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EDITORIAL

Plaques, tangles and Alzheimer's disease1

For the purpose of this review, Alzheimer's disease and senile dementia of Alzheimer type will be
considered as the same disease process, a view broadly accepted at this time.

For total satisfaction in morphological diagnosis, both plaques and tangles need to be present
in large or considerable numbers in the neocortex. In most pre-senile cases both are present in vast
numbers: in many cases below the age of 80 years a similar picture exists but, in extreme old age,
demented subjects may have many plaques but a few or no demonstrable tangles occur (Tomlinson
et al. 1970; Terry, personal communication) and, occasionally, in the pre-senium or senium relatively
few or no plaques may be found in the presence of large numbers of tangles (Corsellis, 1976 a). Both
these appearances have been accepted as variants of Alzheimer's disease, but perhaps some
reservations about such a decision are necessary.

Since the original reports of Kidd (1963, 1964), Terry (1963), Terry et al. (1964) and Krigman
et al. (1965), the ultrastructure of plaques and tangles has been largely agreed. Plaques which are
visible on light microscopy, and vary from 15 to 200 jim in diameter, are clusters of abnormal,
enlarged nerve processes and terminals surrounding a central mass of amyloid fibrils, and associated
with some astrocytic processes and microglia. The enlarged terminals (often termed neurites) are
ballooned by lamellar lysosomes, abnormal mitochrondria and paired helical filaments (PHF)
identical with those which form the neurofibrillary tangle. The smallest (earliest) plaque not visible
on light microscopy is said to consist of three or four distended neurites with no evidence of amyloid
fibrils, and the oldest is a mass of amyloid with few surrounding neurites remaining (Terry &
Wisniewski, 1970).

Gonatas et al. (1967) and Gonatas & Gambetti (1970) considered the majority of neurites as
pre-synaptic (or axonal) and emphasized the presence of changes which suggest regenerative activity.
Terry & Wisniewski (1970) identified apparently normal synapses on the neurites and regarded the
post-synaptic element as largely normal; Ishii (1976), however, identified both abnormal pre- and
post-synaptic terminals as well as abnormal synapses.

Tangles consist of large clusters (Kidd, 1963; Wisniewski et al. 1976a) of PHF each 10-13 nm
wide, which measure around 22 nm at their widest and are reduced to approximately 10 nm at
intervals of 80 nm. In affected neurons bundles of PHF fill much of the cell soma, displacing and
intermingling with otherwise apparently normal cytoplasmic elements. Although total agreement
was reached on the interpretation of the fibrils as PHF rather than twisted tubules only after a number
of years (Wisniewski et al. 1976 a), reports were largely consistent that tangles were made up of such
structures. Gibson et al. (1976), however, illustrated abnormally large numbers of straight tubules
as well as the twisted variety. Mixtures of both straight arid twisted filaments as well as tangles of
both varieties have been reported by Yagashita et al. (1981); and Oyanagi (1979) also observed 15
nm straight filaments in some dendrites. Shibayama & Kitoh (1978) have also observed both straight
and paired helical filaments in a case of atypical senile dementia. The mixture of straight and helically
wound filaments clearly needs bearing in mind in chemical and immunological studies of these
structures. Perhaps the only other well established abnormality in the neuron affected by tangle
formation is a diminution in the size of the nucleolus (Dayan & Ball, 1973), though additionally,
in the hippocampus only, tangles frequently occur along with granulovacuoles in the same cell, the
latter being an additional neuronal alteration which occurs in higher concentration in Alzheimer's
disease than in normal old subjects (Woodard, 1962, 1966; Tomlinson & Kitchener, 1972).

