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p-Amyloid Protein in Alzheimer's Disease 
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ABSTRACT: P-amyloid protein, a 42-43 amino acid polypeptide, accumulates abnormally in senile plaques and the 
cerebral vasculature in Alzheimer's disease. This polypeptide is derived from a membrane-associated precursor which 
has several isoforms expressed in many tissues. The precursor protein is processed constitutively within the P-amyloid 
domain, leading to the release of the large N-terminal portion into the extracellular medium, p-amyloid protein may be 
toxic to certain neuronal cell types and its early deposition may be an important event in the pathogenesis of 
Alzheimer's disease. 

RESUME: La proteine P-amyloide dans la maladie d'Alzheimer. La proteine P-amyloide, un polypeptide compose 
de 42-43 acides amines, s'accumule de facon anormale dans les plaques seniles et le systeme vasculaire cerebral dans 
la maladie d'Alzheimer. Ce polypeptide est forme a partir d'un precurseur associe a la membrane cellulaire, dont 
plusieurs isoformes sont exprimees dans differents tissus. La proteine qui sert de precurseur est formee a l'interieur du 
domaine P-amyloide, entratnant la liberation dans le milieu extra-cellulaire de la portion N-terminale de grande taille. 
L'accumulation de la proteine P-amyloide peut resulter d'un defaut dans sa formation. Des etudes ont montre que la 
proteine p-amyloide peut etre toxique pour certains types de cellules nerveuses et sa deposition precoce peut etre un 
evenement important dans la pathogenese de la maladie d'Alzheimer. 
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In cognitively impaired patients, a definite diagnosis of Alz
heimer's disease (AD) can only be established upon neuropatho-
logical examination through the quantitation of the characteris
tic lesions which accompany the extensive neuronal degeneration. 
These changes consist of intraneuronal neurofibrillary tangles 
(NFT), extra-cellular amyloid-containing neuritic plaques and 
cerebrovascular amyloidosis occurring in selected areas only, 
especially in the hippocampus and the neocortex. It is still not 
clear what primary event leads to these changes. Furthermore, it 
is also not known whether accumulation of the lesions them
selves results in neuronal dysfunction or whether these are 
merely a consequence of the initial damage to the cell. 

Of all these structures, cerebrovascular amyloid was the first 
to be characterized, being relatively easily solubilized in guani-
dinium hydrochloride. Glenner and Wong succeeded in purify
ing a low molecular weight protein from amyloid-bearing 
meningeal vessels from individuals with AD1 and Down's syn
drome.2 The partial amino acid sequence of these small peptides 
was essentially identical up to residue 28.3 Although the amy
loid core of senile plaques is less easily solubilized, a small pep
tide of 4-7 kDa was isolated from formic acid-treated cores and 
shown to be identical to the vascular amyloid protein isolated by 
Glenner and Wong, but with increased N-terminal heterogeneity.4 

Screening the brain cDNA libraries with a series of oligonu
cleotides based on the cerebrovascular amyloid protein 
sequence led to the identification of a full-length cDNA clone,5 

with an open reading frame coding for a 695-residue protein 
which has been labelled p-amyloid precursor protein (p-APP). 

Computer analysis of the p-APP primary structure predicted a 
transmembrane protein with a large extracellular N-terminal 
portion and a short cytoplasmic domain. This model placed the 
C-terminal of the 42-43 amino acid P-amyloid protein within 
the membrane. Therefore, according to the most simplistic sce
nario, P-amyloid production, through aberrant degradation of 
the precursor, would require two cleavages, with one of these 
occurring within the membrane. 

Alternative transcripts of the p-APP gene have been identi
fied. While one species codes for a secreted form of the precur
sor lacking the transmembrane region (and hence the p-amy
loid)6, the other transcripts, P-APP7,4 and P-APP751 have an 
additional exon of either 19 or 56 amino acids spliced in at 
residue 289 of P-APP695, whereas p-APP770 contains both these 
exons.7-9 Interestingly, the longer exon codes for a protease 
inhibitor domain showing 50% homology to the Kunitz family 
of serine protease inhibitors (KPI). 

