totally accepted, and the majority opinion now places these
two disorders in one category (Tomlinson, 1992). We are going
to accept this general criterion, and the term "Alzheimer’s
disease" will be used throughout this work to refer to both

the presenile and senile forms.
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Clinically, AD is characterized by an insidious onset and

a progressive and deteriorating course. In the early stages,
memory impairment may be the only apparent cognitive deficit.
There may also be subtle personality changes, such as apathy,
lack of spontaneity, and quiet withdrawal from social
interactions. People usually remain neat and well-groomed,
and, aside from an occasional irritable outburst, are
cooperative and behave in a socially appropriate way.
Disturbance of speech functions can be also an early symptom
(e.g., anomia, echolalia, difficulty in comprehending written
or oral speech). If the patient has insight into the
deterioration, he may become depressed, and depression occurs
in about 25% of the patients. With progression of the disease,
various cognitive disturbances become quite apparent, and
behavior and personality are more obviously affected. By the
late stage, the person may be completely mute and inattentive.
At this point the patient is totally incapable of caring for
himself and many are partly or completely incontinent. In
many, but not all patients, there is extreme wasting. Terminal

a is the tem finding to which

death is immediately attributable (American Psyciatric
Association, 1987: Katzman, 1989; Tomlinson, 1992).

Women are affected more often than men, the proportion
being about 2:1 (Aronson et al., 1990; Rocca, Amaducci and

Schoenberg, 1986; Tomlinson, 1992). The duration of the
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illness is variable, but it is considered to be 5 years on
average. Occasional cases survive only a few months, but
survival as long as 21 years has been recorded. It has been
observed that progression of the disease in presinile-onset
cases is faster than in senile-onset cases (Seltzer and
Sherwing, 1983).

A field that has attracted increasing interest is that of
potential risk factors for AD. So far, the most convincing
association with AD, beyond increasing age, is the presence of
a family history of dementia (Henderson, 1990; Mohs et al.,
1987) . A recent study (Mendez et al., 1992) showed similar
results, the AD patients had more first-degree demented
relatives than the non-AD dementia group or the normal elderly
cases, but surprisingly, in the group of AD patients with a
family history of dementia the disease started at a later age
than in those without an affected relative, a finding that
contradicts the more traditional view which considers family
history of dementia more closely related to early-onset AD
than to late-onset AD (Breitner et al., 1988).

Two other factors seem to be also associated with
increased risk for AD: head trauma and Down’'s syndrome
(Horvath et al., 1989), although the validity of the former
has been questioned by some studies (Aronson et al., 1990;
Mendez et al., 1992). The presence of Alzheimer-type

histological lesions in all Down’'s syndrome patients who die
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over the age of 30 years (Malamud, 1972; Wisniewski,
Wisniewski and Wen, 1985) has suggested that the pathological
process in Down’s syndrome from early middle life is similar
to that occurring in AD several decades later. This probable
link has given additional support to the genetic hypotheses of
AD and has become stronger after discovering that the gene
coding for the precursor molecule of beta-amyloid protein is
located on chromosome 21 (Goldgaber et al., 1987).

At the same time, studies with monozygotic twinsg have
shown that concordance for AD is less than 60%, indicating
that other factors, probably enviromental (e.g., toxic,
infectious), play an important role in the pathogenesis of the

disease (Horvath et al., 1989; Katzman, 198¢, 1989).

s disease

1.2.1) General features

Grossly, the brain of patients with AD is usually
strikingly atrophic, particularly in presenile cases,
areraging about 1000 g. This results in an abnormally large
subarachnoid space, with pools of cerebro-spinal fluid
separating the arachnoid from the retracted cortex, and

enlargement of the ventricles. The cortical atrophy is usually
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symmetrical and although to some degree generalized, tends to
af fect particularly the frontal and temporal lobes (American
Academy of Neurology, 1980; Tomlinson, 1992). Some studies,
however, have shown posterior parietal atrophy té be most
marked (Brun and Englund, 1981; de la Monte, 1989), a result
that correlates with in vivo reports of reduced metabolic
activity and blood flow in the temporoparietal region of AD
patients (Burns et al., 1989; Eberling et al., 1992; Friedland
et al., 1987; Jobst et al., 1992; Prohovnik et al., 1988). The
degree of shrinkage, in general, is far from constant and may
occasionally be absent, particularly in old age, even though
widespread histological evidence of AD is found (Tomlinson,
1992).