1 Address for correspondence: Professor B. E. Tomlinson, Department of Pathology, Newcastle General Hospital, Newcastle upon
Tyne NE4 6BE.
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The ultrastructure of the tangles in Alzheimer's disease is not unique to that condition and normal
old age. Identical tangles are found in large numbers in the cortex and deep grey matter in the
Parkinsonism dementia complex of Guam (Malamud et al. 1961; Hirano et al. 1961; Hirano, 1974),
in the anterior temporal cortex and substantia nigra in dementia pugilistica (Corsellis et al. 1973;
Wisniewski et al. 19766). in the substantia nigra and locus coeruleus of post-encephalitic Parkinsonism
(Wisniewski et al. 1970 a), in the cortex of occasional cases of subacute sclerosing pan-encephalitis
(Manydbur et al. 1977; Paula-Barbosa et al. 1979), and extensively in the majority of cases of Down's
syndrome surviving to middle life (Olson & Shaw, 1969; Burger & Vogel, 1973; Solitare & Lamarche,
1966; Jervis, 1948). In the latter subjects, senile plaques are also present in large numbers and the
appearances are indistinguishable histologically from Alzheimer's disease. Clearly, therefore, PHF
develop in a variety of unrelated conditions as divergent as repeated cerebral trauma and virus
infection; it need hardly be emphasized that three of the disorders mentioned above are of proven
or suspected viral origin, and that a genetic factor is suggested by their occurrence in Down's
syndrome. In sporadic motor neuron disease and progressive supranuclear palsy, the tangles differ
from the above conditions in consisting predominantly of bundles of straight fibres and not PHF.

Tangles and plaques, though far more frequent in the cortex than elsewhere, occur in the deeper
brain structures. Plaques outside the cortex are probably most numerous in the mamillary bodies,
but do occur in the basal ganglia, hypothalamus, upper brain stem and cerebellum, the latter rarely.
Tangles may be seen in small numbers in any deep nuclear mass, in the substantia nigra and locus
coeruleus, but rarely in Alzheimer's disease or normal old age in the lower stem, cerebellum or spinal
cord.

The variations in findings in demented old subjects, plus the the well-known occurrence of
neocortical plaques and hippocampal tangles in the majority of old people who are not demented,
raise many questions about the relationship of plaques and tangles with each other, their formation
and relationship with the dementing process and old age, and the relationship of old age and
Alzheimer's disease.

Plaques and tangles are common in old age in intellectually well-preserved old subjects, but with
major differences in the numbers of plaques and the numbers and distribution of tangles, compared
with demented subjects (Tomlinson, 1972, 1977; Tomlinson et al. 1968, 1970; Matsuyama &
Nakamura, 1978). A few plaques are found in the cortex in a small number of subjects from the
fourth decade on; a steep rise in incidence occurs in the seventh and eighth decade, and by the ninth
decade, 75-80% of normal subjects have some plaques (Tomlinson, 1972), though in most subjects
they are small in number, and often concentrated in the deep cortical layers. Usually the greatest
number are found in the amygdaloid complex and hippocampal gyrus, and a much smaller number
in the deep nuclear masses and hypothalamus. Occasionally, in a non-demented old person, plaque
numbers reach similar proportions and overlap the levels of plaques found in the demented group
(Tomlinson & Henderson, 1976).

The situation concerning tangles is different. A few affected cells can be found in the hippocampal
pyramidal layer in all patients above 50 years (Ball, 1976), the other most involved areas being the
uncal cortex and the subiculum and, occasionally, the hippocampal gyrus. The number of cells
affected in the hippocampus increases with age but does not reach the massive numbers found in
Alzheimer's disease (Ball, 1976). Tangles in normal subjects are, however, absent or scarce in the
neocortex (Tomlinson et al. 1968; Tomlinson, 1979; Matsuyama & Nakamura, 1978), being found
in this situation in large numbers only in demented cases.

