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Editorial

Molecular pathology of Alzheimer's disease

The impact of molecular biology on neurological disease
in the last five years has been dramatic, albeit anticipated,
and Alzheimer's disease is no exception. However, the
advances in Alzheimer's disease are remarkable for the
accompanying change in attitude from the view that it is
an inexorable degenerative condition which overlaps with
ageing, to the view that it is a disease which may have an

identifiable, and by inference potentially treatable, mole-
cular pathology. These advances awaited the biochemical
studies on the two key neuropathological features of
Alzheimer's disease, namely neurofibrillary tangles and
senile plaques.

Neurofibrillary tangles are perikaryal silver-stained
inclusions found particularly in pyramidal cortical neu-

rons and the diffuse subcortical projection system.
Electron microscopy shows neurofibrillary tangles to con-

sist of paired helical filaments' and recent isolation and
purification of the central core of the paired helical fila-
ment permitted partial amino acid sequencing and subse-
quent identification of the encoding gene. This was

found to be the microtubule associated protein tau.2'
The abnormality that leads to the aggregation of tau to
form neurofibrillary tangles may be a consequence of
abnormal hyperphosphorylation,4 although it is still not
clear whether this molecular event is merely a late conse-

quence of neuronal metabolic disturbance, since neu-

rofibrillary tangles can be found in a variety of diseases.
The same approach of protein sequencing and gene

cloning has been applied to the other neuropathological
marker, the senile plaque. This consists of a rim of dys-
trophic neurites around a central core of an amyloid pro-
tein, classified on the basis of insolubility, Congo red
staining with birefringence and fibril formation, a feature
shared with other amyloid proteins and believed to be
related to a cross linked beta pleated structure. The

insolubility of the senile plaque amyloid delayed chemical
isolation, but once achieved it was shown to be a 39 to
42 amino acid protein referred to as amyloid fl-protein,
A4 protein or ,BA4 peptide. This was shown to be the
same protein that is deposited in blood vessels to cause
the congophilic angiopathy of Alzheimer's disease.'-7
From the primary amino acid sequence the cDNA clone
was isolated and was shown to encode for a much larger
770 amino acid protein, of which the ,BA4 peptide was

only a small component.8 This amyloid precursor protein
(APP) molecule is a transmembrane protein of which the
majority is extracellular. The ,BA4 component is partially
embedded within the membrane (fig). There are at least
six different APP transcripts due to differential splicing,
of which four contain the ,BA4 moiety. The three major

transcripts, APP 695, 751 and 770, all contain the ,BA4
sequence and APP 751 and 770 also contain a conserved
sequence found in the Kunitz family of protease
inhibitors, the best-studied member of which is bovine
pancreatic trypsin inhibitor or aprotinin. Cell prolifera-
tion and differentiation require a series of surface-related
proteolytic events which may be regulated by such pro-
tease inhibitors.9-"' The inclusion of a Kunitz domain in
the APP molecule suggests a physiological role for the
protein in protease activity regulation and certainly one
secreted form of APP, resulting from cleavage of the
extra cellular component, is identical to the protease
inhibitor, protease nexin-Hl.'2 13 APP 770 is the main tran-
script in most tissues, but in brain APP 695, which lacks
the protease inhibitor domain, predominates.
The physiological role of APP in the brain is unclear,

but currently the subject of intense research. It is synthe-
sised in the cell bodies and then undergoes fast antero-
grade axonal transport to the synaptic endings where it is
colocalised with synaptophysin"4 and is believed to be
involved in the maintenance of synaptic contact.15 The
homology to protease nexin-II also suggests a role as a
growth regulating factor.'2 13 Much speculation, however,
has centred on the increase in APP expression in
response to a variety of neuronal stresses"6-'8 which
include head injury.'9 This response is mediated by inter-
leukin I and so is similar to the stress response of the heat
shock protein family, a set of evolutionary-conserved pro-
teins which are expressed in response to cell stress.20

If amyloid deposition is a key process in Alzheimer's
disease then clearly ,BA4 has to be released via processing
of the APP molecule. There are two main pathways. The
first is the so called secretase pathway which results in a
cleavage near to the membrane surface before Leucine
68821 and releases the extracellular component; the secre-
tase enzyme appears to recognise an a-helix confirmation
some 12-13 residues from the membrane.22 The second
pathway, the endosomal-lysosomal pathway, involves
internalisation of the APP molecule and subsequent
degradation which produces potentially amyloidogenic
carboxy-terminal fragments, some of which contain
intact the ,BA4 sequence.2'-25 Moreover, soluble ,BA4 pep-
tide, as opposed to fibrillary amyloid, can be produced by
healthy cells in culture and can be measured in human
CSF.26 27

