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(57) ABSTRACT

Provided are methods for reducing inhibiting or preventing
AP and/or AID production by a cell and methods of treating a
subject having Alzheimer’s disease. Also provided are meth-
ods of determining whether a compound is a mimic of a BRI2
or a BRI3. Additionally provided are pharmaceutical compo-
sitions of BRI2, BRI3 or furin, or vectors encoding those
proteins.
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EFFECT OF BRI PROTEINS ON ASS
PRODUCTION

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0001] The U.S. Government has a paid-up license in this
invention and the right in limited circumstances to require the
patent owner to license others on reasonable terms as pro-
vided for by the terms of Grants AG22024-95264562 and
AG21588-95264878, awarded by The National Institutes of
Health.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The present invention generally relates to control of
AP production in Alzheimer’s disease. More specifically, the
invention is directed to the use of BRI proteins to inhibit
y-secretase cleavage of C99 and release of Afp and/or APP
intracellular domain (AID).
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2002). APP is first cleaved at the plasma membrane or in
intracellular organelles by p-secretase (Vassar et al., 1999).
While the ectodomain is released extracellularly (sAPPf) or
into the lumen of intracellular compartments, the COOH-
terminal fragment of 99 amino acids (C99) remains mem-
brane bound. In a second, intramembranous proteolytic
event, C99 is cleaved, with somewhat lax site specificity, by
the y-secretase. Two peptides are released in a 1:1 stoichio-
metric ratio: the amyloidogenic Ap peptide, consisting of 2
major species of 40 and 42 amino acids (AP40 and Ap42,
respectively) and an intracellular product named APP Intra-
cellular Domain (AID or AICD) which is very short-lived and
has been identified only recently (Passer et al., 2000; Cao and
Sudhof, 2001; Cupers et al., 2001). In an alternative pro-
teolytic pathway, APP is first processed by a-secretase in the
AP sequence leading to the production of the solubleAPPa.
(sAPPq.) ectodomain and the membrane bound COOH-ter-
minal fragment of 83 amino acids (C83). C83 is also cleaved
by the y-secretase into the P3 and AID peptides. While Af is
implicated in the pathogenesis of Alzheimer’s disease, AID
mediates most of the APP signaling functions. A pathogenic
role for APP processing in AD has been ascertained by the
finding that mutations in APP (Goate et al., 1991) and Pres-
enilins (Sherrington et al., 1995; Levy-Lahad et al., 1995a,b;
Rogaev et al., 1995), key components of the y-secretase,
cause autosomal dominant familial forms of AD. Thus,
because ofits biological and pathological importance, there is
aneed for understanding how APP cleavage is regulated. The
present invention addresses that need.

SUMMARY OF THE INVENTION

[0040] Accordingly, the inventors have discovered that
BRI2 and BRI3 inhibits production of Af and APP intracel-
lular domain (AID) from APP.

[0041] Thus, in some embodiments, the invention is
directed to methods of reducing, inhibiting or preventing Af
and/or AID production by a cell. The methods comprise con-
tacting the cell with a BRI2 or BRI3 or a mimic thereof in an
amount effective to reduce, inhibit or prevent AP and/or AID
production by the cell.

[0042] In other embodiments, the invention is directed to
additional methods of reducing, inhibiting or preventing Af3
and/or AID production by a cell. The methods comprise con-
tacting the cell with a furin in an amount effective to reduce,
inhibit or prevent Af and/or AID production in the cell.
[0043] Additionally, the invention is directed to methods of
treating a subject having Alzheimer’s disease. The methods
comptrise administering to the subject an amount of BRI2 or
BRI3 ora mimic thereof effective to treat Alzheimer’s disease
in the subject.

[0044] In further embodiments, the invention is directed to
other methods of treating a subject having Alzheimer’s dis-
ease. The methods comprise administering to the subject an
amount of a furin effective to treat Alzheimer’s disease in the
subject.

[0045] The invention is also directed to methods of deter-
mining whether a compound is a mimic ofa BRI2 or a BRI3.
The methods comprise combining the compound with a func-
tional y-secretase and a membrane-bound protein comprising
a (99, then determining whether the compound inhibits
cleavage of the C99 to release AP and/or AID. In these
embodiments, the compound is a mimic of BR12 or BRI3 if'it
inhibits the cleavage of the C99 by the y-secretase.
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[0046] Inadditional embodiments, the inventionis directed
to compositions comprising a purified BRI2 or BRI3 in a
pharmaceutically acceptable excipient.

[0047] In further embodiments, the invention is directed to
compositions comprising a purified furin in a pharmaceuti-
cally acceptable excipient.

[0048] The invention is also directed to compositions com-
prising a vector encoding a BRI2 or BRI3 in a pharmaceuti-
cally acceptable excipient.

[0049] In other embodiments, the invention is directed to
compositions comprising a vector encoding a furin in a phar-
maceutically acceptable excipient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1isdiagrams and photographs of western blots
establishing that BRI2 is a ligand of APP. Panel a is a sche-
matic representation of the BRI2 constructs used. The con-
structs are numbered 1 (amino acids 1 to 266, full length) and
2 (amino acids 1 to 131). Panels b-d shows western blots
(WB) of anti-FLLAG immunoprecipitates (IP aFLLAG) and
total lysates (TL) from HeLa cells expressing the indicated
proteins show the specificity of BRI2/APP association and
map the interaction sites. pc indicates the empty vector
(pcDNA3.1); the numbers 1 and 2 indicate the BRI2 con-
structs shown in a; * indicates not-reduced anti-FLAG anti-
body; m. denotes mature, glycosylated forms of APP, while 1.
indicates the immature, unglycosylated APP. For western
blots, aAPP represents the monoclonal antibody 22C11
while a APPct is a rabbit polyclonal raised against the C-ter-
minus of APP. Panel e is western blots of experiments where
the lysates of HeLa cells transfected with both APP and BR12
were precipitated with either a rabbit polyclonal control (RP)
or cAPP-ct. Immunoprecipitates and total lysates were blot-
ted with either the clAPP monoclonal antibody 22C11 or
oFLAG. BR12, as well as a ~17 kDa BRI2 N-terminal frag-
ment (BRI2nt) were precipitated by alAPPct together with
APP.

[0051] FIG. 2 is photographs of western blots establishing
that endogenous APP and BRI2 interact in the adult brain. In
Panel a, lysates from Hela cells transfected with FLAG-
BRI2 were precipitated with a chicken control antibody (lane
3), a commercially available chicken aBRI2 antibody (lane
6), protein A/G beads alone (lane 9), a control rabbit poly-
clonal antibody (lane 12), the rabbit polyclonal EN3 a.BRI2
antibody (lane 15), a distinct rabbit aBRI2 serum (lane 18)
and a mouse a.BRI2 polyclonal (lane 21). Total lysates (L),
supernatants (S) and precipitants (P) were gel-separated and
probed with aFLLAG. Only EN3 was capable of precipitating
BRI2. BRI2nt fragments of ~17 and 14 kDa were not precipi-
tated since the epitope recognized by EN3 is C-terminal to the
Brichos domain. In Panel b, total brain homogenates were
immunoprecipitated with either a control rabbit polyclonal
(RP), a APPct or EN3. Total brain lysate (T.L.) and immuno-
precipitates were blotted with the o APP monoclonal anti-
body 22C11 (top panel) or a APPct (bottom panel).

[0052] FIG. 3 is graphs and photographs of western blots
establishing that BRI2 regulates APP processing by secre-
tases. Panels a-c, BRI2 reduces the APP-Gal4-driven
luciferase activity in HeLa, N2a and HEK293 cells. Cells
were co-transfected with APP-Gal4 together with pcDNA3.1
(pc) or FLAG-BRI2, BRI21-131 or BACE. Data are
expressed as percentage of the luciferase activity measured in
cells transfected with the empty vector. BRI2, BACE and pc
transfected cells express similar levels of APP-Gald (not
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shown). Error bars represent +SD for three independent
experiments. Panel d, cells were transfected with either APP-
Gal4, pcDNA3.1 (pc) or BRI2. Cells transfected with APP-
Gal4 were than mixed at the indicated ratio with either BRI2
or pc.DNA3.1 transfected cells. Samples were analyzed for
luciferase activity as described above 24 hours after transfec-
tion and mixing. Panels e-f, BRI2 inhibits production of
AP40/AB42. HEK293 cells stably expressing APP
(HEK293APP) were transfected with an empty vector (pc),
BACE or FLAG-BRI2, and AB40 and AP42 secreted in the
media were measured by ELISA. Ap amount was normalized
by the protein content of the lysates of the transfected cells.
Error bars represent +SD for three independent experiments.
Panel g, pulse-chase experiment, representative of four inde-
pendent experiments, of transfected Hela cells.
HEK293APP cells were transfected with an empty vector
(vector) or FLAG-BRI2. The lysates of metabolically labeled
cells were precipitated with aAPPct. The numbers above
each lane indicates the hours the cells were chased (c¢). BRI2
expression decreases C83 production while dramatically
increases the generation of C99. Panel h, The conditioned
media of similarly transfected HEK293APP cells were har-
vested after 4 h labeling and were precipitated with either p21
or 6E10. While the amounts of sAPPa were decreased by
BRI2, the total sAPP (sAPPa+s APPf) did not show a signifi-
cant change indicating an augmentation of sAPPf production
and a shift of APP processing from a to f§ secretase. Panel i,
Cells were transfected with APLP2 together with either
pc.DNA3.1 or BRI2. 24 hours after transfection, cells were
analyzed by western blot for BRI2 and APLP2 peptides.
[0053] FIG. 4 is photographs of western blots establishing
that the first 102 amino acids of BRI2 are necessary to inhibit
the efficient cleavage of C99 and that the same region is
necessary for the binding of BRI2 to C99 of APP. The left
panel shows western blots of total lysates (IT) from y30 cells,
which stably express APP and which were transfected with an
empty vector (vec), myc-tagged full length BRI2 1-266
(BR12), or various myc-tagged BRI2C-terminal deletions
(indicated by the amino acids coded by the constructs). The
right panel shows anti-myc immunoprecipitants (myc IP) of
the corresponding lysates. HC indicates the heavy chain of
myc antibody used in the immunoprecipitation.

[0054] FIG. 5 is a graph of APP-Gal4-driven luciferase
activity establishing that the first 102 amino acids of BRI2 are
all that is necessary to inhibit AID production. HEK293 cells
were transfected with APP-Gal4 together with an empty vec-
tor or myc-tagged full length BRI2 or various BRI2 C-termi-
nal deletion constructs (indicated by the amino acid ranges
covered by the constructs). Data are expressed as percentage
of the luciferase activity measured in cells transfected with
the empty vector. Error bars represent +SD for three indepen-
dent experiments.