The relationship between plaques and tangles is unknown. In normal old age there can be no
direct anatomical connection between the localized tangles in the hippocampus and the widely
scattered plaques which are commonly found in the neocortex. In Alzheimer's disease, when tangles
and plaques are intermingled in great numbers in the neocortex together, it is tempting to postulate
that the axons of tangle-bearing neurons terminate in the abnormal bulbous sproutings which
constitute the bulk of the plaque, but there is no direct evidence for this and it is even possible that
the nerve terminals forming the plaque only arise in neurons unaffected by tangle formation.
Furthermore, the occurrence of some older demented subjects with numerous neocortical plaques
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and very few neocortical tangles and, more rarely, with numerous tangles and few plaques suggests
that these two phenomena, though frequently occurring together in Alzheimer's disease, are not
closely related structurally and may arise independently. The occurrence of tangles in the absence
of plaques in post-traumatic dementia, in the Parkinsonism-dementia syndrome, and in post-
encephalitic Parkinsonism illustrates their independent occurrence in other conditions.

Though forming the chief morphological markers of Alzheimer's disease, the role played by
plaques and tangles in the symptomatology of Alzheimer's disease is also unknown. The grossly
abnormal neurites of plaques, intermingled or clustered around a mass of amyloid, would seem most
unlikely to perform a normal function so far as conduction and transmission of nervous impulses
are concerned, despite possessing apparently normal synapses. The presence of the latter sustains
the hope that the synapses of the plaque might be susceptible to pharmacological influence and that,
if the process of plaque formation can be reversed (and the amyloid reabsorbed), something
approaching normal structure might result. Neurofibrillary tangles constitute abnormal fibrillary
proteins, but whether they have an abnormal function in themselves, are physiologically inactive,
or reduce function by interfering with the flow of material from cell soma to axons, dendrites and
terminals, is not known. Nevertheless, several studies, starting with that of Corsellis (1962), have
shown the association of dementia with the presence of large numbers of neocortical plaques and
tangles by comparison with non-demented subjects, the conclusion being drawn (Roth et al. 1966;
Blessed et al. 1968; Tomlinson et al. 1970; Constantinidis, 1978; Constantinidis et al. 1978) that it
is the quantity and distribution of these structures, not their mere presence, which distinguishes
Alzheimer's disease from non-demented patients. Blessed et al. (1968) showed a tendency for plaque
formation to be greater in the more severely demented subjects and found (Tomlinson et al. 1970)
that all patients with many neocortical tangles were demented. Tomlinson et al. (1970) also found
greater quantities of tangles in the anterior temporal lobes in the majority of cases of Alzheimer's
disease; Ball (1976) quantified the greater numbers of tangles by detailed, serial section analysis.
Constantinidis (1978) found that numerous neocortical tangles were associated with aphasia, apraxia
and agnosia in 91 % of cases, whereas these instrumental disorders only occur in 32% of cases when
neurofibrillary tangles are limited to the hippocampus and neighbouring temporal cortex, and in
only 16% of cases if tangles are present only in small numbers in the hippocampus. When senile
plaques are present alone only 12% of demented cases show instrumental signs. Blessed (personal
communication), in a recent study of pathological and clinical data from the Newcastle study,
found that parietal lobe symptomatology (aphasia-apraxia-agnosia) is closely related to the presence
of numerous neocortical tangles in old demented subjects, but that demented old subjects with only
large numbers of senile plaques were largely free of such symptomatology. In pre-senile Alzheimer's
disease numerous neocortical tangles are invariable, and marked parietal lobe signs are usually
a prominent feature of the disease.' In the senile group with parietal lobe signs many neocortical
plaques and tangles are usually present; with parietal lobe signs absent, neocortical tangles are
usually few or absent. If these findings (and those of Constantinidis, 1978) are confirmed, there may
be considerable merit in agreeing on a clinical and pathological nomenclature to distinguish these
two sub-varieties of dementing syndromes in old age.