The mRNA for P-APP has been detected in the nervous sys
tem as well as in many tissues outside it (e.g. kidney, heart, 
muscle).810 The isoform of P-APP containing the KPI domain 
(P-APP75: or P-APP770) has been shown to be identical to the 
protease inhibitor protein nexin II" which had previously been 
purified from the conditioned medium of fibroblasts.12 This pro
tein nexin II has also been shown to be released from the 
a-granules of activated platelets13 and to be an inhibitor of 
coagulation factor XIa.14 The function of P-APP695 is still 
unknown; its mRNA is highest in fetal tissue and may be con
fined predominantly to the nervous system in the adult.15 On the 
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other hand, expression of P-APP751/770 is higher in peripheral 
tissues7"9-15 although it has also been detected in the same neu
ronal populations as p-APP695.16-17 

To understand why the metabolism of this family of ubiqui
tously expressed proteins is altered especially in certain regions 
of the brain, levels of transcriptional activity have been quanti-
tated by several groups. On Northern analysis, P-APP695 seems 
to be diminished selectively in A D 1 5 ' 1 7 1 9 whereas in situ 
hybridization experiments have shown a selective increase in P-
APP695, as compared to P-APP75i/770, at the level of individual 
neurons in the nucleus basalis of Meynert and in the locus 
coeruleus.16 Northern analysis is not as sensitive and in these 
cases may rather be reflecting the loss of cells (and hence, total 
RNA) from these regions. However, there has also been a report 
of a selective increase of p-APP751/770 in hippocampal pyrami
dal neurons.20 Despite these somewhat contradictory results, 
several important points are nevertheless evident: 1) neurons 
produce P-APP but so do other cell types in the brain (glia, 
endothelial cells);21 2) p-APP is also produced in neurons which 
are not usually involved in AD such as the Purkinje cells of the 
cerebellum;15-21'22 3) by in situ hybidization analysis, some sub-
populations of neurons express more P-APP in AD,16- 20"25 

although the level of transcripts is never more than two- to 
three-fold higher in AD compared to aged-matched controls. 

The gene for p-APP spans over 200 kilobases26 and maps on 
chromosome 21 near q21.1 - q21.2.27 This may explain the pres
ence of AD-type lesions in individuals with Down's syndrome 
as resulting from increased gene dosage; in line with this, the 
mRNA levels for all P-APP transcripts have been shown to be 
increased in Down's syndrome fetal brain tissue as compared to 
normal.15 To date, no sequence differences have been detected 
in the few cDNA clones isolated from AD brain tissue.28-29 

Therefore, neither a mutation in the coding sequences, nor a 
chromosomal rearrangement through gene duplication,3031 may 
be involved in most of the sporadic AD cases. Furthermore, the 
P-APP gene is not the genetic locus of the Familial Alzheimer 
Disease (FAD) gene32-33 which maps, in some early-onset fami
lies, at a centromeric location on chromosome 21.3 4 However, 
mutations in the P-APP gene can lead to P-amyloid deposition 
since in hereditary cerebral hemorrhage with amyloidosis of the 
Dutch type, a single base pair change in the p-amyloid domain 
results in cerebrovascular angiopathy and these patients die in 
their fifties of a cerebral hemorrhage.35 

With the availability of antibodies against synthetic peptides 
deduced from the cDNA sequence, approaches are being devel
oped to understand some of the cellular processing of P-APP. In 
cultured cells, P-APP has been shown to be cleaved very rapidly, 
with the large N-terminal domain being released to the extracel
lular medium.36'37 In cells transfected with the different iso-
forms of P-APP, constitutive cleavage of the precursor occurs 
within the P-amyloid region, after amino acid 15;38'39 presum
ably, this would preclude accumulation of the P-amyloid pep
tide. Furthermore, the point mutation detected in hereditary 
cerebral hemorrhage with amyloidosis of the Dutch type,35 

which results in a Glu to Gin alteration at position 22 of the p-
amyloid domain (5 residues from the constitutive cleavage site), 
would be expected to alter proteolytic specificity through the 
modification of ionic charges in the vicinity of the cleavage site. 