[0055] FIG. 6 is photographs of western blots establishing
that BRI2 inhibits secretion of sAPPasAPPf. HEK293 APP
cells were transfected with an empty vector (-) or FLAG-
BRI2 (+). sAPPc. and sAPPf were detected from the media of
the transfected cells conditioned for 4 hours in Opti-MEM.
APP and BR12 expression was confirmed by the western blots
of the total lysates of the transfected cells. APP expression
does not change significantly.

DETAILED DESCRIPTION OF THE INVENTION

[0056] The present invention is based in part on the inven-
tors’ discovery that BRI2 and BRI3 inhibits production of Ap
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from APP. Since APP intracellular domain (AID) is concomi-
tantly produced with AP, inhibiting production of AP also
inhibits production of AID. Without being bound by any
particular mechanism, it is believed that this inhibition of A
production is due to the inhibition of cleavage of APP by
[-secretase and C99 by y-secretase by BR12 and BRI3, inhib-
iting the production of C99 and the release of Af from the
C99. See Examples.

[0057] Thus, in some embodiments, the invention is
directed to methods of reducing, inhibiting or preventing AR
and/or AID production by a cell. The methods comprise con-
tacting the cell with a BRI2 or BRI3 or a mimic thereof'in an
amount effective to reduce, inhibit or prevent A and/or AID
production by the cell.

[0058] In these embodiments, BRI2 and BRI3 are verte-
brate integral membrane proteins that are also known as “inte-
gral membrane protein 2B” and “integral membrane protein
2C”, respectively. The human wild type forms of these pro-
teins have the amino acid sequence of SEQ ID NO:1 and SEQ
ID NO:2, respectively, with cDNA sequences provided as
GenBank Accessions NM 021999 (BRI2) and NM 030926,
NM 001012516, and NM 001012514 (three transcript vari-
ants of BRI3). Additionally, the BRI2 amino acid sequence
for Macaque and the BRI3 amino acid sequence for mouse are
known as GenBank Accessions Q60HCI and NP071862,
respectively. With this and other known BR12 and BRI3 infor-
mation, the skilled artisan could determine the BRI2 and
BRI3 sequence for any vertebrate using routine methods. Any
vertebrate BRI2 and BRI3 protein would be expected to have
an amino acid sequence at least 80% homologous to SEQ ID
NO:1 and SEQ ID NO:2, respectively.

[0059] The inventors have also determined, by genetically
synthesizing portions of the BRI2 protein, that a BRI2 protein
consisting only of amino acids 1-102 is sufficient to reduce,
inhibit or prevent A} and/or AID production. See Examples 1
and 2.

[0060] The BRI2 or BRI3 used in the present methods can
also comprise peptidomimetics. As used herein, a peptidomi-
metic is a compound that is capable of mimicking a natural
parent amino acid in a protein, in that the substitution of an
amino acid with the peptidomimetic does not significantly
affect the activity of the protein. Proteins comprising pepti-
domimetics are generally poor substrates of proteases and are
likely to be active in vivo for a longer period of time as
compared to the natural proteins. Many non-hydrolyzable
peptide bond analogs are known in the art, along with proce-
dures for synthesis of peptides containing such bonds. Non-
hydrolyzable bonds include —CH,NH, —COCH,, —CH
(CN)NH, —CH,CH(OH), —CH,0O, CH,S. In addition,
peptidomimetic-containing peptides could be less antigenic
and show an overall higher bioavailability. The skilled artisan
would understand that design and synthesis of proteins com-
prising peptidomimetics would not require undue experimen-
tation. See, e.g., Ripka et al. (1998); Kieber-Emmons et al.
(1997); Sanderson (1999).

[0061] Thus, in preferred embodiments of these methods,
the cell is contacted with a BRI2 or BRI3 that comprises
amino acids and/or peptidomimetics equivalent to amino
acids 1 to 102 of the human BRI2 protein having the sequence
of SEQ ID NO:1 or the human BRI3 protein having the
sequence of SEQ ID NO:2, wherein the BRI2 protein and the
BRI3 protein has an amino acid sequence at least 80%
homologous to SEQ ID NO:1 and SEQ ID NO:2, respec-
tively.
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[0062] In other preferred embodiments, the BRI2 or BRI3
is a naturally occurring protein. In some preferred embodi-
ments, the BRI2 or BRI3 are more similar to the human BRI2
or BRI3 than 80% homologous. In those embodiments, the
BRI2 or BRI3 preferably has an amino acid sequence at least
90% homologous to at least a portion of SEQ IDNO:1 or SEQ
ID NO:2, respectively; more preferably at least 95% homolo-
gous to at least a portion of SEQ ID NO:1 or SEQ ID NO:2,
respectively; and even more preferably, the BRI2 or BRI3 has
an amino acid sequence at least 98% homologous to at least a
portion of SEQ ID NO:1 or SEQ ID NO:2, respectively. In the
most preferred embodiments, the BRI12 or BRI3 is 100%
homologous to at least a portion of SEQ ID NO:1 or SEQ ID
NO:2, respectively.

[0063] Since the BRI2 or BRI3 in these methods can con-
sist of as few as the first 102 amino acids of those proteins, as
used herein, “BRI2” or “BRI3” includes proteins that are
smaller than the full length BRI2 or BRI3 proteins, e.g., as
provided in SEQ ID NO:1 and SEQ ID NO:2. Thus, the
proteins can be fewer than 250, 200, 150 or 125 amino acids
and/or peptidomimetics. In other preferred embodiments, the
BRI2 or BRI3 comprises amino acids and/or peptidomimet-
ics equivalent to amino acids 1 to 102 of the human BRI2 or
BRI3 protein having the sequence of SEQ ID NO:1 or SEQ
ID NO: 2, respectively.

[0064] The BRI2 or BRI3 herein can also further comprise
additional useful moieties, e.g., moieties that allow slow
release or reduced degradation of the protein, such as scaf-
folding or PEG, or moieties that allow targeting to a particular
cell type such as a nucleic acid sequence.

[0065] In these methods, the cell can be contacted with
eithera BR12, a BRI3, or a mimic of a BRI2 or BRI3. As used
herein, a mimic refers to any peptide or non-peptide com-
pound thatis able to mimic the biological action ofa naturally
occurring peptide, here BRI2 or BRI3, often because the
mimic has a basic structure that mimics the basic structure of
the naturally occurring peptide and/or has the salient biologi-
cal properties of the naturally occurring peptide. Mimics can
include, but are not limited to: peptides that have substantial
modifications from the prototype such as no side chain simi-
larity with the naturally occurring peptide (such modifica-
tions, for example, may decrease its susceptibility to degra-
dation); anti-idiotypic and/or catalytic antibodies or
fragments thereof: non-proteinaceous portions of an isolated
protein (e.g., carbohydrate structures); or synthetic or natural
organic molecules, including nucleic acids and drugs identi-
fied through combinatorial chemistry, for example. Such
mimics can be designed, selected and/or otherwise identified
using a variety of methods known in the art. Various methods
of drug design, useful to design mimics or other therapeutic
compounds useful in the present invention are disclosed in
Maulik et al., 1997, which is incorporated herein by reference
in its entirety.

[0066] These methods are not limited to use with any par-
ticular cell, provided the cell is capable of producing Af
and/or AID. Nonlimiting examples of cells that can be uti-
lized with these methods are neurons and essentially any
other mammalian cell that expresses APP either naturally or
through genetic manipulation (see Example). The cell can
also be neuronal-like or capable of differentiating into a neu-
ron (e.g., a stem cell). In some preferred embodiments the cell
is in a live mammal. Preferably, the mammal is an experimen-
tal model of Alzheimer’s disease, or a human. In other pre-
ferred embodiments, the cell is a neuron in a live mammal,
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preferably a human. In the most preferred embodiments, the
human has Alzheimer’s disease or is at risk for acquiring
Alzheimer’s disease, such as someone that has a genetic
predisposition to Alzheimer’s disease.

[0067] The cell can be contacted with the BRI2 or BRI3 or
mimic by any known method. Examples include directly
applying the BRI2 or BRI3 or mimic, or administering the
BRI2 or BRI3 or mimic to a mammal that is harboring the cell
such that the BRI2 or BRI3 or mimic will travel to the cell,
e.g., through the circulatory system or by crossing the blood-
brain barrier. Where the BRI2 or BRI3 or mimic is a protein
(i.e., a BRI2 or BRI3 protein), the cell can be contacted with
a vector, such as a viral vector, comprising a nucleic acid
sequence encoding at least a portion of a BRI2 or BRI3
protein, where the translation of the BRI12 or BRI3 encoded
by the nucleic acid effects the contact. The latter method is a
preferred method, particularly when the vector is capable of
entering the cell (e.g., viral infection of the cell).

[0068] BRI2 and BRI3 are processed by furin and the prod-
uct causes the inhibition of C99 processing. Therefore, an
increase in furin in the cell also reduces, inhibits or prevents
AP and/or AID production.

[0069] Thus, the present invention is also directed to addi-
tional methods of reducing, inhibiting or preventing Ap and/
or AID production by a cell. The methods comprise contact-
ing the cell with a furin in an amount effective to reduce,
inhibit or prevent Af and/or AID production in the cell.

[0070] Furin, or paired basic amino acid cleaving enzyme,
is a cellular type-1 transmembrane protein proprotein convet-
tase (Thomas, 2002). The human wild type form of prepro-
furin has the amino acid sequence of SEQ ID NO:3, with a
cDNA sequence provided as GenBank Accession
NMO002569. The mature protein has the sequence or amino
acids 108-794 of SEQ ID NO:3. Additionally, the furin amino
acid sequence for mouse is known as GenBank Accession
NP035176. With this and other known information about
vertebrate furins, the skilled artisan could determine the furin
sequence for any vertebrate using routine methods. Any ver-
tebrate furin protein would be expected to have an amino acid
sequence at least 80% homologous to amino acids 108-794 of
SEQID NQ:3. Inpreferred embodiments, the furin comprises
an amino acid sequence at least 95% identical to human furin
having the sequence of amino acids 108-794 of SEQ 1D
NO:3; in the most preferred embodiments, the furin is a
human furin.

[0071] The furin herein can also further comprise addi-
tional useful moieties, e.g., moieties that allow slow release or
reduced degradation of the protein, such as scaffolding or
PEG, or moieties that allow targeting to a particular cell type
such as a nucleic acid sequence.