The growing evidence of abnormalities in various components of the cholinergic transmitter
system in Alzheimer's disease (Davis & Maloney, 1976; Perry et al. 1977; Spillane et al. 1977; White
et al. 1977) may also be partly related to or reflected by plaque formation. Thus a significant decline
in cholineacetyl-transferase occurs with increasing plaque numbers in the neocortex of non-demented
and demented old people (Perry et al. 1978); Perry & Perry (1980) also showed significant
correlations between plaque numbers and decreasing acetylcholinesterase. The diminution of these
enzymes is in contrast to the normal levels of the muscarinic acetylcholine receptor (Perry et al. 1977;
Da vies & Verth, 1978), the latter finding again fitting with the apparent ultrastructural integrity
of the synapse, despite the presence of grossly abnormal pre-synaptic terminals.

Thus considerable indirect evidence exists that plaques and tangles of Alzheimer's disease may
have relevance to some features of the actual dementing process. A considerable body of evidence
(De Fendis, 1974; Karczmar, 1975) links the cerebral cholinergic system with many behavioural
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patterns (sleep, arousal, sensory, emotion and learning activities) which are frequently severely
disturbed in Alzheimer's disease. So far, however, the evidence is no more than indirect, and
therapeutic attempts to correct the cholinergic defect have been without significant or lasting benefit
(Loew, 1980), though slight improvement has been claimed in some mild and moderate cases of
presumed Alzheimer's disease treated with choline and lecithin (Christie et al. 1979; Etienne et al.
1979); it is clearly essential to explore all reasonable avenues of rectifying the levels of the proven
decreased components of the cholinergic system by the use of rigorously controlled trials.

Whereas no evidence on the functional effects of plaques in experimental animals exists, evidence
relating to disturbed behaviour and neuronal function in animals with neurofibrillary degeneration
induced by the intracranial application of aluminium salts has accumulated (Crapper, 1976). The
tangles so produced are not helically twisted paired filaments, but 10 nm straight filaments (Terry
& Pena, 1965). Animals so treated have a 7-10 day asymptomatic period, although neurofibrillary
degeneration is present by the fourth day and is extensive by the ninth (Crapper & Dalton, 1973 a,
b). Previously normal cats, however, showed some motor incoordination, impairment of short-term
memory and deterioration of an acquired avoidance response within 7-10 days of the aluminium
injection; motivational mechanisms, EEG and visual evoked potentials were not affected until a late
stage of the neurological illness. Even in the late stages of the encephalopathy, when neurofibrillary
tangles were present in almost all spinal cord motor neurons, axon conduction velocity is unaffected
in the sciatic nerve, as is the electromyogram and muscle and peripheral nerve histology (Crapper,
1973). Motor neuron resting potential and antidromic spikes recorded on individual neurons
showing neurofibrillary tangles did not differ from normal (Crapper, 1973). Furthermore, axonal
transport in similarly affected rabbits is normal (Liwnicz et al. 1974). Single neuron sampling
(Crapper & Tomko, 1975; Tomko & Crapper, 1974) within the visual cortex of aluminium treated
animals showed a reduction in spontaneous discharge rate probably related to a failure of post-
synaptic potentials, this failure probably being restricted to cells with neurofibrillary degeneration.

