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ALZHEIMER’S INSTITUTE OF | Case '

AMERICA, .
DEMAND FOR JURY TRIAL
Plaintiff, : '
V. | COMPLAINT FOR DAMAGES AND
o INFRINGEMENT RW

COMENTIS, INC., and OKLAHOMA |
MEDICAL RESEARCH FOUNDATION,

Defenddnts.

PLAINTIFF’S COMPLAINT

COMES NOW Plaintiff Alzheimer’s Institute of America (“AIA”), by and through
its attorneys, and for its Complaint against CoMentis, Inc. (“CoMentis”) and the Oklahoma
Medical Research Foundation (“CMRF”) (collectively, “Defendants™), states as follows:

| Nature of the Action

1. This Complaint seeks a judgment finding that Defendants have infringed and

| continue to infringe upon AIA’s U.S. Patent Nos. 5,455,169 (the “’169 Patent™), 5,795,963

(the “’963 Patent™), and 6,818,448 (the “’448 Patent™) (collectively, the “Patents-in-Suit”).
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The Patents-in-Suit cover a wide range of Alzheimer’s Disease-related technology,
including, but not limited to: nucleic acids coding for the Swedish mutation; vectors, cell
lines, and transgenic mice expressing the Swedish mutation containing nucleic acids; and
polypeptides encoded by the Swedish mutation containing nucleic acids. The claimed
technology providing important insights and tools for Alzheimer’s Disease research,
including the ability to screen for potential Alzheimer’s Disease drug candidates, such as,
for example, beta-secretase inhibitors. True and accurate copies of the Patents-in-Suit are
attached hereto, respectively, as Exhibits A, B, and C.

Jurisdiction and Venue

2. This Court has subject matter jurisdiction over this Complaint pursuant to 28
U.S.C. §§ 1331 and 1338(a), and under the patent laws of the United States, 35 U.S.C. § 1,
et seq.

3. Venue is proper in this judicial district under the provisions of 28 U.S.C. §§

1391(b) and 1400(b).

Intradistrict Assignment

4. This action is excepted from intradistrict assignment because it is an

intellectual property matter. Civil L.R. 3-5(b) and 3-2(c).

The Parties

5. AIA is a corporation organized and existing under the laws of Florida and
having its principal place of business at 7837 Parallel Parkway, Kansas City, KS, 66112.
AIA is the owner of the Patents-in-Suit.

6. CoMentis is a corporation organized and existing uhder the laws of Delaware
and having its corporate headquarters at 280 Utah Avenue, Suite 275, South San Francisco,
CA, 94080. Upon information and belief, CoMentis has committed acts of patent
infringement in this district.

7. OMREF is an Oklahoma nonprofit biomedical research institution having its

principal place of business at 825 N.E. 13™ Street, Oklahoma City, OK, 73104. Upon
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information and belief, OMRF has committed acts of patent infringement and has engaged
in substantial contacts with CoMentis in this district. |
Facts

8. On or about April 25 2000, AIA contacted OMRF concering its use of the
technology claimed in the 169 Patent. Specifically, AIA asserted that a publication in the
Proceedings of the National Academy of Sciences, Vol. 97, No. 4, pp. 1456-1460
(February 2000), demonstrated OMREF’s use of the technology of the *169 Patent in that it
describes the transfection of cells with the SWedish mutation of Amyloid Precursor Protein
(“APP Swedish™). The referenced publication listed Xinli Lin, Gerald Koelsch, Shilu Wu,
Debbie Downs, Azar Dashti, and Jordan Tang as the OMREF researchets responsible for the
research. Dr. Tang was listed as lead or corresponding author and was the principal
investigator leading the research.

9. On May 17, 2000, OMREF, acting through its counsel, responded that
OMREF’s use of the nucleic acids claimed in the 169 Patent was non-commercial and
limited to one academic research project. OMREF, acting through its counsel, further
represented that OMRF “does not intend to use these nucleic acids in any future projects”
and “if future research efforts at OMRF should require use of these nucleic acids, then
OMREF will contact AIA to discuss obtaining an appropriate license to the ’ 169 Patent.”

10.  AIA recently learr{ed, however, that OMRF’s use of the nucleic acids
claimed in the 169 Patent continued. For example, Dr. Tang et al. of OMREF published an
article in The Journal of Biological Chemistry, Vol. 279, No. 36, pp. 37886-37894
(September 2004), which describes the use of: (1) APP Swedish cloned in the mammalian
expression vector pcDNA3.1; (2) HEK-293 cells transfected with APP Swedish; (3) and
HelLa cells transfected with APP Swedish. In addition, Dr. Tang ef al. of OMRF published
an article in The FASEB Journal, Vol. 21, pp. 3184-3196 (October 2007), which describes
the use of: (1) cultured CHO cells transfected with APP Swedish; (2) HEK-293 cells
transfected with APP Swedish; (3) and HeLa cells transfected with APP Swedish. These

papers are but two examples of OMRF’s extensive use of the patented technology. Indeed,
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the primary focus of Dr. Tang’s research group is the identification of beta-secretase
inhibitors for the treatment of Alzheimer’s Disease. |

11.  On information and belief, and contrary to OMRE’s representations,
OMREF’s research was not and is not “non-commercial.” In 2001, Dr. Tang founded
Zapagq, Inc. (“Zapaq”) to commercialize the discoveries made using AIA’s patented
technology. On information and belief, OMRF licensed technology derived from the
unlicensed use of the Patents-in-Suit to Zapaq. On information and belief, Zapaq, Inc.

merged with Athenagen, Inc. in August 2006 and was renamed CoMentis.

12.  On information and belief, CoMentis (formetly Zapaq) and OMRF have
collaborated on Alzheimer’s Disease research that includes the use of the technology
claimed in the Patents-in-Suit. See, e.g., Jordan Tang et al., Bioorg. Med. Chem. Lett.,
Vol. 18, No. 3, pp. 1031-1036 (February 2008); Jordan Tang ez al., Current Alzheimer
Research, Vol. 4, No. 4, pp. 418-422 (2007); Jordan Tang, et al., Journal of
Neurochemistry, Vol. 89, pp. 1409-1416 (2004); Jordan Tang, et al., Biochemistry, Vol.
40, No. 34, pp. 10001-10006 (August 2001).

13.  On information and belief, CoMentis has an active Alzehimer’s Disease
research program and drug development pipeline, including the development of certain
drug candidates known as beta-secretase inhibitors. In the course of identifying and
developing these drug candidates, CoMentis has made extensive use of the technology
claimed in the Patents-in-Suit. For example, several CoMentis patents and patent
applications, including U.S. Patent No. 7,504,420, describe, among other things, the use of
“Chinese hamster ovary cells that over-express human APP695 with the London and

Swedish mutations.”
COUNT 1

Patent Infringement of U.S. Patent No. 5,455,169

14.  AIA incorporates by reference each and every allegation set forth in

paragraphs 1 through 13 of its Complaint as if fully set forth and restated herein.
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15.  The *169 Patent entitled “Nucleic acids for diagnosing and modeling
Alzheimer’s disease” was duly and regularly issued on October 3, 1995. AlA is the sole
and exclusive owner of the >169 Patent. At all relevant times, the owner of the °169 Patent
has complied with 35 U.S.C. § 287(a).

16. Defendants, without the authority or consent of AIA, have been and continue
to, upon information and belief, use in the United States, including, but not limited to, in
this judicial district, technologies which infringe upon the *169 Patent. Upon information
and belief, Defendants’ infringement of the >169 Patent is knowing and willful.

17. Defendants’ infringement of the >169 Patent has caused and continues to
cause irreparable harm and other harm to AIA.

COUNT 11
Patent Infringement of U.S. Patent No. 5,795,963

18.  AIA incorporates by reference each and every allegation set forth in
paragraphs 1 through 17 of its Complaint as if fully set forth and restated herein.

19.  The *963 Patent entitled “Amyloid precursor protein in alzheimer’s disease”
was duly and regularly issued on August 18, 1998. The inventor of the *963 Patent
assigned all right, title and interest in, to and undér the 963 Patent to AIA. AIA is the sole
and exclusive owner of the *963 Patent. At all relevant times, the owner of the 963 Patent
has complied with 35 U.S.C. § 287(a).

20. Defendants, without the authority or consent of AIA, have been and continue
to, upon information and belief, use technologies in the United States, including, but not
limited to, in this judicial district, technologies which infringe upon the "963 Patent. Upon
information and belief, Defendants’ infringement of the *963 Patent is knowing and
willful.

21.  Defendants’ infringement of the *963 Patent has caused and continues to

cause irreparable harm and other harm to AIA.
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COUNT III
Patent Infringement of U.S. Patent No. 6,818,448

22.  AIA incorporates by reference each and every allegation set forth in
paragraphs 1 through 21 of its Complaint as if fully set forth and restated herein.

23.  The *448 Patent entitled “Isolated cell comprising HAPP 670/671 DNAS
sequences” was duly and regularly issued on November 16, 2004. The inventor of the
*448 Patent assigned all right, title and interest in, to and under the *448 Patent to AIA.
AIA is the sole and exclusive owner of the *448 Patent. At all relevant times, the owner of
the *448 Patent has complied with 35 U.S.C. § 287(a).

24. Defendants, without the authority or consent of AIA, have been and continue

to, upon information and belief, use technologies in the United States, including, but not

limited to, in this judicial district, technologies which infringe upon the *448 Patent. Upon
information and belief, Defendants’ infringement of the *448 Patent is knowing and
willful.
25.  Defendants’ infringement of the *448 Patent has caused and continues to
cause irreparable harm and other harm to AIA.
PRAYER
WHEREFORE, Plaintiff Alzheimer’s Institute of America respectfully prays that
the Court enter judgment in its favor and award the following relief against Defendants: |
A.  Find that Defendants infringed upon the Patents-in-Suit and will
continue to infringe said patents unless enjoined therefrom;
B. Find that the infringement of Defendants upon the Patents-in-Suit was
knowing and willful;
C. Enjoin Defendants and their respective officers, directors, employees,
agents, licensees, representatives, affiliates, related companies, servants, Successors and
assigns, and any and all persons acting in privity or in concert with any of them,

preliminarily and permanently, from further infringing upon the Patents-in-Suit;
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D.  Order that an accounting be made to establish damages arising out of
Defendants’ infringement of the Patents-in-Suit;

E. Award AIA actual damages pursuant to 35 U.S.C. § 284, in an
amount to be determined at trial, as a resﬁlt of Defendants’ infringement upon the Patents-
in-Suit;

F. Award AIA treble damages pursuant to 35 U.S.C. § 284 in an amount
to be determined at trial, as a result of Defendants’ knowing and willful infringement upon
the Patents-‘in-Suit;

G.  Award AIA its costs and reasonable attorneys’ fees incurred in
connection with this action; and

H.  Award and grant AIA such other and further relief as the Court deems
just and proper under the circumstances.

DEMAND FOR JURY TRIAL

Plaintiff demands a jury trial.

Dated: June 22, 2009 BRYAN CAVE LLP

o Sl A fost

ROBERT PADWAY;
Attorneys for Plaintiff
ALZHEIMER’S INSTITUTE OF AMERICA
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Oct. 3, 1995

{54] NUCLEIC ACIDS FOR DIAGNOSING AND
MODELING ALZHEIMER’S DISEASE

[75] Inventor: Michael J. Mullan, Tampa, Fla.

[73] Assignee: Alzheimer’s Institute of America,

Inc., Prairie Village, Kans.

[21] Appl. No.: 894,211
[22] Filed: Jun. 4, 1992
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[57] ABSTRACT

The invention provides an isolated nucleic acid character-
istic of human amyloid precursor protein 770 including the
pucleotides encoding codon 670 and 671, wherein the
nucleic acid encodes an amino acid other than lysine at
codon 670 and/or an amino acid other than methionine at
codon 671. Also provided is a method of diagnosing or
predicting a predxsposmon to Alzheimes’s disease, compris-
ing detecting in a sample from a subject the presence of a
mutation at a nucleotide position corresponding to codons
670 and/or 671 of amyloid precursor protein or fragment
thereof, the presence of the mutation indicating the presence
of or a predisposition to Alzheimer’s disease.

12 Claims, 1 Drawing Sheet
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NUCLEIC ACIDS FOR DIAGNOSING AND
MODELING ALZHEIMER’S DISEASE

- BACKGROUND OF THE INVENTION

Alzheimer’s disease (AD) is a progressive disease known
generally as senile dementia. Broadly speaking, the disease
falls into two categories, namely late onset and early onset.
Late onset, which occurs in old age (65+ years), may be
caused by the natural atrophy of the brain occurring at a
faster rate and to a more severe degree than normal. Early
onset AD is much more infrequent but shows a pathologi-
cally identical dementia with diffuse brain atrophy which
develops well before the senile period, i.e., between the ages
of 35 and 60 years. There is evidence that one form of this
type of AD shows a tendency to run in families and is
therefore known as familial Alzheimer’s disease (FAD).

In both types of AD the pathology is the same but the
abnormalities tend to be more severe and more widespread

in cases beginning at an earlier age. The disease i s charac- -

terized by two types of lesions in the brain: senile plagues
and neurofibrillary tangles. '

Senile plaques are areas of disorganized neuropil up to
150 mm across with extracellular amyloid deposits at the
center. Neurofibrillary tangles are intracellular deposits of
amyloid protein consisting of two filaments twisted about
each other in pairs. ,

The major protein subunit, B-amyloid protein (also
referred to in the art as amyloid P protein (APP) and A4) of
the amyloid filaments of both the neurofibrillary tangle and
the senile plaque, is a highly aggregating small polypeptide
of approximate relative molecular mass 4,500. This protein
is a cleavage product of a much larger precursor protein
called amyloid precursor protein (APP).

The sequence of the deposited P-amyloid protein in
particular brain regions is one of the main pathologic
characteristics of AD. The B-amyloid protein is an approxi-
matety 4 kD protein (39 to 42 amino acids) which is derived,
as an internal cleavage product, from one or more isoforms
of a larger APP. There are at least five distinct isoforms of
APP: 563, 695, 714, 751, and 770 amino acids, respectively
(Wirak et al. (1991) Science 253:323). These isoforms of
APP are generated by alternative. splicing of primary tran-
scripts of the APP gene, which is located on human chro-
mosome 21. It is known that the APP isoforms are glyco-
sylated transmembrane proteins (Goldgaber et al. (1987)
Science 235:877), and that two of the isoforms APP751 and
APP770, have a protease inhibitor domain that is homolo-
gous to the Kunitz type of serine protease inhibitors. The
B-amyloid protein segment comprises approximately half of
the transmembrane domain and approximately the first 28
amino acids of the extra cellular domain of an APP isoform.

Proteolytic processing of APP in vivo is a normal physi-
ological process. Carboxy-terminal truncated forms of
APP693, APP751, and APP770 are present in brain and
cerebrospinal fluid (Palmert et al. (1989) Proc. Natl. Acad.
Sci. (U.S.A.) 86:6338; Weidemann et al. (1989) Cell 57:115)
and result from cleavage of the APP isoform at a constitutive
cleavage site within the $-amyloid protein peptide domain
of an APP isoform (Esch et al. (1990) Science 248:1122).
Normal proteolytic cleavage at the constitutive cleavage site
yields a large (approximately 100 kD) soluble, N-terminal
fragment that contains the protease inhibitor domain in some
isoforms, and 2 9 kD membrane-bound, C-terminal fragment
that includes most of the B-amyloid protein domain.

35
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Generation of pathogenic B-amyloid protein appears to be
the result of aberrant proteolytic processing of APP, such
that normal cleavage at the constitutive site within the
B-amyloid protein domain does not occur, but rather cleav-
age occurs at two specific sites which flank the B-amyloid
protein domain. One of these aberrant cleavage sites is in the
transmembrane domain and the other aberrant cleavage site
is located approximately at the N-terminus of the first 28
amino acids of the extra cellular domain. Such aberrant
proteolytic cleavage produces the [-amyloid protein
polypeptide which is prone to forming dense amyloidogenic
aggregates that are resistant to proteolytic degradation and
removal. The resultant P-amyloid protein aggregates pre-
sumably are involved in the formation of the abundant
amyloid plaques and cerebrovascular amyloid that are the
neuropathological hallmarks of AD. However, the exact
aberrant cleavage sites are not always precise; B-amyloid
molecules isolated from the brain of a patient with AD show
N- and C- terminal heterogeneity. Therefore, the aberrant
cleavage pathway may involve either sequence-specific pro-
teolysis followed by exopeptidase activity (creating end-
heterogeneity), or may not be sequence-specific.

The APP gene is known to be located on human chromo-
some 21. A locus segregating with FAD has been mapped to
chromosome 21 (St. George Hyslop et al. (1987) Science
235:885) close to the APP gene. Recombinants between the
APP gene and the AD locus have been previously reported
(Schellenberg et al. (1988) Science 241:1507). The data
appeared to exclude the APP gene as the site of any mutation
that might canse FAD (Van Broekhoven et al. (1987) Nature
329:153; Tanzi et al. (1987) Nature 329:156).

Recombinant DNA technology provides several tech-
niques for analyzing genes to locate possible mutations. For
example, the polymerase chain reaction (john Bell (1989)
Immunology Today 10:351-355) may be used to amplify
specific sequences using intronic primers, which can then be

. analyzed by direct sequencing.

Using such techniques, a single base substitution, a C to
T transition at base pair 2149, has been found in part of the
sequence of the APP gene in some cases of FAD. This base
pair transition leads to an amino acid substitution, i.e., valine
to isoleucine at amino acid 717 (APP770) (see Yoshikai et
al. (1990) Gene 87:257), close to the C-terminus of the
B-amyloid protein. This suggests that some cases of AD are
caused by mutation in the APP gene, specifically mutations
that change codon 717 such that it encodes an amino acid
other than valine.

A second APP allelic variant wherein glycine is substi-
tuted for valine at codon 717 is now identified, and is so
closely linked to the AD phenotype as to indicate that allelic
variants at codon 717 of the APP gene, particularly those
encoding an amino acid other than valine, and more par-
ticularly those encoding an isoleucine, glycine, or phenyla-
lanine, are pathogenic and/or pathognomonic alleles
(Chartier-Harlin et al. (1991) Nature 353:844),

Proteolysis on either side of the B-amyloid protein region
of APP may be enhanced or qualitatively altered by the
specific mutations at codon 717, increasing the rate of
B-amyloid deposition and aggregation. Such codon 717
mutations may increase B-amyloid formation by providing a

poorer substrate for the main proteolytic pathway (cleavage

at the constitutive site) or a better substrate for a competing,
alternative cleavage pathway (at aberrant cleavage sites).
There are several disease states which give rise to pro-
gressive intellectual deterioration closely resembling the
dementia associated with AD for which treatment is avail-
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able. A further diagnostic test for AD would therefore .

provide a valuable tool in the diagnosis and treatment of
these other conditions, by way of being able to exclude AD.

Also important is the development of experimental mod-
els of AD that can be used to define further the underlying
biochemical events involved in AD pathogenesis. Such
models could be employed to screen for agents that alter the
degenerative course of AD. For example, a model system of
AD could be used to screen for environmental factors that
induce or accelerate the pathogenesis of AD. In contradis-
tinction, an experimental model could be used to screen for
agents that inhibit, prevent, or reverse the progression of
AD. Such models could be employed to develop pharma-
ceuticals that are effective in preventing, arresting, or revers-
ing AD. : .

"The present invention provides the discovery of additional
beretofore unknown mutations in B-amyloid protein. These
mutations can be utilized advantageously to detect, treat and
screen in subjects and model systems.

SUMMARY OF THE INVENTION

The invention provides an isolated nucleic acid charac-
teristic of human amyloid precursor protein 770 including
the nucleotides encoding codon 670 and 671, wherein the
mucleic acid encodes an amino acid other than lysine at
codon 670 and/or an amino acid otber than methionine at
codon 671, Also provided is a method of diagnosing or
predicting a predisposition to AD, comprising deteciing in a
sample from a subject the presence of a mutation at a
nucleotide position corresponding to codons 670 and/or 671
of amyloid precursor protein or fragment thereof, the pres-
ence of the mutation indicating the presence of or a predis-
position to AD.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a and 15 illustrate two related pedigrees in which
early onset AD is apparently inherited as an autosomal
dominant disorder. + refer to presence/absence of mutation.
GT12 alleles are in parentheses. The average age of onset in
this family is 55 years. Black symbols denote affected
individuals and oblique lines indicate deceased individuals.
Females are denoted by circles and males by squares. For
£139, samples were available from the 7 individuals whose
genotypes (presence or absence of the mutation) are illus-
trated, and for f144 samples were available from 15 indi-
viduals whose genotypes at GT12 are shown.

DETAILED DESCRIPTION OF THE
INVENTION

The invention provides an isolated nucleic acid charac-
teristic of human amyloid precursor protein including the
nucleotides encoding codon 670 and 671 of human amyloid
precursor protein 770, wherein the nucleic acid encodes an
amino acid other than lysine at codon 670 and/or an amino
acid other than methionine at codon 671. In one embodi-
ment, the nucleic acid encodes asparagine at codon 670 and
leucine at codon 671.

The invention also provides an isolated nucleic acid
complementary to the nucleic acid of the invention. The
isolated nucleic acid can be labeled with a detectable moiety.
The isolated nucleic acid can encode, for example, -amy-
loid protein and the entire human amyloid precursor protein
770. In addition, the isolated nucleic acid can further encode
an amino acid other than valine at codon 717. The invention
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also provides polypeptides encoded by these nucleic acids.

Further, the invention provides an antibody specifically
reactive with the polypeptides of the invention. Thus, anti-
bodies which react with the unique epitope created by the
amino acid other than lysine at codon 670 and/or other than
methionine at position 671 are provided.

Vectors comprising the nucleic acids of the invention are
also provided. These vectors can be placed in a host capable
of expressing the characteristic portion of human amyloid
precursor protein.

The invention also provides a method of diagnosing or
predicting a predisposition to AD. The method comprises
detecting in a sample from a subject the presence of a
mutation in a human amyloid precursor protein at a nucle-
otide position corresponding to codons 670 and/or 671 of
amyloid precursor protein 770 or fragment thereof, the -
presence of the mutation indicating the presence of or a
predisposition to AD. In one embodiment, the sequence
mutation is a nucleotide substitution, wherein codon 670
encodes asparagine and/or codon 671 encodes leucine. As
discussed below in greater detail, the mutation can be
detected by many methods. For example, the detecting step
can comprise combining a nucleotide probe capable of
selectively hybridizing to a nucleic acid containing the
mutation with a nucleic acid in the sample and detecting the
presence of hybridization. Additionally, the defecting step
can comprise amplifying the nucleotides of the mutation and
detecting the presence of the mutation in the amplified
product. Further, the detecting step can comprise selectively
amplifying the nucleotides of the mutation and detecting the
presence of amplification. Finally, the detecting step can
comprise detecting the loss of a restriction fragment length
created by an Mboll enzyme digest of the nucleotides of the
mutation.