[0072] In these methods, the cell can be contacted with a
compound that enhances the activity of native furin, for
example a peptidase that converts profurin to furin, or a com-
pound that enhances the transport of furin to sites where the
BRI proteins are present. However; in preferred embodi-
ments, the cell is contacted with furin protein, for example by
administering the furin protein to a mammal that is harboring
the cell such that the furin will travel to the cell, e.g., through
the circulatory system or by crossing the blood-brain barrier.
In more preferred embodiments, the furin is expressed from a
vector that comprises a nucleic acid sequence encoding the
furin protein. Preferably, these vectors are viral vectors that
infect the cells, thus producing the furin protein in situ.
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[0073] These methods are not limited to use with any par-
ticular cell, provided the cell is capable of producing AP
and/or AID. Nonlimiting examples of cells that can be uti-
lized with these methods are neurons and essentially any
other mammalian cell that expresses APP either naturally or
through genetic manipulation (see Example). The cell can
also be neuronal-like or capable of differentiating into a neu-
ron (e.g., a stem cell). In some preferred embodiments the cell
is in a live mammal. Preferably, the mammal is an experimen-
tal model of Alzheimer’s disease, or a human. In other pre-
ferred embodiments, the cell is a neuron in a live mammal,
preferably a human. In the most preferred embodiments, the
human has Alzheimer’s disease or is at risk for acquiring
Alzheimer’s disease, such as someone that has a genetic
predisposition to Alzheimer’s disease.

[0074] In other embodiments, the invention is directed to
methods of treating a subject having Alzheimer’s disease. The
methods comprise administering to the subject an amount of
BRI2 or BRI3 or a mimic thereof effective to treat Alzhe-
imer’s disease in the subject.

[0075] Inthese methods, the subject is preferably adminis-
tered a BRI2 or BRI3 that comprises amino acids and/or
peptidomimetics equivalent to amino acids 1 to 102 of the
human BRI2 protein sequence of SEQ ID NO:1 or the human
BRI3 protein sequence of SEQ ID NO:2. In these embodi-
ments, the BRI2 protein and the BRI3 protein has an amino
acid sequence at least 80% homologous to SEQ ID NO:1 and
SEQ ID NO:2, respectively. In other preferred embodiments,
the BRI2 or BRI3 is a naturally occurring protein.

[0076] In these methods, the BRI2 or BRI3 or mimic
thereof can be administered directly to the brain of the sub-
ject. Alternatively, the BRI2 or BRI3 or mimic thereof is
administered in a manner that permits the BRI2 or BRI3 ora
mimic thereof to cross the blood-brain barrier of the mammal.
The BRI2 or BRI3 or mimic thereof can also be formulated in
a pharmaceutical composition that enhances the ability of the
BRI2 or BRI3 or mimic thereof to cross the blood-brain
barrier of the subject.

[0077] Unless otherwise limited, pharmaceutical composi-
tions in any embodiments described herein can be formulated
without undue experimentation for administration to a mam-
mal, including humans, as appropriate for the particular
application. Additionally, proper dosages of the compositions
can be determined without undue experimentation using stan-
dard dose-response protocols.

[0078] Accordingly, the compositions designed for oral,
lingual, sublingual, buccal and intrabuccal administration can
be made without undue experimentation by means well
known in the art, for example with an inert diluent or with an
edible carrier. The compositions may be enclosed in gelatin
capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the pharmaceutical compositions
of the present invention may be incorporated with excipients
and used in the form of tablets, troches, capsules, elixirs,
suspensions, syrups, wafers, chewing gums and the like.
[0079] Tablets, pills, capsules, troches and the like may also
contain binders, recipients, disintegrating agent, lubricants,
sweetening agents, and flavoring agents. Some examples of
binders include microcrystalline cellulose, gum tragacanth or
gelatin. Examples of excipients include starch or lactose.
Some examples of disintegrating agents include alginic acid,
corn starch and the like. Examples of Tubricants include mag-
nesium stearate or potassium stearate. An example of a
glidant is colloidal silicon dioxide. Some examples of sweet-
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ening agents include sucrose, saccharin and the like.
Examples of flavoring agents include peppermint, methyl
salicylate, orange flavoring and the like. Materials used in
preparing these various compositions should be pharmaceu-
tically pure and nontoxic in the amounts used.

[0080] Thecompositions of the present invention can easily
be administered parenterally such as for example, by intrave-
nous, intramuscular, intrathecal or subcutaneous injection.
Parenteral administration can be accomplished by incorpo-
rating the compositions of the present invention into a solu-
tion or suspension. Such solutions or suspensions may also
include sterile diluents such as water for injection, saline
solution, fixed oils, polyethylene glycols, glycerine, propy-
lene glycol or other synthetic solvents. Parenteral formula-
tions may also include antibacterial agents such as for
example, benzyl alcohol or methyl parabens, antioxidants
such as for example, ascorbic acid or sodium bisulfite and
chelating agents such as EDTA. Buffers such as acetates,
citrates or phosphates and agents for the adjustment of tonic-
ity such as sodium chloride or dextrose may also be added.
The parenteral preparation can be enclosed in ampules, dis-
posable syringes or multiple dose vials made of glass or
plastic.

[0081] Rectal administration includes administering the
pharmaceutical compositions into the rectum or large intes-
tine. This can be accomplished using suppositories or
enemas. Suppository formulations can easily be made by
methods known in the art. For example, suppository formu-
lations can be prepared by heating glycerin to about 120° C.,
dissolving the composition in the glycerin, mixing the heated
glycerin after which purified water may be added, and pour-
ing the hot mixture into a suppository mold.

[0082] Transdermal administration includes percutaneous
absorption of the composition through the skin. Transdermal
formulations include patches (such as the well-known nico-
tine patch), ointments, creams, gels, salves and the like.

[0083] The present invention includes nasally administer-
ing to the mammal a therapeutically effective amount of the
composition. As used herein, nasally administering or nasal
administration includes administering the composition to the
mucous membranes of the nasal passage or nasal cavity ofthe
patient. As used herein, pharmaceutical compositions for
nasal administration of a composition include therapeutically
effective amounts of the composition prepared by well-
known methods to be administered, for example, as a nasal
spray, nasal drop, suspension, gel, ointment, cream or pow-
der. Administration of the composition may also take place
using a nasal tampon or nasal sponge.

[0084] In further embodiments, the invention is directed to
other methods of treating a subject having Alzheimer’s dis-
ease. The methods comprise administering to the subject an
amount of a furin effective to treat Alzheimer’s disease in the
subject. The subject in these embodiments is preferably
administered a furin that comprises amino acids and/or pep-
tidomimetics equivalent to a human furin having the
sequence of amino acids 108-794 of SEQ ID NO:3, where the
furin has an amino acid sequence at least 80% homologous to
SEQ ID NO:3. In other preferred embodiments, the furin is a
naturally occurring protein, for example a human furin.

[0085] Thefurin in these embodiments can be administered
directly to the brain of the subject. Alternatively, the furin can
be administered in a manner that permits the compound to
cross the blood-brain barrier of the mammal. The furin can
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also be formulated in a pharmaceutical composition that
enhances the ability of the furin to cross the blood-brain
barrier of the subject.

[0086] Using established methods for identifying mimics,
the skilled artisan can identify mimics of BRI2 or BRI3 by
identifying compounds the inhibit cleavage of a C99 to
release AP and/or AID. Thus, the invention is also directed to
methods of determining whether a compound is a mimic of a
BRI2 or a BRI3. The methods comprise combining the com-
pound with a functional 1-secretase and a membrane-bound
protein comprising a C99, then determining whether the com-
pound inhibits cleavage of the C99 to release AP and/or AID.
In these embodiments, the compound is a mimic of BRI2 or
BRI3 if it inhibits the cleavage of the C99 by the y-secretase.

[0087] The inhibition of cleavage of the C99 to release A
and/or AID can be determined by any known methods, for
example the methods described in the Example. Such meth-
ods include measuring release of Af} and/or AID, e.g., using
an Af and/or AID-specific antibody, where a BRI2 or BRI3
mimic would cause a reduction in A} and/or AID. Inhibition
of C99 can also be determined by measuring changes in C99,
where a mimic would cause an increase in C99 (see
Example).

[0088] Also as established in the Example, inhibition of
cleavage of C99 by BRI2 or BRI3 causes a decrease in the
presence of C83 and sAPPc, and an increase in the presence
of sAPPP. Thus, a BRI2 or BRI3 mimic would causes a
decrease in C83 and sAPPa and an increase in sAPPp.

[0089] The above determinations can be made by any
known method. Preferred methods include ELISA, mass
spectroscopy or western blot. As is known in the art, western
blotting allows more unequivocal identification of the com-
pound than ELISA, but is a more time-consuming and cum-
bersome procedure.

[0090] These methods are not limited to any particular
compounds to be evaluated. For example, a library of random
compounds can be evaluated. Preferably, however, the com-
pounds are designed to mimic a portion of the BRI2 or BRI3
protein comprising amino acids equivalent to amino acids 1 to
102 of the human BRI2 or BRI3 protein having the sequence
of SEQ ID NO:1 or SEQ ID NO:2, respectively. Such com-
pounds can be designed to mimic the three-dimensional
structure and/or charge of the portion of the BRI2 or BRI3
protein, for example. Alternatively, the compound can com-
prise peptidomimetics such that the compound mimics the
BRI2 or BRI3 amino acid sequence.

[0091] In preferred embodiments, the membrane-bound
protein comprising a C99 is an amyloid precursor protein
(APP), such as would occur in a cell expressing APP.

[0092] These methods can be performed in vitro (e.g., ina
test tube). Preferably, however, the functional y-secretase and
membrane-bound protein comprising a C99 are in a live cell.
Nonlimiting examples of such live cells are those that com-
prise a genetic construct that activates transcription of a
reporter gene (e.g., luciferase) upon cleavage of a transgenic
APP by y-secretase, as in Example 1. In these embodiments,
the transgenic APP preferably further comprises a Gal4 on the
cytoplasmic domain of the transgenic APP (see Example).
[0093] Where the methods utilize a live cell, any cell that
expresses a functional y-secretase and an APP can be used.
Non-limiting examples include neuronal cells or cells that
produce a transgenic APP, such as an HEK293 cell, a Hel.a
cell, or an N2a cell. See Example.
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[0094] Inadditional embodiments, the invention is directed
to compositions comprising a purified BRI2 or BRI3 in a
pharmaceutically acceptable excipient. Preferably, the BRI12
or BRI3 comprises amino acids and/or peptidomimetics
equivalent to amino acids 1 to 102 of the human BRI2 protein
having the sequence of SEQ ID NO:1 or the human BRI3
protein having the sequence of SEQID NO:2, where the BR12
protein and the BRI3 protein has an amino acid sequence at
least 80% homologous to SEQ ID NO:1 and SEQ ID NO:2,
respectively. The BRI2 or BRI3 can comprise any number of
amino acids and/or peptidomimetics from the full-length pro-
tein down to 102 amino acids and/or peptidomimetics,
including, for example fewer than 250 amino acids and/or
peptidomimetics, fewer than 200 amino acids and/or pepti-
domimetics, fewer than 150 amino acids and/or peptidomi-
metics, or fewer than 125 amino acids and/or peptidomimet-
ics.