Is plaque or tangle formation related to the cortical neuron loss thought by many to be severe
in Alzheimer's disease, and how good is the evidence for such neuron loss? In the pre-senile form,
the brain is almost invariably severely atrophied, and its weight is often around or below 1000 g.
Total cortical and white matter volume is also reduced (Corsellis, 19766; Hubbard & Anderson,
1981), so that the absolute volume of neuron-bearing cortex is diminished. Since plaques in many
instances occupy a considerable volume of the cortex, cortical atrophy would be more severe without
them and the volume of neuron-bearing cortex still further reduced. Counts of neurons per unit
area or volume of cortex from histological preparations have been few and have yielded varying
results, though the majority of reports have favoured some degree of neuron loss (Colon, 1972;
Shefer, 1973; Terry et al. 1980; Brun & Gustafson, 1976) with some areas slightly, but others heavily,
affected. Neuron loss is undoubtedly severe in the anterior temporal lobes of many subjects but cell
loss in many cortical areas, particularly in the senile cases (Tomlinson & Henderson, 1976; Terry
et al. 1980), may have been over-estimated in the past. However, taking cortical volume loss into
account and the neuron loss per unit volume found by most observers using quantitative sampling
techniques, the average case of pre-senile Alzheimer's disease seems likely to have lost some 30-40%
more neurons than has the normal subject by that age. Considering the almost uniform agreement
from quantitative studies, that cortical neurons are lost throughout life in normal subjects (Brody,
1955,1970; Tomlinson & Henderson, 1976; Colon, 1972; Shefer, 1973), the additional loss sustained
in pre-senile Alzheimer's disease is likely to result in a brain which has lost in excess of 60% of its
original cortical nerve cells. Cortical neuron loss in young and middle-aged adults cannot, however,
be due to plaque and tangle formation, since both occur rarely during that period. Further, plaque
formation cannot, initially at least, produce cell loss, since the abnormal neurites of the plaques
clearly need functioning neurons to support them. Indeed, since the terminals are grossly enlarged
(hypertrophied rather than atrophied), the parent neurons may be sustaining a higher metabolic
demand than normal. Also, Terry et al. (1980) failed to find any correlation between plaque counts
and neuron numbers in the cortex in SDAT. No good evidence therefore exists to associate plaque
formation directly with neuron loss, unless the neurites of a plaque represent attempted regeneration
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or sprouting of axons as a response to diminishing numbers of nerve processes resulting from neuron
and dendritic loss initiated by some other means. Such a hypothesis ignores the presence of amyloid
within plaques, something which appears fundamental to our understanding of plaque genesis.

Unfortunately, we do not know the cells of origin of the neurites within a plaque or whether the
clusters of neurites forming a plaque arise from many, few, or even a single neuron, though the latter
seems unlikely. In the absence of such knowledge, there is no way in which the neurons whose
terminals end in plaques can be studied, and we remain ignorant of the morphology, neurochemistry
and physiological behaviour of the neurons involved in plaque formation.

There is, equally, no certain relationship between tangle formation and neuron loss or tangle
formation and the dendritic abnormalities demonstrated in normal ageing and demented subjects
(Scheibel et al. 1975; Scheibel, 1978). Dendritic and bouton loss in some cortical pyramidal cells
is quantitatively greater in Alzheimer's disease than in age-matched controls (Mehraein et al. 1975),
but it is not established that the neurons with tangles are also those with grossly abnormal dendritic
trees. It is highly unlikely that the cells with grossly abnormal dendritic processes demonstrated in
normal old age are the site of tangle formation, since within the neocortex in normal old age
neurofibrillary tangles are scarce and often not demonstrable at all. Similarly, it is not known
whether tangle formation contributes to neuronal death and loss, though it is certain that it has
nothing to do with neuron loss in normal subjects in the cortex and a number of other sites (Brody,
1955, 1976; Colon, 1972; Tomlinson & Henderson, 1976; Corsellis, 1976ft; Tomlinson & Irving,
1977; Henderson et al. 1980), including the locus coeruleus (Brody, 1976; Tomlinson et al. 1981).