Selkoe et al.40 have identified the native p-APP in post
mortem brain and nonneural human tissues as 110 to 135 kDa 
proteins present in various membrane-rich subcellular fractions. 
The transmembrane portion was shown to be -11 kDa after 
reaction with an anti-C-terminal antibody.40 It is not clear from 
these studies what proportion (if any) of the intact (non-cleaved) 
precursor remains on the plasma membrane. Some of these dif
ferent species of proteins were also detected in the cerebrospinal 
fluid36'41 and plasma.42 However, to date, no form of P-APP con
taining an intact P-amyloid domain has been detected either in 
plasma or cerebrospinal fluid. This would suggest that there is 
no appreciable pool of circulating intact precursor protein which 
could serve as the starting material for the amyloid deposits. 

The studies on the processing of p-APP suggest that abnor
mal deposition of P-amyloid involves several steps: 1) absence 
of normal cleavage; 2) induction of cleavage in the extracellular 
domain at a site 15 amino acids away from the normal one, as 
well as 3) unmasking of a cleavage site usually buried in the cell 
membrane. If the abnormal production of P-amyloid is due to 
aberrant intracellular trafficking and processing of the newly 
synthesized precursor, it is not clear how P-amyloid ends up 
accumulating extracellularly. On the other hand, if the intact 
precursor is already inserted into the cell membrane prior to the 
aberrant cleavage, it is difficult to envisage how the site situated 
within the membrane becomes exposed to proteolytic activity. 
Down's syndrome and the Dutch-type cerebral hemorrhage rep
resent two examples in which p-amyloid might accumulate 
either through overexpression or mutation of the P-APP protein. 
Although, in both cases, the normal proteolytic process is sub
verted, extensive deposits of P-amyloid do not occur elsewhere 
in the brain or in peripheral tissue, as would be expected. Thus, 
it must be assumed that either constitutive cleavage of the pre
cursor still occurs or mechanisms exist for degrading the P~ 
amyloid as it is formed. In AD, no mutation in P-APP has been 
identified, nor has consistent overexpression been detected in all 
involved neuronal populations. The metabolic perturbation may 
be occurring at the level of the proteolytic mechanisms. 

Great progress is being made in elucidating the nature of the 
p-amyloid deposits. By immunocytochemical methods it has 
been shown that amorphous plaques, labelled "preamyloid", can 
be detected in brain tissue as early as 40 years of age in a normal 
population,43 and 13 years of age in individuals with Down's 
syndrome.44 Furthermore, the rate of deposition is similar in 
both groups, with the process beginning 40-50 years earlier in 
Down's syndrome.44 The studies in Down's syndrome have 
been confirmed by other workers4 5 4 6 and the conclusions 
remain the same: the diffuse, amorphous "preamyloid" precedes 
senile plaques, does not stain with Congo red or thioflavin, nor 
does it contain degenerating neurites. Although it cannot be con
cluded that in individuals who, at death, were free of cognitive 
changes, the "preamyloid" deposits detected would have subse
quently developed into senile plaques with amyloid cores, all 
patients with Down's syndrome develop the typical AD neu
ropathology if they survive beyond the age of 40. Thus, the 
observation of "preamyloid" in younger Down's syndrome indi
viduals would suggest that deposition of p-amyloid is an early 
event and not merely the consequence of extensive neuronal 
degeneration. In heredity cerebral hemorrhage with amyloidosis 
of Dutch origin, "preamyloid" is present in the cortex although 
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no senile plaques have been detected and dementia has not been 
reported.47 Death of these patients of cerebral hemorrhage in 
their early fifties may preclude development of the characteristic 
neuropathology and dementia. 