[0095] Insomeembodiments, the pharmaceutically accept-
able excipient enhances the ability of the BRI2 or BRI3 to
cross the blood-brain bartier of the subject. In other embodi-
ments, the composition is formulated in unit dosage form for
treatment of Alzheimer’s disease.

[0096] The invention is additionally directed to composi-
tions comprising a purified furin in a pharmaceutically
acceptable excipient. Preferably. the furin comprises amino
acids and/or peptidomimetics equivalent to a human furin
having the sequence of amino acids 108-794 of SEQ ID
NO:3, where the furin has an amino acid sequence at least
80% homologous to SEQ ID NO:3. Preferably, the furin is a
naturally occurring protein.

[0097] Insomeembodiments, the pharmaceutically accept-
able excipient enhances the ability of the furin to cross the
blood-brain barrier of the subject. In other embodiments, the
composition is formulated in unit dosage form for treatment
of Alzheimer’s disease.

[0098] The invention is also directed to compositions com-
prising a vector encoding a BRI2 or BRI3 in a pharmaceuti-
cally acceptable excipient. Preferably, the BRI2 or BRI3
comprises amino acids equivalent to amino acids 1 to 102 of
the human BRI2 protein having the sequence of SEQ 1D
NO:1 or the human BRI3 protein having the sequence of SEQ
1D NO:2, where the BRI2 protein and the BRI3 protein has an
amino acid sequence at least 80% homologous to SEQ ID
NO:1and SEQID NO:2, respectively. In some embodiments,
the pharmaceutically acceptable excipient enhances the abil-
ity of the BRI2 or BRI3 to cross the blood-brain barrier of the
subject. In other embodiments, the composition is formulated
in unit dosage form for treatment of Alzheimer’s disease.
These embodiments are not limited to any particular vector.
However, in preferred embodiments, the vector is a virus.

[0099] The present invention is also directed to composi-
tions comprising a vector encoding a furin in a pharmaceuti-
cally acceptable excipient. Preferably, the furin comprises
amino acids equivalent to a human furin having the sequence
of amino acids 108-794 of SEQ ID NO:3, where the furin has
an amino acid sequence at least 80% homologous to SEQ ID
NO:3. In other preferred embodiments, the furin is a naturally
occurring protein. In some embodiments, the pharmaceuti-
cally acceptable excipient enhances the ability of the furin to
cross the blood-brain bather of the subject. In other embodi-
ments, the composition is formulated in unit dosage form for
treatment of Alzheimer’s disease. Preferably, the vector is a
virus.
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[0100] Preferred embodiments of the invention are
described in the following examples. Other embodiments
within the scope of the claims herein will be apparent to one
skilled in the art from consideration of the specification or
practice of the invention as disclosed herein. Tt is intended that
the specification, together with the examples, be considered
exemplary only, with the scope and spirit of the invention
being indicated by the claims, which follow the examples.

Example 1

The Protein Encoded by the Familial Dementia BRI2
Gene Binds APP and Inhibits Ap Production

Example Summary

[0101] Alzheimer’s disease (AD), the most common senile
dementia, is characterized by amyloid plaques, vascular amy-
loid, neurofibrillary tangles and progressive neurodegenera-
tion. Amyloid is mainly composed by Af peptides, which
derive from processing of the f-Amyloid Precursor Protein
(APP) by secretases. The APP intracellular domain (AID),
which is released together with AO, has signaling function
since it modulates apoptosis and transcription. Despite its
biological and pathological importance, the mechanisms
regulating APP processing are poorly understood. Mem-
brane-bound proteins prompt Notch cleavage by secretases
and the release of a transcriptionally-active intracellular frag-
ment. Considering the remarkable similitude between APP
and Notch signaling, we have hypothesized that APP process-
ing is similarly regulated. Here, we show that BR12, a type II
membrane protein, interacts with APP. Interestingly, 17
amino acids corresponding to the NH,-terminal portion of A3
are necessary for this interaction. Moreover, BRI2 expression
regulates APP processing resulting in reduced AP and AID
levels. Altogether, these findings characterize the BRI2-APP
interaction as a regulatory mechanism of APP processing that
inhibits AP production. Notably, BRI2 mutations cause
Familial British (FBD) and Danish Dementia (FDD) that are
clinically and pathologically similar to AD. Finding that
BRI2 pathogenic mutations alter the regulatory function of
BRI2 on APP processing would define dis-regulation of APP
cleavage as a pathogenic mechanism common to AD, FDD
and FBD.

Introduction

[0102] As cleavage of other y-secretase substrates is regu-
lated by membrane bound ligands, we have postulated the
existence of integral membrane proteins that bind APP and
regulate its processing. Here, we describe BRI2 (Deleer-
snijder et al., 1996), a type II membrane protein that fulfills
this description.

Experimental Procedures

[0103] 30 cells were maintained in DMEM supplemented
with antibiotics and 10% fetal bovine serum as described
(Kimberly et al., 2003).

[0104] Split-ubiquitin yeast two hybrid screening. The
split-ubiquitin system provides an attractive alternative to
analyze interactions between integral membrane proteins
(Stagljar et al., 1998). The split-ubiquitin system and human
brain libraries were purchased from Dualsystems Biotech
(Zurich, Switzerland). The screenings were performed
according to the manufacturers protocol. Briefly, human APP
(amino acids 1-695), human APP (amino acids 1-664; APP-
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Ncas), or human APLP2 were cloned into pTMV4,
PAMBV4, pAMBV4 bait vectors respectively, to obtain APP
family bait proteins fused to the C-terminal half of ubiquitin
(Cub), followed by a reporter fragment (LexA, a DNA-bind-
ing protein, fused to VP16, a transcriptional activation).
Human brain libraries express proteins fused at the N-termi-
nal half of mutated ubiquitin (NubG). For each library we
screened approximately 5x10° transformants. Clones coding
for proteins that can interact with APP/APLP2-Cub, will
promote the NubG:Cub interaction followed by recruitment
of ubiquitin-specific protease(s), cleavage of the APP/
APLP2-Cub bait, release of the LexA-VP16 transcription
factor and the transcriptional activation of the two reporter
genes (LacZ and HIS3). Library plasmids were recovered
from HIS3 and LacZ positive yeast transformants and cloned
into pcDNA3.1 with an N-terminal FLAG tag, and directly
tested its ability to interact with APP by immunoprecipitation
as described below. Screening for co-activator of both
reporter genes resulted in the identification of known APP/
APLP2-binding proteins, such as Fe65 (Zambrano et al.,
1997).

[0105] Plasmids. Full-length BRI2 and BRI2'"*** was PCR
amplified from the two-hybrid clone and cloned into
pcDNA3.1-FLAG (Matsuda et al., 2001). Mammalian
expression vectors APP, APPNcas were described (Schein-
feld et al., 2002). A myc-tag was inserted after signaling
sequence of ApoER?2 and cloned into pEF-BOS. BACE was
cloned from mouse brain cDNA and C-terminally myc tagged
by cloning into pcDNA3mycHisB (Invitrogen).

[0106] Antibodies. The following antibodies are used:
oFLAG (mouse monoclonal M2, Sigma); cAPP mouse
monoclonals 22C11 (Chemicon) 6E10 (Signet labs) and p2-1
(Biosource); amye (mouse monoclonal 9E10, Santa Cruz
Biotechnology); rabbit polyclonal antibody a.APPct (ZMD.
316, Zymed) (Scheinfeld et al., 2002); chicken control anti-
body (IgY, Southern Biotechnology); chicken aBRI2 (IgY,
BMA Biomedicals); Rabbit polyclonal control antibody
(IgG, Southern Biotechnology); EN3 (Pickford et al., 2003)
(rabbit polyclonal antibody); a rabbit aBRI2 (a gift from Dr.
Jorge Ghiso), amouse polyclonal was raised against a peptide
encompassing the cytoplasmic tail of human BRI2. The rab-
bit polyclonal anti-APLP1 and anti-APLP2 C-terminal anti-
bodies were purchased from Calbiochem.

[0107] Cell culture and transfection. HEK293, HEK293
stably expressing APP (HEK293APP), HelLa, N2a cells were
maintained in Dulbecco’s modified Eagle’s medium.
(DMEM) supplemented with penicillin, streptomycin, and
10% fetal bovine serum in 5% CO, at 37° C. FuGENE 6
(Roche Applied Science) or Metafectene (Biontex) was used
for transfection.

[0108] Immunoprecipitation and western blot. Unless oth-
erwise noted, all immunoprecipitation procedures were pet-
formed at 4° C. The transfected cells were lysed in Buffer A
[20 mM Hepes/NaOH pH 7.4, 1 nmM EDTA, 1 mM DTT, 150
mM NaCl, 0.5% (w/v) TritonX-100] containing 10% (v/v)
Glycerol for 30 min, and the lysates were cleared at 20,000 g
for 10 min. For FLAG immunoprecipitation, the cleared
lysates were mixed with 20 ul of FLAG-M2 beads (Sigma) for
2 hours, and washed three times with Buffer A. The precipi-
tates were boiled in 60 ul of 2xSDS sample buffer and sub-
jected to western blot. For other immunoprecipitation, the
cleared lysates were incubated with antibodies for one hour,
and mixed with 20 pl of protein A/G beads (Pierce), washed
and processed as above. Human brains (a generous gift of Dr.
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Peter Davies) were homogenized in Buffer A containing 10%
(v/v) Glycerol using a Dounce homogenizer. The proteins
were extracted overnight with the protein concentration at 5
mg/ml. Extracted proteins were cleared at 20,000 g for one
hour. The supernatants were incubated with the indicated
antibodies and protein A/G beads blocked with PBS contain-
ing 1% (w/v) BSA. Precipitants were washed and processed
as described above.

[0109] Metabolic labeling. HEK293APP cells transfected
with pcDNA3 or BRI2 were incubated in DMEM without
methionine and cysteine (Invitrogen) supplemented with
penicillin, streptomycin, and 10% fetal bovine serum, for 2
hours. Cells were then labeled 30 min by adding [**S] labeled
methionine and cysteine (ICN) to the culture media. The
labeled cells were washed extensively, chased in DMEM
supplemented with penicillin, streptomycin, and 10% fetal
bovine serum for indicated periods of time. After the chase,
cells were lysed and immunoprecipitated with clAPPct as
described above. Labeled cells were cleared of medium by
centrifugation at 20,000 g for 10 min, and were then immu-
noprecipitated with the indicated antibodies.