The pathogenesis and life history of human plaques and tangles are also unknown. Electron
microscopic evidence suggests that the earliest evidence of plaque formation is a small cluster of
abnormal terminals which, as they continue to grow in number, become associated with increasing
amounts of amyloid to form what has been described as the mature plaque (Terry & Wisniewski,
1970). Acceptance of this view has implications for the role of amyloid in plaque formation, since
some observers in the past have seen amyloid deposition as the primary lesion which stimulates
plaque formation (Schwartz, 1970). If the amyloid of plaques results from an antigen-antibody
response in the cerebral tissues with subsequent damage to neighbouring axons, then we have a
logical beginning from which the development of plaques can be studied (Terry & Wisniewski, 1970).
The nature of the amyloid of plaques is not yet established. Ishii & Haga (1976) obtained positive
reactions to immunoglobulins in amyloid fibrils in plaques. However, evidence that different
mechanisms may be involved in the deposition of amyloid in cerebral vessels and plaques in
demented subjects has been presented by Torack & Lynch (1981), who demonstrated immunoglo-
bulins in the amyloid of three cases of congophilic angiopathy but considered an endogenous
substrate more likely in the amyloid of plaques. Powers & Spicer (1977) and Powers & Skeen (1980)
have indeed demonstrated similarities between plaque and apud amyloid. Johnson et al. (1981) have
produced evidence that plaque and vessel amyloid may share a common antigen with neurofibrillary
tangles. It cannot be assumed at this time that the amyloid content of plaques in normal and
demented old subjects have the same chemical constituents or origins, or that all the plaque amyloid
occurring in different cases in Alzheimer's disease is identical. It is not certain that plaque amyloid
has the same origins or chemical constitution as vascular amyloid (Torack & Lynch, 1981) and the
latter is common, though not constant, in Alzheimer's disease and normal old age (Wright et al.
1969; Morimatsu et al. 1975). Vascular amyloid is present in many subjects with Alzheimer's disease,
but may be absent even when plaques are extremely numerous (Mandybur, 1975; Mountjoy et al.
1982), and there is certainly no constant relationship between the two. Thus plaque amyloid may
be heterogeneous in origin and chemical constitution, as seems likely with the two types of amyloid
already identified in the senile heart (Cornwell & Westermark, 1980). To establish whether or not
this is so is of fundamental importance since, whatever the connection between plaque amyloid
and the surrounding neurites, the close association cannot be coincidental. The possibly hetero-
geneous nature of amyloid in plaques and vessels has to be considered in any investigation into
cerebral amyloid, as does the difficulty in extraction procedures, of establishing what proportion
comes from vessel walls or from plaques. Certain forms of amyloid are known to be secreted with
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tumours, such as the medullary thyroid carcinoma (Glenner et al. 1973). The possibility therefore
arises that plaque amyloid may result from neurosecretion or from the modification of neuropeptides.
Our lack of knowledge of the morphological characteristics of neuropeptides means that we cannot
exclude them as precursors of plaque amyloid or even as constituents of neurofibrillary tangles.
Indeed, the neuropeptide, substance P, has been shown to form polyuric fibrillary aggregates with
ultrastructural dimensions in the same range as has been reported for amyloid fibrils (Perry et al.
1981). The origin of the paired helical filaments of the human tangle is also uncertain, with evidence
supporting a possible derivation from human neurotubules (Iqbal et al. 1974,1975,1978;Schlaepfer,
1978; Grundke-Iqbal et al. 1979) and neurofilaments (Gambetti et al. 1980, 1981) being reported.
Perhaps through different mechanisms or under different circumstances, PHF may derive from either
or both of these components of the normal neuron.

Once the plaque and the tangle have formed within the human brain, do they ever disappear?
Here, again, we have no certain knowledge. An increase in the incidence of plaques within normal
subjects throughout life and the involvement of increasing numbers of tangles in the anterior
temporal lobes do not demonstrate their indestructability. The vast numbers of plaques and tangles
in Alzheimer's disease establish that the majority of such people die without reabsorption or
disintegration of many plaques and tangles. However, in the anterior temporal lobes and some other
areas of the brain (Brun & Gustafson, 1976) there is suggestive evidence that the end result of massive
tangle and plaque formation, and whatever other destructive processes occur in Alzheimer's disease,
may lead to the final disintegration of cortical tissue. This occurs in only restricted cerebral sites
and is not a striking feature in the majority of cases. One would have to conclude therefore that
plaques and tangles probably have an extremely long life-cycle and that, once formed, they are
probably present for many years, but they are not necessarily permanent or irremovable.