Much of the intense research into the structure and
function of APP has been driven by the discovery of
mutations in the APP gene associated with familial
Alzheimer's disease (FAD). The realisation of the here-
ditary significance of Alzheimer's disease has been rela-
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Figure Amyloid precursor protein mutations

tively recent (for review see Rossor, 199228). In the last
10-15 years, however, a number of large autosomal dom-
inantly inherited Alzheimer's disease pedigrees have been
described.29 Such extensive pedigrees are ideal for linkage
studies and these initially concentrated on chromosome
21 markers since trisomy 21 Down's syndrome is associ-
ated with the development of Alzheimer histopathology.
Linkage to markers on the proximal long arm of chromo-
some 21 was reported in 1987,30 the same year that the
APP gene was identified.8 Clearly APP was a candidate
gene, but was excluded in a number of families;3" this
exclusion is now known to be due to the genetic hetero-
geneity of the disease.'2

Careful screening of other families, however,
established the first mutation associated with Alzheimer's
disease, a single point mutation at APP 717 resulting in a

Valine -+ Isoleucine substitution33 and subsequently two

other mutations at the same site have been reported, APP
717 Valine -+ Phenylalanine34 and APP 717 Valine

Glycine." More recently a double mutation at APP
670/671 resulting in Lysine -+ Asparagine and

Methionine -+ Leucine substitutions has been found in

two probably related, Swedish families with FAD36 (see
table). Other mutations in the APP molecule had been
reported previously in association with congophilic
angiopathy. APP 693 Glu -+ Gln is associated with

hereditary cerebral haemorrhage with amyloidosis-Dutch
type,'7 a disease with recurrent cortical haemorrhage and
prominent congophilic angiopathy, parenchymal ,BA4
deposits, but no plaques or tangles. A mutation at the
adjacent site, APP 692 Ala -+ Gly has also been reported

in a Dutch family in whom some members develop con-

gophilic angiopathy with haemorrhage and others a pro-
gressive cognitive decline.'8 It is notable that the APP
mutations at 670/671 and APP 717 which are associated
with Alzheimer's disease, are at the N- and C-terminus
respectively of the ,BA4 domain39 whereas those associat-

Table Genetic mutations associated with Alzheimer's disease

Chromosome 21 linked
APP 717 Val-Ile33

Val-Phe34
Val-Gly35

670 Lys-Asn36
APP

671 Met-Leu
APP 693 Glu-Gln37 associated with
APP 692 Ala-Gly fangiopathy and haemorrhage.

Chromosome 14-linked young onset5"-58
Chromosome 19-linked late onset59
Non-chromosome 14,19 linked (for example, Volga German pedigrees)"5

APP = amyloid precursor protein. Numbers refer to references.

ed with congophilic angiopathy at APP 692 and 693 are
near to the secretase cleavage site (fig). A direct link
between an APP mutation and ,BA4 deposition has been
established in cultured cells which have been transfected
with APP 670/671 mutation cDNA and which produce
6-8-fold more ,BA4 peptide than cells expressing normal
APP.40

If it is accepted that APP mutations in these families
cause the disease then amyloid deposition from the APP
molecule is seen to be the essential pathological process
and the "amyloid cascade hypothesis" has been gener-
alised to other familial and sporadic cases.4' Although
APP mismetabolism would appear to be established as
the cause in these few families, the generalisation of this
hypothesis remains speculative. A number of questions
remain unanswered, not the least of which is how
amyloid deposition itself leads to cell death and tangle
formation. ,BA4 peptide has been reported to be directly
toxic to neurons in culture4243 and APP cDNA-trans-
fected P19 cells show spontaneous degeneration when
induced to transform into post-mitotic neurons.44
Alternatively, there is evidence that ,BA4 peptide may
have an indirect, rather than direct toxic effect, to
enhance glutamate toxicity via disruption of internal cal-
cium homeostasis. This would also provide an explana-
tion for tangle formation since tau hyperphosphorylation
is calcium dependent.46 However, the changes which
would render normal soluble P-A4 peptide toxic are at
present unknown.26
Where do these advances in APP biochemistry and

molecular genetics leave the clinician? How important
are APP mutation families and what is the relationship to
FAD and sporadic Alzheimer's disease in general?
Firstly, APP mutation families appear to be extremely
rare; to date eight APP 717 Val -+ Ile, one Val -+ Gly,
one Val -+ Phe and two probably related APP 670-671
families have been reported. This represents less than 5%
of the young onset FAD cases. In general, the families
are similar to other cases of FAD and sporadic
Alzheimer's disease with early memory impairment and a
generalised cognitive decline.28 The APP 717 Val -+ Ile
families share with other FAD pedigrees features of
prominent myoclonus47 and in the original APP 717 Val