[0110] Luciferase assays. The assays were performed as
described (Scheinfeld et al., 2003), except that APP-Gal4
fusion (Gianni et al., 2003) was used as a Gal4 source.
Luciferase activity was normalized by the activity of f-ga-
lactosidase co-transfected to monitor the transfection effi-
ciency.

[0111] Enzyme linked immunosorbent assay (ELISA).
HEK293APP cells were transfected with pcDNA3 or BRI2.
24 hours after the transfection, the cells were conditioned for
24 hours, and AP40 and AB42 in the media were measured
using human APELISA kits (KMI Diagnostics), according to
the manufacturer’s protocol. The transfected cells were lysed
and cleared as above and the amount of extracted protein was
used to normalize the amount of Af} detected by ELISA.
[0112] Protein determination. Protein concentrations were
determined by Bio-Rad protein assay (Bio-Rad) and BSA as
a standard.

Results And Discussion

[0113] To test whether membrane-tethered proteins might
regulate APP processing, we used the split-ubiquitin system
to identify interactions between membrane proteins. Screen-
ing of a human brain ¢cDNA library for proteins that interact
with APP family proteins resulted in the identification of
BRI2 (Deleersnijder et al., 1996) and BRI3 (Vidal et al.,
2001) (not shown), members of a gene family of Type II
membrane proteins containing a Brichos domain. Although
the function of BRI proteins is unknown, BR12 mutations are
found in patients with FBD (Vidal et al., 1999) and FDD
(Vidal et al., 2000). Of note, neuro-pathological findings in
FBD and FDD include parenchyma pre-amyloid depositions
(FBD and FDD) and plaques (FBD), neurofibrillary tangles,
congophilic amyloid angiopathy (CAA) and neurodegenera-
tion, similar to AD. Hence, because mutations in BRI2 cause
AD-like familial dementia we further studied the physiologi-
cal relevance of this BR12-APP interaction.

[0114] To assess the BRI2-APP interaction in mammalian
cells, Hela cells were co-transfected with BRI2 and APP
constructs (FIG. 1a). Immunoprecipitation of cell lysates
with an aFLAG antibody showed that BRI2 interacted with
full length APP (FIGS. 15 and d), C99 (FIGS. 16 and d) and
APPNcas, which present a deletion of most of the intracellu-
lar region of APP (FIG. 1¢), but not C83 (FIGS. 15 and d).
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APP runs as a doublet. The lower APP band represents not
glycosylated, immature APP; the upper form is instead com-
posed of mature, glycosylated APP. Of note, only the mature,
glycosylated forms of APP and APPNcas interacted with
BRI2 (FIGS. 14, ¢ and d). Tt should also be noted that BRI2
overexpression dramatically increases the amounts of C99
(FIGS. 15 and 1d). The significance of this finding will be
explored later.

[0115] Deletion of most of the BRI2 ecto-domain did not
abolish the binding to APP (BRI2'"**!, FIG. 1d). The reverse
immunoprecipitation with an ol APP antibody revealed that
APP immuno-precipitates BRI2 (FIG. 1e). Additionally, a
proteolytic ~17 kDa BRI2NH,-terminal fragment detected in
transfected Hela cells (BRI2nt, which is similar in size to
BRI2'"") was also precipitated with APP (FIG. 1e). The
specificity of these interactions was further supported by the
evidence that BRI2 did not bind to ApoER2, another type I
integral membrane protein (FIG. 1¢). These findings attest
that while the intracytoplasmic tail of APP and most of the
APP and BRI2 ectodomain are dispensable for BRI2/APP
interaction, a 17 amino acid region in the ectodomain of APP,
Juxtaposed to the transmembrane region and containing the
NH,-terminal A sequence, is essential for this binding.
Thesedata strongly suggest that BR12 and APP do not interact
in trans (i.e. as receptor/ligand expressed on distinct mem-
branes) but, rather, form a molecular complex in cellular
membranes.

[0116] APP and BRI2 are both expressed in mature neural
tissues. Wetherefore sought to determine if APP also interacts
with BRI2 in the adult human brain. First, we tested four
anti-BRI2 antibodies to determine whether they could immu-
noprecipitate human BRI2. For these tests, HeL.a cells were
transfected with FLAG-BRI2 and immunoprecipitated with
the four BRI2 antibodies and controls. As shown in FIG. 2a,
only the EN3 anti-BRI2 antibody was able to precipitate
BRI2. Next, we made homogenates of human brains and
performed immunoprecipitation with either the « APPct anti-
body or EN3. As shown in FIG. 2b, C99 (and larger COOH-
terminal APP fragments) was precipitated with both anti- APP
as well as EN3 antibodies, while C99 was not precipitated
with arabbit polyclonal IgG. Of interest, also in this case C83
did not precipitate with BRI2, although it was precipitated by
a.APPct. Moreover, full length APP was also precipitated by
EN3, albeit at low levels. Altogether, these experiments indi-
cate that endogenous APP and BRI2 associate in the adult
human brain. In addition, they show that BRI2 preferentially
interacts with C99 and larger APP C-terminal fragments but
not with C83.

[0117] As shown in FIGS. 15 and 14, expression of BRI2
constructs invariantly results in increased levels of C99. It is
likely that this dramatic increase in C99 levels is dependent on
an effect of BR12 on APP processing. To directly test for this,
we expressed FLAG-tagged BR12 in HeL.a, HEK293 and N2a
cells together with APP-Gal4, a luciferase reporter under the
control of a Gal4 promoter and a fi-galactosidase construct.
APP-Gal4 is a fusion of the yeast transcription factor Gal4 to
the cytoplasmic domain of APP. y-cleavage of APP-Gal4
releases AID-Gal4 from the membrane to the nucleus with
consequent activation of luciferase transcription (Gianni et
al., 2003). As shown in FIG. 3a, BRI2 reduces luciferase
activity in all three cell lines, suggesting an inhibition of AID
formation. Instead, transfection of [-secretase (BACE)
resulted in increased AID release, as expected (FIG. 3b). The
BRI2'*! mutant, that still interacts with APP and produces
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increased C99 levels (FIG. 1d), also inhibit AID release (FIG.
3¢). Lastly, mixing experiments show that, for BRI2 to
repress AID-Gal4 release, it must be co-expressed with APP-
Gal4 in the same cell. In fact, mixing cells expressing BRI2
with cells expressing APP-Gal4 does not affect release of ATD
(FIG. 3d). This further suggests that BRI2 and APP interact in
cis rather than in trans.

[0118] To further validate this system, we have measured
AP in the conditioned media of HEK 293 transfected with
BRI2 and found that BRI2 significantly diminished Af40 and
AP42 levels (F1G. 3b). Again, BACE transfection increased
AP40 and AP42 secretion (FIG. 3f).

[0119] Inhibition of AID and AP production by BRI2 sug-
gests that BRI2 expression reduces cleavage of APP by the
y-secretase. However, it is also possible that BRI2 could
modulate the - and a-cleavage of APP. As discussed above,
cleavage of APP by either a.- or -secretase releases sAPPj
and sAPPo. in the supernatant, respectively. While increased
amounts of either sAPPc. or sAPPf indicate increased a- or
[-cleavage, reduction of either sAPPc. or sAPPP reflect
decreased a- or p-cleavage. Thus, to determine whether BRI2
affects either o- or -secretase, we measured the amounts of
sAPPa and sAPPf. In these same experiments, we also mea-
sured intracellular levels of C99 and C83. HEK293-APP cells
were transfected with FLLAG-BRI2 or a vector control. Trans-
fected cells were pulse-labeled with [>*S]methionine-cys-
teine for 30 min, then chased for 0, 1, 2, and 4 hours at 37° C.
(FIG. 3¢). The cell lysates were immunoprecipitated with
. APP-ct antibody at each time point (FIG. 3¢). To measure
secreted APP (sAPPa. and sAPPf), supernatants were col-
lected from cells labeled for 4 hours and precipitated with the
anti-APP antibodies P21 (which precipitates both sAPPo and
sAPPf) or 6E10 (which only precipitates sAPPa) (FIG. 34).
BRI2 transfection resulted in decreased amounts of C83
(FIG. 3¢) and sAPPa (FIG. 3d). Conversely, the levels of C99
(FIG. 3¢) and sAPPp (FIG. 3d) were augmented. Notably,
BRI2 was co-immunoprecipitated by the a APP-ct antibody
at all time points. Thus, BRI2 expression reduces cleavage of
APPby a-secretase whileincreases its processing by f-secre-
tase. The concomitant inhibition of y-secretase and increase
in B-cleavage of APP explains the dramatic increase in C99
levels.

[0120] APP is a member of a family of proteins which
include APLP1 and APLP2. APLP1 and APLP2 are also
g-secretase substrates (Scheinfeld et al.,, 2002) and, among
the numerous y-secretase substrates are those that bear more
sequence similarity to APP. Thus, to test whether BRI2 gen-
erally affects g-secretase or specifically inhibits g-cleavage of
APP, we transfected BRI2 with either APLP1 or APLP2.
Western blot using anti-APLP1 or anti-APLP2 C-terminal
antibodies indicates that BRI2 expression does not promote
accumulation of C-terminal fragments of APLP1 (not shown)
and APLP2 (FIG. 3i). This result supports the notion that
BRI2 specifically blocks the y-activity on APP but not on
other y-substrates.

[0121] Altogether, these studies suggest that BR12 and APP
form a multimolecular complex in cell membranes. While the
stoichiometry of APP and BRI2 in such complexes has to be
investigated and whether BR12 and APP are found in a struc-
ture comprising other proteins is unknown, our data suggest
that BRI2 functions as an endogenous regulator of APP pro-
cessing. More specifically, we found here that BRI2 expres-
sion decreases both a- and y-cleavage of APP. Although the
detailed molecular mechanisms responsible for these func-
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tions must be directly addressed, the finding that BRI2 inter-
acts with a region of APP comprising the a- and y-cleavage
sites insinuates that BRI2 physically masks the two target
sequences from the secretases.