According to Corsellis (1976), the average reduction in
volume of the cerebral hemispheres in elderly women with AD is
about 18%. Hubbard and Anderson (1981) observed that in older
AD patients (more than 80 years) cerebral atrophy was less
marked and largely affected the temporal lobes by comparison
with the younger group in which the gyral atrophy was more
diffuse and significantly greater.

A more recent and very detailed work (de la Monte, 1989)
showed reduction in cross-sectional area (7% to 19%) at five
different levels of the brains of AD patients. The loss of
cerebral cortex ranged from 13% to 24% and that of white

matter from 3% to 19%. Ventricular enlargement, greatest in
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the occipital slices, was present in all the Alzheimer cases.
The author concluded that in AD the cerebral hemispheres
undergo a degree of collapse or contraction along with the
progressive atrophy, this observation being supported by the
fact that the relative dilatation of the ventricular system
was considerably less than would be expected on the basis of
tissue loss.

There is still some doubt about whether the cortical
atrophy in AD involves narrowing of the cortical ribbon, or
shortening of cortical length or a combination of both. Many
older textbooks stressed the marked narrowing of the cortical
ribbon as an important factor leading to cortical atrophy, but
Tomlinson (1992) mentioned that his personal observations have
never confirmed that this is obvious, except in the medial
temporal cortex. Furthermore, two quantitative studies
(Duyckaerts et al., 1985; Najlerahim and Bowen, 1988) have
concluded that reduction in cortical length is a major factor
in cortical atrophy.

Microscopically, AD is characterized by the presence of
numerous senile plaques (sP) and neurons containing
neurofibrillary tangles (NFT) throughout most areae of the
cortex and in many subcortical nuclei. In the hippocampus,
numerous pyramidal cells are affected by granulovacuolar
degeneration, and many Hirano bodies are present. Loss of

neurons, particularly large neurons, is severe in some parts
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of the cortex and hippocampus and in some deep nuclei,
especially the basal nucleus of Meynert and the locus
coeruleus. Deposition of amyloid within the wall of blood
vessels (congophilic or amyloid angiopathy) is seen in the
majority of cases of AD. A degree of leuko-araiosis is also
frequently present (American Academy of Neurology, 1980;
Horvath et al., 1989; Katzman, 1989; Koo and Price, 1993;
Tomlinson, 1992).

In order to make clearer the general picture of the
histological changes that characterize AD, the particular
pathological alterstions will be described briefly in this
section. A more detailed description of SP and NFT follows
this section.

- Senile plaques:

Senile plaque is the term most frequently used to name
the lesions originally described by Blog and Marinesco in
1892. They are spherical areas of altered neuropil of up to
200 micrometers in diameter that typically consist of a
central core of extracellular amyloid-like material surrounded
by swollen nerve processes (dystrophic neurites). "Reactive
cells" (astrocytes, macrophages or microglial cells) are
always included in the plaque area in variable numbers. SP are
difficult to see in sections stained with hematoxylin and
eosin or cresyl violet, but easily demonstrated with silver

techniques (Bielschowsky, Bodian, von Braunmuhl), Congo red,
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thioflavin S or immunohistochemistry for amyloid beta-protein
(American Academy of Neurology, 1980; Koo and Price, 1993;
Tomlinson, 1992).