At the biochemical level, the presence of "preamyloid" may 
have important effects on surrounding cells. The p-amyloid 
protein has recently been shown to be toxic to primary rat hip-
pocampal cultures.48 When 4-day-old cultures were treated with 
P-amyloid at a concentration of 20 x lO6 M, a 50% decrease 
was observed in the number of viable pyramidal neurons. The 
effective concentration of P-amyloid could be decreased to 1 x 
10"12 M when the cultures were co-incubated with NGF. 
Similarly, PC 12 cells transfected with a p-amyloid/C-terminal 
construct were shown to degenerate in the presence of NGF 
without extending neurites and entering their differentiation pro
gram.49 In this study, the neurotoxic activity could be found in 
the conditioned medium of transfected cells (either PC 12 or 
NIH 3T3) and could be partially blocked by antibodies against 
the P-amyloid. At first view, the mechanism of this neurotoxici
ty is unclear since the protein produced by this construct does 
not contain a signal peptide and the hydrophobic molecule 
would be expected to accumulate intracellularly without ever 
being secreted. Nevertheless, these studies show that P-amyloid 
may be toxic to certain neuronal cell types and its early deposi
tion may be an important element in the pathogenesis of AD. 

Note added in proof 
Goate et al (Nature 1991; 349: 704-706) have shown that in 

two unrelated families a missense mutation close to the C-termi-
nus of the p-amyloid protein segregates with AD. 

REFERENCES 

1. Glenner GG, Wong CW. Alzheimer's disease: initial report of the 
purification and characterization of a novel cerebrovascular 
amyloid protein. Biochem Biophys Res Commun 1984; 120: 
885-890. 

2. Glenner GG, Wong CW. Alzheimer's disease and Down's syndrome: 
sharing of a unique cerebrovascular amyloid fibril protein. 
Biochem Biophys Res Commun 1984; 122: 1131-1135. 

3. Wong CW, Quaranta V, Glenner GG. Neuritic plaques and cere
brovascular amyloid in Alzheimer disease are antigenically relat
ed. Proc Natl Acad Sci USA 1985; 82: 8729-8732. 

4. Masters CL, Simms G, Weinman NA, et al. Amyloid plaque core 
protein in Alzheimer's disease and Down's syndrome. Proc Natl 
Acad Sci USA 1985; 82: 4245-4249. 

5. Kang J, Lemaire H-G, Unterbeck A, et al. The precursor of Alz
heimer's disease amyloid A4 protein resembles a cell-surface 
receptor. Nature 1987; 325: 733-736. 

6. DeSauvage F, Octave J-N. A novel mRNA of the A4 amyloid pre
cursor gene coding for a possible secreted protein. Science 1989; 
245:651-653. 

7. Ponte P, Gonzalez-DeWhitt P, Schilling J, et al. A new A4 amyloid 
mRNA contains a domain homologous to serine proteinase 
inhibitors. Nature 1988; 331: 525-527. 

8. Tanzi RE, McClatchey Al, Lamperti ED, et al. Protease inhibitor 
domain encoded by an amyloid protein precursor mRNA associ
ated with Alzheimer's disease. Nature 1988; 331: 528-530. 

9. Kitaguchi N, Takahashi Y, Tokushima Y, et al. Novel precursor of 
Alzheimer's disease amyloid protein shows protease inhibitory 
activity. Nature 1988; 331: 530-532. 

10. Tanzi RE, Gusella JF, Watkins PC, et al. Amyloid P-protein gene: 
cDNA, mRNA distribution, and genetic linkage near the 
Alzheimer locus. Science 1987; 235: 880-884. 

11. Oltersdorf T, Fritz LC, Schenk DB, et al. The secreted form of the 
Alzheimer's amyloid precursor protein with the Kunitz domain 
is protease nexin II. Nature 1989; 341: 144-147. 

12. Van Nostrand WE, Cunningham DD. Purification of protease nexin 
II from human fibroblasts. J Biol Chem 1987; 262: 8508-8514. 

13. Van Nostrand WE, Wagner SL, Suzuki M, et al. Protease nexin-II, 
a potent anti-chymotrypsin, shows identity to amyloid-fJ protein 
precursor. Nature 1989; 341: 546. 

14. Smith RP, Higuchi DA, Broze GJ. Platelet coagulation factor Xla-
inhibitor, a form of Alzheimer amyloid precursor protein. 
Science 1990; 248: 1126-1128. 

15. Neve RL, Finch EA, Dawes LR. Expression of the Alzheimer amy
loid protein gene transcripts in the human brain. Neuron 1988; 1: 
669-677. 