The invention also provides a transgenic non-human
animal containing, in a germ or somatic cell, the mutated
nucleic acid of the invention, wherein the animal expresses
a human amyloid precursor protein or fragment thereof
which encodes an amino acid other than Iysine at codon 670
andfor an amino acid other than methionine at codon 671.
Preferably, the animal expresses. neuropathological charac-
teristics of AD. These animals can also have a mutation at
position 717 wherein the animal expresses a human amyloid
precursor protein or fragment thereof which encodes an
amino acid other than lysine at codon 670 and/or an amino
acid other than methionine at codon 671 and an amino acid
other than valine at codon 717.

The invention also provides a host containing the nucleic
acid of claim 1, which host expresses a human amyloid
precursor protein or fragment thereof which encodes an
amino acid other than lysine at codon 670 and/or an amino
acid other than methionine at codon 671. Preferably, the host
is an immortalized cell line. This host can also contain the
mutation at codon 717 whereby the host expresses 2 human
amyloid precursor protein or fragment thereof which
encodes an amino acid otherthan lysine at codon 670 and/or
an amino acid other than methionine at codon 671 and an
amino acid other than valine at codon 717. The invention
also provides a method of screening for an agent capable of
treating AD. The method comprises contacting these trans-
genic animals or host cell lines with the agent and monitor-
ing the expression, processing or deposition of amyloid
precursor protein or fragments thereof.

As used herein, “isolated” means free of at least some of
the contaminants associated with the mucleic .acid or
polypeptides occurring in a natural environment.
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As used here, “nucleic acid characteristic of human amy-
loid precursor protein” refers to a nucleic acid which has
sufficient nucleotides surrounding the codons at position 670
and 671 of human amyloid precursor protein 770 to distin-
guish the nucleic acid from nucleic acids encoding non-
related proteins. The specific length of the nucleic acid is 2
matter of routine choice based op the desired function of the
sequence. For example, if one is making probes to detect the
mutation in either codon 670 and/or 671, the length of the
mucleic acid will be smaller, but must be long enough to
prevent hybridization to the desired background sequences.
However, if the desired hybridization is to a nucleic acid
which has been amplified, background hybridization is less
of a concern and a smaller probe can be used. In general,
such a probe will be between 10 and 100 nucleotides,
especially between 10 and 40 nucleotides in length.

Likewise, polypeptides encoded by the nucleic acids of
the invention can be variable depending on the desired
function of the polypeptide. While smaller fragments can
work, generally to be useful, e.g., immunogenic, the
polypeptide must be of at least 8 amino acids and not more
than 10,000 amino acids. This polypeptide contains an
amino acid internal sequence (listed in order from amino- to
carboxy-terminal direction):

-Ser-Glu-Val-X-X-Asp-Ala-Glu- [SEQ ID NO1]
where the X at position 4 is any of the twenty conventional
amino acids except lysine, particularly asparagine, and
where the X at position 5 is any of the twenty conventional
amino acids except methionine, particularly leucine. The
amino and carboxy ends of this core sequence can include
any number of additional amino acids from the APP
sequence. Thus, “fragment” can be a truncated APP isoform
or a modified APP isoform (as by amino acid substitutions,
deletions, or additions). This definition recognizes that APP
is a single gene that undergoes alternative splicing to gen-
erate several isoforms that are designated by the total
number of amino acids in each. Thus, treatment includes
various alternatively spliced exons resulting in isoforms of
770, 751, 714, 695, 563 and 365 amino acids.

As used here, “codon 670 and/or codon 671" refers to the
codons (i.e., the tri-nucleotide sequence) that encode the
670th and 671st amino acid positions in APP770, or the
amino acid position in an APP fragment that corresponds to
the 670th or 671st positions in APP770. For example, a 670
residue long fragment that is produced by truncating
APP770 by removing the 100 N-terminal amino acids has its
570th amino acid position corresponding to codon 670. In
fact, as used herein, codon 670 refers to the codon that
encodes the 651st amino acid residue of APP751 and the
595th amino acid residue of APP695. In addition, codon 670
andfor 671 refers to the complementary sequence on the
antisense strand.

As used herein, the term “mutant” refers specifically to a
mautation at codons 670/671 (as referenced by the amino acid
sequence in APP770) of the APP gene, such that codon 670
encodes one of the nineteen amino acids that are not lysine
(ie., glycine, methionine, alanine, serine, isoleucine, leu-
cine, threonine, proline, histidine, cysteine, tyrosine, phe-
nylalanine, glutamic acid, tryptophan, arginine, aspartic
acid, asparagine, valine, and glutamine), but preferably
asparagine, and such that codon 671 encodes one of the
nineteen amino acids that are not methionine (i.c., glycine,
lysine, -alanine, serine, isoleucine, leucine, threonine, pro-
line, histidine, cysteine, tyrosine, phenylalanine, glutamic
acid, tryptophan, arginine, aspartic acid, asparagine, valine,
and glutamine), but preferably leucine. Thus, a mutant
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APP770 polypeptide is an APP770 polypeptide that has an
amino acid residue at posit on 670 that is not lysine and or
an amino acid residue at position 671 that is not methionine.
Other mutant APP isoforms comprise a non-lysine amino
acid at the amino acid residue position that corresponds to
codon 670 (i.e., that is encoded by codon 670) or a non-
methionine amino acid at the amino acid residue position
that corresponds to codon 671 (i.e., that is encoded by codon
671). Similarly, 2 mutant APP allele or a variant APP codon
670 or 671 allele is an APP allele that encodes a non-lysine
amino acid at the amino acid residue position that corre-
sponds to codon 670 (i.e., that is encoded by codon 670) or
encodes a non-methionine amino acid at the amino acid
residue position that corresponds to codon 671 (i.e., that is

_encoded by codon 671).

1t is apparent to one of skill in the art that nucleotide
substitutions, deletions, and additions may be incorporated
into the polynucleotides of the invention. However, such
nucleotide substitutions, deletions, and additions should not
substantially disrupt the ability of the pelynucleotide to
hybridize to one of the polynucleotide sequences under
hybridization conditions that are sufficiently stringent to
result in specific hybridization.

“Specific hybridization” is defined herein as the formation
of hybrids between a probe nucleic acid (e.g., a nucleic acid
which may include substitutions, deletions, and/or addi-
tions) and a specific target nucleic acid (e.g., a nucleic acid
having the sequence), wherein the probe preferentially
hybridizes to the specific target such that, for example, a
band corresponding to a variant APP allele or restriction
fragment thereof can be identified on a Southern blot,
whereas a corresponding wild-type APP allele (i.., one that
encodes lysine at codon 670 and methionine at codon 671)
is not identified or can be discriminated from a variant APP
allele on the basis of signal intensity. Hybridization probes
capable of specific hybridization to detect a single-base
mismatch may be designed according to methods known in
the art and described in Maniatis et al. (1989) Molecular
Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Har- .
bor Laboratory, Cold Spring Harbor, N.Y.; Berger and
Kimmel (1987) “Guide to Molecular Cloning Techniques ,”
Methods in Enzymology, Volume 152, Academic Press, Inc.,
San Diego, Calif,; Gibbs et al. (1989) Nucleic Acids Res.
17:2437; Kwok et al. (1990) Nucleic Acids Res. 18:999; and
Miyada et al. (1987) Methods Enzymol. 154:94.

The vectors for expressing the polypeptides of the inven-
tion require that the nucleic acid be “operably linked.” A
nucleic acid is operably linked when it is placed into a
functional relationship with another nucieic acid sequence.
For jnistance, a promoter or enhancer is operably linked to a
coding sequence if it affects the transcription of the
sequences. Operably linked means that the DNA sequences
being linked are contiguous and, where necessary to join two
protein coding regions, contiguous and in reading frame.

The term “agent” is used herein to denote a chemical
compound, a mixture of chemical compounds, a biological
macromolecnle, or an extract made from biological materi-
als such as bacteria, plants, fungi, or animal (particularly
mammalian) cells or tissues. Agents are evaluated for poten-
tial biological activity by inclusion in screening assays
described herein below.

As used here, the terms “label” or “labeled” refer to
incorporation of a radio labeled nucleotide or by enzymatic
or fluorescent marker. DNA or RNA are typically labeled by
incorporation of a radio-labeled mucleotide (H3, C14, 835,
P32) or a biotinylated nucleotide that can be detected by
marked avidin (e.g., avidin containing a fluorescent marker
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or enzymatic activity) or digoxygeninylated nucleotide that .

can be detected by marked specific antibody.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The following examples are intended to illustrate but not
limit the invention. While they are typical of those that might
be used, other procedures known to those skilled in the art
may be aliernatively employed.

Detection of Mutant Codon 670/671 APP Alleles
F139 and Fl144 are two large Swedish families which

originate from the same county. They were specifically -

ascertained for genetic analysis. We tested F144 for linkage
between AD and GT12 (FIG. 1a). A lod value of 2.34 with
no recombination was obtained between GT12 and AD.
Linkage analysis of 1000 simulated pedigrees (Weeks et al.
(1990) Am. J. Hum. Genet. 47:A204 (Suppl.)) (of identical
structure to F144) showed that this value was likely to occur
less than one time in 100 if the marker and the disease were
unlinked. We therefore sequenced exons 16 and 17 of the
APP gene as these encode f-amyloid protein. Two base pair
transversions (G—>T and A—3C) were observed in affected
individuals in both families in exon 16 at codons 670 and
671 (APP 770 transcript). These changes predict lysine to
asparagine and methionine to leucine substitutions in the
intact protein. In addition, the codon 670 mutation causes
the loss of an Mboll recognition site. Using this, we
screened all available members of both F144 and F139 by
PCR amplification of exon 16 and digestion with this
enzyme. All affected members of both families had lost the
Mboll cut site. The presence of the mutation was confirmed
by direct sequencing of four individuals. This mutation is
linked to the disease in these families with a lod score of
4,36 with no recombination. Taken with the fact that we
could not detect this variant in 50 normal chromosomes, this
demonstrates that this mutation is pathogenic of the demen-
tia in these familjes. )

Therefore, the method of the invention involves identify-
ing a genetic alteration at amino acids 670 or 671 or both
which may cause the consensus lysine or methionine
(respectively) to be changed. This will generally be per-
formed on specimens removed from the subject.

This mutation differs from previous mutations causing
AD in that it is at the N-terminus of deposited B-amyloid
protein rather than the C-terminus, The processing of APP
has not been fully elucidated but two pathways have been
postulated as important (Hardy and Higgins (1992) Science
256:184-5). The main proteolytic cleavage by “secretase”
normally cats APP through p-amyloid (Esch et al. (1990)
Science 248:1122-1124; Anderson et al. (1991) Neurosci.
Letts. 128:126~128), thus preventing its formation. An alter-
native endosomal/lysosomal pathway (Estus et al. (1992)
Science 255:726-728; QGolde et al. (1992) Science
255:728-730) apparently produces B-amyloid containing
fragments and involves cleavage at or close to the site of the
codon 670/671 mutation reported here.

APP717 variants have been suggested to produce amy-
loidogenic fragments by a number of mechanisms. Thus,
they have been postulated to inhibit degradation of amy-
loidogenic fragments of APP directly or to alter cellular
addressing of the APP molecule so that it is mismetabolised,
or to alter APP expression levels by effecting mRNA sta-
bility (Goate et al. (1991) Nature 349:704-706; Chartier
Harlin et al. (1991) Narure 353:844-846; and Hardy and
Higgins (1992) Science 256:184-5).

If the dementia-causing mutations in APP all have a
related action which underlies their pathogenicity, then the
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mutations reported here (APP670/1) would also be expected
to have their effect through one of the above mechanisms.
The position of this mutation right at the N-terminal of
B-amyloid protein is most consistent with the notion that the
AD causing-mutations directly inhibit the degradation of
preamyloidogenic fragments. It seems likely that given the
relatively late age of onset of disease development in
humans with either codon 717 or 670/1 variants, transgenic
animals with any of these mutations may not develop
significant pathology. An important consequence of this
mutation can be its combination with pathogenic codon 717
variants to increase the likelihood of producing Alzheimer-
like pathology in transgenic animals.

Therefore, genetic alterations in the APP gene which
result in altered degradative properties are particularly
important in the application of the invention. There are
several methodologies available from recombinant DNA
technology which may be used for detecting and identifying
a genetic mutation responsible for AD. These include, for
example, direct probing, polymerase chain reaction (PCR)
methodology, restriction fragment length polymorphism
(RFLP) analysis and single stand conformational analysis
(SSCA). However, any other known methods or later dis-
covered methods can likewise be used to detect the muta-
tions. Once the location of the 670/1 mutations are known
and associated with AD, the methods to detect the mutations
are standard in the art. The sequence of various nucleotide
probes can be determined from the sequence of APP, espe-
cially the sequences surrounding 670/1. The sequence of
APP is set forth in Yoshikai et al. (1990) “Genomic orga-
nization of the human amyleid beta-protein precursor gene,”
Gene 87:257-263.

Detection of point mutations using direct probing
involves the use of oligonucleotide probes which may be
prepared synthetically or by nick translation. The DNA
probes may be suitably labeled using, for example, a radio
label, enzyme label, fluorescent label, biotinavidin label and
the like for subsequent visualization in the example of
Southern blot hybridization procedure. The labeled probe is
reacted with 2 bound sample DNA, e.g., to a nitrocellulose
sheet under conditions such that only fully complementary
sequences hybridize. The-areas that carry DNA sequences
complementary to the labeled DNA probe become labeled
themselves as-a consequence of the reannealing reaction.
The areas of the filter that exhibit such labeling may then be
visualized, for example, by autoradiography. The labeled
probe is reacted with 2 DNA sample bound to, for example,
nitrocellulose under conditions such that only fully comple-
mentary sequences will hybridize, Tetra-alkyl ammonium
salts bind selectively to A-T base pairs, thus displacing the
dissociation equilibrium and raising the melting tempera-
ture. At 3M Me 4NCI this is sufficient to shift the melting
temperature to that of G-C pairs. This results in a marked
sharpening of the melting profile. The stringency of hybrid-
ization is usually 5° C. below the Ti (the irreversible melting
temperature of the hybrid formed between the probe and its
target sequence) for the given chain length. For 20 mers the
recommended hybridization temperature is 58° C. The
washing temperatures are unique to the sequence under
investigation and need to be optimized for each variant.

Alternative probing techniques, such as ligase chain reac-
tion (LCR), involve the use of mismatch probes, i.e., probes
which are fully complementary with the target except at the
point of the mutation. The target sequence is then allowed to
hybridize both with oligonucleotides which are fully
complementary and have oligonucleotides containing a mis-
match, under conditions which will distinguish between the
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two. By manipulating the reaction conditions, it is possible
to obtain hybridization only where there is full complemen-
tarity. If a mismatch is present there is significantly reduced
hybridization.

The polymerase chain reaction (PCR) is a technique that
amplifies specific DNA sequences with remarkable effi-
ciency. Repeated cycles of denaturation, primer annealing
and extension carried out with polymerase, e.g., a heat stable
enzyme Taq polymerase, leads to exponential increases in
the concentration of desired DNA sequences. Given a
knowledge of the nucleotide sequence encoding the precur-
sors of amyloid protein of AD (Kang et al. (1987) Nature
325:733-736, and Yoshikai above), synthetic oligonucle-
otides can be prepared which are complementary to
sequences which flank the DNA of interest. Each oligo-
nucleotide is complementary to one of the two strands. The
DNA is denatured at high temperatures (e.g., 95° C.) and
then reannealed in the presence of a large molar excess of
oligonucleotides. The oligonucleotides, oriented with their
3' ends pointing towards each other, hybridize to opposite
strands of the target sequence and prime enzyratic exten-
sion along the nucleic acid template in the presence of the
four deoxyribonucleotide triphosphates. The end product is
then denatured again for another cycle. After this three-step
cycle has been repeated several times, amplification of a
DNA segment by more than one million-fold can be
achieved. The resulting DNA may then be directly
sequenced in order to locate any genctic alteration. Alter-
natively, it may be possible to prepare oligonucleotides that
will only bind to altered DNA, so that PCR will only result
in multiplication of the DNA if the mutation is present.
Following PCR, direct visualization or allele-specific oligo-
nucleotide hybridization (Dihella et al. (1988) Lancet 1:497)
may be used to detect the AD point mutation. Alternatively,
an adaptation of PCR called amplification of specific alleles
(PASA) can be employed; this uses differential amplification
for rapid and reliable distinction between alleles that differ
at a single base pair.

In yet another method, PCR may be followed by restric-
tion endonuclease digestion with subsequent analysis of the
resultant products, The substitution of T for G at base pair
2010, found as a result of sequencing exon 16, destroys an
Mboll restriction site. The destruction of this restriction
endonuclease recognition site facilitates the detection of the
AD mutation using RFLP analysis or by detection of the
presence or absence of a polymorphic Mboll site in a PCR
product that spans codon 670.

In general, primers for PCR and LCR are usually about 20
bp in.length and the preferable range is from 15-25 bp.
Better amplification is obtained when both primers are the
same length and with roughly the same nucleotide compo-
sition. Denaturation of strands usually takes place at 94° C.
and extension from the primers is usually at 72° C. The
annealing temperature varies according to the sequence
under investigation. For exon 16, with the primers we have
designed, the optimum annealing temperature is 58° C. The
reaction times are: 20 mins denaturing; 35 cycles of 2 min,
1 min, 1 min for annealing, extension and denaturation; and
finally 2 5 min extension step. )

For RFLP analysis, DNA is obtained, for example from
the blood of the subject suspccted of having AD and from a
normal subject, is digested with the restriction endonuclease

Mboll and subsequently separated on the basis of size by

agarose gel electrophoresis. The Southern blot technique can
then be used to detect, by hybridization with labeled probes,
the products of endomuclease digestion. The patterns
obtained from the Southern blot can then be compared.
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Using such an approach, DNA spanning an Alzheimer’s
mutation that creates or removes a restriction site at codon
670 or 671, such as the Mboll site, is detected by determin-
ing the number of bands detected and comparing this
number to a reference allele that has a codon 670 allele that
encodes lysine or a codon 671 allele that encodes methion-
ine.

Similar creation of additional restriction sites by nucle-
otide substitutions within codons 670 or 671, wherein the
codon 670 encodes an amino acid other than lysine or codon
671 encodes an amino acid other than methionine, can be
readily calculated by reference to the genetic code and a list
of nucleotide sequences recognized by restriction endonu-
cleases (Promega Protocols and Applications Guide (1991)
Promega Corporation, Madison, Wis.).

Single strand conformational analysis (SSCA) (Oritaet al.
(1989) Genomics 5:874-879 and Orita et al. (1990) Genom-
ics 6:271-276) offers a relatively guick method of detecting
sequence changes which may be appropriate in at least some
instances.

PCR amplification of specific alleles (PASA) is a rapid
method of detecting single-base mutations or polymor-
phisms (Newton et al. (1989) Nucleic Acids Res. 17:2503;
Nichols et al. (1989) Genomics 5:535; Okayama et al.
(1989) J. Lab. Clin. Med. 114:105; Sarkar et al. (1990) Anal.
Biochem. 186:64; Sommer et al. (1989) Mayo Clin. Proc.
64:1361; Wu (1989) Proc. Natl. Acad. Sci. (U.S.A.) 86:2757,
and Dutton et al. (1991) Biotechniques 11:700. PASA (also
known as allele specific amplification) involves amplifica-
tion with two oligonucleotide primers such that one is
allele-specific. The desired allele is efficiently amplified,
while the other allele(s) is poorly amplified because it
mismatches with a base at or near the 3' end of the allele-
specific primer. Thus, PASA or the related method of
PAMSA may be used to specifically amplify one or more
variant APP codon 670 or 671 alleles. Where such ampli-
fication is done on genetic material (or RNA) obtained from
an individual, it can serve as a method of detecting the
presence of one or more variant APP codon 670 or 671
alleles in an individual.

Similarly, a method known as ligase chain reaction (LCR)
has been used to successfully detect a single-base substitu-
tion in a hemoglobin allele that causes sickle cell anemia
(Baany et al. (1991) Proc. Natl. Acad. Sci. (U.S.A.) 88:189;
R. A. Weiss (1991) Science 254:1992). LCR probes may be
combined or multiplexed for simultaneously screening for
multiple different mutations. Thus, one method of screening
for variant APP codon 670 or 671 alleles is to multiplex at
least one, and preferably all, LCR probes that will detect an
APP allele having a codon 670 that does not encode lysine
or an APP allele having a codon 671 that does not encode
methionine, but that does encode other amino acids. The
universal genetic code provides the degenerate sequences of
all the encoded non-lysine and non-methionine amino acids,
thus LCR probe design for detecting any particular variant
codon 670 or 671 (or combination thereof) allele is straight-
forward, and multiplexed pools of such LCR problems may
be selected at the discretion of a practitioner for his particu-
lar desired use.

In performing diagnosis using any of the above tech-
niques or variations thereof, it is preferable that several
individuals are examined. These may include an unaffected
parent, an affected parent, an affected sibling, an unaffected
sibling as well as other perhaps more distant family mem-
bers.

Model Animals and Cell Lines

Having identified specific mutations in codons 670/1 of

the B-amyloid gene as a cause of FAD, it is possible, using
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genetic manipulation, to develop transgenic model systems
and/or whole cell systems containing the mutated FAD gene
(or a portion thereof) for use, for example, as model systems
for screening for drugs and evaluating drug effectiveness.
Additionally, such model systems provide a tool for defining
the underlying biochemistry of APP and -amyloid metabo-
lism, which thereby provides a basis for rational drug
design. i

One type of cell system can be naturally derived. For this,
blood samples from an affected subject must be obtained in

order to provide the necessary cells which can be perma-.

nently transformed into a lymphoblastoid cell line using, for
example, Epstein-Barr virus. Once established, such cell
lines can be grown continuously in suspension culture and
may be used for a variety of in vitro experiments to study
APP expression and processing.