- Neurofibrillary tangles:

These lesions were described for the first time by
Alzheimer in 1907. In light microscopic preparations the
tangle appears as a thickening and tortuosity of fibrils
within the neuronal cytoplasm. As with SP, these lesions are
not easy to see in sections stained with hematoxylin and eosin
or cresyl violet. They are most readily seen in large neurons
using silver techniques, thioflavin S or antibodies raised
against different components of paired helical filaments
(American Academy of Neurology, 1980; Koo and Price, 1993;
Tomlinson, 1992).

- Granulovacuolar degeneration:

This change, originally described by Simchowicz in 1911,

is largely confined to the pyramidal cells of the hippocampus

and consists of one or more les, 3 to 5 mi 8 in

diameter, in the cytoplasm of these neurons. Each vacuole
contains a single, central granule that measures 1 to 2
micrometers. Clusters of vacuoles may cause the neuron to
bulge and displace the nucleus to an eccentric location. The
change is easily seen with hematoxylin and eosin and in many
silver impregnations when the granule is intensely stained

(American Academy of Neurology, 1980; Tomlinson, 1892).
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According to Tomlinson and Kitchener (1972), granulovacuolar
degeneration is rarely found before the age of 65, but after
that it occurs increasingly often in non-demented patients,
and by the ninth decade it can be identified in 3 out of 4
cases, although no more than 9% of the cells of the Sommer’'s
sector are affected. This contrasted markedly with the series
of demented patients in which over 20% of cells in the
Sommer’s sector were commonly involved. The fact that some
antibodies that react with NFT also immunostained the granules
(Dickson et al., 1987) has suggested that granulovacuolar
degeneration possibly represents autophagy of proteins of
cytoskeletal origin or phosphorylated epitopes of such
proteins, and therefore has some relationship with other
manifestations of abnormal cytoskeletal proteins which occur

in older individuals, AD and other ative di

of later life.
- Hirano bodies:

Hirano bodies can readily be identified in hematoxylin
and eosin stained sections. They were first identified by
Hirano and co-workers in 1966 and tend to be brightly
eosinophilic bodies, ovoid in shape, and 10 to 30 micrometers
in  length by 8 micrometers across. They occur in
intellectually normal old people and in AD patients, and
although there is a considerable overlap between them, the

latter group is significantly more involved. Hirano bodies are
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most often found among and usually adjacent to the hippocampal
pyramical cells. Ultrastructurally, they consist of parallel
filaments (60 to 100 nm in length) which alternate with longer
sheet-like material. Their location in relation to neurons is
debatable, but with electron microscopy they often seem to
indent, rather than to occupy the prikaryon (Tomlinson, 1992).
The size of the filaments in Hirano bodies and their positive
immunoreactions to actin and actin-associated proteins
(Galloway, Pery and Gambetti, 1987) suggests that they result
from an abnormal configuration of micrcfilaments'.‘

- Leuko-araiosis:

Leuko-araiosis is the term applied to rarefaction of the
white matter, largely periventricular in distribution and well
seen on computerized tomography. It has been described in both
demented and non-demented patients. Brun and Englund (1986)
identified the lesion in 60% of cases of AD in a postmortem
study, and a similar figure (55%) was reported by Aharon-
Peretz, Cummings and Hill (1988) in a computerized tomography
study. Microscopically, the lesion is characterized by partial
loss of myelin, axons and oligodendroglia cells but with only
slight astrocytic gliosis and macrophage infiltration
(Tomlinson, 1992).
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1.2.2) Senile plaques

The most striking feature of the cerebral cortex in AD is
the presence of SP which may occur in vast numbers. The
presence of numerous neocortical SP, alone, is considered by
many authors to be enough to make the pathological diagnosis
of AD, and well recognized histological criteria are based on
quantitative or semiquantitative assessment of plaque density
and its correlation with the age of the patient (Kachaturian,
1985; Mirra, Hart and Terry, 1993). Others suggest that the
diagnosis can be made only when numerous SP and NFT are
present in the neocortex (Tomlinson, 1982); however, Terry and
co-workers (1987) found that 30% of cases above 74 years had
no tangles in the neocortex, and considered that patients with
and without tangles were not different on clinical or
neurochemical grounds.

