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7) ABSTRACT

The present invention is directed to methods for treating
Alzheimer’s Disease by modulating divalent cation, triva-
lent cation and/or heparin interaction with amyloid precursor
protein (APP). In particular, the present invention is directed
to methods for treating Alzheimer’s Disease by administer-
ing to a patient with Alzheimer’s Disease a therapeutically
effective amount of a zinc binding agent for modulating the
interaction of zinc and/or heparin with APP and thereby
preventing the aberrant processing of APP.
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METHOD FOR TREATING ALZHEIMER’S
DISEASE

[0001] The present invention relates to a method of assay-
ing for Alzheimer’s disease in a human by determining the
relative abundance of one or more forms of amyloid pre-
cursor protein (APP) or the enzyme responsible for said
forms in circulator) fluid and to a method for treating the
disease by modulating divalent cation and/or heparin inter-
action with APP.

[0002] Alzheimer’s disecase is a progressive dementia
characterised by the deposition of amyloid in the intracel-
lular and extracellular compartments of the cerebral cortex
(Davies et al, 1988). The extracellular deposits consist of a
protein of 4,000 relative molecular mass (M,=4K) referred
to as PA4 (Kang et al, 1987). Molecular cloning and protein
sequencing studies have shown that PA4 comprises part of
the membrane spanning and extracellular domains of the
amyloid precursor protein (APP), which has features of an
integral transmembrane cell surface receptor (Kang et al,
1987; Goldgaber et al, 1987).

[0003] PA4 appears to result from abnormal cleavage of
APP. Normal cleavage occurs at or near a lysine residue
within the BA4 sequence (Esch et al, 1990; Sisodia et al,
1990; Palmert et al, 1989). Cleavage at this site would
prevent formation of the amyloidogenic $A4 fragment. The
enzyme which normally cleaves APP from the membrane
surface is designated “APP secretase” although it has never
been identified.

[0004] At least one form of APP has been shown to have
neurotrophic activity, i.e. capable of promoting the survival
or outgrowth of nerve processes. A disorder in APP process-
ing may account for the loss of certain populations of
neurons seen in Alzheimer’s disease. There is now increas-
ing evidence that APP is released from membranes, as part
of its normal neurotrophic function, by cleavage at a site
within the BA4 sequence (lysine 16) by APP secretase. As
BA4A is produced in Alzheimer’s disease, this indicates that
a failure to cleave at this site might be the cause of
Alzheimer’s disease or at least contribute to the progression
of the disease.

[0005] There is a need for an assay which is of predictive
and diagnostic value in monitoring Alzheimer’s disease and
for any therapeutic interventions therein. In accordance with
the present invention, it has now been discovered at pro-
cessing of circulatory APP is altered in Alzheimer’s disease
thus providing a basis for an assay for the discase. Further-
more, from work leading up to the present assay, an
improved means of treating Alzheimer’s disease has been
discovered based on modulating the interaction between
divalent cations and/or heparin and APP.

[0006] Accordingly, one aspect of the present invention
provides a method of assaying for Alzheimer’s disease in a
human said method comprising isolating a sample of circu-
latory fluid from said human, determining the amount of the
130 kDa form and/or 42 kDa form of APP and/or any
derivatives of either form of APP in said fluid relative to a
normal control wherein a relative increase in the 130 kDa
form and/or its derivative and/or a relative decrease in the 42
kDa form and/or its derivative is indicative of the disease.
By “assay” is meant screening or monitoring for the pres-
ence of, or a disposition to, Alzheimer’s disease and/or to
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observe the effectiveness, or otherwise, of treatment of the
discase following, for example, therapeutic intervention.

[0007] In accordance with the assay of the present inven-
tion, a sample of circulatory fluid is obtained from a test
subject, generally after fasting since the prandial condition
alters the level of APP in circulatory fluid, and the relative
amounts of the 130 kDa and/or 42 kDa forms and/or their
derivatives of APP determined. Fasting is generally for at
least four hours but may be longer or shorter depending on
the human to be tested. Fasting times may, for example, vary
from 3 to 12 hours. Preferably, the circulatory fluid is blood
plasma. A number of means exist for determining the
relative amounts and such determination may be quantitative
or qualitative. Conveniently, a Western blot is performed
using an antibody, and preferably a monoclonal antibody,
which recognises the amino terminal portion of APP. Mouse
monoclonal antibody (MAb) 22C11 (Boehringer Man-
nheim, Munich, Germany) is one such antibody. Following
a Western blot, a reflective analysis can then be conducted
by computing the integrated reflectance (i.e. the area under
the curve) for the peak corresponding to the 130 kDa and/or
42 kDa forms of APP and/or their derivatives.

[0008] One skilled in the art will immediately recognise
that other forms of quantitation or qualitation are possible
such as using HPLC and/or antibodies with different speci-
ficities to determine the relative levels of the different forms
of APP. Such other methods are still within the scope of the
present invention and include ELISA and competitive anti-
body assays. In any event, regardless of the means
employed, it need only be determined that the 130 kDa form
and/or its derivative of APP shows an increase and/or that
the 42 kDa form and/or its derivative shows a decrease in
their respective relative amounts to detect Alzheimer’s dis-
ease and/or to monitor its progress.

[0009] The present invention also extends to genetic
detection systems. These are of particular use in screening
for people with a genetic predisposition to Alzheimer’s
discase. A genetic detection system, for example, may be
based on a nucleic acid probe for the gene encoding the
enzyme (“APPase”) responsible for the alteration in circu-
latory APP.

[0010] According to this aspect of the present invention,
there is provided a method of assaying for Alzheimer’s
disease in a human said method comprising isolating a
sample of genetic material from said human, contacting said
genetic material to an oligonucleotide capable of hybridising
at or near the gene encoding APPase and ascertaining
whether or not said APPase gene contains any nucleotide
aberrations.

[0011] Preferably, the oligonucleotide is a probe and aber-
rations in the gene are determined by the extent of hybridi-
sation to a region at or near said gene.

[0012] Alternatively, the oligonucleotide is a primer
capable of directing amplification of DNA and aberrations
are detected by sequencing of amplification products or
measuring the profile of amplification products relative to a
normal control.

[0013] In another embodiment, an antibody assay may be
used to determine the amount of the enzyme. According to
this embodiment there is provided a method for assaying for
Alzheimer’s disease in a human said method comprising
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isolating a sample of circulatory fluid from said human and
contacting said fluid to a binding effective amount of an
antibody specific to APPase and determining the amount of
APPase in said fluid.

[0014]
[0015]

[0016] Conveniently, the binding of the antibody is deter-
mined by contacting the sample with a second antibody
labelled with a reporter molecule and assaying a signed
product by said reporter molecule.

[0017] In a specific embodiment the antibody is specific
only for naturally occurring, active APPase.

[0018] By “derivative” means any single or multiple
amino acid substitutions, deletions and/or additions to forms
of APP occurring naturally or following direct or indirect
therapeutic intervention. Accordingly, the present invention
extends to monitoring the 130 kDa and/or 42 kDa forms or
to any derivatives thereof which may possess higher or
lower molecular weights. Hence, reference herein to the 130
kDa and 42 kDa forms of APP includes references to any
derivatives thereof, where the relative amount of the deriva-
tive forms have the same or similar predictive and diagnostic
value in monitoring Alzheimer’s disease as the 130 kDa an
42 kDa forms.

[0019] In amostpreferred embodiment, the present inven-
tion provides a method for assaying for Alzheimer’s disease
in a patient, said method comprising isolating plasma from
said patient and subjecting same to partial purification,
identifying the 130 kDa and/or 42 kDa forms and/or their
derivatives of APP in said partially purified plasma prepa-
ration by suitable means such as Western blot analysis using
an antibody to the amino terminal portion of APP and then
determining the amounts of said 130 kDa and/or 42 kDa
forms and/or their derivatives relative to normal controls. By
“partial purification” is meant that required to reduce inter-
ference by non-APP proteins and other molecules during the
detection, such as by Western blot analysis. Conveniently,
the partial purification is conducted by collecting the plasma
in heparinised collection tubes, obtaining the plasma super-
natant and subjecting same to heparin-Sepharose chroma-
tography.

[0020] The present invention also relates to antibodies to
the 130 kDa and/or 42 kDa forms and/or their derivatives of
APP and to antibodies to APPase. The antibodies may be
polyclonal or monoclonal antibodies or may be recombinant
or chemically synthetic forms thereof. Such antibodies will
be useful inter alia in the detection assay of the present
invention. In this regard, these antibodies may be labelled
with a reporter molecule such as an enzyme, radioisotope,
chemiluminescent molecule, fluorescent molecule and the
like. Alternatively, a labelled second antibody, specific to the
first antibody, could be employed. The present invention,
therefore, extends to the second antibody, whether or not the
antibody is labelled. The said second antibody may be
polyclonal monoclonal or synthetic as with the first anti-
body.