Since the FAD mutation is dominant, an alternative
method for constructing a cell line is to genetically engineer
the mutated gene into an established cell line of choice.
Sisodia ((1990) Science 48:492-494) has described the
insertion of a normal APP gene, by transfection, into mam-
malian cells.

In yet a further use of the present invention, the mutated
gene (i.e., a variant APP codon 670/1 gene) can be excised
for use in the creation of transgenic animals containing the
mutated gene. For example, an entire human variant APP
codon 670/1 allele can be cloned and isolated, either in parts
or as a whole, in a suitable cloning vector (e.g., 1Charon35,
cosmid, retrovirus or yeast artificial chromosome). The
vector is selected based on the size of the desired insert and
the ability to produce stable chromosome integration.

The human variant APP codon 670/1 gene, either in parts
or in whole, can be transferred to a host non-human animal,
such as a mouse. As a result of the transfer, the resultant
transgenic non-human animal will express one or more
variant APP codon 670/1 polypeptides. Preferably, a trans-
genic non-human animal of the invention will express one or

" more variant APP codon 670/1 polypeptides in a neuron-
specific manner (Wirak et al. (1991) EMBO 10:289). This
may be accomplished by transferring substantially the entire
human APP gene (encoding a codon 670/1 mutant) including
the 4.5 kilobase sequence that is adjacent to and upstream of
the first major APP transcriptional start site.

Alternatively, one may design mini-genes encoding vari-
ant APP codon 670/1 polypeptides. Such mini-genes may
contain a cDNA sequence encoding 2 variant APP codon
670/1 polypeptide, preferably full-length, a combination of
APP gene exons, or a combination thereof, linked to a
downstream polyadenylation signal sequence and an
upstream promoter (and preferably enhancer). Such a mini-
gene construct will, when introduced into an appropriate
transgenic host (e.g., mouse or rat), express an encoded
variant APP codon 670/1 polypeptide, most preferably a
variant APP codon 670/1 polypeptide that contains either an
asparagine residue at codon 670 and a leucine residue at
codon 671 of APP770 or the corresponding position in an
APP fragment,

One approach to creating transgenic animals is to target a
mutation to the desired gene by homologous recombination
in an embryonic stem (ES) cell line in vitro followed by
microinjection of the modified ES cell line into a host
blastocyst and subsequent incubation in a foster mother (see
Frohman and Martin, Cell (1989) 56:145). Alternatively, the
technique of microinjection of the mutated gene, or a portion
thereof, into a one-cell embryo followed by incubation in a
foster mother can be used. Certain possibilities for the
general use of transgenic animals, particularly transgenic
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animals that express a wild-type APP fragment, are dis-
closed in Wirak et al., the EMBO Journal, 10(2) 289-296
(1991); Schilling et al., Gene 98(2) 225-230 (1991); Quon,
et al. (1991) Nature 352:239; Wirak, et al. (1991) Science
253:323; and Kawabata, et al. (1991) Nature 354:476.
Alternatively, viral vectors, e.g., Adeno-associated virus,
can be used to deliver the mutated gene to the stem cell. In
addition, such viral vectors can be used to deliver the
mutated gene to a developed animal and then used to screen
(Mendelson et al. Virology 166:154-165; Wondisford et al.
(1988) Molec. Endocrinol. 2:32-39 (1988)).

Site-directed mutagenesis and/or gene conversion can
also be used to mutate a murine APP gene allele, either
endogenous or transfected, such that the mutated allele does
not encode lysine/methionine at the codon position in the
mouse APP gene that corresponds to codon 670/1 (of
APP770) of the human APP gene (such position is readily
identified by homology matching of the murine APP gene or
APP protein to the human APP gene or APP770 protein).
Preferably, such a mutated murine allele would encode -
asparagine or leucine at the corresponding codon position.

To more accurately model the disease, the combination in
transgenic animals of the codon 670/1 and codon 717
mutations in the same animal produced by any of the
technologies described above can be utilized. Similarly, cell
lines manipulated to include both mutations at codon 717
and codon 670/1 will be of value in modeling the disease and
are an important conseguence of this invention. The muta-
tions at codon 717 can be produced by the above methods as
described for the 670/1 mutation.

Production of Transgenic Animals with Mutant APP Allele

This method refers only to the production of a codon
670/1 mutated allele. However, it is intended that by almost
identical means, a mouse with mutations at both codon
670/1 and codon 717 can be produced.

Generation of the constructs: The vector plink can be
constructed by cloning polylinker between the Pvull and
EcoRI sites of pBR322 such that the HindIll end of the
polylinker is adjacent to the Pvull site. The ligation destroys
both the EcoR1 and Pvull sites associated with the pBR322
segments. The 700 bp Hpal to EcoR1 fragment of pSV2neo
(Southern and Berg (1982) J. Mol Appl. Genet. 1:327-41
that contains the SV40 polyadenylation signal can be cloned
into the Hpal to EcoR1 sites of plink to generate pNotSV.
The 200 bp Xhol to Pstl fragment of pL.2 containing the
SV40 16S/1gs splice site (Okayama and Berg (1983) Mol
Cell Biol 3:280-9) can be isolated, blunted with Klenow,
then cloned in to the Hpal site of pNotSV to generate
pSplice. The 2.3 kb Nrul to Spel fragment of pAPP695
containing the coding region of the cDNA for APP (Tanzi et
al. (1987) Science 235:80-4, 1987) can be inserted into the
Nrul to Spel site of pSplice to generate pd695. The same
strategy can be used 10 generate pd751 using the cDNA for
APP751 (Tanzi et al. (1988) Namre 331:528-30, 1988). A
variety of promotors can be inserted into the pd695 and
pd751 vectors by using the unique Nrul or the HindIll and
Nrul sites.

Generation of pshAPP695 and pshAPP751: The construct
pAmyproBam can be generated by cloning the 1.5 kb Bam
HI fragment of the APPcDNA into the Bam HI site of puclS
xHamy. The 700 bp HindIII to ASP718 fragment of the
pAmyproBam (from Sheila Little @ Lilly Research Labs,
same fragment as: Salbaum et al. (1988) EMBO J.
7:2807-13) can be cloned into the HindII to Asp718 sites of
pd695 and pd751 to yield psyAPP695 and pshAPP751.

pAPP695 and pAPP751: The pAPP695 and pAPP751
vectors can be generated by a 3-way ligation of the 3.0 kb
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Eco R1 to Xhol fragment of pAmyProBam, the 1.5 kb Xhol
to Spel fragment of APP751cDNA, and the Spel to Eco R1
site of pd751.

Generation of pNSE751(+47): The pNSE751 (+47) can
be constructed using a 3-way ligation of the HindITI to Kpnl
fragment of pNSE6 (Forss-Petter et al. (1990) Neuron
5:187-97). The Kpnul to PstY1 fragment of pNSE6 and a
partial BamH1 (—47nt relative to the ATG) to HindIll
fragment of pAPP751. This can result in the generation of a
Kpnl fragment that can be cloned into the Kpnl sites of
pNSE751(+47). The BstY 1/Bam fusion results in the loss of
both sites.

Generation of pNSE751: This vector is generated by a 4
primer 2-step PCR protocol that results in direct fusion of
the NFH initiation codon to the APPcDNA coding region.
The fusion can be confirmed by sequence analysis.

Generation of pNSE751-codon670/1: The codon 670/1
mutation can be introduced using a 4 primer 2-PCR protocol
(Krummel et al. (1988) NAR 16:7351-60). The “inside
primers” can contain the mutation. This can result in the
generation of Bg1II o Spel fragment after digestion, which
can contain the codon 670/1 mutation. The Bgill to Spel
fragment of pNSE751 can be replaced by the mutated
fragment to generate the appropriate vector. The presence of
the mutation can be confirmed by sequence analysis of the
vectors. .

Generation of pNFH751: The human NFH gene can be
isolated from a genomic library using a rat NFH cDNA as a
. probe (Lieberburg et al. (1989) PNAS USA 86:2463-7). An
SstI fragment can be subcloned into the pSK vector. A pair
of PCR primers can be generated to place a Nrul site at the
3" end of the 150 bp amplified fragment immediately
upstream of the initiation codon of the NFH gene. The 5' end
contains a Kpnl site 150nt upstream of the initiation codon.
The final construction of pNFH751 can be generated by a
3-way ligation of the 5.5 b HindIIl to Kpnl fragment of
pNFHS.8, the Kpnl to Nrul PCR generated fragment, and
the HindlIl' to Nrul fragment of pd751. The sequence
surrounding the PCR generated fusion at the initiation codon
can be confirmed by sequence analysis. The codon 670/1
variants of pNFH751 can be generated by substitution of the
600 bp Bgl to Spel fragment from a sequence-confirmed
mutated vector for the same fragment of pNFH751. The
presence of the mutation can be confirmed by hybridization
with the mutated oligomer or by sequence analysis.

Generation of pThy751: The pThy751 vector can be
generated by a 3-way ligation: the Hmdll to BamH]1 frag-
ment of pThy8.2 (isolated from a human generic library), the
synthetic fragment ThyAPP, and the HindIll to Nrul frag-
ment of pd751.

ThyAPP:

CAGACTGAGATCCCAGAACCCTAGGTCT-
GACTCTAGGGTCTTGG

[SEQ ID NO2j

Generation of pThyC100: This pThyC100 construct can
be generated by a 3-way ligation: the 3.6 kb HindlII to
BamH1 fragment of pThy8.2, the synthetic fragment
ThyAPP2, and the Hind[I to BglI fragment of pd751 or
pNSE751-codon 670/1 can be ligated to yield pThyc100.
ThyAPP2:

 CAGACTGAGATCCCAGAACCGATCCTAG-

GTCTGACTCTAGGGTCITGG [SEQ ID NO3]

The region around the initiation codon was confirmed by
sequence analysis. -

Preparation of DNA for injection: The transgene for
injection can be isolated from the corresponding vector for
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digestion with Notl and gel electrophoresis. The transgene
can be purified by using the gene clean kit (Bio101), then
further purified on an Elutip or HPLC purified on a Nucleo-
gen 4000 column.

Microinjection: The transgene can be injected at 2-20
meg/ml into the most convenient pronucleus of FVB or
B6D2F2 one-cell embryos (Hogan et al. (1986) Manipulat-
ing the Mouse Embryo, Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y). The injected embryos can be
cultured overnight. Embryos that split to the two-cell stage
can be implanted into pseudo-pregnant female CD1 mice.
The mice can be weaned at approximately 21 days. Samples
of DNA obtained from tail biopsy can be analyzed by
Southern blot using a transgene specific probe (usually the
SV40 3's splice and polyadenylation signal sequences).
Transgenic mice harboring at least one copy of the transgene
can be identified.

Therapeutics

Having detected the genetic mutation in the gene
sequence coding for B-amyloid protein in an individual not
yet showing overt signs of FAD using the method of the
present invention, it is possible to employ gene therapy, in
the form of gene implants, to prevent the development of the
disease.

Additional embodiments directed to modulation of the
production of variant APP proteins include methods that
employ specific antisense polynucleotides complementary
to all or part of a variant APP sequence. Such complemen-
tary anti sense polynucleotides may include nucleotide sub-
stitutions, additions, delctions, or transpositions, so long as
specific hybridization to the relevant target sequence, i.e., 2
variant APP codon 670/1 sequence, is retained as a property
of the polynucleotide. Thus, an antisense polynucleotide
must preferentially bind to a variant APP (i.e., codon 670
does not encode lysine and/or codon 671 does not encode
methionine) sequence as compated to a wild-type APP (i.e.,
codon 670 and 671 do encode lysine and methionine,
respectively). It is evident that the antisense polynucleotide
must reflect the exact nucleotide sequence of the variant
allele (or wild-type altele where desired) and not a degen-
erate sequence. '

Complementary antisense  polynucleotides  include
soluble antisense RNA or DNA oligonucleotides which can
hybridize specifically to a variant APP mRNA species and
prevent transcription of the mRNA species and/or translation
of the encoded polypeptide (Ching et al. (1989) Proc. Natl.
Acad. Sci. (U.S.A.) 86:10006-10010; Broder et al. (1990)
Ann. Int. Med. 113:604-618; Loreau et al. (1990) FEBS
Letters 274:53-56; Holcenberg et al., W091/11535; U.S.
Ser. No. 07/530,165 (“new human CRIPTO gene”); W091/
09865; W091/04753; W090/13641; and EP 386563). The
antisense polynucleotides therefore inhibit production of the
variant APP polynucleotides. Antisense polynucleotides
may preferentially inhibit transcription and/or translation of
mRNA corresponding to variant (or wild-type) polypeptides
and can inhibit T lymphocyte activation.

Antisense polynucleotides may be produced from 2 het-
erologous expression cassette in a transfectant cell or trans-
genic cell or animal, such as a transgenic neural, glial, or
astrocytic cell, preferably where the expression cassette
contains a sequence that promotes cell-type specific expres-
sion (Wirak et al. (1991) EMBO 10:289). Alternatively, the
antisense polynucleotides may comprise soluble oligonucle-
otides that are administered to the external milieu, either in
the culture medium in vitro or in the circulatory system or
interstitial fluid in vivo. Soluble antisense polynucleotides
present in the external milicu have been shown to gain
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access 10 the cytoplasm and inhibit translation of specific
mRNA species. In some embodiments the antisense poly-
nucleotides comprise methylphosphonate moieties. For gen-
eral methods relating to antisense polynucleotides, see Anti-
sense RNA and DNA, D. A. Melton, Ed. (1988), Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y.

Mutant APP Antigens and Monoclonal Antibodies

In yet another aspect of the invention, having detected a
genetic alteration in a gene sequence coding for APP, one
can obtain samples of the altered §-amyloid protein from the
same source. This protein may be derived from the brain
tissue of a subject diagnosed as suffering from AD, or more
preferably are produced by recombinant DNA methods or
are synthesized by direct chemical synthesis on a solid
support. Such polypeptides can contain an amino acid
sequence of an APP variant allele spanning codon 670 or
671 or both.

Such polypeptide material can be used to prepare antisera
and monoclonal antibodies using, for example, the method
of Kohler and Milstein ((1975) Nature 256:495-497). Such
monoclonal antibodies could then form the basis of a
diagnostic test. '

Such variant APP polypeptides can also be used to immu-
nize an animal for the production of polyclonal antiserum.
For general methods to prepare antibodies, see Antibodies:
A Laboratory Manual, Hadow and Lane (1988), Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y. For
example, a recombinantly produced fragment of a variant
APP codon 670/1 polypeptide can be injected into a mouse
along with an adjuvant so as to generate an immune
response. Murine immunoglobulins which bind the recom-
binant fragment with a binding affinity of at least 1x107 m-1
can be harvested from the immunized mouse as an antise-
rum, and may be further purified by affinity chromatography
or other means. Additionally, spleen cells are harvested from
the mouse and fused to myeloma cells to produce a bank of
antibody-secreting hybridoma cells. The bank of hybrido-
mas can be screened for clones that secrete immunoglobu-

lins which bind the recombinantly produced fragment with .

an affinity of at least 1x10° M-1. More specifically, immu-

noglobulins that bind to the variant APP codon 670/1

polypeptide but poorly or not at all to a wild-type (i.e., codon

670 encodes lysine and codon 671 encodes methionine) APP

polypeptide are selected, either by pre-absorption with wild-

type APP or by screening of hybridoma cell lines for specific
" idiotypes that bind the variant but not wild-type.

The nucleic acid sequences of the present invention
capable. of ultimately expressing the desired variant APP
polypeptides can be formed from a variety of different

~ polynucleotides (genomic or cDNA, RNA, synthetic oligo-
nucleotides, etc. ) as well as by a variety of different
techniques.

As stated previously, the DNA sequences can be
expressed in hosts after the sequences have been operably
linked to, i.c., positioned to ensure the functioning of, an
expression control sequence. These expression vectors are
typically replicable in the host organisms either as episomes
or as an integral part of the host chromosomal DNA.
Commonly, expression vectors can contain selection mark-
ers, ¢.g., tetracycline resistance or hygromycin resistance, to
permit detection and/or selection of those cells transformed
with the desired DNA sequences (see, e.g., U.S. Pat. 4,704,
362).

Polynucleotides encoding a variant APP codon 67071
polypeptide may include sequences that facilitate transcrip-
tion (expression sequences) and translation of the:coding
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produced. Construction of such polynucleotides is well
known in the art and is described further in Maniatis et al.
(1989) Molecular Cloning: A Laboratory Manual, 2nd Ed.,
Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.
For example, such polynucleotides can include a promoter,
a transcription termination site (polyadenylation site in
eukaryotic expression hosts), a ribosome binding site, and,
optionally, an enhancer for use in eukaryotic expression
hosts, and, optionally, sequences necessary for replication of
a vector.

E. coli is one prokaryotic host useful particularly for
cloning the DNA sequences of the present invention. Other
microbial hosts suitable for use include bacilli, such as
Bacillus subtilus, and other enterobacteriaceae, such as
Salmonella, Serratia, and various Pseudomonas species. In
these prokaryotic hosts one can also make expression vec-
tors, which will typically contain expression control
sequences compatible with the host cell (e.g., an origin of
replication). In addition, any number of a variety of well-
known promoters will be present, such as the lactose pro-
moter sysiem, a tryptophan (Trp) promoter system, a beta-
lactamase promoter system, or a promoter system from
phage lambda. The promoters will typically control expres-
sion, optionally with an operator sequence, and have ribo-
some binding site sequences for example, for initiating and
completing transcription and translation.

Other microbes, such as yeast, may also be used for
expression, Saccharomyces is a preferred host, with suitable
vectors having expression control sequences, such as pro-
moters, including 3-phosphoglycerate kinase or other gly-
colytic enzymes, and an origin of replication, termination
sequences etc. as desired. _ '

In addition to microorganisms, mammalian tissue cell
culture may also be used to express and produce the
polypeptides of the present invention (see Winacker (1987)
“From Genes to Clones,” VCH Publishers, New York, N.Y.).
Eukaryotic cells are actually preferred, because a number of
suitable host cell lines capable of secreting intact human
proteins have been developed in the art, and include the
CHO cell lines, varions COS cell lines, LeLa cells, myeloma
cell lines, Jurkat cells, etc. Expression vectors for these cells
can include expression control sequences, such as an origin
of replication, a promoter, an enhancer (Quenn et al, (1986)
Immunol. Rev. 89:49-68), and necessary information pro-
cessing sites, such as ribosome binding sites, RNA splice
sites, polyadenylation sites, and transcriptional terminator
seguences. Preferred expression contro] sequences are pro-
moters derived from immunoglobulin genes, SV40, Aden-
ovirus, Bovine Papilloma Virus, etc. The vectors containing
the DNA segments of interest (e.g., polypeptides encoding a
variant APP polypeptide) can be transferred into the host cell
by well-known methods, which vary depending on the type
of cellular host. For example, calcium chloride transfection
is commonly utilized for prokaryotic cells, whereas calcium
phosphate treatment or electroporation may be used for
other cellular hosts.

The method lends itself readily to the formulation of test
kits which can be utilized in diagnosis. Such a kit would
comprise a carrier compartmentalized to receive in close
confinement one or more containers wherein a first container
may contain suitably labeled DNA probes. Other containers
may contain reagents useful in the localization of the labeled
probes, such as enzyme substrates. Still other containers
may contain restriction enzymes (such as Mboll), buffers’
etc., together with instructions for use.

Throughout this application various publications are ref-
erenced. The disclosures of these publications in their entire-
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ties are hereby incorporated by reference into this applica-
tion in order to more fully describe the state of the art to
which this invention pertains.

The preceding examples are intended to illustrate but not
Timit the invention. While they are typical of those that might

be used, other procedures known to those skilled in the art -

may be alternatively employed.
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fragment of said nucleic acid having a least ten nucleotides
and encoding at least positions 4 and 5 of SEQ ID NO:1.
2. An isolated nucleic acid complementary to the nucleic
acid or fragment of claim 1.
3. The isolated nucleic acid of claim 1, wherein the
nucleic acid is between 10 and 40 nucleotides and encodes

SEQUENCE LISTING

( 1 ) GENERAL INFORMATION:

(iii)NUMBER OF SEQUENCES: 3

( 2 ) INFORMATION FOR SEQ ID NO:1:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 8 amino acids
{ B ) TYPE: amino acid
( D ) TOPOLOGY: Lincar

(i i ) MOLECULE TYPE: peplide
( v ) FRAGMENT TYPE: intcrnal
( i x ) FEATURE:

{ A ) NAME/KEY: Modified-site
( B ) LOCATION: 4.5

( D ) OTHER INFORMATION: /notc="Amino acid 4 can bc any

amine acid cxcept Lys and/or amino acid 5 can be
any amino acid cxcepl Mel”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:1:
Ser Glu Val Xaa Xaa Asp Alas Gl
1 5
( 2 ) INFORMATION FOR SEQ ID NO:2:
( i ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 44 basc pairs
{ B ) TYPE: nuclcic acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar
( i i )MOLECULE TYPE: DNA (genomic)

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:2:

CAGACTGAGA TCCCAGAACC CTAGGTC‘TGA CTCTAGGGTC TTGG 44

( 2 ) INFORMATION FOR SEQ ID NO:3;

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 48 basc paits
( B ) TYPE: nucleic acid
{ C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar

{ i i ) MOLECULE TYPE: DNA (genomic)

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:3:

CAGACTGAGA TCCCAGAACC GATCCTAGGT CTGACTCTAG GGTCTTGG 48

What is claimed is:

1. An isolated nucleic acid encoding human amyloid
precursor protein 770 (APP No) including the nucleotides

at least a fragment of APP 770 including positions 4 and 5
of SEQ ID NO:1.
4. The isolated nucleic acid of claim 3, labeled with a

encoding codon 670 and 671 of human amyloid precursor 65 detectable moiety.

protein 770, wherein the nucleic acid encodes asparagine at
codon 670 andfor leucine at codon 671 or an isolated

5. The isolated nucleic acid of claim 1, wherein the
nucleic acid is at least 24 nucleotides.
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6. The isolated nucleic acid of claim 1, wherein the
nucleic acid includes the coding sequence for B-amyloid
protein. .

7. The isolated mucleic acid of claim 1, wherein the
nucleic acid encodes the entire human amyloid precursor
protein 770.

8. The isolated nucleic acid of claim 1, wherein the
nucleic acid further encodes glycine, isoleucine or pheny-
lalanine at codon 717.

9. A vector operable in a mammalian cell comprising the
nucleic acid or fragment of claim 1.

10. The vector of claim 9 in an immortalized mammalian
cell line that can express the encoded APP770 or fragment
thereof.
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11. An immortalized mammalian cell line containing the
nucleic acid of claim 1, which expresses a human amyloid
precursor protein 770 or fragment thereof having asparagine
at codon 670 and/or leucine at codon 671.