[0122] Recently, mutations in BRI2 have been found in
FBD (Vidal et al., 1999) and FDD (Vidal et al., 2000) patients.
Both wild type and mutant BRI2 are processed by furin (Kim
et al., 1999), this processing resulting in the secretion of a
C-terminal peptide. Furin cleavage of wild type BRI2
releases a 17 aa-long peptide. In FBD patients, a point muta-
tion at the stop codon of BRI2 results in a read-trough of the
3'-untranslated region and the synthesis of a BRI2 molecule
containing 11 extra amino acids at the C-terminus. Furin
cleavage of this mutated BRI2 generates a longer peptide, the
ABri peptide, which is deposited as amyloid fibrils. In the
Danish kindred, the presence of a 10-nt duplication one codon
before the normal stop codon produces a frame-shift in the
BRI2 sequence generating a larger-than-normal precursor
protein, of which the amyloid subunit comprises the last 34
C-terminal amino acids. The deposition of ABri and ADan
amyloid is considered the pathogenic cause of these demen-
tia. However, the finding that BRI2 regulates APP processing
is intriguing and prompts speculation that altered APP pro-
cessing is also a pathogenic factor in FBD and FDD. Consis-
tent with this hypothesis, in FDD patients elevated levels of
AP42 deposition are detected together with ADan in CAA
lesions.

Example 2

Further Studies on the Effect of BRI2 on App Pro-
cessing

[0123] Using the methods described in Example 1, the
effect of BRI2 deletion constructs consisting of the first 80,
93, 96, 99, 102, 105, 117, and 131 amino acids were mea-
sured. As shown in FIG. 4 (left panel), only the truncation
larger than 99 amino acids showed the accumulation of C99
in the total lysates, which indicates the inhibition of further
processing of C99. The deletion constructs consisting of the
first 96 and 99 amino acids showed much poorer inhibitory
effect, and those consisting of 80 and 93 did not display the
inhibition. This inhibitory effect of BRI2 on C99 processing
paralleled the binding of these BRI2 truncations to C99 and
full length APP as shown FIG. 4 (the right panel). The same
set of deletion constructs were used in determining their
effect on AID production. The results of APP-Gal4-driven
luciferase activity (FIG. 5) further support the conclusion that
BRI2 constructs comprising more than the first 99 amino
acids are required for the efficient inhibition of AID produc-
tion.

[0124] Example 1 established that sAPPa. is reduced in the
presence of BRI2, indicating that BRI2 inhibits a-secretase.
Additional experiments were conducted to determine the
effect of BRI2 on sAPPP production. As shown in FIG. 6,
sAPPP production is also reduced in the presence of BRI2,
indicating that BRI2 inhibits f-secretase.

[0125] Inview of the above, it will be seen that the several
advantages of the invention are achieved and other advan-
tages attained.

[0126] As various changes could be made in the above
methods and compositions without departing from the scope
of the invention, it is intended that all matter contained in the
above description and shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting sense.
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[0127] All references cited in this specification are hereby
incorporated by reference. The discussion of the references
herein is intended merely to summarize the assertions made
by the authors and no admission is made that any reference
constitutes prior art. Applicants reserve the right to challenge
the accuracy and pertinence of the cited references.

SEQ ID NOs

SEQ ID NO:1—Human BRI2 Amino Acid Sequence Gen-
Bank Q9Y287

[0128]

[

mvkvtfnsal agkeakkdep ksgeealiip pdavavdckd pddvvpvggr rawcwcemcfg
61 lafmlagvil ggaylykyfa lgpddvyycg ikyikddvil nepsadapaa lyqtieenik
121 ifeeeevefi svpvpefads dpanivhdfn kkltayldln ldkcyvipln tsivmpprnl
181 lellinikag tylpgsylih ehmvitdrie nidhlgffiy rlchdketyk lgrretikgi

241 gkreasncfa irhfenkfav etlics

SEQ ID NO:2—Human BRI3 Amino Acid Sequence Gen-
Bank QINQX7.

[0129]

o

mvkisfgpav agikgdkadk asasapapas ateilltpar eegppghrsk rggsvggvey
61 lsmgmvvllm glvfasvyly ryfflaglar dnffrcgvly edslssgvrt gmeleedvki
121 yldenyerin vpvpgfgggd padiihdfgr gltayhdisl dkeyvielnt tivlpprnfw
181 ellmnvkrgt ylpgtyiige emvvtehvsd kealgsfiyh lengkdtyrl rrratrrrin

241 krgakncnal rhfentfvve tlicgvv

SEQ ID NO:3—Human Furin Preproprotein GenBank
NP002560

[0130]

[

melrpwllwv vaatgtlvll aadagggkvf tntwavripg gpavansvar khgflnlggi

61 fgdyyhfwhr gvtkrslsph rprhsrlgre pgvgwleqqv akrrtkrdvy geptdpkfpg
121 gwylsgvtqr dlnvkaawaq gytghgivvs ilddgieknh pdlagnydpg asfdvndgdp
181 dpgprytagmn dnrhgtrcag evaavanngv cgvgvaynar iggvrmldge vtdavearsl
241 glnpnhihiy saswgpeddg ktvdgparla eeaffrgvsq grgglgsifv wasgnggreh
301 dscnedgytn siytlsissa tgfgnvpwys eacsstlatt yssgngnekq ivttdlrgke
361 teshtgtsas aplaagiial tleanknltw rdmghlvvgt skpahlnand watngvgrkv
421 shsygyglld agamvalagn wttvapgrkc iidiltepkd igkrlevrkt vtaclgepnh
481 itrlehagar ltlsynrrgd laihlvspmg trstllaarp hdysadgfnd wafmtthswd
541 edpsgewvle ientseanny gtltkftlvl ygtapeglpv ppessgcktl tssgacvvece
601 egfslhgksc vgheppgfap gvldthyste ndvetirasv capchascat cggpaltdel
661 scpshasldp veqtcsrgsg ssresppddd pprlppevea gqrlragllp shlpevvagl
721 scafivlviv tvilvlqlrs gfsfrgvkvy tmdrglisyk glppeawgee cpsdseedeg

781 rgertafikd gsal
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<160>

<210>
<211>
<212>
<213>

<400>

SEQUENCE :

Met Val Lys Val

1

Lys

Ala

Gln

Leu

65

Leu

Asp

Gln

Phe

Ile

145

Leu

Pro

Leu

Ile

Asp

225

Gln

Lys

Asp

Val

Arg

50

Ala

Gln

Val

Thr

Ile

130

Val

Asp

Arg

Pro

Glu

210

Lys

Lys

Phe

Glu

Ala

35

Arg

Gly

Pro

Ile

Ile

115

Ser

His

Lys

Asn

Gln

195

Asn

Glu

Arg

Ala

Pro

20

Val

Ala

Val

Asp

Leu

100

Glu

Val

Asp

Cys

Leu

180

Ser

Ile

Thr

Glu

Val
260

SEQ ID NO 1
LENGTH:
TYPE: PRT
ORGANISM: Human

266

1

Thr

5

Lys

Asp

Trp

Ile

Asp

Asn

Glu

Pro

Phe

Tyr

165

Leu

Tyr

Asp

Tyr

Ala

245

Glu

<210> SEQ ID NO 2

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Human

<400> SEQUENCE:

267

2

Phe

Ser

Cys

Cys

Leu

70

Val

Glu

Asn

Val

Asn

150

Val

Glu

Leu

His

Lys

230

Ser

Thr

NUMBER OF SEQ ID NOS:

Asn

Gly

Lys

Trp

55

Gly

Tyr

Pro

Ile

Pro

135

Lys

Ile

Leu

Ile

Leu

215

Leu

Asn

Leu

3

Ser

Glu

Asp

40

Cys

Gly

Tyr

Ser

Lys

120

Glu

Lys

Pro

Leu

His

200

Gly

Gln

Cys

Ile

Ala

Glu

25

Pro

Met

Ala

Cys

Ala

105

Ile

Phe

Leu

Leu

Ile

185

Glu

Phe

Arg

Phe

Cys
265

Leu

10

Ala

Asp

Cys

Tyr

Gly

90

Asp

Phe

Ala

Thr

Asn

170

Asn

His

Phe

Arg

Ala

250

Ser

Ala

Leu

Asp

Phe

Leu

75

Ile

Ala

Glu

Asp

Ala

155

Thr

Ile

Met

Ile

Glu

235

Ile

SEQUENCE LISTING

Gln

Ile

Val

60

Tyr

Lys

Pro

Glu

Ser

140

Tyr

Ser

Lys

Val

Tyr

220

Thr

Arg

Lys

Ile

Val

45

Leu

Lys

Tyr

Ala

Glu

125

Asp

Leu

Ile

Ala

Ile

205

Arg

Ile

Hisg

Glu

Pro

30

Pro

Ala

Tyr

Ile

Ala

110

Glu

Pro

Asp

Val

Gly

190

Thr

Leu

Lys

Phe

Ala

15

Pro

Val

Phe

Phe

Lys

95

Leu

Val

Ala

Leu

Met

175

Thr

Asp

Cys

Gly

Glu
255

Lys

Asp

Gly

Met

Ala

80

Asp

Tyr

Glu

Asn

Asn

160

Pro

Tyr

Arg

His

Ile

240

Asn

Met Val Lys Ile Ser Phe Gln Pro Ala Val Ala Gly Ile Lys Gly Asp

1

5

10

15

Lys Ala Asp Lys Ala Ser Ala Ser Ala Pro Ala Pro Ala Ser Ala Thr

20

25

30
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-continued

Glu Ile Leu Leu Thr Pro Ala Arg Glu Glu Gln Pro Pro Gln His Arg
35 40 45

Ser Lys Arg Gly Gly Ser Val Gly Gly Val Cys Tyr Leu Ser Met Gly
50 55 60

Met Val Val Leu Leu Met Gly Leu Val Phe Ala Ser Val Tyr Ile Tyr
65 70 75 80

Arg Tyr Phe Phe Leu Ala Gln Leu Ala Arg Asp Asn Phe Phe Arg Cys
85 90 85

Gly Val Leu Tyr Glu Asp Ser Leu Ser Ser Gln Val Arg Thr Gln Met
100 105 110

Glu Leu Glu Glu Asp Val Lys Ile Tyr Leu Asp Glu Asn Tyr Glu Arg
115 120 125

Ile Asn Val Pro Val Pro Gln Phe Gly Gly Gly Asp Pro Ala Asp Ile
130 135 140

Ile His Asp Phe Gln Arg Gly Leu Thr Ala Tyr His Asp Ile Ser Leu
145 150 155 160

Asp Lys Cys Tyr Val Ile Glu Leu Asn Thr Thr Ile Val Leu Pro Pro
165 170 175

Arg Asn Phe Trp Glu Leu Leu Met Asn Val Lys Arg Gly Thr Tyr Leu
180 185 190

Pro Gln Thr Tyr Ile Ile Gln Glu Glu Met Val Val Thr Glu His Val
195 200 205

Ser Asp Lys Glu Ala Leu Gly Ser Phe Ile Tyr His Leu Cys Asn Gly
210 215 220

Lys Asp Thr Tyr Arg Leu Arg Arg Arg Ala Thr Arg Arg Arg Ile Asn
225 230 235 240

Lys Arg Gly Ala Lys Asn Cys Asn Ala Ile Arg His Phe Glu Asn Thr
245 250 255

Phe Val Val Glu Thr Leu Ile Cys Gly Val Val
260 265

<210> SEQ ID NO 3
<211> LENGTH: 794
<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 3