[0021] Yet a further aspect of the present invention pro-
vides a kit for assaying for Alzheimer’s disease in a human
said kit comprising in compartmental form a first compart-
ment adapted to contain an antibody specific to the 130 kDa

Preferably, the circulatory fluid is blood plasma.

Preferably, the antibody is a monoclonal antibody.
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form and/or the 42 kDa form and/or derivatives thereof or to
APPase; and optionally a second compartment adapted to
contain a second antibody specific to said first antibody and
labelled with a reporter molecule. The kit may also further
comprise means for conducting a Western blot and/or some
other quantitative or qualitative detection means. The kit
may yet further comprise means for partially purifying the
130 kDa and/or 42 kDa forms and/or their derivatives of
APP and/or APPase from the circulatory fluid such as
plasma.

[0022] In yet another aspect of the present invention, there
is provided a method for treating Alzheimer’s disease in a
patient in need thereof comprising subjecting said patient to
means for modulating divalent cation and/or trivalent cation
and/or heparin interaction with APP. Preferably, zinc inter-
action or heparin or any other moiety that binds to the
heparin binding site with APP is modulated. This aspect of
the present invention is predicated in part on the discovery
that by manipulating the interaction between cations, pref-
erably zinc, and APP, protease mediated digestion of APP
(i.e. APPasc activity) is altered.

[0023] An elevation in APP levels occurs in Alzheimer’s
discase. Elevations of APP mRNA are known to occur in the
brains of sporadic Alzheimer’s disease cases and are the
most likely the pathogenetic event in the amyloidogenesis
that invariably accompanies Down’s Syndrome. Increases in
APP levels can be induced in normal and Alzheimer’s
discase volunteers, in rats and in PC12 cultured cells by
extracellular zinc loading. It is demonstrated herein that
extracellular zinc modulates APP expression. This provides
a basis for therapeutic intervention based on modulating
divalent cation interaction with APP.

[0024] By modulating the levels of divalent cations or
heparin or any other moiety which can bind the heparin
binding sites on APP (residues 318-331 and around residues
98-105) or any other binding site on APP capable of binding
these moieties (such as additional zinc or heparin binding
sites on APP), the range, type and/or extent of APP cleavage
can be altered such that incorrect protease-mediated pro-
cessing of APP can be reduced or inhibited. By “modulate”
is meant the alteration of the availability of divalent cations
and trivalent cations or heparin or any other moiety which
can bind the heparin binding sites on APP (residues 318-331
and around residues 98-105) or any other binding site on
ATP capable of binding these moieties (such as additional
zinc or haparin binding sites on APP) to bind to APP prior
to or simultaneously with APPase-mediated cleavage. It has
been found that zinc (Zn**) binds to APP at a specific and
saturable binding site. The zinc binding site on APP was
identified by enzymatic digestion of purified APP695-fusion
protein coupled to Zn**-chelating sepharose. The synthetic
peptide representing about residues 181-200 of APP, situated
between the cysteine rich and negatively charged domains of
the protein, was shown to bind zinc in a specific and
saturable manner. The intimate involvement between APP
and zinc is strongly suggestive of a role of zinc in APP
processing. APP binds heparin (in a manner analogous to
FGF). Heparin has been shown to protect APP from pro-
teolytic digesion, as exemplified using the proteolytic
enzyme trypsin. Heparin concentration as low as 100 nM
cause a marked reduction in the rate and degree of brain APP
degradation by trypsin. The brain contains a number of
heparin or heparin sulphate containing proteins and thus the
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interaction of heparin with APP may stabilise APP from
proteolytic degradation in-vivo. It has also been found that
zinc effects the kinetics of heparin binding to APP, and may
increase APP affinity for heparin 5 to 10 fold. Surprisingly,
at low zinc concentrations (above about 1 ym) the protective
effects of heparin are abolished. This finding indicates that
aberrant zinc levels in-vivo, in the brain intracellular and/or
extracellular millieu, may promote aberrant APP proteolytic
processing giving rise to the amyloid protein, and subse-
quently Alzheimer’s disease and other disorders associated
with amyloid deposition in the brain.

[0025] The mechanisms behind zine abolishing the pro-
tective effects of heparin are uncertain.

[0026] Studies conducted in Alzheimer’s disease patients
demonstrate that administration of zinc (such as elemental
zinc in the form of sulphate) at a moderate oral dosage such
as 50 to 100 mg of grams per day over several days (in
keeping with conventional zinc supplements obtainable
from pharmacies) leads to rapid deterioration of neural
functioning as demonstrated by a severe loss of cognitive
function with mini-mental state examination (Folstein et al,
1975) scores deteriorating from moderately demented levels
to unrecordable. Eye movement abnormalities and general
levels of self care worsened over the period of supplemen-
tation. In contrast, healthy volunteers showed no ill effects
from zinc supplementation.

[0027] The results obtained from Alzheimer’s patients is
consistent with a neurotoxic response to zinc metabolism in
the brain in Alzheimer’s disease.

[0028] 1In one aspect of this invention Alzheimer’s disease
and other neurological disorders are treated, ameliorated
and/or prevented by administering to a patient in need of
such treatment a therapeutically effective amount of a zinc
binding agent which agent is capable of binding a divalent
or trivalent cation and thereby modulating its interaction
with APP. More particularly, the cation is a divalent cation
and even more particularly is zinc and the binding agent is
a zinc binding agent. This modulation may comprise reduc-
ing the bioavailability of zinc due to the formation of
complexes with zinc thus reducing free zinc. Zinc binding
may, for example, take place in the gastrointestinal tract, in
the blood stream and/or in the brain, such as at an extracel-
lular and/or intracellular level.

[0029] Any pharmaceutically acceptable zinc binding
agent may be employed in this invention. Particularly pre-
ferred are binding agents which are capable of crossing the
blood/brain barrier and thus modulate free zinc concentra-
tions within the brain at an extracellular and/or intracellular
level in order to restore aberrant zinc levels in the brain thus
protecting against improper APP processing which may give
rise the amyloid protein. Examples of zinc binding agents
(such as chemical chelators) include phytic acid and deriva-
tives thereof (such as phytate), desferrioxamine, sodium
citrate, ethylene diamine tetra acetic acid (EDTA), and zinc
specific chelating agents based on heterocyclic pyridones
such as 1,2-diethyl-3-hydroxypyridin-4-one (CP94) and
1-hydroxyethyl-3-hydroxy-2-methylpyridin-4-one  (CP40)
(Hilder et al., 1990); which agents may be capable of
crossing cell membranes (CP94) or incapable of permeating
cells (CP40).

[0030] Zinc interaction with APP may be modulated by
diet, by administering to patients a low zine diet, or remov-
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ing dietry sources of zinc. Zinc is enriched in numerous
foodstuffs. Prominent amongst these are oysters, crab, beef,
liver and other seafood and animal products (Stanton 1992).
The bioavailability of zinc is inhibited by unprocessed wheat
bran, high alcohol and various proteins. Avoidance of animal
products combined with a diet containing unprocessed fibre,
such as wheat bran, may reduce the bioavailability of zinc
and hence reduce the contribution of zinc to neurotoxicity.
Thus, in accordance with this aspect there is provided a
method for treating/ameliorating or preventing Alzheimer’s
discase which comprises administering to a subject in need
of such treatment a diet low in free zinc.

[0031] The term “modulate” extends to the use of phar-
macological agents which disrupt zinc transport mecha-
nisms across cell membranes. Like other metal ions, such as
iron and calcium, zinc is transported into cells via a zinc
transport system (currently poorly characterised) which may
involve one or more proteins and/or lipids and/or carbohy-
drates which regulates zinc flow across membranes. Phar-
macological agents which disrupt one or more components
of the zinc transport system may be used to block zinc
uptake from the intestines as well as zinc transport into and
out of cells in the brain. Accordingly, there is provided in
this aspect a method for modulating zinc interaction with
APP which comprises administering to a subject a pharma-
cological agent capable of blocking one or more components
of the zinc transport system so as to reduce zinc uptake.
Using such agents it may be possible to correct the mald-
istribution of zinc in extracellular and intracellular compart-
ments in Alzheimer’s disease. The term “modulate” further
extends to means for affecting the interaction of the cations
to APP. Such means include, for example, changes in pH.
“Modulate” also extends to altering zinc metabolism with
agents such as iron supplements which, for example, sup-
press zinc absorption from the gut and promote zinc elimi-
nation, or by blocking the cation binding site on APP or on
the cation responsive promoter region of the APP gene, for
example with cupric ions.