12. An immortalized mammalian cell line containing the
nucleic acid of claim 8, which host expiesses a human
amyloid precursor protein 770 or fragment thereof having
asparagine at codon 670 and/or at codon 671 and glycine,
isoleucine or phenylalanin at codon 717.
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[571 ABSTRACT

The invention provides an isolated nucleic acid character-
istic of human amyloid precursor protein 770 including the
nucleotides encoding codon 670 and 671, wherein the
nucleic acid encodes an amino acid other than lysine at
codon 670 and/or an amino acid other than methionine at
codon 671. Also provided is a method of diagnosing or
predicting a predisposition to Alzheimer’s disease. compris-
ing detecting in a sample from a subject the presence of a
mutation at a nucleotide position corresponding to codons
670 and/or 671 of amyloid precursor protein or fragment
thereof, the presence of the mutation indicating the presence
of or a predisposition to Alzheimer’s disease.

1 Claim, 1 Drawing Sheet
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AMYLOID PRECURSOR PROTEIN IN
ALZHEIMER’S DISEASE

This application is a continuation of application Ser. No.
08/487.118. filed Jun. 7. 1995. now abandoned. which is
divisional of Ser. No. 08/094.547, filed Feb. 19. 1993, now
abandoned. which is a continuation of Ser. No. 07/894.211
filed Jun. 4. 1992, now U.S. Pat. No. 5.455.169 issued Oct.
3, 1995.

BACKGROUND OF THE INVENTION

Alzheimer’s disease (AD) is a progressive disease known
generally as senile dementia. Broadly speaking. the disease
falls into two categories. namely late onset and early onset.
Late onset, which occurs in old age (65+ years), may be
caused by the natural atrophy of the brain occurring at a
faster rate and to a more severe degree than normal. Early
onset AD is much more infrequent but shows a pathologi-
cally identical dementia with diffuse brain atrophy which
develops well before the senile period, i.e.. between the ages
of 35 and 60 years. There is evidence that one form of this
type of AD shows a tendency to run in families and is
therefore known as familial Alzheimer’s disease (FAD).

In both types of AD the pathology is the same but the
abnormalities tend to be more severe and more widespread
in cases beginning at an earlier age. The disease is charac-
terized by two types of lesions in the brain: senile plaques
and neurofibrillary tangles.

Senile plaques are areas of disorganized neuropil up to
150 mm across with extra oellular amyloid deposits at the
center. Neurofibrillary tangles are intracellular deposits of
amyloid protein consisting of two filaments twisted about
each other in pairs.

The major protein subunit. B-amyloid protein (also
referred to in the art as amyloid B protein (ABP) and A4) of
the amyloid filaments of both the neurofibrillary tangle and
the senile plague, is a highly aggregating small polypeptide
of approximate relative molecular mass 4.500. This protein
is a cleavage product of a much larger precursor protein
called amyloid precursor protein (APP).

The sequence of the deposited B-amyloid protein in
particular brain regions is one of the main pathologic
characteristics of AD. The B-amyloid protein is an approxi-
mately 4 kD protein (39 to 42 amino acids) which is derived.
as an internal cleavage product, from one or more isoforms
of a larger APP. There are at least five distinct isoforms of
APP: 563. 695, 714, 751, and 770 amino acids, respectively
(Wirak et al. (1991) Science 253:323). These isoforms of
APP are generated by alternative splicing of primary tran-
scripts of the APP gene, which is located on human chro-
mosome 21. It is known that the APP isoforms are glyco-
sylated transmembrane proteins (Goldgaber et al. (1987)
Science 235:877), and that two of the isoforms APP751 and
APP770, have a protease inhibitor domain that is homolo-
gous to the Kunitz type of serine protease inhibitors. The
f-amyloid protein segment comprises approximately half of
the transmembrane domain and approximately the first 28
amino acids of the extra cellular domain of an APP isoform.

Proteolytic processing of APP in vivo is a normal physi-
ological process, Carboxy-terminal truncated forms of
APP695, APP751. and APP770 are present in brain and
cercbrospinal fluid (Palmert et al. (1989) Proc. Natl. Acad.
Sci. (U.S.A.) 86:6338; Weidemann et al. (1989) Cell 57:115)
and result from cleavage of the APP isoform at a constitutive
cleavage site within the B-amyloid protein peptide domain
of an APP isoform (Bsch et al. (1990) Science 248:1122).
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Normal proteolytic cleavage at the constitutive cleavage site
yields a large (approximately 100 kD) soluble. N-terminal
fragment that contains the protease inhibitor domain in some
isoforms, and a 9 kDD membrane-bound. C-terminal fragment
that includes most of the B-amyloid protein domain.

Generation of pathogenic B-amyloid protein appears to be
the result of aberrant proteolytic processing of APP. such
that normal cleavage at the constitutive site within the
B-amyloid protein domain does not occur, but rather cleav-
age oceurs at two specific sites which flank the B-amyloid
protein domain. One of these aberrant cleavage sites is in the
transmembrane domain and the other aberrant cleavage site
is located approximately at the N-terminus of the first 28
amino acids of the exira cellular domain. Such aberrant
proteolytic cleavage produces the f-amyloid protein
polypeptide which is prone to forming dense amyloidogenic
aggregates that are resistant to proteolytic degradation and
removal. The resultant B-amyloid protein aggregates pre-
sumably are involved in the formation of the abundant
amyloid plaques and cerebrovascular amyloid that are the
neuropathological hallmarks of AD. However, the exact
aberrant cleavage sites are not always precise; f-amyloid
molecules isolated from the brain of a patient with AD show
N- and C- terminal heterogeneity. Therefore, the aberrant
cleavage pathway may involve either sequence-specific pro-
teolysis followed by exopeptidase activity (creating end-
heterogeneity). or may not be sequence-specific.

The APP gene is known to be located on human chromo-
some 21. A locus segregating with FAD has been mapped to
chromosome 21 (St. George Hyslop et al. (1987) Science
235:885) close to the APP gene. Recombinants betwees the
APP gene and the AD locus have been previously reposted
(Schellenberg et al. (1988) Science 241:1507). The data
appeared to exclude the APP gene as the site of any mutation
that might cause FAD (Van Broekhoven et al. (1987) Nature
329:153; Tanzi et al. (1987) Nature 329:156).

Recombinant DNA technology provides several tech-
niques for analyzing genes to locate possible mutations. For
example, the polymerase chain reaction (John Bell (1989)
Immunology Today 10:351-335) may be used to amplify
specific sequences using intronic primers. which can then be
analyzed by direct sequencing.

Using such techniques, a single base substitution. a C to
T transition at base pair 2149, has been found in part of the
sequence of the APP gene in some cases of FAD. This base
pair transition leads to an amino acid substitution. i.¢., valine
1o isoleucine at amino acid 717 (APP770) (see Yoshikai et
al. (1990) Gene 87:257). close to the C-terminus of the
B-amyloid protein. This suggests that some cases of AD are
caused by mutation in the APP gene, specifically mutations
that change codon 717 such that it encodes an amino acid
other than valine.

A second APP allelic variant wherein glycine is substi-
tuted for valine at codon 717 is now identified. and is so
closely linked to the AD phenotype as to indicate that allelic
variants at codon 717 of the APP gene. particularly those
encoding an amino acid other than valine. and more par-
ticularly those encoding an isoleucine. glycine, or
phenylalanine, are pathogenic and/or pathognomonic alleles
(Chartier-Harlin et al. (1991) Narure 353:844).

Proteolysis on either side of the B-amyloid protein region
of APP may be enhanced or qualitatively altered by the
specific mutations at codon 717, increasing the rate of
B-amyloid deposition and aggregation. Such codon 717
mutations may increase $-amyloid formation by providing a
poorer substrate for the main proteolytic pathway (cleavage
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at the constitutive site) or a better substrate for a competing.
aliernative cleavage pathway (at aberrant cleavage. sites).

There are several disease states which give rise to pro-
gressive intellectual deterioration closely resembling the
dementia associated with AD for which treatment is avail-
able. A further diagnostic test for AD would therefore
provide a valuable tool in the diagnosis and treatment of
these other conditions, by way of being able to exclude AD.

Also important is the development of experimental mod-
els of AD that can be used to define further the underlying
biochemical events involved in AD pathogenesis. Such
models could be employed to screen for agents that alter the
degenerative course of AD. For example. a model system of
AD could be used to screen for environmental factors that
induce or accelerate the pathogenesis of AD. In
contradistinction, an experimental model could be used to
screen for agents that inhibit. prevent, or reverse the pro-
gression of AD. Such models could be employed to develop
pharmaceuticals that are effective in preventing, arresting. or
reversing AD.

The present invention provides the discovery of additional
heretofore unknown mutations in -amyloid protein. These
mutations can be utitized advantageously to detect, treat and
screen in subjects and model systems.

SUMMARY OF THE INVENTION

The invention provides an isolated nucieic acid charac-
teristic of human amyloid precursor protein 770 including
the nucleotides encoding codon 670 and 671, wherein the
nucleic acid encodes an amino acid other than lysine at
codon 670 and/or an amino acid other than methionine at
codon 671. Also provided is a method of diagnosing or
predicting a predisposition to AD, comprising detecting in a
sample from a subject the presence of a mutation af a
nucleotide position corresponding to codons 670 and/or 671
of amyloid precursor protein or fragment thereof, the pres-
ence of the mutation indicating the presence of or a predis-
position to AD.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a and 15 illustrate two related pedigrees in which
early onset AD is apparently inherited as an autosomal
dominant disorder. * refer to presence/absence of mutation.
GT12 alleles are in parentheses. The average age of onset in
this family is 55 years. Black symbols denote affected
individuals and oblique lines indicate deceased individuals.
Females are denoted by circles and rmales by squares.
Triangles are used in the present generation to preserve
anonymity. For £139, samples were available from the 7
individuals whose genotypes (presence or absence of the
mutation) are illustrated. and for £144 samples were avail-
able from 15 individuals whose genotypes at GT12 are
shown.

DETAILED DESCRIPTION OF THE
INVENTION

The invention provides an isolated pucleic acid charac-
teristic of human amyloid precursor protein including the
nucleotides encoding codon 670 and 671 of human amyloid
precursor protein 770, wherein the nucleic acid encodes an
amino acid other than lysine at codon 670 and/or an amino
acid other than methionine at codon 671. In ome
embodiment, the nucleic acid encodes asparagine at codon
670 and leucine at codon 671.

The invention also provides an isolated nucleic acid
complementary to the nucleic acid of the invention. The
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isolated nucleic acid can be labeled with a detectable moiety.
The isolated nucleic acid can encode. for example,
B-amyloid protein and the entire buman amyloid precursor
protein 770. In addition. the isolated nucleic acid can further
encode an amino acid other than valine at codon 717. The
invention also provides polypeptides encoded by these
nucleic acids.

Further, the invention provides an antibody specifically
reactive with the polypeptides of the invention. Thus. anti-
bodies which react with the unique epitope created by the
amino acid other than lysine at codon 670 and/or other than
methionine at position 671 are provided.

Vectors comprising the nucleic acids of the invention are
also provided. These vectors can be placed in a host capable
of expressing the characteristic portion of human amyloid
precugsor protein,

The invention also provides a method of diagnosing or
predicting a predisposition to AD. The method compriscs
detecting in a sample from a subject the presence of a
mutation in a human amyloid precursor protein at a nucle-
otide position corresponding to codons 670 and/or 671 of
amyloid precursor protein 770 or fragment thereof. the
presence of the mutation indicating the presence of or a
predisposition to AD. In one embodiment. the sequence
mutation is a nucleotide substitution, wherein codon 670
encodes asparagine and/or codon 671 encodes leucine. As
discussed below in greater detail. the mutation can be
detected by many methods. For example. the detecting step
can comprise combining a nucleotide probe capable of
selectively hybridizing to a nucleic acid containing the
mutation with a nucleic acid in the sample and detecting the
presence of hybridization. Additionally, the detecting step
can comprise amplifying the nucleotides of the mutation and
detecting the presence of the mutation in the amplified
product. Further. the detecting step can comprise selectively
amplifying the nucleotides of the mutation and detecting the
presence of amplification. Finally, the detecting step can
comprise detecting the loss of a restriction fragment length
created by an Mboll enzyme digest of the nucleotides of the
mutation.

The invention also provides a transgenic non-human
animal containing, in a germ or somatic cell, the mutated
aucleic acid of the invention. wherein the animal expresses
a human amyloid precursor protein or fragment thereof
which encodes an amino acid other than lysine at codon 670
and/or an amino acid other than methionine at codon 671.
Preferably, the animal expresses neuropathological charac-
teristics of AD. These animals can also have a mutation at
position 717 wherein the animal expresses a human amyloid
precursor protein or fragment thereof which encodes an
amino acid other than lysine at codon 670 and/or an amino
acid other than methionine at codon 671 and an amino acid
other than valine at codon 717.

The invention also provides a host containing the nucleic
acid of claim 1. which host expresses a human amyloid
precursor protein or fragment thereof which encodes an
amino acid other than lysine at codon 670 and/or an amino
acid other than methionine at codon 67 1. Preferably, the host
is an immortalized cell line. This host can also contain the
mutation at codon 717 whereby the host expresses a human
amyloid precursor protein or fragment thereof which
encodes an amino acid other than lysine at codon 670 and/or
an amino acid other than methionine at codor 671 and an
amino acid other than valine at codon 717. The invention
also provides a method of screening for an agent capable of
treating AD. The method comprises contacting these trans-
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genic animals or host cell fincs with the agent and monitor-
ing the expression. processing or deposition of amyloid
precursor protein or fragments thereof.

As used herein. “isolated” means free of at least some of
the contaminants associated with the pucleic acid or
polypeptides occurring in a natural environment.

As used here. “nucleic acid characteristic of human amy-
loid precursor protein” refers to a nucleic acid which has
sufficient nucleotides surrounding the codons at position 670
and 671 of human amyloid precursor protein 770 to distin-
guish the nucleic acid from nucleic acids encoding non-
related proteins. The specific length of the nucleic acid is a
matter of routine choice based on the desired function of the
sequence. For example. if one is making probes to detect the
mutation in either codon 670 and/or 671, the length of the
mucleic acid will be smatler. but must be long enough to
prevent hybridization to the desired background sequences.
However, if the desired hybridization is to a nucleic acid
which has been amplified, background hybridization is less
of a concern and a smalier probe can be used. In general,
such a probe will be between 10 and 100 nucleotides.
especially between 10 and 40 pucleotides in length.

Likewise, polypeptides encoded by the nucleic acids of
the invention can be variable depending on the desired
function of the polypeptide. While smaller fragments can
work. generally to be useful. e.g.. immunogenic. the
polypeptide must be of at least 8 amino acids and not more
than 10.000 amino acids. This polypeptide contains an
amino acid internal sequence (listed in order from amino- to
carboxy-terminal direction):

-Ser-Glu-Val-X-X-Asp-Ala-Glu- [SEQ ID NO1}

where the X at position 3 is any of the twenty conventional
amino acids except lysine, particularly asparagine, and
where the X at position 4 is any of the twenty conventional
amino acids except methionine, particularly leucine. The
amino and carboxy ends of this core sequence can include
any number of additional amino acids from the AFP
sequence. Thus, “fragment” can be a truncated APP isoform
or a modified APP isoform (as by amino acid substitutions,
deletions. or additions). This definition recognizes that APP
is a single gene that undergoes alternative splicing to gen-
erate several isoforms that are designated by the total
number of amino acids in each. Thus, reament includes
various alternatively spliced exons resulting in isoforms of
770. 751, 714, 695, 563 and 365 amino acids.

As used here, “codon 670 and/or codon 6717 refers to the
codons (i.c.. the tri-pucleotide sequence) that encode the
670th and 671st amino acid positions in APP770. or the
amino acid position in an APP fragment that corresponds to
the 670th or 67 1st positions in APP770. For example. a 670
residue long fragment that is produced by fruncating
APP770 by removing the 100 N-terminal amino acids has its
§70th amino acid position corresponding to codon 670. In
fact, as used herein, codon 670 sefers to the codon that
encodes the 651st amino acid residue of APP751 and the
595th amino acid residue of APP695. In addition, codon 670
and/or 671 refers to the complementary sequence on the
antisense strand.

As used herein, the term “mutant” refers specifically to a
mutation at codons 670/671 (as referenced by the amino acid
sequence in APP770) of the APP gene. such that codon 670
encodes one of the nineteen amino acids that are not lysine
(i.e.. glycine. methionine, alanine, serine, isoleucine;
leucine, threonine. proline, histidine. cysteine. tyrosine.
phenylalanine, glutamic acid. tryptophan, arginine. aspartic
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acid. asparagine. valine, and glutamine). but preferably
asparagine, and such that codon 671 encodes one of the
nineteen amino acids that are not methionine (i.e.. glycine.
lysine. alamine. serine, isoleucine. leucine. threonine.
proline. histidine, cysteine. tyrosine. phenylalanine,
glutamic acid. tryptophan, arginine. aspartic acid.
asparagine, valine. and glutamine). but preferably leucine.
Thus, a mutant APP770 polypeptide is an APP770 polypep-
tide that has an amino acid residue at position 670 that is not
lysine and or an amino acid residue at position 671 that is not
methionine. Other mutant APP isoforms comprise a non-
lysine amino acid at the amino acid residue position that
corresponds to codon 670 (i.e.. that is encoded by codon
670) or a non-methionine amino acid at the amino acid
residue position that corresponds to codon 671 (ie.. that is
encoded by codon 671). Similarly, a mutant APP allele or a
variant APP codon 670 or 671 allele is an APP allele that
encodes a non-lysine amino acid at the amino acid residue
position that comresponds to codon 670 (i.e.. that is encoded
by codon 670) or encodes a non-methionine amino acid at
the amino acid residue position that corresponds to codon
671 (i.e.. that is encoded by codon 671).

It is apparent to ome of skill in the art that nucleotide
substitutions, deletions. and additions may be incorporated
into the polynucleotides of the invention. However, such
nucleotide substitutions, deletions, and additions should not
substantially disrupt the ability of the polynucleotide to
hybridize to one of the polynucleotide sequences under
hybridization conditions that are sufficiendy stringent to
result in specific hybridization.

“Specific hybridization” is defined herein as the formation
of hybrids between a probe nucleic acid (e.g.. a nucleic acid
which may include substitutions. deletions. and/or
additions) and a specific target nucleic acid (e.g.. a nucleic
acid having the sequence). wherein the probe preferentially
hybridizes to the specific target such that, for example. a
band corresponding fo a variant APP allele or restriction
fragment thereof can be identified on a Southern blot,
whereas a carresponding wild-type APP allele (i.c.. one that
encodes lysine at codon 670 and methionine at codon 671)
is not identified or can be discriminated from a variant APP
allele on the basis of signal intensity. Hybridization probes
capable of specific hybridization to detect a single-base
mismatch may be designed according to methods known in
the art and described in Maniatis et al. (1989) Molecular
Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Har-
bor Laboratory, Cold Spring Harbor, N.Y.; Berger and
Kimmel (1987) “Guide to Molecular Cloning Techniques.”
Methods in Enzymology, Volume 152, Academic Press, Inc..
San Diego. Calif.; Gibbs et al. (1989) Nucleic Acids Res.
17:2437; Kwok et al. (1990) Nucleic Acids Res. 18:999; and
Miyada et al. (1987) Methods Enzymol. 154:94.

The vectors for expressing the polypeptides of the inven-
tion require that the mucleic acid be “operably linked.” A
nucleic acid is operably linked when it is placed into a
functional relationship with another nucleic acid sequence.
For instance. a promoter or enhancer is operably linked to a
coding sequence if it affects the transcription of the
sequences. Operably linked means that the DNA sequences
being linked are contiguous and, where necessary to join two
protein coding regions. contiguous and in reading frame.

The term “agent” is used herein to denote a chemical
compound, a mixture of chemical compounds. a biological
macromolecule, or an extract made from biological materi-
als such as bacteria. plants, fungi. or animal (particularly
mammalian) cells or tissues. Agents are evaluated for poten-
tial biological activity by inclusion in screeming assays
described herein below.



5.795.963

7

As used here. the terms “label” or “labeled” refer to
incorporation of a radio labeled nucleotide or by enzymatic
or fluorescent marker. DNA or RNA are typically labeled by
incorporation of a radio-labeled nucleotide (H3, C14, S35.
P32) or a biotinylated nucleotide that can be detected by
marked avidin (e.g.. avidin containing a fluorescent marker
or enzymatic activity) or digoxygeninylated nucleotide that
can be detected by marked specific antibody.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The following examples are intended to illustrate but not
Limit the invention, While they are typical of those that might
be used. other procedures known to those skilled in the art
may be alternatively employed.

Detection of Mutant Codon 670/671 APP Alleles

F139 and F144 are two large Swedish families which
ariginate from the same county. They were specifically
ascertained for genetic analysis. We tested F144 for linkage
between AD and GT12 (FIG. 1a). A lod value of 2.34 with
po recombination was obtained between GT12 and AD.
Linkage analysis of 1000 simulated pedigrees (Weeks et al.
(1990} Am. J. Hum. Genet. 47:A204 (Suppl.)) (of identical
structure to F144) showed that this value was likely to occur
less than one time in 100 if the marker and the disease were
unlinked. We therefore sequenced exons 16 and 17 of the
APP gene as these encode B-amyloid protein. Two base pair
transversions (G~>T and A~>C) were observed in affected
individuals in both families in exon 16 at codons 670 and
671 (APP 770 transcript). These changes predict lysine to
asparagine and methionine 10 leucine substitutions in the
intact protein. In addition. the codon 670 mutation causes
the loss of an Mboll recognition site. Using this, we
screened all available members of both F144 and F139 by
PCR amplification of exon 16 and digestion with this
enzyme. All affected members of both families had lost the
MbolI cut site. The presence of the mutation was confirmed
by direct sequencing of four individuals. This mutation is
linked to the disease in these families with a Jod score of
4.36 with no recombination. Taken with the fact that we
could not detect this variant in 50 normal chromosomes. this
demonstrates that this mutation is pathogenic of the demen-
tia in these families.

Therefore, the method of the invention involves identify-
ing a genetic alteration at amino acids 670 or 671 or both
which may cause the conmsensus lysine or methionine
(respectively) to be changed. This will generally be per-
formed on specimens removed from the subject.