Met Glu Leu Arg Pro Trp Leu Leu Trp Val Val Ala Ala Thr Gly Thr
1 5 10 15

Leu Val Leu Leu Ala Ala Asp Ala Gln Gly Gln Lys Val Phe Thr Asn
20 25 30

Thr Trp Ala Val Arg Ile Pro Gly Gly Pro Ala Val Ala Asn Ser Val
35 40 45

Ala Arg Lys Hisg Gly Phe Leu Asn Leu Gly Gln Ile Phe Gly Asp Tyr
50 55 60

Tyr Hig Phe Trp His Arg Gly Val Thr Lys Arg Ser Leu Ser Pro His
65 70 75 80

Arg Pro Arg His Ser Arg Leu Gln Arg Glu Pro Gln Val Gln Trp Leu
85 90 95

Glu Gln Gln Val Ala Lys Arg Arg Thr Lys Arg Asp Val Tyr Gln Glu
100 105 110

Pro Thr Asp Pro Lys Phe Pro Gln Gln Trp Tyr Leu Ser Gly Val Thr
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-continued

115 120 125

Gln Arg Asp Leu Asn Val Lys Ala Ala Trp Ala Gln Gly Tyr Thr Cly
130 135 140

His Gly Ile Val Val Ser Ile Leu Asp Asp Gly Ile Glu Lys Asn His
145 150 155 160

Pro Asp Leu Ala Gly Asn Tyr Asp Pro Gly Ala Ser Phe Asp Val 2Asn
165 170 175

Asp Gln Asp Pro Asp Pro Gln Pro Arg Tyr Thr Gln Met Asn Asp Asn
180 185 190

Arg His Gly Thr Arg Cys Ala Gly Glu Val Ala Ala Val Ala Asn Asn
195 200 205

Gly Val Cys Gly Val Gly Val Ala Tyr Asn Ala Arg Ile Gly Gly Val
210 215 220

Arg Met Leu Asp Gly Glu Val Thr Asp Ala Val Glu Ala Arg Ser Leu
225 230 235 240

Gly Leu Asn Pro Asn His Ile His Ile Tyr Ser Ala Ser Trp Gly Pro
245 250 255

Glu Asp Asp Gly Lys Thr Val Asp Gly Pro Ala Arg Leu Ala Glu Glu
260 265 270

Ala Phe Phe Arg Gly Val Ser Gln Gly Arg Gly Gly Leu Gly Ser Ile
275 280 285

Phe Val Trp Ala Ser Gly Asn Gly Gly Arg Glu His Asp Ser Cys Asn
290 295 300

Cys Asp Gly Tyr Thr Asn Ser Ile Tyr Thr Leu Ser Ile Ser Ser Ala
305 310 315 320

Thr Gln Phe Gly Asn Val Pro Trp Tyr Ser Glu Ala Cys Ser Ser Thr
325 330 335

Leu Ala Thr Thr Tyr Ser Ser Gly Asn Gln Asn Glu Lys Gln Ile Val
340 345 350

Thr Thr Asp Leu Arg Gln Lys Cys Thr Glu Ser His Thr Gly Thr Ser
355 360 365

Ala Ser Ala Pro Leu Ala Ala Gly Ile Ile Ala Leu Thr Leu Glu Ala
370 375 380

Asn Lys Asn Leu Thr Trp Arg Asp Met Gln His Leu Val Val Gln Thr
385 390 395 400

Ser Lys Pro Ala His Leu Asn Ala Asn Asp Trp Ala Thr Asn Gly Val
405 410 415

Gly Arg Lys Val Ser His Ser Tyr Gly Tyr Gly Leu Leu Asp Ala Gly
420 425 430

Ala Met Val Ala Leu Ala Gln Asn Trp Thr Thr Val Ala Pro Gln Arg
435 440 445

Lys Cys Ile Ile Asp Ile Leu Thr Glu Pro Lys Asp Ile Gly Lys Arg
450 455 460

Leu Glu Val Arg Lys Thr Val Thr Ala Cys Leu Gly Glu Pro Asn His
465 470 475 480

Ile Thr Arg Leu Glu His Ala Gln Ala Arg Leu Thr Leu Ser Tyr Asn
485 490 495

Arg Arg Gly Asp Leu Ala Ile His Leu Val Ser Pro Met Gly Thr Arg
500 505 510

Ser Thr Leu Leu Ala Ala Arg Pro His Asp Tyr Ser Ala Asp Gly Phe
515 520 525
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-continued

Ala Phe Met Thr His Ser

535

Asn Asp Thr

530

Trp Trp Asp

540

Gly
545

Glu Val Glu

550

Ile Glu Thr Ser Glu Ala

555

Trp Leu Asn

Gly Thr Thr Phe Thr Val Leu Thr

570

Leu Lys Leu

565

Tyr Gly

Val
580

Glu Ser Thr

585

Gly Leu Pro Pro Pro Ser Gly Cys Lys

Gln Ala

595

Val Val Glu

600

Glu Phe Leu

605

Ser Cys Gly Ser

Val Gln Phe Ala Pro Gln

620

Pro Pro

615

Ser Cys His

610

Cys Gly

Thr
625

Thr Glu

630

Val Glu Thr

635

His Tyr Ser Asn Asp Ile Arg

Ala Ala Ala Thr

650

His Ser Gln

645

Cys Pro Cys Cys Gly

Thr His Ala Ser Leu

665

Leu Ser Pro Ser

660

Asp Cys Cys Asp

Gln Thr Gln Gln

680

Glu Ser

685

Cys Ser Ser Ser Ser

675

Arg Arg

Gln Gln

690

Glu Val Glu Ala

700

Pro Pro

695

Pro Pro Arg Leu Gly

Ala Glu

715

Pro Ser His Leu Pro Val Val

710

Arg Leu Leu

705

Gly

Ala Phe Ile

725

Val Val Phe Val

730

Ser Cys Leu Thr Val Phe

Gln Ser Phe Ser Phe Val Val

740

Leu Arg Gly Arg

745

Gly Lys

Ile Glu

765

Asp Arg Gly Leu Ser Leu Pro Pro

755

Tyr Lys

760

Gly

Glu Glu

770

Glu Glu Glu Gly

780

Ser
775

Cys Pro Ser Asp Asp Arg

Thr
785

Ala Phe Ile Lys Asp Gln Ser Ala Leu

790

Glu Asp Pro

Asn

Ala

Leu

590

His

Val

Ala

Pro

Pro

670

Pro

Gln

Ala

Leu

Tyr

750

Ala

Gly

Asn Tyr

560
Pro Glu
575

Thr Ser

Gln Lys
Leu

Asp

Val
640

Ser

Ala
655

Leu
Val Glu
Pro Gln
Leu

Arg

Leu
720

Gly

Val
735

Leu
Thr Met
Trp Gln

Glu Arg

What is claimed is:

1. A method of reducing, inhibiting or preventing Ap and/
or AID production by a cell, the method comprising contact-
ing the cell with a BRI2 or BRI3 or a mimic thereof in an
amount effective to reduce, inhibit or prevent Ap and/or AID
production by the cell.

2. The method of claim 1, wherein the cell is contacted with
a BRI2 or BRI3 that comprises amino acids and/or peptido-
mimetics equivalent to amino acids 1 to 102 of the human
BRI2 protein having the sequence of SEQ ID NO:1 or the
human BRI3 protein having the sequence of SEQ ID NO:2,

wherein the BRI2 protein and the BRI3 protein has an

amino acid sequence at least 80% homologous to SEQ
ID NO:1 and SEQ ID NO:2, respectively.

3. The method of c¢laim 2, wherein the BRI2 or BRI3 is a
naturally occurring protein.

4. The method of claim 2, wherein the BRI2 or BRI3 has an
amino acid sequence at least 90% homologous to at least a
portion of SEQ ID NO:1 or SEQ ID NO:2, respectively.

5. The method of claim 2, wherein the BRI2 or BRI3 has an
amino acid sequence at least 95% homologous to at least a
portion of SEQ ID NO:1 or SEQ ID NO:2, respectively.

6. The method of claim 2, wherein the BRI2 or BRI3 has an
amino acid sequence at least 98% homologous to at least a
portion of SEQ ID NO:1 or SEQ ID NO:2, respectively.

7. The method of claim 2, wherein the BRI2 or BRI3 is
100% homologous to at least a portion of SEQ ID NO:1 or
SEQ ID NO:2, respectively.

8. The method of claim 2, wherein the BRI2 or BRI3
consists of fewer than 250 amino acids and/or peptidomimet-
ics.

9. The method of claim 2, wherein the BRI2 or BRI3
consists of fewer than 200 amino acids and/or peptidomimet-
ics.

10. The method of claim 2, wherein the BRI2 or BRI3
consists of fewer than 150 amino acids and/or peptidomimet-
ics.
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11. The method of claim 2, wherein the BRI2 or BRI3
consists of fewer than 125 amino acids and/or peptidomimet-
ics.

12. The method of claim 2, wherein the BRI2 or BRI3
comprises amino acids and/or peptidomimetics equivalent to
amino acids 1 to 102 of the human BRI2 or BRI3 protein
having the sequence of SEQ ID NO:1 or SEQ ID NO: 2,
respectively.

13. The method of claim 1, wherein the cell is contacted
with a BRI2.

14. The method of claim 1, wherein the cell is contacted
with a BRI3.

15. The method of claim 1, wherein the cell is contacted
with a BRI2 or BRI3 mimic.

16. The method of claim 1, wherein the cell is a neuron.

17. The method of claim 1, wherein the cellis neuronal-like
or capable of differentiating into a neuron.

18. The method of claim 1, wherein the cell is in a live
mammal.

19. The method of claim 1, wherein the cell is a neuron in
a live mammal.

20. The method of claim 1, whetein the cell is in a live
human.

21. The method of claim 1, wherein the cell is contacted
with a vector comprising a nucleic acid sequence encoding
the at least a portion of a BRI2 or BRI3 protein.