[0032] Administration of zinc binding compounds and
pharmacological agents capable of disrupting the zinc trans-
port system may be by parenteral or oral administration
although all other known modes of administration are con-
templated by the present invention.

[0033] Sustained high concentrations of extracellular zinc
(greater than 200 uM) are known to be neurotoxic. Zinc
concentrations in hippocampal synapes briefly reach 300 uM
during synaptic transmission. The disruption of extracellular
zinc metabolism may be an important step in the neurotoxic
mechanism that accompanies amyloid deposition in Alzhe-
imer’s disease. The findings disclosed herein support the
proposition that APP is important in the regulation of
neuronal zinc compartmentalisation. An abnormality of APP
metabolism may consequently cause an abnormality of zinc
metabolism. A strategy to remedy this abnormality in Alzhe-
imer’s disease would involve the restoration of normal APP
metabolism, for example by reversing the abnormal APP
protease resistivity that occurs in Alzheimer’s disease, or by
treating the Alzheimer’s discase patient with supplements of
normal APP.

[0034] Ttis to be understood that aspects of this invention
involving modulation of zinc levels run counter to previ-
ously proposed therapies which suggested Alzheimer’s dis-
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ease may be associated with zinc deficiencies and thus
proposed administering zinc to patients suffering from
Alzheimer’s disease. As described herein it has been found
that administration of zinc to Alzheimer’s disease patients
worsens the disease, this being evaluated by standard neu-
rological testing.

[0035] 1t has surprisingly been found that Alzheimer’s
discase may be detected by administering to a subject a
challenge of zinc, and thereafter testing neurological func-
tion according to one or more standard tests as are well
known in the art. When compared to non-Alzheimer’s
normal controls, a person suffering from Alzheimer’s dis-
ease shows a decrease in cognitive abilities as well as a
decrease in other standard neurological function tests. One
convenient test is an assessment of eye movement to visual
stimuli which is reduced markedly in Alzheimer’s disease
patients on zinc challenge compared to normal controls. The
amount of zinc administered to a subject in a challenge test
would generally comprise from 50 to 500 mg or more. The
precise amount of zinc administered in a test is not crucial
and would generally be based on minimising side effects to
zinc administration in Alzheimer’s patients.

[0036] Thus, in a further aspect of this invention there is
provided a method for detecting Alzheimer’s disease which
comprises administering to a subject a challenge of zinc and
thereafter assessing neurological function, where a decrease
in neurological function compared relative to normal con-
trols is indicative of Alzheimer’s disease.

[0037] The zinc challenge may be administered to a
patient in various ways, such as orally, intravenously, intra-
muscularly, transdermally, rectally, intranasally and the like.
Oral administration is preferred. As mentioned above, the
amount of zinc administered to a patient in a challenge test
is not critical as long as the amount administered is capable
of evoking a response in Alzheimer’s patients without
precipitating severe disease symptoms.

[0038] The present invention is further described by ref-
erence to the following non-limiting figures and examples.

[0039]

[0040] FIG. 1 is a photographic representation showing
immunoblots comparing Alzheimer’s disease and age
matched control plasma APP. Plasma heparin-Sepharose
eluates (65 ug) were analysed by 8.5% (w/v) SDS polyacry-
lamide gel electrophoresis and immunoblotting with MAb
22C11 which recognises an amino-terminal epitope (see
Example 1). The relative molecular mass of standard protein
markers (Rainbow Standards, Amersham, UK) are shown on
the left. APP immunoreactive bands of 130, 110 (a doublet),
65 and 42 kDa are indicated by arrows to the right. Only the
relative abundances of the 130 and 42 kDa APP forms, as in
the sample illustrated, could visibly discriminate between
Alzheimer’s disease compared to (FIG. 1A) non-demented
elderly controls and (FIG. 1B) normal young control popu-
lations.

[0041] FIG. 2 is a photographic representation showing a
comparison of APP proteolytic activity from Alzheimer’s
disease (B) and control plasma (A). Heparin-Sepharose
purified APP from plasma of Alzheimer’s disease and con-
trol cases were incubated for 2 hours at 37° C. in saline
buffer in the presence or absence of 20 uM Zn**. Samples
(65 pg of protein) of each incubation were analysed by

In the Figures:
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electrophoresis on 8.5% (w/v) polyacrylamide gels and
immunoblotted with 22C11. The relative molecular mass of
standard protein markers (Rainbow Standards, Amersham,
UK) are shown on the left. APP immunoreactive bands of
130, 110, 65 and 42 kDa are indicated by arrows on the right.
The figure shows samples representative of six Alzheimer’s
discase cases and six normal young adult controls.

[0042] FIG. 3 is a photographic representation of a West-
ern blot of platelets and plasma from gray platelet syndrome
compared to control. An aliquot of 65 ug of plasma purified
by heparin-Sepharose chromatography and 50 ug of washed
whole platelets from a patient with gray platelet syndromes
(GPS) were compared to similar preparations obtained from
a young adult control. The samples were analysed by 10%
(w/v) polyacrylamide mini-gel electrophoresis and immu-
noblotted with 22C11. The relative molecular mass of stan-
dard protein markers (Rainbow Standards, Amersham, UK)
are shown on the left. The positions of major immunoreac-
tive bands in normal platelets (130 and 110kDa) and a minor
band (65 kDa) are indicated by arrows on the right.

[0043] FIG. 4 is a graphical representation showing a time
course analysis of °*Zn binding to human brain 130/110 kDa
APP. Amyloid protein precursor (APP) was purified accord-
ing to the method in Moir et al. (1992). The preparation of
purified 130 and 110 kDa APP was derived from human
brain membrane extracts and contained the full-length pre-
cursor with carboxyl terminus intact but lacked the 17
residue signal peptide. The 130 and 110 kDa proteins were
apparent in equal ratios on silver staining following poly-
acrylamide gel electrophoresis and were the only bands
visible. The identity of these two proteins was confirmed by
Western blots with monoclonal antibody 22C11 (which
recognises an amino terminal epitope on APP), and by
amino terminal sequencing. The protein concentration of the
APP preparation was determined by amino acid analysis.
Aliquots of APP (90 ng, =1.1 pmole, assuming the average
amino acid formula weight of APP is =80 kDa) were
incubated at 20° C. for the times indicated. Incubations (50
ul) were performed in 150 mM NaCl, 50 mM Tris-Hel, pH
7.4 in the presence of 10° cpm of **Zn (175 nM). The
incubation solution was then applied to a 1.1 ml bed volume
Sephadex G25 (Pharmacia, Uppsala, Sweden) column pre-
equilibrated with 150 mM NaCl, 50 mM Tris-HCI, pH 7.4
and allowed to settle before being desalted with 645 ul of the
Equilibration buffer. Previous analysis of the desalting prop-
erties of the column with mixtures of Dextran Blue and
potassium dichromate solution indicated that >95% of the
protein in the incubation mixture would be desalted into this
volume with no detectable free salt present. The desalted
protein was collected directly into counting tubes containing
10 ml aqueous counting scintillant. Less than two minutes
was required to complete the desalting. The amount of ®*Zn
bound to desalted APP was determined by counting the
collected sample in a beta-counter set to the broadest chan-
nel. Counting was determined to be 51% efficient. The
values shown are means+SD of n23 readings. These data
indicate that rapid binding of Zn to APP occurs (=30% of
Bmax at 5 minutes) and reaches a maximum at 30 mins.

[0044] FIG. 5 is a graphical representation showing a
competition analysis of ®*Zn binding to human brain 130/
110 kDa APP. Aliquots of APP were incubated for 30
minutes with ®°Zn as in FIG. 4. The binding of the labelled
Zn** to APP was subjected to competition with unlabelled
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Zn** in the form of the chloride salt. Data shown indicate the
competition curves generated at pH 6.4 and 7.4. The binding
of Zn™* to APP deteriorated at the lower pH (=45% of Bmax,
pH 7.4). The values are means+SEM of nZ3 readings. The
curves illustrated are typical of three experiments.

[0045] FIG. 6 is a graphical representation depicting a
Scatchard analysis of ®*Zn binding to human brain 130/110
kDa APP. Derived from the data points in FIG. 5, Scatchard
analysis reveals that the dissociation constant (K,) for the
Zn** binding site on APP is 764 nM at pH 7.4 and 2.08 uM
at pH 6.4. One APP molecule binds one zinc ion.