16. Palmert MR, Golde TE, Cohen ML, et al. Amyloid protein precur
sor messenger RNAs: differential expression in Alzheimer's dis
ease. Science 1988; 241: 1080-1084. 

17. Johnson SA, Rogers J, Finch CE. APP-695 transcript prevalence is 
selectively reduced during Alzheimer's disease in cortex and 
hippocampus but not in cerebellum. Neurobiol Aging 1989; 10: 
267-272. 

18. Johnson SA, Pasinetti GM, May PC, et al. Selective reduction of 
the mRNA for the P-amyloid precursor protein that lacks a 
Kunitz-type protease inhibitor motif in cortex from Alzheimer 
brain. Exp Neurol 1988; 102: 264-268. 

19. Goedert M. Neuronal localization of amyloid P-protein precursor 
mRNA in normal human brain and in Alzheimer's disease. 
EMBOJ 1987;6:3627-3632. 

20. Johnson SA, McNeill T, Cordell B, et al. Relation of neuronal APP-
751/APP-695 mRNA ratio and neuritic plaque density in 
Alzheimer's disease. Science 1990; 248: 854-856. 

21. Schmechel DE, Goldgaber D, Burkhart DS, et al. Cellular localiza
tion of messenger RNA encoding amyloid P-protein messenger 
RNA in brains from patients with Alzheimer's disease. 
Alzheimer Dis Assoc Disord 1988; 2: 96-111. 

22. Bahmanyar S, Higgins GA, Goldgaber D, et al. Localization of 
amyloid p-protein messenger RNA in brains from patients with 
Alzheimer's disease. Science 1987; 237: 77-80. 

23. Cohen ML, Golde TE, Usiak MF, et al. In-situ hybridization of 
nucleus basalis neurons shows increased P-amyloid mRNA in 
Alzheimer disease. Proc Nad Acad Sci USA 1988; 85: 1227-1231. 

24. Higgins GA, Lewis DA, Bahmanyar S, et al. Differential regulation 
of amyloid P-protein mRNA expression within hippocampal 
neuronal subpopulations in Alzheimer disease. Proc Natl Acad 
Sci USA 1988; 85: 1297-1301. 

25. Lewis DA, Higgins GA, Young WG, et al. Distribution of precursor 
amyloid p-protein messenger RNA in human cerebral cortex: 
relationship to neurofibrillary tangles and neuritic plaques. Proc 
Natl Acad Sci USA 1988; 85: 1691-1695. 

26. Lemaire HG, Salbaum JM, Multhaup G, et al. The preA4 (695) 
precursor protein of Alzheimer's disease A4 amyloid is encoded 
by 16 exons. Nucleic Acids Res 1989; 17: 517-522. 

27. Korenberg JR, Pulst SM, Neve RL, et al. The Alzheimer amyloid 
precursor protein maps to human chromosome 21 bands 
q21.105-q21.05. Genomics 1989; 54: 124-127. 

28. Vitek MP, Rasool CG, deSauvage F, et al. Absence of mutation in 
the P-amyloid cDNAs. Mol Brain Res 1988; 4: 121-131. 

29. Zain SB, Salim M, Chou WG, et al. Molecular cloning of amyloid 
cDNA derived from mRNA expressed in the cortex. Proc Natl 
Acad Sci USA 1988; 85: 929-933. 

30. Tanzi RE, Bird ED, Latt SA, et al. The amyloid P-protein is not 
duplicated in brains from patients with Alzheimer's disease. 
Science 1987; 238: 666-669. 

31. Podlinsy MB, Lee G, Selkoe DJ. Gene dosage of the amyloid P-
precursor protein in Alzheimer's disease. Science 1987; 238: 
669-671. 

32. Tanzi RE, St George-Hyslop PH, Haines JL, et al. The genetic 
defect in Alzheimer's disease is not tightly linked to the amyloid 
P-protein gene. Nature 1987; 329: 156-157. 

33. Van Broechkhoven C, Genthe AM, Vandenberghe A, et al. Failure of 
familial Alzheimer's disease to segregate with the A4-amyloid 
gene in several European families. Nature 1987; 329: 153-155. 