Several varieties of plaques have been described
depending on the predominance of one or the other of their
constituting elements. The features of the so called "classic"
plaque have already been described. "Primitive" plaques
consist of a small number of distended neurites with either no
central amyloid fibrils or only a small number. The third
type, the "burnt out" plaque, consists of a dense focus of
amyloid-like material with very few or no detectable abnormal

neurites at its periphery (Probst et al., 1987; Terry and
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Wisniewski, 1970) . Electron microscopy has identified some of
the swollen neurites as axonal terminals, but according to
recent  immunocytochemical observations, many abnormal
dendrites also seem to terminate in SP (Tomlinson, 1992).
Another form of amyloid deposition also occurs in normal
individuals and in patients with AD. These lesions have
received different names (diffuse plaques, preamyloid
deposits, senile plaque-like structures, very primitive
plaques) and can be demonstrated using the modified
Bielschowski stain, the periodic acid-methenamine silver
stain, or by immunostaining with antibodies raised against
beta-amyloid protein (the main component of amyloid fibrils of
SP and congophilic angiopathy). They are seen as ill-defined
and more or less circular areas of fine fibrillary, amorphous
or granular material with no swollen neurites and occasional
morphologically normal neurons (Probst et al., 1987; Yamaguchi
et al., 1988a, 1988b). Probst et al. (1987) also reported the
presence of a central cell (probably microglial) in 15
diffuse plaques reconstructed by means of serial sections and
suggested that this cell is an essential component of this
type of plaque and might have a role in its pathogenesis.
Diffuse plaques, which are believed to represent a
precursor to SP, occur in the cerebral cortex in great number
in AD, but they can also be found in regions where classic

plaques are few, such as the brain stem, basal ganglia and
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cerebellum (Cole et al., 1993; Joachim, Moxris and Selkoe,
1989; Mann et al., 1990; Suenaga et al., 1990; Yamazaki et
al., 1992).

Electron microscopy has failed to demonstrate that this
diffusely staining material consists of recognizable amyloid
filaments. Joachim, Morris and Selkoe (1989) did not find any
ultrastructural abnormality that could be correlated with the
modified Bielschowsky stained and beta-amyloid protein
reactive lesions observed on light microscopy. A more recent
study of cerebellar diffuse plaques (Yamazaki et al., 1992)

showed that although immunoelectron microscopy demonstrated

many i eactive in the plaques, routine
electron microscopy showed only very small amounts of amyloid
fibrils in a few diffuse plaques.

SP may be found in an increasing proportion of people
from middle age onwards, particularly in the anteromedial part
of the temporal lobe including the amygdaloid nucleus.
Tomlinson, Blessed and Roth (1968) and Mann, Tucker and Yates
(1987) identified SP in 50% of individuals in their 60s and in
82% of individuals in their 70s. Using anti-beta-amyloid
antiserum in sections of the frontal lobe, Ogomori et al.
(1989) found no plaques in individuals under 50 years of age,
but 40% of those in their 60s, 44% of those in their 70s, and
78% of those in their 80s showed SP. These lower figures could

be attributable to using only sections of the frontal lobe,
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because the first appearance of SP in many cases occurs in
isolated areas of the brain, especially in the temporal lobe.
More recently, Arriagada, Marzloff and Hyman (1992) studied
the brains of 25 non-demented individuals (48 to 103 years,
mean age 71.8 years) and found SP in 11 of them, but the
degree of SP pathology did not correlate with age.

It is important to mention that plaque counts equal to
those tound in AD can occur in intellectually well preserved
old people. Katzman et al. (1988) studied the brains of 137
previous residents of a nursing facility (108 demented, 29
non-demented) and found that one-third of the non-demented
subjects (mean age 86.7 years) had pathological features of
mild AD. These subjects showed plaque counts that were 80% of
those of demented patients with AD. A higher figure was
reported by Crystal et al. (1988). They found plaque counts
greater than 30 SP/mm2 in the frontal cortex of 6 out of 9
non-demented subjects (two-thirds), although their sample was
smaller than that of Katzman et al.