[0046] FIG. 7 is a graphical analysis showing a specificity
study of the Zn** binding site on APP.

[0047] (a) APP incubation with ®*Zn and competing
unlabelled Zn>* was performed under the conditions
detailed in FIG. 5. In addition, the effect of compe-
tition for Zn>* binding by Ca®* and Mg is shown.
The values are means+SEM of nZ3 readings. The
competition curves for Ca®* and Mg™>* are shifted
greater than two log units to the right of the Zn**
competition curve, indicating that the binding site is
more specific for Zn** at physiological concentra-
tions.

[0048] (b) Comparison was made of the ability of
other metal jons to compete with ®Zn for binding to
APP. APP incubations with ®°Zn and competing
unlabelled metal ions (at 20 uM) were performed
under the conditions detailed in FIG. 5. The values
are means=SEM of nZ3 readings. Zn** could com-
pete »97% of the label off the APP at 20 uM. Co**
was the next most competitive metal ion, competing
=70% of the label off the APP at the same concen-
tration.

[0049] FIG. 8 is a photographic representation showing an
analysis of immunoreactive APP in plasma by western blot.
APP immunoreactive proteins in heparin-Sepharose eluates
from plasma were analysed by 8.5% SDS polyacrylamide
gel electrophoresis and western blotting with mAb 22C11.
Lane 1: Heparin-Sepharose eluate of plasma (65 pg of
protein). Lane 2: Heparin-Sepharose eluate immunoprecipi-
tated by antiserum 9073 (raised against full-length human
brain APP). Lane 3: Heparin-Sepharose eluate immunopre-
cipitated by the prebleed to antiserum 90/3. Lane 4: Heparin-
Sepharose eluate immunoprecipitated by anti-Fd-APP
(raised against APP fusion protein). The relative molecular
masses of standard protein markers (Rainbow Standards,
Amersham, UK) are shown on the left. APP immunoreactive
bands previously reported®® of 130, 110 (a doublet), 65 and
42 kDa, are indicated by arrows on the right.

[0050] FIG.9isa graphical representation of scattergrams
of reflectance analysis of immunoblots comparing AD and
control plasma APP. The distribution of plasma APP immu-
noreactivity was analysed by reflectance as detailed in Table
1. Solid lines indicate the means for each subgroup. A
significant difference in the levels of 130 and 42 kDa species
of APP was seen between AD and pooled control groups.
Therefore, further analysis was performed on the differences
in the concentrations of these species between these groups.
(a) Proportions of 130 kDa APP in the AD group and
individual control groups. The means proportion of 130 kDa
APP species ranged approximately 50% to 80% (p=0.05,
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Scheffé, 1959) greater than the AD group compared to each
control group. The dotted line indicates a suggested thresh-
old for a biochemical characterization of AD providing 91%
specificity and 78% sensitivity. (b) Proportions of 42 kDa
APP concentrations in the AD group compared to the
individual control groups. The mean proportion of the 42
kDa APP species ranged approximately 30% to 40%
(p=0.05, Scheffé, 1959) lower in the AD group compared to
the young adult and the age-matched control groups. The
dotted line indicates a threshold for a biochemical charac-
terization of AD providing 85% specificity and 50% sensi-
tivity.

EXAMPLE 1

Materials and Methods

[0051] Materials:
[0052] All reagents were analytical grade except for the
Tris-HCl which was electrophoresis grade (BioRad) to avoid
contamination with traces of zinc. **Zn was purchased from
Amersham (UK.).

[0053] Case Selection:

[0054] Alzheimer’s disease cases met NINCDS/Alzhe-
imer’s disease RDA clinical criteria (McKann et al, 1984)
and had Mini-mental state (Folstein et al, 1975) scores of
less than 17. Age-matched controls each underwent a Mini-
mental state examination and were excluded if they scored
less than 28. The different neurological diagnoses used as
non-demented neurological disease controls (n=6) were epi-
lepsy, demyelinating disease, hydrocephalus and three cases
of cerebrovascular disease. All volunteers were in stable
health, not suffering any acute illness, at the time of the
study.

[0055]

[0056] Blood (20-40 ml) was drawn from fasting individu-
als within a 21-gauge needle into heparinized collection
tubes and centrifuged at 2500 g for 15 minutes. The plasma
supernatant fraction was separated from the blood cell pellet
and centrifuged at 19,000 g for 25 minutes at 4° C. (J2-21
centrifuge, Beckman, USA) to remove any debris.

Partial Purification of APP from Plasma:

[0057] To detect APP by Western bloting, APP was par-
tially purified from plasma by heparin-Sepharose chroma-
tography. Plasma (2.5 ml) was loaded onto a 0.25 ml bed
volume heparin-Sepharose (Pharmacia, Uppsala, Sweden)
column (8 mmx5 mm) pre-equilibrated with buffer 1 (175
mM NaCl, 50 mM Tris-HCL, pH 7.4) at 4° C. The column
was then washed with 3.25 ml buffer 1 and the APP eluted
with 750 ¢l elution buffer (550 mM NaCl, 50 mM Tris-HCl,
pH 7.4). Protein concentration was determined with BCA
using bovine serum albumin standards (Pierce, Rockford,
I1l., USA) according to the method of Smith et al, (1985).

[0058] Washed platelets were prepared according to the
method of Bush et al. (1990). Platelets (1.2x107) were
solubilized in 30 ul of sample buffer (100 mM Tris-HCl, 2%
(w/v) sodium dodecyl sulfate (SDS), 0.01% (w/v) Bro-
mophenol blue, 5% (v/v) p-mercaptoethanol (pH 6.8) and
boiled for 10 minutes before Western bloting from poly-
acrylamide gels.
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[0059] Plasma Zinc Assay:

[0060] Zn>* assays were performed by atomic absorption
spectrophotometry according to the method in Davies et al
(1968).

[0061]

[0062] Western bloting procedures were as described by
Bush et al (1990). Blots were probed with a mouse mono-
clonal antibody (mAb) 22C11 (Boehringer Mannheim,
Munich, Germany), which recognises an epitope on the
amino-terminus of APP (15), diluted 1:60,000 in blocking
buffer. Plasma samples in this series of experiments were
separated on 8.5% (w/v) polyacrylamide gels unless other-
wise stated. Using these conditions, the 110 kDa APP
immunoreactive band resolved into a doublet. However, for
the purpose of the present analysis the sum of the signals
generated by the doublet are regarded as belonging to the
one 110 kDa region.

[0063]

[0064] Reflectance analysis of blots was carried out by
video-capture with a Videk Megaplus camera (Kodak,
Canandaigua, N.Y., USA) operated by PixelTools v1.1 (Per-
ceptics, 1990). Quantitation was then performed with Image
v1.29 software (W. Rasband, National Institutes of Health
Research Services Branch, NIMH) which facilitated precise
alignments of the individual blot lanes with the reflectance
profile and the setting of exclusion limits of individual peaks
in the four regions of interest at 130, 110, 65 and 42 kDa.
The integrated reflectance (area under the curve) was thus
computed for each of the four peaks in every sample. The
values obtained were linear with concentration for each
region over a range of plasma heparin-Sepharose eluate
doses (20-90 ug of protein).

[0065] To compare the relative amounts of the four APP
derivatives, the relative percentage of band signal to total
lane signal was determined in each plasma sample and then
averaged to give the values presented in Table 1. Indepen-
dent samples Student’s t-tests between pooled controls and
Alzheimer’s disease groups were performed for the four
immunoreactive bands at a significance level of p=0.0125
(0.05 divided by the number of comparisons). Where those
comparisons were significantly different, the test of simple
effects (Weidemann et al, 1989) followed by Scheffé (1959)
post hoc comparisons between all pairs of diagnostic groups
(Alzheimer’s disease, other neurological disease controls,
normal young adult controls and non-demented age-
matched controls) were then performed.

[0066]

[0067] Aliquots (500 ul) of eluates from each heparin-
Sepharose column were desalted using a 1.7 ml Sephadex
G25 (Pharmacia, Uppsala, Sweden) column (8 mmx34 mm)
equilibrated with 175 mM NaCl, 50 mM Tris-HCl, 1 mM
CaCl,, 1 mM MgCL,, pH 7.4, in the presence or absence of
20 uM ZnCl, at 4° C., and the protein concentration adjusted
to 0.80 mg/ml with the same buffer. The samples were then
incubated at 37° C. for 2 hours, then an aliquot (81.3 ul) was
removed, and the protein in each aliquot was precipitated
with chloroform/methanol (Wessel and Fligge, 1984),
boiled in SDS sample buffer and analysed by Western
bloting using MAb 22C11.