This mutation differs from previous mutations causing
AD in that it is at the N-terminus of deposited B-amyloid
protein rather than the C-terminus. The processing of APP
has not been fully elucidated but two pathways have been
postulated as important (Hardy and Higgins (1992) Science
256:184-5). The main proteolytic cleavage by “secretase”
normally cuts APP through B-amyloid (Esch et al. (1990)
Science 248:1122-1124; Anderson et al. (1991) Neurosci.
Leits. 128:126-128). thus preventing its formation, An alter-
native endosomal/lysosomal pathway (Estus et al. (1992)
Science 255:726-728; Golde et al. (1992) Science
255:728-730) apparently produces f-amyloid containing
fragments and involves cleavage at or close to the site of the
codon 670/671 mutation reported here.

APP717 variants have been suggested to produce amy-
loidogenic fragments by a number of mechanisms. Thus,
they have been postulated to inhibit degradation of amy-
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loidogenic fragments of APP directly or to alter cellular
addressing of the APP molecule so that it is mismetabolised.
or to alter APP expression levels by effecting mRNA sta-
bility (Goate et al. (1991) Nature 349:704-706; Chartier
Harlin et al. (1991) Nature 353:844-846; and Hardy and
Higgins (1992) Science 256:184-5).

If the dementia-causing mutations in APP all have a
related action which underlies their pathogenicity. then the
mutations reported here (APP670/1) would also be expected
to have their effect through one of the above mechanisms.
The position of this mutation right at the N-terminal of
B-amyloid protein is most consistent with the notion that the
AD causing-mutations directly inhibit the degradation of
preamyloidogenic fragments. &k seems likely that given the
relatively late age of onset of disease development in
humans with either codon 717 or 670/1 variants, transgenic
animals with any of these mutations may not develop
significant pathology. An important consequence of this
mutation can be its combination with pathogenic codon 717
variants to increase the likelihood of producing Alzheimer-
like pathology in transgenic animals.

Therefore. gemetic alterations in the APP gene which
result in altered degradative properties are particularly
important in the application of the invention. There are
several methodologies available from recombinant DNA
technology which may be used for detecting and identifying
a genetic mutation responsible for AD. These include. for
example, direct probing, polymerase chain reaction (PCR)
methodology. restriction fragment length polymorphism
(RFLP) analysis and single stand conformational analysis
{SSCA). However, any other known methods or later dis-
covered methods can likewise be used to detect the muta-
tions. Once the location of the 670/1 mutations are known
and associated with AD, the methods to detect the mutations
are standard in the art. The sequence of varions nucleotide
probes can be determined from the sequence of APF. espe-
cially the sequences surrounding 670/1. The sequence of
APP is set forth in Yoshikai et al. (1990) “Genomic orga-
nization of the human amyloid beta-protein precursor gene.”
Gene 87:257-263.

Detection of point mutations using direct probing
involves the use of oligonucleotide probes which may be
prepared synthetically or by nick translation. The DNA
probes may be suitably labeled using. for example. a radio
label, enzyme label, fluorescent label, biotin-avidin label
and the like for subseguent visvalization in the example of
Southern blot hybridization procedure. The labeled probe is
reacted with a bound sample DNA. e.g.. to a nitrocellulose
sheet under conditions such that only fully complementary
sequences hybridize. The areas that carry DNA sequences
complementary to the labeled DNA probe become labeled
themselves as a consequence of the reannealing reaction.
The areas of the filter that exhibit such labeling may then be
visualized, for example, by amtoradiography. The labeled
probe is reacted with a DNA sample bound to. for example.
nitroceflufose under conditions such that only fully comple-
mentary sequences will hybridize. Tetra-alkyl ammonium
salts bind selectively to A-T base pairs, thus displacing the
dissociation equilibrium and raising the melting tempera-
ture. At 3M Me 4NCI this is sufficient to shift the melting
temperature to that of G-C pairs. This results in a marked
sharpening of the melting profile. The stringency of hybrid-
ization is usually 5° C. below the Ti (the irreversible melting
temperature of the hybrid formed between the probe and its
target sequence) for the given chain length, For 20 mers the
recommended hybridization temperature is 58° C. The
washing temperatures are unique to the sequence under
investigation and need to be optimized for each variant.
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Alternative probing techniques. such as ligase chain reac-
tion (LCR). involve the use of mismatch probes. L.e.. probes
which are fully complementary with the target except at the
point of the mutation. The target sequence is then allowed to
hybridize both with oligonucleotides which are fully
complementary and have oligonucleotides containing a
mismatch. under conditions which will distinguish between
the two. By manipulating the reaction conditions. it is
possible to obtain hybridization only where there is full
complementarity. If a mismatch is present there is signifi-
cantly reduced hybridization. )

The polymerase chain reaction (PCR) is a technique that
amplifies specific DNA sequences with remarkable effi-
ciency. Repeated cycles of denaturation. primer annealing
and extension carried out with polymerase, e.g.. a heat stable
enzyme Taq polymerase. leads to exponential increases in
the concentration of desired DNA sequences. Given a
knowledge of the nucleotide sequence encoding the precur-
sors of amyloid protein of AD (Kang et al. Nature 197:325,
733-736. and Yoshikai above). synthetic oligonucleotides
can be prepared which are complementary to sequences
which flank the DNA of interest. Each oligonucieotide is
complementary to one of the two strands. The DNA is
denatured at high temperatures (e.g.. 95° C.) and then
reannealed in the presence of a large molar excess of
oligonucleotides. The oligonucleotides, oriented with their
3' ends pointing towards each other, hybridize to opposite
strands of the target sequence and prime enzymatic exten-
sion along the nucleic acid template in the presence of the
four deoxyribonucleotide triphosphates. The end product is
then denatured again for another cycle. After this three-step
cycle has been repeated several times, amplification of a
DNA segment by more than onc million-fold can be
achieved. The resulting DNA may then be directly
sequenced in order to locate any genetic alteration.
Alternatively. it may be possible to prepare oligonucleotides
that will only bind to altered DNA, so that PCR will only
result in multiplication of the DNAif the mutation is present.
Foliowing PCR. direct visualization or allele-specific oligo-
nucleotide hybridization (Dihella et al. (1988) Lancer 1:497)
may be used to detect the AD point mutation. Alternatively,
an adaptation of PCR called amplification of specific alleles
(PASA) can be employed; this uses differential amplification
for rapid and reliable distinction between alleles that differ
at a single base pair.

In yet another method, PCR may be followed by restric-
tion endonuclease digestion with subsequent analysis of the
resultant products. The substitution of T for G at base pair
2010. found as a result of sequencing exon 16, destroys an
Mboll restriction site. The destruction of this restriction
endonuclease recognition site facilitates the detection of the
AD mutation using RFLP analysis or by detection of the
presence or absence of a polymorphic Mboll site in a PCR
product that spans codon 670.

In general, primers for PCR and LCR are usually about 20
bp in length and the preferable range is from 15-25 bp.
Better amplification is obtained when both primers are the
same length and with roughly the same nucleotide compo-
sition. Denaturation of strands usually takes place at 94° C.
and extension from the primers is usually at 720° C. The
anpealing temperature varies according to the sequence
under investigation. For exon 16, with the primets we have
designed. the optimum annealing temperature is 58° C. The
reaction times are: 20 mins denaturing; 35 cycles of 2 min,
1 min, 1 min for annealing, extension and denaturation; and
finally a 5 min extension step.

For RFLP analysis. DNA is obtained, for example from
the blood of the subject suspected of having AD and from a
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normal subject. is digested with the restriction endonuclease
Mboll and subsequently separated on the basis of size by
agarose gel electrophoresis. The Southern blot technique can
then be used to detect. by hybridization with labeled probes.
the products of endonuciease digestion. The patterns
obtained from the Southern blot can then be compared.
Using such an approach. DNA spanning an Alzheimer’s
mutation that creates or removes a restriction site at codon
670 or 671, such as the Mboll site. is detected by determin-
ing the number of bands detected and comparing this
numbser to a reference allele that has a codon 670 allele that
encodes lysine or a codon 671 ailele that encodes methion-
ine.

Similar creation of additional restriction sites by nucle-
otide substitutions within codons 670 or 671, wherein the
codon 670 encodes an amino acid other than lysine or codon
671 encodes an amino acid other than methionine, can be
readily calculated by reference to the genetic code and a list
of nucleotide sequences recognized by restriction endonu-
cleases (Promega Protocols and Applications Guide (1991)
Promega Corporation, Madison, Wis.).

Single strand conformational analysis (SSCA) (Orita et al.
(1989) Genomics 5:874-879 and Orita et al. (1990) Genom-
ics 6:271-276) offers a relatively quick method of detecting
sequence changes which may be appropriate in at least some
instances.

PCR amplification of specific alieles (PASA) is a rapid
method of detecting single-base mutations or polymor-
phisms (Newton et al. (1989) Nucleic Acids Res. 17:2503;
Nichols et al. (1989) Genomics 5:535; Okayama et al.
(1989) J. Lab. Clin. Med. 114:105; Sarkar et al. (1990) Anal.
Biochem. 186:64; Sommer et al. (1989) Mayo Clin. Proc.
64:1361; Wu (1989) Proc. Natl. Acad. Sci. (U.S.A.) 86:2757;
and Dutton et al. (1991) Biotechnigues 11:700. PASA (also
known as allele specific amplification) involves amplifica-
tion with two oligonucleotide primers such that one is
allele-specific. The desired allele is efficiently amplified.
while the other allele(s) is poorly amplified because it
mismatches with a base at or near the 3' end of the allele-
specific primer. Thus. PASA or the related method of
PAMSA may be used to specifically amplify one or more
variant APP codon 670 or 671 alleles. Where such ampli-
fication is done on genetic material (or RNA) obtained from
an individual, it can serve as a method of detecting the
presence of one or more variant APP codon 670 or 671
alleles in an individual.

Similarly, a method known as ligase chain reaction (LCR)
has been used to successfully detect a single-base substitu-
tion in a hemoglobin allele that causes sickle cell anemia
(Baany et al. (1991) Proc. Natl. Acad. Sci. (U.S.A.) 88:189;
R. A. Weiss (1991) Science 254:1992). LCR probes may be
combined or multiplexed for simultaneously screening for
multiple different mutations. Thus, one method of screening
for variant APP codon 670 or 671 alleles is to multiplex at
least one, and preferably all, LCR probes that will detect an
APP allele having a codon 670 that does not encode lysine
or an APP allele having a codon 671 that does not encode
methionine, but that does encode other amino acids. The
universal genetic code provides the degenerate sequences of
all the encoded non-lysine and non-methionine amino acids.
thus LCR probe design for detecting any particular variant
codon 670 or 671 (or combination thereof) allele is
straightforward, and muitiplexed pools of such LCR prob-
lems may be selected at the discretion of a practitioner for
his particular desired use.

In performing diagnosis using any of the above tech-
niques or variations thereof, it is preferable that several
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individuals are examined. These may include an unaffected
parent. an affected parent. an affected sibling. an unaffected
sibling as well as other perhaps more distant family mem-
bers.

Model Animals and Cell Lines

Having identified specific mutations in codons 670/1 of
the B-amyloid gene as a cause of FAD, it is possible, using
genetic manipulation, to develop transgenic model systems
and/or whole cell systems containing the mutated FAD gene
(or a portion thereof) for use. for example. as model systems
for screening for drugs and evaluating drug effectiveness.
Additionally, such model systems provide a tool for defining
the underlying biochemistey of APP and PB-amyloid
metabolism, which thereby provides a basis for rational drug
design.

One type of cell system can be naturally derived. For this.
blood samples from an affected subject must be obtained in
order to provide the necessary cells which can be perma-
nently transformed into a lymphoblastoid cell line using, for
example. Epstein-Barr virus. Once established, such cell
lines can be grown continuously in suspension culture and
may be used for a variety of in vitro experiments to study
APP expression and processing.

Since the FAD mutation is dominant, an alternative
method for constructing a cell line is to genetically engineer
the mutated gene into an established cell line of choice.
Sisodia ((1990) Science 248:492—494) has described the
insertion of a normal APP gene, by transfection, into mam-
malian cells.

In yet a further use of the present invention, the mutated
gene (i.e.. a variant APP codon 670/1 gene) can be excised
for use in the creation of transgenic animals containing the
mutated gene. For example, an entire buman variant APP
codon 670/1 allele can be cloned and isolated, either in parts
or as a whole, in a suitable cloning vector (e.g.. ICharon335,
cosmid, retrovirus or yeast artificial chromosome). The
vector is selected based on the size of the desired insert and
the ability to produce stable chromosome integration.

The human variant APP codon 670/1 gene, either in parts
or in whole, can be transferred to a host non-human animal,
such as a mouse. As a result of the transfer, the resultant
transgenic non-human animal will express one or more
variant APP codon 670/1 polypeptides. Preferably. a trans-
genic non-human animal of the invention will express one o
more variant APP codon 670/1 polypeptides in a neuron-
specific manner (Wirak et al. (1991) EMBO 10:289). This
may be accomplished by transfesring substantially the entire
human APP gene (encoding a codon 670/1 mutant) including
the 4.5 kilobase sequence that is adjacent to and upstream of
the first major APP transcriptional start site.

Alternatively, one may design mini-genes encoding vari-
ant APP codon 670/1 polypeptides. Such mini-genes may
contain a cDNA sequence encoding a variant APP codon
670/1 polypeptide, preferably full-length. a combination of
APP gene exonms, or a combination thereof, linked to a
dowastream polyadenylation signal sequence and an
upstream promoter {and preferably enhancer). Such a mini-
gene construct will, when introduced into an appropriate
transgenic host (e.g., mouse or rat)., express an encoded
variant APP codon 670/1 polypeptide, most preferably a
variant APP codon 670/1 polypeptide that contains either an
asparagine residue at codon 670 and a leucine residue at
codon 671 of APP770 or the corresponding position in an
APP fragment.

One approach to creating transgenic animals is to target a
mutation to the desired gene by homologous recombination
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in an embryonic stem (ES) cell line in vitro followed by
microinjection of the modified ES cell line into a host
blastocyst and subsequent incubation in a foster mother (see
Frohman and Martin, Cell (1989) 56:145). Alternatively. the
technique of microinjection of the mutated gene. or a portion
thereof, into a one-cell embryo followed by incubation in a
foster mother can be used. Certain possibilities for the
general use of transgenic animals. particularly transgenic
animals that express a wild-type APP fragment, are dis-
closed in Wirak et al.. the EMBO Journal. 1(X2) 289-296
(1991); Schilling et al.. Gene 98(2) 225-230 (1951); Quon.
et al, (1991) Nature 352:239; Wirak, et al. (1991) Science
253:323; and Kawabata, et al. (1991) Nature 354:476.
Alternatively, viral vectoss. e.g.. Adeno-associated virus.
can be used to deliver the mutated gene to the stem cell. In
addition. such viral vectors can be used to deliver the
mutated gene to a developed animal and then used to screen
(Mendelson et al. Virology 166:154-165; Wondisford et al.
(1988) Molec. Endocrinol. 2:32-39 (1988)).

Site-directed mutagenesis and/or gene conversion can
also be used to mutate a murine APP gene allele. ejther
endogenous or transfected, such that the mutated allele does
not encode lysine/methionine at the codon position in the
mouse APP gene that comesponds to codon 670/1 (of
APP770) of the human APP gene (such position is readily
identified by homology matching of the murine APP gene or
APP protein to the human APP gene or APP770 protein).
Preferably. such a mutated murine allele would encode
asparagine or leucine at the cotresponding codon position,

To more accurately model the disease. the combination in
transgenic animals of the codon 670/1 and codon 717
mutations in the same animal produced by any of the
technologies described above can be utilized. Similarly. cell
lines manipulated to include both mutations at codon 717
and codon 670/1 will be of value in modeling the disease and
are an important consequence of this invention. The muta-
tions at codon 717 can be produced by the above methods as
described for the 670/1 mutation.

Production of Transgenic Animals with Mutant
AFP Allele

This method refers only to the production of a codon
670/1 mutated allele. However. it is intended that by almost
identical means. a mouse with mutations at both codon
67071 and codon 717 can be produced.

Generation of the Constructs:

The vector plink can be constructed by cloning polylinker
between the Pvull and EcoRI sites of pBR322 such that the
HindIll end of the polylinker is adjacent to the Pvull site.
The ligation destroys both the EcoR1 and Pvull sites asso-
ciated with the pBR322 segments. The 700 bp Hpal to
EcoR1 fragment of pSV2neo (Southern and Berg (1982) J.
Mol. Appl. Genet. 1:327-41 that contains the SV40 poly-
adenylation signal can be cloned into the Hpal to EcoR1
sites of plink to generate pNotSV. The 200 bp Xhol to Pstl
fragment of pl.2 containing the SV40 165/1g§ splice site
(Okayama and Berg (1983) Mol. Cell Biol 3:280-9) can be
isolated, blunted with Klenow. then cloned in to the Hpal
site of pNotSV to generate pSplice. The 2.3 kb Nrul to Spel
fragment of pAPP695 containing the coding region of the
cDNA for APP (Tanzi et al. (1987) Science 235:80-4, 1987)
can be inserted into the Nrul to Spel site of pSplice to
generate pd695. The same strategy can be used to generate
pd751 using the cDNA for APP751 (Tanzi et al. (1988)
Nature 331:528-30, 1988). A variety of promotors can be
inserted into the pd695 and pd751 vectors by using the
unique Nrul or the HindIII and Nrul sites.
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Generation of pshAPP69S and pshAPP751:

The construct pAmyproBam can be generated by cloning
the 1.5 kb Bam H1 fragment of the APPcDNA into the Bam
HI site of pucl9 xHamy. The 700 bp HindIIl to ASP718
fragment of the pAmyproBam (from Sheila Little @ Lilly
Research Labs. same fragment as: Salbaum et al. (1988)
EMBO J. 7:2807-13) can be cloned into the HindIlI to
Asp718 sites of pd695 and pd751 to yield psyAPP695 and
pshAPP751.
pPAPPG9S5 and pAPP7S1:

The pAPP695 and pAPP751 vectors can be generated by
a 3-way ligation of the 3.0 kb Eco R1 to Xhol fragment of
pAmyProBam. the 1.5 kb Xhol to Spel fragment of
APP751cDNA. and the Spel to Eco R1 site of pd751.
Generation of pNSE751(+47):

The pNSE751 (+47) can be constructed using a 3-way
‘ligation of the HindIII to Kpnl fragment of pNSE6 (Forss-
Petier et al. (1990) Neuron 5:187-97). The Kpnl to PstY1
fragment of pNSE6 and a partial BaraH1 (—47nt relative to
the ATG) to HindIII fragment of pAPP751. This can result
in the generation of a Kpnl fragment that can be cloned into
the Kpal sites of pNSE751(+47). The BstY1/Bam fusion
results in the loss of both sites.

Generation of pNSE751:

This vector is generated by a 4 primer 2-step PCR
protocol that results in direct fusion of the NFH initiation
codon to the APPcDNA coding region. The fusion can be
confirmed by sequence analysis.

Generation of pNSE751-codon670/1:

The codon 67(/1 mutation can be introduced using a 4
primer 2-PCR protocol (Krummel et al. (1988) NAR
16:7351-60). The “inside primers” can contain the mutation.
This can result in the generation of Bglll to Spel fragment
after digestion, which can contain the codon 670/1 mutation.
The BgllI to Spel fragment of pNSE751 can be replaced by
the mutated fragment to generate the appropriate vector. The
presence of the mutation can be confirmed by sequence
analysis of the vectors.

Generation of pNFH751:

The human NFH gene can be isolated from a genomic
library using a rat NFH cDNA as a probe (Lieberburg et al.
(1989) PNAS USA 86:2463-7). An SstI fragment can be
subcloned into the pSK vector. A pair of PCR primers can be
generated to place a Nrul site at the 3' end of the 150 bp
amplified fragment immediately upstream of the initiation
codon of the NFH gene. The 5' end contains a Kpnl site
150nt upstream of the initiation codon. The final construc-
tion of pNFH751 can be generated by a 3-way ligation of the
5.5 b HindIl to Kpnl fragment of pNFHS8.8, the Kpal to
Nrul PCR generated fragment, and the Hindfll to Nrul
fragment of pd751. The sequence surrounding the PCR
generated fusion at the initiation codon can be confirmed by
sequence analysis. The codon 670/1 variants of pNFH751
can be generated by substitution of the 600 bp BgIll to Spel
fragment from a sequence-confirmed mutated vector for the
same fragment of pNFH751. The presence of the mutation
can be confirmed by hybridization with the mutated oligo-
mer or by sequence analysis.

Generation of pThy751:

The pThy751 vector can be generated by a 3-way ligation:
the HmdII to BamH1 fragment of pThy8.2 (isolated from a
human generic library), the synthetic fragment Thy APP. and
the HindII to Nrul fragment of pd751.

ThyAPP:

CAGACTGAGATCCCAGAACCCTAGGICT

GACTCTAGGGTCTIGG {SEQ ID NO2]
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Generation of pThyC100:

This pThyC100 construct can be generated by a 3-way
ligation: the 3.6 kb HindIH to BamH1 fragment of pThy3.2.
the synthetic fragment ThyAPP2. and the HindilI to Bgll
fragment of pd751 or pNSE751-codon 670/1 can be ligated
to yield pThyclOO.

ThyAPP2:

CAGACTGAGATCCCAGAACCGATCCTAG-
GTCTGACTCTAGGGTCTIGG

|SEQ ID NO3}

The region around the initiation codon was confirmed by
sequence analysis.

Preparation of DNA for Injection:

The transgene for injection can be isolated from the
corresponding vector for digestion with Notl and ge! elec-
trophoresis. The transgene can be purified by using the gene
clean kit (Biol101), then further purified on an Elutip or
HPLC purified on a Nucleogen 4000 column.
Microinjection:

The transgene can be injected at 2-20 mcg/mi into the
most convenient pronuclens of FVB or B6D2F2 one-cell
embryos (Hogan et al. (1986) Manipulating the Mouse
Embryo, Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y.). The injected embryos can be cultured over-
night. Embryos that split to the two-cell stage can be
implanted into pseudo-pregnant female CD1 mice. The mice
can be weaned at approximately 21 days. Samples of DNA
obtained from tail biopsy can be analyzed by Southern blot
using a transgene specific probe (usually the SV403's splice
and polyadenylation signal sequences). Transgenic mice
harboring at least one copy of the transgene can be identi-
fied.