The view has frequently been advanced that Alzheimer's disease represents an exaggeration or
acceleration of the normal ageing process. A threshold limit of plaque formation has been conceived
below which the majority of old subjects are well-preserved intellectually and above which the
majority show evidence of dementia. This might be true without supporting the view that
Alzheimer's disease represents an acceleration of normal ageing. Such a proposition is not supported
by some of the other morphological features of the disease and is far too restrictive of thought about
the origin of Alzheimer's disease to be allowed as a dominant hypothesis. The study of neocortical
tangle formation lends no support to the proposition since there is no continuum in appearances
within the cortex of non-demented subjects and cases of Alzheimer's disease. In non-demented old
subjects tangles are rare in the neocortex, whereas in Alzheimer's disease they are often present in
vast numbers and are an inevitable marker of dementia. Some factor which is absent in normal old
age therefore stimulates neocortical tangle formation. It is very unlikely that with increasing
longevity we are all destined to develop Alzheimer's disease. In extreme old age sufficient neurons
may be lost and dendritic abnormalities occur for dementia to develop on that basis alone, but
present evidence is against the possibility that Alzheimer's disease would acount for an ever
increasing proportion of cases. Erlich & Davis (1980) found a diminution in the incidence of
dementia above the age of 90 years; they found no evidence for an inevitable accumulation of plaques
and tangles with increasing age. Unfortunately, their histological observations were made on
hippocampf 1 sections only, an inadequate procedure in research and morphological diagnosis in
Alzheimer's disease. Indeed, in the ninth and tenth decades dementia, although usually of the
Alzheimer type morphologically, presents an increasing number of cases with plaque formation only
(Terry, personal communication), and a small, but increasing, number which have no obvious
morphological basis. Beyond the tenth decade dementia may result from other factors of which we
have no knowledge. Some subjects may be genetically resistant to tangle and plaque formation and
therefore to Alzheimer's disease, and it is possible that the susceptible population to this disorder
is largely wiped out by the tenth decade.

So far no animal has been found which naturally, or under experimental conditions, develops
both tangles and plaques. A few plaques, similar on light microscopy to the human variety, have
been found in ageing dogs (Brunmuhl, 1956; Pauli & Lugmbiihl, 1971) and Wisniewski et al. (19706)
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confirmed their ultrastructural similarity to the human (primitive) plaque, though they failed to find
abnormal fibrils in the neurites. Wisniewski et al. (1973) found similar plaques in ageing rhesus
monkeys, including PHF, though neurons showing tangles were not identified. Indeed, tangles
consisting of PHF do not appear to have been identified in any animal as a spontaneously occurring
phenomenon.

Experimentally induced tangles, mostly by methods unlikely to have direct relevance to the tangles
of Alzheimer's disease, are only similar to the human variety on light microscopy, consisting of
straight filaments. This applies to tangles induced by the intracerebral inoculation of aluminium
phosphate (Klatzo et al. 1965; Terry & Pena, 1965), by cochicine (Wisniewski & Terry, 1967) and
mitotic spindle inhibitors (Schochet et al. 1968; Wisniewski et al. 1968), the latter substances being
tubulin binding agents, as are a number of other substances capable of producing tangles
experimentally (Ghetti, 1980). Interest in aluminium as a possible aetiological agent was heightened
by the report of raised brain aluminium levels in patients with Alzheimer's disease (Crapper et al.
1976) and by the experimental production of tangles by systemic aluminium (De Boni et al. 1976).
McDermott et al. (1977), however, failed to confirm increased aluminium concentrations in
Alzheimer brains; furthermore, patients with dialysis encephalopathy associated with much higher
levels of brain aluminium (McDermott et al. 1978) show neither tangles nor plaques (Burkes et al.
1976), a fact confirmed in our laboratory. Contradictory evidence has also arisen from studies of
tangle-bearing neurons in Alzheimer's disease. Using X-ray spectrometry, Peri & Brody (1980) found
foci of aluminium within the nuclei of tangle-bearing neurons, whereas Duckett & Galle (1980) were
unable to provide an indication of aluminium in the pathogenesis of tangles by electron-microprobe
studies. Unlikely as any aetiological role would appear, the aluminium concentration in normal and
Alzheimer brains needs further investigation.