Western Bloting:

Reflectance Analysis of Blots:

Assay of APP-Degrading Protease:
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[0068] The effects of inhibitors of various classes of
proteases were assayed by adding them to these incubation
mixtures and observing their influence upon the degradation
of 130 kDa APP. A sample (500 ul) of a heparin-Sepharose
eluate from the plasma of a normal young adult control was
desalted into Zn**-buffer (175 mM NaCl, 50 mM Tris-HCI,
1 mM CaCl,, 1 mM MgCl,, 20 uM ZnCl,, pH 7.4). Aliquots
(containing 65 ug protein) were diluted to 0.80 mg/ml with
the same buffer containing protease inhibitor, then incubated
for 2 hours at 37° C. Protein was precipitated in each sample
by the addition of chloroform/methanol (as above) and
immunoblotted. The final concentrations of inhibitors in the
incubation mixtures were EDTA (1 mM), diisopropyl fluo-
rophosphate (DFP) (1 mM), aprotinin (10 ug/ml), N-ethyl-
maleimide (NEM) (1 mM), pepstatin A (10 ug/ml), al-an-
tichymotrypsin (0.4 mg/ml) and soya bean trypsin inhibitor
(SBTI) (1 mg/ml). The effects of AL,C1 (20 M) and heparin
(20 U/ml) were also measured in this system.

[0069]

[0070] Amyloid protein precursor (APP) was purified
according to the method in Moir et al (1992). The prepara-
tions of purified 130 and 110 kDa APP were derived from
human brain membrane extracts and contained the full-
length APP with carboxyl terminus intact, but lacked the 17
residue signal peptide. The 130 and 110 kDa proteins were
apparently in equal ratios on silver staining following poly-
acrylamide gel electrophoresis, and were the only bands
visible. The identity of these two proteins was confirmed by
Western blots with monoclonal antibody (mAb) 22C11
(which recognises an amino terminal epitope on APP
[Weidemann et al, 1989]), and by amino terminal sequenc-
ing. The protein concentration of the APP preparations was
determined by amino acid analysis.

[0071] Human Serum Preparation:

[0072] 40-60 ml of whole blood was allowed to clot for 3
hours in plain tubes at 20° C. The clotted blood was then
incubated for 16 hours at 4° C., whereupon it was centri-
fuged at 1500 g for 15 minutes and the supernatant removed.
The serum was further centrifuged at 1500 g for 15 minutes
and the cell-free supernatant removed.

[0073] “Zn>* Binding to APP:

[0074] Binding analysis was performed as follows: Ali-
quots of APP (90 ng, =1.1 pmole, assuming the average
amino acid formula mass of APP is =80 kDa) were incubated
at 20° C. Incubations (50 ul) were performed in 150 mM
NaCl, 50 mM Tris-HCl, pH 7.4 in the presence of 10° CPM
of ®Zn (175 nM). The incubation solution was then applied
to a 1.1 ml bed volume Sephadex G25 (Pharmacia, Uppsala,
Sweden) column pre-equilibrated with 150 mM NaCl, 50
mM Tris-HCl, pH 7.4 and allowed to settle before being
desalted with 645 ul of the equilibration buffer. Previous
analysis of the desalting properties of the column with
mixtures of bovine serum albumin and potassium dichro-
mate solution indicated that >95% of the protein in the
incubation mixture would be desalted into this volume with
no detectable free salt present. The deslated protein was
collected directly into counting tubes containing 10 ml
aqueous counting scintillant (ACSII, Amersham). Less than
two minutes was required to complete the desalting. The
amount of ®Zn bound to desalted APP was determined by
counting the collected sample in a beta-counter set to the

Brain APP Preparation:
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broadest channel. Counting was determined to be 51%
efficient. The binding of the labelled Zn** to APP was
subjected to competition with unlabelled Zn** and other
metal chloride salts.

[0075] Characterisation of the Putative Zinc-Binding
Domain of APP:

[0076] 16 ug of the synthesized peptide GVEFVC-
CPLAEESDNVDSADAEEDDSDVWWGGAD, represent-
ing residues 181-214 of APP (or residues 181-200), or 16
ug of control peptide, was dissolved in 200 ul of blocking
buffer (50 mM Tris-HCl, 1 mM MnCl, 10 mM (-mercap-
toethanol, 20% methanol, pH 7.4) and dot-blotted onto
PVDF (Immobilon-P, Millipore, Befored, Mass.) which had
been pre-wetted with methanol. The blot was then incubated
for 30 mins at 20° C. with 100,000 CPM of ®*Zn>* in
blocking buffer, in the presence or absence of various
concentrations of competing unlabeled Zn>* or other diva-
lent cations. After incubation the dot-blot was washed three
times with 200 ul of blocking buffer without MnCl,, the dot
was excised and placed in 10 ml of scintillant and assayed
by p-counting.

[0077] Todination of APP:

[0078] 100 kDa human brian full-length APP was iodi-
nated by the Chloramine-T method. Iodinated APP (**°I-
APP) was then separated from labelling reagents by
Sephacryl G25 chromatography.

[0079] APP Binding to Heparin-Sepharose:

[0080] *I-APP (0.37 pmol, 40,000 CPM) was loaded in
250 ul of buffer 1 (50 mM Tris-HCl, 0.1% BSA, pH 7.4x1
mM EDTA or 25-150 uM ZnCl,) onto a 0.25 ml bed volume
heparin-Sepharose column (8 mmx5 mm) pre-equilibrated
with buffer 1 at 20° C. The column was then washed with 6
ml buffer 1 and the APP eluted with aliquots of high-NaCl
buffers. Gradient elutions were performed by eluting in 50
mM increments (700 ul) of the NaCl concentration from 0
to 1200 mM followed, by a pulse of 2000 mM NaCl (in 50
mM Tris-HCI, 0.1% BSA, pH 7.4+1 mM EDTA or 50 uM
ZnCl,). Pulse elution of APP bound to heparin-Sepharose
employed 700 ul of buffer 2 (50 mM NaCl, 50 mM Tris-HCl,
0.1% BSA, pH 7.4+1 mM EDTA or 25-150 uM ZnCl,)
followed by 700 gl of buffer 3 (100 mM CaCl, 50 mM
Tris-Hel, 0.1% BSA, pH 7.4£1 mM EDTA or 25-150 uM
ZnCl,), followed by 700 ul of buffer 4 (500 mM NaCl, 50
mM Tris-HCl, 0.1% BSA, pH 7.4+1 mM EDTA or 50-150
UM ZnClL,), followed by 2.5 ml of regenerating butfer (2000
mM NaCl).

[0081] APPbinding to heparin-Sepharose was also studied
using partially purified APP preparations derived from
human brain membranes (according to the method of Moir
et al, 1992) or from human serum. Washed brain membrane
extract or human serum was adjusted to a NaCl concentra-
tion of 350 mM and applied to a Q-Sepharose column (5
cmx5 cm), washed with 350 mM NaCl, 50 mM Tris-Hel, pH
7.4 (250 ml [x2 for brain membrane extract]) and eluted
with 1 M NaCl 50 mM Tris-HCl, pH 7.4 (200 ml at 5
ml/min). This procedure causes an 80-fold enrichment of
APP in the peak protein fractions, which are then pooled
(Moir et al, 1992). The eluate (20 ml) was desalted into 25
mM Tris, pH 7.4 (30 ml) using a G25 Sephadex column (2.6
cmx40 cm). 15 ml of the product was adjusted to 50 uM
Zn** with 2 mM ZnCl,, 50 mM Tris-Hel, pH 7.4 and the
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other 15 ml was adjusted to the same volume with 50 mM
Tris-HCI, pH 7.4. 10 ml of the deslated Q-Sepharose ¢luate,
containing 6.7 mg protein, was applied to heparin-Sepharose
(1.6 cmx5 cm) at 0.35 ml/min, washed with 100 ml of
loading buffer, and eluted by a 0 to 1500 mM NaCl gradient
(50 uM Zn*™*) in 52.5 ml at a flow rate of 0.35 ml/min.
Fractions (1 ml) representing 20 mM NaCl increments were
collected and 30 ul samples of each fraction were assayed
for APP by Western blot with mAb 22C11 according to the
method in Bush et al. (1990), modified by using PVDF
membranes and by reducing the blocking time to 1 hour. The
immunoreactive staining of the 130 kDa APP species seen
on the blots was quantified by computer-assisted image
capture reflectance densitometry (Bush et al., 1992). The
130 kDa reflectance signals on the blots were expressed as
the ratio of the signal generated in one sample lane related
to the 130 kDa APP reflectance reading of a sample of
starting material present on every individual filter as an
internal standard.