Therapeutics

Having detected the genetic mutation in the gene
sequence ooding for B-amyloid protein in an individual not
yet showing overt signs of FAD using the method of the
present invention, it is possible to employ gene therapy, in
the form of gene implants, to prevent the development of the
disease.

Additional embodiments directed to modulation of the
production of variant APP proteins include methods that
employ specific aatisense polynucleotides complementary
to all or part of a variant APP sequence. Such complemen-
tary antisense polynucleotides may include nucleotide
substitations, additions. deletions, or transpositions. so long
as specific hybridization to the relevant target sequence, i.e..
a variant APP codon 670/1 sequence. is retained as 2
property of the polynucieotide. Thus. an antisense poly-
nucleotide must preferentially bind to a variant APP (ie.,
codon 670 does not encode lysine and/or codon 671 does not
encode methionine) sequence as compared to a wild-type
APP (i.e., codon 670 and 671 do encode lysine and
methionine, respectively). It is evident that the antisense
polynucleotide must reflect the exact nucleotide sequence of
the variant allele (or wild-type allele where desired) and not
a degenerate sequence.

Complementary antisense polynucleotides include
soluble antisense RNA or DNA oligonucleotides which can
hybridize specifically to a variant APP mRNA species and
prevent transcription of the mRNA species and/or translation
of the encoded polypeptide (Ching et al. (1989) Proc. Natl.
Acad. Sci. (U.S.A.) 86:10006-10010; Broder et al. (1990)
Ann. Int. Med. 113:604-618; Loreau et al. (1950) FEBS
Letters 274:53-56; Holcenberg et al.. W091/11535; U.S.
Ser. No. 07/530.165 (“new human CRIPTO gene™); WO9L/
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09865; W(091/04753; WO9(/13641; and EP 386563). The
antisense polynucleotides therefore inhibit production of the
variant APP polynucleotides. Antisense polynucleotides
may preferentially inhibit transcription and/or translation of
mRNA corresponding to variant (or wild-type) polypeptides
and can inhibit T lymphocyte activation.

Antisense polynucleotides may be produced from a het-
erologous expression cassette in a transfectant cell or trans-
genic cell or animal. such as a transgenic neural. glial. or
astrocytic cell. preferably where the expression cassette
contains a sequence that promotes cell-type specific expres-
sion (Wirak et al. (1991) EMBO 10:289). Alternatively. the
antisense polynucleotides may comprise soluble oligonucle-
otides that are administered to the external milieu. either in
the culture medium in vitro or in the circulatory system or
interstitial fiuid in vivo. Soluble antisense polynucleotides
present in the external milieu have been shown to gain
access to the cytoplasm and inhibit translation of specific
mRNA species. In some embodiments the antisense poly-
nucleotides comprise methylphosphonate moieties. For gen-
eral methods relating to antisense polynucleotides. see Anti-
sense RNA and DNA. D. A. Melton. Ed. (1988). Cold Spring
Harbor Laboratory. Cold Spring Harbor. N.Y.

Mutant APP Aatigens and Monoclonal Antibodies

In yet another aspect of the invention. having detected a
genetic alteration in a gene sequence coding for APP, onc
can obtain samples of the altered B-amyloid protein from the
same source. This protein may be derived from the brain
tissue of a subject diagnosed as suffering from AD, or more
preferably are produced by recombinant DNA methods or
are synthesized by direct chemical synthesis on a solid
support. Such polypeptides can contain ap amino acid
sequence of an APP variant allele spanning codon 670 or
671 or both.

Such polypeptide material can be used to prepare antisera
and monoclonal antibodies using. for example, the method
of Kohler and Milstein ((1975) Nature 256:495-497). Such
monocional antibodies could then form the basis of a
diagnostic test.

Such variant APP polypeptides can also be used to immu-
nize an animal for the production of polyclonal antiserum.
For general methods to prepare antibodies. see Antibodies:
A Laboratory Manual, Hatlow and Lane (1988). Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y. For
exarople. a recombinantly produced fragment of a variant
APP codon 670/1 polypeptide can be injected into a mouse
along with an adjuvant so as to generate an immune
response. Murine immunoglobulins which bind the recom-
binant fragment with a binding affinity of at least 1x10” m—1
can be harvested from the immunized mouse as an
antiserum. and may be further purified by affinity chroma-
tography or other means. Additionally, spleen cells are
harvested from the mouse and fused to myeloma cells to
produce a bank of antibody-secreting hybridoma cells. The
bank of hybridomas can be screened for clones that secrete
immunoglobulins which bind the recombinantly produced
fragment with an affinity of at least 1x10° M—1. More
specifically. immunoglobulins that bind to the variant APP
codon 670/1 polypeptide but poorly or not at all to a
wild-type (i.e.. codon 670 encodes lysine and codon 671
encodes methionine) APP polypeptide are selected. either by
pre-absorption with wild-type APP or by screening of hybri-
doma cell lines for specific idiotypes that bind the variant but
not wild-type.

The nucleic acid sequences of the present invention
capable of ultimately expressing the desired variant APP
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polypeptides can be formed from a variety of different
polynucleotides (genomic or ¢cDNA. RNA. synthetic
oligonucleotides. etc.) as well as by a variety of different
techniques.

As stated previously. the DNA sequences can be
expressed in hosts after the sequences have been operably
linked to. i.c.. positioned to ensure the functioning of. an
expression control sequence. These expression vectors are
typically replicable in the host organisms either as episomes
or as an integral part of the host chromosomal DNA.
Commonly, expression vectors can coatain selection
markers. e.g.. tetracycline resistance or hygromycin
resistance. to permit detection and/ar selection of those cells
transformed with the desired DNA sequences (see. e.g.. U.S.
Pat. No. 4,704,362).

Polynucleotides encoding a variant APP codon 670/1
polypeptide may include sequences that facilitate transcrip-
tion (expression sequences) and translation of the coding
sequences such that the encoded polypeptide product is
produced. Construction of such polynucleotides is well
known in the art and is described further in Maniatis et al.
{1989) Molecular Cloning: A Laboratory Manual, 2nd Ed.,
Cold Spring Harbor Laboratory, Cold Spring Harbor. N.Y.
For example. such polynucleotides can include a promoter,
a transcription termination site (polyadenylation site in
eukaryotic expression hosts). a ribosome binding site. and.
optionally, an enhancer for use in eukaryotic expression
hosts, and. optionally. sequences necessary for replication of
a vector.

E. coli is one prokaryotic host useful particularly for
cloning the DNA sequences of the present inveation. Other
microbial hosts suitable for use include bacilli, such as
Baciflus subtilus, and other enterobacteriaceae. such as
Salmonella, Serratia, and various Pscudomonas species. In
these prokaryotic hosts one cam also make expression
vectors, which will typically contain expression control
sequences compatible with the host cell (e.g.. an origin of
replication). In addition, any number of a variety of well-
known promoters will be present, such as the lactose pro-
moter system. a tryptophan (Trp) promoter system, a beta-
lactamase promoter system, of a promoter system from
phage lambda. The promoters will typically control
expression. optionally with an operator sequence, and have
ribosome binding site sequences for example. for initiating
and completing transcription and translation.

Other microbes. such as yeast, may also be used for
expression. Saccharomyces is a preferred host, with suitable
vectors having expression control sequences. such as
promoters. including 3-phosphoglycerate kinase or other
glycolytic enzymes, and an origin of replication, termination
sequences eic. as desired.

In addition to microorganisms, mammalian tissue cell
culture may also be used to express and produce the
polypeptides of the present invention (see Winacker (1987)
“From Genes to Clones.” VCH Publishers. New York, N.Y.).
Bukaryotic cells are actually preferred. because a pumber of
suitable host cell lines capable of secreting intact human
proteins have been developed in the art. and include the
CHO cell lines, various COS cell lines. Lela cells. myeloma
cell lines, Jurkat cells, etc. Expression vectors for these cells
can include expression control sequences, such as an origin
of replication. a promoter, an enhancer (Quenn et al. (1986)
Immunol. Rev. 89:49-68). and necessary information pro-
cessing sites. such as ribosome binding sites, RNA splice
sites. polyadenylation sites. and transcriptional terminator
sequences. Preferred expression control sequences are pro-



5.795.963

17

moters derived from immunoglobulin gemes, SV40.
Adenovirus, Bovine Papilloma Virus, etc, The vectors con-
taining the DNA segments of interest (e.g.. polypeptides
encoding a variant APP polypeptide) can be transferred into

18

may contain reagents useful in the localization of the labeled
probes. such as enzyme substrates. Still other containers
may contain restriction enzymes (such as Mboll). buffers
etc.. together with instructions for use.

the host cell by well-known methods. which vary depending s . L . L

on the type of cellular host. For example. calcium chloride Throughout this application various publications are ref-
transfection is commonly utilized for prokaryotic cells. erenced. The disclosures of these publications in their entire-
whereas calcium phosphate treatment or electroporation  tics are hereby incorporated by reference into this applica-
may be used for other cellular hosts. tion in order to more fully describe the state of the art to

The method lends itself readily to the formulation of test 10 which this invention pertains.
kits which can be utilized in diagnosis. Such a kit would The preceding examples are intended to illustrate but not
comprise a camier compartmentalized to receive in close limit the invention. While they are typical of those that might
confinement one or more containers wherein a first container be used. other procedures known to those skilled in the art
may contain suitably labeled DNA probes. Other containers may be alternatively employed.
SEQUENCE LISTING

{ 1 ) GENERAL INFORMATION:

(i1 i )NUMBER OF SBQUENCES: 3

( 2 ) INFORMATION FOR SEQ ID NO:1:
( 1 ) SEQUENCE CHARACTERISTICS:
( A )LENGTH: 3 amino acids
( B ) TYPE: amino acid
¢ D ) TOPOLOGY: knear
{ i i ) MOLBCULE TYPE: peptide

( v ) FRAGMENT TYPE: internal

{ B ) LOCATION: 45

( D ) OTHER INFORMATION: /aote= “Amino acid 4 can bo any
amino acid except Lys and/or amine acid. 5 can be say

amino acid except Met.”
(x1i )WDESCRM‘ION:SBQIDNO:I:
Ser Glu Val Xaa Xaa
3 5
{ 2 ) INFORMATION FOR SEQ ID NO2:
( i )SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 44 base pairs
( B ) TYPE: nucleic acid
( C )y STRANDEDNESS: single
{ D ) TOPOLOGY: lincar
( i i ) MOLECULE TYPE: DNA (geaomic)

{ x i )SEQUENCE DESCRIPTION: SEQ ID NO:=2:

CAGACTGAGA TCCCAGAACC CTAGGTCTGA CTCTAGGGTC TTGG

( 2 ) INFORMATION FOR SEQ ID NO3:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 48 base pairs
¢ B ) TYPE: nucleic acid
{ € ) STRANDEDNESS: single
( D ) TOPOLOGY: Fineat

( i i ) MOLECULE TYPE: DNA (genomic)

( % i ) SBQUENCE DESCRIPTION: SEQ ID NO3:

CAGACTGAGA TCCCAGAACC GATCCTAGGT CTGACTCTAG GGTCTTIGG

Asp Ala Glau

44

438
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What is claimed is: )

1. A purified and isolated polypeptide encoded by a
nucleic acid which encodes a human amyloid precursor
protein including the nucleotides encoding codon 670 and
671 of human amyloid precursor protein 770 (AFP NO.).

20

wherein the nucleic acid encodes an asparagine at codon 670
and/or a leucine at codon 671.
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7 ABSTRACT

The invention provides an isolated nucleic acid character-
istic of human amyloid precursor protein 770 including the
nucleotides encoding codon 670 and 671, wherein the
nucleic acid encodes an amino acid other than lysine at
codon 670 and/or an amino acid other than methionine at
codon 671. Also provided is a method of diagnosing or
predicting a predisposition to Alzheimer’s disease, compris-
ing detecting in a sample from a subject the presence of a
mutation at a nucleotide position corresponding to codons
670 and/or 671 of amyloid precursor protein or fragment
thereof, the presence of the mutation indicating the presence
of or a predisposition to Alzheimer’s disease.

6 Claims, 1 Drawing Sheet
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ISOLATED CELL COMPRISING HAPP 670/
671 DNAS SEQUENCES

This application is a continuation of, and claims the
benefit of, application Ser. No. 09/058,384, filed on Apr. 9,
1998, which status is abandoned, which is a continuation of
Ser. No. 08/808,126, filed on Feb. 28, 1997, which status is
abandoned, which is a file-wrapper-continuation of Ser. No.
08/478,197, filed Jun. 7, 1995, which status is abandoned,
which is a divisional of Ser. No. 08/094,547, filed Feb. 19,
1993, which status is abandoned, which is a continuation of
Ser. No. 07/894,211, filed Jun. 4, 1992, now U.S. Pat. No.
5,455,169, issued Oct. 3, 1995, which applications are
hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

Alzheimer’s disease (AD) is a progressive disease known
generally as senile dementia. Broadly speaking, the disease
falls into two categories, namely late onset and early onset.
Late onset, which occurs in old age (65+ years), may be
caused by the natural atrophy of the brain occurring at a
faster rate and to a more severe degree than normal. Early
onset AD is much more infrequent but shows a pathologi-
cally identical dementia with diffuse brain atrophy which
develops well before the senile period, i.e., between the ages
of 35 and 60 years. There is evidence that one form of this
type of AD shows a tendency to run in families and is
therefore known as familial Alzheimer’s disease (FAD).

In both types of AD the pathology is the same but the
abnormalities tend to be more severe and more widespread
in cases beginning at an earlier age. The disease is charac-
terized by two types of lesions in the brain: senile plaques
and neurofibrillary tangles.

Senile plaques are areas of disorganized neuropil up to
150 mm across with extra cellular amyloid deposits at the
center. Neurofibrillary tangles are intracellular deposits of
amyloid protein consisting of two filaments twisted about
each other in pairs.

The major protein subunit, -amyloid protein (also
referred to in the art as amyloid B protein (APP) and A4) of
the amyloid filaments of both the neurofibrillary tangle and
the senile plaque, is a highly aggregating small polypeptide
of approximate relative molecular mass 4,500. This protein
is a cleavage product of a much larger precursor protein
called amyloid precursor protein (APP).

The sequence of the deposited B-amyloid protein in
particular brain regions is one of the main pathologic
characteristics of AD. The B-amyloid protein is an approxi-
mately 4 kD protein (39 to 42 amino acids) which is derived,
as an internal cleavage product, from one or more isoforms
of a larger APP. There are at least five distinct isoforms of
APP: 563, 695, 714, 751, and 770 amino acids, respectively
(Wirak et al. (1991) Science 253:323). These isoforms of
APP are generated by alternative splicing of primary tran-
scripts of the APP gene, which is located on human chro-
mosome 21. It is known that the APP isoforms are glyco-
sylated transmembrane proteins (Goldgaber et al. (1987)
Science 235:877), and that two of the isoforms APP751 and
APP770, have a protease inhibitor domain that is homolo-
gous to the Kunitz type of serine protease inhibitors. The
B-amyloid protein segment comprises approximately half of
the transmembrane domain and approximately the first 28
amino acids of the extra cellular domain of an APP isoform.

Proteolytic processing of APP in vivo is a normal physi-
ological process. Carboxy-terminal truncated forms of
APP695, APP751, and APP770 are present in brain and
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cerebrospinal fluid (Palmert et al. (1989) Proc. Natl. Acad.
Sci. (U.S.A.) 86:6338; Weidemann et al. (1989) Cell 57:115)
and result from cleavage of the APP isoform at a constitutive
cleavage site within the B-amyloid protein peptide domain
of an APP isoform (Esch et al. (1990) Science 248:1122).
Normal proteolytic cleavage at the constitutive cleavage site
yields a large (approximately 100 kD) soluble, N-ferminal
fragment that contains the protease inhibitor domain in some
isoforms, and a 9 kD membrane-bound, C-terminal fragment
that includes most of the f-amyloid protein domain.

Generation of pathogenic §-amyloid protein appears to be
the result of aberrant proteolytic processing of APP, such
that normal cleavage at the constitutive site within the
B-amyloid protein domain does not occur, but rather cleav-
age oceurs at two specific sites which flank the f-amyloid
protein domain. One of these aberrant cleavage sites is in the
transmembrane domain and the other aberrant cleavage site
is located approximately at the N-terminus of the first 28
amino acids of the extra cellular domain. Such aberrant
proteolytic cleavage produces the f-amyloid protein
polypeptide which is prone to forming dense amyloidogenic
aggregates that are resistant to protcolytic degradation and
removal, The resultant -amyloid protein aggregates pre-
sumably are involved in the formation of the abundant
amyloid plaques and cerebrovascular amyloid that are the
neuropathological hallmarks of AD. However, the exact
aberrant cleavage sites are not always precise; B-amyloid
molecules isolated from the brain of a patient with AD show
N- and C- terminal heterogeneity. Therefore, the aberrant
cleavage pathway may involve either sequence-specific pro-
teolysis followed by exopeptidase activity (creating end-
heterogeneity), or may not be sequence-specific.

The APP gene is known to be located on human chromo-
some 21. A locus segregating with FAD has been mapped to
chromosome 21 (St. George Hyslop et al. (1987) Science
235:885) close to the APP gene. Recombinants between the
APP gene and the AD locus have been previously reported
(Schellenberg et al. (1988) Science 241:1507). The data
appeared to exclude the APP gene as the site of any mutation
that might cause FAD (Van Broekhoven et al. (1987) Nature
329:153; Tanzi et al. (1987) Nature 329:156).

Recombinant DNA technology provides several tech-
niques for analyzing genes to locate possible mutations. For
example, the polymerase chain reaction (John Bell (1989)
Immunology Today 10:351-355) may be used to amplify
specific sequences using intronic primers, which can then be
analyzed by direct sequencing.

Using such techniques, a single base substitution, a C to
T transition at base pair 2149, has been found in part of the
sequence of the APP gene in some cases of FAD. This base
pair transition leads to an amino acid substitution, i.¢., valine
to isoleucine at amino acid 717 (APP770) (see Yoshikai et
al. (1990) Gene 87:257), close to the C-terminus of the
B-amyloid protein. This suggests that some cases of AD are
caused by mutation in the APP gene, specifically mutations
that change codon 717 such that it encodes an amino acid
other than valine.

A second APP allelic variant wherein glycine is substi-
tuted for valine at codon 717 is now identified, and is so
closely linked to the AD phenotype as to indicate that allelic
variants at codon 717 of the APP gene, particularly those
encoding an amino acid other than valine, and more par-
ticularly those encoding an isoleucine, glycine, or
phenylalanine, are pathogenic and/or pathognomonic alleles
(Chartier-Harlin et al. (1991) Nasure 353:844).

Proteolysis on either side of the f-amyloid protein region
of APP may be enhanced or qualitatively altered by the
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specific mutations at codon 717, increasing the rate of
B-amyloid deposition and aggregation. Such codon 717
mutations may increase f-amyloid formation by providing a
poorer substrate for the main proteolytic pathway (cleavage
at the constitutive site) or a better substrate for a competing,
alternative cleavage pathway (at aberrant cleavage sites).

There are several discase states which give rise to pro-
gressive intellectual deterioration closely resembling the
dementia associated with AD for which treatment is avail-
able. A further diagnostic test for AD would therefore
provide a valuable tool in the diagnosis and treatment of
these other conditions, by way of being able to exclude AD.

Also important is the development of experimental mod-
els of AD that can be used to define further the underlying
biochemical events involved in AD pathogenesis. Such
models could be employed to screen for agents that alter the
degenerative course of AD. For example, a model system of
AD could be used to screen for environmental factors that
induce or accelerate the pathogenesis of AD. In
contradistinction, an experimental model could be used to
screen for agents that inhibit, prevent, or reverse the pro-
gression of AD. Such models could be employed to develop
pharmaceuticals that are effective in preventing, arresting, or
reversing AD.

The present invention provides the discovery of additional
heretofore unknown mutations in B-amyloid protein. These
mutations can be utilized advantageously to detect, treat and
screen in subjects and model systems.

SUMMARY OF THE INVENTION

The invention provides an isolated nucleic acid charac-
teristic of human amyloid precursor protein 770 including
the nucleotides encoding codon 670 and 671, wherein the
nucleic acid encodes an amino acid other than lysine at
codon 670 and/or an amino acid other than methionine at
codon 671. Also provided is a method of diagnosing or
predicting a predisposition to AD, comprising detecting in a
sample from a subject the presence of a mutation at a
nucleotide position corresponding to codons 670 and/or 671
of amyloid precursor protein or fragment thereof, the pres-
ence of the mutation indicating the presence of or a predis-
position to AD.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a and 15 illustrate two related pedigrees in which
early onset AD is apparently inherited as an autosomal
dominant disorder. +/- refer to presence/absence of muta-
tion. GT12 alleles are in parentheses. The average age of
onsct in this family is 55 years. Black symbols denotc
affected individuals and oblique lines indicate deceased
individuals. Females are denoted by circles and males by
squares. Triangles are used in the present generation to
preserve anonymity. For £139, samples were available from
the 7 individuals whose genotypes (presence or absence of
the mutation) are illustrated, and for f144 samples were
available from 15 individuals whose genotypes at GT12 are
shown.

DETAILED DESCRIPTION OF THE
INVENTION

The invention provides an isolated nucleic acid charac-
teristic of human amyloid precursor protein including the
nucleotides encoding codon 670 and 671 of human amyloid
precursor protein 770, wherein the nucleic acid encodes an
amino acid other than lysine at codon 670 and/or an amino
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acid other than methionine at codon 671. In ome
embodiment, the nucleic acid encodes asparagine at codon
670 and leucine at codon 671.

The invention also provides an isolated nucleic acid
complementary to the nucleic acid of the invention. The
isolated nucleic acid can be labeled with a detectable moiety.
The isolated nucleic acid can encode, for example,
B-amyloid protein and the entire human amyloid precursor
protein 770. In addition, the isolated nucleic acid can further
encode an amino acid other than valine at codon 717. The
invention also provides polypeptides encoded by these
nucleic acids.

Further, the invention provides an antibody specifically
reactive with the polypeptides of the invention. Thus, anti-
bodies which react with the unique epitope created by the
amino acid other than lysine at codon 670 and/or other than
methionine at position 671 are provided.

Vectors comprising the nucleic acids of the invention are
also provided. These vectors can be placed in a host capable
of expressing the characteristic portion of human amyloid
precursor protein.