Ile pedigree prominent extra pyramidal features were
seen in some cases, which could be related to the pres-
ence of Lewy bodies in a single necropsied case.48 Only
single APP 717 Val -+ Phe49 and APP 717 Val -+ Gly
families have been reported. These show similar features
to the APP 717 Val -- Ile cases, but seizures in the APP
717 Val -+ Gly pedigree were an additional prominent
clinical feature.50 Of interest is the fact that all APP muta-
tion families have a broadly similar age of onset at around
50 years. Neuropathologically they have identical features
of plaques and tangles and the cytoskeletal pathology
with hyperphosphorylated tau is the same as that of spo-
radic Alzheimer's disease.48 One unusual feature of the
index APP 717 Val -+ Ile family was the presence of
Lewy bodies48 but this has not been a consistent feature
of this particular mutation.

Although the APP mutation families are rare, demon-
stration of the mutation does allow a definitive diagnosis
in life without need for biopsy and, together with the
prion dementia mutations52 justifies, screening in all
young onset dementias with a family history. Moreover,
this now allows predictive testing as with the prion
dementias.5 The constant age at onset in APP mutation
FAD suggests that a considerable degree of accuracy of
predictive testing might be possible. Considerable cau-
tion however, needs to be exercised, since although the
mutations appear to be fully penetrant, the ascertainment
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Neurological stamp

John Coakley Lettsom (1744-1815)

Lettsom, an 18th century Quaker, physician and philan-
thropist, was one of the central medical figures of the
period. His mother, Mary Coakley, bore seven sets of
twins. The seventh and last pair were John Coakley
Lettsom and his brother Edward-they were the only set
of twins to survive.

Lettsom was a phenomenally successful practitioner. It
is said that on his long rounds he wore out three pairs of
horses each day. In London, he inaugurated a system of
dispensaries which enabled poor people to be treated as

outpatients. The system was then adopted by many

towns throughout the country.
At the age of 28 Lettsom founded the Medical Society

of London and in 1786 he described alcoholic polyneuri-
tis to the Society. As well as the symptoms of neuritis he
noted the mental symptoms associated with alcoholism.
Lettsom knew nothing of the pathological process of the
disease and it is not even clear whether he sensed its
location. In spite of the fact that he did not use the term
neuritis, he clearly recognised the disorder and its associ-
ation with the "indulgence of drinking".

During his lifetime a considerable number of verses

were written around Lettsom. The most famous lines are

those embodying his supposed inclination for bleeding all
his patients. "When any sick to me apply, I physics,
bleeds and sweats 'em; If after that they choose to die,
What's that to me, I. Lettsom".
He was honoured by his country of birth, the British

Virgin Islands, in 1973 (Stanley Gibbons 284, Scott 249).
L F HAAS

diseases. AmJHum Genet 1991;49:1351-4.
54 Bird TD, Sumi SM, Nemens EJ. Phenotypic heterogeneity in familial

Alzheimer's disease: a study of 24 kindreds. Ann Neurol 1989;25:12-21.
55 Schellenberg GD, Bird TD, Wijsman EM, et al. Genetic linkage evidence

for a familial Alzheimer's disease locus on chromosome 14. Science
1992;258:668-71.

56 Mullan M, Houlden H, Windelspecht M, et al. A locus for familial early-
onset Alzheimer's disease on the long arm of chromosome 14, proximal
to the a 1-antichymotrypsin gene. Nature Genetics 1992;2:340-2.

57 St George Hyslop P, Haines J, Rogaev E, et al. Genetic evidence for a
novel familial Alzheimer's disease locus on chromosome 14. Nature
Genetics 1992;2:330-4.

58 Van Broekhoven C, Backhovens H, Cruts M, et al. Mapping of a gene
predisposing to early-onset Alzheimer's disease to chromosome 14q24-3
Nature Genetics 1992;2:335-9.

59 Pericak-Vance MA, Yamaoka LH, Haynes CS, et al. Genetic linkage
studies in Alzheimer's disease families. Exp Neurol 1988;102:271-9.

-HYTi RPX 1973

i° ~(QAKERS)

t J r n F~~~~~~~~U

Fu _ ' -J~~~~~~3

L O

t o ft$

. --

MMAL ILdlkS. #Ad
3

moil"

lkm Ak dh- all dk 4D fik-Alk, m A& Ah -AM-All

I

l

586
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.56.6.583 on 1 June 1993. D
ow

nloaded from
 

http://jnnp.bmj.com/