EXAMPLE 2

[0082] Abnormal Profile of Plasma APP in Alzheimer’s

Discase:

[0083] A monoclonal antibody (22C11), which recognises
the amino-terminus of APP (Weidemann et al, 1989) iden-
tified four major immunoreactive bands of APP (130, 110,
65 and 42 kDa) in western blots of human plasma (Bush et
al, 1990; Buch et al, 1991). The relative abundance of these
bands was surveyed in Alzheimer’s disease and controls.
The 130 kDa plasma APP band was increased and the 42
kDa plasma APP band was decreased in Alzheimer’s disease
cases compared to controls. The controls consisted of groups
of non-demented age-matched persons (FIG. 1A), normal
young adults (FIG. 1B) and other neurological discase
patients. There was no consistent difference in the levels of
the 110 and 65 kDa bands between Alzheimer’s disease and
controls. The total amount of APP immunoreactivity did not
differ between Alzheimer’s disease and control as the ratio
of the total immunoreactivity of Alzheimer’s disease: con-
trols was 1.02+0.22 (meanzSD).

[0084] Quantitation of these findings by image capture
analysis (Table 1) showed that the 130 kDa and 42 kDa
bands in AD were significantly (two-tailed, p<0.001)
increased and decreased, respectively, compared to pooled
controls (averaged data from other neurological disease
controls, normal young adult controls and non-demented
age-matched controls). In Alzheimer’s disease there was a
60% increase in the proportion of the 130 kDa form and a
concomitant 35% decrease in the 42 kDa form. The immu-
noreactivity pattern was more evenly distributed in the
pooled control group where the most concentrated APP
immunoreactivity was in the 42 kDa region. This trend was
maintained throughout the comparisons made of the Alzhe-
imer’s discase cases with the three control subgroups where
post hoc analysis confirm the significance of the difference
between the Alzheimer’s disease and each control group in
the 130 kDa region and between the Alzheimer’s disease and
young adult and elderly control groups in the 42 kDa region.
There were no significant differences between the mean
reflectance proportions of the three control groups in either
the 130 or 42 kDa regions. The 110 kDa proportion was
substantially higher and 65 kDa proportion substantially
lower in the age-matched control group compared to the
young adult control group.
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[0085] Identification of the 110, 65 and 42 kDa Plasma
APP Bands as Possible Cleavage Products of the 130 kDa
APP Species:

[0086] When plasma APP from heparin-Sepharose eluates
was incubated at 37° C. for 18 hours, the APP was slowly
proteolytically degraded with a loss of the 130 kDa band and
the accentuation of the three lower bands (110 kDa, 65 kDa
and 42 kDa). Proteolysis was accelerated in the presence of
Zn**. The zinc concentration required to stimulate proteoly-
sis was 20 um, which is within the range of the normal
human plasma concentration (Davies et al, 1968). The rate
of Zn**-enhanced proteolysis was similar in Alzheimer’s
disease compared to young adult control samples (FIG. 2),
and identical degradation products were found in both
groups. This indicated that the lower molecular weight APP
forms in plasma could be degradation products of the 130
kDa form, and that proteolysis of the 130 kDa form in an
Alzheimer’s disease preparation changes the plasma APP
profile towards that of control subjects.

[0087] Zn**-enhanced APP proteolysis of a young adult
control preparation over two hours was completely inhibited
both by EDTA, heparin and the serine protease inhibitors
aprotinin, diisopropyl fluorophosphate, SBTI and, incom-
pletely inhibited by a,-ACT. Neither AL,Cl, the cysteine-
protease inhibitor N-ethyl maleimide, nor the acid-protease
inhibitor pepstatin A influenced the reaction.

[0088]

[0089] The APP signal detected by Western bloting was
unaffected by ultracentrifugation of plasma (100,000 gx15
min). Plasma APP, as detected by MAb 22C11 on western
blots of heparin-Sepharose eluates, could be immunopre-
cipitated by a rabbit antiserum raised against full-length
native brain membrane-derived APP (90/3) and also by a
rabbit antiserum raised against fusion protein APP 5 (anti-
Fd-APP), but could not be immunoprecipitated by the pre-
immune serum of 90/3 or by rabbit antisera raised against
synthetic peptides representing the carboxyl terminal 40
(anti-CT) or 100 (anti-A4CT) residues of APP. These data
indicate that the APP forms observed in plasma are soluble
and lack the carboxyl terminus.

[0090] To determine whether APP might be processed in
whole plasma, fresh plasma from a young adult control was
incubated at 37° C. over a period of eight days and the
plasma APP assayed by heparin-Sepharose chromatography.
No significant degradation of the 130 kDa APP form was
observed over this time, indicating that constitutive process-
ing of APP does not occur in plasma.

[0091] It has been previously reported that there is no
difference between the content of APP in whole platelets or
the electrophoretic pattern of platelet APP on Western blots
in Alzheimer’s disease cases compared to controls (Bush et
al, 1990). Because other platelet abnormalities have been
described in Alzheimer’s disease (Zubenko et al, 1987), and
also because APP is highly enriched in the platelet c-granule
(Bush et al, 1990; Bush et al, 1991 and Cole et al, 1990) the
possibility that platelet APP release contributes to the level
of plasma APP was investigated. Platelets and plasma was
examined from an individual with gray platelet syndrome
(GPS), a congenital abnormality where there are greatly
diminished contents in the platelet c-granule. The GPS
platelets contained <1% of the APP associated with normal

Investigations of the Origin of Plasma APP Forms:
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platelets (FIG. 3). In contrast, the 130 kd plasma APP
purified by heparin-Sepharose chromatography was
approximately 50% reduced in GPS compared to the control
(FIG. 3). These data indicate that the APP species seen in
plasma are not likely to be an artefact caused by platelet
release of APP during plasma preparation, but that platelet
destruction, possibly in the spleen, may contribute a pro-
portion of plasma APP.

EXAMPLE 3
[0092] Studies of the Zinc Modulation of APP Physiology.
[0093] 1) Effect of Zinc Loading upon Human Plasma
APP.
[0094] 100 mg elemental zinc (as sulphate, in capsules)

was given orally to two individuals with Alzheimer’s disease
(NINCDS/ADRDC criteria with abnormal plasma APP pro-
files) and two age-matched controls (with normal plasma
APP profiles). Zinc was continued for 7 days and morning
fasting bloods collected before the commencement of zinc
supplements and three weeks after ceasing the supplement.
Western blots with monoclonal antibody 22C11 were carried
out on 65 ug of plasma heparin-Sepharose eluate purified
from the samples in the manner previously described. The
results indicated an increase of 130 kDa species plasma APP
relative to the other species present, in other words a shift
towards the profile of APP species that is characteristic of
Alzheimer’s disease. The two control plasma APP profiles
came to resemble Alzheimer’s disease profiles, and the two
Alzheimer’s profiles worsened. The proportional increase in
the 130 kDa species was approximately 20% per day of zinc
supplementation. An elderly control volunteer who was
given a four-fold higher dose over three days demonstrated
the same changes in his plasma APP profile which persisted
for three days after ceasing supplementation.

[0095] 1I) Effect of Lowering Plasma Zinc Concentrations
upon APP Levels.

[0096] Post-prandial plasma zinc levels are known to fall
=10% in the hour after the meal. Seven Alzheimer’s disease
volunteers and six age-matched controls were assayed for
plasma APP profile and zinc levels both fasting and one hour
after a standardized breakfast. Both plasma zinc and 130
kDa APP levels fell by =10% and there was a linear
correlation between the change in APP level and the change
in zinc concentration.

[0097] A young adult volunteer was given an oral dose of
50 g glucose while fasting. Both plasma zinc and 130, 110
and 65 kDa APP levels fell by =10% within the first half
hour after the glucose dose. Over a period of four hours with
initial fall and subsequent rebound elevation in plasma zinc
concentration was closely paralleled by plasma APP con-
centration as determined by APP radioimmunoassay using
an antibody raised against native brain APP (90/3).

[0098] III) Measurement of Plasma Zinc Concentrations
in Alzheimer’s Disease.

[0099] Plasma zinc levels were shown not to be signifi-
cantly elevated in fasting Alzheimer’s disease plasma com-
pared to age-matched controls.

[0100] 1V) Effect of Zinc Loading upon Rat Brain APP.

[0101] 16 week old Sprauge-Dawley male rats were
injected daily for four days with 120 mg/kg ZnCl, solution.
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The animals were then anaesthetized, bled by intracardiac
puncture and their brains removed, homogenized and sepa-
rated into membrane and soluble fractions following ultra-
centrifugation. Western blots of heparin-Sepharose eluates
of plasma, membrane extracts and soluble fractions revealed
the development of a novel 80 kDa band in plasma and a
=80% increase in the amounts of an forms of APP in the
zinc-supplemented rats compared to control plasma and
brain preparations (taken from litter-mates not receiving
zine).