The invention also provides a method of diagnosing or
predicting a predisposition to AD. The method comprises
detecting in a sample from a subject the presence of a
mutation in 2 human amyloid precursor protein at a nucle-
otide position corresponding to codons 670 and/or 671 of
amyloid precursor protein 770 or fragment thereof, the
presence of the mutation indicating the presence of or a
predisposition to AD. In one embodiment, the sequence
mutation is a nucleotide substitution, wherein codon 670
encodes asparagine and/or codon 671 encodes leucine. As
discussed below in greater detail, the mutation can be
detected by many methods. For example, the detecting step
can comprise combining a nucleotide probe capable of
selectively hybridizing to a nucleic acid containing the
mutation with a nucleic acid in the sample and detecting the
presence of hybridization. Additionally, the detecting step
can comprise amplifying the nucleotides of the mutation and
detecting the presence of the mutation in the amplified
product. Further, the detecting step can comprise selectively
amplifying the nucleotides of the mutation and detecting the
presence of amplification. Finally, the detecting step can
comprise detecting the loss of a restriction fragment length
created by an Mboll enzyme digest of the nucleotides of the
mutation.

The invention also provides a transgenic nom-human
animal containing, in a germ or somatic cell, the mutated
nucleic acid of the invention, wherein the animal expresses
a human amyloid precursor protein or fragment thereof
which encodes an amino acid other than lysine at codon 670
and/or an amino acid other than methionine at codon 671.
Preferably, the animal expresses neuropathological charac-
teristics of AD. These animals can also have a mutation at
position 717 wherein the animal expresses a human amyloid
precursor protein or fragment thereof which encodes an
amino acid other than lysine at codon 670 and/or an amino
acid other than methionine at codon 671 and an amino acid
other than valine at codon 717.

The invention also provides a host containing the nucleic
acid of claim 1, which host expresses a human amyloid
precursor protein or fragment thereof which encodes an
amino acid other than lysine at codon 670 and/or an amino
acid other than methionine at codon 671. Preferably, the host
is an immortalized cell line. This host can also contain the
mutation at codon 717 whereby the host expresses a human
amyloid precursor protein or fragment thereof which
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encodes an amino acid other than lysine at codon 670 and/or
an amino acid other than methionine at codon 671 and an
amino acid other than valine at codon 717. The invention
also provides a method of screening for an agent capable of
treating AD. The method comprises contacting these trans-
genic animals or host cell lines with the agent and monitor-
ing the expression, processing or deposition of amyloid
precursor protein or fragments thereof.

As used herein, “isolated” means free of at least some of
the contaminants associated with the nucleic acid or
polypeptides occurring in a natural environment.

As used here, “nucleic acid characteristic of human amy-
loid precursor protein” refers to a nucleic acid which has
sufficient nucleotides surrounding the codons at position 670
and 671 of human amyloid precursor protein 770 to distin-
guish the nucleic acid from nucleic acids encoding non-
related proteins. The specific length of the nucleic acid is a
matter of routine choice based on the desired function of the
sequence. For example, if one is making probes to detect the
muiation in either codon 670 and/or 671, the length of the
mucleic acid will be smaller, but must be long enough to
prevent hybridization to the desired background sequences.
However, if the desired hybridization is to a nucleic acid
which has been amplified, background hybridization is less
of a concern and a smaller probe can be used. In general,
such a probe will be between 10 and 100 nucleotides,
especially between 10 and 40 nucleotides in length.

Likewise, polypeptides encoded by the nucleic acids of
the invention can be variable depending on the desired
function of the polypeptide. While smaller fragments can
work, generally to be useful, e.g., immunogenic, the
polypeptide must be of at least 8 amino acids and not more
than 10,000 amino acids. This polypeptide contains an
amino acid internal sequence (listed in order from amino- to
carboxy-terminal direction):

-Ser-Glu-Val-X-X-Asp-Ala-Glu- [SEQ ID NO1}

where the X at position 3 is any of the twenty conventional
amino acids except lysine, particularly asparagine, and
where the X at position 4 is any of the twenty conventional
amino acids except methionine, particularly leucine. The
amino and carboxy ends of this core sequence can include
any number of additional amino acids from the APP
sequence. Thus, “fragment” can be a truncated APP isoform
or a modified APP isoform (as by amino acid substitutions,
deletions, or additions). This definition recognizes that APP
is a single gene that undergoes alternative splicing to gen-
erate several isoforms that are designated by the total
number of amino acids in each. Thus, treatment includes
various alternatively spliced exons resulting in isoforms of
770, 751, 714, 695, 563 and 365 amino acids.

As used here, “codon 670 and/or codon 671 refers to the
codons (ie., the tri-nuclectide sequence) that encode the
670th and 671st amino acid positions in APP770, or the
amino acid position in an APP fragment that corresponds to
the 670th or 671st positions in APP770. For example, a 670
residue long fragment that is produced by truncating
APP770 by removing the 100 N-terminal amino acids has its
570th amino acid position corresponding to codon 670. In
fact, as used herein, codon 670 refers to the codon that
encodes the 651st amino acid residue of APP751 and the
595th amino acid residue of APP695. In addition, codon 670
and/or 671 refers to the complementary sequence on the
antisense strand.

As used herein, the term “mutant” refers specifically to a
mutation at codons 670/671 (as referenced by the amino acid
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sequence in APP770) of the APP gene, such that codon 670
encodes one of the nineteen amino acids that are not lysine
(i.e., glycine, methionine, alanine, serine, isoleucine;
leucine, threonine, proline, histidine, cysteine, tyrosine,
phenylalanine, glutamic acid, tryptophan, arginine, aspartic
acid, asparagine, valine, and glutamine), but preferably
asparagine, and such that codon 671 encodes one of the
nineteen amino acids that are not methionine (i.e., glycine,
lysine, alanine, serine, isoleucine, leucine, threonine,
proline, histidine, cysteine, tyrosine, phenylalanine,
glutamic acid, tryptophan, arginine, aspartic acid,
asparagine, valine, and glutamine), but preferably leucine.
Thus, a mutant APP770 polypeptide is an APP770 polypep-
tide that has an amino acid residue at position 670 that is not
lysine and or an amino acid residue at position 671 that is not
methionine. Other mutant APP isoforms comprise a non-
lysine amino acid at the amino acid residue position that
corresponds to codon 670 (i.c., that is encoded by codon
670) or a non-methionine amino acid at the amino acid
residue position that corresponds to codon 671 (i.e., that is
encoded by codon 671). Similarly, a mutant APP allele or a
variant APP codon 670 or 671 allele is an APP allele that
encodes a non-lysine amino acid at the amino acid residue
position that corresponds to codon 670 (i.e., that is encoded
by codon 670) or encodes a non-methionine amino acid at
the amino acid residue position that corresponds to codon
671 (i.e., that is encoded by codon 671).

It is apparent to one of skill in the art that nucleotide
substitutions, deletions, and additions may be incorporated
into the polynucleotides of the invention. However, such
nucleotide substitutions, deletions, and additions should not
substantially disrupt the ability of the polynucleotide to
hybridize to one of the polymicleotide sequences under
hybridization conditions that are sufficiently stringent to
result in specific hybridization.

“Specific hybridization” is defined herein as the formation
of hybrids between a probe nucleic acid (¢.g., a nucleic acid
which may include substitutions, deletions, and/or
additions) and a specific target nucleic acid (e.g., a nucleic
acid having the sequence), wherein the probe preferentially
hybridizes to the specific target such that, for example, a
band corresponding to a variant APP allele or restriction
fragment thereof can be identified on a Southern blot,
whereas a corresponding wild-type APP allele (i.., one that
encodes lysine at codon 670 and methionine at codon 671)
is not identified or can be discriminated from a variant APP
allele on the basis of signal intensity. Hybridization probes
capable of specific hybridization to detect a single-base
mismatch may be designed according to methods known in
the art and described in Maniatis et al. (1939) Molecular
Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Har-
bor Laboratory, Cold Spring Harbor, N.Y.,; Berger and
Kimmel (1987) “Guide to Molecular Cloning Techniques,”
Methods in Enzymology, Volume 152, Academic Press, Inc.,
San Diego, Cailf.; Gibbs et al. (1989) Nucleic Acids Res.
17:2437; Kwok et al. (1990) Nucleic Acids Res. 18:999; and
Miyada et al. (1987) Methods Enzymol. 154:94.

The vectors for expressing the polypeptides of the inven-
tion require that the nucleic acid be “operably linked.” A
mucleic acid is operably linked when it is placed into a
functional relationship with another nucleic acid sequence.
For instance, a promoter or enhancer is operably linked to a
coding sequence if it affects the transcription of the
sequences. Operably linked means that the DNA sequences
being linked are contiguous and, where necessary to join two
protein coding regions, contiguous and in reading frame.

The term “agent” is used herein to denote a chemical
compound, a mixture of chemical compounds, a biological
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macromotecule, or an extract made from biological materi-
als such as bacteria, plants, fungi, or animal (particularly
mammalian) cells or tissues, Agents are evaluated for poten-
tial biological activity by inclusion in screening assays
described herein below.

As used here, the terms “label” or “labeled” refer to
incorporation of a radio labeled nucleotide or by enzymatic
or fluorescent marker. DNA or RNA are typically labeled by
incorporation of a radio-labeled nucleotide (H3, C14, S35,
P32) or a biotinylated nucleotide that can be detected by
marked avidin (e.g., avidin containing a fluorescent marker
or enzymatic activity) or digoxygeninylated nucleotide that
can be detected by marked specific antibody.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The following examples are intended to illustrate but not
limit the invention. While they are typical of those that might
be used, other procedures known to those skilled in the art
may be alternatively employed.

Detection of Mutant Codon 670/671 APP Alleles

F139 and F144 are two large Swedish families which
originate from the same county. They were specifically
ascertained for genetic analysis. We tested F144 for linkage
between AD and GT12 (FIG. 1a). A lod value of 2.34 with
no recombination was obtained between GT12 and AD.
Linkage analysis of 1000 simulated pedigrees (Weeks et al.
(1990) Am. J. Hum. Genet. 47:A204 (Suppl.)) (of identical
structure to F144) showed that this value was likely to occur
Iess than one time in 100 if the marker and the discase were
unlinked. We therefore sequenced exons 16 and 17 of the
APP gene as these encode B-amyloid protein. Two base pair
transversions (G—T and A—C) were observed in affected
individuals in both families in exon 16 at codons 670 and
671 (APP 770 transcript). These changes predict lysine to
asparagine and methionine to leucine substitutions in the
intact protein. In addition, the codon 670 mutation causes
the loss of an Mboll recognition site. Using this, we
screened all available members of both F144 and F139 by
PCR amplification of exon 16 and digestion with this
enzyme. All affected members of both families had lost the
Mboll cut site. The presence of the mutation was confirmed
by direct sequencing of four individuals. This mutation is
linked to the disease in these families with a lod score of
4.36 with no recombination. Taken with the fact that we
could not detect this variant in 50 normal chromosomes, this
demonstrates that this mutation is pathogenic of the demen-
tia in these families.

Therefore, the method of the invention involves identify-
ing a genetic alteration at amino acids 670 or 671 or both
which may cause the consensus lysine or methionine
(respectively) to be changed. This will generally be per-
formed on specimens removed from the subject.

This mutation differs from previous mutations causing
AD in that it is at the N-terminus of deposited -amyloid
protein rather than the C-terminus. The processing of APP
has not been fully elucidated but two pathways have been
postulated as important (Hardy and Higgins (1992) Science
256:184-5). The main proteolytic cleavage by “secretase”
normally cuts APP through B-amyloid (Esch et al. (1990)
Science 248:1122-1124; Anderson et al. (1991) Neurosci.
Leits. 128:126-128), thus preventing its formation. An alter-
native endosomal/lysosomal pathway (Estus et al. (1992)
Science 255:726-728; Golde et al. (1992) Science
255:728-730) apparently produces B-amyloid containing
fragments and involves cleavage at or close to the site of the
codon 670/671 mutation reported here.
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APP717 variants have been suggested to produce amy-
loidogenic fragments by a number of mechanisms. Thus,
they have been postulated to inhibit degradation of amy-
loidogenic fragments of APP directly or to alter cellular
addressing of the APP molecule so that it is mismetabolised,
or to alter APP expression levels by effecting mRNA sta-
bility (Goate et al. (1991) Nature 349:704-706; Chartier
Harlin et al. (1991) Nature 353:844-846; and Hardy and
Higgins (1992) Science 256:184-5).

If the dementia-causing mutations in APP all have a
related action which underlies their pathogenicity, then the
mutations reported here (APP670/1) would also be expected
to have their effect through one of the above mechanisms.
The position of this mutation right at the N-terminal of
B-amyloid protein is most consistent with the notion that the
AD causing-mutations directly inhibit the degradation of
preamyloidogenic fragments. It seems likely that given the
relatively late age of onset of disease development in
humans with either codon 717 or 670/1 variants, transgenic
animals with any of these mutations may not develop
significant pathology. An important consequence of this
mutation can be its combination with pathogenic codon 717
variants to increase the likelihood of producing Alzheimer-
like pathology in transgenic animals.

Therefore, genetic alterations in the APP gene which
result in altered degradative properties are particularly
important in the application of the invention. There are
several methodologies available from recombinant DNA
technology which may be used for detecting and identifying
a genetic mutation responsible for AD. These include, for
example, direct probing, polymerase chain reaction (PCR)
methodology, restriction fragment length polymorphism
(RFLP) analysis and single stand conformational analysis
(SSCA). However, any other known methods or later dis-
covered methods can likewise be used to detect the muta-
tions. Once the location of the 670/1 mutations are known
and associated with AD, the methods to detect the mutations
are standard in the art. The sequence of various nucleotide
probes can be determined from the sequence of APP, espe-
cially the sequences surrounding 670/1. The sequence of
APP is set forth in Yoshikai et al. (1990) “Genomic orga-
nization of the human amyloid beta-protein precursor gene,”
Gene 87:257-263.

Detection of point mutations using direct probing
involves the use of oligonucleotide probes which may be
prepared synthetically or by nick translation. The DNA
probes may be suitably labeled using, for example, a radio
label, enzyme label, fluorescent label, biotin-avidin label
and the like for subsequent visualization in the example of
Southern blot hybridization procedure. The labeled probe is
reacted with a bound sample DNA, e.g., to 2 nitrocellulose
sheet under conditions such that only fully complementary
sequences hybridize. The areas that carry DNA sequences
complementary to the labeled DNA probe become labeled
themselves as a consequence of the reannealing reaction.
The areas of the filter that exhibit such labeling may then be
visualized, for example, by autoradiography. The labeled
probe is reacted with a DNA sample bound to, for example,
nitrocellulose under conditions such that only fully comple-
mentary sequences will hybridize. Tetra-alkyl ammonium
salts bind selectively to A-T base pairs, thus displacing the
dissociation equilibrium and raising the melting tempera-
ture. At 3M Me 4NCl this is sufficient to shift the melting
temperature to that of G-C pairs. This results in a marked
sharpening of the melting profile. The stringency of hybrid-
ization is usually 5° C. below the Ti (the irreversible melting
temperature of the hybrid formed between the probe and its
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target sequence) for the given chain length. For 20 mers the
recommended hybridization temperature is 58° C. The
washing temperatures are unique to the sequence under
investigation and need to be optimized for each variant.

Alternative probing techniques, such as ligase chain reac-
tion (LCR), involve the use of mismatch probes, i.c., probes
which are fully complementary with the target except at the
point of the mutation. The target sequence is then allowed to
hybridize both with oligonucleotides which are fully
complementary and have oligonucleotides containing a
mismatch, under conditions which will distinguish between
the two. By manipulating the reaction conditions, it is
possible to obtain hybridization only where there is full
complementarity. If a mismatch is present there is signifi-
cantly reduced hybridization.

The polymerase chain reaction (PCR) is a technique that
amplifies specific DNA sequences with remarkable effi-
ciency. Repeated cycles of denaturation, primer annealing
and extension carried out with polymerase, .g., a heat stable
enzyme Taq polymerase, leads to exponential increases in
the concentration of desired DNA sequences. Given a
knowledge of the nucleotide sequence encoding the precur-
sors of amyloid protein of AD (Kang et al. Nature 197:325,
733-736, and Yoshikai above), synthetic oligonucleotides
can be prepared which are complementary to sequences
which flank the DNA of interest. Each oligonucleotide is
complementary to one of the two strands. The DNA is
denatured at high temperatures (e.g., 95° C.) and then
reannealed in the presence of a large molar excess of
oligonucleotides. The oligonucleotides, oriented with their
3' ends pointing towards each other, hybridize to opposite
strands of the target sequence and prime enzymatic exten-
sion along the nucleic acid template in the presence of the
four deoxyribonucleotide triphosphates. The end product is
then denatured again for another cycle. After this three-step
cycle has been repeated several times, amplification of a
DNA segment by more than one million-fold can be
achieved. The resulting DNA may then be directly
sequenced in order to locate any genetic alteration.
Alternatively, it may be possible to prepare oligonucleotides
that will only bind to altered DNA, so that PCR will only
result in multiplication of the DNA if the mutation is present.
Following PCR, direct visualization or allele-specific oligo-
nucleotide hybridization (Dihella et al. (1988) Lancet 1:497)
may be used to detect the AD point mutation. Alternatively,
an adaptation of PCR called amplification of specific alleles
(PASA) can be employed; this uses differential amplification
for rapid and reliable distinction between alleles that differ
at a single base pair.

In yet another method, PCR may be followed by restric-
tion endonuclease digestion with subsequent analysis of the
resultant products. The substitution of T for G at base pair
2010, found as a result of sequencing exon 16, destroys an
Mboll restriction site. The destruction of this restriction
endonuclease recognition site facilitates the detection of the
AD mutation using RELP analysis or by detection of the
presence or absence of a polymorphic Mboll site in a PCR
product that spans codon 670.

In general, primers for PCR and LCR are usually about 20
bp in length and the preferable range is from 15-25 bp.
Better amplification is obtained when both primers are the
same length and with roughly the same nucleotide compo-
sition. Denaturation of strands usually takes place at 94° C.
and extension from the primers is usually at 72° C. The
annealing temperature varies according to the sequence
under investigation. For exon 16, with the primers we have
designed, the optimum annealing temperature is 58° C. The
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reaction times are: 20 mins denaturing; 35 cycles of 2 min,
1 min, 1 min for annealing, extension and denaturation; and
finally a 5 min extension step.

For RELP analysis, DNA is obtained, for example from
the blood of the subject suspected of having AD and from a
normal subject, is digested with the restriction endonuclease
Mboll and subsequently separated on the basis of size by
agarose gel electrophoresis. The Southern blot technique can
then be used to detect, by hybridization with labeled probes,
the products of endomuclease digestion. The patterns
obtained from the Southern blot can then be compared.
Using such an approach, DNA spanning an Alzheimer’s
mutation that creates or removes a restriction site at codon
670 or 671, such as the Mboll site, is detected by determin-
ing the number of bands detected and comparing this
number to a reference allele that has a codon 670 allele that
encodes lysine or a codon 671 allele that encodes methion-
ine.

Similar creation of additional restriction sites by nucle-
otide substitutions within codons 670 or 671, wherein the
codon 670 encodes an amino acid other than lysine or codon
671 encodes an amino acid other than methionine, can be
readily calculated by reference to the genetic code and a list
of nucleotide sequences recognized by restriction endonu-
cleases (Promega Protocols and Applications Guide (1991)
Promega Corporation, Madison, Wis.).

Single strand conformational analysis (SSCA) (Orita et al.
(1989) Genomics 5:874—879 and Orita et al. (1990) Genom-
ics 6:271-276) offers a relatively quick method of detecting
sequence changes which may be appropriate in at least some
instances.

PCR amplification of specific alleles (PASA) is a rapid
method of detecting single-base mutations or polymor-
phisms (Newton et al. (1989) Nucleic Acids Res. 17:2503;
Nichols et al. (1989) Genomics 5:535; Okayama et al.
(1989)J. Lab. Clin. Med. 114:105; Sarkar et al. (1990) Anal.
Biochem. 186:64; Sommer et al. (1989) Mayo Clin. Proc.
64:1361; Wu (1989) Proc. Natl. Acad. Sci. (U.S.A.) 86:2757;
and Dutton et al. (1991) Biotechniques 11:700. PASA (also
known as allele specific amplification) involves amplifica-
tion with two oligonucleotide primers such that one is
allele-specific. The desired allele is efficiently amplified,
while the other allele(s) is poorly amplified because it
mismatches with a base at or near the 3' end of the allele-
specific primer. Thus, PASA or the related method of
PAMSA may be used to specifically amplify one or more
variant APP codon 670 or 671 alleles. Where such ampli-
fication is done on genetic material (or RNA) obtained from
an individual, it can serve as a method of detecting the
presence of one or more variant APP codon 670 or 671
alleles in an individual.

Similarly, a method known as ligase chain reaction (LCR)
has been used to successfully detect a single-base substitu-
tion in a hemoglobin allele that causes sickle cell anemia
(Baany et al. (1991) Proc. Natl. Acad. Sci. (U.SA.)88:189;
R. A. Weiss (1991) Science 254:1992). LCR probes may be
combined or multiplexed for simultancously screening for
multiple different mutations. Thus, one method of screening
for variant APP codon 670 or 671 alleles is to multiplex at
least one, and preferably all, LCR probes that will detect an
APP allele having a codon 670 that does not encode lysine
or an APP allele having a codon 671 that does not encode
methionine, but that does encode other amino acids. The
universal genetic code provides the degenerate sequences of
all the encoded non-lysine and non-methionine amino acids,
thus LCR probe design for detecting any particular variant
codon 670 or 671 (or combination thercof) allele is
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straightforward, and multiplexed pools of such LCR prob-
lems may be selected at the discretion of a practitioner for
his particular desired use.

In performing diagnosis using any of the above tech-
niques or variations thereof, it is preferable that several
individuals are examined. These may include an unaffected
parent, an affected parent, an affected sibling, an unaffected
sibling as well as other perhaps more distant family mem-
bers.

Model Animals and Cell Lines

Having identified specific mutations in codons 670/1 of
the B-amyloid gene as a cause of FAD, it is possible, using
genetic manipulation, to develop transgenic model systems
and/or whole cell systems containing the mutated FAD gene
(or a portion thereof) for use, for example, as model systems
for screening for drugs and evaluating drug effectiveness.
Additionally, such model systems provide a tool for defining
the underlying biochemistry of APP and B-amyloid
metabolism, which thereby provides a basis for rational drug
design.