Tangles in post-encephalitic Parkinsonism and in subacute sclerosing pan-encephalitis demonstrate
their formation following virus infections in humans. One animal model in which neuritic plaques
can be predictably produced is now available since Bruce & Fraser (1975) and Bruce et al. (1976)
showed plaque formation in certain strains of mice infected with particular strains of scrapie agent.
Some of these plaques are ultrastructurally similar to the human variety (Wisniewski et al. 1975),
though lacking PHFs. The effects of the genetic constitution of mice on the inoculation period of
scrapie (Dickinson et al. 1968, 1969) have been elucidated to the extent of the identification of two
alleles responsible for the shortening or prolongation of the incubation period after injection with
a particular scrapie agent, and identification of scrapie agent properties responsible for plaque
formation now appears likely. The relevance of these observations to any disease of man is purely
speculative, but the presence of transmissible agents with prolonged incubation period in man (Kuru
and Creutzfeldt-Jakob disease) and with other similarities to scrapie (with abundant plaques in
two-thirds of the cases of Kuru and 10% of cases of Creutzfeldt-Jakob disease) must stimulate
investigation of the possibility that Alzheimer's disease, with its late onset (and therefore perhaps
after long incubation), might be similarly determined by genetic and 'infective' agent factors. Major
variations exist in the incubation period, clinical manifestations and pathological changes in different
animals infected with material from Creutzfeldt-Jakob disease and Kuru (Gibbs et al. 1979), and
many strains of agent responsible for these diseases apparently exist. Traub et al. (1977) report a
number of cases of transmissible virus dementia or non-transmissible Creutzfeldt-Jakob disease in
which plaques and tangles occurred at an age when their presence was not likely to be due to ageing.
Their separation of the spongiform encephalopathies of man into transmissible spongiform
encephalopathies and non-transmissible Creutzfeldt-Jakob disease may prove to be unnecessary if
the disorders are due to different strains of an agent producing different results in inoculated animals
(including extremely long incubation periods), as occurs in scrapie infected mice. Attempts to
transmit Alzheimer's disease to experimental animals have failed, except from two cases of familial
Alzheimer's disease (Gibbs et al. 1979), and there is no direct evidence for infectivity of slow agent
type in Alzheimer's disease and no firm evidence of transmission of Creutzfeldt-Jakob disease from
one human to another except by direct inoculation. Nevertheless, the possibility from the variations
in histology in Creutzfeldt-Jakob disease, with neuritic plaques produced in a small number of cases,
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clearly tempts the speculation that transmissible agents, producing a wide spectrum of human
disorder, may exist.

Recently, De Boni & Crapper (1978) and Crapper-McLachlan & De Boni (1980) have reported
the successful stimulation of paired helical filaments, not absolutely identical to the human variety,
in the processes of a small proportion of human foetal neurons in culture exposed to high dilutions
of a cell-free saline extract of cerebral cortex taken from cases of Alzheimer's disease. The agent
has also been detected by a similar technique in the CSF in three cases of clinically diagnosed
Alzheimer's disease and in one control (Crapper-McLachlan & De Boni, 1980), the latter raising
the possibility that PHF 'agent' may occur in normal brain. Clearly, the continued search for an
infective agent and a susceptible host is justified at this time.

Whatever the significance ultimately assigned to plaques and tangles in the symptomatology,
pathology, neurochemistry, pathogenesis and aetiology of Alzheimer's disease, continued investiga-
tion of these two changes remains a major challenge in all research into dementia and ageing in
the human central nervous system. Until their role is precisely defined, knowledge of an important
area of neuropathology and human ageing will be incomplete.

B. E. TOMLINSON
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