[0102]
Cells.

[0103] 10°PC12 cells were plated for 24 hr in the presence
of Dulbecco’s modified Eagle’s medium (DMEM, N2)
supplemented with 8% fetal calf serum (FCS). The medium
was then removed and replaced with DMEM+2 to 50 uM
ZnCl2 or another salt, and no FCS. Cells and media were
harvested 48 hr later and aliquots of media, cell cytosol and
membrane (following lysis and ultracentrifugation) were
assayed for APP by Western blotting with mAb 22C11. The
results of four experiments with duplicated samples revealed
that the zinc induced a substantial increase in APP released
into the media, =50% at 2 uM rising to a peak of =200% at
50 uM. FeCl, had a similar effect and cuprous and alu-
minium chlorides had far smaller stimulatory effects.
Smaller increases in cytosolic APP were seen accompanying
these changes and there was no change in membrane asso-
ciated APP levels.

[0104] VI) Effect of Extracellular APP on Zinc Uptake by
PC12 Cells.

[0105] 10°PC12 cells were plated for 24 hr in the presence
of Dulbecco’s modified Eagle’s medium (DMEM, N2)
supplemented with 8% fetal calf serum (FCS). The medium
was then removed and replaced with DMEM with no FCS
and incubated for a further 24 hr. The cells were then washed
(x2 with DMEM) and incubated with DMEM supplemented
with 10 nM 130/110 kDa purified brain membrane-associ-
ated APP carrying 20 000 CPM **Zn prepared as in FIG. 1
above. Following varying periods of incubation, the cells
were harvested, washed, exposed to Pronase digestion to
remove surface proteins and then lysed in scintillant and
assayed in a beta-counter. The results indicated that =10% of
the counts were internalized in the presence of APP within
an hour compared to =4% in the absence of APP (two
experiments with incubations performed in duplicate).
These data indicate that APP may play a role in the cellular
uptake of external Zn>*.

V) Effect of Extracellular Zinc on Cultured PC12

EXAMPLE 4

Binding of Zinc to APP

[0106] To determine whether APP binds zing, incubations
of human brain full-length APP with ®>Zn** and competing
concentrations of unlabelled Zn>* were performed. Maximal
binding was observed at 15 minutes (30% B, at 1 minute)
which was saturable at a dissociation constant (Kp,) of 764
nM at pH 7.4, and 2.08 uM at pH 6 4. The binding of **Zn**
to APP was specific for all competing metal ions, including
Ca® and Mg™*, with Co™* the most competitive cation, able
to compete off 70% of B, at 20 uM. Heavy metals, Cu**
and AI** were able to compete off =60% of B, at 20 ¢M.
The stoichiometry of Zn**-binding at APP was 1:1.
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[0107] A putative Zn** binding site was identified by
trypsin digestion of APP followed by amino-terminal
sequencing of a 6 kDa digestion fragment which bound to
Zn**-charged chelating-Sepharose. The fragment sequence
was FRGVEFVXXPLA. To further characterise and confirm
the Zn>*-binding properties of this region of APP, candidate
synthetic peptides were studied by dot blot. A synthetic
peptide representing residues 181-214 of APP was able to
bind Zn** in a saturable and specific manner. The role of the
cysteine residues in contributing to this peptide’s ability to
bind *Zn** was determined by studying the ability of the
same peptide to bind °*Zn>* where the cysteines in the
peptide had been modified by carboxyamidomethylation,
and by studying ®Zn** binding to another synthetic peptide
representing residues 189-220 of APP, lacking the cys-
teine residues at positions 186/187. Both of these peptides
were able to bind *Zn** significantly above background,
but to only approximately 15% of the amount of *Zn**
binding that occurred using the same quantity of 181-214
peptide (or 181 to 200), indicating that the cysteine residues
are obligatory for the zinc-binding properties of this peptide.
Similar quantities of other peptides representing other
regions of the APP molecule (residues 422-433, 581-601,
645-655) and other control peptides (renin and Insulin A
chain) were unable to bind Zn**, whereas the positive
control (Insulin B chain) bound **Zn**.

[0108] To explore the functional significance of Zn**
binding to APP, the effect of Zn** on heparin binding to APP
derived from three sources; iodinated purified brain APP,
partially purified unlabelled human brain APP, and partially
purified unlabelled human serum APP, were studied. The
amount of brain APP binding to heparin was increased =50%
by the presence of 50 uM Zn** specifically. The increase in
125L-APP binding to heparin reached a plateau at 75 uM
Zn**. Zn** increased the proportion of higher-affinity bind-
ing of APP to heparin, increasing the amount of **°I-APP
that was recovered from the 50-2000 mM NaCl clution
fraction by approximately 3-fold in the present of 50 uM
Zn** and by 4.5-fold in the presence of 100 uM Zn**. Ca**
and Mg** did not alter the profile of ***I-APP elution, Co>*
at 75 uM increased the recovery of **’I-APP in the 100-500
and 500-2000 mM NaCl fractions, and AI** decreased the
recovery of 2’I-APP except in the 500-2000 mM NaCl
fraction where recovery was increased approximately 4.5-
fold. Zn** at 50 uM had a similar effect on the NaCl gradient
elution profile of partially purified brain APP bound to
heparin-Sepharose. The presence of Zn** caused an increase
in the amount of APP recovered in all fractions from 1110 to
1644 reflectance units, an increase of 48%, and also caused
an increase in APP recovery in fractions eluted by NaCl
concentrations above 520 mM. Despite the increase in APP
recovery in the eluted fractions, protein assay showed a 13%
reduction in the amount of eluted protein, indicating that the
presence of Zn* increased the specificity of APP binding to
heparin. **°I-APP recovery occurred over a range of NaCl
concentrations 200-300 mM lower than partially purified
brain APP elution. This may be the result of radiolytic or
oxidative damage to the APP molecule during iodination,
although the possibility that the elution of partially purified
APP is influenced by co-purified material cannot yet be
excluded.

[0109] The presence of 50 um Zn** promoted a smaller
increase in the binding of partially purified serum APP to
heparin-Sepharose. In serum samples, the increase in APP
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recovered from the NaCl elution was =10%, however pro-
tein assay of recovered fractions indicated that, unlike the
effect of Zn** upon heparin-Sepharose chromatography of
partially purified brain proteins, the effect of Zn** upon the
heparin-Sepharose chromatography of partially purified
serum was to increase the amount of protein recovered by
12%. Unlike its effect on the brain-derived APP salt elution
profile, the presence of Zn®* in the heparin-Sepharose chro-
matography of serum-derived APP did not increase the
proportion of higher-affinity binding.

[0110] The effect of Zn>* in modulating heparin binding to
APP was also studied in a Biosensor system. At 100 uM,
Zn** was shown to strongly promote heparin binding to APP
purified from rat brain. This effect was most pronounced and
most specific for Zn**, as opposed to the absence of divalent
cations or the presence of Ca**, Mg** or Co®*, and was most
evident when the heparin:APP ratio was low. Concentrations
of Zn** as low as 50 oM had a marked effect on increasing
heparin binding to rat brain APP. Zn** at 50 nM promoted
a =170% increase in heparin binding, the effect saturating at
70 uM.

EXAMPLE 5

Heparin Protects APP from Proteolytic Cleavage
Zinc Abolishes the Protective Effect of Heparin

[0111] The proteolytic activity of trypsin (Boehringer,
Mannheim) was studied to determine whether it was modu-
lated by a range of doses of heparin (Sigma) and ZnCl,. Both
heparin and ZnCl, left tryptic activity unaltered as measured
by its ability to cleave a fluorogenic synthetic substance
Z-F-R-AMC, indicating that trypsin is a suitable serine
protease to employ in studies of the modulation of APP
proteolytic resistivity by heparin and zinc. Digestions of
human brain membrane-derived APP (which contains the
intact carboxyl terminus) were carried out with trypsin in an
amount ratio of 1:64 (enzyme:substrate) for one hour at 37°
C. Western blots for APP using the APP binding monoclonal
antibody 22C11 were used to monitor the progression of the
proteolytic reaction and to detect breakdown products. It
was found that the presence of heparin in concentrations as
low as 100 nM caused a marked reduction in the rate of
degree of brain APP degradation by trypsin. This protective
effect saturated at 10 uM.