22. The method of claim 21, wherein the vector is a viral
vector infecting the cell.

23. A method of reducing, inhibiting or preventing Af
and/or AID production by a cell, the method comprising
contacting the cell with a furin in an amount effective to
reduce, inhibit or prevent Af and/or AID production in the
cell.

24. The method of claim 23, wherein the furin comprises an
amino acid sequence at least 80% identical to human furin
having the sequence of amino acids 108-794 of SEQ 1D
NO:3.

25. The method of claim 23, wherein the furin comprises an
amino acid sequence at least 95% identical to human furin
having the sequence of amino acids 108-794 of SEQ 1D
NO:3.

26. The method of claim 23, wherein the furin is a human
furin.

27. The method of claim 23, wherein the cell is contacted
with furin protein.

28. The method of claim 27, wherein the furin protein is
expressed by a vector comprising a nucleic acid sequence
encoding the furin protein.

29. The method of claim 28, wherein the vector is a viral
vector.

30. The method of claim 23, wherein the cell is a neuron.

31. The method of claim 23, wherein the cell is neuronal-
like or capable of differentiating into a neuron.

32. The method of claim 23, wherein the cell is in a live
mammal.

33. The method of claim 23, wherein the cell is a neuron in
a live mammal.

34. The method of claim 23, wherein the cell is in a live
human.

35. A method of treating a subject having Alzheimer’s
disease, the method comprising administering to the subject
an amount of BRI2 or BRI3 or a mimic thereof effective to
treat Alzheimer’s disease in the subject.
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36. The method of claim 35, wherein the subject is admin-
istered a BRI2 or BRI3 that comprises amino acids and/or
peptidomimetics equivalent to amino acids 1 to 102 of the
human BRI2 protein sequence of SEQ ID NO:1 or the human
BRI3 protein sequence of SEQ ID NO:2,

wherein the BRI2 protein and the BRI3 protein has an

amino acid sequence at least 80% homologous to SEQ
ID NO:1 and SEQ ID NO:2, respectively.

37. The method of claim 36, wherein the BRI2 or BRI3 is
a naturally occurring protein.

38. The method of claim 35, wherein the subject is admin-
istered a BRI2.

39. The method of claim 35, wherein the subject is admin-
istered a BRI3.

40. The method of claim 35, wherein the subject is admin-
istered a BRI2 or BRI3 mimic.

41. The method of claim 35, wherein the BRI2 or BRI3 or
a mimic thereof is administered directly to the brain of the
subject.

42. The method of claim 35, wherein the BRI2 or BRI3 or
a mimic thereof is formulated in a pharmaceutical composi-
tion that enhances the ability of the BRI2 or BRI3 or mimic
thereof to cross the blood-brain barrier of the subject.

43. The method of claim 35, wherein the BRI2 or BRI3 or
a mimic thereof is administered in a manner that permits the
BRI2 or BRI3 or a mimic thereof to cross the blood-brain
barrier of the mammal.

44. A method of treating a subject having Alzheimer’s
disease, the method comprising administering to the subject
an amount of a furin effective to treat Alzheimer’s disease in
the subject.

45. The method of claim 44, wherein the subject is admin-
istered a furin that comprises amino acids and/or peptidomi-
metics equivalent to a human furin having the sequence of
amino acids 108-794 of SEQ ID NO:3,

wherein the furin has an amino acid sequence at least 80%

homologous to SEQ ID NO:3.

46. The method of claim 44, wherein the furin is a naturally
occurring protein.

47. The method of claim 44, wherein the furin is adminis-
tered directly to the brain of the subject.

48. The method of claim 44, wherein the furin is formu-
lated in a pharmaceutical composition that enhances the abil-
ity of the furin to cross the blood-brain barrier of the subject.

49, The method of claim 44, wherein the furin is adminis-
tered in a manner that permits the compound to cross the
blood-brain barrier of the mammal.

50. A method of determining whether a compound is a
mimic of a BRI2 or a BRI3, the method comprising

combining the compound with a functional y-secretase and

a membrane-bound protein comprising a C99, then
determining whether the compound inhibits cleavage of
the C99 to release AP and/or AID,

wherein the compound is a mimic of BRI2 or BRI3 if it

inhibits the cleavage of the C99 by the y-secretase.

51. The method of claim 50, wherein the inhibition of
cleavage of the C99 to release AP and/or AID is determined
by determining whether the compound inhibits release of A
and/or AID.

52. The method of claim 50, wherein the inhibition of
cleavage of the C99 to release AP and/or AID is determined
by determining whether the compound causes an increase in
the presence of C99.
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53. The method of claim 50, wherein the inhibition of
cleavage of the C99 to release AP} and/or AID is determined
by determining whether the compound causes a decrease in
the presence of C83.

54. The method of claim 50, wherein the inhibition of
cleavage of the C99 to release AP and/or AID is determined
by determining whether the compound causes a decrease in
the presence of sAPPa.

55. The method of claim 50, wherein the inhibition of
cleavage of the C99 to release Af} and/or AID is determined
by determining whether the compound causes an increase in
the presence of sSAPPf.

56. The method of claim 50, wherein the method utilizes an
ELISA to quantify a peptide.

57. The method of claim 50, wherein the method utilizes
mass spectroscopy.

58. The method of claim 50, wherein the method utilizes a
western blot to identify and/or quantify a peptide.

59. The method of claim 50, wherein the compound is
designed to mimic a portion of the BRI2 or BRI3 protein
comprising amino acids equivalent to amino acids 1 to 102 of
the human BRI2 or BRI3 protein having the sequence of SEQ
ID NO:1 or SEQ ID NO:2, respectively.

60. The method of claim 59, wherein the compound mim-
ics the three-dimensional structure and/or charge of the por-
tion of the BRI2 or BRI3 protein.

61. The method of claim 59, wherein the BRI2 or BRI3
protein is a BRI2 protein.

62. The method of claim 59, wherein the BRI2 or BRI3
protein is a BRI3 protein.

63. The method of claim 50, wherein the membrane-bound
protein comprising a C99 is an amyloid precursor protein
(APP).

64. The method of claim 50, wherein the functional
y-secretase and membrane-bound protein comprising a C99
are in a live cell.

65. The method of claim 50, wherein the live cell comprises
a genetic construct that activates transcription of a reporter
gene upon cleavage of a transgenic APP by y-secretase.

66. The method of claim 65, wherein the reporter gene is
luciferase.

67. The method of claim 65, wherein the transgenic APP
further comprises a Gal4 on the cytoplasmic domain of the
transgenic APP.

68. The method of claim 64, wherein the live mammalian
cell is a neuronal cell.

69. The method of claim 64, wherein the live mammalian
cell produces a transgenic APP.

70. The method of claim 69, wherein the live mammalian
cell is derived from an HEK293 cell, a HeLa cell, or an N2a
cell.

71. A composition comprising a purified BRI2 or BRI3 in
a pharmaceutically acceptable excipient.

72. The composition of claim 71, wherein the BRI2 or
BRI3 comprises amino acids and/or peptidomimetics equiva-
lent to amino acids 1to 102 of the human BRI2 protein having
the sequence of SEQ ID NO:1 or the human BRI3 protein
having the sequence of SEQ 1D NO:2,

wherein the BRI2 protein and the BRI3 protein has an

amino acid sequence at least 80% homologous to SEQ
ID NO:1 and SEQ ID NO:2, respectively.

73. The composition of claim 71, wherein the BRI2 or

BRI3 is a BRI2.
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74. The composition of claim 71, wherein the BRI2 or
BRI3 is a BRI3.

75. The composition of claim 71, wherein the BRI2 or
BRI3 consists of fewer than 250 amino acids and/or peptido-
mimetics.

76. The composition of claim 71, wherein the BRI2 or
BRI3 consists of fewer than 200 amino acids and/or peptido-
mimetics.

77. The composition of claim 71, wherein the BRI2 or
BRI3 consists of fewer than 150 amino acids and/or peptido-
mimetics.

78. The composition of claim 71, wherein the BRI2 or
BRI3 consists of fewer than 125 amino acids and/or peptido-
mimetics.

79. The composition of claim 71, wherein the pharmaceu-
tically acceptable excipient enhances the ability of the BRI2
or BRI3 to cross the blood-brain barrier of the subject.

80. The composition of claim 71, wherein the composition
is formulated in unit dosage form for treatment of Alzhe-
imer’s disease.

81. A composition comprising a purified furin in a phar-
maceutically acceptable excipient.

82. The composition of claim 81, wherein the furin com-
prises amino acids and/or peptidomimetics equivalent to a
human furin having the sequence of amino acids 108-794 of
SEQ ID NO:3,

wherein the furin has an amino acid sequence at least 80%

homologous to SEQ ID NO:3.

83. The composition of claim 81, wherein the furin is a
naturally occurring protein.

84. The composition of claim 81, wherein the pharmaceu-
tically acceptable excipient enhances the ability ofthe furin to
cross the blood-brain barrier of the subject.

85. The composition of claim 81, wherein the composition
is formulated in unit dosage form for treatment of Alzhe-
imer’s disease.

86. A composition comprising a vector encoding a BRI2 or
BRI3 in a pharmaceutically acceptable excipient.

87. The composition of claim 86, wherein the BRI2 or
BRI3 comprises amino acids equivalent to amino acids 1 to
102 of the human BRI2 protein having the sequence of SEQ
ID NO:1 or the human BRI3 protein having the sequence of
SEQ ID NO:2,

wherein the BRI2 protein and the BRI3 protein has an

amino acid sequence at least 80% homologous to SEQ
ID NO:1 and SEQ ID NO:2, respectively.

88. The composition of claim 86, wherein the pharmaceu-
tically acceptable excipient enhances the ability of the BRI2
or BRI3 to cross the blood-brain barrier of the subject.

89. The composition of claim 86, wherein the composition
is formulated in unit dosage form for treatment of Alzhe-
imer’s disease.

90. The composition of claim 86, wherein the vector is a
virus.

91. A composition comprising a vector encoding a furin in
a pharmaceutically acceptable excipient.
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92. The composition of claim 91, wherein the furin com- 94. The composition of claim 91, wherein the pharmaceu-
prises amino acids equivalent to a human furin having the tically acceptable excipient enhances the ability of the furin to
sequence of amino acids 108-794 of SEQ ID NO:3, cross the blOOd'br?‘l}l barrier Pf the subJec.t. -
wherein the furin has an amino acid sequence at least 80% 9. The composition of claim 91, wherein the composition
is formulated in unit dosage form for treatment of Alzhe-
homologous to SEQ ID NO:3.

imer’s disease.
93. The composition of claim 91, wherein the furin is a

naturally occurring protein. ok kK
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