In a study of 20 French centenarians (15 non-demented and
5 demented) beta-amyloid deposits were found in the
parahippocampal and superior temporal gyri of all the cases,
whatever the clinical state, and the density of the lesions
was not correlated with the severity of the mental
deterioration (Delaere et al., 1993). Another recent paper

(Giannakopoulos et al., 1993) reported on a series of 31



i8
elderly patients (7 with AD and 24 with no or very mild
cognitive impairment) aged from 96 to 102 years. They studied
the hippocampus, entorhinal cortex, superior frontal and

inferior temporal gyri, anu observed that the densities of SP

were comparable in both groups and non- ) 5

with no direct correlation between the number of SP and the
clinical manifestation of AD.

In advanced cases of AD, no area of the cerebral cortex
may be totally spared, although the concentrations of plaques
in the medial temporal cortex and the amygdaloid complex often
appear to be greater than elsewhere, and the primary motor and
somatic sensory cortical areas are scarcely affected. SP are
also found within the majority of subcortical gray structures,
particularly in the walls of the third ventricle, the
mamillary bodies and the tegmentum of the midbrain (Arnold et
al., 1991; Esiri, Pearson and Powell,1986; Pearson et al.,
1985; Tomlinson, 1982,1992). Diffuse plaques or preamyloid
deposits are more widely distributed than classic plaques
throughout the brain. They can ke found in the cortex,
neostriatum, globus pallidus, thalamic nuclei, brain stem,
cerebellar cortex, and upper spinal cord (Bugiani et al.,
1989) .

Plaques can occur in all layers of the cerebral cortex,
but with conventional Bielschowsky staining they are commonest

in the second and third cortical layers (Duyckaerts et al.,
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1986; Pearson et al., 1985). Using Campbell’s silver
technique, Braak, Braak and Kalus (1989) studied the occipital
isocortex in 18 AD patients and observed also a laminar
distribution of SP with layers II and III being the most
affected. They also pointed out that the cortex covering the
depth of the sulci generally shows a ldarger number of plaques
than the cortex spreading over the crest of the gyri. Beach
and McGeer (1992) analyzed the distribution of SP in the
primary visual cortex (area 17 of Brodmann). They also found
a laminar distribution of the lesions with a significant
aggregation of plaques at the interface of layers IVc and V,
and prominent diffuse deposits within layexrs I and IVe. In
addition to these observations, it has been reported that in
cortical areas where the accumulation of beta-amyloid protein
is relatively sparse, the deposits tend to show a columnar
arrangement, which might be related to the columnar
organization of the cerebral cortex (Akiyama et al., 1993).
Amyloid fibrils in plaques and congophilic angiopathy are
composed of a 4-Kd protein referred to as the beta-amyloid
protein. Other constituents identified within the amyloid cure
include alpha 1-antichymotrypsin, sulfated glycosaminoglycans,
complement factors, and aluminosilicates. The beta-amyloid
protein consists of 42 to 43 amino acid residues, with a
hydrophobic region of 14 res:dues (positions 29 to 42) that

renders the peptide insoluble. Molecular cloning studies have
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determined that the beta-amyloid peptide is a trunceted form
of a much larger protein called amyloid precursor protein
(APP) . The arrangement of amino acids in the APP suggests that
it has one membrane-spanning segment, a large extracellular
amino-terminal region, and a shorter intracellular carboxy
terminus. The beta-amyloid peptide encompasses 14 amino acids
of the putative transmembrane domain and 28 amino acids of the
adjacent extracellular domain of APP (Kang et al., 1987; Koo
and Price, 1993; Selkoe, 1991; Tomlinson, 1992).