[0112] The presence of Zn** (up to 100 M) or EDTA (1
mM) had no effect on the rate of APP proteolysis by trypsin
in this reaction. However, the presence of Zn** (above 1 uM)
with heparin (1 #M) in the proteolytic reaction completely
abolished the protective effect of heparin. This was an
unexpected response given that previous results showed that
the presence of Zn** promotes heparin binding to APP.

[0113] One possible explanation for this finding is that
zine binding to APP could promote heparin binding at a
different site on the protein, known to be towards the center
of APP, by enhancing the protein’s conformational stability.
The conformational stabilisation caused by zinc may pro-
mote the central region of APP to remain open to heparin
attachment to residues 98 to 105 of APPys
(CKRGRKQCKTH) or residues 318 to 331 of APPgys
(KAKERLEAKHRER), perhaps by a charge effect. When
heparin binding occurs in the absence of zine, the protein
may be induced to assume a more globular and protease-
resistant conformation. This zinc binding to APP could
stabilise the APP to the extent that heparin binding is
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prevented from inducing the alteration in APP conformation
which increases protease resistivity.

EXAMPLE 6

Administration of Zinc in Alzheimer’s Disease
(AD)

[0114] The subjects from Example 3 were studied.

[0115] The healthy volunteers suffered no ill effects from
the zinc supplementation. The two AD volunteers because
acutely unwell while on zinc supplementation. They both
suffered a severe loss of cognitive function with mini-mental
state examination (Folstein et al., 1975) scores deteriorating
from moderately demented levels to unrecordable. Eye
movement abnormalities and general levels of self care
worsened over the period of supplementation. This response
was consistent with a neurotoxic response to the zinc
supplementation. When zinc supplementation was ceased,
cognitive function returned to the previous levels within two
weeks.

[0116] Accordingly, a diagnostic test may involve an oral
zinc challenge. A clinically measured neurotoxic response
would be compatible with a diagnosis of AD.

[0117] The interaction between APP, zinc and heparin is
currently not well understood, although from the description
herein it is clear that both zinc and heparin interact with APP
through specific binding sites modulating its stability to
proteolysis. The inventors have identified a zinc binding site
and a heparin binding site on APP. There may be additional
zinc and heparin binding sites on the APP molecule which
modulate its stability. This invention extends to modulating
the interaction of zinc and/or heparin and/or other agents
with APP to treat, ameliorate or prevent Alzheimer’s disease
and other neurological disorders associated with aberrant
processing of APP.

[0118] Those skilled in the art will appreciate that the
invention described herein is susceptible to variations and
modifications other than those specifically described. It is to
be understood that the invention includes all such variations
and modifications. The invention also includes all of the
steps, features, compositions and compounds referred to or
indicated in this specification, individually or collectively,
and any and all combinations of any two or more of said
steps or features.

[0119] Table 1. Ratios of Plasma APP Forms Analysed by
Image Capture in Alzheimer’s Disease and Controls.

[0120] Heparin-Sepharose cluates of Alzheimer’s discase
and control plasma samples were immunoblotted with MAb
22C11 and the reflectances of the bands at 130, 110, 65 and
42 kDa were measured by computer-assisted image capture
analysis (see Example 1). The relative amounts of the four
APP derivatives, as percentages of total lane signal, were
determined in each plasma sample and averaged to give the
values presented here. Independent samples t-tests between
pooled controls and Alzheimer’s discase groups were per-
formed in the four regions at a significance level of 0.0125.
Comparisons were significant for only two regions, 130 and
42 kDa (two-tailed, p<0.001). Comparisons between all
pairs of diagnostic groups (Alzheimer’s disease, other neu-
rological disease controls, normal young adult controls and
non-demented age-matched controls) were then performed
for the 130 and 42 kDa bands (see Example 1).
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TABLE 1
Percentage of Total APP + SD
Mean age = SD 130 kDa 110 kDa 65 kDa 42 kDa
AD,n =27 64.8 £ 6.4 37.5 +11.0 232 +5.7 21.9 = 8.0 173 £ 6.8
Pooled controls, 522 +16.7 228 £ 6.3 *** 247 +71NS 264+ 74 NS 265 89 ***
n=34
Neurological controls, 64.0 = 6.8 250+ 83 * 22.7 +5.58 31.0+£32 21.3 + 10.6 NS
n==©6
Age-matched controls, 64.5 = 3.8 201 5.1 301 +5.0 21.0 + 40 288 +7.2 *
n=15
Young adult controls, 32.5 6.9 248 £ 59 185 £ 4.1 30.5+79 262 £9.3
n=13
#E* t-test, p < 0.001
* Scheffe, p < 0.05
NS No significance
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1
<211> LENGTH: 34
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-continued

<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATICON: Description of Artificial Sequence: Protein

Sequence.

<400> SEQUENCE: 1

Gly Val Glu Phe Val Cys Cys Pro Leu Ala Glu Glu Ser Asp Asn Val

1 5 10

15

Asp Ser Ala Asp Ala Glu Glu Asp Asp Ser Asp Val Trp Trp Gly Gly

20 25

Ala Asp

<210> SEQ ID NO 2

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: UNSURE

<222> LOCATION: (8)..(9)

<223> OTHER INFORMATICN: X indicates that sequence assignment is
uncertain; Description of Artificial Sequence: Protein Sequence.

<400> SEQUENCE: 2

Phe Arg Gly Val Glu Phe Val Xaa Xaa Pro Leu Ala
1 5 10

<210> SEQ ID NO 3

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Seguence
<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Protein

Sequence.
<400> SEQUENCE: 3

Cys Lys Arg Gly Arg Lys Gln Cys Lys Thr His
1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Seguence
<220> FEATURE:

<223> OTHER INFORMATICN: Description of Artificial Seguence: Protein

Sequence
<400> SEQUENCE: 4

Lys Ala Lys Glu Arg Leu Glu Ala Lys His Arg Glu Arg
1 5 10

1-24. (Canceled)

25. A method for treating Alzheimer’s disease in a patient
comprising subjecting said patient to a therapeutically effec-
tive amount of an agent which is capable of crossing the
blood brain barrier, wherein said agent modulates the inter-
action within the central nervous system between a divalent
or trivalent cation and/or heparin with amyloid precursor
protein (APP) of said patient.

26. The method according to claim 25, wherein the cation
is a divalent cation.

27. The method according to claim 26, wherein said
divalent cation is zinc.

28. The method according to claim 25, wherein a thera-
peutically effective amount of a zinc-binding agent is admin-
istered to said patient.

29. The method according to claim 28, wherein said
zinc-binding agent is selected from sodium citrate, 1,2-
diethyl-3-hydroxypyridin-4-one, and 1-hydroxyethyl-3-hy-
droxy-2-methylpyridin-4-one.

30. The method according to claim 28, wherein said
zinc-binding agent is orally administered to said patient.

31. A method for altering protease-mediated digestion of
amyloid precursor protein (APP) in a patient with Alzhe-
imer’s disease, comprising the step of administering to said
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patient to an effective amount of an agent which is capable
of crossing the blood brain barrier, wherein said agent
modulates the interaction within the central nervous system
between a divalent or trivalent cation and/or heparin with
amyloid precursor protein (APP) of said patent.

32. The method according to claim 31, wherein the cation
is a divalent cation.

33. The method according to claim 32, wherein said
divalent cation is zinc.

34. The method according to claim 31, wherein said agent
is a zinc-binding agent.

35. The method according to claim 34, wherein said
zinc-binding agent is selected from sodium citrate, 1,2-
diethyl-3-hydroxypyridin-4-one, and 1-hydroxyethyl-3-hy-
droxy-2-methylpoyridin-4-one.

36. The method according to claim 34, wherein said
zinc-binding agent is orally administered to said patient.

37. A method of reducing incorrect protease-mediated
processing of amyloid precursor protein (APP) in a patient
with Alzheimer’s disease comprising the step of adminis-
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tering said patient to an effective amount of an agent which
is capable of crossing the blood brain barrier, wherein said
agent modulates the interaction within the central nervous
system between a divalent or trivalent cation and/or heparin
with amyloid precursor protein (APP) of said patient.

38. The method according to claim 37, wherein said
cation is a divalent cation.

39. The method according to claim 38, wherein said
divalent cation is zinc.

40. The method according to claim 37, wherein said agent
is zinc-binding agent.

41. The method according to claim 40, wherein said
zine-binding agent is selected from sodium citrate, 1,2-
diethyl-3-hydroxypyridin-4-one, and 1-hydroxyethyl-3-hy-
droxy-2-methylpyridin-4-one.

42. The method according to claim 41, wherein said
zinc-binding agent is orally administered to said patient.
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