One type of cell system can be naturally derived. For this,
blood samples from an affected subject must be obtained in
order to provide the necessary cells which can be perma-
nently transformed into a lymphoblastoid cell line using, for
example, Epstein-Barr virus. Once established, such cell
lines can be grown continuously in suspension culture and
may be used for a variety of in vitro experiments to study
APP expression and processing.

Since the FAD mutation is dominant, an alternative
method for constructing a cell line is to genetically engineer
the mutated gene into an established cell line of choice.
Sisodia ((1990) Science 248:492-494) has described the
insertion of a normal APP gene, by transfection, into mam-
malian cells.

In yet a further use of the present invention, the mutated
gene (ie., a variant APP codon 670/1 gene) can be excised
for use in the creation of transgenic animals containing the
mutated gene. For example, an entire human variant APP
codon 670/1 allele can be cloned and isolated, either in parts
or as a whole, in a suitable cloning vector (e.g., ICharon35,
cosmid, retrovirus or yeast artificial chromosome). The
vector is selected based on the size of the desired insert and
the ability to produce stable chromosome integration.

The human variant APP codon 670/1 gene, either in parts
or in whole, can be transferred to a host non-human animal,
such as a mouse. As a result of the transfer, the resultant
transgenic non-human animal will express one or more
variant APP codon 670/1 polypeptides. Preferably, a trans-
genic non-human animal of the invention will express one or
more variant APP codon 670/1 polypeptides in a neuron-
specific manner (Wirak et al. (1991) EMBO 10:289). This
may be accomplished by transferring substantially the entire
human APP gene (encoding a codon 670/1 mutant) including
the 4.5 kilobase sequence that is adjacent to and upstream of
the first major APP transcriptional start site.

Alternatively, one may design mini-genes encoding vari-
ant APP codon 670/1 polypeptides. Such mini-genes may
contain a cDNA sequence encoding a variant APP codon
670/1 polypeptide, preferably full-length, a combination of
APP gene exons, or a combination thereof, linked to a
downstream polyadenylation signal sequence and an
upstream promoter (and preferably enhancer). Such a mini-
gene construct will, when introduced into an appropriate
transgenic host (e.g., mouse or rat), express an encoded
variant APP codon 670/1 polypeptide, most preferably a
variant APP codon 670/1 polypeptide that contains either an
asparagine residue at codon 670 and a leucine residue at
codon 671 of APP770 or the corresponding position in an
APP fragment.
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One approach to creating transgenic animals is to target a
mutation to the desired gene by homologous recombination
in an embryonic stem (ES) cell line in vitro followed by
microinjection of the modified ES cell line into a host
blastocyst and subsequent incubation in a foster mother (see
Frohman and Martin, Cell (1989) 56:145). Alternatively, the
technique of microinjection of the mutated gene, or a portion
thereof, into a one-cell embryo followed by incubation in a
foster mother can be used. Certain possibilities for the
general use of transgenic animals, particularly transgenic
animals that express a wild-type APP fragment, are dis-
closed in Wirak et al., the EMBO Journal, 10(2) 289-296
(1991); Schilling et al., Gene 98(2) 225-230 (1991); Quon,
et al. (1991) Nature 352:239; Wirak, et al. (1991) Science
253:323; and Kawabata, et al. (1991) Nature 354:476.
Alternatively, viral vectors, ¢.g., Adeno-associated virus,
can be used to deliver the mutated gene to the stem cell. In
addition, such viral vectors can be used to deliver the
mutated gene to a developed animal and then used to screen
(Mendelson et al. Virology 166:154~165; Wondisford et al.
(1988) Molec. Endocrinol. 2:32-39 (1988)).

Site-directed mutagenesis and/or gene conversion can
also be used to mutate a murine APP gene allele, either
endogenous or transfected, such that the mutated allele does
not encode lysine/methionine at the codon position in the
mouse APP gene that corresponds to codon 670/1 (of
APP770) of the human APP gene (such position is readily
identified by homology matching of the murine APP gene or
APP protein to the human APP gene or APP770 protein).
Preferably, such a mutated murine allele would encode
asparagine or leucine at the corresponding codon position.

To more accurately model the disease, the combination in
transgenic animals of the codon 670/1 and codon 717
mutations in the same animal produced by any of the
technologies described above can be utilized. Similarly, cell
lines manipulated to include both mutations at codon 717
and codon 670/1 will be of value in modeling the discase and
are an important consequence of this invention. The muta-
tions at codon 717 can be produced by the above methods as
described for the 670/1 mutation.

Production of Transgenic Animals with Mutant APP Allele

This method refers only to the production of a codon
67011 mutated allele. However, it is intended that by almost
identical means, a mouse with mutations at both codon
670/1 and codon 717 can be produced.

Generation of the constructs: The vector plink can be
constructed by cloning polylinker between the Pvull and
EcoRI sites of pBR322 such that the HindlIl end of the
polylinker is adjacent to the Pvull site. The ligation destroys
both the EcoR1 and Pvull sites associated with the pBR322
segments. The 700 bp Hpal to EcoR1 fragment of pSV2neo
(Southern and Berg (1982) J. Mol. Appl. Genet. 1:327-41
that contains the SV40 polyadenylation signal can be cloned
into the Hpal to EcoR1 sites of plink to generate pNotSV.
The 200 bp Xhol to Pstl fragment of pL2 containing the
SV40 16S/1gS splice site (Okayama and Berg (1983) Mol.
Cell Biol 3:280-9) can be isolated, blunted with Klenow,
then cloned in to the Hpal site of pNotSV to generate
pSplice. The 2.3 kb Nrul to Spel fragment of pAPPG69S
containing the coding region of the cDNA for APP (Tanzi et
al. (1987) Science 235:80-4, 1987) can be inserted into the
Nrul to Spel site of pSplice to generate pd695. The same
strategy can be used to generate pd751 using the cDNA for
APP751 (Tanzi et al. (1988) Nature 331:528-30, 1988). A
variety of promoters can be inserted into the pd695 and
pd751 vectors by using the unique Nrul or the HindIIl and
Nrul sites.
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Generation of pshAPP695 and pshAPP751: The construct
pAmyproBam can be generated by cloning the 1.5 kb Bam
H1 fragment of the APPcDNA into the Bam HI site of pucl9
xHamy. The 700 bp HindIll to ASP718 fragment of the
pAmyproBam (from Sheila Little @ Lilly Research Labs,
same fragment as; Salbaum et al. (1988) EMBO J.
7:2807-13) can be cloned into the HindIII to Asp718 sites of
pd695 and pd751 to yield psyAPP695 and pshAPP751.

pAPP69S and pAPP751: The pAPP695 and pAPP751
vectors can be generated by a 3-way ligation of the 3.0 kb
Eco RI to Xhol fragment of pAmyProBam, the 1.5 kb Xhol
to Spel fragment of APP751cDNA, and the Spel to Eco R1
site of pd751.

Generation of pNSE751(+47): The pNSE751 (+47) can
be coostructed using a 3-way ligation of the HindIII to Kpnl
fragment of pNSE6 (Forss-Petter et al. (1990) Neuron
5:187-97). The Kpnl to PstY1 fragment of pNSE6 and a
partial BamH1 (-47 nt relative to the ATG) to HindIl
fragment of pAPP751. This can result in the generation of a
Kpnl fragment that can be cloned into the Kpnl sites of
pNSE751(+47). The BstY1/Bam fusion results in the loss of
both sites.

Generation of PNSE751: This vector is generated by a 4
primer 2-step PCR protocol that results in direct fusion of
the NFH initiation codon to the APPcDNA coding region.
The fusion can be confirmed by sequence analysis.

Generation of pNSE751-codon670/1: The codon 670/1
mutation can be introduced using a 4 primer 2-PCR protocol
(Krummel et al. (1988) NAR 16:7351-60). The “inside
primers” can contain the mutation. This can result in the
generation of Bglll to Spel fragment after digestion, which
can contain the codon 670/1 mutation. The BglH to Spel
fragment of pNSE751 can be replaced by the mutated
fragment to generate the appropriate vector. The presence of
the mutation can be confirmed by sequence analysis of the
Vectors.

Generation of pNFH751: The human NFH gene can be
isolated from a genomic library using a rat NFH cDNA as a
probe (Licberburg et al. (1989) PNAS USA 86:2463-7). An
SstI fragment can be subcloned into the pSK vector. A pair
of PCR primers can be generated to place a Nrul site at the
3' end of the 150 bp amplified fragment immediately
upstream of the initiation codon of the NFH gene. The 5' end
contains a Kpnl site 150 nt upstream of the initiation codon.
The final construction of pNFH751 can be generated by a
3-way ligation of the 5.5b HindIIl to Kpnl fragment of
pNFHS.8, the Kpnl to Nrul PCR generated fragment, and
the HindiIl to Nrul fragment of pd751. The sequence
surrounding the PCR generated fusion at the initiation codon
can be confirmed by sequence analysis. The codon 670/1
variants of pNFH751 can be generated by substitution of the
600 bp Bglll to Spel fragment from a sequence-confirmed
mutated vector for the same fragment of pNFH751. The
presence of the mutation can be confirmed by hybridization
with the mutated oligomer or by sequence analysis.

Generation of pThY751: The pThy751 vector can be
generated by a 3-way ligation: the HmdlI to BamH1 frag-
ment of pThy8.2 (isolated from a human generic library), the
synthetic fragment ThyAPP, and the HindlIl to Nrul frag-
ment of pd751.

ThyAPP:

[sEQ ID NO2}
CAGACTGAGATCCCAGAACCCTAGGTCTGACTCTAGGGTCTIGE

Generation of pThyC100: This pThyC100 construct can
be generated by a 3-way ligation: the 3.6 kb HindllI to
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BamHI fragment of pThy8.2, the synthetic fragment
ThyAPP2, and the HindIll to Bglll fragment of pd751 or
pNSE751-codon 67071 can be ligated to yield pThyc100.
ThyAPP2:

[sEQ 1D No3]
CAGACTGAGATCCCAGAACCGATCCTAGGTCTGACTCTAGGGTCTTCE

The region around the initiation codon was confirmed by
sequence analysis.

Preparation of DNA for injection: The transgene for
injection can be isolated from the corresponding vector for
digestion with NotI and gel electrophoresis. The transgene
can be purified by using the gene clean kit (Bio101), then
further purified on an Elutip or HPLC purified on a Nucleo-
gen 4000 column.

Microinjection: The transgene can be inmjected at 2-20
meg/ml into the most convenient pronucleus of FVB or
B6D2F2 one-cell embryos (Hogan et al. (1986) Manipulat-
ing the Mouse Embryo, Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y.). The injected embryos can be
cultured overnight. Embryos that split to the two-cell stage
can be implanted into pseudo-pregnant female CD1 mice.
The mice can be weaned at approximately 21 days. Samples
of DNA obtained from tail biopsy can be analyzed by
Southern blot using 2 transgene specific probe (usually the
SV40 3’s splice and polyadenylation signal sequences).
Transgenic mice harboring at least one copy of the transgene
can be identified.

Therapeutics

Having detected the genetic mutation in the gene
sequence coding for f-amyloid protein in an individual not
yet showing overt signs of FAD using the method of the
present invention, it is possible to employ gene therapy, in
the form of gene implants, to prevent the development of the
discase.

Additional embodiments directed to modulation of the
production of variant APP proteins include methods that
employ specific antisense polynucleotides complementary
to all or part of a variant APP sequence. Such complemen-
tary antisense polynucleotides may include nucleotide
substitutions, additions, deletions, or transpositions, so long
as specific hybridization to the relevant target sequence, i.e.,
a variant APP codon 670/1 sequence, is retained as a
property of the polynucleotide. Thus, an antisense poly-
nucleotide must preferentiaily bind to a variant APP (ie.,
codon 670 does not encode lysine and/or codon 671 does not
encode methionine) sequence as compared to a wild-type
APP (ie., codon 670 and 671 do encode lysine and
methionine, respectively). It is evident that the antisense
polynucleotide must reflect the exact nucleotide sequence of
the variant allele (or wild-type allele where desired) and not
a degenerate sequence.

Complementary antisense polynucleotides include
soluble antisense RNA or DNA oligonucleotides which can
hybridize specifically to a variant APP mRNA species and
prevent transcription of the nRNA species and/or translation
of the encoded polypeptide (Ching et al. (1989) Proc. Nail.
Acad. Sci. (US.A.) 86;10006-10010; Broder et al. (1990)
Ann. Int. Med. 113:604-618; Loreau et al. (1990) FEBS
Letters 274:53-56; Holcenberg et al., W091/11535; U.S.
Ser. No. 07/530,165 (“new human CRIPTO gene”); WO91/
09865; WO091/04753; W090/13641; and EP 386563). The
antisense polynucleotides therefore inhibit production of the
variant APP polynucleotides. Antisense polynucleotides
may preferentially inhibit transcription and/or translation of
mRNA corresponding to variant (or wild-type) polypeptides
and can inhibit T lymphocyte activation.



US 6,818,448 B2

15

Auntisense polynucleotides may be produced from a het-
erologous expression cassette in a transfectant cell or trans-
genic cell or animal, such as a transgenic neural, glial, or
astrocytic cell, preferably where the expression casscite
contains a sequence that promotes cell-type specific expres-
sion (Wirak et al. (1991) EMBO 10:289). Alternatively, the
antisense polynucleotides may comprise soluble cligonucle-
otides that are administered to the external milieu, either in
the culture medium in vitro or in the circulatory system or
interstitial fluid in vivo. Soluble antisense polynucleotides
present in the external milien have been shown fo gain
access to the cytoplasm and inhibit translation of specific
mRNA species. In some embodiments the antisense poly-
nucleotides comprise methylphosphonate moieties. For gen-
eral methods relating to antisense polynucleotides, see Anti-
sense RNA and DNA, D. A. Melton, Ed. (1988), Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y.

Mutant APP Antigens and Monoclonal Antibodies

In yet another aspect of the invention, having detected 2
genetic alteration in a gene sequence coding for APP, one
can obtain samples of the altered §-amyloid protein from the
same source. This protein may be derived from the brain
tissue of a subject diagnosed as suffering from AD, or more
preferably are produced by recombinant DNA methods or
are synthesized by direct chemical synthesis on a solid
support. Such polypeptides can contain an amino acid
sequence of an APP variant allele spanning codon 670 or
671 or both.

Such polypeptide material can be used to prepare antisera
and monoclonal antibodies using, for example, the method
of Kohler and Milstein ((1975) Nature 256:495-497). Such
monoclonal antibodies could then form the basis of a
diagnostic test.

Such variant APP polypeptides can also be used to immu-
nize an animal for the production of polyclonal antiserum.
For general methods to prepare antibodies, see Antibodies:
A Laboratory Manual, Harlow and Lane (1988), Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y. For
example, a recombinantly produced fragment of a variant
APP codon 670/1 polypeptide can be injected into a mouse
along with an adjuvant so as to generate an immune
response. Murine immunoglobulins which bind the recom-
binant fragment with a binding affinity of at least 1x10” m~1
can be harvested from the immunized mouse as an
antiserum, and may be further purified by affinity chroma-
tography or other means. Additionally, spleen cells are
harvested from the mouse and fused to myeloma cells to
produce a bank of antibody-secreting hybridoma cells. The
bank of hybridomas can be screened for clones that secrete
immunoglobulins which bind the recombinantly produced
fragment with an affinity of at least 1x10° M-1. More
specifically, immunoglobulins that bind to the variant APP
codon 670/1 polypeptide but poorly or not at all to a
wild-type (i.e., codon 670 encodes lysine and codon 671
encodes methionine) APP polypeptide are selected, either by
pre-absorption with wild-type APP or by screening of hybri-
doma cell lines for specific idiotypes that bind the variant but
not wild-type.

The nucleic acid sequences of the present invention
capable of ultimately expressing the desired variant APP
polypeptides can be formed from a variety of different
polynucleotides (genomic or ¢cDNA, RNA, synthetic
oligonucleotides, etc.) as well as by a variety of different
techniques.

As stated previously, the DNA sequences can be
expressed in hosts after the sequences have been operably
linked to, i.e., positioned to ensure the functioning of, an
expression control sequence. These expression vectors are
typically replicable in the host organisms either as episomes
or as an integral part of the host chromosomal DNA.
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Commonly, expression vectors can contain selection
markers, e.g., tetracycline resistance or hygromycin
resistance, to permit detection and/or selection of those cells
transformed with the desired DNA sequences (see, e.g., U.S.
Pat. No. 4,704,362).

Polynucleotides encoding a variant APP codon 670/1
polypeptide may include sequences that facilitate transcrip-
tion (expression sequences) and translation of the coding
sequences such that the encoded polypeptide product is
produced. Construction of such polynucleotides is well
known in the art and is described further in Maniatis et al.
(1989) Molecular Cloning: A Laboratory Manual, 2nd Ed.,
Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.
For example, such polynucleotides can include a promoter,
a transcription termination site (polyadenylation site in
eukaryotic expression hosts), a ribosome binding site, and,
optionally, an enhancer for usc in eukaryotic expression
hosts, and, optionally, sequences necessary for replication of
a vector.

E. coli is one prokaryotic host useful particularly for
cloning the DNA sequences of the present invention. Other
microbial hosts suitable for use include bacilli, such as
Bacillus subtilus, and other enterobacteriaceae, such as
Salmonella, Serratia, and various Pseudomonas species. In
these prokaryotic hosts one can also make expression
vectors, which will typically contain expression control
sequences compatible with the host cell (e.g., an origin of
replication). In addition, any number of a variety of well-
known promoters will be present, such as the lactose pro-
moter system, a tryptophan (Trp) promoter system, a beta-
lactamase promoter system, or a promoter system from
phage lambda. The promoters will typically control
expression, optionally with an operator sequence, and have
ribosome binding site sequences for example, for initiating
and completing transcription and translation.

Other microbes, such as yeast, may also be used for
expression. Saccharomyces is a preferred host, with suitable
vectors having expression control sequences, such as
promoters, including 3-phosphoglycerate kinase or other
glycolytic enzymes, and an origin of replication, termination
sequences etc. as desired.

In addition to microorganisms, mammalian tissue cell
culture may also be used to express and produce the
polypeptides of the present invention (see Winacker (1987)
“From Genes to Clones,” VCH Publishers, New York, N.Y.).
Eukaryotic cells are actually preferred, because a number of
suitable host cell lines capable of secreting intact human
proteins have been developed in the art, and include the
CHO cell lines, various COS cell lines, LeLa cells, myeloma
cell lines, Jurkat cells, etc. Expression vectors for these cells
can include expression control sequences, such as an origin
of replication, a promoter, an enhancer (Quenn et al. (1986)
Immunol. Rev. 89:49-68), and necessary information pro-
cessing sites, such as ribosome binding sites, RNA splice
sites, polyadenylation sites, and transcriptional terminator
sequences. Preferred expression control sequences are pro-
moters derived from immunoglobulin genes, SV40,
Adenovirus, Bovine Papilloma Virus, etc. The vectors con-
taining the DNA segments of interest (¢.g., polypeptides
encoding a variant APP polypeptide) can be transferred into
the host cell by well-known methods, which vary depending
on the type of cellular host. For example, calcium chloride
transfection is commonly utilized for prokaryotic cells,
whereas calcium phosphate treatment or electroporation
may be used for other cellular hosts.

The method lends itself readily to the formulation of test
kits which can be utilized in diagnosis. Such a kit would
comprise a carrier compartmentalized to receive in close
confinement one or more containers wherein a first container
may contain suitably labeled DNA probes. Other containers
may contain reagents useful in the localization of the labeled
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probes, such as enzyme substrates. Still other containers
may contain restriction enzymes (such as Mboll), buffers
etc., together with instructions for use.

Throughout this application various publications are ref-
erenced. The disclosures of these publications in their entire-
ties are hereby incorporated by reference into this applica-
tion in order to more fully describe the state of the art to
which this invention pertains.

The preceding examples are intended to illustrate but not
limit the invention. While they are typical of those that might
be used, other procedures known to those skilled in the art
may be alternatively employed.
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3. An isolated cell comprising a nucleic acid encoding
human amyloid precursor protein including the nucleotides
encoding codon 670, 671 and 717 of human amyloid pre-
cursor protein 770, or encoding the codons corresponding to
these in other isoforms of APP, operably linked to a
promoter, wherein the nucleic acid encodes an amino acid
other than lysine at codon 670 and/or an amino acid other
than methionine at codon 671 and an amino acid other than
valine at codon 717 and the cell expresses a human amyloid
precursor protein or fragment thereof which has an amino
acid other than lysine at codon 670 and/or an amino acid

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 3
<210>
<211>
<212>
<213>
<220>
<223

SEQ ID NO 1

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

Synthetic Construct
NAME/KEY: VARIANT
LOCATION: 4-5

OTHER INFORMATION: Xaa =
Yaa = can be any amino acid except Met

<221>
<222>
<223>

<400> SEQUENCE: 1
Ser Glu Val Xaa Xaa Asp Ala Glu
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Seguence
FEATURE:

Synthetic Construct
<400> SEQUENCE: 2

cagactgaga tcccagaacc ctaggtetga ctotagggte ttgg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Seguence
FEATURE:

Synthetic Construct
<400> SEQUENCE: 3

cagactgaga tcccagaacc gatcctaggt ctgactctag ggtettgg

OTHER INFORMATION: Description of Artificial Sequence; Note =

can be any amino acid except Lys and/or

OTHER INFORMATION: Description of Artificial Seguence; Note =

44

OTHER INFORMATION: Description of Artificial Sequence; Note =

48

What is claimed is:

1. An isolated cell comprising a nucleic acid encoding
human amyloid precursor protein including the nucleotides
encoding codon 670 and 671 of buman amyloid precursor
protein 770, or encoding the codons corresponding to these
in other isoforms of APP, operably linked to a promoter,
wherein the nucleic acid encodes an amino acid other than
lysine at codon 670 and/or an amino acid other than
methionine at codon 671 and, wherein the cell expresses a
human amyloid precursor protein or fragment thereof which
has an amino acid other than lysine at codon 670 and/or an
amino acid other than methionine at codon 671.

2. The cell of claim 1, wherein the cell is immortalized.

55

65

other than methionine at codon 671 and an amino acid other
than valine at codon 717.

4, The cell of claim 3, wherein the cell is immortalized.

5. A method of screening for an agent for treating Alzhe-
imer’s disease comprising contacting the cell of claim 1 with
the agent and monitoring the expression or processing of
amyloid precursor protein or fragments thereof.

6. A method of screening for an agent for treating Alzhe-
imer’s disease comprising contacting the cell of claim 3 with
the agent and monitoring the expression or processing of
amyloid precursor protein or fragments thereof.
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