At least four species of APP messenger ribonucleic acids
(mRNA), encoding 563, 695, 751, and 770 amino acids
respectively, have been identified. The APP-751 and APP-770
molecules are identical to APP-695 except that they contain a
domain that shares homology with the so-called Kunitz type of
protease inhibitors, which could play a fundamental role in
the generation of beta-amyloid protein (Ponte et al., 1988;
Tanzi et al., 1988; Tanzi, St George-Hyslop and Gusella,
1989) . APP-695 mRNA is expressed predominantly in the nervous
system, whereas APP-751 and APP-770 transcripts are expressed
both in brain tissue and systemic organs. Currently little is
known about the shortest APP transcript (APP-563), which lacks
the membrane domain (Koo and Price, 1993).

Recent reports have determined that in culture systems a
natural cleavage of the APP molecule occurs near the middle of

the beta-amyloid domain, which suggests that normal processing
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of APP precludes the formation of an intact amyloidogenic
fragment. As a result, amyloidogenesis presumably requires the
absence of this normal cleavage event and might be the result
of an aberrant processing of the APP molecule (Gandy and
Greengard, 1992; Koo and Price, 1993; Mattson et al., 1993;
Selkoe, 1991).

The physiologic roles of APP are not known, and neither
is the part played by the beta-amyloid protein in the
pathogenesis of the disease. A trophic or autocrine property
of APP has been suggested. This hypothesis is in accord with
the discovery that the APP with the Kunitz domain is a
specific cell secreted protease inhibitor (protease nexin II),
capable of forming complexes with epidermal growch factor-
binding protein and the gamma subunit of nerve growth factor.
In addition, protease nexin II is a potent inhibitor of
chymotrypsin, a fact that could have some relevance,
considering that previous works have suggested the involvement
of a chymotrypsin-like protease in the deposition of beta-
amyloid protein (Oltersdorf et al., 1989; Van Norstrand et
al., 1989).

Mattson and co-workers (1993) have suggested that APP is
involved in calecium homeostasis. According to them, normal
enzymatic processing of APP results in the liberation of
secreted forms of APP which presumably bind to and activate

specific cell surface receptors on target cells. This
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activation would cause a reduction in intracellular calcium
levels and would protect against aberrant rises that can occur
when neurons are subjected to adverse conditions (e.g.,
ischemia, trauma, excitotoxins). The abnormal processing of
APP, then, would have two major consequences for neurons.

First, the normal intracellular calcium-stabilizing and

neuroprotective function of APP is compromised. Second, beta-
amyloid peptide aggregates and further destabilizes calcium
homeostasis.

Recently, Nishimoto et al. (1993) proposed a novel
possibility: APP is a neuronal receptor coupled to Go (a major
GTP-binding protein in the brain) and abnormal APP-Go
signalling is involved in the pathogenesis of AD. They
suggested that after the proteolytic release of the beta-
amyloid fragment, the residual C-terminal portion of APP may
remain in the cell membrane and could injure neurons through
constitutive stimulation of a cell signalling pathway
involving Go.

In vitro studies with dissociated hippocampal neurons
have shown that beta-amyloid fragments seem to be neurotrophic
to immature neurons but neurotoxic to mature neurons (Yankner,
Duffy and Kirschner, 1990). Malouf (1992) observed
degenerative changes after the application of the whole beta-
amyloid protein to cultured neurons, but failed to demonstrate

any neurotoxicity using beta 1-28 or beta 25-35 fragments.
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However, Pike et al. (1993) reported neurodegeneration induced
by different beta-amyloid fragments, but their most
significant result was that toxicity was associated
specifically with those peptides that exhibited significant
aggregation. Another recent in vitro study (Carpenter,
Crutcher and Kater, 1993) analyzed the effect of SP on living
neurons using cryostat sections from the cerebral cortex of
Alzheimer patients as a substratum for cultured rat
hippocampal neurons. The authors concluded that SP can have
deleterious effects on neuronal organization in__situ,
affecting the amount, complexity and direction of neurite
outgrowth as well as cell survival.

n__vivo studies have been more

-

The results of
contradictory. Various groups have observed no significant
morphological difference after beta-amyloid fragment
injections, as compared to vehicle control inj