34. St. George-Hyslop PH, Haines JL, Farrer LA, et al. Genetic linkage 
studies suggest that Alzheimer's disease is not a single homoge
neous disorder. Nature 1990; 347: 194-197. 

426 
https://doi.org/10.1017/S0317167100032595 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100032595


LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES 

35. Levy E, Carman MD, Fernandez-Madrid IJ, et al. Mutation of the 
Alzheimer's disease amyloid gene in hereditary cerebral hemor
rhage, Dutch type. Science 1990; 248: 1124-1126. 

36. Weidemann A, Konig G, Bunke D, et al. Identification, biogenesis, 
and localization of precursors of Alzheimer's disease A4 amy
loid protein. Cell 1989; 57: 115-126. 

37. Oltersdorf T, Ward PJ, Henriksson T, et al. The Alzheimer amyloid 
precursor protein. Identification of a stable intermediate in the 
biosynthetic/degradative pathway. J. Biol Chem 1990; 265: 
4492-4497. 

38. Sisodia SS, Koo EH, Beyreuther K, et al. Evidence that P-amyloid 
protein in Alzheimer's disease is not derived by normal process
ing. Science 1990; 248: 492-495. 

39. Esch FS, Keim PS, Beattie EC, et al. Cleavage of amyloid (3-pep-
tide during constitutive processing of its precursor. Science 
1990; 248: 1122-1124. 

40. Selkoe DJ, Podlisny MB, Joachim CL, et al. P-amyloid precursor 
protein of Alzheimer disease occurs as 110- to 135-kilodalton 
membrane-associated proteins in neural and nonneural tissues. 
Proc Natl Acad Sci USA 1988; 85: 7341-7345. 

41. Palmert MR, Podlisny MB, Witker DS, et al. The P-amyloid pro
tein precursor of Alzheimer disease has soluble derivatives 
found in human brain and cerebrospinal fluid. Proc Natl Acad 
Sci USA 1989; 86: 6338-6342. 

42. Podlisny MB, Mamman AL, Schlossmacher MG, et al. Detection 
of soluble forms of the p-amyloid precursor protein in human 
plasma. Biochem Biophys Res Commun 1990; 167: 1094-1101. 

43. Davies L, Wolska B, Hilbich C, et al. A4 amyloid protein deposi
tion and the diagnosis of Alzheimer's disease: prevalence in 
aged brains determined by immunocytochemistry compared with 
conventional neuropathology techniques. Neurology 1988; 38: 
1688-1693. 

44. Rumble B, Retallack R, Hilbich C, et al. Amyloid A4 protein and 
its precursor in Down's syndrome and Alzheimer's disease. New 
Engl J Med 1989; 320: 1446-1452. 

45. Giaccone G, Tagliavini F, Linoli G, et al. Down patients: extracel
lular preamyloid deposits precede neuritic degeneration and 
senile plaques. Neurosci Lett 1989; 97: 232-238. 

46. Mann DMA, Brown A, Prinja D, et al. An analysis of the morphol
ogy of senile plaques in Down's syndrome patients of different 
ages using immunocytochemical and lectin histochemical tech
niques. Neuropathol Appl Neurobiol 1989; 15: 317-329. 

47. Van Duinen SG, Castano EM, Prelli F, et al. Hereditary cerebral 
hemorrhage with amyloidosis in patients of Dutch origin is related 
to Alzheimer disease. Proc Natl Acad Sci USA 1987; 84: 5991-
5994. 

48. Yankner BA, Caceres A, Duffy LK. Nerve growth factor potenti
ates the neurotoxicity of P amyloid. Proc Natl Acad Sci USA 
1990; 87: 9020-9023. 

49. Yankner BA, Dawes LR, Fisher S, et al. Neurotoxicity of a frag
ment of amyloid precursor associated with Alzheimer's disease. 
Science 1989;245:417-420. 

Volume 18, No. 3 (Supplement) — August 1991 All 

https://doi.org/10.1017/S0317167100032595 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100032595



